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OZ: Dynamic structure of education and examination of hands-
on activities in science education necessitates reforms that
enable development and improvement in science programs.
Distance education, which has gained importance during the
pandemic period that has affected the whole world since the
beginning of 2020, has also affected science education and the
studies carried out in this period have gained importance in
terms of examining student achievement. Investigation of the
effects of inquiry approaches on science learning especially in
the distance education can be considered as an important
contribution to the literature. In this respect, this research aims
to examine the effect of the guided inquiry approach on
students' achievement and retention in the sixth-grade science
course when the effects of reading comprehension skills are
controlled. The sample of the study consists of 60 sixth graders
from a public school. The students were assigned into two
groups as experimental and control groups. In the experimental
group, the guided inquiry approach was applied and in the
control group, the traditional intructional method was used. The
Systems in Our Body Achievement Test, which was developed
as a data collection tool for the research, was applied to both
groups as an immediate posttests and delayed posttests to
determine the science achievement of the students. As a result,
it was concluded that the inquiry approach applied in the
distance education, where reading skills were statistically
controlled, increased the success of the students in the science
lesson compared to the traditional application.

Anahtar sozciikler: Guided inquiry approach, achievement,
retention of learning, middle school science curriculum,
COVID 19, distance education.

ABSTRACT: Fen egitiminde uygulamali etkinliklerin
incelenmesi, egitimin dinamik yapis1 ile Ortiisen fen
programlarinda gelisme ve iyilestirmeye olanak saglayan
reformlar1 zorunlu kilmaktadir. 2020 yilinin basindan itibaren
tim diinyay1 etkileyen pandemi siirecinde &nem kazanan
uzaktan egitim, fen egitimini de etkilemis ve bu donemde
yapilan caligmalar dgrenci basarilarimin incelenmesi agisindan
onem kazanmustir. Ozellikle uzaktan egitim siirecinde arastirma
inceleme yaklagimlarmin fen Ogrenimi {izerindeki etkilerinin
arastirilmast  alanyazina  6nemli  bir  katki  olarak
degerlendirilebilir. Bu dogrultuda arastirma, altinci siif fen
bilimleri ~ dersinde  yonlendirilmis  arastirma  inceleme
yaklagiminin okudugunu anlama becerilerinin etkisi kontrol
edildiginde basaristya ve kalicihiga etkisini incelemeyi
amaglamaktadir. Aragtirmanin 6rneklemini bir devlet okulunda
Ogrenim goren 60 altinct simf oSgrencisi olugturmaktadir.
Ogrenciler deney ve kontrol grubu olarak iki gruba ayrilmistir.
Deney grubunda yo6nlendirilmis aragtirma inceleme yaklagimi,
kontrol grubunda ise klasik 6gretim yontemi kullanilmigtir.
Arastrmada  veri toplama araci  olarak  gelistirilen
Viicudumuzdaki Sistemler Bagar1 Testi, 6grencilerin basarilarini
belirlemek i¢in her iki gruba son test ve geciktirilmis son test
olarak uygulanmistir. Sonu¢ olarak okuma becerilerinin
istatistiksel olarak kontrol edildigi uzaktan egitim silirecinde
uygulanan arastirma inceleme yaklagimmim O6grencilerin fen
bilimleri dersindeki basarilarin1 klasik uygulamaya gore
arttirdigi sonucuna ulagilmistir.

Keywords:  Yonlendirilmis  arastirma  inceleme
yaklagimi, basari, kalicilik, ortaokul fen programu,
COVID 19, uzaktan egitim
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TURKCE GENISLETILMIiS OZET
Giris

Fen 6gretimi ve 6greniminin hem igerigi hem de pedagojisini incelemeye yonelik standartlar
belirleyen Amerika Ulusal Fen Egitimi Standartlari (NSES), yapilandirmaciligin temele alindigi
arastirma inceleme yonteminin bilimsel okuryazarligin basarilmasinda merkezi bir role sahip oldugunu
ifade etmekle beraber tiim Ogrencilerin hem bilimsel arastirmayir 6grenmelerini hem de arastirma
inceleme yontemiyle feni 6grenmelerini dnermektedir (NRC, 1996). Fen egitiminde reform igin felsefi
bir temel sagladigindan Ogrenmeye yonelik yapilandirmact bir yaklasimi destekleyen Ogretim
uygulamalarinin 6nemli oldugu ifade edilmistir (Bybee, 1993). Arastirma inceleme yoOntemiyle
ogretimde bilimsel yontem kullanildigindan 6gretmenlerin genellikle 6grencilere bir problem sunmasi
sonrasinda hipotezler olusturmalari, durumla ilgili tahminlerde bulunarak deneyler yapmalari, veri
toplayarak ve kaydederek hipotezlerini test etmeleri ve son olarak da veri analiziyle 6grencilerin sonug
cikarmalar1 beklenmektedir (NRC, 1996). Sonug olarak, arastirma inceleme yontemiyle fen 6grenme,
Ogrencileri sorular sorarak, bilgi veya verileri toplayarak ve yorumlayarak, kanita dayali argiimanlar ve
sonuglar olusturarak problemleri kesfetmeye yonlendirmekte (Bransford, Brown & Cocking, 1999; Bell,
Urhahne, Schanze & Ploetzner, 2010) bunun sonucu olarak ilkogretim diizeyinde bilimsel siireg
becerilerini ve fen basarilarim artirdigi; ortaokul diizeyinde de bilimsel siireg becerilerini
gelistirmelerine olanak sagladigi ifade edilmektedir (Shymansky, Hedges & Woodworth, 1990).
Icerisinde bulundugumuz pandemi siireci diisiiniildiigiinde, COVID 19 salgmiyla 6ne ¢ikan ve
yayginlagan uzaktan egitimin 6grenci basarisina etkilerini incelemek 6nem kazanmaktadir. Bu arastirma
uzaktan egitim siirecinde uygulanan arastirma inceleme yonteminin klasik uygulamaya gore
ogrencilerin fen dersindeki alt diizey ve iist diizey diisiinmeye yonelik basarilarini incelemeyi
amaclamaktadir. Amac¢ dogrultusunda bu aragtirmanin alt diizey ve {ist diizey diisiinmeye yonelik fen
basarist ayrimini ortaya ¢ikarmasi ve yonlendirilmis arastirma inceleme yaklagiminin fen 6grenimi
tizerindeki etkisine yonelik uzaktan egitimle yiiriitiilen deneysel ¢aligmalarin sinirli olmasi bakimindan
alanyazina katki saglayacag diisiintilmektedir.

Yontem

Bu calismada okuma becerilerinin istatistiksel olarak kontrol edildigi bir yapida uzaktan egitim
stirecinde uygulanan arastirma inceleme yontemin klasik uygulamaya gore 6grencilerin fen dersindeki
alt ve Ust diizey diislinmeye yonelik basarilarini arttirip arttirmadigi incelenecektir. Amag dogrultusunda
arastirma deseni statik grup karsilastirmasi olarak tantmlanmistir. Bu desen iki grubun bir sonug {izerine
karsilagtirilmasina dayanir (Campbell & Stanley, 1963). Her iki grubu olusturan 6grenciler rastgele
atanmadigindan gruplarin arka plan 6zelliklerinde farkliliklar gosterebilecegi soylenebilir. Milli Egitim
Bakanlig: altinc1 sinif fen bilimleri dgretim programi incelendiginde konulara gore dagilimin; %9.7
Diinya ve Evren, %29.2 Canlilar ve Yasam, %33.3 Fiziksel Olaylar ve %19.4 Madde ve Dogas1 oldugu
goriilmektedir. Canlilar ve Yasam konu alani bir egitim-6gretim doneminde tamamlanmasina ve konu
dagilim oranina bagli olarak belirlenmistir. Her iki gruba ait 6n test verilerinin mevcut olmadigi ilerleyen
boliimlerde ifade edilmektedir. On test verilerinin olmayzsi, fen 8gretim programinda dgrencilerin altinci
smifa kadar Viicudumuzdaki Sistemler iinitesiyle ilk kez karsilagmalari nedeniyle olgiilemeyecegi
seklinde agiklanabilir. Gruplarin denkligine yonelik kiz ve erkek dgrencilerin oranlari ile fen ders notlart
incelenmis ve ilerleyen boliimlerde detaylandirilmistir. Arastirma 6rneklemi, bir devlet okulunun altinct
smif iki subesine kayitli toplam 60 &grencidir. Deney grubunun %53’iinii (n=16) kiz 6grenciler ve
%47’sini (n=14) erkek 6grenciler; kontrol grubunun ise %47’sini (n=14) kiz 6grenciler ve %53 {inii
(n=16) erkek ogrenciler olusturmaktadir. Gruplar Milli Egitim Bakanligi tarafindan uygulama izni
verilen subelerde yiiriitiilmiis, subelere kayitli 6grencilerin smif diizenlerine miidahale edilememis,
sadece yonlendirilmis arastirma yaklagiminin kullanilacagi deney grubu subesi ile klasik yontemin
kullanilacagi kontrol subesi tesadiifi olarak atanmustir. Veri toplama araci olarak, altinci sinif
Ogrencilerin alt diizey ve iist diizey diistinmeye yonelik fen basarilarini belirlemek amaciyla gelistirilen
Viicudumuzdaki Sistemler Basar1 Testi (VSBT) iinite sonunda ve dgretim siirecinin tamamlanmasindan
6 hafta sonra her iki gruba uygulanmistir. Marzano ve Kendall Taksonomisinde (2007), tekrar elde etme
ve kavrama kategorileri alt diizey diislinme becerisi; analiz ve bilgiyi kullanma ise st diizey diisiinme
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becerisi olarak tamimlanmustir. Tekrar elde etme kategorisinde 6grencilerden bilgilere ilk sunuldugu gibi
erismeleri istenmekte, kavramada bilginin i¢sellestirilmesi amaglanmakta, analizde yeni iliskiler ve
uygulamalar gergeklestirilirken daha fazla bilginin 6grenilmesi hedeflenmekte ve son olarak bilgiyi
kullanmada ise bilgiyi daha 6zgiin gorevlerde kullanilmasi beklenmektedir. Basar testi, Milli Egitim
Bakanlig1 Fen Bilimleri Dersi Ogretim Programinin altinci siniflar igin tanimladig igerik tamamryla
temele alinarak Marzano ve Kendall taksonomisi alt diizey ve iist diizey diisiinme becerileri merkezinde
belirlenen hedeflere doniik 11 agik u¢lu soru maddesinden olugsmaktadir. Kisa cevapli olarak diizenlenen
maddelerin 6 tanesi Marzano tarafindan tanimlanan alt diizey beceri diizeylerine, 5 madde ise {ist diizey
diisiinme becerilerini dlgmeye yoneliktir. Arastirmada belirlenen bagimli degiskenlere ait alt ve {ist
puanlarin analizi tekrarli ANCOVA Testi ile yapilmistir. Arastirmada Alfa anlamlilik degeri .01 olarak
kabul edilmistir.

Bulgular

Tecriibelere dayali bir fen 6gretme-6grenme yaklasiminin okudugunu anlama becerilerinde
olusabilecek farkliliklarin ortaya ¢ikmasini saglayacagi (Esler & Anderson, 1981) gibi giris
davranislarindan biri olarak kabul edilen okudugunu anlama becerilerinin istatistiksel olarak kontrol
edilmesinin fen basarilarindaki farklarmn belirlenmesinde 6nemli bir 6lgiit olabilecegidir. Analiz
sonuglarina gore, okudugunu anlama becerilerinin kontrol edildigi deney grubu ile kontrol grubu
Ogrencilerinin alt diizey diisiinme becerilerine yonelik basar1 puanlarina gore .01 anlamlilik degerinde
deney grubu o6grencileri lehine anlamli bir fark oldugu sonucuna ulagilmistir. Okudugunu anlama
becerilerinin kontrol edildigi deney grubu ile kontrol grubu ogrencilerinin {ist diizey diisiinme
becerilerine yonelik bagari puanlarina gore .01 anlamlilik degerinde deney grubu lehine manidar
diizeyde bir fark olduguna ulasilmstir.

Sonug, Tartisma ve Oneriler

Bu arastirma, okuma becerilerinin istatistiksel olarak kontrol edildigi bir yapida uzaktan
egitimle uygulanan arastirma inceleme yonteminin klasik uygulamaya gore 6grencilerin fen dersindeki
alt diizey ve st diizey diislinmeye yonelik basarilarini arttirdigi ve elde edilen bulgularin literatiirle
benzerlik gosterdigi sonucuna ulastirmaktadir (Saunders & Shepardson, 1987; Romance & Vitale, 1992;
Germann, Aram & Burke, 1996; Koksal & Berberoglu, 2012; Das, 2020). Arastirma inceleme
yontemiyle fen ogretiminde hangi yaklagimin benimsenmesi gerektigi konusunda literatiirde goriis
ayrihiklari olmakla birlikte, bilimsel igerigin dogrulanmasindan ag¢ik arastirma inceleme ydntemine
kadar farkli yaklagimlarla yapilandirilabilecegi belirtilmektedir (TaFoya, Sunal ve Knecht, 1980).
Ornegin, Lunetta & Tamir (1979), dogrulayici arastirma inceleme yaklasiminda, dgrencilere nadiren {ist
diizey diisinme becerilerini kullanma firsatinin verildigini, Sadeh & Zion (2009) ise yonlendirilmis
arastirma inceleme yaklasimin fen igerik bilgisi ve bilimsel siire¢ becerilerinin kazandirilmasinda daha
etkili oldugunu ifade etmektedir. En genel ifadeyle, uzaktan egitim siirecinde 6grencilerin fen bilimleri
dersindeki akademik basarina ait bulgularin geleneksel yiiz ylize egitimdeki fen basari bulgulariyla
benzerlik gosterdigidir. Sonug olarak, uzaktan egitimle yiriitiilen yonlendirilmis arastirma inceleme
yaklagimimin alt diizey ve iist diizey diisiinmeye yonelik fen basarisina manidar etkisinin olduguna
ulasilmistir. Arastirma bulgularina bagli olarak diger arastirma inceleme yaklasimlarina yonelik uzaktan
egitimle yiiriitiilen ¢caligmalarin yapilmasi 6nerilebilir.
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INTRODUCTION

The National Science Education Standards (NSES), set standards for examining both the content
and pedagogy of science teaching and learning, argues that the inquiry method based on constructivism
has a central role in the accomplishment of scientific literacy and suggest that all students should learn
both scientific research and the use of the inquiry method to learn science (NRC, 1996). In this respect,
the main objectives of the inquiry method are: (a) developing students’ willingness and motivation to
learn the principles and concepts of science, (b) developing students’ science skills, and (c) introducing
students to concept of being hardworking person/student (NRC, 2000). Considering that science
represents more than a body of knowledge, the concepts of science directed to the understanding of the
world should have knowledge-based explanations (Bybee, 1997). It is stated that attitudes and values
related to science in the first years of school are important for the acquisition of scientific literacy, which
includes students’ ability to ask and answer questions about daily events on the basis of their curiosity,
their ability to read and understand scientific texts and their ability to make decisions about scientific
problems at the national and global level and that the inquiry-based science education will begin with
the curiosity of children like scientists (NRC, 1996). In summary, given that inquiry skills of individuals
in later stages of their lives are related to their experiences with science in the early stages of their lives
(Bowman, 1998), science teaching will provide students with numerous opportunities to access existing
knowledge, make sense of it (lower-order thinking skills) and create new knowledge (higher-order
thinking skills) (Marzano & Kendall, 2007).

Methods used to teach science are classified as teacher-centered and student-centered. In teacher-
centered teaching, it is stated that assigning meanings should be done by the teacher and these meanings
should be communicated to students through the coursework, textbooks and supplementary activities
determined by the teacher, while the purpose of the teaching is to help students know only scientific
explanations. In student-centered teaching, students are allowed and even encouraged to make their own
sense while the teacher acts as a guide to support the learning of students who are engaged in scientific
activities (Duschl, Schweingruber & Shouse, 2007). It can be stated that student-centered learning is
presented as an alternative to teacher-centered teaching, that it provides activities that give students the
opportunity to test theories and explore problems critically (Dewey, 1938) and it is emphasized that it
is a social process that develops through interaction with the environment (Vygotsky, 1978). Vygotsky
sky defines the area between the student’s current level of development determined by independent
problem solving and the level of development that can be achieved under adult guidance as the Zone of
Proximal Development and states that when a student is on the verge of responding to a problem he/she
encounters in the development process, he/she can overcome this problem with the help of a mentor and
he/she will improve his/her learning and comprehension by reaching a new level of learning through
active participation in learning. In order for students to participate actively in learning, they need to be
engaged in higher-order thinking activities such as using and analyzing information. Many different
strategies such as experiential learning, cooperative learning, problem solving and classroom
discussions can be used to involve students in these activities (Keyser, 2000).

It can be said that student-centered education was born with the constructivist development theory
(Kolb, 1984; DeVries & Kohlberg, 1994) and the progressive education movement of the early 20th
century (Dewey, 1938). It is noted that the term “invention” has been associated with teaching and
learning among cognitive psychologists and educators since the 1960s, and has become known under
various names such as invention, research and inquiry, applied activities, constructivist approach used
to enhance the role of students in acquiring new knowledge (Shulman & Keislar, 1966). Inquiry-based
learning is defined as a general teaching approach that represents the first broad development of
constructivism for learning environments and contributes to involving students in cognitively guided
activities. Scientific inquiry, defined as the methods used by scientists, includes processes such as
observation and experimentation. In the version that results in empirical evidence and is used in teacher-
centered settings, students are often involved in laboratory activities that consist of a series of steps. This
ensures that the use of laboratory activities in science teaching only validates the material presented in
textbooks (Bybee et all., 1991). However, learning science involves making connections and helping
students relate their new knowledge to their previous experiences (Cox-Peterson & Olson, 2002). In this
regard, children’s science learning can be better characterized by changes in their thinking (Shapiro,
1994); that is, as they are exposed to new information, they can review and reorganize their old
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knowledge and deepen their understanding (Carey, 1986). In this respect, the application of inquiry-
based learning methods can contribute to the acquisition of higher-order thinking skills, which is an
important goal of education.

Since constructivism provides a philosophical basis for reform in science education (NRC, 1996)
it is stated that the transition to teaching practices that support a constructivist approach to learning is
important (Bybee, 1993). Teaching science as an inquiry process requires involving students in inquiry-
based learning environments, while learning science as an inquiry process involves students using
scientific process skills to explore and understand the world (Rakow, 1986). Since the scientific method
is used in teaching with the inquiry method, students are expected to formulate hypotheses after the
teacher has presented a problem, to conduct experiments by making predictions about the given
situation, to test their hypotheses by collecting and recording data and finally to draw conclusions
through data analysis (NRC, 1996). As a result, learning science through the inquiry method leads
students to the exploration of problems by asking questions, collecting and interpreting information or
data, creating evidence-based arguments and conclusions (Bransford, Brown & Cocking, 1999; Bell,
Urhahne, Schanze & Ploetzner, 2010) and thus it contributes to the development of science process
skills and to science achievement at primary and secondary school level (Shymansky, Hedges &
Woodworth, 1990).

It can be stated that statistical control of reading comprehension skills, which is accepted as one
of the cognitive entry behaviors, can be an important criterion in determining the differences in science
achievement. This situation can be supported by the necessity of developing students' reading
comprehension skills in science programs (NRC, 1996). While the fact that reading comprehension
skills are necessary to understand science texts (Kinniburgh & Shaw, 2009), students’ communication
and reading comprehension skills are both important factors for their success in science
programs/science achievement (Schiefele, Schaffner, Moller & Wigfield, 2012). In this regard, research
focuses on the integration of reading and science teaching while expressing that there is an interaction
between student’s success in science and his/her reading skills (Romance & Vitale 1992; Flick 1995;
Morrow, Pressley, Smith & Smith 1997). The study of Romance and Vitale can be given as an example
(Romance & Vitale, 1992). In the study, the effect of a program that integrates reading with applied
science activities and scientific process skills on science, mathematics and reading skills was examined.
On the basis of the reading scores, it was concluded that the science achievement of the students in the
experimental group was significantly higher than that of the students in the control group.

In the literature, significant effects of the inquiry method have been reported on science
achievement in classrooms where the inquiry method has been applied (Shymansky, Kyle & Alport,
1983). It is stated that inquiry-oriented science programs in secondary school classes increase success
especially in terms of laboratory skills, graphics and data interpretation skills (Mattheis ve Nakayama,
1988), and similarly, many studies have revealed that the use of inquiry approaches have a positive
effect on success and retention (Saunders & Shepardson, 1987; Germann, Aram & Burke, 1996; Koksal
& Berberoglu, 2012; Das, 2020). For example, in the study conducted by Koksal and Berberoglu, it was
found that the inquiry approach directed to the unit “Reproduction, Growth and Development in Living
Things” in the sixth-grade science curriculum resulted in a significant increase in science achievement
compared to the traditional method and that decreases occurred in the retention scores of both groups
(Koksal & Berberoglu, 2012). In another study conducted by Das to investigate the effect of the inquiry
method on the science achievement of secondary school seventh grade students and it was found that
the inquiry method brought about a significant difference compared to the traditional method (Das,
2020). Finally, Bogar, Kalender, and Sarikaya aimed to examine the effect of constructivist strategies
on the science achievement and retention of students and they concluded that there was a significant
difference in favor of the experimental group in terms of science achievement and the students in the
experimental group had higher retention scores (Bogar, Kalender & Sarikaya, 2012). As a result, it can
be claimed that applied activities have a positive effect on student achievement in terms of providing
opportunities for students to participate in scientific research and inquiry processes in traditional face-
to-face education. Considering the pandemic period we are in, it is important to examine the effects of
distance education, on student success. Historically, distance education, education system of adult
students living in places where the traditional education system cannot reach used to allow it to enter
(Hawkins, 1999). Distance education, which dates back to the 1700s as a concept and started with letter
teaching practices, continued its development in parallel with the advances in technology. Finally, it has
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gained its current meaning and importance with information technologies. The current study aims to
examine students’ achievements in lower-order and higher-order thinking in science lessons instructed
through the guided inquiry method and the traditional method. Thus, the current study is thought to
make important contributions to the literature by revealing the difference between the lower-order and
higher-order thinking skills of the groups instructed through different methods and the effect of the
guided inquiry approach on science teaching. The research problem of the study is presented below.

1. Are the lower and higher order thinking skills, when the reading comprehension processes are
controlled of the sixth-grade students who instructed by means of the inquiry method, significantly
different than from those of the sixth graders who instructed by means of the traditional method during
the distance education according to the results of students’ science achievement and learning?

(a) Are the lower-order thinking skills (when the reading comprehension processes are controlled)
of the sixth-grade students instructed by means of the inquiry method significantly different from those
of the sixth graders instructed by means of the traditional method during the distance education process
according to the results of the immediate posttest and delayed posttest?

(b) Are the higher-order thinking skills (when the reading comprehension processes are
controlled) of the sixth-grade students instructed by means of the inquiry method significantly different
from those of the sixth graders instructed by means of the traditional method during the distance
education process according to the results of the immediate posttest and delayed posttest?

METHODS

Research Design

In the current study, it was aimed to investigate whether the inquiry method applied in a structure
where the comprehension skills were statistically controlled performed significantly better than the
traditional method in terms of improving students’ success in lower and higher-order thinking in science
classes during the distance education process. For this purpose, the research design was defined as static
group comparison. This design is based on comparing two groups on an outcome (Campbell ve Stanley,
1963). Since the students forming both groups were not randomly assigned, it can be said that the
background characteristics of the groups may differ. It is stated in the following sections that pretest
data for both groups are not available. The reason for the absence of pretest data can be explained by
the fact that the students cannot be measured until the sixth-grade because they encounter the study unit
“Systems in Our Body” for the first time in the sixth grade. For the equivalence of the groups, the ratios
of male and female students and their course grades were examined and detailed in the following
sections.

Sample of the Study

The sample comprised of a total of 60 students enrolled in two sixth-grade classes from a public
school in Turkey. Of the experimental group students, 53% (n=16) are females and 47% (n=14) are
males, while 47% (n=14) of the control group students are females and 53% (n=16) are males. The study
was carried out in the classes approved by the Ministry of National Education, no intervention was made
in the arrangements of the students in the classes and the students were randomly assigned to the
experimental group where the guided inquiry method would be applied and the control group where the
traditional method would be applied.

Data Collection Instruments

As the data collection instrument, the Systems in Our Body Achievement Test (VSBT), which
was developed to determine the science achievement of sixth grade students for lower-order and higher-
order thinking, was administered to both groups at the end of the unit to measure achievement level of
the students. Six weeks after the completion of the teaching process the same instrument was
administrated to the students as delayed posttest to measure their retention level in Marzano and Kendall
Taxonomy (2007), retrieval and comprehension categories are lower-order thinking skills while analysis
and using information are defined as higher-order thinking skills. The achievement test consists of 11
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open-ended questions constructed on the basis of the content defined by the Ministry of National
Education for the science curriculum of sixth graders and the lower-order and higher-order thinking
skills in Marzano and Kendall Taxonomy. Of the questions organized to be short answer questions, 6
were designed to measure lower-order thinking skills while 5 of them were designed to measure higher-
order thinking skills. The reliability coefficient calculated with the scoring reliability of the test for each
question was found to be .92. In the determination of the validity of the test, the Content Validity Index
(CVI) value for each item and the general scale was calculated by taking the opinion of 3 experts. The
experts were either academicians in science education or teachers who completed their doctoral studies.
The experts were asked to rate each item of the test developed for the Unit of Systems in Our Body
according to their level of relevance to the specifications in the curriculum. The rating was performed
on a 4-point rating rubric; not relevant (1), somewhat relevant (2), relevant (3) and highly relevant (4)
(Davis, 1992). Afterwards, the item content validity index was calculated by dividing the number of
experts who rated each item as relevant and highly relevant to the total number of experts. As a result,
the S-CVI / Ave value was found to be .91 and sufficient, with three experts agreeing on 10 questions
(CGI=1.00) and disagreeing on one question (CGI=0.67) (Polit, Beck & Owen, 2007).

Reading comprehension skills, which were used as covariate in the study, were measured with
the Reading Comprehension Test. The test was prepared using four different reading texts, each
consisting of 11 items. The Reading Comprehension Test was administered in four sessions, in each of
which a text was addressed per week, during the interaction process that lasted for 5 weeks. The
reliability coefficients cal-culated with the scoring reliability of the subtests for each question were
found to be .80, .82, .96 and .86, respectively. In the scale prepared to determine the validity of the test,
the Content Validity Index (CVI1) value for each item and the general scale was calculated by taking the
opinion of 3 experts. The experts were the teachers who were at the doctoral thesis stage in science
education and teachers who were experts on teaching Turkish. In order to calculate the content validity
at the item level for the developed reading text items, the experts were asked to rate the relevance level
of each item. The rating was performed on a 4-point rating rubric; not relevant (1), somewhat relevant
(2), relevant (3) and highly relevant (4) (Davis, 1992). Then, for each item, the item content validity
index was calculated by dividing the number of experts rating the item as relevant and highly relevant
by the total number of experts. As a result, it was concluded that the three experts agreed on 44 questions
(CGI=1.00).

Data Analysis

The analysis of the lower and upper scores of the dependent variables (students’ science
achievement and learning) determined in the study was performed with the repeated ANCOVA Test.

Procedures

The two different teaching methods described refer to the inquiry method for the experimental
group students and the traditional method for the control group students. The teaching period for both
of the groups lasted for 5 weeks. Due to the developing pandemic conditions, since the first semester of
the 2019-2020 school year, education in schools at all levels has been conducted through distance
education and the instruction in the current study has been delivered via distance education. The classes
delivered through distance education were carried out on the Education Information Network (EBA) of
the Ministry of National Education. In the guided inquiry approach used in the current study, the teacher
only provides the problem to be investigated by the students, and the students create their methods and
results to solve the problem. The teacher acts as a guide for students to decide how best to answer the
problem and to continue their inquiry. The teacher of the group in which the experimental procedure
would be applied was given information on how to apply the guided inquiry approach and he/she was
also given the teacher plans and student activity plans before the application. The control group, in which
the traditional method would be applied, was given information about the test applications. For the
cognitive domain, in the Taxonomy of Marzano and Kendall (2007), the categories of retrieval and
comprehension are defined as lower-order thinking skills while the categories of analysis and using
information are defined as higher-order thinking skills. Accordingly, on the basis of the content defined
by the Ministry of National Education Science curriculum for sixth graders and the lower-order and
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higher-order thinking skills defined in Marzano and Kendall taxonomy, objectives were defined. Two
of the inquiry activities developed by the researcher and applied in the experimental group are given
below as examples.

Table 1.

Activities Descriptions

Objective 1. Analyzes the similarities and differences between the skeletal
structures of different living things and the human.
Activity 1. Let’s examine the chicken and fish skeleton structures (classroom
activity)
Students were expected to form hypotheses about the similarities and differences
of the skeletal structures of chicken and fish, such as “the shapes of the bones
forming the chicken skeleton are similar to those of the fish skeleton” and the
following stages were defined in the classroom activities within the framework of
First activitiy the guided inquiry approach:
. answering questions that measure their prior knowledge of the subject,
researching questions on the subject,
determining hypotheses for the research question,
planning the experiment for the determined hypothesis,
deciding whether to accept or reject the hypothesis depending on the
result of the experiment,
. explaining the judgment reached on the basis of the result of the
experiment.

Objective 1. Analyzes the similarities and differences between the skeletal
structures of different living things and the human.

Activity 2. Let’s examine bones in different liquids (homework activity)
Students were expected to form hypotheses about the level of hardness of bones
kept in different liquids, such as “as the pH level of the liquid decreases, bone
hardness decreases” and the following stages were defined in the homework
activities within the framework of the guided inquiry approach:

Second activity answering questions that measure their prior knowledge of the subject,

. researching questions on the subject,

. determining hypotheses for the research question,

. planning the experiment for the determined hypothesis,

. deciding whether to accept or reject the hypothesis depending on the
result of the experiment,

. explaining the judgment reached on the basis of the result of the
experiment,

. relating the subject to nature-technology-society.

Examples of activities applied in the experimental group

In order to prevent the problems that could be caused by the distance education process, the
researcher provided the students with scientific tools, materials and equipment to be used in the activities
to be conducted in the experimental group before the implementation of the activities in case they might
not find them in their home environments. After the completion of the teaching process, VSBT was
applied to both groups in order to determine the science achievements of the experimental and control
groups for lower-order and higher-order thinking skills online and simultaneously, then 6 weeks after
the end of the application, VSBT was used as a delayed posttest. The Reading Comprehension Test used
to measure the reading comprehension skills, which were defined as covariate in the current study as
reading is a cognitive entry behavior for all school subjects, was administered as four subtests depending
on the session duration in order to determine the development of the students in the process.
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FINDINGS

In this section, it has been examined whether the inquiry method applied in the distance education
within a framework where reading skills are statistically controlled increases the success of students in
lower-order and higher-order thinking in science classes more than the traditional method and the results
obtained are presented in order specified by the sub-problems of the study. An independent samples t-
test was conducted to compare the science course grades of the students in order to prove the equivalence
of the experimental and control groups and the results of the analysis are presented below.

;I;iibelgezr{dent samples t-test results for the course grades of the experimental and control groups
Variable N Mean sd t df p
Experimental group 30 76.00 11.700 1.677_ 58 .099
Control group 30 80.83 10.593

When Table 2 is examined, it is seen that there is no significant difference between the
experimental and control group students in terms of their course grades. This finding reveals that the
experimental and control groups was equivalent.

In the study, an answer was sought to ‘How do the experimental (guided inquiry instruction)
group students’ immediate posttest and delayed posttest scores differ from that of students in the control
(traditional instruction) group?’. First, the assumptions of ANCOVA analysis were examined, and after
the rejection of the null hypothesis for homogeneity of within-group regression slopes, it was determined
that the rXY > 0.3 condition was met between success and retention and reading comprehension
processes (Frigon & Laurencelle, 1993). In order to find an answer to the determined sub-problem,
lower-order thinking skills scores were analyzed with the repeated ANCOVA test. While Table 3
presents descriptive statistics for the lower-order thinking scores, Table 4 presents the results of the
analysis of the scores.

Table 3.
Means and standard deviation scores for the lower-order thinking skills scores
Immediate posttest mean score for  Delayed posttest mean score for

the lower-order thinking skills the lower-order thinking skills
Group/Test scores X lower-order thinking X lower-order thinking
X sd X sd
Experimental group 9.00 1.287 8.77 1.675
Control group 5.43 3.277 3.67 2.670

As can be seen in Table 3, while the immediate posttest mean score for lower-order thinking skills
of the experimental group students instructed by means of the guided inquiry instruction was found to
be X=9.00, it was found to be X=5.43 for the control group students instructed by means of the
traditional instruction. On the other hand, while the delayed posttest mean score for lower-order thinking
skills of the experimental group students was found to be X=8.77, it was found to be X=3.67 for the
control group students.

1556



Table 4.
Repeated ANCOVA results for the lower-order thinking skills scores

Variable Sum of Squares df SMean F p Eta square
quare

Between- 365.435 58

groups

Group 119.801 1 119.801 27.800 .000 .328

Error 245.634 57 4.309

According to the results of the analysis, it was concluded that there was a significant difference
between the immediate posttest mean scores of the experimental and control groups for the lower-order
thinking skills in favor of the experimental group students (p<.01) when their reading comprehension
processes were controlled. To put it more clearly, when the reading comprehension processes were
controlled, the lower-order thinking skills of the sixth-grade science students who received distance
education through the inquiry instruction were found to be significantly higher than those of the control
group students according to the immediate posttest and delayed posttest scores.

Finally, in order to find an answer to the determined sub-problem, higher-order thinking skills
scores were analyzed with the repeated ANCOVA test. The findings obtained from the analysis are
presented in Table 5 and Table 6.

Table 5.

Means and standard deviation scores for the higher-order thinking skills scores
Immediate posttest mean score for  Delayed posttest mean score for
the higher-order thinking skills the higher-order thinking skills

Group/Test scores X higher-order thinking X higher-order thinking

X sd X sd
Experimental group 7.20 1.669 6.93 1.929
Control group 4.67 2.771 3.27 2.033

As can be seen in Table 4, while the immediate posttest mean score for the higher-order thinking
skills of the experimental group students instructed by means of the guided inquiry instruction was found
to be X=7.20, it was found to be X=4.67 for the control group students instructed by means of the
traditional instruction. On the other hand, while the delayed posttest mean score for lower-order thinking
skills of the experimental group students was found to be X=6.93, it was found to be X=3.27 for the
control group students.

Table 6.
Repeated ANCOVA results for the higher-order thinking skills scores
Variable Sum of Squares df Mean F p Eta square
Square
Between- 281.135 58
groups
Group 45.107 1 45.107 10.893 .002 160
Error 236.028 57 4.141

According to the results of the analysis, it was concluded that there was a significant difference
between the immediate posttest mean scores of the experimental and control groups for the higher-order
thinking skills in favor of the experimental group students (p<.01) when their reading comprehension
processes were controlled. In other words, when the reading comprehension processes were controlled,
the higher-order thinking skills of the sixth-grade science students who received distance education
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through the inquiry instruction were found to be significantly higher than those of the control group
students according to the immediate posttest and delayed posttest scores.

DISCUSSION, CONCLUSION and SUGGESTIONS

In the current study, it was concluded that the inquiry instruction method applied through distance
education in a structure in which reading skills were statistically controlled increased the success of
students in lower-order and higher-order thinking in science classes more than the traditional instruction
method and this finding concurs with the literature (Saunders & Shepardson, 1987; Romance & Vitale,
1992; Germann, Aram & Burke, 1996; Koksal & Berberoglu, 2012; Das, 2020). For example,
Shymansky, Kyle, and Alport found that the inquiry instruction method significantly affected students’
achievement in lower-order and higher-order thinking compared to the traditional instruction method
and when these effects were analyzed across the subject areas, it was found that while the use of the
inquiry instruction method in biology and physics teaching positively affected the students’ achievement
in lower-order and higher-order thinking, it did not show similar effects in astronomy and chemistry
teaching (Shymansky, Kyle & Alport, 1983). As the subject addressed in the current study is related to
biology, the findings of these two studies can be said to be similar and it can be suggested to conduct
research on other subject areas. As the research findings support science learning through the inquiry
instruction method, it can be said that distance education environments in which the inquiry instruction
method is used will be effective in the development of lower and higher order thinking skills. Laboratory
activities carried out in secondary school science classes are said to generally focus on content
knowledge rather than developing students’ inquiry skills (Abrahams & Millar, 2008; Titrek & Cobern,
2011). However, a instruction method that does not support students in drawing conclusions based on
the data obtained from the experiments is unlikely to achieve the goal of science literacy. Although there
are differences of opinion in the literature about which approach should be adopted in science teaching
with the inquiry instruction method, it is stated that it can be structured with different methods, from
validation of scientific content to open inquiry instruction method (TaFoya, Sunal & Knecht, 1980).
Millar (1991) states that students in open inquiry instruction method labs may be more likely to develop
scientific thinking skills than students in confirmation inquiry instruction method labs, and consistent
with this finding, Lunetta & Tamir (1979) state that in the confirmation inquiry instruction method,
students are rarely given the opportunity to discuss important scientific knowledge about using higher-
order thinking skills. Sadeh & Zion (2009) argue that the guided approach is more effective in gaining
science content knowledge and scientific process skills. Berberoglu, Celebi, Ozdemir, Uysal & Yayan
(2003) found that student-centered classroom activities, which are thought to affect students' science
achievement, negatively affect student achievement, and more specifically, the TIMSS science and
mathematics scores of students who stated that the course was conducted as group work or project-based
intruction decreased. As a result, it can be argued that students who learn science with applied methods
out perform students who learn science with traditional instruction methods (Shymansky, Kyle &
Alport, 1983). It seems that the findings on student achievement in distance education are similar to the
findings on student achievement in traditional face-to-face education. As it was found that the inquiry
instruction method implemented in a distance education environment significantly increased science
achievement in lower-order and higher-order thinking skills, further research can investigate the effect
of the inquiry method in other subject areas.
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