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Oz

Bu arastirmada argiimantasyon temelli ve arastirma-sorgulama temelli fen Ogretiminin lisans
Ogrencilerinin argliimantasyon becerileri, aragtirma-sorgulama becerileri ve bilimsel siire¢ becerileri
iizerindeki etkisini belirlemek amaglanmistir. Calismanin amacina yonelik bagimsiz degiskenlerin
(arglimantasyon ve arastirma-sorgulama temelli etkinlikler), bagimli degiskenler (argiimantasyon
becerisi, aragtirma-sorgulama becerisi ve bilimsel siire¢ becerisi) {izerindeki etkisini incelemek igin
karsit dengeleme deneysel deseninden yararlamilmigtir. Calismaya fen Ogretimi laboratuvar
uygulamalar1 dersini alan fen bilgisi 6gretmenligi anabilim dalinda okuyan 48 6grenci katilmustir.
Deney ve kontrol grubu iizerinde etkisi incelenmek istenen argiimantasyon ve arastirma-sorgulama
temelli fen Ogretimi uygulamasi, siralama etkisini kontrol etmek ve her iki grup lizerinde de esit
sartlar olusturabilmek i¢in karsit dengeleme (counterbalanced design) kullanilarak uygulanmistir.
Toplanan verilerin analizi i¢in t-testi ve tek faktorlii ANOVA testinden yararlanilmigtir. Caligma
sonucunda uygulamalarin  gergeklestirilme sirasina  ve grubuna bakilmaksizin  yalnizca
arglimantasyon etkinliklerinin arglimantasyon becerilerini, arastirma-sorgulama etkinliklerinin de
arastirma-sorgulama becerilerini istatistiksel olarak anlamli sekilde farklilastirdigi bulunmustur.
Bilimsel siire¢ becerilerinin ise uygulama sirasina bakilmaksizin hem argiimantasyon hem de
arastirma-sorgulama temelli etkinliklerden sonra istatistiksel olarak arttig1 belirlenmistir.
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Giris
Fen ve teknolojideki gelismeler diger alanlari etkiledigi gibi fen egitimi alani da
etkilemistir. Bu nedenle, iilkeler fen bilimleri dersini gelistirmeye ve gerekli bilgilere
ulasabilen, yeni edindigi bilgileri deneyimlere dayali olarak yorumlayan ve problem ¢6zme
becerisine sahip bireyler yetistirmeyi miimkiin kilmaya ¢alismaktadir (Milli Egitim
Bakanligi [MEB], 2018; National Research Council [NRC], 2000). Ogretim programlari, fen
okuryazar1 kisiler yetistirmek icin arastirma-sorgulamaya dayali 6gretim yontemi birincil
O0grenme ve Ogretme yontemi olarak kullanmaktadir. Benzer sekilde, Ulusal Arastirma
Konseyi (NRC) bir dizi standart yaymlamis ve arastirma-sorgulamanin fen o6gretiminin
temeli oldugunu bildirmistir (NRC, 2000). Arastirma-sorgulamaya dayali 6grenme yontemi,
ogrencilerin yakin g¢evrelerindeki her seyi kesfettikleri, kendilerini ¢evreleyen dogal ve
fiziksel diinya hakkinda giiclii gerekgelere dayali giiclii argiimanlar gelistirdikleri, bilimin

oneminin farkinda olan bireyler haline geldikleri, yapma, yasama ve diisiinme ile ilgili
bilgileri yapilandirdiklar1 6grenci merkezli bir yontemdir (MEB, 2018; Wood, 2003).

Ulusal Arastirma Konseyi (2000) arastirma-sorgulama yoluyla fen 6gretiminin bes
ana 0zelligini kisaca 6zetlemistir (NRC, 2000; Tatar, 2006);

1. Ogrenciler bilimsel ydnelimli sorularla mesgul olurlar.

2. Ogrenciler, bilimsel olarak yonlendirilmis sorular1 ele alan agiklamalar
gelistirmelerine ve degerlendirmelerine olanak taniyan kanitlara dncelik verir.

3. Ogrenciler, bilimsel olarak yonlendirilmis sorular1 ele almak igin kanitlardan
aciklamalar formiile ederler.

4. Ogrenciler aciklamalarini, 6zellikle bilimsel anlayist yansitan alternatif
aciklamalar 15181nda degerlendirirler.

5. Ogrenciler, 6nerilen agiklamalarini iletir ve gerekgelendirir.

Arastirma-sorgulama temelli fen Ogretiminin yanminda fen okuryazarliginin
gelisiminde 6nemli yer tutan diger bir yontem olarak karsimiza argiimantasyon temelli fen
ogretimi ¢ikmaktadir. Fen egitimcilerinin ¢ogu argiimantasyon temelli dgretimi bilimsel
diisiinmeyi saglamasi ve fen okuryazarligini gelistirmesi agisindan etkili bir yontem olarak
gormektedir (Erduran ve Jiménez-Aleixandre, 2007; Jiménez-Aleixandre ve Erduran, 2007).
Argiimantasyon alan yazinda ilk olarak Toulmin modeli olarak tanitilmistir. Bu modelde,
arglimantasyon bilimsel olarak akil yiiriitmenin bir pargast olarak goriilmektedir.
Argilimantasyon iddialarin kanitlar ve gerekgelerle desteklendigi, bilginin dogrulandigi ve
kanitlandig1 bir stirectir (Jiménez-Aleixandre ve Erduran, 2007; Toulmin, 2003). Walton
(2006) ise argiimantasyonu delillerin iddialar1 desteklemek ic¢in One siiriildiigii bir siire¢
olarak gdrmektedir. Argiimantasyon siireci genel olarak ele alindiginda bir konu hakkinda
farkl1 fikirlerin 6ne siiriildiigii, bu fikirleri desteklemek ici farkli goriislerin ifade edildigi ve
karsit goriislerin ele alindigr bir stirectir (Driver vd., 2000). Arglimantasyon etkinlikleri
sOzlii ve yazili olarak gergeklestirilebilir. So6zlii olarak gerceklestirilen argiimantasyon
etkinlikleri genellikle siif ortaminda o6grenci-0grenci veya Ogretmen-Ogrenci arasinda
gerceklesmektedir. Sozlii arglimantasyonun one ¢ikan o6zelliklerinden birisi de 6grencilerin
konu iizerine fikir liretme ve sunmalar1 sayesinde kalic1 ve etkili bir 6grenme saglamasidir
(Erduran vd., 2004). Yazil1 argiimantasyonda ise bireyler kendi fikir ve diislincelerini yazili
olarak one siirmektedir. Yazili arglimantasyonun one ¢ikan 6zelliklerinde birisi de fen ile
ilgili anlagilmasi zor konularin daha kolay ve hizli sekilde anlasilmasina imkan saglamasidir
(Driver vd., 2000). Argiimantasyona dayali etkinlikler genel olarak bireylerin bilimsel olarak
yazma ve sOzel olarak ifade etme becerilerine yonelik olumlu katki sunmaktadir (Giinel vd.,
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2009). Bu etkinliklere katilan bireylerin etkinlik siiresince diisiinsel faaliyetlerinin f{ist
seviyede oldugu goriilmektedir. Ayrica, Ogrencilerin bilimsel fikirleri ve diisiinceleri
anlayabilmesi i¢in arglimantasyon etkinliklerine katilmalar1 énemlidir (Driver vd., 2000).
Arglimantasyon temelli etkinlikler 6grencileri sorular sormaya yonelterek bilgi edinmesini
saglamaktadir. Ogrenciler argiimantasyon siirecinde iddialar olusturur, bu iddialara yénelik
deliller toplarlar ve 6grenme ortamindaki arkadaslari ile edindikleri bilgileri paylasirlar
(Erduran vd., 2004). Argiimantasyonun uygulanmasi siirecinde farkli bakis agilar1 ele alinir
ve degerlendirilir, kavram yanilgilar1 ve eksiklikler giderilir, fen kavramlar1 derinlemesine
incelenerek anlamli ve kalici 6grenme saglanir (Driver vd., 2000). Zihinsel diisiinme
becerilerinin iist diizeyde kullanildig1 arglimantasyon siireci 6grencilerin bilimsel diisiinme
becerilerini de olumlu yonde etkilemektedir (Giinel vd., 2010).

Arastirma-sorgulama temelli 6gretimin bilimsel diisiinme becerisi (Yildirim ve Can,
2018), bilimsel siire¢ becerisi (Ar1 vd., 2017; Sen ve Vekli, 2016; Simsek ve Kabapinar,
2010; Tatar, 2006), arastirma-sorgulama becerisi (Balim ve Tagkoyan, 2007) ve arastirma-
sorgulama becerisi (Yildirim ve Can, 2018) {izerine olan etkisini arastiran ¢alismalar vardir.
Benzer sekilde argiimantasyon temelli 6gretimin argiiman kurma becerisi (Zohar ve Nemet,
2002), bilimsel siire¢ becerisi (Aslan, 2016), arastirma-sorgulama becerisi (Yildirim ve Can,
2018) tizerine olumlu etkileri oldugu alan yazinda yapilan ¢aligmalarda goriilmektedir. Hem
aragtirma-sorgulama hem argiimantasyon temelli fen 0gretim yonteminin fen egitiminde
kullanimina iliskin hem ulusal hem de uluslararasi arastirmalar bulunmaktadir (Aslan, 2016;
Ecevit ve Kaptan, 2019; Karakus ve Yalcin, 2016; Septyastuti vd., 2021; Zohar ve Nemet,
2002). Ancak bu ¢aligmalarda fen egitiminde arastirma-sorgulama ve argiimantasyon temelli
fen Ogretimi yontemi ilizerinde 6nemli etkileri olan degiskenler arasindaki iliskiler genel
olarak tam olarak ortaya konamamistir (Demircioglu ve Ucar, 2012; Nazli, 2019; Sampson
vd., 2010). Ek olarak, arastirma-sorgulamaya ve argiimantasyona dayali fen 6gretiminin
ogrencilerin bilimsel siire¢ becerileri, arastirma-sorgulama becerileri ve arglimantasyon
becerileri iizerinde etkisini inceleyen caligmalara bakildiginda farkli sonuglarin oldugu
goriilmektedir. Bu nedenle karsilastirmali bir ¢calismanin yapilmasina ve argiimantasyon ve
arastirma-sorgulamaya dayali fen Ogretiminin ayni Ogrenciler iizerindeki -etkinliginin
karsilagtirilmasina ihtiya¢ vardir. Hem arglimantasyon ve arastirma-sorgulama temelli fen
ogretiminin birlikte sirayla uygulanmasi hem de karsit dengeleme (counterbalanced)
yapilarak aymi Ogrenciler iizerindeki goreli olarak uygulamalarin etkisinin incelenmesi
acisindan ¢alismanin 6zgiin oldugu sdylenebilir.

Bu c¢alismanin amaci arglimantasyon temelli ve arastirma-sorgulama temelli
etkinliklerin lisans 6grencilerinin arglimantasyon becerileri, arastirma-sorgulama becerileri
ve bilimsel siire¢ becerileri tizerindeki etkisini belirlemektir.

1. Karsit dengeleme deseni kullanilarak uygulanan arglimantasyon tabanli ve
arastirma-sorgulamaya dayali o6gretimin fen bilimleri Ogretmen adaylarinin
arglimantasyon becerileri lizerine etkisi nedir?

2. Karsit dengeleme deseni kullanilarak uygulanan argiimantasyon tabanli ve
arastirma-sorgulamaya dayali Ogretimin fen bilimleri 6gretmen adaylarinin
arastirma-sorgulama becerileri tizerine etkisi nedir?

3. Karsit dengeleme deseni kullanilarak uygulanan argiimantasyon tabanli ve
arastirma-sorgulamaya dayali 6gretimin fen bilimleri 6gretmen adaylarinin
bilimsel siire¢ becerileri lizerine etkisi nedir?
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Yontem

Bu calismada argiimantasyon ve arastirma-sorgulama temelli etkinliklerine katilan
Ogrencilerin argiimantasyon becerileri, arastirma-sorgulama becerileri ve bilimsel siireg
becerilerindeki degisimin arastirilmast igin nicel aragtirma metodolojilerinden gergek
deneysel desen kullanilmistir (Karasar, 2007). Yapilan bu ¢alismada, bagimsiz degiskenlerin
(arglimantasyon ve arastirma-sorgulama temelli etkinlikler) bagimli degiskenler
(arglimantasyon becerisi, arastirma-sorgulama becerisi ve bilimsel slire¢ becerisi) tizerindeki
etkisini incelemek icin karsit dengeleme deneysel deseninden faydalanilmistir. Deneysel
uygulamalarin etkisini belirlemek amaciyla deney grubuna argiimantasyon temelli
etkinlikler uygulanirken kontrol grubuna arastirma-sorgulama temelli etkinlikler
uygulamistir. Deney ve kontrol gruplari lizerinde siralama etkisini kontrol etmek i¢in her iki
grup lizerinde de esit sartlar olusturabilmek i¢in karsit dengeleme (counterbalanced design)
deseni kullanilmistir (Gould, 2002). Deney ve kontrol gruplari iizerinde etki olasilig1 olan
uygulamadan kaynakli farklilik, motivasyon, yorgunluk gibi dis faktorleri kontrol etmek i¢in
deney ve kontrol gruplar1 esit zaman aralifinda yer degistirilmistir (Tablo 1).

Tablo 1

Uygulama Siireci

Gruplar  Ontest Uygulama Aratest Uygulama Sontest
Argl .. . Arg2 Arg3

Arglimantasyon temelli Arastirma-Sorgulama

Deney  Sorgl o inlikler SOIZ2temelli etkinlikler Sorg3
BSBI °© © BSB2 M © BSB3
Argl Arastirma-Sorgulama Arg2 Argiimantasyon temelli Arg3

Kontrol  Sorgl temelli etkinlikl Sorg2 tkinlikl Sorg3
pspy temelli etkinlikler Bspy  ctkinlikler BSB3

Tablo 1 incelendiginde 6l¢ek isimlerinin yanindaki “1” rakamu ilk yapilan 6n testleri,
“2” rakam ilk uygulamalardan sonra yapilan ara testleri, “3” rakami ise ikinci
uygulamalardan sonraki son testi temsil etmektedir.

Calisma Grubu

Bu caligmaya bir devlet iiniversitesinde egitim fakiiltesinin fen bilgisi 6gretmenligi anabilim
dalinda fen ogretimi laboratuvar uygulamalar1 dersine kayith {cilinclii smnifta 6grenim
gormekte olan 48 dgrenci katilmistir. Deney ve kontrol grubuna 6grencilerin se¢imi segkisiz
atama ile yapilmistir. Her iki grupta da 24 6grenci bulunmaktadir. Her iki grupta da 6 erkek
18 kadin 6grenci bulunmaktadir. Calismaya baslamadan 6nce deney ve kontrol grubundaki
katilimcilarin arglimantasyon becerisi, arastirma-sorgulama becerisi ve bilimsel siireg
becerisi seviyeleri acisindan denk gruplar olduklarma karar vermek i¢in gerceklestirilen
bagimsiz gruplar t-testi sonuglar1 asagida verilmistir (Tablo 2). Calisma 6ncesinde deney ve
kontrol grubundaki Ogrencilerin arglimantasyon becerisi, arastirma-sorgulama becerisi ve
bilimsel siire¢ becerisi agisindan denk gruplar olduklar1 varsayilmistir.

Tablo 2
Argiimantasyon, Arastirma-Sorgulama ve Bilimsel Siire¢ Becerileri On-test Puanlarina Ait
Bagimsiz Orneklem t-Testi Sonuglar

Olgiimler Gruplar N X SD DF t p

Argiimantasyon| Deney 24 25,583 4,010 46 ,756 454
Kontrol 24 24,792 3,203

Arastirma- Deney 24 41,000 5,501 46 =374 710

Sorgulamal Kontrol 24 41,583 5,315

BSBI1 Deney 24 44,125 6,583 46 1,502 ,140
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Kontrol 24 41,250 6,674

Veri Toplama Araclar
Bilimsel Argiimantasyon Testi

Ulusal Bilim Kurumu (NSF) tarafindan desteklenen bir proje kapsaminda ogrencilerin
bilimsel arglimantasyona yonelik bilgi ve becerilerini belirlemek i¢in gelistirilmistir (Frey
vd., 2015). Toulmin (2003) bilimsel argiimantasyon modeli kullanilarak 6grencilerin iddia,
gorls, gercek, veri, otorite, teori, mantik, niteleyici, ¢iiriitiicii ve gerekgelendirme arasindaki
farklar1 ayirt etme yetenegini Olcen bir testtir. Test coktan se¢cmeli 36 maddeden
olusmaktadir. Tiirkge bilimsel argiimantasyon testi Higde ve Aktamis (2018) tarafindan
uyarlanarak 222 lisans 6grencisine uygulanmis ve giivenirlik icin KR-20 degeri 0,78, test
maddelerine ait ayirt edicilik indeksi 0,21- 0,60 degerleri arasinda, madde giicliik degerleri
0,31- 0,85 degerleri arasinda degismektedir.

Bilimsel Siire¢ Becerileri Olgegi

Aktamis ve Sahin Pekmez (2011)’in gelistirdigi olgek alan yazinda bulunan ulusal ve
uluslararas1 olgcekler temel alinarak gelistirildigi i¢in bilimsel siire¢ becerilerini Slgme
amactyla farkli tiplerde sorulari icermektedir. Bu Olgekteki baska kaynaklardan alinan
sorular orijinal halindeki sorular gibi degerlendirmeye tabi tutulmustur (Osborne ve
Ratcliffe, 2002). Problem kurma; hipotez, tahmin, gézlem, teori ve agiklamay1 ayirt etme;
degiskenleri belirleyerek gilivenilir ve gecerli 6l¢me gerceklestirme; verilere dayali tablo ve
grafik olusturarak okuyabilme; sonuca ulasma gibi bilimsel siire¢ becerilerini dlgen agik
uclu ve coktan se¢meli sorular kullanilmistir. Olgek ¢oktan se¢meli 16 maddeden
olugmaktadir. Giivenirlik i¢in KR-20 degeri 0,81, test maddelerine ait ayirt edicilik indeksi
0,2 degerinden yliksek degerlere sahiptir.

Fen’e Yonelik Arastirma-Sorgulamaya Dayali Ogrenme Becerileri Algist Olgegi

Bu olcek arastirma-sorgulamaya dayali 6grenme becerilerini 6lgmek igin gelistirilmistir
(Balim ve Taskoyan, 2007). Olgek iizerinde yapilan giivenirlik analiz sonucu Cronbach Alfa
giivenirlik degeri 0,84 olarak bulunmustur. Bu 0Olgek olumsuz, olumlu ve dogrulugu
sorgulayan algilar olmak iizere {ic alt boyut ve 22 madde igermektedir. Olcegin alt
boyutlarina iliskin Cronbach Alfa giivenirlik degerleri sirasiyla 0,73, 0,67 ve 0,71 olarak
bulunmustur. Olgek 5°li Likert tipinde bir dlgektir.

Uygulama siireci

Argiimantasyon temelli etkinlikler uygulanmadan 6nce argiimantasyonun ne oldugu, fen
egitiminde nasil kullanildig1 ve argiimantasyon modelinin nasil kullanildig1 6rnek etkinlikler
kullanilarak ac¢iklanmistir. Genel agiklamalar ve bilgilendirmelerden sonra deneyler ve
deneylerde argiimantasyon kullanimina yonelik o©rnek etkinlikler gerceklestirilmistir.
Ogrenciler aldiklari 6gretim ve 6rnek etkinlikler sonunda kendi argiimantasyon etkinliklerini
hazirlamislar ve sinifta arkadaslarina sunarak uygulamislardir. Siniftan ve 6gretmenlerinden
aldiklar diizeltmeler ile arglimantasyon hakkinda eksikliklerini gidermislerdir. Etkinliklerin
gelistirilmesi ve uygulanmasi siirecinde 6grenciler genellikle dorder kisilik gruplar halinde
calismis ve sunumu birlikte gerceklestirmislerdir. Ornek etkinlik asagida Sekil 1°de
verilmistir. Her grup i¢in iki ders saati ve bir hafta hazirlanma siireci verilmistir. Calisma
yedi hafta siliresince dokuz argiimantasyon tekniginin uygulandigi dokuz etkinlik
uygulanmistir.  Argiimantasyon teknikleri olarak ifadeler tablosu, argiiman olusturma,
argiimanlar1 degerlendirme, kanit kullanimi, kanitlar1 degerlendirme, kavram karikatiiri,
tahmin et-gozle-acgikla, vee diyagrami ve yarigan teoriler teknikleri kullanilmistir.
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Sekil 1 .
Fiziksel Degisim ile 1lgili Ornek Argiimantasyon Etkinlik Yapragt
YARISAN TEORILER
Fiziksel degismeler, maddenin dis yapisinda | Fiziksel degismeler, maddenin dis

gerceklesir. Maddenin dis goriinlisii degisir.
Geri dondiiriilmesi olanakli degisimlerdir.
Maddenin toplam kiitlesi korunur.

gorlinlisinii degistirir. Ancak bazi fiziksel
degisimleri geriye dondiiremeyiz. Bu yiizden
de her zaman maddenin toplam kiitlesi

korunur diyemeyiz.

ARGUMANIMIZ
Grubumuz

Buna inaniyoruz, ¢iinkdi,
Wilma’nin gelismis argiimani

Bence Wilma

Clinki

Diger bir sebebi sudur ki

Wilma’nin arglimanin neden yanlis oldugunu agiklayan ilk sebep
Sonug olarak bence

argiimanini desteklemektedir.

aciklama yapmustir.

Arastirma-sorgulama temelli etkinlikler kapsaminda 6grencilere arastirma-sorgulama
temelli fen 6gretiminin ne oldugu, nasil etkinlikler hazirlandigi, nasil uygulandig1 ve nasil
degerlendirildigine yonelik Ornek uygulamalar yapilmistir. Arastirma-sorgulama temelli
ogretiminin fen egitiminde kullanimindan sonra arastirma-sorgulama tiirleri olan agik
arastirma-sorgulama, rehberli arastirma-sorgulama ve yapilandirilmis arastirma-sorgulama
tiirleri tamtilmustir. Ik etkinlikler &grencilerin arastirma-sorgulama siirecini anlamalari
acisindan yapilandirilmis etkinlikler kullanilirken son etkinliklere yaklasildiginda daha ¢ok
rehberli ve agik arastirma-sorgulamayi temel alan etkinlikler tercih edilmistir. Ogrenciler
tiim etkinliklerde gruplar halinde ¢aligmis, deney raporlari hazirlamis ve son etkinliklerde
arastirma-sorgulamaya dayali etkinlik 6rnegini kendileri gelistirmistir. Etkinlikler esnasinda
deneyler gerceklestirilirken tiim gruplar ve deneyler 6gretmen tarafindan kontrol edilmis ve
gruplarin siireci kendilerinin agiklamalaria firsat verilmistir. Calisma yedi hafta siiresince
{i¢ farkli arastirma-sorgulama tiirii kullanilarak gerceklestirilmistir. ilk hafta tiim sorgulama
tiirleri hakkinda bilgiler verilirken sonraki haftalarda agik arastirma-sorgulama, rehberli
arastirma-sorgulama ve yapilandirilmis arastirma-sorgulama tiirlerinin uygulanmasina ikiser
hafta zaman ayrilmistir. Her grup kendi raporunu yazarak tiim arastirma-sorgulama tiirlerine
yonelik uygulamali bir 6gretim almiglardir.
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Veri Analizi

Veri analizinde deney ve kontrol grubundaki katilimcilarin dntest, aratest ve sontest puanlari
arasinda istatistiksel olarak anlamli bir farkin olup olmadigina karar vermek i¢in her bir
Olgme araci ile toplanan veriler kullanilarak bagimsiz gruplar i¢in t-testi ile analiz
yapilmistir. Daha sonra deney ve kontrol grubundaki katilimcilarin argiimantasyon
becerileri, arastirma-sorgulama becerileri ve bilimsel siire¢ becerilerine ait Ontest, aratest ve
sontest puanlar1 arasinda istatistiksel olarak anlamli bir farkin olup olmadigini belirlemek
icin tekrarli 6l¢timler i¢in tek faktorlii ANOVA ile analizler gergeklestirilmistir.

Bulgular
Argiimantasyon Beceri Puanlarina Ait Bulgular

Her iki gruptaki katilimcilarin, uygulamalar 6ncesinde argiimantasyon becerileri puanlari
arasinda istatistiksel olarak anlamli bir farkliligin olmadig1 belirlenmistir (¢46) = ,756, p >
,05). Bu sonuca gore arglimantasyon ve arastirma-sorgulamaya dayali uygulamalar
oncesinde deney grubu (X=25,583) ve kontrol grubu (X=24,792) o&grencilerinin
arglimantasyon becerilerinin istatistiksel olarak yakin degerlere sahip oldugu bulunmustur
(Tablo 3).

Tablo 3

Argiimantasyon Becerileri Testine Ait Bagimsiz Orneklem t-Testi Sonu¢lart

Olgiimler Gruplar N X SD DF ¢ p  Etasquared

Argiimantasyon Deney 24 25,583 4,010 46 ,756 ,454 ,012
Kontrol 24 24,792 3,203

Argiimantasyon2 Deney 24 28,708 2,528 46 3,573 ,001 217
Kontrol 24 24,667 4,931

. Deney 24 28,542 2,889 46 ,151 ,881 ,000
Argiimantasyon3

Kontrol 24 28417 2,858

[k uygulamalarda deney grubuna argiimantasyon temelli etkinlikler uygulanirken
kontrol grubundaki dgrencilere arastirma-sorgulama temelli etkinlikler uygulanmistir. Ilk
uygulamalar sonrasinda her iki gruptaki Ogrencilerin, argiimantasyon beceri puanlari
arasinda istatistiksel olarak anlamli bir farkliligin oldugu belirlenmistir (¢46) = 3,573, p <
,05). Bagimsiz drneklem t-testi sonucunda gruplar arasinda biiyiik diizeyde etki degeri (eta
squared = ,217) olan anlamli bir farklilik bulunmustur. Bu sonuca goére argiimantasyona
dayali etkinlikler uygulanan deney grubu 6grencilerinin argiimantasyon beceri puanlarinin
(X=28,708) arastirma-sorgulama temelli etkinlikler uygulanan kontrol grubu 6grencilerinin
arglimantasyon beceri puanlarindan (X=24,667) istatistiksel olarak anlamli sekilde yiiksek
oldugu bulunmustur.

Ara testlerden sonra deney ve kontrol gruplarma uygulanan etkinlikler
caprazlanmistir. Deney grubuna ikinci uygulama olarak arastirma-sorgulama temelli
etkinlikler uygulanirken, kontrol grubuna ikinci uygulama olarak argiimantasyon temelli
etkinlikler uygulanmustir. Ikinci uygulamalar sonrasinda her iki gruptaki katilimcilarin
arglimantasyon beceri puanlar1 arasinda istatistiksel olarak anlamli bir farkliligin olmadigi
belirlenmistir (f46) = ,151, p > ,05). Bu sonuca gore ikinci deneysel uygulamalar olan
arastirma-sorgulamaya ve arglimantasyona dayali etkinlikler sonrasinda deney grubu
(X=28,542) ve kontrol grubu (X=28,417) oOgrencilerinin arglimantasyon becerilerinin
istatistiksel olarak yakin degerlere sahip oldugu bulunmustur.
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Tablo 4

Deney Grubunun Argiimantasyon Becerileri Testine Ait ANOVA Sonuglart

Varyansin Kareler DF Kareler r Eta Anlaml1
Kaynagi Toplami Ortalamasi P square Fark
Denekler aras1 77,259 23 3,359

Olgiim 148,361 2 74,181 7,154 ,002 ,237 1-2
Hata 476,972 46 10,369 1-3
Toplam 702,592 71

Tablo 4 incelendiginde, deney grubunda bulunan 6grencilerin arglimantasyon Ontest,
aratest ve sontest puanlari arasinda istatistiksel olarak anlamli bir farkliligin oldugu
belirlenmistir (F(2-46=7,154; p<,05). Argiimantasyon becerileri Ontest (X=25,583), aratest
(X=28,708) ve sontest (X=28,542) puan ortalamalar1 incelendiginde, deney grubundaki
Ogrencilerin argiimantasyon beceri aratest ve sontest ortalama puanlarinin ontest puanlarina
gore istatistiksel olarak anlamli sekilde yiiksek oldugu bulunmustur.

Tablo 5§

Kontrol Grubu Argiimantasyon Becerileri Testine Ait ANOVA Sonuglar

Varyansin Kareler DF Kareler r Eta Anlamli
Kaynagi Toplami Ortalamasi P square Fark
Denekler aras1 119,625 23 5,201

Olgiim 217,750 2 108,875 8,023 ,001 ,259 1-3
Hata 624,250 46 13,571 2-3
Toplam 961,625 71

Tablo 5 incelendiginde, kontrol grubunda bulunan ogrencilerin argliimantasyon
Ontest, aratest ve sontest puanlar1 arasinda istatistiksel olarak anlamli bir farkliligin oldugu
goriilmektedir (F(2-46/=8,023; p<,05). Arglimantasyon becerileri ontest (X=24,792), aratest
(X=24,667) ve sontest (X=28,417) puan ortalamalar1 incelendiginde, kontrol grubundaki
ogrencilerin argiimantasyon beceri sontest ortalama puanlarinin hem ontest hem de aratest
ortalama puanlarina gore istatistiksel olarak anlamli sekilde ytliksek oldugu bulunmustur.

Arastirma-Sorgulama Beceri Puanlarina Ait Bulgular

Her iki gruptaki ogrencilerin, uygulamalar Oncesinde arastirma-sorgulama becerileri
puanlar arasinda istatistiksel olarak anlamli bir farkin olmadigi belirlenmistir (¢46) = -,374, p
> ,05). Bu sonuca gore argiimantasyon ve arastirma-sorgulamaya dayali uygulamalar
oncesinde deney grubu (X=41,000) ve kontrol grubu (X=41,583) 6grencilerinin aragtirma-
sorgulama becerilerinin istatistiksel olarak yakin degerlere sahip oldugu bulunmustur (Tablo
6).

Tablo 6
Aragtirma-Sorgulama Becerileri Olcegine Ait Bagimsiz Orneklem t-Testi Sonuglar
Olgiimler Gruplar N X SD DF t p Eta square
Sorgulamal Deney 24 41,000 5,501 46 -374 ,710 ,003
Kontrol 24 41,583 5,315
Sorgulama? Deney 24 41,791 6,731 46 -2,948 ,005 ,158
Kontrol 24 47375 6,385
Deney 24 45,833 4923 46 -,363 , 718,003
Sorgulama3

Kontrol 24 46,500 7,530

[lk uygulamalarda deney grubuna argiimantasyon temelli etkinlikler uygulanirken
kontrol grubundaki 6grencilere arastirma-sorgulama temelli etkinlikler uygulanmustir. ilk
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uygulamalar sonrasinda her iki gruptaki 6grencilerin, arastirma-sorgulama beceri puanlar
arasinda istatistiksel olarak anlamli bir farkliligin oldugu belirlenmistir (f46) = -2,948, p <
,05). Bagimsiz orneklem t-testi sonucunda gruplar arasinda biiyiik diizeyde etki degeri (eta
squared = ,158) olan anlamli bir farklilik bulunmustur. Bu sonuca gore arastirma-sorgulama
temelli etkinlikler uygulanan kontrol grubu Ogrencilerinin arastirma-sorgulama beceri
puanlarimin  (X=47,375) argiimantasyon temelli etkinlikler uygulanan deney grubu
Ogrencilerinin arastirma-sorgulama beceri puanlarindan (X=41,791) istatistiksel olarak
anlamli sekilde yiiksek oldugu bulunmustur.

Ara testlerden sonra deney ve kontrol gruplarina uygulanan etkinlikler
caprazlanmistir. Deney grubuna ikinci uygulama olarak arastirma-sorgulama temelli
etkinlikler uygulanirken, kontrol grubuna ikinci uygulama olarak argiimantasyon temelli
etkinlikler uygulannustir. ikinci uygulamalar sonrasinda her iki gruptaki 6grencilere ait
arastirma-sorgulama beceri puanlar1 arasinda istatistiksel olarak anlamli bir farklilik
olmadig belirlenmistir (f46) = -,363, p > ,05). Bu sonuca gore ikinci deneysel uygulamalar
olan arastirma-sorgulamaya ve argiimantasyona dayali etkinlikler sonrasinda deney grubu
(X=45,833) ve kontrol grubu (X=46,500) 6grencilerinin arastirma-sorgulama becerilerinin
istatistiksel olarak yakin degerlere sahip oldugu bulunmustur.

Tablo 7

Deney Grubu Arastirma-Sorgulama Becerileri Olgegine Ait ANOVA Sonuglari

Varyansin Kareler DF Kareler r Eta Anlamli
Kaynagi Toplami Ortalamasi P square Fark
Denekler aras1 221,514 23 9,631

Olgiim 322,583 2 161,292 4,550 ,016 ,165 2-3
Hata 1630,750 46 35,451

Toplam 2174,847 71

Tablo 7 incelendiginde, deney grubundaki 6grencilerin arastirma-sorgulama Ontest,
aratest ve sontest puanlari arasinda istatistiksel olarak anlamli bir farkliigin oldugu
belirlenmistir (F(2-46=4,550; p<,05). Arastirma-sorgulama becerileri Ontest (X=41,000),
aratest (X=41,791) ve sontest (X=45,833) puan ortalamalar1 incelendiginde, deney
grubundaki 6grencilerin arastirma-sorgulama beceri aratest ortalama puanlarinin sontest
ortalama puanlarina gore istatistiksel olarak anlamli sekilde diisiik oldugu bulunmustur.

Tablo 8

Kontrol Grubu Arastirma-Sorgulama Becerileri Testine Ait ANOVA Sonucglart

Varyansin Kareler DF Kareler r Eta Anlamli
Kaynagi Toplami Ortalamasi P square Fark
Denekler aras1 345,995 23 15,043

Olgiim 467,861 2 233,931 5,806 ,006 ,202 1-2
Hata 1853,472 46 40,293

Toplam 2667,328 71

Tablo 8 incelendiginde, kontrol grubu &grencilerinin arastirma-sorgulama ontest,
aratest ve sontest puanlari arasinda istatistiksel olarak anlamli bir farkliligin oldugu
goriilmektedir (F(2-46=5,806; p<,05). Arastirma-sorgulama becerileri ontest (X=41,583),
aratest (X=47,375) ve sontest (X=46,500) puan ortalamalar1 incelendiginde, kontrol
grubundaki O6grencilerin aragtirma-sorgulama beceri aratest ortalama puanlarmin Ontest
ortalama puanlarina gore istatistiksel olarak anlamli sekilde yiiksek oldugu bulunmustur.
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Bilimsel Siire¢ Beceri Puanlarina Ait Bulgular

Deney ve kontrol grubundaki 6grencilerin, uygulamalar dncesinde bilimsel siire¢ becerileri
puanlari arasinda istatistiksel olarak anlamli bir farkin olmadigi1 bulunmustur (z4e = 1,502, p
> ,05). Bu sonuca gore argiimantasyon ve arastirma-sorgulamaya dayali uygulamalar
oncesinde deney grubu (X=44,125) ve kontrol grubu (X=41,250) 6grencilerinin bilimsel
stire¢ becerilerinin istatistiksel olarak yakin degerlere sahip oldugu bulunmustur (Tablo 9).

Tablo 9

Bilimsel Siire¢ Becerileri Testine Ait Bagimsiz Orneklem t-Testi Sonuglar

Olgiimler Gruplar N X SD DF ¢ p Eta square

BSBI Deney 24 44,125 6,583 46 1,502 ,140 ,047
Kontrol 24 41250 6,674

BSB? Deney 24 49917 8,188 46 1,236 223 ,032
Kontrol 24 47250 6,680

BSB3 Deney 24 56,917 8,027 46 ,692 ,492 010

Kontrol 24 55,541 5,501

IIk uygulamalarda deney grubuna argiimantasyon temelli etkinlikler uygulanirken
kontrol grubundaki 6grencilere arastirma-sorgulama temelli etkinlikler uygulanmustir. ilk
uygulamalar sonrasinda iki grubun 6grencilerinin bilimsel siire¢ beceri puanlar1 arasinda
istatistiksel olarak anlamli bir farkliligin olmadig1r bulunmustur (t4s) = 1,236, p > ,05). Bu
sonuca gore arglimantasyon temelli etkinlikler uygulanan deney grubu o&grencilerinin
arglimantasyon beceri puanlarinin (X=49,917) arastirma-sorgulama temelli etkinlikler
uygulanan kontrol grubu 0&grencilerinin arglimantasyon beceri puanlarina (X=47,250)
istatistiksel olarak denk oldugu bulunmustur.

Ara testlerden sonra deney ve kontrol gruplarina uygulanan etkinlikler
caprazlanmistir. Deney grubuna ikinci uygulama olarak arastirma-sorgulama temelli
etkinlikler uygulanirken, kontrol grubuna ikinci uygulama olarak argiimantasyon temelli
etkinlikler uygulanmstir. Ikinci uygulamalar sonrasinda iki grubun bilimsel siire¢ beceri
puanlar1 arasinda istatistiksel olarak anlamli bir farklilik olmadig1 bulunmustur (46 = ,692,
p > ,05). Bu sonuca gore ikinci deneysel uygulamalar olan arastirma-sorgulamaya ve
arglimantasyona dayali etkinlikler sonrasinda deney grubu (X=56,917) ve kontrol grubu
(X=55,541) ogrencilerinin bilimsel siire¢ becerilerinin istatistiksel olarak yakin degerlere
sahip oldugu bulunmustur.

Tablo 10

Deney Grubu Bilimsel Siire¢ Becerileri Testine Ait ANOVA Sonuglari

Varyansin Kareler DF Kareler F Partial Anlaml
Kaynagi Toplami Ortalamasi p eta Fark
I_?enekler aras1 708,329 23 30,797 12
Olglim 1969,361 2 984,681 23,899 ,000 ,510 123
Hata 1895,306 46 41,202 )3
Toplam 4572,996 71

Tablo 10°daki bulgular incelendiginde, deney grubundaki 6grencilerin bilimsel siire¢
becerileri Ontest, aratest ve sontest puanlari arasinda istatistiksel olarak anlamli bir farkliligin
oldugu belirlenmistir (F(2-46=23,899; p<,05). Bilimsel siire¢ becerileri dntest (X=44,125),
aratest (X=49,917) ve sontest (X=56,917) puan ortalamalar1 incelendiginde, deney
grubundaki 6grencilerin bilimsel silireg becerileri Ontest ortalama puanlarinin hem aratest
hem de sontest ortalama puanlarina gore istatistiksel olarak anlamli sekilde diisiik oldugu
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bulunmustur. Ek olarak, sontest ortalama puanlarinin da aratest ortalama puanlarina gore
anlamli sekilde yiiksek oldugu bulunmustur.

Tablo 11

Kontrol Grubu Bilimsel Stire¢ Becerileri Testine Ait ANOVA Sonucglart

Varyansin Kareler DF Kareler r Partial Anlaml
Kaynagi Toplami Ortalamasi P eta Fark
I?enekler arast 436,551 23 18,980 122
Olglim 2472,028 2 1236,014 39,558 ,000 ,632 1-3
Hata 1437,306 46 31,246 )3
Toplam 4345,885 71

Tablo11’deki bulgular incelendiginde, kontrol grubundaki 6grencilerin bilimsel siire¢
becerileri Ontest, aratest ve sontest puanlari arasinda istatistiksel olarak anlamli bir farkliligin
oldugu belirlenmistir (F(2-46=39,558; p<,05). Bilimsel siire¢ becerileri ontest (X=41,250),
aratest (X=47,250) ve sontest (X=55,541) puan ortalamalari1 incelendiginde, kontrol grubu
Ogrencilerinin bilimsel siire¢ becerileri Ontest ortalama puanlarinin hem aratest hem de
sontest ortalama puanlarina gore istatistiksel olarak anlamli sekilde diisiik oldugu
bulunmugtur. Ek olarak, sontest ortalama puanlarinin da aratest ortalama puanlarina gore
anlamli sekilde yiiksek oldugu bulunmustur.

Tartisma

Argiimantasyon ve arastirma-sorgulamaya dayali fen 6gretimi uygulanan 6grenci gruplarina
iligkin bulgular incelendiginde deney ve kontrol grubundaki 6grencilerin argiimantasyon
becerilerinin arglimantasyon temelli fen oOgretimine katilma durumlarma gore arttigi
belirlenirken, calisma sonucunda iki grup arasinda anlamli bir farkliligin olmadigi
belirlenmistir. Ciinkii argiimantasyon temelli fen 6gretiminde 6grenciler bir tartisma konusu
iizerinde kendi argiimanlarini onlara sunulan argiimantasyon modeline gore yapilandirmakta
ve argiimantasyon modelinin bilesenleri olan iddia, veri, akil yiiriitme, destekleyici ve
clirlitme sunma gibi becerileri deneyimleyerek kazanmaktadirlar. Arastirma-sorgulama
temelli fen 6gretimi yaklasiminda arastirma-sorgulama yapmalar1 ve aragtirma yapmalarina
ragmen direkt olarak argiiman bilesenlerini kullanmadiklar1 i¢in argliman kurma becerileri
iizerinde istatistiksel olarak anlamli bir farka sebep olmadig: diisiiniilmektedir.

Alan yazindaki ¢alismalar incelendiginde bu ¢alisma sonuglarina paralel ¢alismalar
oldugu goriilmektedir. Fen bilgisi Ogretmen adaylarinin fizik laboratuvar dersinde
katildiklar1 arglimantasyon temelli uygulamalarin argiimantasyon becerileri iizerinde olumlu
etkisi oldugu belirlenmistir (Demircioglu ve Ugar, 2012). Argiimantasyon temelli
laboratuvar uygulamalarina katilan lisans dgrencilerinin bir iddiay1 desteklemek i¢in kanit
kullanma ve akil yiiritme becerileri 6nemli 6l¢iide gelismektedir (Zohar ve Nemet, 2002).
Ote yandan, Erduran ve digerleri (2004), dgretmenler ile gerceklestirdikleri arastirma
sonunda gruplar arasinda anlamli bir fark olmadigimi bildirmistir. Arglimantasyonla mesgul
olmak, sozlii ve yazili argiimanlar tiretmek, bilimsel bilgi ve yetenekleri gelistirir (Sampson
vd., 2010). Alan yazinda arastirma-sorgulama temelli kimya 6gretiminin uygulandig: derse
katilan lisans Ogrencilerinin bilimsel arglimantasyon becerilerinin geleneksel yontem ile
verilen kimya dersine katilanlara goére anlamli sekilde arttigi sonucunu ortaya koyan
caligmalarda mevcuttur (Septyastuti vd., 2021). Arastirma-sorgulamaya dayali 0grenme
ogretmen adaylariin bilgi, beceri ve bilimsel aragtirma yapma becerilerini gelistiren bir
yontemdir. Ayrica, arastirma-sorgulama ve arglimantasyon etkinliklerinin birlikte
kullanildig1 laboratuvar caligmalarinda fen bilgisi 6gretmen adaylarinin argiimantasyon
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becerilerinin ve arastirma-sorgulama becerilerinin gelistigi sonucuna ulasilmistir (Ozdem
vd., 2013).

Calismanin ikinci onemli bulgusu olarak arastirma-sorgulama temelli fen 6gretimi
dersine katilan 6grencilerin arastirma-sorgulama becerilerinin arttig1 belirlenirken ¢alisma
sonunda her iki grup arasinda istatistiksel olarak anlamli bir farkliligin olmadigi
belirlenmistir. Alan yazindaki c¢alismalar incelendiginde bu ¢alismanin sonuglarini
destekleyen c¢alismalarin c¢ogunlukta oldugu goriilmektedir. Arglimantasyon destekli fen
Ogretimi uygulamalarinin gergeklestirildigi deneysel bir ¢alismada 6grencilerin arastirma-
sorgulama becerilerinin istatistiksel olarak anlamli sekilde farklilasmadigi belirlenmistir
(Yildirrm ve Can, 2018). Arglimantasyon temelli fen O6gretiminin arastirma-sorgulama
becerileri lizerinde anlamli bir farklilasmaya sebep olmamasi beklenen sonuglardan birisidir.
Ciinkli arastirma-sorgulamaya dayali fen 6gretimine gore diizenlenmis sinif ortamlarinda
ogrencilerin kavramlar1 ve bilgileri anlamli sekilde 6grenebilmesi i¢in onlara arastirma-
sorgulama yapabilecekleri ve bilimin dogasini sorgulayarak anlamalarina yardimer firsatlar
saglanmaktadir.

Bu c¢alismanin bulgularina paralel olarak argiimantasyon tabanli bilim &grenme
biyoloji laboratuvar uygulamasina katilan 6grencilerin bilimsel siire¢ becerileri ve arastirma-
sorgulama becerilerinin istatistiksel olarak anlamli sekilde degismedigi ancak arastirma
yapma istekleri ve argiimantasyon becerilerinin iizerinde etkisi oldugu sonucuna ulasilmistir
(Nazli, 2019). Alan yazinda yapilan caligmalarin bazilarinda arglimantasyon temelli
etkinliklerin arastirma-sorgulama becerilerini arttirdig1 da ifade edilmistir. Argiimantasyon
temelli fen Ogretimi ile Ogrencilerin st diizey biligsel becerileri, sosyal yargilama, dili
kullanma becerisini, bilimsel kiiltiirlenme, fen okuryazari olma, bilimin dogasini anlama ve
arastirma-sorgulama becerilerinin arttig1 belirlenmistir (Jimenez-Aleixandre ve Erduran,
2007). Arastirma-sorgulama temelli fen 6gretimi siniflarinda 6gretmenlerin {stlendikleri
bir¢ok rol ve dgrencilere yiikledikleri rol ve gorevler vardir. Bu nedenle arastirma-sorgulama
temelli siif kiiltiiriiniin olusmasinda hem 6gretmen hem de 6grenciler etkin oldugu igin
ogretmen ve Ogrencilerin siire¢ igerisinde diisiinme ve arastirma-sorgulama yapmasi
yaygindir. Bu nedenle Ogretmen adaylarinin bu silire¢ sonunda arastirma-sorgulama
becerilerinin istatistiksel olarak anlamli sekilde gelismesi beklenmekte ve alan yazindaki
caligmalar 1518iInda da desteklenmektedir (Ecevit ve Kaptan, 2019). Alan yazindaki
caligmalarda O6gretmen adaylarinin bu calismadaki gibi rol alabilecekleri bir arastirma-
sorgulamaya dayali sinif ortamina ve dgretmene ihtiya¢ duyduklari ve siireci kendilerinin
yaparak yasayarak deneyim kazanacaklar1 uygulamalara ihtiya¢ duyduklar1 belirlenmistir
(Kabatas Memis, 2017).

Calismanin iglincii bulgusu olarak deney ve kontrol grubundaki o6grencilerin
katildiklar1 hem arglimantasyon hem de arastirma-sorgulama temelli fen ogretimi
uygulamalarindan sonra bilimsel siire¢ becerilerinin istatistiksel olarak anlamli sekilde
artmasidir. Deney grubu ve kontrol grubundaki 6grencilerin bilimsel siire¢ becerilerinin
Ontest, aratest ve sontest puanlar1 arasinda istatistiksel olarak anlamli bir farkliligin olmadig:
belirlenmistir. Deney grubundaki ve kontrol grubundaki 6grencilerin katildiklart
uygulamalara ve bu uygulamalarin sirasina bakilmaksizin bilimsel siire¢ becerilerinin
istatistiksel olarak anlamli sekilde arttig1 sonucuna ulagilmistir. Alan yazinda yapilan bir¢cok
calisjmada da hem arastirma-sorgulamaya dayali hem de argiimantasyona dayali fen
Ogretiminin Ogretmen adaylar1 ve Ogrencilerin bilimsel siire¢ becerileri lizerindeki farkll
etkileri ortaya konmustur. Tatar (2006) arastirma-sorgulamaya dayali fen Ogretiminin
ogrencilerin bilimsel siire¢ becerileri lizerinde anlamli sekilde etkili oldugunu bulmustur.
Benzer sekilde, Simsek ve Kabapinar (2010) arastirma-sorgulamaya dayali 6grenme
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ortamlarinin 6grencilerin bilimsel siire¢ becerileri ve kavramsal 6grenmeleri lizerinde etkili
oldugunu yaptig1 deneysel ¢aligma ile ortaya koymustur.

Alan yazinda arglimantasyon temelli fen Ogretiminin bilimsel siire¢ becerileri
iizerindeki olumlu etkisini ortaya koyan bir¢cok c¢alisma bulunmaktadir. Karakus ve Yalgin
(2016) argimantasyon temelli fen 6gretiminin bilimsel siire¢ becerileri tizerindeki olumlu
etkisini gergeklestirdikleri bir meta analiz ¢alismasi ile ortaya koymuslardir. Ogretmen
adaylar1 ile yapilan fen Ogretiminde argiimantasyon uygulamasinin hem bilimsel siire¢
becerileri hem de diisiinme becerileri iizerinde olumlu etkileri oldugu ortaya konmustur. Bu
caligmada Ogretmen adaylar1 argiimantasyon siirecini etkili kullanarak kendilerini ifade
ederek diisiincelerini diger katilimcilara karsi savunabilmistir (Aydin ve Kaptan, 2014).
Bilimsel siire¢ becerilerinin deneylerde kullanilmast hem ogretmen adaylart hem de
ogrencilerin bilimsel g¢alisma basamaklarini kavramalarina ve uygulamalarma yardimci
olmaktadir. Ogrencilerin deneyleri 6nceden diisiinerek tasarlamalari, hipotezler kurmalari,
aragtirmalari, arastirma-sorgulamalari  kisacast bilim insanlarinin  bilimsel bilgiyi
yapilandirdiklart  siireci  deneyimleyerek onlarin  sonuglarima ulasmalari  bilimsel
diistinmelerini saglamaktadir (Richmond ve Shriley, 1996). Benzer sekilde arglimantasyon
temelli fen 6gretimi kapsaminda da 6gretmen adaylari zihinlerinde olusturduklar1 bilimsel
bilgi ve diisiincelerini bir bilim insanin yaptig1 gibi dogru gerekce ve kanitlar1 kullanarak
iddialarin1 savunur (Aslan, 2016). Arglimantasyon temelli fen dgretimi siirecinde 6gretmen
adaylar1 verilen bir deney veya problemin ¢oziimii i¢in bir bilim insani roliiyle bilimsel
bilgiye ulagmaya calistiklar1 ve arastirma yaptiklar1 i¢in bilimsel siire¢ becerilerinin
gelismesi muhtemeldir. Ciinkli bu siiregte 6gretmen adaylari deneyler tasarlayarak, iirlin
ortaya koymasi, birden farkli iddianin arasindan dogru ve uygun olani se¢gmesi ve sectikleri
iddiay1 uygun kanitlar ile destekleyerek raporlamalari beklenmektedir. Bu sayede hem
arglimantasyon hem de arastirma-sorgulama temelli fen Ogretimine katilan O6gretmen
adaylarinin bilimsel siire¢ becerilerinin gelistigi goriilmektedir.

Sonuc¢

Bu calisma arglimantasyon ve arastirma-sorgulama temelli laboratuvar Ggretiminin
ogretmen adaylarinin argiimantasyon ve arastirma-sorgulama becerileri {izerinde etkisinin
yalnizca kullanilan 6gretim yontemi ile gelistirdigini gostermesi agisindan Onemli bir
caligmadir. Bu nedenle gelecekte yapilacak olan ¢aligmalarda hem arglimantasyon hem de
arastirma-sorgulama becerilerini gelistirmek icin argiimantasyon destekli arastirma-
sorgulamaya dayali laboratuvar uygulamalarina ihtiyag¢ oldugu asikardir.

Her iki 6gretim uygulamasmin da bilimsel siire¢ becerilerini gelistirmede etkili
oldugu bulunmustur. Bu nedenle yapilacak olan ¢aligmalarda bilimsel siire¢ becerilerinin
gelisimi i¢in laboratuvar ortaminin kullanilmasi ve 6grencilere bilimsel siire¢ becerilerinin
kullanimina ydnelten argiimantasyon ve arastirma-sorgulamaya dayali etkinliklerin
kullanilmas1 6nerilmektedir.

Sinif i¢i uygulamalar olmadan ve kisa siireli ders anlatimima dayali programlar
uygulamak yerine, Ogretmenlerin ve 6gretmen adaylarinin arglimantasyon temelli fen
ogretimini kendilerinin planladigi, uyguladigi ve 6grenciler ile birlikte deneyimledikleri,
katilimcilarin birbirlerinin ders deneyimlerini gézlemledikleri ve tartistiklart uzun stireli
ogretmen yetistirme programlarina ve mesleki gelisim programlarina ihtiyag vardir.

Bu c¢alisma bir devlet iiniversitesinde fen bilgisi 6gretmenligi boliimiinde okuyan
{igincli stif dgrencileri ile sinirlidir. Ogrencilerin argiimantasyon, arastirma-sorgulama ve
bilimsel siire¢ becerilerini belirlemek icin sadece Olgekler ve testler kullandigi ve
katilimcilarin 6z bildirim verilerine dayanmaktadir. Bu kapsamda dlcek ve testler disinda
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goriisme, gozlem gibi nitel arastirma yontemleri de kullanilarak, derinlemesine bilgi
toplanmas1 onerilmektedir.

Etik Kurul izin Bilgisi: Bu arastirma, Aydin Adnan Menderes Universitesi Egitim
Arastirmalart Etik Kurulu’nun 01.02.2022 tarihli 02/V sayli karart ile alinan izinle
yiirtittilmiistiir.

Yazar Cikar Catismasi Bilgisi: Bu calismada ¢ikar ¢atismast yoktur ve finansman destegi
alinmamustir.

Yazar Katkisi: Yazarlar makaleye esit katki saglamis olduklarini beyan ederler.
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Abstract

The purpose of this study is to investigate the influence of argumentation and inquiry-based science
education on pre-service science teachers’ skills of argumentation, inquiry and scientific process. To
find out the influences of independent variables (argumentation and inquiry-based activities) on
dependent variables (argumentation skill, inquiry skill and scientific process skill) for the aim of the
study, a counterbalanced experimental design was used. Forty-eight pre-service science teachers who
took the science education laboratory applications course, randomly assigned to the experimental and
control groups, participated in the study. The argumentation and inquiry-based science training were
applied by making a counterbalanced design to create equal conditions for both groups and to control
the ordering effect. Data were analyzed by using t-test and single-factor ANOVA for repeated
measures. The findings indicate that the argumentation activities significantly differentiated the
argumentation skills while the inquiry activities significantly differentiated the inquiry skills,
regardless of the order and group of interventions. It was concluded that science process skills
developed significantly after both argumentation and inquiry-based activities, regardless of the order
of implementation.
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Introduction

Developments in science and technology have affected the field of science education as well
as other fields. For this reason, countries are trying to improve the content of science courses
and make it possible to raise individuals who can access necessary information, interpret
newly acquired knowledge based on experience, and have problem-solving skills (Ministry
of National Education [MoNE], 2018; National Research Council [NRC], 2000). Science
curricula indicate inquiry-based teaching methods as the primary learning and teaching
method to train scientifically literate people. Similarly, the National Research Council
(NRC) has published a set of standards and reported that inquiry is the basis for science
teaching (NRC, 2000). The inquiry-based learning method is a student-centered method in
which students discover everything in their immediate environment, develop strong
arguments based on strong justifications about the natural and physical world that surrounds
them, become individuals aware of the importance of science, and construct knowledge
about doing, living and thinking (MoNE, 2018; Wood, 2003).

The National Research Council (2000) briefly summarized the five main features of
inquiry-based science teaching (NRC, 2000; Tatar, 2006);

1. Students engage in scientifically oriented questions.

2. Students prioritize evidence that allows them to develop and evaluate explanations
addressing scientifically oriented questions.

3. Students formulate explanations from evidence to address scientifically oriented
questions.

4. Students evaluate their explanations especially in the light of alternative
explanations reflecting scientific understanding.

5. Students communicate and justify their proposed explanations.

In addition to inquiry-based science teaching, argumentation-based science teaching
is suggested as another method that has an important place in the development of science
literacy. Most science educators recognize argumentation-based teaching as an effective
method in terms of ensuring scientific thinking and improving science literacy (Erduran &
Jiménez-Aleixandre, 2007; Jiménez-Aleixandre & Erduran, 2007). Argumentation was first
introduced as the Toulmin model in the literature. In this model, argumentation is viewed as
part of scientific reasoning. Argumentation is a process in which hypotheses are supported
by evidence and reasons, and information is verified and proven (Jiménez-Aleixandre &
Erduran, 2007; Toulmin, 2003). Walton (2006), on the other hand, views argumentation as a
process in which evidence is put forward to support claims. Argumentation process can be
considered as a process in which different ideas are put forward about a subject, different
views are expressed to support these ideas, and opposing views are discussed (Driver et al.,
2000). Argumentation activities can be carried out in verbal and written ways. Verbal
argumentation activities usually take place between student-student and teacher-student in
the classroom environment. One of the prominent features of verbal argumentation is that it
provides permanent and effective learning for students allowing them to generate and
present ideas on the subject (Erduran et al., 2004). In written argumentation, individuals put
forward their own ideas and thoughts by writing. One of the crucial features of written
argumentation is that it enables students to understand complicated science subjects more
easily and quickly (Driver et al., 2000). Argumentation-based activities generally contribute
positively to individuals' scientific writing and verbal expression skills (Gtinel et al., 2009).
The intellectual states of the individuals participating in these activities are at a high level
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during the activity. In addition, it is important for students to participate in argumentation
activities so that they can understand scientific ideas and thoughts (Driver et al., 2000).
Argumentation-based activities lead students to acquire information by asking questions.
Students make hypotheses in the argumentation process, collect evidence for these
hypotheses, and share the information they have learned with their friends in the learning
environment (Erduran et al., 2004). During the implementation of argumentation, different
perspectives are discussed and evaluated, misconceptions and deficiencies are eliminated,
and meaningful and permanent learning is provided by examining science concepts in depth
(Driver et al., 2000). The argumentation process, in which mental thinking skills are used at
a high level, also positively affects students' scientific thinking skills (Giinel et al., 2010).

There are research studies about the effects of inquiry-based teaching on scientific
thinking skills (Yildirim & Can, 2018), science process skills (Ar1 et al., 2017; Sen & Vekli,
2016; Simsek & Kabapinar, 2010; Tatar, 2006), research and inquiry skills (Balim &
Tagkoyan, 2007) and inquiry skills (Yildirrm & Can, 2018). Similarly, studies in the
literature show that argumentation-based teaching has positive effects on argumentation
skills (Zohar & Nemet, 2002), science process skills (Aslan, 2016), and inquiry skills
(Yildirim & Can, 2018). There are both national and international studies on the use of both
inquiry-based and argumentation-based science teaching methods in science education
(Aslan, 2016; Ecevit & Kaptan, 2019; Karakus & Yalcin, 2016; Septyastuti et al., 2021;
Zohar & Nemet, 2002). However, these studies do not clearly reveal the relationships
between variables that have significant effects on inquiry-based and argumentation-based
science teaching method in science education (Demircioglu & Ucar, 2012; Nazl, 2019;
Sampson et al., 2010). In addition, the studies examining the effects of inquiry-based and
argumentation-based science teaching on students' skills of science process, inquiry and
argumentation revealed different results. Therefore, there is a need to conduct a study to
compare the effectiveness of argumentation and inquiry-based science teaching on the same
students. The study is thought to be unique in terms of both the sequential application of
argumentation and inquiry-based science teaching together and the comparative analysis of
the effects of the practices on the same students by counterbalancing.

The aim of this study is to determine the effects of argumentation-based and inquiry-
based activities on undergraduate students' skills of argumentation, inquiry, and science
process.

1. What is the effect of argumentation-based and inquiry-based instruction applied
by using counterbalanced design on the argumentation skills of pre-service
science students?

2. What is the effect of argumentation-based and inquiry-based instruction applied
by using counterbalanced design on the inquiry skills of pre-service science
students?

3. What is the effect of argumentation-based and inquiry-based instruction applied
by using counterbalanced design on science process skills of pre-service science
students?

Method

In this study, true experimental design, one of the quantitative research methods, was used to
investigate the change in argumentation skills, inquiry skills and science process skills of
students participating in argumentation and inquiry-based activities (Karasar, 2007). In this
study, the counterbalanced experimental design was used to examine the effects of
independent variables (argumentation and inquiry-based activities) on dependent variables
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(argumentation skill, inquiry skill and science process skill). To determine the effects of
experimental practices, argumentation-based activities were applied to the experimental
group, while inquiry-based activities were applied to the control group. To control the
effects of ordering on the experimental and control groups, a counterbalanced design pattern
was used to create equal conditions for both groups (Gould, 2002). Experimental and control
groups were replaced at equal time intervals to control external factors such as difference,
motivation, and fatigue caused by the application, which may influence the groups (Table 1).

Table 1

Implementation Process

Groups Pretest Treatment test Treatment Posttest

. Argl Argumentation based Arg2 Inquiry based Arg3

Experimental Inql activities Inq2 activities Inqg3
SPS1 N spsy 4 SPS3
Argl Inquiry based Arg2 Argumentation based Arg3

Control Ingl activities Ing2 activities Ing3
SPS1 SPS2 SPS3

Table 1 indicates that the number “1” next to the scale names represents the first pre-
tests, the number “2” represents the mid-tests after the first applications, and the number “3”
represents the final tests following the second applications.

Study Group

A total of 48 third-year students enrolled in the science teaching laboratory practices course
in the science teaching department of the faculty of education at a state university
participated in this study. The students in the experimental and control groups were
randomly assigned. There were 24 students in both groups. There were 6 male and 18
female students in both groups. The results of the independent sample t-test, conducted prior
to the study to decide whether the participants in the experimental and control groups were
equivalent in terms of argumentation, inquiry, and scientific process skills, are given below
(Table 2). Prior to the implementation process, it was assumed that the students in the
experimental and control groups were equivalent groups in terms of argumentation, inquiry
and scientific process skills.

Table 2
Independent Sample t-Test Results of Argumentation, Research-Inquiry and Scientific
Process Skills Pretest Scores

Measurements Groups N X SD DF t p

Argumentation] Experimental24 25.583  4.010 46 .756 454
Control 24 24792 3.203

Tnquiry1 Experimental24 41.000 5.501 46 -374 710
Control 24 41.583 5315

SPS] Experimental24 44.125  6.583 46 1.502 .140

Control 24 41.250 6.674

Data Collection Tools

Scientific Argumentation Test

It was developed within the scope of a project supported by the National Science Foundation
(NSF) to determine students' knowledge and skills for scientific argumentation (Frey et al.,
2015). The scientific argumentation test measures students' ability to distinguish between
claims, opinions, facts, data, authority, theory, logic, qualifier, rebuttal, and justification
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using the scientific argumentation model of Toulmin (2003). The test consists of 36 multiple
choice items. The Turkish scientific argumentation test was adapted by Higde and Aktamis
(2018) and administered to 222 undergraduate students. The KR-20 value was 0.78 for
reliability, the discrimination index of test items ranged from 0.21 to 0.60, and item
difficulty values ranged from 0.31 to 0.85.

Science Process Skills Scale

Since the scale developed by Aktamis and Sahin Pekmez (2011) is based on national and
international scales in the literature, it includes different types of questions to measure
scientific process skills. Questions taken from other sources in this scale were evaluated as
questions in their original forms (Osborne & Ratcliffe, 2002). Open-ended and multiple-
choice questions were used to measure scientific process skills such as problem posing,
distinguishing between hypothesis, prediction, observation, theory and explanation,
performing reliable and valid measurement by identifying variables, ability to read by
creating tables and graphs based on data, reaching a conclusion. The scale consists of 16
multiple choice items. For reliability, the KR-20 value is 0.81, the discrimination index of
the test items has values higher than 0.2.

Inquiry-Based Learning Skills Perception Scale for Science

This scale was developed to measure inquiry-based learning skills (Balim & Tagkoyan,
2007). As a result of the reliability analysis performed on the scale, the Cronbach Alpha
reliability value was found to be 0.84. This scale includes three sub-dimensions as negative,
positive and questioning perceptions and 22 items. Cronbach's Alpha reliability values for
the sub-dimensions of the scale were found to be 0.73, 0.67 and 0.71, respectively. The scale
was a 5-point Likert type scale.

Implementation Process

Prior to the implementation of argumentation-based activities, the concept of argumentation,
implementation process of argumentation in science education and use of argumentation
model by sample activities were explained. After general explanations and briefings,
experiments and sample activities for the use of argumentation in experiments were carried
out. Following the instruction and sample activities, the students prepared their own
argumentation activities and presented them to their classmates and implemented them.
They corrected their deficiencies about argumentation with the feedbacks they received from
the peers and the instructor. During the development and implementation of the activities,
the students generally worked in groups of four and made the presentation together. An
example activity is given in Figure 1 below. Each group was given two lesson hours for
presentations and a week for the preparation. During the seven weeks of the study, nine
activities with nine argumentation techniques were implemented. Table of statements,
argument creation, evaluation of arguments, use of evidence, evaluation of evidence,
concept cartoon, guess-by-eye-explain, vee diagram and competing theories techniques were
used as argumentation techniques.
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Figure 1

165

Example Argumentation Activity Sheet about Physical Change
COMPETING THEORIES

Physical changes take place in the external
structure of matter. The appearance of the
substance changes. These are the changes
that can be reversed. The total mass of the

Physical changes alter the appearance of
matter. However, we cannot reverse some
physical changes. Therefore, we cannot say
that the total mass of matter is always

substance is conserved. conserved.
OUR ARGUMENT
Our group supports the argument.

We believe in this because
Wilma's advanced argument
I think Wilma explained
Because

Another reason is that
Wilma's first reason to explain why the argument is false
As aresult, I think

Within the scope of inquiry-based activities, sample implementations were carried
out for students about the meaning, preparation, application and evaluation of inquiry-based
science teaching activities. After the use of inquiry-based teaching in science education,
open inquiry, guided inquiry and structured inquiry types of inquiry-based science education
was introduced. While the first activities were structured activities for students to understand
the inquiry process, more guided and open inquiry-based activities were chosen for the final
activities. Students worked in groups in all activities, prepared experiment reports, and
developed the inquiry-based activity examples themselves in the last activities. During the
activities, all groups and experiments were controlled by the instructor while the
experiments were carried out, and the groups were given the opportunity to explain the
process themselves. The implementation process lasted for seven weeks using three different
types of inquiry. In the first week, information about all types of inquiry was given, while
two weeks for each implementation were allocated for open inquiry, guided inquiry and
structured inquiry. Each group created their own report and received practical instruction for
all types of inquiry.

Data Analysis

To find out whether there is a statistically significant difference between the pretest, mid-test
and posttest scores of the participants in the experimental and control groups, the data
collected with each measurement tool were analyzed with the t-test for independent groups.
Then, to determine whether there is a statistically significant difference between the
argumentation, inquiry and scientific process skills of the participants in the experimental
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and control groups, pre-test, mid-test and post-test scores were analyzed through one-factor
ANOVA for repeated measures.

Results
Results of Argumentation Skill Scores

There was no statistically significant difference between the argumentation skills scores of
the students in both groups prior to the implementations (#(46) = .756, p > .05). The
argumentation skills of the students in the experimental group (X=25.583) and the control
group (X=24.792) before the argumentation and inquiry-based implementations had
statistically close values (Table 3).

Table 3

Independent Sample t-Test Results of the Argumentation Skills Test

Measurements Groups N X SD DF ¢ p Eta squared

Argumentation] Experimental 24 25.583 4.010 46 .756 .454 .012
Control 24 24792  3.203

Argumentation2 Experimental 24 28.708 2.528 46 3.573 .001 .217
Control 24 24.667 4.931

Argumentation3 Experimental 24 28.542 2.889 46 .151 .881 .000
Control 24 28.417 2.858

In the prior applications, while argumentation-based activities were applied to the
experimental group, inquiry-based activities were applied to the students in the control
group. After those applications, there was a significant difference between the
argumentation skill scores of the students in both groups (#(46) = 3.573, p <.05). As a result
of the independent sample t-test, a significant difference with a large effect size (eta squared
= .217) was found between the groups. According to this result, the argumentation skill
scores (X=28.708) of the experimental group students who were applied argumentation-
based activities were significantly higher than the argumentation skill scores (X=24.667) of
the control group students who were applied inquiry-based activities.

After the mid-tests, the activities applied to the experimental and control groups were
crossed over. While inquiry-based activities were applied to the experimental group as the
second application, argumentation-based activities were used for the control group as the
second application. After the second applications, there was no significant difference
between the argumentation skill scores of the participants in both groups (#(46) = .151, p >
.05). According to this result, the argumentation skills of the students in the experimental
group (X=28.542) and control group (X=28.417) had statistically close values following the
second experimental applications, inquiry-based and argumentation-based activities.

Table 4

ANOVA Results of the Experimental Group's Argumentation Skills Test

Source Sum of DF Mean r » Eta Mean
Squares Squares square Difference

Between groups  77.259 23 3,359

Within groups 148361 2 74.181 7.154 .002 .237 1-2

Error 476.972 46 10.369 1-3

Total 702.592 71

As it is clear in Table 4, there is a significant difference between the argumentation
pretest, mid-test and posttest scores of the students in the experimental group (F(2-
46)=7.154; p<.05). When the argumentation skills pretest (X=25.583), mid-test (X=28.708)
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and posttest (X=28.542) mean scores were analyzed, the argumentation skill mid-test and
posttest mean scores of the students in the experimental group were significantly higher than
their pretest mean scores.

Table 5
ANOVA Results of the Control Group Argumentation Skills Test
Sum of Eta Mean
Source Squares DF Mean Squares P square Difference
Between groups 119.625 23 5.201
Within groups 217.750 2 108.875 8.023 .001 .259 1-3
Error 624.250 46 13.571 2-3
Total 961.625 71

As can be seen in Table 5, there is a significant difference between the argumentation
pretest, mid-test and posttest scores of the students in the control group (F(2-46)=8.023;
p<.05). When the argumentation skills pretest (X=24.792), mid-test (X=24.667) and posttest
(X=28.417) mean scores were examined, the argumentation skill posttest mean scores of the
students in the control group were significantly higher than both the pretest and mid-test
mean scores.

Results of Inquiry Skill Scores

There was no significant difference between the inquiry skills scores of the students in both
groups before the implementations (#46) = -.374, p > .05). The inquiry skills of the students
in the experimental group (X=41.000) and control group (X=41.583) were statistically close
before the argumentation and inquiry-based applications (Table 6).

Table 6

Independent Samples T-Test Results of Inquiry Skills Scale

Measurements  Groups N X SD DF ¢ p Eta square

Tnquiry1 Experimental24 41.000 5.501 46 -.374 710 .003
Control 24 41.583 5315

Tnquiry2 Experimental24 41.791 6.731 46 -2.948 .005 .158
Control 24 47375 6.385

. Experimental24 45.833 4.923 46 -.363 718 .003
Inquiry3

Control 24 46.500  7.530

In the first applications, while argumentation-based activities were applied to the
experimental group, inquiry-based activities were applied to the students in the control
group. After the first applications, there was a significant difference between the inquiry
skill scores of the students in both groups (#(46) = -2.948, p < .05). As a result of the
independent sample t-test, a significant difference with a large effect size (eta squared =
.158) was found between the groups. According to this result, the inquiry skill scores
(X=47.375) of the control group students who were applied inquiry-based activities were
significantly higher than the inquiry skill scores (X=41.791) of the experimental group
students who were applied argumentation-based activities.

Following the mid-tests, the activities applied to the experimental and control groups
were crossed over. While inquiry-based activities were applied to the experimental group as
the second application, argumentation-based activities were applied to the control group as
the second application. After the second applications, there was no statistically significant
difference between the inquiry skill scores of the students in both groups (#(46) = -.363, p >
.05). This indicates that the research-inquiry skills of the students in the experimental group
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(X=45.833) and control group (X=46.500) had statistically close values after the second
experimental applications, activities based on inquiry and argumentation.

Table 7
ANOVA Results of the Experimental Group Inquiry Skills Scale
Sum of Eta Mean
Source Squares DF Mean Squares  F P square Difference
Between groups  221.514 23 9.631
Within groups 322.583 2 161.292 4.550 .016 .165 2-3
Error 1630.750 46 35451
Total 2174.847 71

Table 7 shows that there was a significant difference between the inquiry pretest,
mid-test and posttest scores of the students in the experimental group (F(2-46)=4.550;
p<.05). When the inquiry skills pre-test (X=41.000), mid-test (X=41.791) and posttest
(X=45.833) mean scores were examined, the inquiry skill mid-test mean scores of the
students in the experimental group were statistically significantly lower than the posttest
mean scores.

Table 8
ANOVA Results of the Control Group Inquiry Skills Test
Sum of Eta Mean
Source Squares DF Mean Squares p square Difference
Between groups  345.995 23 15.043
Within groups  467.861 2 233931 5.806 .006 .202 1-2
Error 1853.472 46 40.293
Total 2667.328 71

As it is clear in Table 8, there was a statistically significant difference between the
inquiry pre-test, mid-test and post-test scores of the control group students (F(2-46)=5.806;
p<.05). When the inquiry skills pretest (X=41.583), mid-test (X=47.375) and posttest
(X=46.500) mean scores were examined, the inquiry skill mid-test mean scores of the
students in the control group were statistically significantly higher than the pretest mean
scores.

Results of Science Process Skill Scores

There was no statistically significant difference between the science process skills scores of
the students in the experimental and control groups prior to the applications (#(46) = 1.502, p
> .05). According to this result, the science process skills of the students in the experimental
group (X=44.125) and control group (X=41.250) were statistically close before the
argumentation and inquiry-based applications (Table 9).

Table 9

Independent Sample t-Test Results of the Science Process Skills Test

Measurements Groups N X SD DF ¢ p Eta square

SPS| Experiment 24 44.125 6.583 46 1.502 .140 .047
Control 24 41.250 6.674

SPS? Experiment 24 49917 8.188 46 1.236 .223  .032
Control 24 47.250 6.680

SPS3 Experiment 24 56917 8.027 46 .692 492 .010
Control 24 55.541 5.501
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In the first applications, while argumentation-based activities were applied to the
experimental group, inquiry-based activities were applied to the students in the control
group. After the first applications, there was no statistically significant difference between
the science process skill scores of the students in the both groups (#46) = 1.236, p > .05).
According to this result, the argumentation skill scores (X=49.917) of the students in the
experimental group to whom the argumentation-based activities were applied were
statistically equivalent to the argumentation skill scores (X=47.250) of the control group
students who were applied the inquiry-based activities.

After the mid-tests, the activities applied to the experimental and control groups were
crossed over. As for the second implementation, while inquiry-based activities were applied
to the experimental group, argumentation-based activities were applied to the control group.
After the second applications, there was no significant difference between the science
process skill scores of the two groups (#(46) = .692, p > .05). According to this result, the
science process skills of the students in the experimental group (X=56.917) and control
group (X=55.541) had statistically close values after the second experimental applications,
which were based on inquiry and argumentation.

Table 10
ANOVA Results of the Experimental Group Science Process Skills Test

Sum  of Eta Mean
Source Squares DF Mean Squares  F/ P square Difference
Between groups  708.329 23 30.797 1
Within groups 1969.361 2 984.681 23.899 .000 .510 123
Error 1895.306 46 41.202 ’.3
Total 4572996 71

According to the findings in Table 10, there was a statistically significant difference
between the science process skills pretest, mid-test and posttest scores of the students in the
experimental group (F(2-46)=23.899; p<.05). When the science process skills pretest
(X=44.125), mid-test (X=49.917) and posttest (X=56.917) mean scores were examined, the
science process skills pretest mean scores of the students in the experimental group were
significantly lower than both the mid-test and posttest mean scores. In addition, the posttest
mean scores were also significantly higher than the mid-test mean scores.

Table 11
ANOVA Results of the Control Group Science Process Skills Test

Sum  of Eta Mean
Source Squares DF Mean Squares  F¥ P square Difference
Between groups  436.551 23 18.980 12
Within groups ~ 2472.028 2 1236.014 39.558 .000 .632 1-3
Error 1437.306 46 31.246 -3
Total 4345.885 71

Table 11 indicates that there was a significant difference between the science process
skills pretest, mid-test and posttest scores of the students in the control group (F(2-
46)=39.558; p<.05). When the science process skills pretest (X=41.250), mid-test
(X=47.250) and posttest (X=55.541) mean scores were examined, the science process skills
pretest mean scores of the control group students were significantly lower than both the mid-
test and posttest mean scores. In addition, the posttest mean scores were also significantly
higher than the mid-test mean scores.
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Discussion

When the results regarding the student groups who were applied argumentation and inquiry-
based science teaching were examined, it was found out while there was no significant
difference between the two groups, the argumentation skills of the students in the
experimental and control groups increased according to their participation in the
argumentation-based science activities. The reason for this is students, in argumentation-
based science activities, construct their own arguments on a discussion topic according to
the argumentation model presented to them and gain skills such as argument, data,
reasoning, supporting and refuting, which are the components of the argumentation model.
In the inquiry-based science teaching approach, there is no significant difference in
argument making skills because they do not use argument components directly, though they
do research and inquiry.

The findings of the studies in the literature were parallel to those of the study. Pre-
service science teachers participated in argumentation-based practices in the physics
laboratory course and these practices had a positive effect on their argumentation skills
(Demircioglu & Ucar, 2012). Undergraduate students involved in argumentation-based
laboratory practices significantly improve their skills of using evidence and reasoning to
support a claim (Zohar & Nemet, 2002). On the other hand, Erduran et al. (2004) reported
that there was no significant difference between the groups at the end of the research they
conducted with the teachers. Engaging in argumentation, producing oral and written
arguments improves scientific knowledge and abilities (Sampson et al., 2010). In the
literature, there are studies showing that the scientific argumentation skills of undergraduate
students who attend inquiry-based chemistry teaching course increase significantly
compared to those who attend the chemistry course given by the traditional method
(Septyastuti et al., 2021). Inquiry-based learning is a method that develops knowledge, skills
and science process skills of teacher candidates. In addition, the argumentation and inquiry
skills of pre-service science teachers improved in laboratory studies using inquiry and
argumentation activities together (Ozdem et al., 2013).

The second important finding of the study is the inquiry skills of the students who
participated in the inquiry-based science teaching course increased. At the end of the study,
there was no significant difference between the two groups. The studies in the literature
supported the results of this study. In an experimental study in which argumentation-based
science teaching practices were carried out, students' inquiry skills did not differ
significantly (Yildirrm & Can, 2018). The argumentation-based science teaching did not
cause a significant difference in inquiry skills. In classroom environments organized
according to inquiry-based science teaching, opportunities are provided for students to learn
concepts and information in a meaningful way so that they can make inquiry and understand
the nature of science by questioning it.

In parallel with the findings of this study, the science process skills and inquiry skills
of the students who participated in the argumentation-based science learning biology
laboratory practice did not change statistically. However, they affected their argumentation
skills and their willingness to do research (Nazli, 2019). Some of the studies in the literature
show that argumentation-based activities enhance inquiry skills. Students' high-level
cognitive skills, social judgment, ability to use language, scientific acculturation, being
science literate, understanding the nature of science, and inquiry skills increase with
argumentation-based science teaching (Jimenez-Aleixandre & Erduran, 2007). In inquiry-
based science teaching classes, there are many roles teachers undertake and roles that they
assign to students. For this reason, both the teacher and the students are active in the
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formation of an inquiry-based classroom culture. It is common for teachers and students to
think and question in the process. Therefore, prospective teachers' inquiry skills will develop
significantly at the end of this process, and it is supported in the light of studies in the
literature (Ecevit & Kaptan, 2019). The studies highlight that teacher candidates need a
teacher and an inquiry-based classroom environment in which they can take a role as in this
study. Also, they need practices where they can gain experience by living the process
themselves (Kabatas Memis, 2017).

The third finding of the study is that the science process skills of the students in the
experimental and control groups increased significantly after both argumentation and
inquiry-based science teaching practices. There was no significant difference between the
pre-test, mid-test and post-test scores of the students in the experimental group and the
control group. The science process skills of the students in the experimental group and
control group increased significantly regardless of the applications they participated in and
the order of these applications. Many studies in the literature claim that there are different
effects of both inquiry-based and argumentation-based science teaching on pre-service
teachers and students' science process skills. Tatar (2006) found that inquiry-based science
teaching was significantly effective on students' science process skills. Similarly, Simsek
and Kabapinar (2010) demonstrated in their experimental study that inquiry-based learning
environments are effective on students' science process skills and conceptual learning.

There are many studies in the literature revealing the positive effects of
argumentation-based science teaching on science process skills. Karakus and Yal¢in (2016)
demonstrated the positive effect of argumentation-based science teaching on science process
skills through their meta-analysis study. The practice of argumentation in science teaching
with pre-service teachers has positive effects on both science process skills and thinking
skills. In this study, pre-service teachers were able to defend their thoughts against other
participants by using the argumentation process effectively (Aydin & Kaptan, 2014). The
use of science process skills in experiments helps both pre-service teachers and students to
comprehend and apply the steps of scientific study. Students' designing experiments in
advance, forming hypotheses, researching, research-questions, in short, reaching their results
by experiencing the process in which scientists construct scientific knowledge enables them
to think scientifically (Richmond & Shriley, 1996). Similarly, within the scope of
argumentation-based science teaching, pre-service teachers defend their claims by using the
right justifications and evidence like a scientist (Aslan, 2016). In the argumentation-based
science teaching process, it is likely that pre-service science teachers will develop their
science process skills as they try to reach scientific knowledge and do research in the role of
a scientist for the solution of a given experiment or problem. In this process, pre-service
teachers are expected to design experiments, put forward a product, choose the correct and
appropriate one among more than one different claims, and report the claim they have
chosen by supporting it with appropriate evidence. In this way, it is possible to improve
science process skills of pre-service teachers who participate in both argumentation and
inquiry-based science teaching.

Conclusion

The findings of the current study are important as it proves that the argumentation and
inquiry-based laboratory practices improved pre-service teachers' argumentation and inquiry
skills. For this reason, it is obvious that there is a need for argumentation-supported inquiry-
based laboratory practices to develop both argumentation and inquiry-inquiry skills in future
studies.
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Both teaching practices are effective in developing science process skills. For this
reason, it is recommended to use the laboratory environment for the development of science
process skills in future studies and to use argumentation and inquiry-based activities that
allow students to use science process skills.

Instead of implementing programs based on short-term lectures without in-class
practices, there is a need for long-term teacher training and professional development
programs in which teachers and prospective teachers plan, implement and experience
argumentation-based science teaching, and participants observe and discuss each other's
lesson experiences.

This study is limited to third-year prospective teachers studying in the science
teaching department of a state university. It is based on participants' self-report data
collected through scales and tests to determine their argumentation, inquiry and science
process skills. In this context, it is recommended to collect in-depth information by using
qualitative research methods such as interviews and observations in addition to scales and
tests.
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