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Oz

Bu calismada yari-deneysel desenlerden esitlenmemis kontrol gruplu desen kullanilarak, Siirec
Odakli Rehberli Sorgulamayla Ogrenmenin (POGIL®) yedinci siif &grencilerinin fen bilimleri
dersindeki motivasyonlarina ve mantiksal diisinme becerilerine etkisi arastirilmistir. Arastirmaya
kontrol grubundan 28 ve deney grubundan 27 olmak {izere toplam 55 Ogrenci katilmistir.
Katilimcilar uygun 6rnekleme yontemi ile belirlenmistir. Kontrol grubunda Saf Madde ve Karisimlar
tinitesi, 6grenciler arasi etkilesimin sinirlt oldugu siliregelen 6gretim yontemi ile 6gretilirken deney
grubunda POGIL ile o6gretilmistir. Katilimcilarin mantiksal diisiinme becerilerini 6lgmek igin
Mantiksal Diistinme Grup Testi ve fen bilimleri dersine yonelik motivasyonlarin1 dlgmede ise
Ogrenmede Giidiisel Stratejiler Olgegi’nin Motivasyon Olgegi on test ve son test olarak
uygulanmigtir. Bulgulara gore uygulamanin sonunda POGIL grubunun, siiregelen 0Ogretim
yontemlerinin uygulandigi gruba kiyasla motivasyon ve mantiksal diisiinme becerisi puanlar1 anlaml
diizeyde daha yiiksektir. Sonug¢ olarak POGIL’in Saf Madde ve Karisimlar iinitesini 0gretmede
ortaokul Ggrencilerinin motivasyon ve mantiksal diisinme becerilerini gelistiren etkili bir strateji
oldugu sdylenebilir.

Anahtar sozciikler: siirec odakli rehberli sorgulamayla 6grenme (POGIL), maddenin tanecikli
yapisi, mantiksal diiglinme becerileri, motivasyon, ortaokul dgrencileri
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Giris
Son 50 yilda, diinyada bulunan onemli egitim politika Orgiitleri fen kavramlarinin
Ogretilmesinde sorgulamaya dayali siireclerin kullanilmasinin gerekliligine ve dolayisiyla
bilimsel akil yiiriitmenin énemine dikkat ¢ekmektedir (National Research Council [NRC],
2012; Organisation for Economic Co-Operation and Development [OECD], 2016).
Arastirmalar, sorgulamaya dayali O6grenmelerin  problem ¢6zme  becerilerinin
gelistirilmesinde (Hmelo-Silver vd., 2007) ve igsel motivasyonu arttirmada (Albanese ve
Mitchell, 1993) etkili oldugunu gostermistir. Sorgulamaya dayali 6grenmelerde Oncelik
ogrencilerin kendi bilimsel hipotezlerini iiretmeleridir (Rushton vd., 2011). Fakat bircok
ogrenci hipotezlerin nasil ifade edilecegini, bilimsel agidan hangi 6gelere ve hangi bilimsel
verilere odaklanmalar1 gerektigini bilmemektedirler (De Jong ve Van Joolingen, 1998).
Ayrica, 0grencilerin mantiksal diisiinme becerileri genellikle istenilen diizeyin altindadir.
(Hogan ve Maglienti, 2001). Bu problemlerden yola ¢ikarak karmasik 6grenim siireglerinde
ogrencilere rehberlik etmek ve problem ¢6zmede basarili olmalarina yardimci olmak igin
sorgulamaya dayali 6grenmeleri desteklemeye biiyiik bir ihtiya¢ vardir (Kirschner vd.,
2006). Ciinkii sorgulama yollar1 ve standartlar1 kullanilarak soru, problemler ve sorunlarin

sorgulanmasi yoluyla yeni bilgi, yetenek ve tutumlarin kazanilmasi tesvik edilir (Hogan ve
Maglienti, 2001).

Sorgulamaya dayali 6grenme ortaminda rehberlik derecesi 6grenci Ogrenmesini
etkileyen onemli bir faktordiir (Stender vd., 2018). Bir¢ok caligsma, rehberli sorgulamaya
dayali1 6grenmenin, d6grencilerin yetiskin olarak yasamlarina hazirlanmasina yardimci olacak
uygulama becerilerini gelistirmek de dahil olmak iizere olumlu &grenme ¢iktilarinin
olusmasint sagladigin1 gdstermektedir. (Pedaste vd., 2015; Ronnebeck vd., 2016). Carolan
ve digerleri (2014) tarafindan yapilan bir meta-analiz, sorgulamaya dayali &grenme
stirecinde yeterli rehberlik alan 6grencilerin, ayn igerigin daha az rehberlikle 6gretildigi
ogrencilere gore daha fazla 6grendigini (g= 0,15) ortaya koymustur. Yapilandirilmis veya
rehberli sorgulama sirasinda Ogrencilere bilimsel siireclerle ilgili aciklamalar sunmak,
ogrencilerin arastirilan kavramsal igerik hakkinda yeterli bir anlayis olusturmalari ig¢in
onemli bir adim olabilir (Lazonder ve Harmsen, 2016). Siire¢ Odakli Rehberli Sorgulamayla
Ogrenme (POGIL®), dgrenme takimlarini, anlamayr artirmak igin rehberli sorgulama
etkinliklerini, elestirel ve analitik diislinmeyi tesvik eden sorulari, problem c¢ozmeyi,
raporlamayi, {istbilisi ve bireysel sorumlulugu kullanir. Bu yedi bilesen, siire¢ becerilerini
gelistirmek ve disiplin igerigine hakim olmak i¢in kullanilan araglardir (Hanson, 2006).

Bilimsel akil yiiriitme becerileri, sorgulamaya dayali 6grenme faaliyetleri yoluyla
yeni bilgiler liretmek i¢in oldukca dnemlidir. Bilimsel akil yiiriitme, "kavramsal degisim ya
da bilimsel anlayisa hizmet eden sorgulama, deney yapma, kanit degerlendirme ve
cikarimda bulunma becerilerini" igerir (Zimmerman, 2007, s. 172). Bilimsel akil yiiriitme,
hipotez i¢in destekleyici veya cliriitiicii kanitlar aramayn, ilk fikirleri gézden gegirmeyi, yeni
bir anlayis gelistirmeyi ve alternatif hipotezleri diistinmeyi gerektirir (Zeineddin ve Abd-El-
Khalick, 2010). Mantiksal diisiinme, bireyin bir problemle karsilastiginda kullandig1 zihinsel
islemlerdir (Karplus, 1977). Mantiksal diisiinme ‘degiskenleri kontrol etme’, ‘orantisal akil
ylriitme’, ‘olasilikli akil yiiriitme’, ‘iliskisel akil yiiriitme’ ve ‘biitiinsel akil yiiriitme’ gibi
becerileri igerisinde barindirir (Bunce ve Hutchinson, 1993; Valanides, 1996). Mantiksal
diisiinme diizeyi, bir bireyin bilissel gelisim diizeyi hakkinda bize bilgi verir. Ust diizey
diisiinme becerilerinin ortaya ¢ikmasi i¢in etkili iletisim ve mantiksal diisiinmeyi birlikte
kullanmak gerekir ve Ogrencilere boyle Ogrenmeler gerceklestirecekleri etkili smif
ortamlarinda yardim edilmelidir (Rojas-Drummond ve Mercer, 2003).
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Calismalar sorgulamaya dayal1 siniflarin mantiksal diigiinme ve bilimsel akil yiiriitme
becerilerinin gelisimini destekledigini gdstermistir (Schlatter vd., 2022). Isbirlikli 6grenme
ile bir sorgulamaya dayal1 6gretim modeli olan 6grenme dongiisiiniin biitiinlestirilmesinden
olusan POGIL smiflarinda 6grenciler aktif olarak bilgi elde etme ¢aligsmalarina katilarak, bu
bilgiyi islemek ve mevcut zihinsel yapilarinin baglamina uydurmak i¢in st diizey diisiinme
becerilerini kullanirlar (Douglas, 2013). Buradan hareketle POGIL’in mantiksal diisiinme
becerilerini gelistirebilecegi diisiiniilebilir. Buna ragmen POGIL’in mantiksal diisiinme
becerileri iizerine etkisine odaklanan az sayida ¢alisma bulunmaktadir (Adriani vd., 2019;
Zgraggen, 2018). Diger yandan mantiksal diisiinme becerileriyle ilisikli olarak, lise ve
iiniversite diizeyinde, POGIL’in elestirel diisiinme, problem ¢6zme, yaratict diisiinme,
analitik diistinme ve bilimsel silireg becerilerini gelistirdigini gosteren arastirmalar vardir
(Artuz ve Roble, 2021; Hanib vd., 2017; Irwanto vd., 2018; Rosadi vd., 2018; Sharma,
2022). Bu kanitlar 1s18inda, ortaokul Ogrencilerine fen oOgretirken POGIL kullanmanin
mantiksal diisiinme becerileri lizerindeki etkisini aragtirmak onemli goriilmektedir.

Fen derslerinin okul hayatinin énemli bir kismin1 kapliyor olmasina ragmen, fen
konularinin zorlugu ve kisisel alakadan yoksun olmasi nedeniyle 6grencilerin fene yonelik
ilgi, tutum ve motivasyonlarinda lise diizeyine gidildik¢e diismeler olmaktadir (Krapp ve
Prenzel, 2011). Ogrenciler 6gretmen merkezli 6gretim yontemlerine maruz kaldik¢a ve feni
giinliik yasamlarinda uygulama firsat1 bulamadikca fene yonelik ilgi ve motivasyonlarinin
diismesi kacinilmazdir. Koballa ve Glynn (2007), fen Ogretiminin yalnizca biligsel
faktorlerin incelenmesi ile agiklanamayacagini, 6grenci motivasyonun da hesaba katilmasi
gerektigini ifade etmislerdir. Motivasyon, bireylerin anlamli ve degerli olarak algiladiklari
hedeflere ulasmak icin ¢aba sarf etmelerinin derecesi olarak tanimlanabilir. Motivasyon itici
giictlir; insanlari istenen sonuglara dogru hareket ettiren bir tiir enerjidir (Ashman ve Gillies,
2003). Yiiksek motivasyona sahip 6grencilerin basarist da yiiksek olmaktadir (Seving vd.,
2011).

Pintrich (1988)’e gore 0grenci motivasyonunun kavramsal temeli genel beklenti-
deger modeline dayandirilmaktadir. Bu modelde motivasyonla ilgili ii¢ bilesen bulunur: (a)
Beklenti: Ogrencilerin bir gorevi gerceklestirme becerilerine yénelik inanclaridir. Bu
anlamda beklenti bileseni, 6grencilerin "Bu gorevi yapabilir miyim?" sorusuna verdikleri
cevaplari icermektedir. (b) Deger: Ogrencilerin gorevin dnemi ve goéreve duyulan ilgiyle
ilgili hedefleri ve inanglaridir. Bu bilesen Ogrencilerin "Bu gorevi neden yapiyorum?"
sorusuna verdikleri bireysel cevaplarla ilgilidir. (c) Duyussal bilesen: Ogrencilerin goreve
olan duygusal tepkilerini igerir. Bu bilesen Ogrencilerin "Bu gorev hakkinda ne
hissediyorum?" sorusuna verdikleri cevapla ilgilidir.

Cogunlukla lise ve iiniversite oOgrencilerine odaklanmakla birlikte, POGIL’in
duyussal etkileri {izerini arastiran ¢alismalar bulunmaktadir (Ham ve Myers, 2019; Sen vd.,
2015; Vishnumolakala vd., 2017; Yuliastini vd., 2018). Bu g¢alismalarda POGIL
uygulamalariyla 6grencilerin duygusal tatminlerinde ve dolayisiyla kimyaya yonelik
tutumlarinda artis oldugu belirtilmektedir. Bu artis ise takim ¢alismasi sayesinde 6grenciler
aras1 etkilesim ve oOgrenmeye aktif katilimin artmasi ile agiklanmaktadir. Yuliastini ve
digerleri (2018)’e gore POGIL, 6grenme deneyimini daha ilging ve giinliik yasamla iliskili
hale getirdiginden 6grenci motivasyonunu arttirmaktadir. Bu ¢alismada, literatiirde agirlikli
olarak lise ve Ttniversite Ogrencilerinin, Ozellikle kimya dersi baglaminda duyussal
ozellikleri ve mantiksal diisiinme becerileri iizerinde olumlu etkileri oldugu ortaya konulmus
olan POGIL’in, ortaokul Ogrencilerine kimya kavramlarinin o6gretilmesi siirecindeki
etkilerinin de arastirilmasi gerekliliginden yola ¢ikarak, Saf Madde ve Karisimlar Unitesi
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baglaminda mantiksal diistinme becerileri agisindan biligsel ve motivasyon agisindan
duyussal etkileri incelenmistir.

POGIL Nedir?

POGIL 6grenci merkezli bir 6gretim stratejisi veya felsefesidir. POGIL siniflarinda veya
laboratuvarlarinda 6grenciler, takim arkadaslariyla birlikte, 6grenme dongiisiine uygun
olarak 6zel tasarlanmis etkinlikler lizerinde ¢alisirlar. Bu etkinlikler, 6greticiyi bilgi kaynagi
degil kolaylastirici olarak goren ve kendi kendini yoneten takimlarin kullanimi ig¢in
tasarlanmigtir.

POGIL’in ii¢ ana bileseni; grup 6grenmesi yoluyla 6grencilerin siirece aktif katilima,
O0grenme dongiisiine gore tasarlanmis rehberli sorgulama etkinlikleri ve siire¢ becerisi
gelistirmeye odaklanmasidir (Moog vd., 2006). Cok sayida arastirma, isbirlikli 6grenme
takimlarinda ¢alisan Ogrencilerin daha fazla ogrendigini, hatirladigini, kendilerinin
arkadaslarinin daha iyi hissettiklerini, konu alanina, derse ve Ogretmenlere yonelik daha
pozitif tutum gelistirdigini, elestirel diisiinme becerileri ve bagimsiz 6greniciler olmalarinda
gerekli diger siire¢ becerilerini gelistirdigini gostermistir (Kyndt vd., 2013; Van Leeuwen ve
Janssen, 2019). Ogrenme dongiisii yapilandirmaci yaklasima dayanan bir sorgulamaya
dayali 6gretim ve Ogrenme stratejisidir (Abraham, 2005). Ogrenme déngiisii kesfetme,
kavram olusturma (kavram tanitimi) ve uygulama basamaklarindan olusur. “Kesfetme”
asamasinda 0grenciler yeni materyalleri ve fikirleri kesfederken kendi eylemleri ve tepkileri
yoluyla 6grenirler. POGIL siirecinde bu asamada 6grenciler genellikle bir modelle baslar ve
sorular modeldeki kaliplar1 gérmelerine yardimci olur. Cogu zaman, 6grenciler hipotezleri
test etmeye ya da modelde bulunan kaliplart ve iliskileri agiklamaya yonlendirilirler.
“Kavram olusturma” asamasi bir kavram ya da iliskinin tanitilmasini ve kesfetme
asamasinda ortaya ¢ikmis olan yeni terimlerin kullanilmasini igerir. Terimler 6gretmen, ders
kitabi, video veya baska bir ara¢ tarafindan tanitilabilir. Kavram tanitilmadan 6nce miimkiin
oldugunca 6grencinin tanimlamasi tesvik edilmelidir. “Uygulama” asamasinda ise 6grenciler
yeni terimleri ve modellerini yeni baglamlara uygular. Olusturulan kavramlarin yeni
karsilagilan durumlara uygulanabilirligi ve akil yiiriitme kaliplarinin uygulama araligini
genisletmek i¢in kavram uygulamasi gereklidir. (Lawson, 2001).

POGIL’in etkililigini arastiran caligmalar agirlikli olarak lise ve {iniversite
ogrencilerinin bagsar1 ve kavramsal anlama diizeylerine odaklanmakla birlikte o6zellikle
ortaokul diizeyindeki Ogrenciler iizerindeki etkisinin arastirilmasinin gerekliligine dikkat
cekilmektedir (Ozkanbas ve Kirik, 2020). Ortaokul diizeyinde yiiriitilen az sayida
calismanin ise fizik konularina odaklandig1 goriilmektedir (Giilmez Giingdrmez ve Akgiin,
2021; Jasperson, 2013).

Maddenin tanecikli yapisi, kimyanin temelini olusturan konu olarak kabul edilir
(Villagonzalo, 2014). Bu konuya iliskin kavramlar Tiirkiye’de ilk olarak 6. smif fen
bilimleri dersinde Ogretilmeye baslanmakta ve 7. sinifta ise atom, molekiil ve element
kavramlart 6gretilmektedir (MEB, 2018). Amiot (2007), tanecikli yapry1r uygun sekilde
anlamayan bir 6grencinin kimyadaki karmagik kavramlarin anlasilmasinda biiyiik zorluklarla
karsilasgtigin1 vurgulamaktadir. Tanecikli yapiy1 6grenmenin 6nemine ragmen, 0grencilerin
maddenin tanecikli yapis1 ile ilgili kavram yanilgilart bulunmaktadir (Harrison ve Treagust,
2002). POGIL, kimya kavramlarini (ve 6zellikle de maddenin tanecikli yapisini) 6gretmede
etkili bulunmustur (Ozkanbas ve Kirik, 2020; Villagonzalo, 2014). Bu teorik temelden
hareketle, bu ¢aligmada ortaokul 6grencilerine atom, molekiil ve element kavramlarinin ilk
kez ogretildigi Saf Madde ve Karigimlar iinitesi baglaminda POGIL uygulanmistir. Bu
baglamda POGIL’in ortaokul 6grencilerin mantiksal diisiinme becerileri ve motivasyonlari
iizerinde nasil bir etkisinin oldugunu arastirmaya ihtiya¢ oldugu diisiiniilmektedir. Bu
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ihtiyaclardan yola ¢ikarak bu ¢alismanin amaci; POGIL’in, halihazirda uygulanmakta olan
ogretim yontemine kiyasla 7. smif O6grencilerinin fen dersindeki motivasyonlarma ve
mantiksal diisiinme becerilerine etkisini incelemektir. Bu ama¢ dogrultusunda aragtirmaya
yon veren sorular sunlardir:

1. POGIL’in 7. simif 6grencilerinin motivasyonlarina etkisi nedir?
2. POGIL’in 7. smif 6grencilerinin mantiksal diisiinme becerilerine etkisi nedir?
Yontem

Bu c¢alismada yari-deneysel desenlerden esitlenmemis kontrol gruplu desen kullanilmistir.
Calismanin bagimhi degiskenleri motivasyon ve mantiksal diisiinme becerileri; bagimsiz
degiskeni ise kullanilan 6gretim yontemidir (POGIL ve halihazirda uygulanmakta olan
ogretim yontemi). Uygulama Oncesi deney ve kontrol gruplarima Mantiksal Diistinme Grup
Testi (MDGT) ve Ogrenmede Giidiisel Stratejiler Olgegi (OGSO) on-test olarak
uygulanmistir. Saf Madde ve Karigimlar tinitesi 6gretilmeye baslamadan 6nce, deney grubu
ogrencilerine POGIL ve siirecin nasil isleyecegi hakkinda bilgiler verilmistir. Alt1 hafta
boyunca kontrol grubuna 6gretim programindaki siiregelen yontemler ile deney grubuna ise
POGIL ile ders islenmistir. Bu ¢alismada, Saf Madde ve Karisimlar iinitesi kapsaminda
Ogretilen konular “maddenin tanecikli yapisi (atomun yapisi, atom modelleri, molekiil)”,
“saf maddeler (element ve bilesikler)”, “karisimlar” ve “karisimlarin ayrilmasi” dir. Iki
grupta da dersler ilk yazar tarafindan yiiriitiilmiistiir. Ogrencilerin dersi normal ders
stireclerindeki gibi ciddiyetle takip etmesini saglamak amaciyla dersin asil 6gretmeni de
sinifta bulunmustur ancak dersin isleyisine herhangi bir miidahalede bulunmamistir.
Uygulama sonrast her iki gruba da ayni testler sontest olarak uygulanmistir. Calismanin etik
kurul izni Cukurova Universitesi Sosyal ve Beseri Bilimler Alaninda Bilimsel Arastirma ve
Yayin Etigi Kurulu tarafindan 04.11.2020 tarih ve 6 nolu karari ile alinmustir.

Katilimcilar

Calismada segkisiz olmayan Ornekleme yoOntemlerinden uygun Ornekleme yontemi
kullanilmistir. Calisma goniilli 6grencilerle gergeklestirilmistir. Tiim o6grencilerden ve
velilerden bilgilendirilmis onam alinmistir. Calisma verilerini saglayan deney ve kontrol
grubunu, Adana’daki bir ortaokulun iki smifinda bulunan 12-13 yas arasi yedinci sinif
ogrencileri olusturmustur. Smiflardan biri segkisiz olarak deney grubu digeri de kontrol
grubu olarak atanmistir. Calisma baslangicta deney grubunda 29, kontrol grubunda 29 kisi
olmak {izere toplam 58 kisi lizerine uygulanmis fakat analizler esnasinda u¢ deger ve eksik
veriler olmasindan dolay1 bazi kisiler analizden ¢ikarilarak kisi sayis1 azaltilmistir. Analizler
deney grubu 27 (14 kiz ve 13 erkek), kontrol grubu 28 (14 kiz ve 14 erkek) olmak tizere
toplam 55 6grenci ile gerceklestirilmistir.

Calismada Kullamlan Ol¢me Araclar
Ogrenmede Giidiisel Stratejiler Olgegi (0GSO)

Bu calismada o6grencilerin fen dersine iliskin motivasyonlarin1 6lgmek {izere Pintrich ve
digerleri (1991) tarafindan gelistirilen Ogrenmede Giidiisel Stratejiler Olgegi (OGSO)
[Motivated Strategies for Learning Questionnaire, MSLQ] kullanilmistir. Olgek,
“Motivasyon” ve “Ogrenme Stratejileri” olmak {iizere iki boyuttan olusmaktadir. Bu
calismada toplam alt1 alt faktdr ve 31 maddeden olusan Motivasyon Olgegi kullanilmistir.
Bu faktdrler, “deger” ana bileseninde yer alan; i¢sel hedef diizenleme (IHD), digsal hedef
diizenleme (DHD) ve gorev degeri (GD); “beklenti” ana bileseninde yer alan 6grenme ve
performansla ilgili 6z-yeterlik algis1 (OPOA), 6grenmeye iliskin kontrol inanc1 (OIKI) ve
“duyussal” ana bilesende yer alan smav kaygisidir (SK). Arastirmacilar motivasyon
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dlgeginin Ingilizce formu i¢in uyum indekslerini X?/df = 3,49; GFI = 0,77 ve RMR = 0,07
olarak vermistir. Pintrich ve digerleri (1991) uyum endekslerinin milkemmel olmamakla
birlikte makul degerler olduklarin1 iddia etmistir. Ciinkii motivasyonla ile ilgili tutumlar
dersin ozelliklerine, 6gretmenin isteklerine ve bireysel 6grenci niteliklerine gore degisiklik
gosterebilmektedir. Ingilizce dlgek igin giivenirlik katsayilari (Cronbach Alpha) ise THD,
DHD, GD, OiKi, OPOA ve SK igin sirastyla 0,74, 0,62, 0,90, 0,68, 0,93 ve 0,80 olarak
verilmistir. Olgegi Tiirkce’ye Sungur (2004) uyarlamistir. Motivasyon Olgegi’nin Tiirkce
formu icin yapilan dogrulayici faktdr analizi sonucunda bulunan uyum endeksleri X%/df =
5,3, GFI = 0,77 ve RMR = 0,11 olarak verilmistir. Giivenirlik katsayilar1 (Cronbach Alpha)
ise THD, DHD, GD, OIKi, OPOA ve SK icin sirasiyla 0,73, 0,54, 0,87, 0,62, 0,89 ve
0,62°dir.

Mantiksal Diisiinme Grup Testi (MDGT)

Ogrencilerin mantiksal diisinme beceri diizeylerini 6lgmek i¢in orijinali 21 sorudan olusan
ve Piaget’nin biligsel diisinme modelini yansitan; korunum, orantisal akil yiiriitme,
birlestirici akil yiiriitme, olasiliksal akil yiirlitme iligkisel akil yiiriitme ve degiskenleri
kontrol edebilme seklinde alti alt mantiksal diisiinme muhakeme alanini 6l¢en, Mantiksal
Diistinme Grup Testi (Group Assessment of Logical Thinking [GALT]) kullanilmastir.
Roadrangka ve digerleri (1982) tarafindan gelistirilen testin, 6. siiftan baslayip liniversite
diizeyine kadar egitim alan Ogrencilerin mantiksal diisiinme yeteneklerini 6lgebilecek
gecerlilik ve gilivenirlik degerlerine sahip oldugu belirtilmektedir. Testin giivenirligi
(Cronbach’s alpha) a=0,85 olarak bildirilmisti. Test, Tiirkce forma Aksu ve digerleri (1990)
tarafindan g¢evrilmis olup, gilivenirlik degeri ITEMAN programi kullanilarak 0,88 olarak
hesaplanmistir. Testte maddeler iki asamali olarak, cevap ve gerekgesi seklinde sorulmustur.
Her iki agamay1 da dogru cevaplayan “1” puan, birini veya ikisini de yanlis cevaplayan “0”
puan almistir. Yazarlar 6lgegin bir soru havuzu olarak diisiinebilecegini ve zaman veya diger
sebeplerle ihtiya¢ duyulmasi halinde, yukarida belirtilen diisiinme becerisi alanlarini temsil
edecek sekilde soru sayisinin 12’ ye diisiiriilebilecegini ifade etmektedirler. Bu ¢calismada da
ogrencilerin bulunduklar1 sinif diizeyi ve zaman faktorleri géz Oniline alinarak testin 12
soruluk formu kullanilmistir. 0 ile 4 arasinda soruya dogru cevap verebilen 6grenci somut
diisiinebilme, 5 ile 7 arasinda soruya dogru cevap verebilen 6grenci gecis donemi, 8 ile 12
arasinda soruya dogru cevap verebilen 6grenci soyut diislinebilme becerisine sahip olarak
degerlendirilmektedir (Roadrangka, 1991).

Islem
Kontrol Grubundaki Uygulamalar

Kontrol grubunda ders kitab1 igerigi temel alinarak, siiregelmekte olan 6gretim siiregleri
devam ettirilmistir. Aslinda Tiirkiye'deki ortaokul 6grencilerinin fen bilimleri dersi 6gretim
programi fen okuryazari bireyler yetistirebilmek amaci ile dort kez (2005, 2013, 2017 ve
2018’de) yapilandirmaci yaklasima uygun olarak revize edilmis olsa da uygulamada dersler
hala o6gretmen merkezli yaklagimlarla ogretilmektedir. Dolayisiyla istenen yenilikleri
uygulamaya koymada genel bir basarisizlik yasandigi soylenebilir (Atila ve Sozbilir, 2016;
Dogan, 2010; Hazir Bikmaz 2006). Arastirmalar, hedeflenen fen bilimleri dersi 6gretim
programui ile 6gretmenler tarafindan uygulanan fen bilimleri dersi 6gretim programi arasinda
uyumsuzluk oldugunu gostermektedir. Baz1 aragtirmalar 6gretmenlerin MEB tarafindan
yayimlanan 0gretim programlarin1 uygularken kendi tercihlerine ve 6grencilerin durumuna
gore degistirdiklerini ortaya koymaktadir (Biimen vd., 2014). Buna gore oOgrenciler,
o0grenme-0gretme siirecinde cogunlukla aktif olmamakta ve dersler O6gretmen merkezli
olarak yiiriitiilmektedir. Bunun sonucu olarak 6grenciler bilgiyi yapilandiran degil daha ¢ok
bilginin pasif alicisi durumundadir (Atila ve Sozbilir, 2016). Ogretmenlerin yillik
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planlarinda yer alan yontem ve materyallerle, ger¢ekte uygulanan 6gretim arasinda ciddi
farkliliklar oldugu; grup calismasi gibi yontemlerin smnifta hi¢ uygulanmadigi, agirlikli
olarak diiz anlatim ve soru-cevap yontemlerinin kullanildig: belirtilmektedir (Oztiirk, 2012).

Yukarida belirtilen sebeplerle bu calismadaki kontrol grubunda, Tiirkiye genelinde
ortaokul fen egitiminde halihazirda uygulanmakta olan Ogretim yaklasimini yansitan,
ogretmen merkezli ve dgrenci-6grenci etkilesiminin sinirli oldugu sunus yoluyla 6gretim
stratejisi uygulanmistir. Buna gore Ogretmen Once konunun kavramlarini sunmus ve
aciklamis daha sonra ders kitabindaki ¢alisma sorularini 6grencilere yaptirarak biiylik sinif
tartismasi ile tartistirmistir. Kitapta bulunan deney ve uygulama etkinlikleri ise gosteri
teknigiyle Ogretmen tarafindan yapilmis ve tartisma sorulari yine biiyiik smif tartismasi
yoluyla tartisilmistir. Sinifta tartisilan sorularin ¢ogu ders kitabindan alinmistir. Ayrica
Ogretmen deney grubundaki isbirligi ile calisan gruplara hazirlanmig olan bazi sorular1 da
sormustur. Ogretmen dgrencileri biiyiik sinif tartismasina katilmaya tesvik etmesine ragmen,
ogrencilerin tamaminin aktif katilimi saglanamamistir. Ayrica deney grubunda kullanilan
video, simiilasyon ve ses kayitlar1 gibi materyaller kontrol grubunda da kullanilmis olup
bunlarla ilgili sorular soru-cevap ve tartigma yontemi ile uygulanmistir. Deney grubunda
yapilan deneyler 6gretmen tarafindan kontrol grubunda da yapilmistir.

Ormegin molekiil konusunda &grencilerin 6n bilgilerini kontrol etmek ve derse giris
yapmak amaci ile 6grencilere molekiiliin ne oldugu sorulmustur. Daha sonra 6gretmen
“molekiil” kavramini agiklamigtir. Bu kapsamda atomik yapidaki maddeler, molekiiler
yapidaki maddeler, ayn1 ve farkli cins atomlardan olusan molekiiller anlatilmistir. Kavramsal
olarak molekiil kavrami agiklandiktan ve kitaptaki molekiill modelleri gosterildikten sonra
Ogrencilerin atom ve molekiil farkin1 gérmeleri, ayrica ayni ve farkli cins atomlardan olusan
molekiil o6zelliklerini kesfetmeleri amaci ile ‘Molekiil Modeli Olusturalim Etkinligi’
yapimistir (Demirkazan vd., 2018, s. 122). Ogrencilerden kendilerine verilen farkli
renklerdeki oyun hamurlarin1 ve kiirdanlart kullanarak sira arkadaslariyla birlikte molekiil
modelleri yapmalar1 ve olusturduklart modelleri A4 kagidina ¢izmeleri istenmistir.
Ogrencilerin yaptiklari molekiil modelleri 6gretmen tarafindan kontrol edilmistir. Cizimler
tamamlaninca 6grencilere modellerini aciklamalari i¢in sorular sorulmustur. Daha sonra “Bir
Molekiil Yapalim” simiilasyonu (PhET, t.y.) 6grencilere gosteri teknigi ile gosterilmis ve
neler gozlemledikleri sorulmustur. Ogretmen dgretilen kavramlarin ne diizeyde anlasildigini
gormek amaci ile biuiyiik siif tartigmasi yapmis, ardindan 6grencilere konuyla ilgili notlar
aldirmistir. Sonug¢ olarak tiimdengelimsel bir yaklagimla ders islenmis olup, aciklanan
kavramlar 6grencilerin yiriittiigli etkinliklerle pekistirilmistir.

Deney Grubundaki Uygulamalar

Bu grupta fen bilimleri dersinin 6gretimi POGIL ile gergeklestirilmistir. Uygulama oncesi
ogrencilere bir ders saati boyunca POGIL hakkinda bilgi verilmis olup, dgrencilerden ve
gruplardan beklenen davranis sekilleri aciklanmigtir. Asil  6gretmenin  Onerileri
dogrultusunda 6grenciler basar1 diizeylerine gore alt, orta ve iist seklinde gruplandirilmistir.
Arastirmaci tarafindan cinsiyet ve basar1 agisindan karma yedi (altis1 dorder ve biri bes
kisilik) grup olusturulmustur. Her takimda tiim grup iiyelerine yonetici, sdzcii, yazict ve
yansitict olmak iizere roller verilmistir. {lk seferinde roller 6gretmen tarafindan dagitilmus,
ogrencilerden haftalik olarak her seferinde farkli olmak {iizere rollerini degistirmeleri
istenmistir. Yonetici, grubu yonetir, verilen gorevlerin tamamlanmasim saglar. Uyelerin tiim
etkinliklere aktif olarak katildigindan ve her iiyenin iizerinde caligilan konuyu ve kavramlari
tam olarak anladigindan emin olur. Ayrica grubun 6gretmen ile etkili bir sekilde iletisim
kurmasmi saglar. Sozcii, grup bulgularini 6gretmenin sectigi herhangi bir ortam (s6zlii
sunum veya beyaz tahta vb.) aracilifiyla tiim sinifa iletir. Grubun anlamadigi noktalar
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Ogretmene grup adina sorar. Yazici, Ogretmene verilmek iizere {iizerinde c¢alisilip
tamamlanmis alistirmalart hazirlar ve bdylece grubun ortak yazili sesini temsil eder. Son
olarak yansitici, grubunun nerede iyi oldugunu ve hangi acilardan gelistirilmeye ihtiyag
duydugunu tespit ederek grup arkadaslariyla paylasir ve grubun performansini iyilestirmeye
yonelik stratejiler gelistirmesine yardimer olur (Farrel vd., 1999). Bes kisilik grupta yansitici
roliinii iki kisi tistlenmistir.

Isbirlikli 6grenme takimlari, 6grenme dongiisiine dayal1 hazirlanmis etkinlik kagitlari
iizerinde caligmistir. Etkinlik kagitlar1 Ogrencilerde sorgulama ve elestirel diisiinme
becerilerini gelistirici sorular igermektedir. Lise ve iiniversite diizeyindeki 6grenciler i¢in
kimya dersi konularinin 6gretimine yoOnelik POGIL etkinlikleri elektronik ortamda
ulagilabilir olarak bulunmaktadir (POGIL, 2022). Arastirmanin yiriitildigi sirada
alanyazinda, ortaokul dgrencileri i¢in Saf Madde ve Karisgimlar Unitesi kapsamindaki
kavramlari igeren, ulasilabilir POGIL etkinlikleri bulunmadigindan bu ¢alismada kullanilan
etkinlik kagitlart arastirmacilar tarafindan hazirlanmistir. Bu siirecte etkinliklerin tasarim ve
organizasyon yapisint anlamak amaciyla ulagilabilir POGIL etkinlikleri incelenmistir
(Hanson, 2011; Moog ve Farrell, 2011). Ayrica fen bilimleri ders kitabindaki etkinliklerden
(Demirkazan vd., 2018) ve sorgulamaya dayali 6gretime uygun kimya etkinlikleri sunan
onemli bilimsel topluluklarin internet sitelerinden faydalanilmistir (American Chemical
Society [ACS], 2023; PhET, 2023; Royal Society of Chemistry [RSC], t.y., 2023). Etkinlik
kagidindaki sorular, 6grenme dongiisiine uygun olarak, verilen bir model, veri seti, ya da
deney kullanilarak kesfetme; kesfedilen fenomenlerin iist diizey diisiinme sorularinin
takimca tartisilmasi yoluyla olusturulmasi ve agiklanmasi ve bu kavramlarin farkli problem
durumlarint  ¢ézmek yoluyla uygulanmasimi gerektirmektedir. Takimlar etkinlik
kagitlarindaki tiim gorevleri grup arkadaslariyla birlikte yapmislardir. Bu esnada 6gretmen
takimlar arasinda dolasarak tartismalara kulak misafiri olmus ve sorular sorarak tartismalari
tesvik etmistir. Ogrencilerin zorlandiklar1 noktalarda cevaplari vermek yerine iist diizey
diisiinme gerektiren sorularla cevaba kendilerinin ulagmalarini saglamistir. Daha sonrasinda
ogrenciler biiyiik sinif tartismasi ile cevaplarmi diger gruplarla paylasmis, karsit goriisler
olmas1 durumunda bilimsel destekler kullanarak iddialarini savunmuslardir. Biiytik sinif
tartismast birbirlerinin akil yiiriitmelerini gormek, argiimantasyon yapmak ve sonunda
bilimsel kavramaya ulagmay1 saglar (Becker vd., 2015).

Siirecin 6nemli bilesenlerinden biri de iistbilisin kullanim1 ve gelistirilmesidir. Grup
iiyeleri siirekli olarak ne yaptiklar1 ve niye yaptiklariyla ilgili yansitma yapmislardir. Bu
amagla gruplara her hafta arastirmacilar tarafindan hazirlanmis olan Grup Oz Degerlendirme
Formu dagitilmigtir. Takimlar bu form araciliiyla siirecteki Ogrenmelerini ve takim
caligmasi sirasinda grup performanslarini degerlendirmis ve becerilerini gelistirmek i¢in
stratejiler gelistirmislerdir. Oz-degerlendirmelerini tiim smifla paylasarak yansitma
yapmalar1 saglanmistir. Daha sonra doldurduklar1 formu 6gretmene teslim etmislerdir.

Bulgular
Motivasyon

Veriler SPSS-20 programu kullanilarak analiz edilmistir. Sayiltilar kontrol edildikten sonra
gruplar arasinda ontest OGSO puanlar1 agisindan istatistiksel olarak anlamli bir farklilik
olup olmadigini belirlemek iizere her alt boyut i¢in bagimsiz gruplar t-testi yapilmistir.
Birbiri ile iliskili olan bagimli degiskenlere ayr1 ayr t-test veya ANOVA yapmak, Tip 1
hatanin artmasina neden olabilmektedir (Pallant, 2007). MANOVA bu riski kontrol altina
alan bir analiz teknigi olmakla birlikte sayiltilar1 saglanamadigindan bu veriler icin
kullanilmamigtir. Tip 1 hata riskini kontrol etmek i¢in Onerilen diger bir yol Bonferroni
diizeltmesidir. Bunun i¢in normal alfa degeri (0,05) bagimh degisken sayisina boliiniir
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(Pallant, 2007). Bu calismada ontest ve sontest OGSO verileri i¢in alfa degeri 0.05’in
bagimli degisken sayisi olan altiya boliinmesiyle elde edilen 0,0083 olarak alinmistir. Buna
gore ontest OGSO alt boyutlar1 igin yapilan bagimsiz gruplar t-testi sonucuna gore gruplar
arasinda IHD, DHD, GD, OIKI, OPOA ve SK agisindan anlamli farklilik yoktur. Bu durum,
kiyaslanan gruplarin uygulama oncesi motivasyon 6zellikleri agisindan benzer oldugunu
gostermektedir. Yapilan t-testlerinin sonuglart ve betimsel istatistikler Tablo 1°de
verilmistir.

Tablo 1
Ontest OGSO Altboyutlari icin Betimsel Istatistikler ve t-testi Sonuglart

Deney Grubu Kontrol grubu
Bagimli degisken X S X S t(53) p
I¢sel hedef diizenleme (IHD) 18,25 7,66 21,67 4,42 -2,017 0,050
Digsal hedef diizenleme (DHD) 20,03 6,65 24,03 3,57 -2,762 0,009
Gorev degeri (GD) 28,77 11,11 35,32 4,76 -2,819 0,009

Ogrenmeye iliskin kontrol inanc1 19,18 7,36 22,92 3,85 -2,347 0,024
(OIK1I)

Ogrenme ve performansla ilgili 37,66 13,74 40,00 9,21 -0,737 0,465
oz-yeterlik algis1 (OPOA)

Sinav kaygisi (SK) 19,03 4,54 22,03 5,13 -2,289 0,026

Anlamlilik diizeyi= 0,0083

Deney ve kontrol grubu arasinda sontest OGSO alt boyutlar1 agisindan fark olup
olmadigina bakmak i¢in sayiltilarin kontrol edilmesinin ardindan bagimsiz gruplar t-testi
yapilmigtir. Sonuglara gére gruplar arasinda IHD, GD, OIKI ve OPOA agisindan deney
grubu lehine ve DHD acisindan kontrol grubu lehine anlamli farklilik vardir. Yapilan t-
testlerinin sonuglar1 ve betimsel istatistikler Tablo 2’de verilmistir.

Tablo 2
Sontest OGSO Altboyutlart igin Betimsel Istatistikler ve t-testi Sonuclart
Bagimli degisken Deney Grubu  Kontrol grubu  t(53) p Kismi

X S X S

I¢sel hedef diizenleme (IHD) 26,59 2,32 21,64 4,27 5,356 0,000 0,347
Dissal hedef diizenleme 20,22 6,46 24,10 3,33 -2,785 0,007 0,130
(DHD)

Gorev degeri (GD) 38,96 2,84 3517 4,36 3,822 0,000 0,214
Ogrenmeye iliskin kontrol 25,59 2,84 22,92 3,52 3,076 0,003 0,151
inanc1 (OIK1)

Ogrenme ve performansla 51,48 3,26 40,32 8,54 6,443 0,000 0,432
lgili  Oz-yeterlik  algis1

(OPOA)

Sinav kaygisi (SK) 1992 4,61 23,10 6,09 -2,176 0,034 0,082

Anlamlilik diizeyi=0,0083

Tablo 2’deki kismi 1? degerleri, basta OPOA, IHD ve GD olmak iizere, gruplar
arasinda tespit edilen farkliligin etki biyilikligiinin olduk¢a yiiksek oldugunu
gostermektedir. POGIL, deney grubunun igsel hedef diizenleme puanlarindaki varyansin
%34,7’sini, gorev degerindeki varyansin %21,4’linii, 6grenmeye iligkin kontrol inancindaki
varyansin %15,1’ini ve 6grenme ve performansla ilgili 6z-yeterlik algisindaki varyansin
%43,2°sini acgiklamaktadir. Diger yandan siire¢ sonunda kontrol grubunun digsal hedef
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diizenleme puanlarinda deney grubuna goére anlamli diizeyde artis olmustur. Kontrol
grubunda uygulanan sunus yoluyla 6gretim, dissal hedef diizenleme puanlarindaki varyansin
%13 1inii agiklamaktadir.

Mantiksal Diisiinme Becerileri

Uygulamadan 6nce gruplarin mantiksal diistinme becerilerinin benzer olup olmadigini tespit
etmek iizere, 6ntest MDGT puanlar1 kiyaslanmistir. Ontest verileri normal dagilmadigindan
kiyaslama i¢in Mann Whitney U testi kullanilmistir. Sonuglara gére deney ve kontrol grubu
arasinda ontest MDGT puanlar1 agisindan anlamli bir farklilik yoktur. Bu durum, kiyaslanan
gruplarin uygulama Oncesi mantiksal diislinme becerileri agisindan benzer oldugunu
gostermektedir. Betimsel istatistikler ve Mann-Whitney U testi sonucu Tablo 3’te
verilmistir.

Tablo 3

Ontest MDGT icin Betimsel Istatistikler ve Mann-Whitney U Sonuglar

Grup N Sira Ortalamasi ~ Sira Toplam1 U p
Deney 27 25,37 685,00 307,0 0,219
Kontrol 28 30,54 855,00

Anlamlilik diizeyi=0,05

Sontest MDGT puanlart agisindan gruplar arasinda fark olup olmadigni incelemek
iizere bagimsiz gruplar t-test yapilmistir. Sonuglara gore gruplar arasinda deney grubu lehine
anlamli farklilik vardir. Yapilan t-testi sonuglar1 ve betimsel istatistikler Tablo 4’te
verilmistir.

Tablo 4 .

Sontest MDGT icin Betimsel Istatistikler ve t-testi Sonuclar

Grup X S t sd p Kismi n?
Deney 3,51 2,19 3,618 53 0,001 0,20
Kontrol 1,06 1,68

Anlamlilik diizeyi=0,05

Tablo 4’teki verilere gore POGIL, deney grubu 6grencilerinin MDGT puanlarindaki
varyansin %20’sini agiklamaktadir. Kismi n? degeri (0,20), etki biiyiikliigiiniin yiiksek
oldugunu gostermektedir.

Tartisma ve Sonug¢

Bu calismanin bulgulari, POGIL’in ortaokul 6grencilerinin fen dersindeki motivasyonlarim
onemli diizeyde arttirdigin1 gostermektedir. Spesifik olarak, bu gruptaki o6grencilerin
ogrenme ve performansla ilgili 6z-yeterlik algisi, i¢sel hedef diizenleme, gorev degeri ve
ogrenmeye iliskin kontrol inancinda biiylik simif tartismasi grubuna gore yiiksek bir etki
biiyiikliigiiyle gelisim gdzlenmistir (sirasiyla kismi n? degerleri 0,432, 0,347, 0,214 ve
0,151). Ogrenme ve performansla ilgili 6z-yeterlik, basar1 ve dz-yeterlige iliskin beklentiyi
ifade eder. Basar1 beklentisi gdrev performansiyla ilgili beklentileri isaret eder. Oz-yeterlik
ise bir kisinin gorevi basarma becerileri ve o gorevi yerine getirme becerilerine olan
giiveniyle ilgili yargilarmi igerir (Pintrich vd., 1991). POGIL sayesinde 6grencilerin basari
beklentileri ve 6z-yeterliklerinde artis oldugu sdylenebilir. POGIL, 6grencilerin kavramlari
timevarimsal bicimde ve bagimsiz olarak bulmasina imkan verecek sekilde aktif hale
getirmektedir. Ogrenciler kendi 6grenme sorumluluklarmi almaktadir. Ogrenci aktifligi,
motivasyon artisinda 6énemli bir etken olarak goriilmektedir. POGIL in isbirlikli 6grenme
bileseni, dgrencilerin takim ig¢i roller alarak sorumluluk iistlenmesini saglamakta ve olumlu



294 Alakoyun ve Tagtan Kirik / Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 59, 284-303. 2023

sosyal iligkiler vasitasiyla 6zglivenlerini ve takim calismasi becerilerini gelistirmektedir
(Yuliastini vd., 2018). Qureshi ve digerleri (2017) POGIL ortaminda 6grencilerdeki 6z-
yeterlik artigini, Ogretmenin sagladigi rehberlik ve destekle iliskilendirmistir. POGIL
etkinliklerinin zorlayici olusu goéz Oniline alinarak, bu siiregte Ogretmen rehberligi ve
kolaylastirict davraniglarinin 6grencilerin 6z-yeterlikleri ve basar1 beklentilerini arttirmadaki
rolii ortaya ¢ikmaktadir. Oz-yeterlikleri gelisen 6grencilerinse basar1 beklentilerinin arttig1
belirtilmektedir (Glazer, 2015). Bu calismayla tespit edilen, POGIL’in 6grenme ve
performansla ilgili 6z-yeterlik iizerindeki olumlu etkisi, alanyazindaki g¢alismalarla da
uyumludur (DeGale ve Boisselle, 2015; Qureshi vd., 2017).

Bu calismanin bulgulari, POGIL ortaminda ortaokul 6grencilerinin, motivasyonun
diger bir boyutu olan i¢sel hedef diizenleme algilarinin da gelistigini gostermektedir. Bir
akademik gorevle ilgili igsel hedef diizenlemeye sahip olmak, o 6grencinin yiiksek not ya da
takdir almak gibi digsal etkilerden ziyade igsel motivasyon gdstergeleri olan hoslanma,
merak, tercih etme ya da isteme gibi sebeplerle o gorevi gergeklestirdigini gosterir (Pintrich
vd., 1991). Rannikméde ve Holbrook (2009), fen 6grenimini ilging ve kisisel olarak
ogrencilerle daha iligkili hale getirerek 6grencilerin i¢csel motivasyonunun arttirilabilecegini
iddia etmektedir. POGIL etkinliklerinde ger¢ek diinya baglamindan alinmis problemler
kullanilir. Bu problemler siire¢ becerilerini gelistirme, 6grencilerin ilgisini uyandirma ve
kavramlart giincel diinya sorunlariyla ve diger alanlarla iligskilendirme gibi ozelliklere
sahiptir (Hanson, 2006). Ayrica POGIL ortaminda, igbirlikli gruplarda 6grencilerin akran
destegi almasi ve farkli bireysel becerilerin bir arada toplanmasi basarmaya karsit istekli
olmalarimi saglamis olabilir. Kirik ve Boz (2012) isbirlikli 6grenme ortaminda 6grencilerin,
birlikte calismanin tek basina c¢aligmaktan daha eglenceli oldugunu diisiindiiklerini ve
boylece i¢sel motivasyonlarinin arttigini bildirmektedir. Geiger (2010) ve Sen ve digerleri
(2015), bu calismanin bulgularina paralel olarak, 6grencilerin POGIL kullanildiginda kimya
ogrenmeye daha ¢ok ilgi duyduklarint ve daha mutlu olduklarini belirtmislerdir. Sen ve
digerleri (2015) bu durumu POGIL in iistbilisi kullantyor olmasiyla agiklamigtir. POGIL'de
ogrenciler, kendi 6grenmelerinin sorumlulugunu istlenirken, kendi 6grenmelerini izlerken
(6zyonetim ve Ozdenetim), ne Ogrendiklerini ve neyi anlamadiklarini degerlendirirken
(6grenme tizerine diisiinceler) lstbilis kullanirlar. Bu da 6grencilerin derse olan ilgisini
artirir.

Gorev degeri 6grencinin gorevin ne kadar ilging, 6nemli ve faydali olduguna iliskin
degerlendirmesidir. Yiiksek gorev degeri, kisinin kendi 6grenmesine daha fazla dahil
olmasini saglar. Bu calismada, POGIL grubundaki 6grencilerin daha yiiksek gorev degerine
sahip olmasi, ders materyalini daha ilging, énemli ve faydali buldugunu gostermektedir
(Pintrich vd., 1991). Buna paralel olarak, Qureshi ve digerleri (2017), iiniversite
ogrencilerinin kimya dersi baglaminda uygulanan POGIL gorevlerinin 6nemini anladiklarini
belirtmislerdir. POGIL ortaminda Ogrenciler akranlarindan ve Ogretmenden rahatlikla
yardim alabildikleri i¢gin POGIL gorevlerini faydali bulmaktadir (Ham ve Myers, 2019).
Ogrencilerin merak duygusunun harekete geciriliyor olmasi, POGIL gérevlerini daha ilging
ve Onemli gormelerinde etkili olabilir (Rahayu vd., 2018). Ayrica POGIL grubunun igsel
motivasyonlarindaki artis, POGIL materyallerindeki gorevleri 6nemli ve faydali bulduklar
ve merak etmeleri gibi igsel giidiileyicilerle yerine getirdiklerini gdstermektedir.

Ogrenmeye iliskin kontrol inancinin yiiksek olmasi, 6grencilerin 6grenmekle ilgili
ciktilarinin 6gretmen gibi digsal faktorlerden ziyade kendi c¢abalarma bagli olduguna
inandiklarini gosterir (Pintrich vd., 1991). Bu ¢alismanin bulgulari, POGIL ile 6gretim goren
ortaokul &grencilerinin, siiregelen 6gretim yontemlerinin uygulandigr gruba kiyasla kendi
ogrenmeleri lizerinde daha fazla kisisel kontrole sahip olduklarina inandiklarini ve elde
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ettikleri 6grenme c¢iktilarini kendi ¢abalarina bagladiklarini gostermektedir. POGIL siifinda
kullanilan etkinlikler Ogrencilerin birbirleriyle daha fazla etkilesim kurmasimni, etkinlik
gorevlerini yerine getirirken verilen roller sayesinde daha fazla sorumluluk almalarin1 ve
boylece kendi 6grenmelerine daha fazla dahil olmalarimi saglamaktadir (Hanson, 2006).
Ogrenciler, rehberli sorgulama etkinliklerini kendi yonettikleri takimlarda gerceklestirmistir.
Alanyazindaki bazi calismalar, lise ve iiniversite Ogrencilerinin de POGIL’in kendi
ogrenmeleri iizerindeki kontrollerine olan inanglarini arttirdigini géstermektedir (Sen vd.,
2015; Vishnumolakala vd., 2017).

Bu calismanin motivasyona iliskin diger bulgusu ise, siiregelen 6gretim yonteminin
POGIL’e kiyasla Ogrencilerin dissal hedef diizenlemeyle ilgili inanglarii daha fazla
arttirmasidir. Yiksek digsal hedef diizenlemeye sahip bireylerin asil ilgilendikleri, gorevin
kendisinden ziyade yiiksek puanlar, odiiller veya performanslarinin baskalariyla
kiyaslanmasidir (Pintrich vd., 1991). Biiyiik smif tartismas1 odakli yontemin uygulandigi
kontrol grubunda 6grencilerin katilimini arttirict etkinlikler kullanilmis olsa da, dgrenci-
ogrenci etkilesimi ¢ok sinirli oldugundan oOgrencilerin katilim diizeyi, POGIL grubuna
kiyasla ¢ok diisiik diizeyde kalmistir. Fen bilimleri dersi 0gretim programinin aksine,
Tiirkiye’nin fen smiflarinda, kontrol grubunda oldugu gibi, 6grenciler arast etkilesimin
neredeyse hi¢ olmadigi, 6gretmen merkezli 6gretim yontemleri tercih edilmektedir. Bu
durum programdaki kazanimlara yeterince ulasilamamasiyla sonuglanmaktadir (Blimen ve
Yazicilar, 2020; Degirmenci ve Dogru, 2019). Ogretmen merkezli uygulamalar, dgrencilerin
ogrenmek icin genellikle dissal etkilere bagimli olmasiyla sonuglanmaktadir. Digsal ddiiller
icsel motivasyonu azaltmakta ve kisinin daha fazla kontrol edildigini diisiinerek performans
ciktilarini olumsuz etkileyebilmektedir (Ryan ve Deci, 2000).

Bu c¢aligmada POGIL, siiregelen 6gretim yontemine kiyasla 7. simif 6grencilerinin
mantiksal diisiinme becerilerini yiiksek bir etki biiyiikliigiiyle arttrmistir (n>=0,20). POGIL
grubunun ortalamasi 6gretim sonunda 2 puan artarken kontrol grubunun ortalamasi 0,5 puan
azalmistir. Lawson (1995) 6grenme dongiisiiniin 6grencilerin akil yiirlitme becerilerini
gelistirdigini bildirmistir. Vygotsky (1978)’e gore diisiik beceriye sahip bireyler daha
yetenekli bir akran ya da bir uzmanin isbirligi veya yardimiyla tek basina yapabildiginden
daha karmasik dilizeyde anlamalar gelistirebilmektedir. Yapr iskelesi (scaffolding)
ogrencilerin st dilizey diislinme becerilerini gelistirmenin miikemmel bir yoludur
(Rosenshine ve Meister, 1992). Bu ¢alismada POGIL ile 6grenciler takimlarinda yaptiklar
akran etkilesimleri ve tartismalariyla bu destegi alabilme sansina sahip olmuslardir.
dongiisiine uygun etkinlikler ve isbirlikli ¢alisan 6z-yonetimi yiiksek takimlarla
aciklanabilir. POGIL etkinlikleri, 6grencilerin aligkin olduklar1 akil yiriitme bigimleriyle
coziilemeyecek kadar karmasik olup takim c¢alismasi yapmay1 gerektirmektedir (Hanson,
2006).

Ogretmen merkezli yontemler bir konunun igerigini, kurallarii, yontemlerini
ogretmede etkili olabilirken Ogrencilerin anladiklarini st diizey diisiinme bigimlerini
yansitabilecekleri siireclere katilimlarini desteklemede basarili degildir (Rickey ve Stacy,
2000). Ote yandan POGIL, 6grencilerin kendi dgrenmelerini, iiyesi olduklari takimlarinin
giiclii ve iyilestirilmesi gereken yonlerini ve problem ¢ézme vizyonlarini belirlemek i¢in
hem kendi hem de diger takimlarin kullandiklar stratejileri degerlendirmelerini saglayacak
sekilde tstbilisi kullanir (Bransford vd., 2000; Hanson, 2006). Bu sayede 6grencilerin akil
yliriitme becerilerinde gelisme gozlenebilir. Abdullah ve Shariff (2008) de karma yetenekli
igbirlikli gruplarla uygulanan sorgulamaya dayali bilgisayar simiilasyonlarinin lise
ogrencilerinin kimya dersindeki akil yiiriitme becerilerini gelistirdigini bulmuslardir. Lavoie
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(1999) tahmin etme-tartisma temelli 6grenme dongiisiiniin geleneksel 6grenme dongiisiine
kiyasla siire¢ becerileri ve mantiksal diislinme becerilerini daha fazla gelistirdigini
gostermistir. Bu bulguyu akranlar arasi tartismalarin, 6zellikle de catisan-karsit tahminlerin
ogrencilerin mantiksal diislinme siireglerini  kullanmalar1  yoluyla gelistirmesi ile
aciklamiglardir. Bu calismada da takim i¢i tartigmalar sirasinda Ogrencilerin fikirsel
catigmalar1 olmustur ve ortak karara ulasmada mantiksal diisiinme becerileri harekete gegmis
olabilir. MDGT’ nin hem elestirel diisiinme becerilerinin hem de fen ve matematik dersi
basarilarinin yordayicist oldugu belirtilmektedir (Bunce ve Hutchinson, 1993). Bu
caligmadaki MDGT puanlarindaki artis, 6grenci basarisi ve elestirel diisiinme becerilerinde
de gelisme olabilecegini diisiindlirmektedir.

Ozetle, bu ¢alismada POGIL’in ortaokul diizeyinde fen bilimleri dersinde hem
Ogrenci motivasyonlarina hem mantiksal diisiinme becerileri iizerinde 6nemli etkilere sahip
oldugu sonuglarma ulasilmistir. Bu bulgulardan yola ¢ikilarak POGIL’in ortaokul
diizeyinde, motivasyon disinda baska duyussal kazanimlar tizerindeki etkileri arastirabilir.
Ayrica, MDGT puanlarinin basar1 ve elestirel diistinme becerilerini de yordadig1 géz dniine
alinarak, POGIL’in &grencilerin Saf Madde ve Karigimlar iinitesindeki kavramsal anlama
diizeyleri ve diger iist diizey diisiinme becerilerine etkisi arastirilabilir. Nitekim Ozkanbas ve
Kirik (2020) POGIL’in altinci sinif dgrencilerinin maddenin tanecikli yapisi iinitesindeki
basarilarin1 gelistirdigini bulmustur. Aslinda, bu siirecte &grencilerin basarilarini ortaya
koyan veriler de toplanmis olmakla birlikte yer sinirlamasindan dolayi bulgular bu
caligmada sunulamamistir. Ayrica POGIL’1 ortaokul fen bilimleri dersinde farkli konularda
ve farkli sinif diizeylerinde de uygulamanin etkisi arastirilabilir.

Smirhliklar

Bu calismada katilimcilar bireysel olarak degil sinifca gruplara atanmistir ¢linkii siniflar
okul idaresince onceden belirlenmistir. Uygulamanin siiresi alt1 haftayla ve yalnizca Saf
Madde ve Karigimlar iinitesindeki “maddenin tanecikli yapist (atomun yapisi, atom
modelleri, molekiil)”, “saf maddeler (element ve bilesikler)”, “karisimlar” ve “karigimlarin
ayrilmast” konulariyla sinirlt olup POGIL’in tam anlamiyla etkilerini gérmede bu siirenin
kisa oldugu soylenebilir (Qureshi vd., 2017). Tim donem boyunca fen konularinin
ogretiminde POGIL kullanilmasi, etkilerin daha iyi 6l¢iilmesini saglayabilir ancak tiim
konular POGIL ile 6gretilmeye uygun olmayabilir ve POGIL materyallerini gelistirmek zor
oldugundan, hepsi i¢in etkinlik bulunamayabilir. Bu ¢alismanin siire, kapsam ve 6rneklem
biiytlikliigiiniin azlig1, varilan sonuglarinin da sinirli olmasina neden olmaktadir. Bunlara ek
olarak, 6grencilerin asil 6gretmeni sinifta olmakla birlikte 6gretimi yapan farkli bir kisidir.
Asil 6gretmen POGIL, isbirlikli 6grenme ve sorgulamaya dayali 6grenme hakkinda
yeterince kuramsal ve pratik bilgiye sahip olmadigindan, ¢alismanin yapildigi sirada POGIL
iizerine tez caligmasii yiiriiten ve deneyimli bir fen bilimleri 6gretmeni olan ilk yazar
ogretimi gerceklestirmistir. Bu nedenle 6grencilerin davranislar etkilenmis olabilir ancak bu
durum kontrol grubu i¢in de gegerli oldugundan etkilerinin iki grup i¢in de ayni oldugu
distiniilmektedir. Calismadaki olas1 bir dis gecerlilik tehdidi, arastirmacinin etkisidir.
Ogretmenin aym zamanda arastirmayi yiiriiten kisi olmasi, istemeden de olsa deney
grubundakilerin lehine davranma ihtimalini ortaya ¢ikarmaktadir. Ancak 6gretmen her iki
gruba da aym sekilde davranmaya caligmigtir. Calismanin bir smirhiligi da, gelistirilen
POGIL etkinliklerinin POGIL uzmanlarinca sertifikalandirilmamis olmasit nedeniyle
ogretimin tam olarak POGIL’1 temsil etmiyor olmasi olasiligidir. Aragtirmacilar ¢ok sayida
POGIL materyalini inceleyerek materyalleri gelistirmis olsa da herhangi bir calistaya
katilmamiglardir. Yine de 6grenme dongiisiine uygun gelistirilmis ¢ok sayida materyal,
POGIL etkinliklerini gelistirmede yardimci olmustur.
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Yazar Cikar Catismasi Bilgisi: Herhangi bir ¢ikar ¢atigmasi bulunmamaktadir.

Yazar Katkisi: Yazarlar calismaya esit oranda katki saglamistir.
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Abstract

This study employed a non-equivalent control group design to investigate the effect of Process
Oriented Guided Inquiry Learning (POGIL®) on seventh grade students' motivation and logical
thinking skills in a science course. There were 55 students in total, 28 students in the control group
and 27 students in the experimental group. A convenient sampling method was used to select the
participants. The Pure Substances and Mixtures unit was taught to the students in the control group
by using the ongoing teaching method with limited interaction while POGIL was implemented in the
experimental group. Group Assessment of Logical Thinking (GALT) was administered to assess the
participants' logical thinking skills and the Motivation Scale of the Motivational Strategies Scale in
Learning was used as the pre-test and post-test to assess their motivation for the science course.
According to the results, the POGIL group had significantly higher motivation and logical thinking
skills scores than the control group that used the ongoing teaching methods. Thus, it can be claimed
that POGIL is an effective strategy to improve middle school students' motivation and logical
thinking skills for teaching the Pure Substances and Mixtures unit.
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Introduction

Over the last 50 years, major educational policy organizations in the world have emphasized
the importance of using inquiry-based processes in teaching science concepts and thus
scientific reasoning (National Research Council [NRC], 2012; Organisation for Economic
Co-Operation and Development [OECD], 2016). In the relevant literature, inquiry-based
learning has been shown to be effective in developing problem-solving skills (Hmelo-Silver
et al., 2007) and increasing intrinsic motivation (Albanese & Mitchell, 1993). In inquiry-
based learning, the priority is for students to produce their own scientific hypotheses
(Rushton et al., 2011). Many students, however, do not know how to express hypotheses,
which scientific elements to emphasize or which scientific data to focus on (De Jong & Van
Joolingen, 1998). Additionally, students' logical thinking skills are frequently below the
desired level (Hogan & Maglienti, 2001). Based on these problems, there is a great need to
support inquiry-based learning to guide students through complex learning processes and
help them succeed in problem solving (Kirschner et al., 2006). This is because the
acquisition of new knowledge, skills and attitudes is encouraged through questioning,
problems and questioning problems by using inquiry pathways and standards (Hogan &
Maglienti, 2001).

The degree of guidance in an inquiry-based learning environment is an important
factor influencing student learning (Stender et al., 2018). Many studies demonstrate that
guided inquiry-based learning creates positive learning outcomes, including developing
practical skills that will help students prepare for life as adults (Pedaste et al., 2015;
Ronnebeck et al., 2016). A meta-analysis conducted by Carolan et al. (2014) indicated that
the students who received adequate guidance in inquiry-based learning learned more (g=
0.15) than the students who were taught the same content with less guidance. Explaining
scientific processes to students during structured or guided inquiry can be an important step
in helping students develop an adequate understanding of the conceptual content under
investigation (Lazonder & Harmsen, 2016). Providing students with explanations of
scientific processes during structured or guided inquiry can be an important step in building
an adequate understanding of the conceptual content under investigation (Lazonder &
Harmsen, 2016). Process-Oriented Guided Inquiry Learning (POGIL®) uses learning teams,
guided inquiry activities to increase understanding, questions that encourage critical and
analytical thinking, problem solving, reporting, metacognition and individual responsibility.
These seven components are tools for developing process skills and mastering discipline
content (Hanson, 2006).

Scientific reasoning skills are crucial for generating new knowledge through inquiry-
based learning activities. Scientific reasoning includes “the skills of questioning,
experimenting, evaluating evidence, and making inferences that serve conceptual change or
scientific understanding” (Zimmerman, 2007, p. 172). Scientific reasoning requires seeking
evidence to support or refute a hypothesis, reviewing initial ideas, developing a new
understanding, and considering alternative hypotheses (Zeineddin & Abd-El-Khalick, 2010).
Logical thinking is the mental operations that an individual uses when faced with a problem
(Karplus, 1977). It includes skills such as “controlling variables”, “proportional reasoning”,
“probabilistic reasoning”, “correlational reasoning” and “holistic reasoning” (Bunce &
Hutchinson, 1993; Valanides, 1996). The level of logical thinking reveals information about
a person's cognitive development. Higher-order thinking skills require the use of effective
communication and logical thinking in tandem and students should be assisted in having
such learning experiences in effective classroom environments (Rojas-Drummond &
Mercer, 2003).
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Previous studies have shown that inquiry-based classrooms support the development
of logical thinking and scientific reasoning skills (Schlatter et al., 2022). In POGIL classes,
which consist of integrating cooperative learning and the learning cycle which is an inquiry-
based teaching model, students actively engage in knowledge acquisition and use higher-
order thinking skills to process this information and fit it into the context of their existing
mental structures (Douglas, 2013). From this perspective, POGIL may be thought to
improve logical thinking skills. However, there are few studies on the effect of POGIL on
logical thinking skills (Adriani et al., 2019; Zgraggen, 2018). On the other hand, there are
research studies which state that POGIL improves critical thinking, problem solving,
creative thinking, analytical thinking, and scientific process skills at the high school and
university levels (Artuz & Roble, 2021; Hanib et al., 2017; Irwanto et al., 2018; Rosadi et
al., 2018; Sharma, 2022). In light of these findings, it is critical to investigate the impact of
using POGIL on logical thinking skills when teaching science to middle school students.

Despite the fact that science lessons occupy an important part of school life, students'
interest, attitudes, and motivation regarding science decline as they reach high school level
due to the difficulty of science subjects and the lack of personal interest (Krapp & Prenzel,
2011). As students are exposed to teacher-centered teaching methods and do not have the
opportunity to apply science in their daily lives, it is inevitable that their interest in and
motivation towards science will decrease. Koballa and Glynn (2007) stated that science
teaching cannot be explained only by examining cognitive factors and student motivation
should also be taken into account. Motivation can be defined as the degree to which
individuals make efforts to achieve goals that they perceive as meaningful and valuable.
Motivation is a driving force; it is a kind of energy that moves people towards desired
outcomes (Ashman & Gillies, 2003). Students with high motivation also have high
achievement (Seving et al., 2011).

According to Pintrich (1988), the general expectancy-value model serves as the
conceptual foundation for student motivation. There are three components related to
motivation in this model: (a) Expectancy: Students’ beliefs in their ability to complete a
task. In this sense, the expectancy component includes students’ answers to the question,
“Can I do this task?” (b) Value: Students’ objectives and beliefs about the task’s importance,
as well as their interest in the task. This component is related to the individual responses of
students to the question, “Why am 1 doing this task?” (c) Affective component: This
includes the emotional reactions of the students to the task. This component is related to
students’ responses to the question, “How do I feel about this task?”

There are studies investigating the affective effects of POGIL although these mostly
focus on high school and college students (Ham & Myers, 2019; Sen et al., 2015;
Vishnumolakala et al., 2017; Yuliastini et al., 2018). According to these studies, POGIL
practices improve students' emotional satisfaction and as a result, their attitudes towards
chemistry. This increase is explained by the increase in interaction between students and
active participation in learning thanks to teamwork. According to Yuliastini et al. (2018),
POGIL increases student motivation by making learning experience more interesting and
relevant to daily life. Starting from the necessity of investigating the effects of POGIL,
which has been demonstrated to have positive effects on the affective characteristics and
logical thinking skills of mainly high school and university students especially in chemistry
lessons in the literature, on the process of teaching chemistry concepts to secondary school
students, its cognitive effects in terms of logical thinking skills and affective effects in terms
of motivation in the context of the Pure Substances and Mixtures Unit were examined in this
study.



Alakoyun & Tastan Kirik / Pamukkale University Journal of Education, 59, 284-303. 2023 287

What is POGIL?

POGIL is a student-centered teaching strategy or philosophy. In POGIL classrooms or
laboratories, students work with their teammates on specially designed activities in
accordance with the learning cycle. These activities are designed for use by self-directed
teams that view the instructor as a facilitator rather than a source of information.

The three main components of POGIL are students' active participation in the
process through group learning, guided inquiry activities designed according to the learning
cycle, and a focus on process skill development (Moog et al., 2006). A large number of
studies have indicated that students working in cooperative learning teams learn more,
remember more, feel better about themselves and their friends, develop more positive
attitudes towards the subject area, the course, and the teachers, and develop critical thinking
skills and other process skills necessary to become independent learners (Kyndt et al., 2013;
Van Leeuwen & Janssen, 2019). The learning cycle is an inquiry-based teaching and
learning strategy based on the constructivist approach (Abraham, 2005). The learning cycle
consists of three phases: exploration, concept invention (concept formation), and
application. In the “exploration phase”, students learn through their own actions and
reactions as they discover new materials and ideas. Students usually begin with a model
during this stage of the POGIL process and questions help them see patterns in the model.
Students are frequently guided to test hypotheses or explain the patterns and relationships
found in the model. The "concept invention phase” entails the introduction of a concept or
relationship, as well as the use of new terms discovered during the exploration stage. The
terms can be introduced by the teacher, textbook, video, or another tool. Before a concept is
introduced, students should be encouraged to define it as much as possible. In the
“application phase”, students apply the new terms and models to new contexts. Concept
application is required to broaden the applicability of concepts to new situations and the
range of reasoning patterns (Lawson, 2001).

Although there are studies investigating the effectiveness of POGIL, they mainly
focus on the achievement and conceptual understanding levels of high school and university
students and it is pointed out that the effect of POGIL on especially middle school students
should be investigated (Ozkanbas & Kirik, 2020). It is also seen that few studies conducted
at the middle school level focus on physics subjects (Giilmez Giingérmez & Akgiin, 2021;
Jasperson, 2013).

The particulate nature of matter is considered to be the foundation of chemistry
(Villagonzalo, 2014). In Turkey, the concepts related to this subject are first introduced in
the sixth grade science course and this is followed by the concepts of atom, molecule, and
element taught in the seventh grade (Milli Egitim Bakanligi [MEB], 2018). Amiot (2007)
highlights that a student who does not understand the particulate nature of matter properly
has a great difficulty in comprehending complex chemistry concepts. Despite the importance
of understanding the particulate nature of matter, students have misconceptions about it
(Harrison & Treagust, 2002). POGIL has been shown to be effective in teaching chemistry
concepts (especially particulate nature of matter) (Ozkanbas & Kirik, 2020; Villagonzalo,
2014). Based on this theoretical foundation, in this study POGIL was implemented with
middle school students during the Pure Substances and Mixtures unit which introduced the
concepts of atom, molecule, and element for the first time. In this situation, it is considered
to be necessary to investigate how POGIL affects middle school students' motivation and
logical thinking skills. Accordingly, the aim of this study is to examine the effect of POGIL
on the 7th grade students' motivation and logical thinking skills in a science course
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compared to the current teaching method. Thus, this study aims to answer the following
research questions:

1. What is the effect of POGIL on the 7th grade students' motivation?
2. What is the effect of POGIL on the 7th grade students' logical thinking skills?
Method

This study adopted a non-equivalent control group design which is one of the quasi-
experimental designs. The dependent variables were motivation and logical thinking skills
whereas the independent variable was the teaching method used (POGIL and the current
teaching method). Before the intervention, Group Assessment of Logical Thinking (GALT)
and Motivated Strategies for Learning Questionnaire (MSLQ) were administered to the
experimental and control groups as the pre-test. Before the Pure Substances and Mixtures
unit was taught, the experimental group students were given information on POGIL and how
the process would work. The experimental group received instruction via POGIL for six
weeks while the control group received instruction via the ongoing methods. Pure
Substances and Mixtures Unit covers a variety of topics, including the particulate nature of
matter (atomic structure, atomic models and molecules), pure substances (elements and
compounds), mixtures and separation of mixtures. The first author delivered the lessons to
both groups. The course’s original teacher was also present in the classroom to guarantee
that the students took it seriously but s/he refrained from interfering with the lesson's flow.
The same tests were administered to both groups as the posttests after the intervention. The
ethical permission for the study was obtained from Cukurova University Scientific Research
and Publication Ethics Committee in the Field of Social Sciences and Humanities with its
decision dated April 11, 2020 and numbered 6.

Participants

The study employed convenient sampling which is one of the non-random sampling
techniques. It was conducted with voluntary students. Informed consent was obtained from
all students and parents. The experimental and control groups of the study consisted of
seventh grade students aged 12-13, in two classes of a middle school in Adana. One of the
classes was randomly assigned as the experimental group and the other one was chosen as
the control group. At the beginning of the study there were 58 students in total, 29 in the
experimental group and 29 in the control group; however, some of them had to be excluded
from the analysis because of outliers and missing data, which reduced the final sample size.
The analyses were conducted with a total of 55 students, 27 in the experimental group (14
females and 13 males) and 28 in the control group (14 females and 14 males).

Data Collection Instruments
Motivated Strategies for Learning Questionnaire (MSLQ)

In this study, the MSLQ developed by Pintrich et al. (1991) was used to measure the
students' motivation towards science course. The questionnaire consists of two sections,
namely "Motivation" and "Learning Strategies". The motivation section which contains a
total of six scales and 31 items, was used in the present study. These scales are intrinsic goal
orientation (IGO), extrinsic goal orientation (EGO) and task value (TV) in the "value
component"; self-efficacy for learning and performance (SELP) and control of learning
beliefs (CLB) in the "expectancy component"; and test anxiety (TA) in the "affective
component". The fit indices for the English version of the motivation scale were X*/df =
3.49, GFI = 0.77 and RMR = 0.07. Pintrich et al. (1991) argued that although fit indices are
not perfect, they are reasonable values. This is because attitudes and motivation may vary
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according to the characteristics of the course, the teacher's wishes, and individual student
characteristics. The reliability coefficients (Cronbach Alpha) for the English version were
0.74, 0.62, 0.90, 0.90, 0.68, 0.93, and 0.80 for IGO, EGO, TV, CLB, SELP and TA,
respectively. The questionnaire was adapted into Turkish by Sungur (2004). The fit indices
found as a result of confirmatory factor analysis for the Turkish version of the Motivation
Scale were X?/df = 5.3, GFI = 0.77 and RMR = 0.11. The reliability coefficients (Cronbach
Alpha) were 0.73, 0.54, 0.87, 0.62, 0.89, and 0.62 for IGO, EGO, TV, CLB, SELP and TA,
respectively.

Group Assessment of Logical Thinking (GALT)

In order to measure the students' logical thinking skills, the GALT, which originally
consisted of 21 questions and reflected Piaget's cognitive thinking model, was used to
measure six logical operations: conservation, proportional reasoning, combinatorial
reasoning, probabilistic reasoning, correlational reasoning and controlling variables. The test
developed by Roadrangka et al. (1982) is reported to have sufficient validity and reliability
values that can measure logical thinking abilities of students from sixth grade to university
level. The reliability of the test (Cronbach's alpha) was reported as a=0.85. The test was
translated into Turkish by Aksu et al. (1990) and the reliability value was calculated as 0.88
according to the ITEMAN program. It presents options for responses, together with the
justification for each response in a two-tier multiple-choice format. Those who answer both
tiers correctly receive "1" point, and those who answer one or both incorrectly receive "0"
point. The authors state that the scale can be considered as a pool of questions and if needed
due to time or other reasons, the number of questions can be reduced to 12 to represent the
formal operations mentioned above. Considering the students' grade level and time
constraints, the 12-question form was employed in this study. Students are considered as
have concrete thinkers if they can correctly answer 0—4 questions, as transitional thinkers if
they can correctly answer 5—7 questions, and formal (abstract) thinkers if they can correctly
answer 8—12 questions (Roadrangka, 1991).

Procedures
Applications in the Control Classroom

In the control group, the ongoing teaching processes were continued based on the content of
the textbook. In fact, despite the fact that the middle school science curriculum in Turkey
has been revised four times (in 2005, 2013, 2017, and 2018) in accordance with the
constructivist approach in order to raise scientifically literate individuals, the lessons are still
delivered via teacher-centered approaches in practice. As a result, it can be claimed that
there is a general failure to put the desired innovations into practice (Atila & Sozbilir, 2016;
Dogan, 2010; Hazir Bikmaz, 2006). Studies indicate that there is a mismatch between the
targeted science curriculum and the science curriculum implemented by teachers. Some
studies reveal that teachers change the curricula published by the Ministry of National
Education according to their own preferences and the characteristics of the students (Biimen
et al., 2014). Accordingly, students are mostly not active in the learning-teaching process
and the lessons are teacher-centered. As a result, students are passive recipients of
knowledge rather than constructors of knowledge (Atila & Sozbilir, 2016). It is stated that
there are substantial differences between the methods and materials in teachers' annual plans
and their actual teaching, methods such as group work are never used in the classroom, and
primarily direct instruction and questioning methods are used (Oztiirk, 2012).

Due to the above-mentioned reasons, in the control group in this study, expository
teaching which is a teacher-centered teaching strategy with limited student-student
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interaction, reflecting the teaching approach currently being applied in middle school
science education throughout Turkey, was applied. In this instruction, the teacher first
presented and explained the concepts of the subject and then had the students discuss the
questions in the textbook through a whole-class discussion. The experiments and activities
in the textbook were conducted by the teacher using the demonstration technique and the
questions were also discussed in a whole-class discussion. Most of the questions discussed
in class were taken from the textbook. In addition, the teacher also asked some questions
prepared for the groups working in cooperation with the experimental group. Despite the
teacher's encouragement for whole-class discussion, not all of the students actively
participated in these discussions. Additionally, materials such as video, simulation and audio
recordings used in the experimental group were also used in the control group, and relevant
questions were applied by questioning and discussion methods. The experiments performed
in the experimental group were also carried out in the control group by the teacher.

For example, in order to assess students' prior knowledge of molecules and make an
introduction, they were asked what a molecule is. The definition of "molecule" was then
provided by the teacher. In this context, atomic substances, molecular substances, molecules
consisting of the same and different kinds of atoms were explained. After conceptually
explaining the concept of molecule and showing the molecule models in the textbook, “Let's
Create a Molecule Model Activity” was carried out in order for students to see the difference
between atoms and molecules and discover the properties of molecules consisting of the
same and different types of atoms (Demirkazan et al., 2018, p. 122). The students were
asked to make molecule models with their classmates using different colored play dough and
toothpicks, and draw the models they created on A4 papers. The students' molecule models
were checked by the teacher. When the drawings were completed, the students were asked
questions to explain their models. Then, “Build a Molecule” simulation (PhET, n.d.) was
shown to the students by using the demonstration technique and they were asked what they
observed. The teacher held a whole-class discussion to see the level of understanding of the
concepts taught and then had the students take notes on the topic. In general, the lesson was
taught via a deductive approach in that the concepts were first explained by the teacher and
then verified by the students’ activities.

Applications in the Experimental Classroom

POGIL was used to deliver science lessons in this group. Before the intervention, the
students were informed about POGIL, the expected behaviors of the students and groups for
one class session. According to the original teacher's recommendations, the students were
divided into three groups based on their achievement levels: lower, middle, and upper. The
researchers divided the participants into seven groups (six groups of four and one group of
five), which were heterogeneous in terms of gender and achievement. Each team member
was assigned roles such as leader, spokesperson, recorder, and reflector. The teacher
assigned the roles for the first time, and the students were asked to switch roles weekly, each
time in a different role. The leader manages the group, ensuring that the assigned tasks are
completed. He/she makes sure that the members actively participate in all activities and that
each member fully understands the concepts and subject being studied. He/she also ensures
that the group communicates effectively with the teacher. The spokesperson communicates
the group findings to the whole class through any medium of the teacher's choice (oral
presentation or whiteboard, etc.). On behalf of the group, he/she asks the teacher what the
group does not understand. The recorder prepares the completed exercises to be given to the
teacher and thus represents the collective written voice of the group. Finally, the reflector
identifies where the group is doing well and where there is room for improvement, shares
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this with the group members and helps the group to develop strategies to improve its
performance (Farrel et al., 1999). In the groups of five, two people assumed the role of
reflector.

Cooperative learning teams worked on the activity sheets based on the learning
cycle. The activity sheets included questions to develop students' questioning and critical
thinking skills. POGIL activities for teaching chemistry course topics for high school and
university level students are electronically available (POGIL, 2022). Since there were no
accessible POGIL activities in the literature at the time of the research that included the
concepts in the Pure Substances and Mixtures Unit for middle school students, the activity
sheets used in this study were prepared by the researchers. In this process, accessible POGIL
activities were examined to understand the design and organizational structure of the
activities (Hanson, 2011; Moog & Farrell, 2011). In addition, the activities in the science
textbook (Demirkazan et al., 2018) and the websites of important scientific societies that
offer chemistry activities suitable for inquiry-based teaching (American Chemical Society
[ACS], 2023; PhET, 2023; Royal Society of Chemistry [RSC], 2023, n.d.) were utilized.
The questions in the activity sheet require exploration using a given model, data set, or
experiment in accordance with the learning cycle, creating and explaining the discovered
phenomena through team discussion of higher-order thinking questions, and applying these
concepts through solving different problem situations. The students did all the tasks on the
activity sheets together with their groupmates. Meanwhile, the teacher walked among the
teams, eavesdropped on the discussions and encouraged the discussions by asking questions.
Instead of giving the answers at the points where the students had difficulties, s/he ensured
that they reached the answer by themselves with the questions that required higher-order
thinking. Afterwards, students shared their answers with those of the other groups in the
whole-class discussion and defended their claims using scientific support in case of
opposing views. In this sense, the whole-class discussion provides the opportunity to see
each other's reasoning, make argumentation and finally reach scientific understanding
(Becker et al., 2015).

One of the important components of the process is the use and development of
metacognition. Group members continuously reflected on what they did and why they did it.
For this purpose, a Group Self-Assessment Form prepared by the researchers was distributed
to the groups every week. Through this form, the teams evaluated their learning in the
process and their group performance during teamwork, and developed strategies to improve
their skills. They shared their self-evaluations with the whole class and reflected on them.
They then submitted the completed form to the teacher.

Results
Motivation

The data were analyzed through the SPSS-20 program. After checking the assumptions, an
independent samples t-test was conducted for each scale to determine whether there was a
statistically significant difference between the groups in terms of pre-MSLQ scores.
Performing separate t-tests or ANOVA on interrelated dependent variables may lead to an
increase in Type 1 error (Pallant, 2007). Although MANOVA is an analysis technique that
controls this risk, it was not used for these data because its assumptions were not met.
Another way to control the risk of Type 1 error is Bonferroni correction. For this correction,
the alpha value (0.05) is divided into the number of dependent variables (Pallant, 2007). In
the present study, the alpha value for the pre and post-MSLQ data was taken as 0.0083,
which was obtained by dividing 0.05 into six, the number of dependent variables. Thus,
according to the results of the independent samples t-test for the pre-MSLQ scales, there
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were no significant differences between the groups in terms of IGO, EGO, TV, CLB, SELP
and TA. This shows that the compared groups were similar in terms of motivational
characteristics before the intervention. The results of the t-tests and descriptive statistics are
provided in Table 1.

Table 1
Descriptive Statistics and t-test Results for Pre-MSLQ Scales
Experimental Control Group
Group
Dependent variable Mean SD Mean SD t(53) p

Intrinsic goal orientation (IGO) 18.25 7.66 21.67 4.42 -2.017  0.050
Extrinsic goal orientation (EGO)  20.03 6.65 24.03 3.57 -2.762  0.009

Task value (TV) 2877 1111 3532 476  -2.819  0.009
Control of learning beliefs 19.18  7.36 2292 385  -2347  0.024
(CLB)

Self-efficacy for learning and 37.66 13.74 40.00 9.21 -0.737  0.465
performance (SELP)
Test Anxiety (TA) 19.03 4.54 22.03 5.13 -2.289  0.026

Significance level= 0.0083

After the assumptions were checked, an independent samples t-test was conducted to
see whether there was a difference between the groups in terms of the post-MSLQ scales.
According to the results, there is a significant difference between the groups in favor of the
experimental group in terms of IGO, TV, CLB and SELP and in favor of the control group
in terms of EGO. The results of the t-tests and descriptive statistics are provided in Table 2.

Table 2
Descriptive Statistics and t-test Results for Post-MSLQ Scales

Experimental ~ Control Group
Dependent variable Group Partial
Mean SD Mean SD t(53) p n2

Intrinsic  goal orientation 26.59 232  21.64 4.27 5356  0.000 0.347
(IGO)

Extrinsic goal orientation 20.22 646 24.10 333 -2.785 0.007 0.130
(EGO)

Task value (TV) 3896 284 3517 436  3.822 0.000 0.214
Control of learning beliefs 25.59 2.84 2292  3.52 3.076  0.003 0.151
(CLB)

Self-efficacy for learning 51.48 3.26 4032 854  6.443 0.000 0.432
and performance (SELP)

Test Anxiety (TA) 19.92 461 23.10 6.09 -2.176 0.034 0.082

Significance level= 0.0083

The partial n? values in Table 2 show that the effect size of the differences between
the groups, especially in the SELP, IGO, and TV, is quite large. POGIL explained 34.7% of
the variance in the experimental group's IGO scores, 21.4% of the variance in TV scores,
15.1% of the variance in CLB scores, and 43.2% of the variance in SELP scores. On the
other hand, at the end of the process, there was a significant increase in the EGO scores of
the control group compared to the experimental group. The direct instruction applied in the
control group explained 13% of the variance in EGO scores.
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Logical Thinking Skills

Before the intervention, pre-GALT scores were compared to determine whether the logical
thinking skills of the groups were similar. Since the pretest data were not normally
distributed, Mann Whitney U test was used for comparison. According to the results, there
was no significant difference between the groups in terms of pre-GALT scores. This finding
shows that the compared groups were similar in terms of logical thinking skills before the
intervention. Descriptive statistics and Mann-Whitney U test results are provided in Table 3.

Table 3
Descriptive Statistics and Mann-Whitney U Results for Pre-GALT

Sum of
Group N Mean Rank Ranks U p
Experimental 27 25.37 685.00 307.0 0.219
Control 28 30.54 855.00

Significance level= 0.0083

An independent samples t-test was conducted to examine whether there was a
difference between the groups in terms of post-GALT scores. According to the results, there
is a significant difference between the groups in favor of the experimental group. The t-test
results and descriptive statistics are demonstrated in Table 4.

Table 4
Descriptive Statistics and t-test Results for Post-GALT

Group Mean SD t df p Partial n?
Experimental 3.51 2.19 3.618 53 0.001 0.20
Control 1.06 1.68

Significance level= 0.05

As it is seen in Table 4, POGIL explains 20% of the variance in the post-GALT
scores of the experimental group students. The partial n? value (0.20) demonstrates that the
effect size is large.

Discussion and Conclusion

The results of this study demonstrate that POGIL substantially enhanced middle school
students' motivation in a science class. Specifically, students in this group displayed
improvements in self-efficacy for learning and performance, intrinsic goal orientation, task
value, and control of learning beliefs with a larger effect size than the whole-class discussion
group (partial n* values are 0.432, 0.347, 0.214, and 0.151, respectively). Self-efficacy for
learning and performance refers to expectancy for success and self-efficacy. Expectancy for
success is a term that applies to expectations regarding task performance. Self-efficacy, on
the other hand, includes judgments about a person's ability to accomplish the task and their
confidence in their ability to perform that task (Pintrich et al., 1991). In this sense, it can be
claimed that POGIL increased the students' expectancy of success and self-efficacy. POGIL
activates students to invent concepts inductively and autonomously. Students take
responsibility for their own learning. Student engagement is considered as an important
factor in increasing motivation. The cooperative learning component of POGIL enables
students to assume responsibility by taking roles in teams and develops self-confidence and
teamwork skills through positive social relationships (Yuliastini et al., 2018). Qureshi et al.
(2017) attributed the increase in students' self-efficacy in the POGIL environment to the
guidance and support provided by the teacher. Given the challenging nature of POGIL
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activities, the role of teacher guidance and facilitative behaviors in increasing students' self-
efficacy and achievement expectations in this process becomes critical. It is stated that
students who improve their self-efficacy have higher expectations for success (Glazer,
2015). The positive effect of POGIL on self-efficacy related to learning and performance
found in this study is consistent with previous research (DeGale & Boisselle, 2015; Qureshi
etal., 2017).

The results of this study demonstrate that middle school students' perceptions of
intrinsic goal orientation, another dimension of motivation, also improved in the POGIL
environment. Having intrinsic goal orientation related to an academic task indicates that a
student performs that task for reasons such as enjoyment, curiosity, preference, or desire,
which are indicators of intrinsic motivation, rather than external influences such as getting
high grades or recognition (Pintrich et al., 1991). Rannikmée and Holbrook (2009) claim
that students' intrinsic motivation can be increased by making science learning interesting
and more personally relevant to students. POGIL activities use problems taken from real-
world contexts. These problems have the characteristics of developing process skills,
arousing students' interest, and relating concepts to current world problems and other fields
(Hanson, 2006). In addition, in the POGIL environment, students' receiving peer support in
collaborative groups and gathering different individual skills together may have made them
eager to succeed. Kirik and Boz (2012) reported that in a cooperative learning environment,
students think that working together is more fun than working alone and thus their intrinsic
motivation increases. In parallel with the findings of this study, Geiger (2010) and Sen et al.
(2015) report that students were more interested in learning chemistry and happier when
POGIL was used. Sen et al. (2015) explain this situation with the fact that POGIL uses
metacognition. In POGIL, students use metacognition as they take responsibility for their
own learning, monitor their own learning (self-direction and self-regulation), and evaluate
what they have learned and what they do not understand (reflections on learning), which
increases students' interest in the lesson.

Task value is the learner's assessment of how interesting, important and useful the task
is. High task value leads to greater involvement in one's own learning. In this study, the
students in the POGIL group had higher task value, which indicates that they found the
course material more interesting, important and useful (Pintrich et al., 1991). In parallel to
this statement, Qureshi et al. (2017) reported that university students understood the
importance of POGIL tasks applied in the context of a chemistry course. In the POGIL
environment, students find POGIL tasks useful because they can easily get help from their
peers and the teacher (Ham & Myers, 2019). The fact that students' sense of curiosity is
activated may be effective in making them consider POGIL tasks more interesting and
important (Rahayu et al., 2018). In addition, the increase in the intrinsic motivation of the
POGIL group demonstrates that they fulfill the tasks in the POGIL materials with intrinsic
incentives such as finding them important and useful, and being curious.

High control of learning beliefs indicates that students believe that their learning
outcomes depend on their own efforts rather than external factors such as the teacher
(Pintrich et al., 1991). The results of this study suggest that the middle school students who
were taught science via POGIL believed that they had more personal control over their own
learning and attributed their learning outcomes to their own efforts compared to the group
taught with ongoing teaching methods. The activities used in the POGIL classroom enable
students to interact more with each other, take more responsibility through the assigned roles
while performing the activity tasks, and thus become more involved in their own learning
(Hanson, 2006). The students carried out the guided inquiry activities in self-directed teams.
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Some studies in the literature indicate that POGIL also increases high school and university
students' belief in their control over their own learning (Sen et al., 2015; Vishnumolakala et
al., 2017).

Another motivation-related finding of this study is that the ongoing teaching method
increased the students' beliefs about extrinsic goal orientation more than the POGIL.
Individuals with high extrinsic goal orientation are more interested in high scores, rewards,
or comparisons of their performance with others rather than the task itself (Pintrich et al.,
1991). Although some activities were used to increase student participation in the control
group where expository teaching with whole-class discussion was used, student participation
remained at a very low level compared to the POGIL group since student-student interaction
was very limited. Contrary to the science lesson curriculum, in Turkey's science classrooms,
as in the control group, teacher-centered teaching methods with almost no interaction
between students are preferred. This situation results in inadequate achievement of the
outcomes in the program (Blimen & Yazicilar, 2020; Degirmenci & Dogru, 2019). Teacher-
centered practices generally result in students’ dependency on external influences to learn.
Extrinsic rewards reduce intrinsic motivation and may negatively affect performance
outcomes by triggering the idea that the person is more controlled (Ryan & Deci, 2000).

In this study, POGIL increased the logical thinking skills of the 7th grade students
with a large effect size (n?=0.20) compared to the ongoing teaching method. While the mean
score of the POGIL group increased by 2 points at the end of the instruction, that of the
control group decreased by 0.5 points. Lawson (1995) reported that the learning cycle
improved students' reasoning skills. According to Vygotsky (1978), individuals with low
ability can develop more complex understanding with the cooperation or help of a more
skilled peer or an expert than they can do alone. Scaffolding is an excellent way to develop
students' higher order thinking skills (Rosenshine & Meister, 1992). The students in this
study had the opportunity to obtain this support through peer interactions and discussions in
their teams by using POGIL. Thus, the substantial increase in logical thinking skills can be
explained by the activities in POGIL that are appropriate for the learning cycle and the
collaborative teams with high self-management. POGIL activities are too complex to be
solved by students' usual reasoning styles and thus require teamwork (Hanson, 2006).

While teacher-centered methods can be effective in teaching the content, rules, and
methods of a subject, they are not successful in supporting students' participation in
processes in which they can reflect on their understanding and higher-order thinking styles
(Rickey & Stacy, 2000). On the other hand, POGIL uses metacognition in a way that allows
students to evaluate the strategies used by both themselves and other teams to identify their
own learning, the strengths and areas of improvement of their teams, and their problem-
solving visions (Bransford et al., 2000; Hanson, 2006). In this way, students' reasoning skills
can be improved. Abdullah and Shariff (2008) also found that inquiry-based computer
simulations with mixed ability collaborative groups improved high school students'
reasoning skills in the chemistry lessons. Lavoie (1999) also indicated that the prediction
and discussion-based learning cycle improved process skills and logical thinking skills more
than the traditional learning cycle. They explained this finding by the fact that peer-to-peer
discussions, especially conflicting-opposite predictions, are enhanced by students' use of
logical thinking processes. In this study, students had conflicting opinions during team
discussions and their logical thinking skills may have been activated in reaching a common
decision. It is stated that GALT is a predictor of both critical thinking skills and achievement
in science and mathematics courses (Bunce & Hutchinson, 1993). The increase in GALT
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scores in this study suggests that student achievement and critical thinking skills may also
have improved.

In sum, in this study, it was concluded that POGIL had important effects on both
student motivation and logical thinking skills in a middle school science course. Based on
these findings, the effects of POGIL on different affective outcomes other than motivation
can be investigated at middle school level. In addition, considering that MDGT scores
predict achievement and critical thinking skills, the effects of POGIL on students' conceptual
understanding levels and other higher order thinking skills in the Pure Substances and
Mixtures unit can be investigated. Indeed, Ozkanbas and Kirik (2020) found that POGIL
improved sixth grade students' achievement in the unit on the particulate nature of matter. In
fact, although data revealing students' achievement were collected in this process, the
findings could not be presented in this study due to space limitations. In addition, the effect
of applying POGIL in different subjects and at different grade levels in the middle school
science courses can be investigated.

Limitations

In this study, the participants were not assigned individually but were assigned to the groups
by class because the classes were predetermined by the school administration. The length of
the intervention was limited to six weeks and only the topics of "particulate nature of matter
(atomic structure, atomic models, molecule)", "pure substances (elements and compounds)",
"mixtures" and "separation of mixtures" in the Pure Substances and Mixtures unit were
covered. Therefore, it could be argued that this time frame is too short to fully observe
POGIL's effects (Qureshi et al., 2017). Using POGIL in teaching science subjects
throughout the whole semester may provide a better measurement of the effects, but not all
subjects may be suitable for teaching through POGIL and since it is difficult to develop
POGIL materials, activities may not be available for all of them. The shorter time period,
scope and sample size of this study also limit its conclusions. In addition, a different person
delivered the lessons to the students even though their original teacher was present. Since
the original teacher did not have enough theoretical and practical knowledge about POGIL,
cooperative learning and inquiry-based learning, the first author, an experienced science
teacher who was conducting a thesis on POGIL at the time of the study, delivered the
lessons. Therefore, the students' behaviors may have been affected, but since this situation
was also valid for the control group, it is thought that the effects were the same for both
groups. A possible external validity threat in the study is the influence of the researcher. The
fact that the teacher was also the one conducting the research raises the possibility that s/he
might unintentionally acted in favor of those in the experimental group. However, the
teacher tried to treat both groups in the same way. Another limitation of the study is that the
POGIL activities developed were not certified by POGIL experts, so the teaching may not
be fully representative of POGIL. Although the researchers analyzed a large number of
POGIL materials before developing the course materials, they did not participate in any
workshops. Nevertheless, a large number of materials developed in accordance with the
learning cycle were helpful in developing the POGIL activities.
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