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ABSTRACT

AN APTITUDE TREATMENT INTERACTION STUDY: THE EFFECT OF
INQUIRY-BASED INSTRUCTION AND LECTURE INSTRUCTION ON HIGH
SCHOOL STUDENTS’ PHYSICS ACHIEVEMENT

Sen, Hanife Can
Ph.D., Department of Secondary Science and Mathematics Education
Supervisor : Assist. Prof. Dr. Ali Eryllmaz

March 2010, 325 pages

This study investigates the effect of methods of instruction (inquiry-based
versus lecture instruction) and their interactions with students’ cognitive styles (field-
dependent, field-mixed, and field-independent) and with other independent variables
on 11th grade students’ physics achievement in and attitude toward electric circuits

concepts in central district of Aydin.

Lesson plans, instructional materials were developed for the inquiry-based
instruction. Teachers’ regular classroom practices were accepted as lecture method.
Physics achievement test, physics attitude scale, observation checklists, and GEFT
were used as data collection instruments. Treatment was implemented to 298 11th

grade students in central district of Aydin. Physics achievement test and physics
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attitude scale were administered to the students as pre and post tests while GEFT was

administered only as pre test.

MANCOVA was used as statistical analysis method to analyze data. The
dependent variables of this study were the achievement (PSTACH) and attitude
(PSTATT) scores of the students. The covariate and gender were used to statistically
equalize the students’ characteristics. Group membership with respect to two groups
(inquiry or lecture groups) was named here as “MOI; methods of instruction” (2 level
categorical) and used as fixed factor of this study with the other group membership
variables, students’ physics achievement pretest scores (PREACH), physics attitude
pretest scores (PREATT), School, previous physics course grades (PPCG), cognitive
style (CoS, 3 level categorical), and the interaction terms of MOI*PREACH,
MOI*PPCG, PREATT*MOI*PPCG*CoS, MOI*PPCG*CoS, PREACH*School, and
PREACH*PREATT.

In general, inquiry instruction was effective than the lecture instruction with
respect to PSTACH in electric circuits subject. However, there was not a significant
difference in effectiveness of both methods in improving students’ attitudes toward
electric circuits subject. In essence, each method of instruction was not effective on
improving students’ attitudes toward electric circuits subject. Although, this study
could not find any statistically significant interaction effect of MOI and other
independent variables on students’ PSTATT scores, practical significance was

investigated for the interaction terms.

Keywords: Physics Education, Electric Circuits, Aptitude Treatment Interaction,

Achievement, Attitude, Cognitive Style
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0z

BiR OGRENCI OZELLIKLERI-UYGULAMA ETKILESIMi CALISMASI:
SORGULAMA TEMELLI OGRETIM VE DUZ ANLATIM METOTLARIYLA
OGRETIMIN LIiSE OGRENCILERININ FiZiK BASARISI UZERINDEKI ETKIiS1

Sen, Hanife Can
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boltimii

Tez Yoneticisi: Yrd. Dog. Dr. Ali Eryillmaz

Mart 2010, 325 sayfa

Bu caligma 6gretim metotlarinin (sorgulama temelli 6gretim ve diiz anlatim) ve
bu metotlarin 6grencilerin biligsel stilleri (alana bagli, alan-orta, alandan bagimsiz)
ve diger bagimsiz degiskenler ile etkilesimlerinin Aydin’in merkez il¢esindeki 11.
sinif 6grencilerinin elektrik devreleri konusuna iliskin fizik basarisina ve bu konuya

kars1 tutumlarina etkisini arastirmaktadir.

Sorgulama temelli 6gretim metodu icin ders planlart ve 68retim materyalleri
gelistirilmistir. Ogretmenlerin her zaman uyguladiklar1 sinif pratikleri ise diiz anlatim
yontemi olarak kabul edilmistir. Veri toplama araci olarak fizik basar testi, fizige
kars1 tutum testi, gozlem kontrol listesi ve GEFT kullanilmistir. Uygulama Aydin’in

merkez il¢esinden secgilen 298 11. sinif 6grencisiyle yapilmistir. Uygulamadan once
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ve sonra Ogrencilere fizik basar testi, fizige kars1 tutum testi uygulanmistir. GEFT

ise sadeced uygulamadan once uygulanmustir.

Verileri analiz etmek icin Coklu Kovaryans Analizi (MANCOVA)
kullanilmistir. Bu caligmanin bagimli degiskenleri 68rencilerin fizik son test basari
puanlar1 ve tutum son test puanlaridir. Cinsiyet degiskeni 6grenci ozelliklerini
istatistiksel olarak esitlemek icin kovaryant olarak kullanilmustir. Iki gruba
(sorgulama temelli 6gretim ve diiz anlatim) iliskin grup iiyeligi burada 6gretim
metodu (2 seviyeli kategorik) olarak adlandirilmis ve diger grup iiyeligi degiskenleri
olan 6grencilerin fizik ontest basar1 puanlari, fizik 6n test tutum puanlari, okul, fizik
dersinin 6nceki notu, biligsel stil (3 seviyeli kategorik) ve MOI*PREACH,
MOI*PPCG, PREATT*MOI*PPCG*CoS, MOI*PPCG*CoS, PREACH*School, and
PREACH*PREATT etkilesim terimleri ile bu ¢alismanin sabit faktorii olarak

kullanilmustir.

Genellikle elektrik devreleri konusunda 6grencilerin fizik son test basarilar
acisindan sorgulama yontemi diiz anlatim yontemine gore daha etkilidir. Ancak,
ogrencilerin elektrik devreleri konusuna kars1 tutumlarini arttirmada iki grup arasinda
istatiksel olarak anlamli bir fark yoktur. Gergekte, iki 6gretim metodu da
ogrencilerin elektrik devreleri konusuna kars1 tutumunu arttirmada etkili degildir. Bu
calismada, o6gretim yontemi ve 6grencilerin tutum son test puanlarindaki diger
bagimsiz degiskenler arasinda istatistiksel olarak anlamli bir etkilesim

bulunmamistir, ancak etkilesim terimlerinin pratik anlamlilig1 arastirilmastir.

Anahtar Kelimeler: Fizik Egitimi, Elektrik Devreleri, Ogrenci Ozellikleri-Uygulama
Etkilesimi, Basari, Tutum, Bilissel Stiller
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CHAPTER 1

INTRODUCTION

Science educators constantly try to describe the best way to maximize
learners’ achievement. In pursuit of this goal, they tend to find out the best teaching
strategies which make students’ success as great as possible. Various teaching
strategies and methods are proposed to the science education community. Some of
them are inquiry, discovery, lab studies, problem-based learning (Serin, 2009),
learning cycle method (Ates, 2005), anchoring analogies (Yilmaz, 2007), modeling
instruction (Gokge-Sahin, 2008), multiple intelligence based instruction (Giirgay,
2003), and several conceptual change strategies. However, for the last two decades,
much emphasis is given to students’ learning rather than to teaching methods
(McCombs, 2003; Redish & Steinberg, 1999). Whichever method is used or believed
to be efficient for students, unless students’ understanding of the concepts is
increased to the intended level, all the effort will be useless. Currently, science
education researchers focus on to describe “How learners learn.”, “How they
construct meaning.”, “How they link all the knowledge attained to each other.”
Unfortunately, there are obstacles on this struggle, regarding learners’ individual
characteristics. Since learners are not simple subjects that have definite
characteristics, they are not described or expected to behave in the same

predetermined or predicted manner under certain conditions.

There are important differences among learners and these differences affect
learning outcomes significantly. So, investigating individual differences among
learners constitute an important research area in education (Koran & Koran, 1984).

Since, science educators are looking for the ways to maximize learning and to



understand how learning has occurred; the way that individual differences modify
treatment effects should be taken into consideration (Cronbach, 1957; Jonassen &
Grabowski, 1993). Aptitude-Treatment-Interactions (ATI) studies investigate how
individual differences modify treatment effects (Cronbach, 1957; Jonassen &
Grabowski, 1993). Aptitudes which can be defined for the purpose of this study as
any characteristic of the individual which functions selectively with respect to
learning; that is which facilitates or interferes with learning from some designated
instructional methods. These aptitude variables can be named as prior achievement,
personality and stylistic characteristics, and motivational and attitudinal tendencies
as well as traditional cognitive ability variables. Variations in structure, pacing, style,
or modality of instruction as well as alternative curricula, different teachers or even
different classroom instructional environments can be taken as treatment (Koran &

Koran, 1984).

If one of the treatments is significantly better for one type of learners while
the other type of the treatment is significantly better for the other type of learners,
than there exists an interaction between learners’ aptitude and the treatment. This
interaction is shown by nonparallel regression slopes of aptitude on achievement for
different instructional treatments (Cronbach & Snow, 1977).The basic assumption

underlying ATI research can be stated as follows:

“There is no one best educational treatment or environment suited to some
general, average individual, but different individuals thrive in different environments

suited to their own characteristics and needs (Koran & Koran, 1984, p 795).”

Therefore, the main aim of ATI research is to match instructional methods or
materials to selected learner characteristics. Moreover, matching treatments with
relevant aptitudes is a very important point in ATI. Up to now, lots of interactions
between different treatments and aptitudes have been reported. Among these
aptitudes that give consistent ATI results have been general ability, anxiety, prior

achievement, and achievement orientation (Snow, 1977, cited in Koran & Koran,



1984). In science education, mostly compared treatments have been inductive vs
deductive instruction, lecture vs lab, teacher centered vs learner centered instruction

(Cronbach & Snow, 1977; Jonassen & Grabowski, 1993).

Most of ATI studies have been conducted with aptitude and treatment
variables which are related trial and error. However, in order to get consistent results
and build a reliable theory these variables should be related according to theoretical
conceptions. Three models for matching aptitudes and treatments have been
proposed. In fact, the relevant aptitude and treatment variables should be selected

according to these models. These are

¢ Remedial Model: This model aims to change learner capabilities rather than
design treatments.

¢ Compensatory Model: This model aims to match the suitable treatment that
does something for the learner that he/she cannot do for him/herself with the learner
characteristics.

¢ Preferential Model: This model aims to design treatments to capitalize on

strongly developed learner aptitudes (Koran & Koran, 1984).

Additionally, in ATT studies the researcher may try to match aptitudes to
treatments under conditions in which either aptitude or treatment variable is of

primary interest (Cronbach & Snow, 1977).

Moreover, the research results about the interaction of various treatments with
various aptitude variables provide an insight for selection of relevant aptitude
variables for this research. According to previous ATI research results, the more the
required information processing instruction performs for the learner, the better it is
for low ability learners. Therefore, while low ability students benefit more from
programmed instruction, advance organizers in the form of preliminary abstracts or
summaries, deductive methods and simple diagrams, figures, symbolic constructions,

high ability students usually benefit more from inductive methods, highly verbal and



abstract conceptual treatments (Koran & Koran, 1984). Additionally, field-
independent learners achieved best with deductive instruction, and field-dependent
learners performed best in instruction based on examples (Davis, 1991; Messick,
1994). Lastly, research findings have shown that the higher level of the level of prior
achievement, the less the instructional support required to accomplish the given task
(Abramson & Kagen, 1975; Salomon, 1974; Tobias, 1973; Tobias & Frederico,
1984; Tobias & Ingber, 1976).

Not only teaching methods are offered to maximize science achievement, but
also curriculum reforms are made and resultantly teacher education curricula are
revised. In line of these efforts, Turkey has undergone some reform movements in its
elementary and secondary school curricula. The overall reform is toward a more
student-centered, inquiry-based curricula and more science literate society from a
traditional teacher-centered and content-based curricula. Previously, physics was
taught deductively, teacher firmly introduced the subject and its general
characteristics and then solved fundamental examples of mostly related quantitative
problems. This way, students are passive learners in the classroom; they are
supposed to sit and listen to teacher and solve the given problems correctly. There
are few lab activities, field trips, if any. By the new secondary physics curriculum,
lessons will be mostly context-based, daily life related, and learners will become
more active both mentally and physically, they will share the responsibility of
learning. Lessons should be student-centered, and more importantly inquiry-based
methods will be used mostly. Up to this point, everything seems theoretically normal,
since the above discussion shows that there is not any magic method that fits all type
of learners. Therefore, physics educators, implementers, and administrators should
have been informed about the comparative effects of inquiry-based and lectured
physics instructions on learners, especially focusing on their individual differences,

before the implementation of new curriculum.

In line with these intentions, several instructional methods have been offered

to increase students’ physics achievement and understanding (Bonwell & Eison,



1991, cited in Sencar-Tokg6z, 2007; Crouch & Mazur, 2001; Duch, 1996; Keyser,
2000). The basic and common characteristic of these methods is that they are
student-centered, mostly inductive, and inquiry-oriented or inquiry-based. Teaching
inductively starts with real-life applications as the context for learning. A central
tenet of the inductive approach is starting with the application first. This is not
something new; in fact, the approach is known by many names: case-based teaching,
inquiry-based learning, problem based learning, project-based learning, discovery
learning, and the list goes on. Inductive approaches are well established teaching and
learning methods. The inquiry approach requires that people are actively involved
and work together in teams to solve a challenge. To involve people is to connect and
engage them. Active involvement means taking that connection and engagement to a
heightened level of change evoking motion and action (Friere, 1970).The inquiry
approach sometimes requires that people be given some initial structure to help them
get started. They may need an initial process to assist them in working through the
challenge. In these methods, teacher is a guide in accessing knowledge rather than
being the supplier of knowledge. Learners make their own conceptualizations, and
construct their own meanings. Learner centered inductive methods take care of
students’ interests and learning styles, promote critical thinking and provide learners
with communication skills. Individualized learning systems, inquiry, discovery,
problem based learning small group discussions and cooperative learning can be
examples of learner centered instructional methods (Turkish Ministry of Education,

Science Curriculum for 6., 7., and 8th grades, 2005).

The topic of simple electric circuits is a difficult subject for students to
achieve and understand meaningfully. In physics education literature, there are
various studies that support this situation (McDermott & Shaffer, 1992; Shipstone,
von Rhoneck, Jung, Karrqvist, Dupin, Joshua, & Lieht, 1988). In addition, students’
preconceptions, prior experiences of the subject, attitudes toward physics and
electricity, socio-economic levels, age, gender, individual differences, and teaching
method can be considered as the other potential reasons for students’ failure of

“Simple Electric Circuits” concepts. In this study, the last two factors individual



differences and teaching methods are taken into consideration. In fact, an inquiry-
based inductive method is supposed to be more useful in increasing students’
achievement and attitude than a lecture-based deductive method is. Also, in line with
the assumption that there is not a single method that suits all the learners; individual
differences, namely cognitive style (field-dependency, field-independency), are
considered, in the current study. The differential effect of teaching methods on
students’ achievement and attitude with respect to their cognitive styles is the focus

of the current study.

As previously indicated, students’ attitudes toward the learned subject
influence their achievement and learning. Attitude can be defined as “a general and
enduring positive or negative feeling about some person, object, or issue” (Petty &
Cacioppa, 1981, p. 7, cited in Abell & Lederman, 2007). Also, effective science
instructions, like hand-on science activities, laboratory work, field study, and
inquiry-oriented lessons, have potential to increase learners’ attitude toward science.
Gender, classroom, teacher, family, friends, curriculum can be listed as the other
potential factors to influence students’ attitudes toward science (Osborne, Simon, &
Collins, 2003). In this study, the effect of inquiry-based instruction vs lecture
methods on students’ attitudes and the effect of their interaction with students’

cognitive styles on their achievement and attitudes are investigated.

To sum up, the purpose of this study is to investigate the effects of methods
of instruction (lecture versus inquiry) and its interaction with students’ cognitive
styles (field-independent versus field dependent) on eleventh grade students’

achievement in and attitudes toward simple electric circuits concept.



1.1 The Main Problem

The main problem of this study is stated as follows;

What is the effect of methods of instruction (lecture versus inquiry) and its
interaction with students’ cognitive styles (field-independent versus field dependent)
and other independent variables on eleventh grade students’ achievement in and

attitudes toward electric circuits unit in central district of Aydin?

1.2 Hypotheses

The problem stated above will be tested with the following hypotheses, which

are stated in null form.

Null Hypothesis 1

There is no significant effects of methods of instruction, (MOI; lecture versus
inquiry) and its interaction with students’ cognitive styles (CoS; field-independent,
field-mixed, field-dependent) and other independent variables (physics achievement
pretest scores, PREACH; physics attitude pretest scores, PREATT; previous physics
course grades, PPCG; school, age, and gender) on the population means of the
collective dependent variables of eleventh grade students’ achievement posttest
scores (PSTACH) and attitude towards electric circuits unit posttest scores

(PSTATT).

Null Hypothesis 2

There is no significant effects of methods of instruction (lecture versus
inquiry) and its interaction with students’ cognitive styles (field-independent versus
field dependent) and other independent variables on the population means of

eleventh grade high school students’ physics achievement posttest scores.



Null Hypothesis 3

There is no significant effects of methods of instruction (lecture versus
inquiry) and its interaction with students’ cognitive styles (field-independent versus
field dependent) and other independent variables on the population means of

eleventh grade high school students’ physics attitude posttest scores.

1.3 Definition of Important Terms

PREACH, PREATT, PPCG, CoS, school, age, gender and MOI are the
independent variables (IVs) of this study. Seven I'Vs; the PREACH, PREATT,
PPCQG, CoS, gender, school, and age are taken as covariates. Students’ physics
achievement posttest scores (PSTACH) and physics attitude posttest scores
(PSTATT) are the dependent variables (DVs). Following terms are necessary in
understanding this study.

Gender: It is the fact of being male or female. This information is collected from

students with a specific item in the test booklet, at the time of pre-testing.

Students’ age: Students’ dates of birth, are collected from students with a specific

item in the test booklet, at the time of pre-testing.

PPCG: Students’ physics course grades in the previous semester are collected from

students with a specific item in the test booklet, at the time of pre-testing.

PREATT: It is measured by Physics Attitude Scale (PATS) before the study begins.

PSTATT: It is measured by the PATS after the treatment.

PREACH: It is measured by Physics Achievement Test (PACT) before the study

begins.



PSTACH: It is measured by the PACT after the treatment.

CoS: Students’ cognitive styles are measured to find out whether they are field-
dependent or field-independent learners. This measurement is done before the study
begins. Group Embedded Figures Test (GEFT) (Witkin, Oltman, Raskin, &
Karp,1971) is used to determine the cognitive style of the students.

Methods of Teaching (Lecture Teaching (LT) versus Inquiry Teaching (IT)): In this

study, two methods of teaching are compared, lecture versus inquiry teaching. In
classes where inquiry teaching is employed, sequence of the lesson goes from
observation of specific instances to attaining generalizations about scientific
principles. Students should be presented with a real-life case or an initiating problem
most of those are presented as a form of hands-on activity. Then they are asked to get
involved in the solution process both mentally by hypothesizing and drawing
conclusions, and physically by observing phenomenon, collecting data, and
discussing the possible results. Most of the time students work in groups or teams.
Teachers should be a guide to students when students need scaffolding (Farrell,
Henderson, & Boutilier, 2008). In an inquiry class, teacher is not the one to conclude

the results of the activities.

Lecture teaching follows a reverse sequence. Teacher presents the general
principle or concept firstly, then the general characteristics of that principle or
concept is presented (Su, Su, & Goldstein, 1994). Throughout the lesson, extensive
amount of drill and practice exercises are offered to students until they get the
adequate understanding or proficiency of principle or concept. Students are mostly
passive in the classroom. If there is lab or hands-on activities, these aim the
verification of the previously learned principle and are in a cookbook style, all of the
steps are explained in detail (Bilica & Flores, 2009). Students just follow the

instructions and get the predetermined right result.
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1.4 Significance of the Study

This study investigates the effect of two basic approaches to science
education within an educational system that has long been known for its traditional
teacher-centered trends in teaching. The Turkish Educational System has been
dominated by teacher centered and deductive teaching methods. Nowadays, a
movement which aims to make learning more meaningful and related to daily life for
students is on course. In accord with this movement science curricula have been
revised giving more importance to student-centered and inquiry-based teaching
methods. However, there is need for studies which investigate the effect of these
teaching strategies alone; while investigating, they should also be compared

according to students’ individual differences.

This study investigates the impact of inquiry-based and lecture teaching
methods on eleventh grade students’ achievement in and attitudes toward electric
circuits unit and their interaction with student aptitudes, namely cognitive styles,
gender, school type, and prior physics achievement and attitude toward physics. This
study can provide insights for the Ministry of Education in Turkey. This study may
assist curriculum developers in evaluating their programs for improved student
performance in science. Also, research in this area may increase the physics teachers’
awareness of the impact of implementing different techniques to teach physics.
Therefore, there exists a need for studies that look at the effects of various aptitudes
(students’ cognitive and learning styles, prior achievement, general ability, anxiety,
attitudes, etc.) and treatments (inductive vs. deductive approaches, inquiry vs.
expository teaching, visual vs. textual presentations, and etc.) and interactions of
these aptitudes and treatments on students’ achievement in and attitude toward
physics. This study answers some part of the need mentioned above by investigating
the effect of interaction between inquiry-based vs lectured physics instruction and
students’ cognitive styles on students’ physics achievement and attitude toward

physics.
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CHAPTER 2

REVIEW OF RELATED LITERATURE

This chapter provides the theoretical and empirical background for the current
study. The first section explains why the electric circuits concepts were taken as the
content of the study. Second section describes the aptitude treatment interaction
studies. Since there is not a perfect method to teach physics to all students, suitable
methods should be defined to increase students’ physics learning considering their
aptitude variable simultaneously. Third section describes the inquiry teaching as one
of the treatment variables of this ATI study. Fourth section explains the cognitive

style concept primarily focusing on the field dependency and field independency.

2.1 Electricity as a Physics Subject

Physics is usually seen by students a difficult task to deal with. Duit,
Niedderer, and Schecker (2007) argued that the reason of this difficulty for students
to perceive physics is its extraordinate abstraction level and idealization. The
researchers mentioned that an everyday phenomenon should be cleaned before it can
be analyzed physically. The everyday phenomenon cannot be explained through the
direct observations but rather should be reconstructed with the assumptions of
theoretical principles. The researchers also used an analogy for explaining this fact:
“It is nearly impossible to calculate the path of a leaf falling from a tree; but it is easy
to predict precisely the motion of a feather in an evacuated tube.” (p. 620). Hence,
the everyday experiences generally contradict with the explanations of physical

explanations for students (Wandersee, Mintzes, & Novak, 1994). These are the seen
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as the possible reasons for students' difficulties and contradictions that cause them to

have low interest in physics (Duit, Niedderer, & Schecker, 2007).

One of the topics in physics is electricity which includes a huge number of
research studies. Particularly, the emphasis lies on simple electric circuits. It is
obvious that simple electric circuits are neither simple for students in the early grades

nor for the ones at the higher levels (Duit & von Rhoneck, 1998).

Engelhardt and Beichner (2004) developed a diagnostic instrument for the
aim of understanding the misconceptions of students and illustrating their
understanding. The name of the instrument was “The Determining and Interpreting
Resistive Electric Circuit Concepts Test”, DIRECT. There were two versions of
DIRECT, v1.0 and v1.1. Both versions of DIRECT have 29 multiple choice items. In
v1.0 the items were mostly qualitative. Also the number of alternatives is not equal
for each item. On the other hand, in v1.1, each item has five alternative choices and it
has more quantitative questions than the v1.1 has. The DIRECT v1.0 was
implemented to 1135 and DIRECT v1.1 to 692 high school and university students.
The sufficient evidences for internal reliability, content validity, construct validity,
discriminative power and difficulty level were presented of both tests. They
concluded that either version of DIRECT was useful in evaluating curriculum and
instructional methods as well as in providing insight into students’ conceptual

understanding of DC circuits.

The researchers listed students' common difficulties in electric circuits and
then explained the instrument development procedure. Students;

¢ Think that current is consumed (Arnold & Millar, 1987; Fredette &
Lochhead, 1980; Karrqvist, 1987; McDermott & van Zee, 1984, as cited in
Engelhardt & Beichner, 2004; Osborne; 1981; Shipstone, 1984).

¢ Think that battery is a source of constant current (Cohen, Eylon, & Ganiel,

1983; Dupin & Joshua, 1987; Licht & Thijs, 1990).
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¢ Use terms interchangeably, often assigning the properties of current either to
voltage, resistance, energy, or power (Heller & Finley, 1992; Jung, 1984, as cited in
Engelhardt & Beichner, 2004; von Rhoneck & Volker, 1984, as cited in Engelhardt
& Beichner, 2004).

¢ View schematic diagrams as a system of pipes within which flows a fluid
that they refer as electricity (Johsua, 1984).

¢ Have difficulty in identifying series and parallel connections in diagrams
(Caillot, 1984, as cited in Engelhardt & Beichner, 2004; McDermott & Schaffer,
1992).

® Do not understand and do not correctly apply the concept of a complete
circuit.

¢ Believe that current travels around the circuit and is influence by each
element as it is encountered and a change made at a particular point does not affect
the current until the current reaches that point (Closset, 1984, as cited in Engelhardt
& Beichner, 2004; Shipstone, 1984).

¢ Believe that current divides into two equal parts at every junction regardless
of what is happening elsewhere (von Rhoneck & Grob, 1987, as cited in Engelhardt
& Beichner, 2004;).

¢ Think that if one battery makes a bulb shine with a certain brightness, then
two batteries would make the shine twice as bright, regardless of the configuration
(Sebastia, 1993, as cited in Engelhardt & Beichner, 2004).

¢ Are reluctant to solve qualitative problems (Cohen, Eylon, & Ganiel, 1983;
Millar & Beh, 1993; van Aalst, 1984, as cited in Engelhardt & Beichner, 2004).

¢ Fail to treat meters as circuit elements and recognize the implications for

their constructions and external connections (McDermott & Schaffer, 1992).

And in their research, they found similar misconceptions, namely,

¢ Students assign the properties of energy to current, and then assign these
properties to voltage and resistance.

¢ Students think that both voltage and resistance can only occur in the

presence of a current.
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¢ Students do not have a clear understanding of the underlying mechanisms of
electric circuits.
¢ Students experience difficulty in translating schematic diagram of a circuit
to the realistic representation, in identifying shorts within circuits, and connecting
light bulb to a circuit.
¢ In the presence of more than one batteries connected in series or parallel,

students experience difficulty in predicting the resulting voltage and current.

Hart (2007) compared the consensus models used in science to explain
phenomena with the models used in science teaching. In general, the consensus
models used among science community were useful when used in science education,
however, in electricity topic, the consensus model of “electric field as the causal
agent for electric current” was too abstract for the beginner science learners.
Therefore more simple models were developed in the physics education literature
like, electron-transport model (Lofts & Evergreen, 2007; Nardelli, 2006, as cited in
Hart, 2007), bicycle chain model (Nuffield-Chelsea Curriculum Trust, 1993, as cited
in Hart, 2007), water-flow model (Hewitt, 1987; Stannard & Williamson, 2006, as
cited in Hart, 2007), rope model (Lofts & Evergreen, 2007, as cited in Hart, 2007),
gravitational model (Halliday & Resnick, 1988; Storen & Martine, 2004, as cited in
Hart, 2007), and moving crowds model (Gentner & Gentner, 1983, as cited in Hart,
2007).

Electron-transport model explains current in terms of the flow of electrons
around a circuit. However, this model does not explain explicitly and provide
sufficient explanation of how electrons are involved in the transport and distribution

of energy around the circuit (Mulhall et. al., 2001; Stocklmayer & Treagust, 1994).

Before Millikan and Thomson discovered a particle called electron, the water
flow model had been accepted, the electric was imagined as a fluid really flowing
though wires. However, the model fails to illustrate how current and energy differ

because the students generally cannot discriminate between water pressure and the
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rate of water flow. Also, gravitational model requires students to have a well-
constructed understanding of forces of gravity and friction. After presenting these
models, their potential advantages and mostly disadvantages and deficiencies were
discussed. Hart (2007) asserted six criteria for a pedagogically useful teaching
model. These criteria were as follows:

1. The model must be initially intelligible to students, and must then come to
appear first plausible and finally, fruitful (Strike & Posner, 19835, as cited in Hart,
2007).

2. The causal mechanisms that the model supplies must be meaningful to the
students, so that students can think about the model in their own terms (Heywood,
2002).

3. The model must allow common conceptual difficulties and misconceptions
to be articulated and addressed (Gilbert et. al., 1998b).

4. The model must engage students’ imaginations and intellects, in order to
promote a rich classroom discourse (Heywood 2002) which students can freely
participate in and contribute to. The teacher’s role is to guide the “flow of discourse”
(Mortimer and Scott, 2003, as cited in Hart, 2007), so that meaningful understanding
is socially constructed in the classroom, misconceptions are addressed and
conceptual confusions and difficulties clarified.

5. The model must enable students to move towards an understanding of the
relevant consensus models of science.

6. The model should be overtly presented (Gilbert et. al., 1998b).

She had taught teachers instructing electric circuit concepts in their classes
but not graduates of physics education department, electric circuit concept with
“Moving Crowds Model” in a summer school. Then she collected 8 teachers’
reflections about these lessons and concluded from these reflections that “Moving
Crowds Model” was a useful tool for having beginner learners to visualize electron
movement, distribution and transfer of energy, the concept of current, voltage, and
resistance. This model was also fruitful, because it led students to ask how an

electron knows how many resistors are in the circuit, and how much energy it should
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carry. Since the “Moving Crowds Model” did not provide a satisfying answer for
these questions, there was a need for further explanations and it was the time to

introduce “Electric Field” model to the students.

Borges and Gilbert (1999) made extensive interviews with individuals from
various professions who are familiar with electricity either because of their
profession or taken courses during education. The interviewees were nine first year
students (age about 15) who had not studied electricity and magnetism yet, nine
third-year secondary students and ten third-year technical school students (age 17-
18) who had studied electromagnetism one year before, ten partially schooled
practitioners in areas related to electricity who had no formal instruction in the
subject, seven electrical engineers who had more than two years of work experience
and eleven secondary physics teachers, most of whom had long teaching experience.
They asked the same questions to all participants and gave them a bulb, a battery,
and some wires and asked them to light the bulb on. At the end of the evaluation of
interviews, they found four models to explain participants’ conceptualizations about
electricity and electric circuits: electricity as flow, electricity as opposing currents,
electricity as moving charges, and electricity as a field phenomenon. The electricity
as flow and electricity as opposing currents seemed to be developed before a formal
instruction about the topic by just experiencing it in daily life, however, electricity as
moving charges seemed to be developed during and after the secondary school, while
the electricity as a field phenomenon model seemed to be developed by the

individuals who had a university or college degree.

They suggested that these models provided insights for physics education that
if the teachers were aware of the models that students probably had, they would use
them to design instructions. They could make students feel conflict and
disequilibrium by asking questions that their models were not adequate to produce
answers. In fact, this suggestion was in accordance with the suggestion of Hart
(2007) that using “Moving Crowds Model” to build up the base for electric circuit

conceptualization and then to present the “Electric Field” model for introducing why
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the current was produced and how the electrons know the amount of energy they

should carry.

Also, a definition for mental models was included in the article that “Mental
models are internal representations of objects, state of affairs, of a sequence of events
or processes, of how the world is like and of psychological and social actions. They
enable individuals to make predictions and inferences, to understand phenomena and

events, to make decisions and to control their execution.” (p.96).

To understand the working model of a phenomenon Johnson-Laird (1983)
mentioned that it should be developed. And in terms of constructing models, a
simplification should be done; only certain parts of the system should be selected and
the relations of those parts should be represented (Gilbert & Boulter, 1995, as cited
in Borges, & Gilbert, 1999).

Hart (2007) put forward some teaching models useful for electric circuit
instruction, however, with the knowledge of models that learners constructed, these
teaching models would be more beneficial. Karrqvist (1985, as cited in Borges, &
Gilbert, 1999) established six mental models among secondary school students:

1. Unipolar Model: named by Osborne (1981) and similar to sink model
(Fredette & Lochhead, 1980). Current flows from positive end of the battery to the
bulb and it is completely used up there. Current is not distinguished form energy and
is consumed where the bipolarity of the circuit elements are not considered.

2. Two-component Model: Similar to clashing current model (Osborne,
1983) and model 1 (Shipstone, 1984). For the bulb light up, the positive and negative
currents should travel form the terminals of the battery to the bulb and meet there and
produce energy.

3. Closed Circuit Model: Bipolarity of the circuit elements and the necessity
for a closed circuit are acknowledged, however, the current is considered as a
consumed entity. This may be caused from not distinguishing from current and

energy.
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4. Current Consumption Model: Similar to sequence model (Shipstone,
1984), and attenuation model (Osborne, 1983). Current is consumed as it travels
along the circuit elements but it does not consumed to the end, some of the current
reaches back to the battery.

5. Constant Current Source Model: Similar to sharing model (Shipstone,
1984). Battery is accepted as the source of constant current. Current variation might
be experienced only because the batteries are used up with time. Two bulbs will
share the current no matter hoe they are connected, in series, or in parallel.

6. Ohm’s Model: Similar to scientific view (Osborne, 1983; Shipstone,
1984). Current flow through the circuit and transmits energy without being
consumed. The discrimination between current and energy is well done. Circuit is

seen as a system, as a change in one point will affect the whole circuit.

Borges and Gilbert (1999) introduced seven aspects that should be involved
in a learner’s mental model of electricity:

1. differentiation of basic terms used to speak about electricity, like current,
electricity and energy;

2. recognition of the bipolarity of batteries and other circuit elements;

3. recognition of the necessity of a closed circuit if a current is to circulate in
it;

4. issue of the conservation or non-conservation of current;

5. effects of electrical resistance on current;

6. models for current circulation;

In the current study, the lesson plans applied in the inquiry-based teaching
classes were mostly based on the CASTLE project. The lesson plans then were
revised by two experts in physics education, three experienced physics teachers,
three research assistant in Secondary Science Education Department in METU and
also by the teachers of the treatment groups. Four lesson plans were prepared for four
week treatment period. There were three 45-minute physics lessons in a week, and

these lessons plans were applied in the first two lessons of inquiry groups. By this
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way, inquiry groups would be presented firstly with application of the principles and
then they were presented with the definitions of related concepts, formulas and
quantitative problems which to solve, they were going to use these previous

information and their previous experiences.

The CASTLE Project was developed by Dr. Melvin S. Steinberg and his co-
worker teachers in 1995 and revised through 10 editions up to year 2008. In this
project they aimed to make students visualize electricity while they were learning.
The CASTLE was the abbreviation for Capacitor Aided System for Teaching and
Learning Electricity. In extent of this project, a guide book was written, Electricity
Visualized, containing instructional materials, homework and quizzes for teachers. It
tried to be an alternative for the textbooks by providing an introductory module not
requiring prior knowledge of electricity for high school students. Also its target
audience was physics teachers who wanted to engage students’ interest through
hands-on investigation, overcome misconceptions that inhibit learning and reasoning,
and foster development of effective explanatory models. It included a series of
experiments about electric circuits with light bulbs, batteries, and specially designed
capacitors, since this topic provides a productive domain for hands-on inquiry and

inquiry teaching.

The CASTLE included eleven lesson plans covering all electric circuits
concepts, however the aim of this study was developing inquiry lesson plans in line
with the eleventh grade physics curriculum offered by Ministry of Education.
Therefore only four of these lesson plans were chosen and necessary revisions were

made.

2.2 Aptitude-Treatment Interaction Studies

For the last two decades, we see the emphasis is given to students’ learning

rather than to teaching methods (Redish & Steinberg, 1999; McCombs, 2003).

Whichever method is used or believed to be efficient for students, unless students’
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understanding of the concepts is increased to the intended level, all the effort will be
useless. Currently, science education researchers focus on to describe “How learners
learn.”, “How they construct meaning.”, “How they link all the knowledge attained
to each other.” Unfortunately, there are obstacles on this struggle, taking into
consideration learners’ individual characteristics. Since learners are not simply

subjects that have definite characteristics, they are not described or expected to

behave in the same predetermined or predicted manner under certain conditions.

There are important differences among learners and these differences affect
learning outcomes significantly. So, investigating individual differences among
learners constitute an important research area in education (Koran & Koran, 1984).
Since, science educators are looking for the ways to maximize learning and to
understand how learning has occurred; the way that individual differences modify
treatment effects should be taken into consideration (Cronbach, 1957). Aptitude-
Treatment-Interactions (ATI) studies investigate how individual differences modify
treatment effects (Cronbach, 1957). The aptitude-treatment interaction (ATI)
approach assumes that students differ in educationally important ways. These
differences or “aptitudes” have been defined as “initial states of individuals that
influence later developments, given specified conditions” (Snow, 1992). Aptitudes
can also be defined for the purpose of this study as any characteristic of the
individual which functions selectively with respect to learning; that is any
characteristic which facilitates or interferes with learning from some designated
instructional methods. These aptitude variables can be exemplified as prior
achievement, personality and stylistic characteristics, and motivational and
attitudinal tendencies as well as traditional cognitive ability variables. Variations in
structure, pacing, style, or modality of instruction as well as alternative curricula,
different teachers or even different classroom instructional environments can be

taken as treatment (Koran & Koran, 1984).

If one of the treatments is significantly better for one type of learners while

the other type of the treatment is significantly better for the other type of learners,
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than there exists an interaction between learners’ aptitude and the treatment. This
interaction is shown by nonparallel regression slopes of aptitude on achievement for

different instructional treatments (Cronbach & Snow, 1977).

The basic assumption underlying ATI research can be stated as follows:
“There is no one best educational treatment or environment suited to some general,
average individual, but different individuals thrive in different environments suited to

their own characteristics and needs (Koran & Koran, 1984, p 795).”

Most of ATI studies have been conducted with aptitude and treatment
variables which are related trial and error. However, in order to get consistent results
and build a reliable theory these variables should be related according to theoretical
conceptions. Three models for matching aptitudes and treatments have been
proposed. These are

® Remedial Model: This model aims to change learner capabilities rather than
design treatments.

¢ Compensatory Model: This model aims to match the suitable treatment that
does something for the learner that he/she cannot do for him/herself with the learner
characteristics.

¢ Preferential Model: This model aims to design treatments to capitalize on

strongly developed learner aptitudes (Koran & Koran, 1984).

In fact, the relevant aptitude and treatment variables should be selected
according to these models. In this study however, none of these models are selected.
This study, mainly aims to detect the significant interactions between independent
variables and methods of instruction on students’ electric circuits achievement and
attitudes toward this subject. After maintaining an opinion about the interactions that
have serious effects on achievement or attitude, a model can be used to provide
solution or a better way for teaching. Additionally, in ATI studies the researcher may
try to match aptitudes to treatments under conditions in which either aptitude or

treatment variable is of primary interest (Cronbach & Snow, 1977).
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The ATTI approach assumes that students who differ in aptitude also differ in
instructional approach that is most effective for them. Thus, a student low on prior
achievement may do well in one instructional approach, whereas a student high in
prior achievement may benefit from an alternative instructional approach (Peterson,
1988). Moreover, the research results about the interaction of various treatments with
various aptitude variables provide an insight for selection of relevant aptitude
variables for this research. According to previous ATI research results, the more the
required information processing instruction performs for the learner, the better it is
for low ability learners. Therefore, while low ability students benefit more from
programmed instruction, advance organizers in the form of preliminary abstracts or
summaries, deductive methods and simple diagrams, figures, symbolic constructions,
high ability students usually benefit more from inductive methods, highly verbal and
abstract conceptual treatments (Koran & Koran, 1984). Additionally, field-
independent learners achieved best with deductive instruction, and field-dependent
learners performed best in instruction based on examples (Davis, 1991; Messick,
1994). Lastly, research findings have shown that the higher level of prior
achievement, the less the instructional support required to accomplish the given task
(Abramson & Kagen, 1975; Salomon, 1974; Tobias, 1973; Tobias & Frederico,
1984; Tobias & Ingber, 1976).

Since Cronbach’s (1957) initial conceptualization of the ATI model, much
aptitude-treatment interaction research has been conducted. This research has been
reviewed by Bracht (1970), Corno and Snow (1986), Cronbach (1975), Cronbach
and Snow (1977), and Tobias (1981). One recurring theme in these reviews of ATI
research is the difficulty of replicating ATI findings across studies and the small
number of consistent ATI findings that have been obtained. However, based on
Cronbach and Snow review (1977), a replicable pattern of ATI findings for students
who varied in general ability have been identified. Students who were low in general
ability did poorly and students who were high in general ability did well in

treatments or teaching methods that had the following characteristics:
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¢ Placed burdens of information processing on learners.

¢ Used elaborate and unusual explanations.

¢ Involved a “new” curriculum.

¢ Included discovery or inquiry methods.

¢ Encouraged learner self-direction.

® Were relatively unstructured and permissive.

¢ Relied heavily on words rather than pictures or other media.

® Were rapidly paced.

In contrast, students low in general ability did well in treatments or
instruction that had the following characteristics:

¢ Relieved the learners of information processing demands.

¢ Simplified or broke down the task to be performed.

¢ Provided redundant tax information.

¢ Substituted other media such as pictures for words.

¢ Used simplified demonstrations, models, or simulations (Peterson, 1988).

Tobias (1981) reached similar conclusions for aptitude-treatment interaction
studies in which the aptitude was measured by prior achievement of the students.
After 10 years of further research, Snow (1986) suggested that the pattern of ATI
findings still hold true for students low in ability or low prior achievement compared

to students high in ability or high prior achievement.

Contrary to its potential insights for designing instruction, matching
appropriate instruction to learner characteristics, and assigning students to treatments
which are most beneficial for them, number of researches investigating interactions
between students’ attitudes and treatments has been declining. Cronbach and Snow
(1977) pointed to the methodological differences as the cause for that decline while
Tobias (1982, 1987a, as cited in Tobias, 1989) related this decline to the difficulty in
replicating and extending ATI findings.
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Cronbach and Snow (1977) asserted about the methodology of the ATI

studies that the treatment should last more than at least ten class periods in order to
be informative. Also, depending on the researcher’s sources, interest to find
definitive conclusions, on the effort to maintain and install a treatment, and on the
complexity of the task that is taught in the treatment, a period of habituation should
be included in the planning of implementation. An interaction found at the end of the
treatment that lasted for less than one month was prone to diminish in later months.
Also, the treatments should be implemented for the same amount of time. Researcher
should hold the duration of the treatments constant in order to reach meaningful
conclusions effective results. Therefore in the current study, researcher tried to obey
the suggestions above. The duration of implementation was four weeks, and the
treatment was implemented for more than ten class periods in both experimental and
control groups. Unfortunately, because the getting permission from the
administrators took more time than expected, extra time for habituation could not be

provided for students and teachers.

Additionally, it was suggested that at least a hundred subjects should be
randomly assigned in one of the two treatment groups, in order to obtain and detect
interaction effects. Cronbach and Snow (1977) declared that “It casts doubt on
virtually all past reports that failed to reject a null hypothesis regarding ATI. Their
sample sizes made Type-II errors highly probable. That is to say, the hypothesis of

no interaction has often been accepted when an important interaction was present.”

In this study, an ATI study was conducted, investigating the effects of
interactions of different instructional methods (inquiry and lecture) with several
student characteristics (physics course grades of previously taken physics courses,
field independency-dependency of students, schools to which students were
attending to, students scores of pretests of achievement test and attitude scale, and
etc.) on students’ achievement in and attitude toward electric circuits topic. In high
schools, physics was taught mostly by lecture methods, although inquiry methods

were getting popular and were considered a more appropriate way to teach science.
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Since one of the promise maybe the main promise of ATI studies was that there was
not only one specific best way to teach something to all students, this study aimed to
investigate how students learn and how they develop attitudes under these two
instructional methods, and whether their degree of learning and attitude development
change differ under these two instructional methods when their aptitude variables
were considered. Student differ in their properties that they bring into the classroom,
and these differences may induce or hinder their learning when they interact with the
method of instruction used in those classrooms. In the current study, students prior
physics achievement, prior attitudes toward electric circuits, prior knowledge about
electric circuits, and cognitive styles (field independency-dependency) were taken as

the relevant and aptitudes, in light of the related literature.

2.3 Inquiry-Based Instruction

Inquiry has not got a definition that is comprised on. NSES in the USA
explained and used the term “inquiry” under three titles: “scientific inquiry”,
“inquiry learning,” and “inquiry teaching.” (Anderson, 2002; Lederman & Niess,
2000). Anderson (2002) stated that the term “inquiry” had been used in many
different meanings in the materials provided by NSES. Basically, NSES used the
term under three meanings: Scientific inquiry, Inquiry learning, and Inquiry teaching.
“The ways in which scientists study the natural world and propose explanations
based on the evidence derived from their work™ was described as the scientific
inquiry. Inquiry learning referred to active learning process into which the learners
were engaged. It was active because students do the learning themselves, the
responsibility of learning was on them. Nothing should be or could be done to
students to make them learn. Inquiry teaching was the most problematic term, since
NSES did not provide an operationalized definition for it, while using the term
referring to different occasions. Sometimes it meant the learning activity presented to
students in order to make them to develop knowledge and understandings of
scientific ideas and of how scientists study. Frequently, it was used to describe the

desired way of teaching in which students’ experiences were one of the main issues.
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Also, it was not a strict formulation of teaching method; it could be scaled from

partial inquiry to full inquiry.

The core elements of the inquiry science instruction covered the following
items; personal engagement of students with phenomena, student concentration of
key science concepts, and some level of student ownership of the learning experience

(ISP, 2006).

Anderson (2007) claimed that “although the term constructivist is not used in
the NSES, it is clear that what is called inquiry learning is very similar to what others
call constructivist learning.” He listed four basic elements that inquiry or
constructivism carried with:

1. “Learning is an active process of individuals constructing meaning for
themselves; significant understandings are not just received.”

2. “The meanings of each individual constructs are dependent upon the prior
conceptions this individual already has. In the process, these prior conceptions may
be modified.”

3. “The understandings each individual develops are dependent upon the
contexts in which these meanings are engaged. The more abundant and varied these
contexts are, the richer are the understandings acquired.”

4. “Meanings are socially constructed; understanding is enriched by

engagement of ideas in concert with other people.”

Learner-centered teaching was said to be context-dependent; in this type of
teaching the culture of the learning context was as important as the content (Brown,
2004; McCombs, 2003). The distinguishing features revealed from the comparison of
learner-centered and teacher-centered education were nearly the same for the features
in the inquiry-based and traditional, and constructivist traditional contrasts

(Anderson, 2007; Brown, 2004).
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Cognitive psychologists found that effective learning occurs mostly in
environments in which students engaged actively and experience social interaction
with other learners or with teacher. In line with this assertion, Hake (1998) had
investigated the effect of interactive-engagement methods on students gain score in
the classes implementing curricula based on physics education research. He
concluded that “although classes at different institutions had widely different FCI
scores (ranging from 25% to 75%); courses with a similar structure achieved a

similar proportion of the possible gain” (as cited in Redish & Steinberg, 1999).

There were several attempts to distinguish inquiry-based instruction from
traditional instruction. Anderson (2002) presented Table 2.1 for the differences
between traditional and inquiry science teaching for several aspects, he compared

two methods of instruction along a continuum, traditional-reform pedagogy.
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Table 2.1 Traditional-Reform Pedagogy Continuum

Predominance of Old-Oriented

Predominance of New-Oriented

Teacher role

As dispenser of knowledge

Transmits information

Communicates with individuals
Directs student actions

Explain conceptual relationships
Teacher’s knowledge is static

Directed use of textbook, etc.

As coach and facilitator

Helps students process
information

Communicates with groups

Coaches student actions

Facilitates student thinking

Models the learning process

Flexible use of materials

Student role

As passive receiver
Records teacher’s information

Memorizes information

Follows teacher directions

Defers to teacher as authority

As self-directed learner
Process information

Interprets, explains,

hypothesizes

Designs own activities

Shares authority for answers

Student work

Teacher-prescribed activities
Completes worksheets

All students complete same tasks
Teacher directs tasks

Absence of items on right

Student-directed learning

Directs own learning

Tasks vary among students

Design and direct own tasks

Emphasizes reasoning, reading
and writing for meaning, solving
problems, building from existing
cognitive structures, and

explaining complex problems.
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In a study conducted by Clark (2005) “traditional lecture” was defined as the
instruction in which one instructor provided all the content and presented the content
in one-way delivery, either by self-presenting, or by textbook reading. Students
simply took notes and read the material so that they could perform well in the
examinations. Examinations required student to replay the material or repeat the
information given in the lectures. There was only limited interaction between the

teacher and the students in the lectures.

In the current study, while the inquiry instruction was planning, the principles
listed below were taken into consideration. However, implemented inquiry
instruction was not a full inquiry, since the students were investigating the previously
described problem situations, with the provided materials and equipment, it was a
partial or guided inquiry. Teachers played roles which were described in Table 2.1;
students’ role was a little bit different from the described one. In fact, they did not
construct their own activities, they did not direct their own learning, and i.e. they
followed an activity sheet. Although it was not a full inquiry, since students
hypothesized, collected data, analyzed data, offered an explanation for why and how
it had happened, and communicated their findings and conclusions to their friends,
and then criticized their and others’ investigations, the instruction was satisfied the
basic tenets of the inquiry instruction. In the lecture group, the usual instruction was
implemented by the teachers. There was not any modification or change in the usual

and ongoing lecture procedures.

Scientific inquiry is no more simple as the general steps of making
observations, asking questions, constructing hypotheses, collecting data, analyzing
and interpreting them, reaching conclusions, communicating the results and finally
deriving new questions in light of the previous explanations. This type of inquiry was
experiment-driven and mostly depended on the senses. However, scientific
investigations have moved far beyond the dimensions that our senses are able to
detect. By the improving technology, measurements can be done with devices; also

scientists make thought experiments and theory driven and model driven studies.
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Scientific inquiry has shifted from a experiment driven understanding to theory
driven and model driven approaches (Grandy & Duschl, 2007). In light of the
developments in the scientific inquiry, science educations should renew its
understanding of inquiry. Much more emphasis should be given to posing questions,
investigating them, reaching conclusions and explanations line with a theory, or to
proposing a model for explaining a scientific phenomenon and testing hypotheses
which were stated considering that model (Grandy & Duschl, 2007). Students should
learn how to explain, interpret, criticize and reach further research questions from
their inquiries (Windschitl, Thompson, & Braaten, 2008). Remote and routine ways
of scientific inquiry are no more illuminating and inspiring for science educators to

have scientifically literate students.

In the current study, this aspect of inquiry was considered; students were
asked to construct models explaining electric current flow in the wires, and etc.
There were specific titles as “Model construction exercises — Model insa
alistirmalar1.” Explanation of the results, concluding from these results and
communicating and criticizing them were explicitly emphasized in the inquiry

instruction.

Inquiry had been used to name curriculum projects, specific teaching
techniques and etc. Minner, Levy, and Century (2009), stated that inquiry learning
along with discovery learning, teaching by problem solving, inductive methods, and
hands-on exploration become commonplace terms in discussions of science
education. Then they dealt with the inquiry terms as an umbrella term for all of the
methods mentioned a sentence ago. However, Anderson (2002) set that there was a
lack of inquiry definition in the literature about it. This absence of a precise
definition was problematic, in fact, inquiry teaching might be defined differently by
different researchers and the teaching method might be entitled with a different name
rather than inquiry though it was an example of inquiry teaching. Additionally,
according to Minner, Levy, and Century (2009), the lack of a shared definition of the

term “inquiry-based instruction” have been impeded the researches and the
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application of their implications for educational settings both at the nation or school
wide. Moreover, no matter how detailed it was explained in the methodology of the
researches, it was difficult to generalize research findings about inquiry teaching

when there was not a compromised definition of it.

Windschitl and Buttemer (2000) established three reasons that inquiry
learning is more important than other methods to develop scientific literacy. “First, it
engages the inquirers in a very personal way with their own learning-they have a
stake in the outcome of their investigations because they are addressing their own
questions. Second, it builds confidence in “science as a way of knowing.” And third,
it gives students the experience of “being scientists,” emulating the behavior of

scientists engaged in doing science.”

In science education or namely physics education literature, many models for
implementing inquiry in the classrooms were suggested as an alternative to
traditional methods. McDermott (1996) was one of the researchers who
conceptualize inquiry based instruction; in her definition, interactive engagement and
collaboration were two central concepts of inquiry instruction. Teacher got free of
being the source of factual information and become a guide while extensive
interaction between students was generated in the class. Moreover, inquiry was
explained as having three components: abilities, procedures, and philosophy
(Huffman, 2002, as cited in Anderson, 2007). This model of inquiry was represented
as three concentric circles; circle of philosophy encompassing the circle of
procedures, and it encompassing the circle of abilities. Abilities were figured as the

innermost circle.

Minner, Levy, and Century (2009) investigated the question “What is the
impact of inquiry science instruction on K-12 student outcomes?” They synthesized
the findings from researches conducted between 1984 and 2002. They selected
student understanding of science concepts and retention as dependent variables while

selecting the student active thinking, student responsibility for learning, emphasis on
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the inquiry as indicated by inquiry saturation and methodological rigor as their
independent variables. They defined inquiry according to the presentation of the
science content, engagement of students, responsibility of learning assigned to
students. They reported that “active thinking and emphasis on drawing conclusions
from data” were significant predictors of students’ understanding of science
concepts. Additionally they found that, for the studies comparing the effect of more
than one treatment having different degrees of inquiry saturation on student
outcomes, higher amounts of inquiry saturation especially with hands-on activities
and emphasis on more student responsibility of learning yielded statistically better

understanding when compared to their low level counterparts.

Tai and Sadler (2009) investigated the “interactive associations between the
structure of the inquiry activities (number of student-designed projects and degree of
freedom in laboratory exercises) and academic attainment (high school grades,
standardized examinations, and advanced high school course-taking) in high school
science with introductory college science course performance.” Their study includes
a total number of surveys exceeding 8000 on three data sets of biology, chemistry,
and physics. They pointed out as a major finding of ATI research that “higher
achievers responded bettering less-structured learning environments, while lower
achievers responded better to more-structured environments.” Additionally, they
stated that “a balance must be struck between structure and autonomy in inquiry-type
learning activities and the results suggest that decisions on the degree of instructional

structure should include student attainment.”

In 1996, Stohr-Hunt concluded that students who experience hands-on
activities either every day or once a week score significantly higher than the students
who experience hands-on activities once a month, less than once a month, or never.
She had listed several limitations of her study; two of them might be a limitation of
the current study as well. If the students were not motivated to answer the questions
in the test because they were of little importance to them, and they thought that

answering the questions was meaningless since the results would not be used for
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course grade, or a requirement of school or state, the test results would not picture
out the real situation. Also, as the second limitation, these studies might have in
common; a paper and pencil test was not a suitable and appropriate tool for
measuring science achievement when the students had engaged in hands-on science

programs while learning.

In his 2002 dated article, Anderson discussed main issues about inquiry under
the titles, “The use of inquiry in NSES as Scientific inquiry, Inquiry learning, and
Inquiry teaching; Reviewing the literature as “What is inquiry teaching?’; Does
inquiry teaching produce positive results?; Is widespread inquiry teaching possible?;
What barriers and dilemmas are connected with inquiry teaching?; How can teachers
be helped in using inquiry teaching?”. The article presented some positive results of
inquiry teaching on various student outcomes. As cited in this article, Shymansky,
Kyle, and Alport (1983) reported substantial effect sizes in favoring inquiry-oriented
curriculum materials in cognitive achievement, process skills, and attitude to science.
Additionally, the result of Wise and Okey’s (1983) study was quoted in the article
that an average effect size of 0.4 standard deviations in favor of inquiry-discovery
teaching for cognitive outcomes. There were studies reporting positive results similar
to the mentioned ones in the literature (Bredderman, 1982; Lott, 1983; Weinstein,
Boulanger, & Walberg, 1982, as cited in Anderson, 2002). Haury (1993, as cited in
Anderson, 2002) also drew similar conclusions for the effect of inquiry teaching on
scientific literacy, science processes, vocabulary knowledge, conceptual
understanding, critical thinking and attitudes toward science. Sincere and conclusive
results were being reported about the positive impacts of inquiry teaching on various
student outcomes (Heywood & Heywood, 1992; Huveyda, 1994, as cited in
Anderson, 2002).

In spite of the positive results declared from inquiry researches, inquiry
teaching could not be said to have a widespread usage in classroom settings.
Anderson (2002) proposed two reasons for this; textbook usage was a very deep

seated tradition among science educators, teachers thought that students should grasp
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the skills to learn from a book. Also, as the second one, frustration and problems

encountered in the application of the inquiry science teaching was put forward.

In the Llewellyn’s book “Teaching High School Science through Inquiry”
(2005), he listed 10 items that teachers generally hide behind as an excuse for not
using inquiry teaching:

1. I do not have enough classroom time to do inquiry. I can teach a lesson
quicker through a lecture or a demonstration.

2. Students are accustomed to getting an answer from their teacher.

3. I have a final exam I have to teach.

4. Students do not have the skills to do inquiry.

5. Ido not have enough supplies and equipment to do inquiry.

6. Students need to be told how to do a science experiment.

7. Inquiry is not a focus of the textbook I am using.

8. Inquiry is not an emphasis in our science department. Besides I have not
had any professional development on teaching through inquiry.

9. When you teach through inquiry, you lose control.

10. I feel more comfortable teaching the traditional labs. That is the way I

was taught.

Students tended to perceive student-centered, inquiry lessons as the lessons of
low quality, because they thought that their teachers withdrawn from the
responsibility to teach, to present the content, and left students on their own while
learning (Akerlind & Trevitt, 1999, as cited in Clark, 2005; Clark, 2005). They

misinterpreted the responsibility shift in inquiry lessons.

Kirschner, Sweller, and Clark, (2006) criticized inquiry instruction for not
considering the studies about how people learn. They stated that without appropriate
level of guiding students would lose their way and could not gain necessary
knowledge and abilities. They defended guidance for students instead of open-

inquiry and they claimed that there should be a difference between the epistemology



35
and pedagogy of science. In this study, a guided inquiry was implemented and after
students dwelled into inquiry activities, the content of the lesson was presented

relating students’ experiences to the content.

2.4 Cognitive style

Individuals differ in appearance; we have been used to these differences and
we can recognize and describe persons according to these. Individuals also differ in
other aspects those we cannot easily notice. Personality, level of intelligence, and,
ways of attending, processing and interpreting knowledge are some dimensions that
people differ. As all we have confronted in our daily life, some persons are tidy
whereas some others are untidy, some are organized whereas the others were
disorganized in their ideas, and some are good at science and mathematics, whereas

some are good at social sciences and literature.

These differences and their sources have attracted attention since Ancient
times. People tried to classify and define categories to describe and organize different
characteristics of individuals. Types of personalities had been defined; people had
been categorized to decide who would continue further education and who would be

sent to vocational training.

In Personality: A Psychological Interpretation (1937), Gordon Allport was the
first to use the term 'style' to adress individuals' idiosyncratic and different ways to
process information. This construct of style is helpful and significant in many
aspects; individuals will be more confident and aware of their capabilities, ways of
attending, processing, and organizing knowledge which are most convenient for
themselves, if they have known their styles. In fact, there are various constructs that
scholars use to define and describe a person, such as personality, intelligence,
temperament, and etc. One important construct is also worth to consider especially in
learning contexts: Cognitive Style. Samuel Messick (as cited in Riding & Rayner,

1998) have defined cognitive style concept by the following paragraph:
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“Each individual has preferred ways of organizing what he sees and
remembers and thinks about. Consistent individual differences in these ways of
organizing and processing information and experience have come to be called
cognitive styles. These styles represent consistencies in the manner or form of
cognition, as distinct from the content or the level of skill displayed in the cognitive
performance. They are conceptualized as stable attitudes, preferences, or habitual
strategies determining a person’s typical modes of perceiving, remembering,
thinking, and problem solving. As such, their influence extends to almost all human
activities that implicate cognition, including social and interpersonal functioning.”

(1976, p 4-5)

Cognitive style theorists state that each individual acquires knowledge
through different ways. Cognitive refers to the act of perceiving, judging, valuing,
and storing into or recall from the memory that is involved in the information
processing. Style is simply used in the same way as it is used in daily language.
Cognitive style implies that each individual utilize personal characteristic style of

him or her while he or she is learning, or gaining knowledge (Morgan, 1997).

One important point that should be emphasized is that an individual’s
cognitive style does not infer anything about that individual’s level of intelligence; it
is just an indication of the utilized ways, to which the individual is inclined, of

acquiring new knowledge (Morgan, 1997).

2.4.1 Importance of Awareness about Cognitive Style

Based on the philosophy of John Dewey and the theories of Jean Piaget,
educators realized that traditional didactic teaching and learning settings are not
working well for every student, in fact they are quiet inappropriate for some pupils.
They believe that the amount of opportunities that students have while learning

should be increased. Supporting, Riding and his associates (1995) showed in a study
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with school age children that cognitive style, personality and school performance
were related significantly to each other. They recommended that academic
performance could be enhanced if learning materials and teaching methods were
structured in accord with students’ motivational and behavioral characteristics and
ultimately their personalities. As one of the end products of this, open classroom
structures, whole language studies, cooperative learning, small group assignments,
individualized instruction and a various other innovative approaches have been

developed and utilized in learning situations (Morgan, 1997).

Individual differences have been studied till at least for five decades. By
investigating why individuals differ, they can understand themselves better and can
be guided through more appropriate occupations. Additionally, performance of
learners can be enhanced and improved by cognitive style studies, actually, these
studies are helpful to create a sense of identity and “... we all perhaps need to know
we matter, that we make a difference in our own life, and making this difference is
quite simply, a matter of style!” (Riding, & Rayner, 1998, p 5). Moreover, cognitive
style affects the way in which individuals represent, and think about, the social
environment in which they live, and the situations they encounter. This in turn, is
related to their personality (Morgan, 1997, p 142). Another drive for studying
cognitive styles is the aim of increasing low income students’ academic performance
since they usually have experienced lower rates of success than their middle class

agemates (Morgan, 1997).

2.4.2 Style vs Strategy

Cognitive style and learning strategy should be differentiated from each other.
As mentioned earlier, a style is the fixed and in-built characteristic of an individual
with a static nature. Learning strategies are the ways that individual has learned or
developed him/herself to deal with the situations; they may vary in line with the
situations’ or tasks’ requirements (Morgan, 1997). In the literature, the term ‘learning

style’ is sometimes used to refer to learning strategies (Riding & Rayner, 1998).
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In some situations, individuals’ cognitive style is not compatible with the
tasks, thus they should develop or learn some strategies to cope with this difficulty to
complete the task. In such cases, they prefer one type of for instance representation
of knowledge to another one, and they begin to find out ways, strategies, to translate
the given type of representation to the preferred type. In the longer term, as they have
much more learning strategies which can be called as cognitive tools, they have

richer cognitive tool kit (Riding & Rayner, 1998).

2.4.3 Style vs Ability

It is useful and important to distinguish between style and ability, since they
are often used together and sometimes interchangeably. However there are concrete
differences between the two concepts; although they both affect the performance of
learners on a given task, McKenna (1984; 592-4) stressed four properties of
cognitive style that distinguish it from ability:

¢ Ability is more concerned with level of performance, while style focuses on
the manner of performance.

e Ability is unipolar while style is bipolar.

¢ Ability has values attached to it such that one end of ability dimension is
valued and the other is not, while for a style dimension neither end is considered
better overall.

¢ Ability has a narrower range of application than style.

In completing a task, gaining knowledge, or learning, the performance of
individuals are influenced by both their cognitive style and ability. The level of
accomplishment increases as the ability increases, however the effect of individuals’
cognitive style might be either positive or negative depending on the nature of the
given task. In fact, for an individual at one end of a style dimension, a task can be
found difficult, while, the same task can be found easier by another individual at the

other end of the style dimension. In other words, in terms of style a person is both
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good and poor at task depending on the nature of the task, while for intelligence, they

are either good or poor (Riding & Rayner, 1998).

2.4.4 Field-Dependence and Field-Independence

Psychology of perception exemplified by Witkin et. al. in the 1940s. Gestalt
school psychologists’ studies were influential for the experimental studies aiming to
explore and find out the regularities of information processing. From these studies,
the “field-dependence-independence” construct was derived. (Witkin et.al., 1962 as
cited in Morgan, 1997; Witkin, 1964, as cited in Riding & Rayner, 1998; Witkin et.
al., 1971; Witkin & Goodenough, 1981, as cited in Riding and Rayner, 1998).

In the Second World War, pilots had experienced difficulties in determining
their orientations after flying through thick clouds. Witkin and Asch (1948a, 1948b,
as cited in Morgan, 1997 and Riding & Rayner, 1998) studied this case and
established that individuals differed with regard to consistencies of their decisions
about the upright position of the objects in space. Later on, further researches led
them to identify field-dependence-independence as a perceptual style. According to
this style, individuals determine the upright position of an object depending on the
surrounding context or field, however, some individuals depend on the “field” more,

while some do to a lesser degree.

Extensive researches were completed on this issue, and this construct has
been found to have implication on the non-perceptual tasks as well. Riding and
Rayner (1998) explained the enlargement of the definition of the construct of field-

dependency-independency in the following passage:

“This resulted in the construct being broadened to encompass both perceptual
and intellectual activities and was referred to as the ‘global-articulated dimension.’

Later, with additional evidence on self-consistency, extending to the areas of body



40
concept, sense of self, and controls and defenses, the construct became even more

comprehensive and was labeled as ‘psychological differentiation’”(p.21).

2.4.5 Assessment of Field-Dependency-Independency

Field dependency and field independency are the two ends of a continuum;
individuals are not necessarily either field-dependent or field-independent, they fall
in somewhere on the continuum, and this point might be closer to one of the ends, to
either field-dependency or field-independency. Researchers used some techniques to
find out the individuals’ inclinations to be closer to either field-dependent or field-

independent end (Morgan, 1997; Riding & Rayner, 1998).

The first method was the Rod and Frame Test. In this test, subject was placed
in a completely darkened room in where there were only a luminous rod and a
luminous frame and in a position that he/she was not able to determine his/her body
orientation. Both the rod and frame can be rotated to the left or right. Subject was
asked to orient the rod upright vertical position without touching the frame when the
frame was set on a titled position previously. If the subject tilted the rod and made it
aligned with the tilted surrounding frame, then he/she was labeled as field-dependent.
If the subject oriented the rod upright without regard the position of the tilted frame,

then he/she was classified as field-independent (Morgan, 1997).

The second technique was the Body Adjustment Test. In this test, there were
a chair and a room instead of a rod and a surrounding frame. Both the chair and the
room can be tilted again. When the chair and the room were tilted to the same
degree, subject was asked to alter the position of the chair to the position where
he/she would feel upright. Some individuals said that they were already in upright
position and was named as field-dependent where the others altered the chair’s
position to the upright and were classified as field-independents. All subjects were

successful in determining the upright position of the chair when their eyes were
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closed; the difference was caused by the existence or absence of the surrounding

context, this time the tilted room (Morgan, 1997).

The assessment procedure was further carried in a paper-and-pencil form. The
Embedded Figures Test (EFT) was developed based on the work of Thurstone (1944,
as cited in Morgan, 1997) on the discrimination of the shape. After, different
versions of EFT were developed, but, all versions were settled on the main idea of
disembedding a figure from its surrounding field. The basic properties of different

versions of EFT were listed in the following paragraph:

¢ Embedded Figures Test (EFT): a 12 item, individually administered test,
made up of two sets of cards displaying complex figures and simple figures
respectively.

¢ Children’s Embedded Figures Test (CEFT): a 25 item, individually
administered test which combines a series of simple and complex figures, and
incomplete pictures requiring the subject to disembed or recognize embedded shapes.
The test was norm-referenced with children from 5 to 12 years of age (Witkin et al.
1971).

¢ Group Embedded Figures Test (GEFT): a group-administered 25 item test
for adults in which the format is very similar to the EFT (Witkin et al. 1971).

In the current study GEFT was used to assess students’ cognitive styles. This
test was developed by Witkin et al. (1971). Witkin and et al. had developed an
Embedded Figures Test (EFT) which was administered individually and so
inefficient for use with large groups. Therefore they developed the group
administered version of this test as GEFT. The GEFT includes three sections; there
are 7 figures in the first section, 9 items in the second and third sections. There are 6
simple figures named as simple form A, B, C, D, E, F, H, and G. These simple forms
are embedded in 26 complex figures, and students are asked to find the simple forms
in the complex figures and draw them on these complex ones. Students have 2

minutes for completing the first section, and 5 minutes each for completing the
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second and third sections. The GEFT is a speed test indeed and these time limits are
especially important for administration. First section is for exercising only, to prevent
students’ errors and to provide them a warm up session. Second and third sections
are scored only. The items are accepted as true if and only if students draw the exact
simple form without extra or missing lines. Each true item is scored 1 and each
wrong or missing item is scored 0. So the range of the possible scores is between 0
and 18. Also, there are important and useful instructions in the first page of the
GEFT and before administration, examiner should read these instructions and be sure
that students understand them. The GEFT should be in a booklet form and the simple
forms should be printed at the back cover of this booklet so that students are
prevented to look at simple forms and complex figures at the same time. However,
they have permission to look at the simple forms as much as they want. This

instrument was translated into Turkish and validated by Cakan (2003).

The reliability coefficient of the GEFT scores was reported as 0.82 for males
and females (calculated by Spearman-Brown prophecy formula). The scores of the
GEFT and other cognitive style tests (ABC Scale, EFT) were correlated and resulted

in high coefficients as a construct related validity evidence.

2.4.6 Field-dependent and Field-independent Learners

Educators and psychologists paid more attention to field-dependent and field-
independent cognitive styles than they did to other styles. People cannot be divided
into two distinct categories as field-dependent and field-independent, rather each
individual is at somewhere between the two extreme. Lastly, it is important not to
consider these ends as negative and positive poles; however, each extreme has
important implications for both learners and educators in designing the most
appropriate form of instructions. Witkin (1974, as cited in Riding & Rayner, 1998)

describes these constructs as indicated below:
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“The person with a more field independent way of perceiving tends to
experience his surroundings analytically, with objects experienced as discrete from
their backgrounds. The person with a more field dependent way of perceiving tends
to experience his surroundings in a relatively global fashion, passively conforming to

the influence of the prevailing field or context” (p. 35).

Field-independent persons tend to see the objects apart from their surrounding
context, for instance, they can easily distinguish a fruit from the leaves on the tree,
whereas field-dependent learners are not very skillful to view things separate from
their surrounding context. Therefore, field-dependent learners prefer things to remain
their total contexts for a better understanding. Field-independent learners like to
work alone and to interact with persons individually, whereas field-dependents

usually learn better in groups or in pairs and when they are interacting in a group.

Above properties of field-independent learners made them to be considered as
the desired type of students especially in traditional classrooms. Since they prefer to
work individually, and perceive analytically, they tended to fit the expectations of the
traditional classes. Field-dependent learners, on the other hand, were considered as
less-able and field-dependency as a deficit. However, nowadays this judgment has
been changed, skillful teachers and educators developed new methods and
techniques, like cooperative learning, individual and small group assignments, and
by matching their preferences with class expectancies to maximize field-dependent’s

learning.

In this regard, Rosalie Cohen (19609, as cited in Riding and Rayner, 1998)
reported that learners with field dependent, cognitive styles might not do as well as
their counterparts on standardized tests because such tests were oriented toward field
independent and analytical conceptual styles. Cohen observed that schooling is
organized in a manner that some children come face-to-face with cultural conflict
because their conceptual style is not compatible with the academic model of the

system.
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Also, when an object or idea is removed from its usual context, the field

independent learner, being more analytically prone, would enjoy the challenge; the

field dependent learner, on the other hand, would experience greater difficulty with

the types of problems that separate an element from its common field. It has also

been shown that when the field is not firmly organized, the field dependent person is

more likely to interpret the material as it is, and their field independent peers will

more than likely impose a structure. In Table 2.2 below, fundamental characteristics

of field-dependent and field-independent are summarized in a comparative manner.

Table 2.2 Characteristics of Field-Dependent and Field-Independent Learners

(Garger & Guild, 1987)

Field-Dependent Learner

Field-Independent Learner

e Perceives globally.

® Experiences in a global fashion,
adheres to structures as given.

e Makes broad general distinctions
among concepts, sees relationships.

¢ Socially oriented.

¢ ] earns material with social content
best.

¢ Attends best to material relevant to
own experience.

e Requires externally defined goals and
reinforcement.

® Needs organization provided.

® More affected by criticism.

e Uses spectator approach for concept

attainment.

e Perceives analytically.

e Experiences in an articulate
fashion, imposes structures.

e Makes specific concept
distinctions, little overlap.

¢ Impersonal orientation.

¢ [earns social material only as an
intentional task.

¢ Interested in new concepts for
their own sake.

¢ Has self-defined goals and
reinforcements.

e Can self-structure situations.

e Less affected by criticism.

e Uses hypothesis testing approach

to attain concepts.




45
2.5 Summary of the Related Literature

One can summarize the results of these studies as follows:
1. Simple electric circuits are neither simple for students in the early grades of

school nor for those at the higher levels as well (Duit & von Rhoneck, 1998).

2. The way that individual differences modify treatment effects should be
taken into consideration (Cronbach, 1957). Aptitude-Treatment-Interactions (ATI)
studies investigate how individual differences modify treatment effects (Cronbach,
1957). This interaction is shown by nonparallel regression slopes of aptitude on

achievement for different instructional treatments (Cronbach & Snow, 1977).

3. “There is no one best educational treatment or environment suited to some
general, average individual, but different individuals thrive in different environments

suited to their own characteristics and needs (Koran & Koran, 1984, p 795).”

4. Field-independent learners achieved best with deductive instruction, and
field-dependent learners performed best in instruction based on examples (Davis,

1991; Messick, 1994).

5. Research findings have shown that the higher level of prior achievement,
the less the instructional support required in order to accomplish the given task
(Abramson & Kagen, 1975; Salomon, 1974; Tobias, 1973; Tobias & Frederico,
1984; Tobias & Ingber, 1976).

6. Cronbach and Snow (1977) asserted about the methodology of the ATI
studies that the treatment should last more than at least ten class periods in order to
be informative. Additionally, it was suggested that at least a hundred subjects should
be randomly assigned in one of the two treatment groups, in order to obtain and

detect interaction effects.
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7. Much more emphasis should be given to posing questions, investigating
them, reaching conclusions and explanations in line with a theory, or to proposing a
model for explaining a scientific phenomenon and testing hypotheses which were
stated considering that model (Grandy & Duschl, 2005). Students should learn how
to explain, interpret, criticize and reach further research questions from their

inquiries (Windschitl, Thompson, & Braaten, 2008).

8. Tai and Sadler (2009) pointed out that higher achievers responded better to
less-structured learning environments, while lower achievers responded better to

more-structured environments.

9. Shymansky, Kyle, and Alport (1983) reported effect sizes favoring inquiry-
oriented curriculum materials in cognitive achievement, process skills, and attitude to
science. Additionally, Wise and Okey (1983) reported an average effect size of 0.4
standard deviations in favor of inquiry-discovery teaching for cognitive outcomes.
There were studies reporting positive results similar to the mentioned ones in the
literature (Bredderman, 1982; Lott, 1983; Weinstein, Boulanger, & Walberg, 1982,
as cited in Anderson, 2002). Haury (1993, as cited in Anderson, 2002) also drew
similar conclusions for the effect of inquiry teaching on scientific literacy, science
processes, vocabulary knowledge, conceptual understanding, critical thinking and
attitudes toward science. Sincere and conclusive results were being reported about
the positive impacts of inquiry teaching on various student outcomes (Heywood &

Heywood, 1992; Huveyda, 1994, as cited in Anderson, 2002).

10. An individual’s cognitive style does not infer anything about that
individual’s level of intelligence; it is just an indication of the utilized ways, to which

the individual is inclined, of acquiring new knowledge (Morgan, 1997).

11. Field dependency and field independency are the two ends of a
continuum; individuals are not necessarily either field-dependent or field-

independent, they fall in somewhere on the continuum, and this point might be closer
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to one of the ends, to either field-dependency or field-independency (Morgan, 1997;
Riding & Rayner, 1998).
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CHAPTER 3

METHODS

In this chapter, population and sampling, development of measuring tools,
teaching/learning materials, procedure and methods that are used to analyze data are

explained.

3.1 Population and Sample

The target population of the study covers all eleventh grade high school
students in Aydin. The accessible population is determined as all eleventh grade
High School students in the central district of Aydin. This is the population for which

the results of the study are generalized.

There are five Anatolian high schools, five public high schools, seven
vocational, industrial and technical high schools, one social-sciences high school,
and one science high school in the accessible population. Vocational, technical, and
industrial high schools follow a different curriculum from the rest of high schools;
social-science high school’s curriculum favors history, geography, literature,
psychology, philosophy, and sociology rather than physics, chemistry, biology, and
mathematics, so they are not represented in the sample. Among the eleven high
schools, there were four Anatolian High Schools, four public high schools, and one
science high school, a total of nine schools that had eleventh grade students in the
time of the current study. In these schools there were totally sixty classes and 1659
students in the eleventh grade. Nine hundred and one students were female, whereas

there were 758 male students attending to eleventh grade. The sample of this study



49
consisted of 16 classes, six schools, and 460 students, and this matched more than ten
percent of the whole population. In fact, in 67 percent of the schools and in 27
percent of the classes of the population, by the 27 percent of all the students in the
population, this study was conducted. By the way, this ratio was the ratio of students
who selected science as the main branch in the high school, to the entire eleventh
graders; it would be greater if the ratio of the number of participant students to the
entire eleventh graders who selected science in the high school, however the number
of students those selected science could not be obtained. Anatolian and science high
schools required students to get a high score from the nation-wide high school
entrance examination. Students got this exam at the end of the eight-grade in a two
and a half hour session. Fraenkel and Wallen (1996) state that a convenience sample
is a group of individual that is conveniently available for study. In this study, sample
chosen from the accessible population is a sample of convenience. Nine classes from
three Anatolian high schools, five (three from one, two from the other) classes from
two public high schools, and two classes from science high school were chosen
conveniently as the sample of the study. Since selecting students and assigning them
to the treatment groups randomly was impossible due to administrative constraints,
these classes were taken as intact and assigned to treatment and control groups

randomly. The detailed information about the sample was given in Table 3.1.
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Table 3.1 Sample Characteristics

Treatment Groups Gender and # of students
School Name Class - Teacher Existence
and Type IIlquulrgl- Lecture of alab
ase .
Instruction Instruction Male Female Total
School A Al X 4 11 25 K Yes
. (Female)
(Anatolian
High School) A2 X 15 11 26 K Yes
(Female)
Bl X 16 16 32 L (Male) No
School B
(Public High B2 X 13 19 32 L (Male) No
School) M
B3 X 20 10 30 (Male) No
School C Cl X 11 24 35 N (Male) No
(Public High
School) c2 X 17 11 28 N (Male) No
D1 X 17 8 25 0O (Male) Yes
School D D2 X 11 17 28 P Yes
. (Female)
(Anatolian P
High School) D3 X 13 14 27 (Female) Yes
D4 X 18 8 26 Q (Male) Yes
School E El X 14 10 24 R (Male) Yes
(Science High
School) E2 X 14 10 24 S (Male) Yes
F1 X 18 15 33 T (Mal N
School F (Male) ©
(Anatolian F2 X 12 21 33 T (Male) No
High School)
F3 X 15 17 32 T (Male) No
Total 16 10 6 238 222 460 10

A total of sixteen classes ten of them were inquiry-based instructed and six of
them were lectured from six high schools formed a 460 student sample. Two hundred
thirty eight students of the sample were male and 222 students of the sample were
female. While this sample size was determined, the missing test scores of the
students were not considered; therefore in statistical analysis a lower sample size was

used. This procedure was discussed in detail in Chapter 4.
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Students in the sample were born mostly at the year 1992. The gender

distribution of the students is said to be evenly distributed. Their prior physics course
grades were collected with a question at the beginning of the physics achievement
test and physics attitude scale. The group means of students’ prior physics
achievement scores out of five are given in Table 3.2. According to Table 3.2, in the
public high schools, there was an apparent difference in the group means for the prior
physics achievement between the classes. In School B, one of the classes had a mean
of “3.97”, while the others had means “1.63” and “1.03.” Teachers of B1 and B2 in
School B and C1 and C2 in School C were the same. When their teachers were asked
“What could be the reason of this difference?”, they stated that classes were formed
according to their prior achievement levels. Hence students who were in the class for
more successful ones were more motivated to study and had self-confidence and
faith in that they could achieve and learn physics. Also, according to the teachers of
the classes, there were competitive atmospheres in the classes for more successful
students. Meanwhile, in the less successful classes, students felt that they were put in
a class because they could not learn and they were considered as a problem so that
they had been isolated from the more successful students. As a matter of fact, they
lost their motivation and faith to achieve. This mood of less successful students and
the improved motivation of the successful ones caused the difference to get larger.

The experimental and control classes were determined randomly.
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Table 3.2 Group Means of Students’ Prior Physics Achievement Scores out of Five

Treatment Groups

School Name and Type Class -
Inquiry Lecture
Instruction  Instruction

Al 400 -

School A (Anatolian High School)
A2 - 3.69
B1 1.63 -
School B (Public High School) B2 3.97
B3 1.03 -
Cl 373

School C (Public High School)

c2 - 1.68
Dl 320 -
D2 4.18

School D (Anatolian High School
chool D (Anatolian High School) D3 280
D4 358 -
El - 4.17

School E (Science High School)
E2 4.67 -
Fl1 400 -
School F (Anatolian High School) 2 3.70
F3 419 -
Average 3.29 3.57
Weighted Average 4.19 3.70

Anatolian and science high schools are not differing in terms of their
students’ socioeconomic status, since most of the students took private course or
registered to private course centers, their family should be in at least upper middle
socioeconomic level. In public high schools however, this situation is a little bit
heterogeneous. In this type of schools there are students both from the upper middle
SES families as well as from the lower levels. If students could not enter Anatolian

and science high schools, they are attending public high schools in Turkey.



3.2 Variables

Students’ physics achievement pretest scores (PREACH), physics attitude

pretest scores (PREATT), previous physics course grades (PPCG), cognitive style
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(CoS; Field-independent versus field-dependent), school, age, gender and methods of

instruction (MOI; inquiry-based teaching and lecturing) are the independent variables

(IVs) of this study. Seven IVs; the PREACH, PREATT, PPCG, school, gender, CoS

and age are the potential covariates. Students’ physics achievement posttest scores

(PSTACH) and physics attitude posttest scores (PSTATT) are the dependent

variables (DVs). Some characteristics of the variables are shown in Table 3.3.

Table 3.3 Variables of the Study

Name of the variable Dependent/Independent Continuous/Categorical Scale
MOI Independent Categorical Nominal
Gender Independent Categorical Nominal
School Independent Categorical Nominal
PPCG Independent Continuous Interval
PREACH Independent Continuous Interval
PREATT Independent Continuous Interval
CoS Independent Continuous Interval
Age Independent Continuous Interval
PSTACH Dependent Continuous Interval
PSTATT Dependent Continuous Interval

3.3 Instruments

For this study, four measuring tools are used. These are Physics Achievement

Test (PACT), Physics Attitude Scale (PATS) about electric circuits unit; Group

Embedded Figures Test (GEFT) which is a scale for determining cognitive style of

learners, and an observation checklist for the treatment verification.
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3.3.1 Physics Achievement Test

The instrument PACT is developed by the researcher to assess students’
achievement about electric circuits unit. The content of electric circuits unit covers;
circuit elements, measurement of voltage difference, resistance (Ohm Law, Factors
affecting resistance and resistivity), current in electric circuits (Current in series and
parallel-connected circuits, current in main and parallel branches), work done by the
electric current-Joule’s Law (Electromotor Force, and efficiency of an electric
motor), connecting batteries (in series and in parallel). The PACT covers the physics
contents taught in the eleventh grade curriculum in electric circuits unit. It consists of
30 questions having twenty four multiple-choice, three true false and three matching
type questions. Most of the questions are multiple-choice questions since it is easy
and quick to administer and it enables the researcher to evaluate objectively. Possible
PACT scores range from 0 to 30 with higher scores indicating higher achievement in

electric circuits unit.

Before developing this test, objective list of the electric circuits unit was
prepared. There were twenty objectives covering all of the “electric circuits” content.
While writing the objectives, it was considered that all objectives were not too
general or too specific, that all of them could be measured by definite questions; in
fact, they did not have ambiguous statements and verbs as “know,” “comprehend,”
and etc. The list was revised by the supervisor of the test three times. These three
versions of the objective list were given in Appendix A. All these twenty objectives
were planned to be measured with thirty questions. For deciding on the questions,
wide ranges of sources (physics books, University Entrance Exam questions, related
literature and instruments developed by other researchers) were searched. All
possible questions were examined one by one and the questions that coincided with
the related objectives were chosen. Then, a table of test specification was prepared in
order to ensure that objectives and the related items covered the all electric circuits
concepts and that they were in approximately the same proportion of time it was

indicated in the yearly plans. This table indicated that these were achieved more or
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less. In essence, this table was an evidence of content validity. In this table, the
objectives and the questions were categorized according to the cognitive domain of
Bloom’s Taxonomy. Finally, the questions were reexamined by taking into
consideration of the table of test specification. The table of test specification is given
in Appendix B. Table 3.4 indicates the sources from where the questions were taken.
Some of the questions taken from previous studies were adapted to make them
measure only one objective each time; these are represented by researcher developed
items in the table. For this purpose, they were divided into two or three items; each

was a step for reaching solution of the original question.

Table 3.4 Sources of Items in the PACT

Source of Items Item Numbers

Engelhardt & Beichner (2004) 3,4,5,6,7,9,11, 12, 13, 16
Taghdere (2002) 10, 14, 25, 26, 27, 28, 29, 30
Cohen, Eylon, & Ganiel (1983) 17

OSS 18, 23, 24

0YsS 19, 20, 21, 22

Researcher developed 1,2,8, 15

To establish the face validity, the PACT about electric circuit concept was
checked by experts and teachers from the physics and physics education departments
according to the content and format of the instrument. Two experts (PhD candidate
research assistant, and an assistant professor) from the Secondary Science and Math
Education Department and three at least eight-year experienced physics teachers
reviewed the PACT. All these people were explained about the main purpose of test
and then they checked the measuring tool according to given criteria asking opinions
for appropriateness of items to the grade level, appropriateness of the format and
representativeness of content by the selected items. They were given a list of

questions about the above criteria and were asked to complete this feedback form
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attached to the question list. Suggestions were taken into consideration for the
revision of instrument. One of the teachers reviewed the test and stated that in the
sixteenth question two distracters were same as “Ikisinin de parlaklig1 artar.” One of
the distracters was revised and changed as “ikisinin de parlaklig1 azalir.” They all
agree that the objectives covered the electric circuits content, that the language
difficulty level, the size and format of the figures and script were appropriate for the
eleventh grade students, and that a lesson hour was enough for the administration.
Finally most of the reviewers were indicated that the level of objectives and the
questions measuring them were appropriate. The feedback form is given in Appendix
C. Additionally, three versions of PACT were presented in Appendix D. In the first
version of PACT, there were thirty items, however, some of these items required that
students should solve several steps in order to reach the right answer. Also, all of the
items were multiple choice type. In some items, for example, in Item 15, students
had to know how to connect a light bulb to the circuit to solve the question, but
treatment did not aim to teach students this fact. Therefore such items were excluded
form the test in the second and third versions. In the second version, the items that
require several steps were rewritten as two or three separate items. This caused the
number of items in the test to increase, therefore some of the items were excluded
form the test and the number of the items in the test was thirty again. But, while
excluding, it was considered that all of the objectives should be measures by at least
one item, and all of the content of electric circuits subject was covered by the test.
Also, matching type and true-false type items were added to the test. Since some of
the symbols could not be seen in the second version of PACT, third version of it was
written. This was the final version administered before and after the implementation

of treatment.

Also, this test was administered to twenty high school students from various
grades to find out the unclear points, the statements that would be probably
misunderstood, and the optimal administration time. Students solved the test aloud,
after finishing they commented on the language, necessary time to solve all the

problems, and perceived difficulty of the test. They found the language clear and
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understandable and the time enough for solving all the questions, however, some of
them said that the test was a little bit harder than they were used to because questions

were mostly conceptual rather than computational.

The PACT was applied to the students twice as a pretest before the treatment
(n=422) and as a posttest after the treatment (n=307) to both groups. Cronbach a
reliability coefficient was calculated for pretest and post test results and was found to
be 0.80 and 0.89, respectively. Item analysis was conducted by the ITEMAN
program. According to this analysis, item difficulty and item discrimination indices
were acceptable. Some statistics of the item analysis of the post-PACT were given in

Table 3.5.

Table 3.5 Post-test statistics for the PACT

Number of items 30
Number of examinees 307
Mean 16.629
Standard deviation 7.051
Skewness 0.01
Kurtosis -1.09
Cronbach alpha 0.896
Mean item difficulty 0.554
Mean item discrimination 0.447

Additionally, item analysis conducted for the pretest and posttest results of
the experimental and control groups. The item difficulty values of items in pre and
posttest and their differences were presented in a table for experimental and control
groups separately in Appendix E and Appendix F. According to these tables, all

items were acceptable and they all contributed to overall reliability of the test results.
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However, some items which needed further discussion were presented below. There
were two tables and two figures related to each item discussed. The tables presented
the related item difficulty (P), item discrimination indices (Rpbis and Rbis), Alpha
(w/o) index indicated what reliability coefficient would be if the related item were
excluded from the entire test. Also pretest and posttest results of each item were
examined according to students’ achievement (low, medium, and high group). Item
difficulty indices were calculated for each group. Additionally, there were two
figures representing the P values for each alternative of the item for each
achievement group. In fact, a positive slope was expected for the right alternative,

while the slopes of the other alternatives were expected to be negative.
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Figure 3.1 Item difficulty versus achievement groups graph for Item 2 in the pretest
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ID Key Scored Num Domain N P Rpbis Rbis Alpha
Options w/o
Item02 5 Yes 5 1 273 0.139  0.020 0.031 0.787
Option N Prop. Rpbis Rbis Mean Low Med High Color
P P P
1 57 0.209 -0.039 -0.055 11.877 0.200 0.267 0.167 Maroon
2 70 0.256 0.116 0.157 13.186 0.187 0.289 0.278 Green
3 26 0.095 -0.130 -0.226 10.308 0.133 0.111 0.056 Blue
4 51 0.187 0.246 0.357 14706  0.120 0.122  0.287 Olive
5 38 0.139 0.020 0.031 13.474 0.080 0.156 0.167 Gray
Omit 31 0.114 -0.188 -0.311 8.032 0.280 0.056 0.046
Not 0
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Figure 3.2 Item difficulty versus achievement groups graph for Item 2 in the posttest
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Table 3.7 Item difficulty parameters for Item 2 in the posttest

ID Key Scored Num Domain N P Rpbis Rbis Alpha
Options w/o
Item02 5 Yes 5 1 195 0.308 0.336  0.441  0.908
Option N Prop. Rpbis Rbis Mean Low MedP High Color
P P
1 23 0.118 -0.172 -0.281  13.348 0.169 0.169 0.015 Maroon
2 27 0.138 -0.112 -0.176 14704 0.154 0.154 0.108  Green
3 16 0.082 -0.271 -0.490  10.250 0.185 0.062  0.000 Blue
4 57 0.292 0.083 0.110 17.614 0.215 0354 0308  Olive
5 60 0.308 0.336 0.441 21.283 0.185 0.185 0.554  Gray

Omit 12 0.062 -0.068 -0.135 13917 0.092 0.077 0.015

Not 0
Reach

Item 2 revealed interesting results, since this item could not discriminate
students both in the pretest and posttest for the low and medium groups as Figure 3.1
and Figure 3.2 showed. At the same time, however, this item worked well for the
high achievers group. As Table 3.6 indicated, in the pretest, students were not
discriminated and the item difficulty level was 0.139 and this value was less than the
chance factor of five alternative items, 0.20. In the posttest, as can be seen from
Table 3.7 for low and medium achievers groups, students mostly marked the
Alternative D, hence, this item cannot discriminate between students in those groups.
In the high achiever group, most of the students marked the right alternative,
resultantly, the discriminative property of the item increased for high achiever group.
One of the reason for this might be the statement “Batteries connected in parallel
endure more than the batteries connected in series.” repeated most of the time in

teaching the subject. This also showed that students in the high achiever group



61
grasped the principle that “Life of a battery is inversely proportional to the amount of

current passing through it.” instead of the previously stated more superficial one.
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Figure 3.3 Item difficulty versus achievement groups graph for Item 3 in the pretest
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Table 3.8 Item difficulty parameters for Item 3 in the pretest

ID Key Scored Num Domain N P Rpbis  Rbis Alpha
Options w/o
Item03 3 Yes 5 1 273 0.421 0445 0.562 0.769

Option N Prop. Rpbis Rbis Mean Low Med High Color

P P P
1 23 0.084 -0.170 -0.305 9391 0.173 0.078 0.028  Maroon
2 30 0.110 -0.007 -0.011 11.867 0.093 0.144 0.093 Green

3 115 0421 0.445 0.562 15348 0.147 0.311 0.704 Blue
4 17 0.062 0.032 0.063 12.529 0.040 0.078 0.065 Olive
5 49 0.179 -0.208 -0.304 9918 0.240 0.300 0.037 Gray

Omit 39 0.143 -0.179 -0.277 8795 0307 0.089 0.074

Not 0
Reach
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Figure 3.4 Item difficulty versus achievement groups graph for Item 3 in the posttest
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ID Key Scored Num Domain N P Rpbis Rbis Alpha
Options w/o
Item03 3 Yes 5 1 195 0.528 0.368 0.461 0.907
Option N Prop. Rpbis Rbis Mean Low Med High Color
P P P
1 18 0.092 -0.176 -0.309 12.556 0.169 0.077 0.031 Maroon
2 25 0.128 -0.270 -0.431 11480 0.231 0.154 0.000 Green
3 103 0.528 0.368 0.461 19.942  0.277 0554 0.754 Blue
4 20 0.103 0.030 0.050 17.100 0.138 0.015 0.154 Olive
5 18 0.092 -0.136 -0.239 13.444 0.108 0.138 0.031 Gray
Omit 11 0.056 -0.036 -0.072 15.000 0.077 0.062 0.031
Not 0
Reach

Item 3 was an example of the well worked items in the test. Although it could

not discriminate among student in the pretest well, in the posttest, students were

discriminated well. When Figure 3.3 and Figure 3.4 were examined, it was apparent

that the positive slope of the right alternative becomes steeper from pretest to posters.

There was a positive slope for the right alternative, as expected. As can be seen from

Table 3.8, in the pretest, the right answer of the question could not discriminate

students in low and medium groups, however students in high achievement group

chose the right Alternative B, mostly. In the posttest, Table 3.9 showed that students

were discriminated well by this question. The slope of P-achievement group graph

for Alternative C was positive while those for other alternatives were not. In fact, the

treatment applied in the experimental group was effective; students could judge that

the amount of energy supplied per unit time (power) is proportional to the amount of

current. In activities, students experienced this situation, and saw that lamps were

brighter in the third situation.
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Figure 3.5 Item difficulty versus achievement groups graph for Item 8 in the pretest

Table 3.10 Item difficulty parameters for Item 8 in the pretest

ID Key Scored Num Domain N P Rpbis  Rbis Alpha
Options w/o
Item08 2 Yes 5 1 273 0.377 0476 0.607 0.768
Option N Prop. Rpbis Rbis Mean Low Med High Color
P P P
1 61 0.223 -0.083 -0.115 11.295 0.240 0.289 0.157 Maroon
2 103 0.377 0.476 0.607 15796  0.120 0.200 0.704 Green
3 56 0.205 -0.087 -0.124 11.214 0.200 0.344 0.093 Blue
4 7 0.026 -0.035 -0.094 11.000 0.027 0.033 0.019 Olive
5 10 0.037 -0.107 -0.249 9.500 0.067 0.056 0.000 Gray
Omit 36 0.132 -0.229 -0.363 7.306  0.347 0.078 0.028
Not 0

Reach
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Figure 3.6 Item difficulty versus achievement groups graph for Item 8 in the posttest

Table 3.11 Item difficulty parameters for Item 8 in the posttest

ID Key Scored Num Domain N P Rpbis  Rbis Alpha
Options w/o
Item08 2 Yes 5 1 195 0.569 0.644 0.811 0.902
Option N Prop Rpbis Rbis Mean Low Med High Color
P P P
1 27 0.138 -0.243 -0.379 12.222  0.231 0.185 0.000 Maroon
2 111 0.569 0.644 0.811 21.333  0.169 0.569 0.969 Green
3 32 0.164 -0.294 -0.441 11.812  0.277 0.185 0.031 Blue
4 15 0.077 -0.272 -0.503 9.867 0.185 0.046 0.000 Olive
5 7 0.036 -0.242 -0.570 7.714  0.108 0.000 0.000 Gray
Omit 3 0.015 -0.045 -0.142 12.667 0.031 0.015 0.000
Not 0

Reach
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In the pretest, Item 8 could not discriminate the students in the low and
medium group, as Figure 3.5 indicated. When Table 3.10 was investigated, it can be
stated that students in the low and medium group tended to favor the Alternative C
and A mostly, although relatively more students marked the right answer in medium
group when compared to those in low group. High group students marked the right
alternative mostly. In posttest, Figure 3.6 depicted that there was a smooth positively
sloped graph for the Alternative B, the right answer. As Table 3.11 presented, again,
in the low group, students were spread among all alternatives, but mostly A and C,
while in the medium and high group, the question could discriminate students quite
well. In essence, Item &, one of the circuits showed a short circuited arm, so students
should notice that short circuit to solve the question. In the treatment group, students
examine the effect of an empty wire connected parallel to a lamp, so medium and
high group students’ success was expected. The reason for low group students’

failure might be their failure in recognizing the wire without resistor in the diagram.
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Figure 3.7 Item difficulty versus achievement groups graph for Item 9 in the pretest



Table 3.12 Item difficulty parameters for Item 9 in the pretest
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ID Key Scored Num Domain N P Rpbi  Rbis Alpha
Options S w/o
Item09 5 Yes 5 1 273 0.366 0.478 0.612 0.767
Option N Prop. Rpbis Rbis Mean Low Med High Color
P | |
1 6 0.022 -0.049 -0.138 10.500 0.053 0.011 0.009 Maroon
2 5 0.018 -0.138 -0.411 7400 0.053 0.000 0.009 Green
3 133 0.487 -0.182 -0.228 11.158 0.533 0.656 0.315 Blue
4 7 0.026 -0.056 -0.148 10.429 0.013 0.067 0.000 Olive
5 100 0.366 0.478 0.612 15.890 0.120 0.222  0.657 Gray
Omit 22 0.081 -0.201 -0.366 6.045 0.227 0.044 0.009
Not 0
Reach
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Figure 3.8 Item difficulty versus achievement groups graph for Item 9 in the posttest



Table 3.13 Item difficulty parameters for Item 9 in the posttest
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ID Key Scored Num Domain N P Rpbi  Rbis Alpha
Options S w/o
Item09 5 Yes 5 1 195 0.564 0.605 0.762 0.903
Option N Prop. Rpbis Rbis Mean Low Med High Color
P P P
1 11 0.056 -0.286 -0.582 8273 0.169 0.000 0.000 Maroon
2 13 0.067 -0.270 -0.521 9.385 0.154 0.046 0.000 Green
3 43 0.221 -0.227 -0.317 13.465 0.292 0.323 0.046 Blue
4 16 0.082 -0.271 -0.490 10.125 0.200 0.046  0.000 Olive
5 110  0.564 0.605 0.762 21.155 0.169 0.585 0.938 Gray
Omit 2 0.010 0.011 0.040 17.500 0.015 0.000 0.015
Not 0
Reach

In Item 9, there was a short circuit, again, to solve the problem students

should notice that empty wire. Interestingly, the results were parallel to the results of

Item 8. In the pretest, students in the low and medium group could not notice the

short circuit and they could not solve the problem, as supported by Figure 3.7 and

Table 3.12. After the treatment, however, medium group students could notice the

short circuit but low group students still could not solve the problem, as can be seen

from Figure 3.8 and Table 3.13. In the treatment, more emphasis should be given to

present the circuits in different forms. For example, in the activity which involved

short circuit, students might be asked to draw its symbolic representation. By this

way, all students would become familiar and be able to transform one representation

of a circuit into other forms of representations.



1.0

0]

0.0

ltem 171 Item171

L ———— . &

Loy

T

Med
Zroup

4353

High

@ 2010 AZC

69

Figure 3.9 Item difficulty versus achievement groups graph for Item 11 in the pretest

Table 3.14 Item difficulty parameters for Item 11 in the pretest

ID Key Scored Num Domain N P Rpbi  Rbis Alpha
Options S w/o
Iteml11 1 Yes 5 1 273 0.777 0.344 0.480 0.775
Option N Prop. Rpbis Rbis Mean Low Med High Color
P P P
1 212 0.777 0.344 0.480 13.462 0.533 0.789 0.935 Maroon
2 11 0.040 -0.214 -0.485 6.727  0.120 0.011  0.009 Green
3 2 0.007 -0.103 -0.433 6.000  0.027 0.000 0.000 Blue
4 22 0.081 -0.064 -0.117 10.591 0.093 0.122 0.037 Olive
5 10 0.037 -0.071 -0.166 9900 0.053 0.056 0.009 Gray
Omit 16 0.059 -0.149 -0.299 6.687 0.173 0.022 0.009
Not 0

Reach
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posttest

Table 3.15 Item difficulty parameters for Item 11 in the posttest
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ID Key Scored Num Domain N P Rpbis  Rbis Alpha
Options w/o
Iteml11 1 Yes 5 1 195 0.713  0.607 0.806 0.903
Option N Prop. Rpbis Rbis Mean Low Med High Color
P P P
1 139 0.713 0.607 0.806 19.993 0.308 0.862 0.969 Maroon
2 20 0.103 -0.451 -0.765 6.950 0.308 0.000 0.000 Green
3 11 0.056 -0.213 -0.434 10.182  0.123  0.046  0.000 Blue
4 16 0.082 -0.202 -0.366 11.562 0.169 0.046 0.031 Olive
5 6 0.031 -0.156 -0.387 10.167 0.062 0.031 0.000 Gray
Omit 3 0.015 -0.036 -0.114 13.333  0.031 0.015 0.000
Not 0

Reach
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Item 11 is one of the two questions that have a larger P value in the pretest
than it has in the posttest; the P value difference was -0.064, as can be calculated
from Tables 3.14 and 3.15. As Figure 3.9 and Figure 3.10 indicated, when the P
values compared in medium and high level groups from the pretest to the posttest, it
was seen that the P values for the right alternative increased. However, in the low
level, P values for all distracters increased while the P value for the right answer and
omits decreased. One of the reasons for the increase in P values of distracters might
be that students, who did not answer the question in the pretest, might possibly,
choose the distracters rather than the right answer. But, why did the P value for
Alternative A, decreased from the pretest to the posttest? It is apparent also from
Item 7, that low group students had difficulty in transferring from one type of

representation to other types.
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Figure 3.11 Item difficulty versus achievement groups graph for Item 17 in the

pretest



Table 3.16 Item difficulty parameters for Item 17 in the pretest
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ID Key Scored Num Domain N P Rpbis  Rbis Alpha
Options w/o
Iteml7 4 Yes 5 1 273 0.136  0.038  0.060 0.787
Option N Prop. Rpbis Rbis Mean Low Med  High Color
P P P
1 61 0.223 0.109 0.151 13.213 0.120 0.267 0.259  Maroon
2 29 0.106 0.092 0.154 13.517 0.067 0.122 0.120 Green
3 38 0.139 0.002 0.003 12.263 0.080 0.233 0.102 Blue
4 37 0.136 0.038 0.060 13.703 0.093 0.133  0.167 Olive
5 47 0.172 0.211 0.313 14.468 0.120 0.133  0.241 Gray
Omit 61 0.223 -0.251 -0.349 8.656 0.520 0.111 0.111
Not 0
Reach
tern 17: ltern17
1.0
P
05 2
4
0.0 ]
Loy Med High
(Group ® 2010 ASC

Figure 3.12 Item difficulty versus achievement groups graph for Item 17 in the

posttest
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Table 3.17 Item difficulty parameters for Item 17 in the posttest

ID Key Scored Num Domain N P Rpbis  Rbis Alpha
Options w/o
Item17 4 Yes 5 1 195 0.231 0.173  0.239 0.910

Option N Prop. Rpbis Rbis Mean Low Med High Color

P P P
1 33 0.169 -0.225 -0.335 13.182 0.262 0.200 0.046  Maroon
2 13 0.067 -0.194 -0.375 11.538 0.108 0.092 0.000 Green
3 29 0.149 -0.193 -0.296 13.448 0.185 0.231 0.031 Blue
4 45 0.231 0.173 0.239 20.044 0.138 0.231 0.323 Olive
5 63 0.323 0.261 0.340 19.492  0.262 0.169 0.538 Gray

Omit 12 0.062 0.020 0.040 17.583 0.046 0.077 0.062

Not 0
Reach

Item 17 is the only question that has a larger Alpha w/o value; if this item was
excluded from the entire test, test scores would be more reliable. Although Table
3.17 showed that the increase in the reliability coefficient would be very small (0.908
to 0.910), it is worth to discuss the situation. This item asked students whether the
stated facts in the alternatives would occur if a second battery was connected in
parallel to the present one in a circuit. Figure 3.11, Figure 3.12, and Table 3.16
showed that students in the low and medium group could not be discriminated both
in the pretest and posttest, however, in the posttest high achiever students tended to
choose either Alternative D or E, and unfortunately, most of those choose the
Distracter E. Students used to consider how much was the current in the main
branch, and how much was it on the resistors. Although high achievers were able to
solve that the current circling around the main wires and the resistors would not

change, they could not thought that the current would be divided when passing
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through the batteries. In the treatment, it would be better to include an activity for

measuring the amount of current passing through each battery.

3.3.2 Physics Attitude Scale

The instrument PATS was used to determine the attitudes of eleventh grade
students in both groups. This attitude scale was previously used by Kiigiiker (2004)
reported in her master thesis. She had also adapted this instrument from the attitude
scale used by Tashdere (2002) by reversing 5 items to their negative ones and
changing the last two items into their new forms. The previous items were “Simple
electric circuits topics are more interesting than other topics.” and “I want to be a
member of physics society.” Both attitude scales were in simple electric circuits unit,
so there is no need to adapt the scale for the content. The items were designed to be
rated on a 5-point Likert type response format ranging from absolutely disagree to
absolutely agree. Strongly disagree was graded as 1 points and strongly agree was
graded as 5 point on a Likert type. The scale includes 24 items that measure the
attitudes of eleventh grade students. Kiiciiker (2004) reported that this instrument had
5 sub-dimensions as enjoyment, self-efficacy, importance of physics, interest related
behavior, and achievement motivation and she had made five of the questions
negative (Items 4, 8, 13, 17, 24). She had reported a reliability of a=0.83, however,
she did not report factor analysis of the modified attitude scale; she only wrote the
sub-dimensions which were reported in Tashdere’s study. Also, Taglhidere (2002)
reported a reliability coefficient of 0.94 (Cronbach a) for the results of this attitude
test in his study. The items numbers belong to each factor according to Tashidere’s

study were indicated in Table 3.18.
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Table 3.18 Item numbers associated with the factors of the attitude scale in

Taghdere’s study

Factors Item Numbers
Enjoyment 1,2,16,17,23
Self-efficacy 9,10, 11, 18, 21

Importance of physics 3,4,5,13, 14
Achievement motivation 6, 7, 8, 12

Interest related behavior 15, 19, 20, 22, 24

For the content validity, the views of the physics teachers and experts in
universities that are studying in that area were taken. In order to assess whether the
attitude scale had the same sub-dimensions, a factor analysis was carried out on
results of both pre and post attitude scales. All the items were coded and entered in
SPSS data file. While entering the data, positively stated items were coded as 1 for
“Kesinlikle katilmiyorum.” and 5 for “Kesinlikle katiliyorum.”; negatively stated
items were coded in an opposite manner, 1 for ‘“Kesinlikle katiliyorum.” and 5 for
“Kesinlikle katilmiyorum.” In the pretest, the KMO measure is 0.88 that indicates
that the sample is enough to conduct a factor analysis. The observed significance
level is 0.00 for the Barlett’s test that indicates that there is a strong relationship
among variables and thus a factor analysis for the data can be conducted. The items
loaded to the factors are presented in Table 3.19. In this study, these factors are
almost similar to those presented in Tashdere’s (2002) study however; enjoyment
factor seemed to scatter on the other factors. Also, negative items were loaded on an
individual factor. Items loaded on the self-efficacy factor were same as the items in
Taghdere’s study. Nearly the same pattern of factor loadings was found in Serin’s
doctoral thesis study in 2009. In his doctoral thesis, Serin used the adapted version of
this attitude scale to pressure unit. The negative items were loaded on a single
individual factor in the analysis of attitude scale both in the pilot study and in the
results of pre-attitude scale; items in the enjoyment factor were loaded on the other

factors. In the current study, three of the five negative items were loaded on a
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separate factor whereas the other two negatively stated items were loaded on the

other factors to which they were related.

Table 3.19 Factors from the Pre-PATS

Factors Item Numbers

Interest related behavior / Enjoyment 1,2, 15, 16, 19, 20, 22
Self-efficacy 9,10, 11, 18, 21
Importance of physics / Enjoyment 3,5,14,23
Achievement motivation / Enjoyment 6, 7, 8, 12, 17

Negative items 4,13,24

The KMO measure was 0.91 for the post-PATS. The Bartlett’s test indicated
the significance level of 0.00. Five factors were found as a result of factor analysis of
post-attitude scale scores. The eigenvalues of the factors are presented in Table 3.20.

These five factors explain nearly 63 % of the total variance as seen in the table.



Table 3.20 Eigenvalues and Explained Variance for the Factors

Component Initial Eigenvalues Rotation Sums of Squared
Loadings
Total % of  Cumulative Total % of  Cumulative %
Variance % Variance
1 9.085 37.853 37.853 5.395 22.481 22.481
2 2206  9.190 47.043 3438 14.326 36.807
3 1.446  6.027 53.070 3.330 13.875 50.682
4 1.271  5.295 58.365 1.591 6.629 57.311
5 1.031 4.294 62.659 1.284  5.348 62.659
6 .884 3.685 66.344
7 .822 3.426 69.771
8 792 3.301 73.072
9 17 2.988 76.060
10 .638 2.659 78.718
11 .606 2.527 81.245
12 557 2.321 83.565
13 521 2.170 85.735
14 479 1.994 87.729
15 449 1.869 89.598
16 417 1.736 91.334
17 .383 1.594 92.928
18 336 1.400 94.329
19 303 1.262 95.591
20 267 1.114 96.705
21 252 1.050 97.755
22 240 1.000 98.754
23 117 125 99.480
24 125 520 100.000
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The factor loadings of the items are presented in Table 3.21. In the first item

there were 11 items. Four items were loaded on the second and third factors. Three

items were included in the fourth factor. Finally, fifth factor consists of two items.



Table 3.21 Loadings of Items to the Factors

Items Components
1 2 3 4 5
Q7 .769 .180 123
Q6 769 .104 202 192
Q12 759 147 231
Q10 720 171 .163 266
Q11 .689 351 .160 142
Q18 .658 444
Q2 .655 151 S15
Ql .623 205 462 .143
Q21 562 483 .160 .181
Q8 .546 -.107 514
Q16 455 404 424 134
Q20 132 .827 226
Q19 .148 .818
Q22 .161 736 323 132
Q15 .180 .601 423
Q14 157 .166 .807
Q3 205 .258 788
Q5 335 .230 .632 102
Q23 270 316 521 147
Q24 255 167 .675 213
Q17 289 198 .638 220
Q9 353 253 -.493 202
QI3 747
Q4 -.197 .160 .655
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Factors extracted from the analysis of the post-attitude scale scores were

named in line with Taghdere’s study. They were indicated in Table 3.22. The factor
interest related behavior was nearly same as it was in Taglidere’s study, except Item
24. This item was changed by Kiiciiker and the new item is more related to
enjoyment factor. In the current study, the factors self-efficacy and achievement
motivation coincided. Since the items of each factor have very close meanings, it is
tolerable that students’ answers yielded a single factor instead of two. If students
have self-efficacy, they will be more self confident and think that they are able to
succeed in electric circuits. Also in the same factor, there are three items (1, 2, and
16) previously loaded on the enjoyment factor in Tashdere’s study. This situation
was not a surprise, hence, the students, who are motivated, are expected to enjoy and
to have positive feelings toward the electric circuits topic. The third factor was
importance of physics, same three items (3, 5, and 14) were loaded in this factor, and
however Item 23 was loaded in enjoyment factor in Taglidere’s study. As previously
mentioned, Kii¢iiker changed this item and it is more related to importance of
physics factor in the current study. Items 4 and 13 were loaded on another factor in
present study; although they are related to how students give importance to physics,
they are much more indicators of students’ views that their career choices and plans
will relate to their learning of electric circuits topic. Apart from being negatively
stated items in the scale, they can be labeled as future use of electric circuits. Three
items were loaded on the enjoyment factor, Item 17 was loaded on the same factor in
Taghdere’s study, and Item 24 was changed by Kii¢iiker and now it is more related to
enjoyment factor. As can be seen from Table 3.9, Item 9 was negatively loaded in
this factor. Although students think that they are able to learn this topic, they can
simply do not like to study it. In the Post-PATS, two of the five negative items were
loaded on a separate factor whereas the other three negatively stated items were

loaded on the other factors to which they were related.
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Table 3.22 Factors from the Post-PATS

Factors Item Numbers

Interest related behavior 15,19, 20, 22

Self-efficacy / Achievement Motivation 1, 2,6, 7, 8, 10,11, 12, 16, 18, 21
Importance of physics 3,5,14,23

Enjoyment 9,17,24

Negative items 4,13

Also the reliability of the scale was found to be 0.89 for both the pretest and
posttest results. The items are scored with respect to their favorable meanings, “1”
indicating the lowest favorable choice in the Likert scale while “5” indicates the
highest favorable one. Possible PATS scores range from 24 to 120, with higher
scores indicating positive attitudes towards electric circuits unit and lower scores

indicating negative attitudes towards electric circuits unit.

The PATS, given in Appendix G, also was applied to the students twice as a
pretest before the treatment (n=452) and as a post test after the treatment (n=320) to

both inquiry-based and lecture groups.

3.3.3 Group Embedded Figures Test

Students’ cognitive styles were measured by a eighteen item Group
Embedded Figures Test (GEFT). This test was developed by Witkin et al (1971).
Witkin and et al had developed an Embedded Figures Test (EFT) which was
administered individually and so inefficient to use with large groups. Therefore they
developed the group administered version of this test as GEFT. The GEFT includes
three sections; there are 7 figures in the first section, 9 items in the second and third
sections. There are 6 simple figures named as simple form A, B, C, D, E, F, H, and
G. These simple forms are embedded in 26 complex figures, and students are asked

to find the simple forms in the complex figures and draw them on these complex
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ones. Students have 2 minutes for completing the first section, and 5 minutes each
for completing the second and third sections. The GEFT is a speed test indeed and
these time limits are especially important for administration. First section is for
exercising only, to prevent students’ errors and to provide them a warm up session.
Second and third sections are scored only. The items are accepted as true if and only
if students draw the exact simple form without extra or missing lines. Each true item
is scored 1 and each wrong or missing item is scored 0. So the range of the possible
scores is between 0 and 18. Also, there are important and useful instructions in the
first page of the GEFT and before administration, examiner should read these
instructions and be sure that students understand them. The GEFT should be in a
booklet form and the simple forms should be printed at the back cover of this booklet
so that students are prevented to look at simple forms and complex figures at the
same time. However, they have permission to look at the simple forms as much as
they want. This instrument was translated into Turkish and validated by Cakan

(2003).

Mind Garden Incorporation sent to each researcher an information letter
about the GEFT. In this letter they provided some evidences of reliability of GEFT
results. The reliability coefficient of the GEFT scores was reported as 0.82 for males
and females (calculated by Spearman-Brown prophecy formula). The scores of the
GEFT and other cognitive style tests (ABC Scale, EFT) were correlated and resulted

in high coefficients as a construct related validity evidence.

The internal reliability of the GEFT results was calculated and was found as
0.86 in the current study. The GEFT was administered in 16 classrooms in line with
the administration rules before the treatment. The GEFT booklet is not given in the
appendix due to copyright constraints, however, the sample questions provided by

Mind Garden Incorporation is given in Appendix H.
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3.3.4 Classroom Observation Checklist

A classroom observation checklist was developed in order to use for
treatment verification. It consisted of items according to the Inquiry-based Teaching
Methods and Lecturing Methods criteria to observe whether there existed a
difference in terms of treatments between the two groups or not and whether the
methods used in the groups were what the researcher intended or not. There were
twenty items in the checklist. And each item was evaluated by selecting one of the
alternatives, yes, partially, no, and not applicable and by noting the frequencies of the
situation. This classroom observation checklist is presented in Appendix I. For the
reliability concern, two persons from the Secondary Science and Mathematics
Education department at METU observed same classes for eight lessons and their
observations were analyzed in order to obtain inter-rater reliability. The reliability
coefficients were found to be between the range 0.92 to 1.00. Therefore, it could be
concluded that the observations made by one of the observers was also reliable.
Thirty nine lessons out of one hundred and sixty eight lessons were observed, eight
of the thirty six lessons were observed by two observers, the rest of them were
observed by the researcher only. By this way, each class of both experimental and
control groups was observed three times in random time intervals. This corresponded
to 23% of the lessons. A score was calculated for each group to determine to what
degree the treatment was given to each group. The results of this analysis are

presented in Chapter 4.

The same observation checklist was also used to define teachers preferred
teaching styles one month before the study. The researcher observed a regular
physics course of each teacher and scored their lessons by the observation checklist.
After that, teachers were grouped as those who are instructing physics with inquiry-
based or lecture methods. All of the teachers were found to be teaching with
deductive methods as a result of these observations. So, the regular lessons of the
teachers were accepted as lecture lessons. Additionally, their lesson plans, the

questions solved in the classes were collected as proofs for lecture instruction. The
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regular lessons that teachers were used to were accepted as the lectured classes,
however, this lessons were again observed during implementation as well as the

inquiry-based taught classes in order to have treatment verification.

3.4 Teaching/Learning Materials

Various materials were used in this study; objective list, table of test
specification, lesson plans, objective-lesson plan table, and inquiry-based teaching
criteria list. While preparing lesson plans, the objective list of electric circuits unit
and inquiry-based teaching criteria list were taken into consideration. These materials

were developed by the researcher.

Lesson plans applied in the inquiry-based teaching classes were mostly based
on the CASTLE project and then revised by two experts (a PhD candidate research
assistant, and a assistant professor from the Secondary Science and Math Education
Department of METU) in physics education, three at least eight-year experienced
physics teachers, and the teachers of the treatment groups. Four lesson plans were
prepared for four week treatment period. There were three 45-minute physics lessons
in a week, and these lessons plans were applied in the first two lessons of inquiry
groups. By this way, inquiry groups would be presented firstly with application of
the principles and then they were presented with the definitions of related concepts,
formulas and quantitative problems in which they were going to use these previous

information and their previous experiences.

The CASTLE Project was developed by Dr. Melvin S. Steinberg in 1995 and
revised through 10 editions up to year 2008. In this project he aimed to make
students visualize electricity while they were learning. The CASTLE was the
abbreviation for Capacitor Aided System for Teaching and Learning Electricity. In
extent of this project, a guide book was written, Electricity Visualized, containing
instructional materials, homework and quizzes for teachers. It tried to be an

alternative for the textbooks by providing an introductory module not requiring prior
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knowledge of electricity for high school students. Also its target audience was
physics teachers who wanted to engage students’ interest through hands-on
investigation, overcome misconceptions that inhibit learning and reasoning, and
foster development of effective explanatory models. It included a series of
experiments about electric circuits with light bulbs, batteries, and specially designed
capacitors, since this topic provides a productive domain for hands-on inquiry and

inquiry teaching.

The CASTLE included eleven lesson plans covering all electric circuits
concepts, however the aim of this study was developing inquiry lesson plans in line
with the eleventh grade physics curriculum offered by Ministry of Education.
Therefore only four of these lesson plans were chosen and necessary revisions were
made. They were translated into Turkish by the researcher and then these Turkish
versions were given a teacher of English to translate back in English. The original
and the translated English lesson plans were compared. There were not any serious
differences which would cause misunderstandings. The lesson plans were also
revised by the experienced physics educators and implementer teachers whether they
could be completed in a lesson hour, whether they were appropriate for the students
and in line with the curriculum, and whether there were necessary materials in the
schools. The objective-lesson plan table was also presented to the reviewers with the
lesson plans. Teachers approved the plans to be completed in a lesson, and they told
how many materials were missing and should be supplied. Some of the teachers were
suspicious for they did not have laboratory or adequate amount of materials.
Therefore, in the schools with no laboratories, desks were arranged in clusters and
necessary materials were provided by the researcher. Physics educators also
approved that the lesson plans were appropriate for students and for teaching electric
circuits topic in line with the curriculum. The last versions of three of these lesson

plans are given in Appendix J.

Along with these lesson plans an instructional guide for implementers (in this

case, teachers) was prepared. In this guide, predict-observe-explain approach of the
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lesson plans, and students’ possible reactions to this approach, important points that
should be taken into consideration while implementing lesson plans were explained

briefly. This instructional guide is also given in Appendix K

In order to see whether those lesson plans were properly developed,
objective-lesson plan table was prepared firstly. It indicates which lesson plan
matches with which objective and is given in Appendix L. Next, all lesson plans
were prepared according to inquiry-based teaching criteria. These criteria were

presented in Table 3.23.

Table 3.23 Lesson Plan Preparing Criteria

Start with application Determine the application that makes the learning
relevant.

Ensure active Make students involve actively and work together in

involvement groups.

Provide scaffolding Give initial structure and assist students throughout
learning.

Reflect on learning

together Discuss in larger group to share learning.

3.5 Research Design

In Turkey, to assign each subject to experimental and control groups
randomly in regular classes is almost impossible due to administrative regulations.
For this reason, intact groups were used. These intact groups were assigned to
inquiry-based (experimental) and lecture (control) groups randomly. Also, students
in experimental and control groups were matched statistically on certain variables.

This situation makes the design of the current study a quasi-experimental one.

Table 3.24 shows the research design of the study. Both control and
experimental groups were given pretests at the beginning of the study, before the

treatments began. Then, students were instructed as inquiry-based or lectured,
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according to their groups. After treatments were completed, the students were given

posttests. Covariate analysis was used to match students.

Table 3.24 Research Design of the Study

O (Pretest) M (Matching) X (Treatment) O (Posttest)
Inquiry Group gﬁgﬁg? Statistical Inquiry-based PSTACH

GEFT matching Teaching PSTATT

PREACH Statistical Lecture PSTACH
Lecture Group PREATT . .

GEFT matching Teaching PSTATT

3.6 Procedure

At the beginning of the study, using the keywords “Aptitude Treatment

29 ¢ 99 <&

Interactions”, “inquiry teaching”, “lecturing”, “traditional methods”, “deductive

99 ¢ 29 <

teaching”, “learner characteristics”, “cognitive style”, learning style”, “physics
education”, “electricity”, and “electric circuits” a detailed review of the literature
search was carried out. Educational Resources Information Center (ERIC), Academic
Search Complete, JSTOR, Taylor & Francis, Wiley InterScience, International
Dissertation Abstracts (DAI), Social Science Citation Index (SSCI), Ebscohost, and
Internet (Google and Google Scholar) were searched systematically. Previous studies
made in Turkey were also searched from the Turkish Higher Education Council
National Dissertation Center, Journal of National Education, Hacettepe University
Journal of Education, Egitim ve Bilim, and from journals of various universities’

education faculties. Photocopies of accessible documents were taken from METU

library, library of Bilkent University and TUBITAK Ulakbim.
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After literature review was completed and population and sample size were
decided, treatments were shaped. Since teachers are reluctant to participate in
experiments in which they are only implementers, they were included into the
decision making period. Teaching styles of them were investigated by a checklist to
determine whether they were teaching with inquiry-based or lecturing methods
mostly. After establishing their preferred styles, necessary modifications were
discussed and decided in a workshop which was conducted two weeks before the
implementation in one of the schools and lasted for one weekend. In this workshop,
the basic principles of inquiry-based teaching were explained to teachers,
implementation guide was presented and discussion sessions were set. Since this
method was new to implementer teacher, they had many questions about method,
activities; they were a bit suspicious about students’ reactions, and so on. Also, the
researcher wanted to reach a consensus about what the common terms like inquiry,
activities, mean to every teacher, and about the important points that should be
obeyed and attended in the implementation process. Implementation guide and lesson
plans were read together, hands-on activities were performed as if all they were in a
class, the amount of time and materials required were decided. So that, the last form
of the lessons (lesson plans, teacher and student materials) for both of the treatment
groups were determined. Then lesson plans were given their final shapes. And they

were showed to experienced physics educators for content and face validity.

In the implementation period, classes were observed in order to make sure
that treatments were implemented as intended. Treatments lasted approximately five

weeks.

Fraenkel and Wallen (1996) stated that there are three important ethical
principles that should be addressed in every research. These are protecting
participants from harm, ensuring confidentiality of research data and deception. In
this study protecting participants from harm was not a problem since there was no
physical or psychological harm and danger that might arise due to research

procedures. Ensuring confidentiality was also important in this study. Once the data
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is collected, the researcher made sure that no one else had access to the data and the
names of the subjects were removed from all data collection forms. All subjects were
assured that any data collected from them were held in confidence. The names of the
individual subjects were never used in any publications. Consent forms were signed
by the subjects’ families where the purpose of the research was announced to the
participants in detail. The consent form is given in Appendix M. Everything was
clearly explained to the subjects of the study. Therefore, deception also was not the

concern of this study.

When the sample was selected, necessary permission was taken from the
ministry of education in order to implement the treatment and the tests. The
permission document is presented in Appendix N. After permission taken, the study
was carried out in 2008-2009 academic year on eleventh grade students from the six
high schools in the central district of Aydin. Pretests were administered to both
control and experimental groups by the researcher herself by the last week of March
20009. Since all six high schools were not following the curriculum in same speed, the
pretests, treatments, and posttests were not administered at the same time in the all
schools. The PACT and PATS were applied to the students twice as a pretest and
after the treatment period as a post test to both groups. Students in the control group
were lectured, whereas students in the experimental groups were instructed based on
inquiry. Treatments were given by the teachers of the students included in the sample
and continued up to five weeks except test administration. But, in one of the school,
treatment could not be implemented because they could not finish the previous topics
in the curriculum in the previously set time. Therefore this school was excluded from
the study, although students were pretested. Also, in one school, in one of the
experimental groups, the post tests could not be implemented because students were
all absent during the last two weeks. Although they took the treatment, this group

was excluded from the study also.

Electric circuits unit is the last topic of the second semester, and Ministry of

National Education orders teachers to complete their assessment procedure two
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weeks before the schools are closed. Therefore, students did not continue to attend
school for the last two weeks, after their examinations ended. Although the
treatments were completed successfully before the last two weeks, because of
students’ absence, some data were lost at the posttest. In fact, in one of the classes of
an Anatolian high school, students did not attend any of the physics course in the last
two week and unfortunately the achievement test could not be administered as
posttest in that classroom. Additionally, in one of the public high schools of the
sample, “electric circuits” topic could not be completely instructed, consequently,
treatment was not completed and achievement test was not administered to this group
as posttest. This situation explains the excess amount of data lost from the pretest to

the posttest.

3.7 Implementation of Treatments

In this section, treatments given to inquiry-based instructed and lectured

groups are explained in two parts.

3.7.1 Treatment given to Inquiry-based Instructed Group

Inquiry-based instruction was given to 9 classes from five different high
schools and it was planned for a four week period. There were three physics lessons
in a week. In the first two lessons students were given an activity sheet in which they
would perform hands-on inquiry activities about electric circuits. In the last lesson,
related concepts and formulas were instructed. Students would have the background
learning experiences to which they would relate these concepts. Also, in the last
lesson, a class discussion and quantitative problem solving session were performed.
The aim of class discussion was to make students reflect about their learning, to
make the relation between inquiry activities and related concepts explicit. While
doing hands-on activities, the terms like current, resistance, voltage, and energy were
not used until they were discovered by students. After students experienced these

concepts and needed a common term to define them, these terms were defined. This
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was a very important point in the implementation of the treatment. Students worked
in groups of five usually, but these amount increased or decreased one students time

to time.

Before the treatment began, teachers and the researcher met twice to make the
implementation procedure clear to everyone. They negotiated about the important
points to consider, possible students responses to the activities and how to handle
them, duration of the activities, availability of the necessary materials and
equipments. Also they performed these activities in their own and discussed about

the possible handicaps and solutions.

In the activity sheets, there were some circuit diagrams, and questions.
Students set up these circuits as shown in the figures and then were asked to answer
the questions by writing down these answers to the blanks between the questions.
Each group should complete an activity sheet, and these sheets were collected at the
end of the activity. While students were doing activities, they were required to
participate in group discussions; each student was forced to share his or her group’s
responsibility. To ensure this participation, and to guide when needed, teachers
walked around the class and asked students questions about the activity randomly.
This forces each student to be interested in the inquiry. In the first week, students
were a bit reluctant to participate in the activities and express their ideas about the
questions; they were asking for the formal lecture format and formulas, but by the
second week they got used to inquiry approach. Additionally, since they relate their
experiences with the concepts, they stated that the lesson content was making more
sense to them. In the end of the activities, all groups were presented their answers to
the questions in the activity sheets; they discussed the similar and different
observations and the inferences made from those observations. This helped them to
find and construct a common ground for further learning. The activity sheets for the

three of the four weeks are given in Appendix J.
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3.7.2 Treatment given to the Lectured Group

After the population and sample of the study were decided, the researcher had
observed the teachers regular lessons to figure out their teaching styles. All of the
teachers were found to be deductive instructors. They firstly presented content,
fundamental principles, necessary formulas, and then solved sample quantitative
problems on board; wanted their students to note them down; and finally asked
students more quantitative problems similar to the ones he or she had solved. This
way of instruction was nearly same to the lecture method that the researcher had
intended. Therefore, there was not any manipulation in the control group, the lessons
were just observed in order to maintain what they instructed and how they did. The
observations were expected to verify that the treatment given to control group was

lecture method. The analysis of the observation checklist is presented in Chapter 4.

3.8 Analysis of Data

After data collection, all the related variables data were entered in a SPSS
data file. Students’ numbers, schools, classes, genders, treatment groups (group
memberships), pre and post PACT and PATS scores, GEFT scores, ages, PPCGs
were presented in this data file. Then missing data analysis was conducted. Missing
values of all variables were inspected and treated in an appropriate manner. This
missing data analysis procedure was explained in more detail in Chapter 4. To
describe the data, the mean, standard deviation, skewness, kurtosis, range, minimum,
maximum values and the histograms were presented for the inquiry-based teaching
and lecturing groups. Following descriptive statistics, inferential statistics were
calculated. In order to test the null hypotheses, all statistical computations were done
by using statistical package program (SPSS). In this study, there were two DV (post
achievement and post attitude scores of students). The effect of the interactions
between the methods of instruction and students’ cognitive styles and other
independent variables on students’ achievement and attitude toward electric circuits

topic were investigated. Therefore, statistical technique, named Multivariate Analysis
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of Covariance (MANCOVA) was used. The PREACH, PREATT, school, PPCG,
gender, age, and CoS were covariates. Lastly, posttest scores of the students were the

dependent variables. This process was explained in more detail in Chapter 4.

3.9 Power Analysis

To achieve the desired power for the study at the end of the study,
sample size determination procedure was conducted at the beginning of the
study. In order to determine the necessary sample size, the probability of
rejecting true null hypothesis (probability of making Type I error) named as
alpha (a), the probability of failing to reject a false null hypothesis
(probability of making Type II error) named as beta (), and the aimed effect
size of the results should be preset before the study. In the current study, a
was set as 0.05, B was set to value of 0.20, therefore the preset power of the
study (1-B), the probability of rejecting a false null hypothesis was set to 0.80.
This value for power of the study was suggested by Cohen and Cohen (1983,
p-162). The effect size of the study was set as medium effect size of 0.15
which is measured by 2 (Cohen & Cohen, 1983, p.161) in the light of the

previous researches.

Then, L value was determined as 18.34 as it was indicated in the L
values table presented in Cohen and Cohen (2003, p. 651). Since there were
seven independent variables and two dependent variables in the study, k, was
taken as 7+7=14. To conclude L value was 18.34 for a=0.05, power=0.80,
and k,=14.

The required sample size was calculated by the formula given in
Cohen and Cohen (2003, p.93). The values of L (18.34), effect size (0.15),
and number of covariates ky, (14) were substituted in the formula and required

sample size was found to be 138 for the current study.



93
In this study, sample size was 298 for inferential statistics. For this
sample size of 298, L value was calculated and it was found as 42.45 for
medium effect size of 0.15, fourteen independent variables by using the same
formula above mentioned (Cohen & Cohen, 2003, p.93). According the L

values table for a=0.05, this calculated L value was beyond the power=0.99.

3.10 Unit of Analysis

In this study, unit of analysis is the each individual student; however,
experimental unit is the each class in which the treatments were implemented. Thus,
experimental unit of study and the unit of analysis did not match. Since the
experimental unit is one intact classroom, students’ interactions between themselves
were inevitable. Therefore, independent observations of the treatment could not be
reached. But in the testing steps, data collectors were warned that they should be
careful about preventing interactions between students and all tests were
administered to students in one school simultaneously. Independence of observation

could be said to be attained at least in the testing process.

3.11 Assumptions and Limitations

In this study, the following cases are assumed to be met:

¢ Students completed the tests and activities seriously, consciously,
independently, and truthfully.

¢ Independence of observations was satisfied.

¢ Characteristics of nine teachers who implemented the treatments were not
affected the results of the study.
This study is limited by and to the following situations:

¢ This study is limited to the eleventh grade high school students in central
district of a middle size city.

¢ This study is limited to the “electric circuits” unit.
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¢ The pilot studies for the treatment and measuring instruments could not be
performed due to lack of time. Replicates of this study will provide more informative

results.
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CHAPTER 4

RESULTS

The results are divided into five sections. The first section presents how the
missing data were handled before the analysis. The second section presents the
descriptive statistics associated with the data collected from the administration of the
physics achievement and physics attitude pre-and post-tests and the GEFT. The third
section of this chapter presents the inferential statistical data yielded from testing the
three null hypotheses outlined in Chapter 1. Additionally, the third section explains
the results of the aptitude treatment interactions practically. The fourth section
explains the results of classroom observations. Finally, the last section summarizes

the findings of the study.

4.1 Missing Data Analysis

Since the electric circuits unit was the last chapter of the second semester of
the academic year, some students were absent in the post-testing procedure.
Additionally, in one of the public schools, treatment did not start; because teacher
could not catch up with the curriculum. In this high school, students took the pretests,
but they did not take the treatments and post-tests. Also, in one of the Anatolian High
Schools, in an experimental class, all of the students were absent when the posttests

were administered. The missing values of the variables are presented in Table 4.1.
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Variables Present (N) Missing (N) Missing (%)
PREACH 419 41 8.9
PREATT 431 29 6.3
CoS 431 29 6.3
PSTACH 307 153 333
PSTATT 319 141 30.7
Gender 460 0 0
Age 451 9 2
PPCG 449 11 24
School 460 0 0

Those students who did not have all two posttest scores were excluded

listwise from the data. After posttests, the number of students who had all the two

posttests is 298. The missing values of each variable are presented in Table 4.2.

Since the missing values did not exceed 10% of the total values, they were replaced

by the mean of the distribution.

Table 4.2 Missing Data Analysis after Excluding Absentees

Variables Present (N) Missing (N) Missing (%)
PREACH 288 10 34
PREATT 298 0 0
CoS 290 8 2.7
PSTACH 298 0 0
PSTATT 298 0 0
Gender 298 0 0
Age 298 0 0
PPCG 298 0 0
School 298 0 0
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4.2 Descriptive Statistics

Male and female students were distributed approximately even. There were
157 male and 141 female students corresponding to 52.7 % and 47.3% of the whole
sample respectively. Students’ distribution according to their PPCG levels is

presented in Table 4.3.

Table 4.3 Distribution of Students across PPCG Levels

Science Course Grade f %

0 10 34
1 25 84
2 30 10.1
3 55 185
4 98 329
5 80 26.8
Total 298 100

After the missing data were handled, some of the descriptive statistics were
computed for the variables GENDER, CoS, SCHOOL, PPCG, Age, PREACH,
PREATT, PSTACH, and PSTATT. Some of these statistics are given in Table 4.4.
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Table 4.4 Descriptive Statistics for Independent Variables, PSTACH, and PSTATT

Effect
N Mean SD Size  Skewness Kurtosis Min Max

GENDER
Inquiry 189 1.45 0.50 0.12 0.20 -1.98 1 2
Lecture 109 1.51 0.50 -0.06 -2.04 1 2
Total 298 1.47 0.50 0.11 -2.00 1 2
CoS
(GEFT
Scores)
Inquiry 189 9.76 418  0.33 0.07 -1.02 1 18
Lecture 109 11.22  4.38 -0.33 -0.67 1 18
Total 298 10.30 431 -0.06 -0.96 1 18
PPCG
Inquiry 189 3.24 1.52  0.76 -0.56 -0.76 0 5
Lecture 109 3.95 0.93 -0.80 0.26 1 5
Total 298 3.50 1.38 -0.83 -0.14 0 5
AGE
Inquiry 189 199190 042 0.13 1.08 3.87 1990 1993
Lecture 109 199195 0.38 1.60 8.84 1990 1993
Total 298 199192 041 -1.244 5.17 1990 1993
PREACH
Inquiry 189 1336 479 023 0.10 -0.18 2 26
Lecture 109 14.50 5.06 0.19 -0.68 4 26
Total 298 13.77 5.00 0.15 -0.45 2 26
PREATT
Inquiry 189 76.67 1494 0.11 -0.46 0.98 24 113
Lecture 109 7832  14.76 -0.20 -0.14 33 111
Total 298 77.27  14.87 -0.36 0.59 24 113
PSTACH
Inquiry 189 16.91 723  0.14 0.02 -1.12 2 30
Lecture 109 15.99 6.62 -0.08 -1.23 4 29
Total 298 16.57 7.02 0.00 -1.12 2 30
PSTATT
Inquiry 189 76.70  15.66 0.10 0.239 1.39 33 142
Lecture 109 75.17  15.89 -0.228 0.974 24 112

Total 298 76.14  15.73 0.063 1.232 24 142
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The School variable included six schools and these six schools were coded as;
1 for AYDIN, 2 for EMUAL, 3 for ADMAL, 4 for SDAL, 5 for FEN and 6 for
EFELER. Also, male students were coded as 1 while the females were coded as 2.
Although in the overall sample the number of female students was greater than the
number of male students, there were more female students in lecture group than there
were in inquiry group. Students could get a minimum score of 0 and maximum score
of 18 from GEFT. The higher the score that a student got from GEFT; the more field
independent he or she was. The mean of the GEFT scores of the lecture group was
11.22 and it was higher than the mean of the inquiry group which was 9.76.
Students’ year of births were taken as they are for the variable of Age. There was not
any remarkable difference between the students’ ages according to Table 4. 4. The
range of variable of PPCG was 0 to 5. When the experimental and control groups
were investigated, students in the lecture group had a higher mean of PPCG (3.95 out
of 5.00) then the students had in the control group (3.24 out of 5.00). This difference
in the means of PPCG variable revealed to middle effect size. Students could get a
minimum score of 0 and a maximum score of 30 from the PREACH and PSTACH.
Experimental and control groups’ means were very close to each other on the
PREACH and on the PSTACH. However, control group had slightly higher mean on
the PREACH whereas experimental group’s mean was slightly higher on the
PSTACH. Nearly the same situation was valid for the PREATT and PSTATT mean
scores of the experimental and control groups. The minimum and maximum scores
that a student could get from PREATT and PSTATT are 24 and 120 respectively.
Since the skewness and Kurtosis values are between the acceptable ranges, all

distributions could be accepted as normally distributed.

The students were grouped as field dependent, field intermediate, and field
dependent according to their GEFT scores. The students who had GEFT scores V2
standard deviation lower from the mean were classified as field dependents and
coded as 1; the students who had Y2 standard deviation higher than the mean were

classified as field independent and coded as 3, and finally, those who had GEFT
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scores between the + 2 standard deviation of the mean were named as field
intermediate or field mix students and coded as 2. The frequencies and the variation
of the field dependent, field mixed, and field independent students are given in
Figure 4.1 and Table 4.5. According to Figure 4.1, the students’ GEFT scores were
said to be distributed normally. The total number of students who had 0, 1, and 2
form GEFT was 8; that of students who had 3 and 4 from GEFT was 24, and etc.
After the categorization of GEFT scores as described above, the number of field
dependent students was 110, the number of field mixed students was 86 and that of

the field independent students was 102, as indicated in Table 4.5.

CoS

60

50 o

40

30 1

20 o

/ \ Std. Dev = 4.31

7 Mean = 10.3
N = 298.00

—_
o

Frequency

o

20 40 60 80 10.0 120 140 16.0 18.0

CoS (GEFT Scores)

Figure 4.1 Histogram of the variable “CoS”
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Table 4.5 Frequencies of Field-Dep, Field-Mix, and Field-Ind Students

Frequency Percent Valid Percent

1 (Field-Dep) 110 36.9 36.9
2 (Field-Mix) 86 28.9 28.9
3 (Field-Ind) 102 342 34.2

Total 298 100.0 100.0

The gain scores with respect to group membership are given in Table 4.6. The
most increase in the achievement is observed in the experimental group. The mean of
the attitude scores decreased in control group, but in the experimental group, change

in the mean attitude scores is nearly zero.

Table 4.6 Gain Scores in Achievement and Attitude with respect to Group

Membership
Test Group Average Gain Score (Posttest-Pretest)
Inquiry 2.55
Achievement
Lecture 1.49
Inquiry 0.03
Attitude
Lecture -2.15

4.3. Inferential Statistics

4.3.1 Determination of Covariates

In order to decide which variables can be used as covariates, correlations

between all variables used in the study were calculated. The results are given in

Table 4.7.
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Table 4.7 Correlations between Potential Covariates and Dependent Variables

POSTACH POSTATT PREACH PREATT SCHOOL GENDER PCGA CoS

POSTATT 0.15%
PREACH 0.48* 0.09
PREATT 0.19* 0.59* 0.24*
SCHOOL 0.70%* -0.04 0.36* -0.00
GENDER -0.07 -0.22% -0.17* -0.33* -0.02

PPCG 0.52% 0.17% 0.34%  025%  0.51% 0.05

CoS 0.28%* 0.04 0.26%* 0.17* 0.26* -0.07 0.29%*

Age 0.13* 0.09 0.08 0.02 0.20%* 0.05 0.23*  0.07

* Correlation is significant at the 0.05 level.

According to Table 4.7, all the independent variables have a significant
correlation with at least one of the dependent variables, PSTACH and PSTATT.
Also, these independent variables do not have correlation among themselves
exceeding 0.80. Therefore all the variables mentioned above can be used as

covariates.

4.3.2 Assumptions of MANCOVA

There are five assumptions of MANCOVA; independence of observations,

normality, multicollinearity, equality of variances, and homogeneity of regression.

Independence of observations assumption requires students to perform the
test individually, without interacting with other students. In this study, unit of
analysis is the each individual student; however, experimental unit is the each class
in which the treatments were implemented. Thus, experimental unit of study and the
unit of analysis did not match. Since the experimental unit is one intact classroom,
students’ interactions between themselves were inevitable. Therefore, independent
observations of the treatment could not be reached. But in the testing steps, data
collectors were warned that they should be careful about preventing interactions

between students and all tests were administered to students in one school
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simultaneously. Independence of observation could be said to be attained at least in
the testing process. Both in the pretesting and posttesting procedures, the researcher
was present in all schools and the teachers were warned about this issue. Also, there
were not any sign of violence to this assumption in the test results. So, this

assumption is said to be met.

Normality assumption can be checked through skewness and kurtosis values.
These values are given in Table 4.4 in descriptive section. None of the variables’
skewness and kurtosis values exceeds £2 which are the limit values for normal
distribution (George & Mallery, 2003, pp. 98-99). Additionally, multivariate
normality can be validated by using Box’s Test. The result of this test is given in
Table 4.8. Since p value is smaller than 0.05, multivariate normality is violated. This
violation may cause from the non equal and small sample sizes in each cell. Since the
Pillai’s Trace index is more robust than Wilks” Lambda to violation of homogeneity

of covariance matrices assumption, it is used for interpreting the MANCOV A results.

Table 4.8 Results for Multivariate Normality Test

Box's M 74.340
F 1.460
df1 33
df 1277.755
Sig. 0.046

If there are high correlations among a set of independent variables then there
might be multicollinearity (Cohen & Cohen, 1983, p115). Correlations among
covariates do not exceed the values 0.80, as seen in Table 4.7. Therefore, assumption

of multicollinearity is satisfied.
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Equality of variances assumption is checked through the Levene’s test of
equality of error variances. The result of the Levene’s test of equality of error
variances is indicated in Table 4.9. Since all the p values are greater than 0.05, this

assumption is satisfied.

Table 4.9 Results for Test of Equality of Error Variances

F dfl daf2 Sig.
PSTACH 1.145 226 71 0.255
PSTATT 0.968 226 71 0.580

In order to check the last assumption, homogeneity of regression, Multiple
Regression Correlation (MRC) analysis was conducted. This analysis was conducted
for both dependent variables, PSTACH and PSTATT. For the PSTACH dependent
variable, all seven independent variables, PREACH, PREATT, school, gender,
PPCG, CoS, and age were included in Set A as covariates. Set B was the group
membership variable. The interaction terms of Set A variables with group
membership variable constituted Set C. Interaction terms were formed by
multiplying Set A variables with Set B variable. The result of MRC analysis is
shown in Table 4.10. According to Table 4.10, there was a significant interaction
between covariates and group membership for the PSTACH (R*=0.021, F
Change=2.625, df,=6, df,=283, p=0.017). Therefore the homogeneity of regression
assumption was not met for the PSTACH. MANCOV A could not be conducted;
additional MRC analysis should be done to meet the homogeneity of regression
assumption. In this MRC analysis, significant covariates and their interaction terms

were included in the group membership block.
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Table 4.10 MRC analysis indicating the homogeneity of regression assumption for

the PSTACH
Change Statistics for the PSTACH
Model R’ F Change dfl df2  Sig. F Change
Change
Set A (Covariates) 0.571 55.162 7 290  0.000
Set B (Group membership) 0.022 15.422 1 289  0.000
Set C (Set A X Set B) 0.021 2.625 6 283 0.017

The same set of covariates, PREACH, PREATT, school, gender, PPCG, CoS,
and age, was used as Set A for the PSTATT variable. Set B was the group
membership while Set C was the interaction terms of covariates and the group
membership variable. The result of this analysis is indicated in Table 4.11.
According to this table, homogeneity of regression assumption was satisfied for the
PSTATT, since there was not a significant interaction between the covariates and the

group membership.

Table 4.11 MRC analysis indicating the homogeneity of regression assumption for

the PSTATT
Change Statistics for the PSTATT
Model R’ Change F Change dfl df2  Sig. F
Change
Set A (Covariates) 0.319 19.369 7 290  0.000
Set B (Group membership)  0.005 2.327 1 289  0.128
Set C (Set A X Set B) 0.012 0.826 6 283 0.551

Additional MRC analysis for both the PSTACH and PSTATT was conducted

to satisfy the condition that Set C is not significant. Therefore significant
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independent variables and interaction terms of the above analysis were put into Set
B, group membership variables, gender remained in Set A as the covariate, and the
variable age was discarded form the analysis. To avoid the significant interaction
terms of covariates and group membership variables, gender was left in the covariate
block, Block 1 or Set A; PREACH, PREATT, School, PPCG, and CoS were sent to
Group membership block, hence Block 2 or Set B covered MOI, PREACH,
PREATT, School, PPCG, CoS, MOI*PREACH, MOI*PPCG,
PREATT*MOI*PPCG*CoS, MOI*PPCG*CoS, PREACH*School, and
PREACH*PREATT variables; Set C covered all the interaction terms gained by
multiplying all variables included in Set A and Set B (Gender*MOlI,
Gender*PREACH, Gender*PREATT, Gender*School, Gender*PPCG, Gender*CoS,
Gender*MOI*PREACH, Gender*MOI*PPCG,
Gender*PREATT*MOI*PPCG*CoS, Gender*MOI*PPCG*CoS,
Gender*PREACH*School, and Gender* PREACH*PREATT). All Sets were
indicated in Table 4.12.
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Variable Set Entry Variable Name
Order

A (Covariates 1™ X1=Gender

B (Group Membership) 2" X2=MOI
X3=CoS
X4=PREACH
X5=PREATT
X6=School
X7=PPCG

X8=MOI*PREACH
X9=MOI*PPCG
X10=PREACH?*School
X11=PREATT*MOI*PPCG*CoS
X12=MOI*PPCG*CoS

X13= PREACH*PREATT

C=A*B 31 X14= Gender*MOI
(Covariate*Group X15= Gender*CoS
Interactions) X16= Gender*PREACH

X17= Gender*PREATT

X18= Gender*School

X19= Gender*PPCG

X20= Gender*MOI*PREACH
X21= Gender*MOI*PPCG
X22= Gender*PREACH*School

X23=Gender*PREATT*MOI*PPCG*CoS

X24=Gender*MOI*PPCG*CoS
X25=Gender*PREACH*PREATT




108
Table 4.13 and Table 4.14 represented the MRC results for the PSTACH
(R*=0.028, F Change=1.779, df|=12, df,=272, p=0.052)and the PSTATT(R?=0.010,
F Change=0.362, df;=12, df,=272, p=0.975) with interaction terms in group
membership. In this MRC analyses, since the interaction terms were not significant,

MANCOVA could be conducted.

Table 4.13 MRC results for the PSTACH with interaction terms in group

membership
Change Statistics for the PSTACH
Model R”Change F Change dfl df2 Sig. F
Change
Set A (Gender) 0.005 1.578 1 296  0.210
Set B (Group membership)  0.609 37.362 12 284  0.000
Set C (Set A X Set B) 0.028 1.779 12 272 0.052

Table 4.14 MRC results for the PSTATT with interaction terms in group membership

Change Statistics for the PSTATT

Model R’ Change F Change dfl df2 Sig. F
Change
Set A (Gender) 0.047 14.585 1 296  0.000
Set B (Group membership)  0.304 11.070 12 284  0.000
Set C (Set A X Set B) 0.010 0.362 12 272 0975

4.3.3 MANCOVA Model

MANCOVA Model was used to test the hypotheses of this study. The
dependent variables of this study were the PSTACH and PSTATT scores of the
students. The covariate, gender, was used to statistically equalize the students’

characteristics. Group membership with respect to two groups (inquiry or lecture



groups) was named here as “MOI” and used as fixed factor of this study with the
other group membership variables, PREACH, PREATT, School, PPCG, CoS,
MOI*PREACH, MOI*PPCG, PREATT*MOI*PPCG*CoS, MOI*PPCG*CoS,
PREACH?*School, and PREACH*PREATT. Table 4.15 presents the results of this

MANCOVA Model.

Table 4.15 Multivariate test results
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Effect Pillai's F  Hyp. Errordf Sig. Eta  Observed
Trace df Squared Power
GENDER 0.02 174 20 197.0 0.178 0.017 0.362
MOI 005 470 2.0 197.0 0.010 0.046 0.783
CoS 0.02 074 4.0 396.0 0.565 0.007 0.238
PREACH 0.02 081 4.0 396.0 0519 0.008 0.259
PREATT 024 1343 4.0 396.0 0.000 0.119 1.000
SCHOOL 041 1286 8.0 396.0 0.000 0.206 1.000
PPCG 0.16 3.52 10.0 396.0 0.000 0.082 0.994
MOI*PREACH 0.04 211 4.0 396.0 0.079 0.021 0.625
MOI*GPA 0.04 1.06 8.0 396.0 0387 0.021 0.497
PREACH*SCHOOL 0.10 136 16.0 396.0 0.157 0.052 0.844
MOI*CoS*PPCG 0.17 1.04 36.0 396.0 0.410 0.086 0.928
MOI*CoS*PREATT*PPCG 0.38 1.02 92.0 396.0 0.444 0.191 0.998
PREACH*PREATT 0.03 075 8.0 396.0 0.643 0.015 0.352

As Table 4.15 indicates, the observed power of this study was 0.78 and the

effect size was calculated as 0.046. This is lower than the calculated power of the

study, which was 0.80. The reason for the difference between calculated and

observed power values is the difference between the effect size values of each. Effect

size was set to medium effect size (1°=0.06) at the beginning of the study, however

at the end of the study it was found to be small effect size (1°=0.046).
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There were three null hypotheses in this study; they were listed below.

Null Hypothesis 1

There is no significant effects of methods of instruction, (MOI; lecture versus
inquiry) and its interaction with students’ cognitive styles (CoS; field-independent,
field-mixed, field-dependent) and other independent variables (physics achievement
pretest scores, PREACH; physics attitude pretest scores, PREATT; previous physics
course grades, PPCG; school, age, and gender) on the population means of the
collective dependent variables of eleventh grade students’ achievement posttest
scores (PSTACH) and attitude towards electric circuits unit posttest scores

(PSTATT).

According to results of MANCOVA, this hypothesis was partly rejected.
Methods of instruction had a significant effect (Pillai’s Trace=0.05; df (2,197);
F=4.70; p=0.01) on the collective dependent variables PSTACH and PSTATT.
According to Table 4.15, MOI, PREATT, School, and PPCG had significant effects
on the collective dependent variables PSTACH and PSTATT when the students’
gender was controlled. However, none of the interactions had significant effects on
collective dependent variables. Since the number of students in each interaction cell
was very small to reach statistical significance, effect size values would be more
informative than p values for the interaction terms. Therefore, it can be concluded
that there is a significant mean difference of achievement in and attitude toward
electric circuits subject between the eleventh grade students who were exposed to

lecture and inquiry instruction.

As Table 4.15 indicates, the observed power of this study was 0.78 for the
main effect and the effect size was calculated as 0.046. This is lower than the
calculated power of the study, which was 0.99. The reason for the difference between
calculated and observed power values is the difference between the effect size values
of each. Effect size was set to medium effect size (1°=0.06) at the beginning of the

study, however at the end of the study it was found to be small effect size (n2:0.046).



111
Null Hypothesis 2

There is no significant effects of methods of instruction (lecture versus
inquiry) and its interaction with students’ cognitive styles (field-independent versus
field dependent) and other independent variables on the population means of

eleventh grade high school students’ physics achievement posttest scores.

ANCOVAs were conducted after MANCOVA, as a follow up analysis, in
order to determine the effect of methods of instruction on single dependent variables.
According to results of ANCOVA, second null hypothesis of the study was partly
rejected. Methods of instruction had a significant effect (F=9.455 (1); p=0.002) on
the dependent variable PSTACH, however, the interactions among several
independent variables did not have a significant effect. Therefore, it can be
concluded that there is a significant mean difference of achievement in electric
circuits subject between the eleventh grade students who were exposed to lecture and

inquiry instruction.

As Table 4.16 indicates, the observed power of this study was 0.86 and the
effect size was calculated as 0.046. This is lower than the calculated power of the
study, which was 0.99. The reason for the difference between calculated and
observed power values is the difference between the effect size values of each. Effect
size was set to medium effect size (1°=0.06) at the beginning of the study, however

at the end of the study it was found to be small effect size (n2:0.046).

Null Hypothesis 3

There is no significant effects of methods of instruction (lecture versus
inquiry) and its interaction with students’ cognitive styles (field-independent versus
field dependent) and other independent variables on the population means of

eleventh grade high school students’ physics attitude posttest scores.

According to results of ANCOVA, third null hypothesis of the study was

failed to be rejected. Methods of instruction did not have a significant effect
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(F=0.071 (1); p=0.791) on the dependent variable PSTATT, in addition, the
interactions among several independent variables did not have a significant effect.
Therefore, it can be concluded that there is no significant mean difference of attitude
toward electric circuits subject between the eleventh grade students who were

exposed to lecture and inquiry instruction.

As Table 4.16 indicates, the observed power of this study was 0.058. This is
lower than the calculated power of the study, which was 0.99. The reason for the
high difference between calculated and observed power values is the difference
between the effect size values of each. Effect size was set to medium effect size
(ES=0.06) at the beginning of the study, however at the end of the study it was found
to be small effect size (ES=0.000).
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Source Dependent df F Sig. Eta Observed
Variable Squared Power
Corrected Model PSTACH 99 6.805 0.000 0.773 1.000
PSTATT 99 2.513 0.000 0.557 1.000
Intercept PSTACH 1 312.226 0.000 0.612 1.000
PSTATT 1 620.165 0.000 0.758 1.000
GENDER PSTACH 1 2.074 0.151 0.010 0.300
PSTATT 1 1.748 0.188 0.009 0.260
MOI PSTACH 1 9.455 0.002 0.046 0.864
PSTATT 1 0.071 0.791 0.000 0.058
PREACH PSTACH 2 0.918 0.401 0.009 0.207
PSTATT 2 0.826 0.439 0.008 0.190
PREATT PSTACH 2 2.619 0.075 0.026 0.517
PSTATT 2 29.301 0.000 0.228 1.000
SCHOOL PSTACH 4 31.372 0.000 0.388 1.000
PSTATT 4 1.358 0.250 0.027 0.419
PPCG PSTACH 5 5.956 0.000 0.131 0.994
PSTATT 5 2.278 0.048 0.054 0.729
MOI*PREACH PSTACH 2 2.378 0.095 0.023 0.477
PSTATT 2 1.575 0.210 0.016 0.331
MOI*GPA PSTACH 4 1.272 0.282 0.025 0.394
PSTATT 4 1.083 0.366 0.021 0.338
PREACH*SCHOOL PSTACH 8 1.908 0.061 0.072 0.789
PSTATT 8 0.841 0.567 0.33 0.386
MOI*CoS*PPCG PSTACH 18 0.639 0.866 0.055 0.455
PSTATT 18 1.461 0.108 0.117 0.890
MOI*CoS*PREATT*PPCG PSTACH 46 1.054 0.391 0.197 0.951
PSTATT 46 0.961 0.549 0.183 0.924
PREACH*PREATT PSTACH 4 0.076 0.989 0.002 0.065
PSTATT 4 1.467 0.214 0.029 0.450
Error PSTACH 198
PSTATT 198
Total PSTACH 298
PSTATT 298
Corrected Total PSTACH 297
PSTATT 297
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By extracting the effects of the covariate on the dependent variables estimated
means of this model was calculated. These estimated means for dependent variables
grouped with regard to the experimental and control groups were given in Table

4.17. Table 4.18 presented the comparison of treatment groups with each other.

According to Table 4.18 there was a significant mean difference of 2.084
(p<0.05) between the means of inquiry and lecture group in favor of the inquiry
group on PSTACH. Additionally, there was a mean difference of 0.99 (p>0.05)
between the means of inquiry and lecture group in favor of the inquiry group on the

PSTATT, but this difference was not statistically significant.

Table 4.17 Estimated Marginal Means of the MOI
Dependent MOI Mean Std. Error  95% Confidence Interval

Variable Lower Bound Upper Bound

PSTACH EXP 18.168  0.578 17.029 19.307
CONT 16.085 0.669 14.765 17.404

PSTATT EXP 76.409  1.808 72.844 79.975
CONT 75419 2.095 71.289 79.550

Table 4.18 Pairwise Comparisons of the MOI wrt the PSTACH and PSTATT

Dependent  MOI MOI Mean Std.  Sig. Confidence
Variable Difference Error Interval for
@ Q) (I-hH Difference

Lower  Upper
Bound Bound

PSTACH INQUIRY LECTURE 2.084 0.688 0.003 0.727  3.440

PSTATT INQUIRY LECTURE 0990  2.154 0.646 -3.258  5.238
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As Table 4.15 indicated, the observed power of this study was 1.00 and the

effect size was calculated as 0.206 for one of the group membership variables,
school. The observed power of the study was greater than the preset value, and the
calculated effect size of the study was greater than the preset value. As indicated in
Table 4.16, ANCOVA for PSTATT did not revealed a significant mean difference,
F(4)=1.358, p>0.05. However, the ANCOVA revealed that there was a significant
mean difference, F(4)= 31.372, p<0.05, on the dependent variable of PSTACH
between groups attending to different schools when the covariate gender was
controlled. Table 4.19 and Table 4.20 presented the comparison of schools with each
other on the dependent variable of the PSTACH..

Table 4.19 Estimated Marginal Means of School wrt the PSTACH

School Mean Std. Error 95% Confidence Interval

Lower Bound Upper Bound

AYDIN 13.349  1.292 10.801 15.896
EMUAL 11.023 0.764 9.517 12.529
ADMAL 20.623 1.672 17.326 23.919
SDAL  18.857  0.669 17.538 20.176
FEN 227769  0.888 21.018 24.521

Table 4.20 presented the pairwise comparisons of school within each other.
According to this table, there were significant mean differences between AYDIN and
ADMAL, AYDIN and SDAL, AYDIN and FEN, EMUAL and ADMAL, EMUAL
and SDAL, EMUAL and FEN, and SDAL and FEN. However the mean differences
between AYDIN and EMUAL, ADMAL and SDAL, and ADMAL and FEN were
not significant. The mean differences between AYDIN and all other schools except
EMUAL favored the other schools. Although not significant, there was a difference
between the means of AYDIN and EMUAL in favor of AYDIN. The mean
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differences between EMUAL and all other schools favored the other schools. The
mean differences between ADMAL and all other schools except FEN favored this
school. However these mean differences of ADMAL and FEN and ADMAL and
SDAL were not statistically significant. There was a significant difference between

the means of SDAL and FEN in favor of FEN.

Table 4.20 Pairwise Comparisons of the Schools with respect to the PSTACH
School  School Mean Difference Std. Sig. 95% Confidence Interval for

@D @)) I-)) Error Difference
Lower Bound Upper Bound

AYDIN EMUAL 2.325 1.515 1.000 -1.974 6.625
ADMAL -1.274 2.159 0.009  -13.404 -1.145

SDAL -5.509 1.514 0.003 -9.806 -1.211

FEN -9.421 1.577 0.000  -13.897 -4.945

EMUAL ADMAL -9.600 1.829 0.000  -14.791 -4.408
SDAL -7.834 0.942 0.000  -10.508 -5.160

FEN -11.746 1.148 0.000  -15.005 -8.487

ADMAL SDAL 1.766 1.725 1.000 -3.132 6.663
FEN -2.147 1.860 1.000 -7.426 -3.133

SDAL FEN -3.912 1.028 0.002 -6.831 -0.994

As Table 4.15 indicated, the observed power of this study was 1.00 and the
effect size was calculated as 0.119 for one of the group membership interaction
variables, PREATT. The observed power of the study was greater than the preset
value, and the calculated effect size of the study was greater than the preset value.
The analysis revealed that there was a significant mean difference, F(4)= 13.427,
p<0.05, on the collective dependent variables of PSTACH and PSTATT between

groups having different previous attitudes toward electric circuits subject when the
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covariate gender was controlled. As indicated in Table 4.16, the ANCOV A revealed
that there was a significant mean difference, F(2)=29.301, p<0.05, on the dependent
variable of PSTATT between groups having different levels of attitudes towards
electric circuits subject when the covariate gender was controlled. However,
ANCOVA for PSTACH did not revealed a significant mean difference, F(4)=2.619,
p>0.05. Table 4.21 and Table 4.22 presented the comparison of students with each
other on the dependent variable; PSTATT.

As Table 4.22 showed that the posttest scores of students who had low level
of aptitude toward electric circuits prior to the study was low again in the PSTATT
when compared to other intermediate and high levels. Also high preaptitude students
had higher means than the intermediate preaptitude students. The mean of low-
preaptitude students on PSTATT was smaller than the mean of the intermediate-
preaptitude students while it was smaller than the mean of the high-preaptitude
students. The high-preaptitude students had greater mean on PSTATT than the

imtermediate-preaptitude students.

Table 4.21 Estimated Marginal Means of PREATT wrt the PSTATT

Dependent Variable PREATT Mean Std. Error 95% Confidence Interval
Lower Bound Upper Bound

PSTATT 1 65.757  2.271 61.279 70.234
2 75.936  1.973 72.046 79.826
3 87.118  2.263 82.656 91.580

Table 4.22 Pairwise Comparisons of the PREATT wrt the PSTATT
Dependent PREATT PREATT Mean Std. Sig. 95% Confidence Interval

Variable Difference Error for Difference
) J) d1-J) Lower Upper
Bound Bound
PSTATT 1 2 -10.179 2.484 0.00 -16.177 -4.182
3 -21.362 2719 0.00 -27.926 -14.797

2 3 -11.182  2.371 0.00 -16.908 -5.457
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As Table 4.15 indicated, the observed power of this study was 0.994 and the
effect size was calculated as 0.082 for one of the group membership interaction
variables, PPCG. The observed power of the study was greater than the preset value,
and the calculated effect size of the study reached to the preset value. The analysis
revealed that there was a significant mean difference, F(10)= 3.517, p<0.05, on the
collective dependent variables of PSTACH and PSTATT between groups having
different previous physics course grades when the covariate gender was controlled.
As indicated in Table 4.16, the ANCOVA revealed that there was a significant mean
difference, F(5)=5.956, p<0.05, on the dependent variable of PSTACH between
groups having different previous physics course grades when the covariate gender
was controlled. Additionally, ANCOVA for PSTATT revealed a significant mean
difference, F(5)=2.278, p<0.05, too. Table 4.23 and Table 4.24 presented the

comparison of students with each other on the dependent variable; PSTATT.

Table 4.24 presented the pairwise comparisons of levels of PPCG within each
other for two dependent variables, PSTACH and PSTATT respectively. According to
this table, on PSTACH, there was a significant mean difference between the group of
students having 2, 3 and 4 as the previous physics course grade and the students
having 5 as previous physics course grade. All other mean differences between levels
of PPCG were not significant. The mean differences between “2”, “3”, and “4”
groups and “5” group favored the latter; in essence, the mean of “5” group was 4,942
greater than the mean of “2” group, 3,247 greater than the “3” group, and 2,657
greater than the “4” group. However, the mean of the students on PSTATT did not

differ among their previous physics course grades.
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Table 4.23 Estimated Marginal Means of the PPCG wrt the PSTACH and PSTATT

Dependent PPCG  Mean Std. Error 95% Confidence Interval
Variable
Lower Bound Upper Bound
PSTACH 0 15.021 1.804 11.464 18.577
1 16.116  1.300 13.551 18.680
2 15.238  1.131 13.006 17.469
3 16.933  0.795 15.364 18.501
4 17.523  0.657 16.228 18.817
5 20.180  0.694 18.810 21.549
PSTATT 0 71.072  5.647 59.936 82.209
1 73.446  4.071 65.417 81.474
2 72.376  3.543 65.390 79.362
3 75.530  2.490 70.619 80.441
4 75.543  2.056 71.489 79.597
5 82.059 2.174 77.772 86.346




Table 4.24 Pairwise Comparisons of the PPCG wrt to the PSTACH and PSTATT

Dependent GPA GPA Mean Std.  Sig. 95% Confidence Interval for
Variable Difference Error Difference
D @ I-J) Lower Bound Upper Bound
PSTACH 0 1 -1.095 1.959 1.000 -6.916 4.726
2 -0.217 1.978 1.000 -6.095 5.661
3 -1.912 1.899 1.000 -7.554 3.730
4 -2.502  1.830 1.000 -7.939 2.935
5 -5.159 1.876 0.098 -10.734 0.416
1 2 0.878 1.605 1.000 -3.892 5.648
3 -0.817 1.423  1.000 -5.047 3.412
4 -1.407 1.357 1.000 -5.440 2.626
5 -4.064 1416 0.068 -8.272 0.144
2 3 -1.695 1.286 1.000 -5.515 2.125
4 -2.285 1.159 0.750 -5.728 1.158
5 -4.942 1.234  0.001 -8.610 -1.274
3 4 -0.590  0.875 1.000 -3.189 2.010
5 -3.247  0.924 0.008 -5.991 -0.502
4 5 -2.657  0.780 0.012 -4.974 -0.340
PSTATT 0 1 -2.373  6.134 1.000 -20.599 15.853
2 -1.304  6.194 1.000 -19.707 17.100
3 -4.458  5.946 1.000 -22.123 13.208
4 -4.470  5.729 1.000 -21.492 12.552
5 -10.987  5.875 0.944 -28.442 6.469
1 2 1.069 5.026 1.000 -13.865 16.004
3 -2.085  4.457 1.000 -15.327 11.158
4 -2.097  4.250 1.000 -14.726 10.532
5 -8.614 4434 0.802 -21.788 4.561
2 3 -3.154  4.025 1.000 -15.114 8.807
4 -3.166  3.628 1.000 -13.946 7.613
5 -9.683  3.865 0.196 -21.167 1.801
3 4 -0.013  2.739 1.000 -8.152 8.127
5 -6.529  2.892 0.376 -15.122 2.064
4 5 -6.517  2.441 0.124 -13.770 0.737
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The effects of interaction terms on dependent variables were not statistically
significant in this study, as Table 4.15 indicated. However, this lack of statistical
significance might be explained by the small sample sizes of some cells. In fact, in
some of the cells, the sample was less than 10. So, the value of effect sizes in each
cell would be more informative and meaningful in judging the utility and the
practical significance of the interaction terms. Cohen’s d was calculated and graphed
for each cell in the interaction terms and then the effect sizes those reached the
medium and large level were discussed. Cohen’s effect size was calculated by using
the formula below;

J— Ty — Iy |

5

where the standard deviation was calculated by

‘o \/(nl —1)s2 + (ny — 1)s3
ny + Mg

since the sample sizes for experimental and control groups were not equal.

Table 4.25 indicated the interaction term of PREACH*MOI. According to
Table 4.25, only a medium effect size was found for the interaction of
PREACH*MOI for the students having high preachievement and exposed to inquiry
and lecture groups. High preachiever students exposed to inquiry instruction were
more successful (ES=0.57, medium effect size) than the other high preachievers who

were exposed to lecture instruction on PSTACH.



Table 4.25 Pairwise comparison of the PREACH * MOI

Dependent Variable PREACH N MOI Mean Std. Error Effect
PSTACH 1 32 LECTURE 17.205 1.366 Slgz
68 INQUIRY 17.374  1.120
2 42 LECTURE 15.339 0.834 0.38
76  INQUIRY 17.432  0.652
3 35 LECTURE 15.710 1.197 0.57*
45 INQUIRY 19.699  1.094
PSTATT 1 32 LECTURE 75386 4277 022
68 INQUIRY 81.287  3.506
2 42 LECTURE 74.770 2.611  0.12
76  INQUIRY 72.756  2.043
3 35 LECTURE 76.103 3.749 0.04
45 INQUIRY 75.185  3.425

* Medium Effect Size

Figure 4.2 indicated the interaction term of PREACH*MOI. According to

Table 4.25, only a medium effect size was found for the interaction of
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PREACH*MOI for the students having high preachievement and exposed to inquiry

and lecture groups. High preachiever students exposed to inquiry instruction were

more successful (ES=0.57, medium effect size) than the other high preachievers who

were exposed to lecture instruction on PSTACH.

When considering pretest scores of achievement test, students who achieved

highly in the pretest, benefited more from the inquiry based instruction rather than

the lecture.
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Figure 4.2 Interaction between PREACH and treatments with respect to PSTACH

Table 4.26 indicated the interaction term of PPCG*MOI. According to Table
4.26, the effect sizeof interaction between PPCG and MOI on PSTACH was medium
for students who had “3” and “4” as the previous physics course grades. It was large
for the students who had “2” as PPCG. The effect size of interaction between PPCG
and MOI on PSTATT was medium for students who had “2” as the previous physics
course grade. The other effect sizes were small. Since there were not any students
who had “0” as PPCG having lecture instruction, the effect size values for these cells

were not calculated.



Table 4.26 Pairwise comparison of the PPCG * MOI

Dependent Variable PPCG n MOI Mean Std. Error Effect Size
PSTACH 0 0 LECTURE

10 INQUIRY 15.021 1.804

1 1 LECTURE 17995 4.343 0.34
24 INQUIRY 15.847  1.390

2 9 LECTURE 11.360 1.886 1.15%%*
21 INQUIRY 17.661 1.296

3 17 LECTURE 15440 1.259 0.53*
38 INQUIRY 18.259 0.920

4 50 LECTURE 15.853 0.816 0.59*
48 INQUIRY 19.192 0.834

5 32 LECTURE 19.301 1.010 0.32
48 INQUIRY 21.058  0.822

PSTATT 0 0 LECTURE

10 INQUIRY 71.072  5.647

1 1 LECTURE 79.435 13.598 0.34
24 INQUIRY 72.590 4.352

2 9 LECTURE 65.384  5.906 0.66*
21 INQUIRY 76.746  4.059

3 17 LECTURE 74991 3.942 0.06
38 INQUIRY 76.010  2.879

4 50 LECTURE 74.468  2.555 0.12
48 INQUIRY 76.618 2.611

5 32 LECTURE 81.881  3.162 0.02
48 INQUIRY 82237  2.575

* Medium Effect Size ** Large Effect Size
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Figure 4.3 indicated the interaction term of PPCG*MOI. According to Table
4.26, the effect size of interaction between PPCG and MOI on PSTACH was
medium (ES=0.53, and ES=0.59, respectively) for students who had “3”” and “4” as
the previous physics course grades. It was large (ES= 1.15) for the students who had
“2” as PPCG.

Students who had grades “2”, “3”, and “4” from the previous physics courses,

benefited more from the inquiry instruction then they did from the lecture instruction.

25
15

10

Lecture

PSTACH

== InqJuiry

PPCG

Figure 4.3 Interaction between PPCG and treatments with respect to

PSTACH

According to Table 4.26 and as represented in Figure 4.4, the effect size of
interaction between PPCG and MOI on PSTATT was medium (ES=0.66) for
students who had “2” as the previous physics course grade. The other effect sizes
were small. For students who had “2” from the previous physics courses, inquiry
instruction was more beneficial on improving their attitudes toward electric circuits

subject.
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Figure 4.4 Interaction between PPCG and treatments with respect to PSTATT

Table 4.27 indicated the interaction term of CoS*PPCG*MOI. According to
Table 4.27, the effect size of interaction between PPCG and MOI on PSTACH was
medium for students who were field dependents and had “17, “3”, “4”, and “5” as
previous physics course grade; was large for those had “2” as PPCG. Table 4.27 also
indicated that for students who were field intermediate (field mixed), there were
large effect sizes for students who had “2”, “3”, and “4”; while there were medium
effect for students who had “5” as PPCG. The effect size for field independent
students who had “3” as previous physics course grade was medium whereas for
those who had “2” as PPCG it was large. According to Table 4.27, the effect size of
interaction between PPCG and MOI on PSTATT was medium for students who were
field dependents and had “1”” and “3”. Table 4.26 also indicated that for students who
were field intermediate, there was large effect size for students who had “2” as
PPCG. The effect size for field independent students who had “3” as previous
physics course grade was medium whereas for those who had “2” as PPCG it was

large.



Table 4.27 Pairwise comparison of the CoS * PPCG * MOI
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Dependent Variable CoS PPCG n MOI Mean Std. Error Effect Size
PSTACH FDEP 0 0 LEC
6 INQ 16.175 2.028
1 1 LEC 17.995 4.343 0.54*
17 INQ 15219 1.371
2 6 LEC 13.118 2.262 0.85%*
11 INQ 16.860 1.416
3 4 LEC 14.929 2.323 0.51*
18 INQ 17.493 1.330
4 10 LEC 15.821 1.519 0.59*
17 INQ 18.490 1.202
5 9 LEC 18.979 1.529 0.64*
11 INQ 21.756 1.512
FMIX 0 0 LEC
3 INQ 15939 2.764
1 0 LEC
3 INQ 18.713 2.692
2 2 LEC 8497 3.062
5 INQ 17.273 2.255
3 6 LEC 15.167 1.827
13 INQ 18.635
4 13 LEC 14.644
15 INQ 19.646
5 10 LEC 18.352
16 INQ 21.559 244
FIND 0 0 LEC
1 INQ 10.874  0.86%*
1 0 LEC
4 INQ 13.924 1.07%*
2 1 LEC 8.951 2.79%%*
5 INQ 18.584 0.66*
3 7 LEC 16.135 0.58*
7 INQ 18.650 1.923
4 27 LEC 17.095 0.989 0.47
16 INQ 19439 1.334
5 13 LEC 20.572 1.686 0.13
21 INQ 19.860 1.181




Table 4.27 (continued)
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Dependent Variable CoS PPCG n MOI Mean Std. Error Effect Size
PSTATT FDEP 0 0 LEC
6 INQ 69.317 6.350
1 1 LEC 79.435 13.598 0.51%*
17 INQ 71.262 4.294
2 6 LEC 80.917 7.083 0.37
11 INQ 75.859 4.433
3 4 LEC 81.454 7.274 0.73*
18 INQ 69.895 4.163
4 10 LEC 72.084 4.755 0.28
17 INQ 76.056 3.765
5 9 LEC 78.908 4.787 0.12
11 INQ 80.489 4.735
FMIX 0 0 LEC
3 INQ 67.752 8.655
1 0 LEC
3 INQ 79.934 8.427
2 2 LEC 58.177 9.587 2.57%*
5 INQ 87.153 7.059
3 6 LEC 73.510 5.719 0.44
13 INQ 79.012 3.932
4 13 LEC 78.429 4.069 0.02
15 INQ 78.765 4.265
5 10 LEC 80.970 5.651 0.12
16 INQ 79.174 3.923
FIND 0 0 LEC
1 INQ 81.226 13.480
1 0 LEC
4 INQ 67.238 8.127
2 1 LEC 25.993 13.696 3.79%%*
5 INQ 66.932 6.611
3 7 LEC 69.514 5.908 0.71%*
7 INQ 79.121 6.021
4 27  LEC 72.891 3.097 0.14
16 INQ 75.031 4.178
5 13 LEC 85.766 5.278 0.08
21 INQ 87.048 3.697

* Medium Effect Size ** Large Effect Size
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Figure 4.5, 4.6, and 4.7 indicated the interaction term of CoS*PPCG*MOI.
According to Table 4.27, the effect size of interaction between PPCG and MOI on
PSTACH was medium for students who were field dependents and had “1”
(ES=0.54), “3” (ES=0.51), “4” (ES=0.59), and “5” (ES=0.64) as previous physics
course grade; was large for those had “2” (ES=0.85) as PPCG.

In the light of Figure 4.5 and Table 4.27, field dependent students who had
grade “2” and grades higher than “2” from previous physics courses benefited more
from inquiry instruction than they did from lecture in increasing their achievement in
electric circuits subject. Nonetheless, students who had “1” from previous physics

course, benefited more from the lecture method.
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Figure 4.5 Interaction between PPCG and MOI with respect to PSTACH for Field
Dependent Students

Table 4.27 also indicated that for students who were field intermediate (field
mixed), there were large effect sizes for students who had “2” (ES=2.44), “3”
(ES=0.86), and “4” (ES=1.07); while there were medium effect for students who had
“5” (ES=0.66) as PPCG. Figure 4.6 illustrated this fact clearly.
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Inquiry instruction is more beneficial than the lecture on electric circuits
subject achievement for field intermediate students who got grade “2” and higher

than “2” grades. For students who got “0” and “1”’, comparison of the methods could

not be done.
25
20 |
15 |
I
-,
s
Lecture
* 10 |
== Inquiry
5 !
0 L
0 1 2 3 4 5
PPCG

Figure 4.6 Interaction between PPCG and MOI with respect to PSTACH for Field
Mixed Students

According to Table 4.27 and Figure 4.7, the effect size for field independent
students who had “3” as previous physics course grade was medium (ES=0.58)
whereas for those who had “2” as PPCG it was large (ES=2.79). For field
independent students who had “2” and “3” as PPCG, inquiry method was better than

the lecture method on improving achievement in electric circuits subject.
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Figure 4.7 Interaction between PPCG and MOI with respect to PSTACH for Field

Independent Students

According to Table 4.27 and Figure 4.8, the effect size of interaction between
PPCG and MOI on PSTATT was medium for students who were field dependents
and had “1” (ES=0.51) and “3” (ES=0.73).

For field dependent students who had “1” and “3” as PPCG, lecture
instruction was better than the inquiry-based instruction on improving students

attitudes toward electric circuits subject.
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Figure 4.8 Interaction between PPCG and MOI with respect to PSTATT for Field

Dependent Students

Table 4.27 and Figure 4.9 also indicated that for students who were field
intermediate, there were large effect size (ES=2.57) for students who had “2” as
PPCG. For field intermediate students who had “2” as PPCG, inquiry-based
instruction was better than the lecture instruction on improving students’ attitudes

toward electric circuits subject.
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Figure 4.9 Interaction between PPCG and MOI with respect to PSTATT for Field

Mixed Students

According to Table 4.27 and Figure 4.10, the effect size for field independent

students who had “3” as previous physics course grade was medium (ES=0.71)

whereas for those who had “2” as PPCG it was large (ES=3.79). For field

independent students who had “3” and “2” as PPCG, inquiry based instruction was

more effective than lecture on improving their attitude toward electric circuits

subject.
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Figure 4.10 Interaction between PPCG and MOI with respect to PSTATT for Field
Independent Students

The number of students in each cell of the interaction term
CoS*PREATT*PPCG*MOI was very few so that the effect sizes for this interaction

term were not calculated.

4.4 Aptitude-Treatment Interaction Analysis for only SDAL and FEN

While examining the results of MANCOVA, the researcher noticed that the
lecture group PSTACH mean was higher than the inquiry group PSTACH mean in
AYDIN. Also the mean of this lecture group was higher than some of the mean
PSTACH scores of lecture groups in Anatolian High Schools. Therefore, the change
in the mean scores of PREACH through PSTACH was examined and Table 4.28 was
produced.
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Table 4.28 Means of PREACH and PSTACH Grouped by School and MOI

AYDIN EMUAL ADMAL SDAL FEN

PREACH n Mean n Mean n Mean n Mean n Mean

INQ 40 1054 46 1201 25 1880 59 1392 19 13.65
LEC 28 10.10 14 1386 26 17.35 20 13.54 21 18.17
TOTAL 68 1036 60 1244 51 18.06 79 13.82 40 16.02

PSTACH

INQ 40 965 46 1141 25 2328 59 2031 19 2658
LEC 28 13.68 14 929 26 1269 20 20.80 21 23.05
TOTAL 68 1131 60 1092 51 1788 79 2043 40 24.73

It was apparent from Table 4.28 that in EMUAL, and ADMAL there was a
remarkable decrease in the mean scores on PSTACH through PREACH of students
having lecture instruction. In AYDIN, inquiry group students had higher mean on the
same test in PREACH than they had in PSTACH, however the difference was in
tolerable range. In lecture group of EMUAL, a considerable mean decrease occurred
at the end of the study, while the means of the inquiry group were nearly same with
each other. Also, in ADMAL, the mean of the lecture group dropped from PREACH
test to PSTACH tests, while there was an increase in the means of inquiry group.
Although approximately finding the same means of PREACH and PSTACH for
lecture or inquiry group might indicate that the treatment given in that group did not
work at all, the decrease of mean from PREACH to PSTACH was irrational.
Students were expected to learn some information unintentionally even if they just
sat on the desk and were present in the classroom. This situation yielded suspension
in the data collection process of PSTACH. Students probably did not give much
attention to the postachievement test. In some classes the posttests were administered
after the administration of the last examination; hence students did not answer
seriously. Although the teachers were warned about this possibility, and they took

cautions as telling students the scores they got in the PSTACH would be their oral
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exam scores, students did not care this fact, unfortunately. In the other two schools
SDAL and FEN, both groups increased their means on PSTACH with respect to
those in PREACH. In fact, all the possible explanations suggested above were just
guess; because the real reason for the situation could not be found from now on, it
would be better to perform all the main effect and interaction analyses for only

SDAL and FEN.

To perform this analyses for only SDAL and FEN, necessary sample size
could not be reached (nspar+ren=119), so that, the main and interaction analyses

were explored in terms of effect sizes.

Firstly the effect sizes for each category of group membership variables were
figured out for PSTACH and PSTATT. Tables 4.29, 4.30, 4.31, 4.32, 4.33, 4.34,
4.35,4.36,4.37, 4.38 and 4.39 indicated the effect size values in PSTACH and
PSTATT with respect to MOI, CoS, PREACH, PREATT, school (two level; SDAL
and FEN), PPCG, PREACH*MOI, PPCG*MOI, CoS * PPCG * MOI, and CoS *
PREATT * PPCG * MOL

Although the mean of students in inquiry based instruction group was greater

than the mean of the students in lecture group on PSTACH and PSTATT, these

differences were small in effect, as Table 4.29 indicated.

Table 4.29 Mean comparisons and the effect sizes of the levels of MOI

Dependent Variable n MOI Mean Std. Error Effect Size
PSTACH 109 LEC 21.607  0.636 0.08
189 INQ 22.193  0.536
PSTATT 109 LEC 74.090  2.942 0.11

189 INQ 77.614  2.478
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Although the mean of the field intermediate students was greater than the
mean of the field dependent and field independent students on PSTACH and
PSTATT, and the mean of the field independent students was slightly higher than the
mean of the field dependent students on PSTACH and PSTATT, these pairwise

differences were small in effect, as Table 4.30 indicated.

Table 4.30 Mean comparisons and the effect sizes of the levels of CoS

Dependent Variable CoS n Mean Std. Error Compared Pairs Effect Size

PSTACH FDEP 34 21.332 0.839 FDep-FMix 0.23
FMIX 43 22362 0.663 FDep-Find 0.18
FIND 42 22.144 0.699 FMix-FInd 0.05
PSTATT FDEP 34 74.042 3.883 FDep-FMix 0.25
FMIX 43 79.157 3.065 FDep-Find 0.03
FIND 42 74.655 3.236 FMix-FInd 0.23

Although the mean of the high preachiever students was greater than the
mean of the intermediate and low preachiever students on PSTACH, and
intermediate preachievers outperformed the low preachievers on PSTACH, there was
only one medium effect size between the high and low preachievers, as Table 4.31
presented. Additionally, although the mean of the low preachiever students was
greater than the mean of the intermediate and high preachiever students on PSTATT,
and intermediate preachievers outperformed the high preachievers on PSTATT, these

pairwise differences were small in effect, as Table 4.31 indicated.
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Table 4.31 Mean comparisons and the effect sizes of the levels of PREACH
Dependent Variable PREACH n Mean Std. Error Compared — Effect

Pairs Size

PSTACH 1 32 20.190 0.850 1-2 0.35
2 48 21.904 0.746 1-3 0.71%*

3 39 23.643 0.832 2-3 0.34

PSTATT 1 32 78.627 3.935 1-2 0.05
2 48 77.431 3.454 1-3 0.31

3 39 71.719 3.848 2-3 0.24

* Medium Effect Size

Although the mean of the students who had high preattitude was greater than
the mean of the students who had intermediate and low preattitude on PSTATT, and
the students having intermediate preattitudes outperformed those having low
preattitudes on PSTATT, there was only one high effect size between the students
having high and low preattitudes, as Table 4.32 presented. Additionally, although the
mean of the intermediate preattitude students was greater than the mean of the low
and high preattitude students on PSTATT, and low preattitude students slightly
outperformed the high preattitude students on PSTACH, these pairwise differences

were small in effect, as Table 4.32 indicated.
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Table 4.32 Mean comparisons and the effect sizes of the levels of PREATT
Dependent Variable PREATT n  Mean Std. Error Compared Effect

Pairs Size

PSTACH 1 32 21.900 0.723 1-2 0.04

2 52 22.063 0.674 1-3 0.04

3 35 21.745 0.803 2-3 0.07

PSTATT 1 32 67.526 3.344 1-2 0.40
2 52 75.898 3.118 1-3 0.93%*

3 35 86.158 3.713 2-3 0.47

** Large Effect Size

Although the mean of students in FEN was greater than the mean of the
students in SDAL on PSTACH and PSTATT, only the difference on PSTACH was
large in effect, as Table 4.33 indicated.

Table 4.33 Mean comparisons and the effect sizes of the levels of School

Dependent Variable SCHOOL n  Mean Std. Error Effect Size

PSTACH SDAL 79 19.762  0.513 0.94%*
FEN 40 24.063 0.767
PSTATT SDAL 79 73989 2372 0.18

FEN 40 77.862  3.547

** Large Effect Size

Table 4.34 revealed that although the mean of the students on PSTACH and
PSTATT did not yield a systematic increase or decrease when examined with regard

to their previous physics course grades, the students who had “5” as PPCG
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outperformed the others on both dependent variables. The effect sizes on the other

hand were all small, except the ones calculated for 1-3 (medium effect) and 3-5 (high

effect) on PSTACH, as Table 4.35 indicated.

Table 4.34 Mean comparisons of the levels of PPCG

Dependent Variable PPCG n Mean Std. Error
PSTACH 1 1 22.340 3473
2 4 21.545  1.828
3 21 19.932  0.825
4 44 22.040  0.703
5 49 23444  0.666
PSTATT 1 1 71.955 16.069
2 4 70.517  8.456
3 21 73.433  3.818
4 44 73.471  3.252
5 49 81.514  3.082




Table 4.35 Pairwise effect sizes of the levels of PPCG

Dependent Variable PPCG (I) PPCG (J) Effect Size

PSTACH 1

0.32
0.69*
0.07
0.24
0.46
0.11
0.43
0.49
0.82%*
0.27

—

PSTATT

4

2
3
4
5
3
4
5
4
5
5
2
3
4
5
3
4
5

4
5
5

0.13
0.09
0.07
0.46
0.18
0.15
0.39

0.00
0.41
0.38

* Medium Effect Size ** Large Effect Size
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As Table 3.36 indicated, when the interaction between PREACH and MOI

was investigated, it was found that the interaction between high preachiever students

who had inquiry and lecture instruction yielded a medium effect on PSTATT. In
essence, high preachiever students having inquiry-based instruction outperformed

their high preachiever peers having lecture instruction on PSTATT, and this
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difference was of medium effect size. The other pairwise comparisons of PREACH
and MOI did not produce a medium or high effect sizes, although in all
preachievement levels inquiry group had higher means than the lecture group on
PSTACH, and although in low and medium preachievement levels the lecture groups

had higher means on PSTATT then the inquiry groups.

Table 4.36 Pairwise comparison of PREACH * MOI
Dependent Variable PREACH n  MOI  Mean Std. Error Effect Size

PSTACH 1 9 LEC 19.718 1.449 0.22
23 INQ 20.624  0.930
2 15 LEC 21.561 1.197 0.15
33 INQ 22220 0.826
3 17 LEC 23542  1.389 0.04
22 INQ 237736  1.063
PSTATT 1 9 LEC 79319 6.703 0.07
23 INQ 77991  4.304
2 15 LEC 78592  5.538 0.11
33 INQ 76364  3.824
3 17 LEC 64360 6424 0.61*
22 INQ 78.489 40918

* Medium Effect Size

As Table 4.36 and Figure 4.11 indicated, when the interaction between
PREACH and MOI was investigated, it was found that the interaction between high
preachiever students who had inquiry and lecture instruction yielded a medium effect
(ES=0.61) on PSTATT. In essence, high preachiever students having inquiry-based
instruction outperformed their high preachiever peers having lecture instruction on

PSTATT.
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For students who had high achievement previously on electric circuits,
inquiry-based instruction was better than lecture instruction for improving their

attitudes toward the same subject.
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Figure 4.11 Interaction between PREACH and MOI with respect to PSTATT

There was only one student in the lecture group who had “1” as the previous
physics course grade, while there was none in the inquiry group, therefore the effect
size for this cell was not computed, as Table 4.37 presented. Also, in the grade “2”
group, the sample sizes were so low (ning= 3 ; nLgc = 1) that meaningful results
could not be obtained. Although the sample size was small, the interaction between
PPCG and MOI revealed a high effect for the students who had “2” as the previous
physics course grade and exposed to lecture or inquiry based instructions. Students
who were exposed to lecture outperformed those who had inquiry based instruction
on PSTACH. However, this high effect size should be considered with caution
because of the previously mentioned reason. For students who had “5 as PPCG, the
inquiry instruction has more positive effect on PSTACH than the lecture instruction.
There existed a medium effect. On the other side, this interaction term PPCG*MOI

did not produced a medium or high effect on the mean of students on PSTATT,



although the mean of the inquiry groups were higher than the mean of the lecture

groups by the increasing PPCG levels.

Table 4.37 Pairwise comparison of the PPCG * MOI

Dependent Variable PPCG n  MOI  Mean Std. Error Effect Size
PSTACH 1 1 LEC 22340 3473
0 INQ
2 1 LEC 22870  3.438 0.97**
3 INQ 20.882  2.048
3 8 LEC 19.075 1.278 0.41
13 INQ 20468 1.078
4 18 LEC 22,191 1.004 0.08
26 INQ 21.868  0.882
5 13 LEC 22357 1.149 0.57*
36 INQ 24531 0.661
PSTATT 1 1 LEC 71955 16.069
0 INQ
2 1 LEC 70.352 15.904 0.03
3 INQ 70.600 9.475
3 8 LEC 72490 50914 0.10
13 INQ 74.023  4.988
4 18 LEC 70.730 4.644 0.30
26 INQ 76.605  4.083
5 13 LEC 79.185 5.318 0.26
36 INQ 83.842  3.057

* Medium Effect Size ** Large Effect Size
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As Table 4.37 and Figure 4.12 indicated, the interaction between PPCG and
MOI revealed a high effect (ES=0.97) for the students who had “2” as the previous
physics course grade and exposed to lecture or inquiry based instructions. Students
who were exposed to lecture outperformed those who had inquiry based instruction
on PSTACH. However, this high effect size should be considered with caution
because of the previously mentioned small sample size. For students who had “5” as
PPCG, the inquiry instruction had more positive effect on PSTACH than the lecture
instruction. There existed a medium effect (ES=0.57).

For students who had “2” as PPCG, lecture instruction was more beneficial
than the inquiry based instruction on improving students’ achievement in electric
circuits subject. On the other hand, for students who had “5” as PPCG, the inquiry-

based instruction was better than the lecture instruction.
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Figure 4.12 Interaction between PPCG and MOI with respect to PSTACH

Table 4.38 indicated the pairwise comparison of the interaction term
CoS*PPCG*MOI. According to Table 4.38, for the dependent variable of PSTACH,
field dependent students who had “2” and “3” as previous physics course grades,

gained higher mean scores when they were exposed to lecture instruction. The effect
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of this difference was large, however, this effect size values should be handled with
caution, since there were just a few students in the related cells. Field intermediate
students who had “3” as PPCG were more successful in inquiry group on PSTACH,
and the effect size reached to medium. Also, field intermediate students who had “5”
as PPCG benefited from inquiry-based instruction; the effect size was large, this
time. Also, field independent students who had “3” and “5” as PPCG benefited more

from the inquiry instruction with large and medium effect sizes, respectively.

Again referring to Table 4.38, for the dependent variable of PSTATT, field
dependent learners with “2” and “3” PPCGs seemed to favor lecture instruction more
and the effect sizes were large in both cases. It is worth to emphasize again that the
sample sizes for the cells were too small, and so this effect size values should be
interpreted carefully. For the field intermediate students, the mean differences on
PSTATT between two instruction groups did not reach the high or medium effect
sizes, and these differences did not show a coherent pattern in favor of one of the
method of instructions. Field independent students who had “3”, “4”, and “5” as
PPCGs were all more successful in inquiry based instruction compared to their peers
having lecture instruction. The effect size values for each “3”, “4”, and “5” groups of

PPCG were large, medium and medium, respectively.
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Dependent Variable CoS PPCG n MOI Mean Std. Error Effect Size
PSTACH FDEP 1 1 LEC 22.340 3.473
0 INQ
2 1 LEC 22.870 3.438 4.98%*
2 INQ 15.878 2.433
3 1 LEC 21.357 3.399 1.30%*
4 INQ 18.066 1.885
4 4 LEC 22.305 1.903 0.04
9 INQ 22.168 1.359
5 4 LEC 23.163 1.729 0.29
8 INQ 22216 1.422
FMIX 1 0 LEC
0 INQ
2 0 LEC
1 INQ 25.886 3.213
3 4 LEC 19.604 1.742 0.78%*
5 INQ 21.790 1.637
4 4 LEC 22.772 1.751 0.34
11 INQ 21.506 1.368
5 3 LEC 20.901 2.342 1.27%%*
15 INQ 25.154 0.961
FIND 1 0 LEC
0 INQ
2 0 LEC
0 INQ
3 3 LEC 17.404 2.060 1.63%*
4 INQ 22.087 2.138
4 10 LEC 21.689 1.234 0.11
6 INQ 22.056 1.359
5 6 LEC 22.520 1.618 0.71%*
13 INQ 25.452 1.348




Table 4.38 (continued)

Dependent Variable CoS PPCG n MOI Mean Std. Error Effect Size
PSTATT FDEP 1 1 LEC 71.955 16.069
0 INQ
2 1 LEC 70.352 15.904 1.91%*
2 INQ 57.952 11.255
3 1 LEC 86.979 15.724 1.63%*
4 INQ 67.925 8.722
4 4 LEC 66.264 8.805 0.47
9 INQ 73.674 6.289
5 4 LEC 82.469 8.002 0.32
8 INQ 87.259 6.579
FMIX 1 0 LEC
0 INQ
2 0 LEC
1 INQ 83.247 14.867
3 4 LEC 75.797 8.060 0.33
5 INQ 79.991 7.576
4 4 LEC 81.060 8.102 0.15
11 INQ 78.459 6.330
5 3 LEC 78.383 10.834 0.05
15 INQ 79.144 4.447
FIND 1 0 LEC
0 INQ
2 0 LEC
0 INQ
3 3 LEC 61.940 9.532 0.92%*
4 INQ 74.217 9.893
4 10 LEC 68.307 5.709 0.77*
6 INQ 79.839 6.287
5 6 LEC 76.435 7.487 0.51%*
13 INQ 86.263 6.236

* Medium Effect Size ** Large Effect Size
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According to Table 4.38 and Figure 4.13, for the dependent variable
PSTACH, field dependent students who had “2” (ES=4.98) and “3” (ES=1.30) as
previous physics course grades, gained higher mean scores when they were exposed
to lecture instruction. The effect of this difference was large, however, this effect size
values should be handled with caution, since there were just a few students in the

related cells.

For field dependent students, students who had “2” and “3” as previous
physics course grade, benefited more from lecture instruction than they did from

inquiry-based instruction in increasing electric circuits achievement.
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Figure 4.13 Interaction between PPCG and MOI with respect to PSTACH for Field
Dependent Students

As Table 4.38 and Figure 4.14 indicated, field intermediate students who had
“3” as PPCG were more successful in inquiry group on PSTACH, and the effect size
reached to medium (ES=0.78). Also, field intermediate students who had “5” as
PPCG benefited from inquiry-based instruction, whereas the effect size was large

(ES=1.27), this time.



physics course grade, benefited more from inquiry-based instruction than they did

For field intermediate students, students who had “3” and “5” as previous

from lecture instruction in increasing electric circuits achievement.
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Figure 4.14 Interaction between PPCG and MOI with respect to PSTACH for Field
Mixed Students

As Table 4.38 and Figure 4.15 presented, field independent students who had

“3” and ““5” as PPCG benefited more from the inquiry instruction with large

(ES=1.63) and medium (ES= 0.71) effect sizes, respectively.

physics course grade, benefited more from inquiry-based instruction than they did

For field independent students, students who had “3” and ““5” as previous

from lecture instruction in increasing electric circuits achievement.
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Figure 4.15 Interaction between PPCG and MOI with respect to PSTACH for
Field Independent Students

Referring to Table 4.38 and Figures 4.16, for the dependent variable
PSTATT, field dependent learners with “2” (ES=1.91) and “3” (ES=1.63) PPCGs
seemed to favor lecture instruction more and the effect sizes were large in both cases.
It is worth to emphasize again that the sample sizes for the cells were too small, and

so this effect size values should be interpreted carefully.

For field dependent students, students who had “2” and “3” as previous
physics course grade, the lecture instruction was better than the inquiry-based

instruction on improving their attitudes toward electric circuits subject.
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Figure 4.16 Interaction between PPCG and MOI with respect to PSTATT for Field
Dependent Students

As Table 4.38 and Figure 4.17 clearly showed, field independent students
who had “3”, “4”, and “5” as PPCGs were all more successful in inquiry based
instruction compared to their peers having lecture instruction. The effect size values
for each “3”, “4”, and “5” groups of PPCG were large (ES=0.92), medium (ES=0.77)
and medium (ES=0.51), respectively.

For field independent students, inquiry-based instruction was more beneficial
than the lecture instruction on improving students’ attitudes toward electric circuits

subject.
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Figure 4.17 Interaction between PPCG and MOI with respect to PSTATT for Field
Independent Students

For the pairwise comparison of the interaction term of
CoS*PREATT*PPCG*MOI; since the sample sizes for each cell were really small

(between 0 and 7), the effect sizes were not computed and discussed in this study.

4.5 Classroom observation checklist

There are 20 items in the classroom observation checklist and these items
were grouped into three categories according to their relatedness to the methods of
instruction, inquiry and lecture. Items 1, 3, 4,5, 6,7,9, 11, 12, 13, 14, 15, 16, and 18
were related to the inquiry based instruction, whereas Items 2 and 8 were related to
lecture method. The remaining Items 10, 17, 19, and 20 were the common items

related to all treatments.

Each item in the observation checklist had four alternatives, namely, “Yes,”
“Partially,” “No,” and “Not Applicable.” These alternatives were coded as “3” for

“Yes”, “2” for “Partially”, “1” for “No”, and “0” for “Not Applicable.”
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There were thirteen classes in this study and each class was observed three
times during the intervention, in fact, thirty nine lessons from a total of one hundred
and sixty eight lessons were observed. The observations were done in random
intervals. Table 4.39 described the means and standard deviations of each item in the
checklist. The bold and underlined numbers indicated that the item was related to the
method of instruction which was specified at the top of the column. If both columns
were bold and underlined, then it means that the item was common to both methods.
All the items related to inquiry-based instruction had higher means in the inquiry
groups than in the lecture groups. Also items related to lecture instruction had higher
means in the lecture groups than they did in the inquiry groups. Two of the common
Items 19 and 20 had higher scores in the inquiry groups; however, the means of these
items were expected to be close to each other for lecture and inquiry groups. Item 20
was concerned about whether the students had enjoyed the lesson or not, since
students were more active in the inquiry-based instruction, the higher mean for the

inquiry was not surprising.
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Table 4.39 Results of classroom observation checklist with respect to each item

Item No Inquiry Group (n=24) Lecture Group (n=15)
Mean (Out of 3) S.D. Mean (Outof3) S.D.

1 3.0 0.0 1.0 0.0
2 1.0 0.1 2.9 0.3
3 3.0 0.0 1.1 0.1
4 2.9 0.2 1.1 0.2
5 2.8 0.4 1.1 0.2
6 2.9 0.3 1.6 0.3
7 2.8 0.4 1.8 0.2
8 1.1 0.3 2.3 0.3
9 2.8 0.4 1.8 0.2
10 2.8 0.4 2.0 0.0
11 3.0 0.0 1.0 0.1
12 2.9 0.2 1.0 0.1
13 2.9 0.2 1.0 0.1
14 2.9 0.2 1.0 0.1
15 2.9 0.3 1.0 0.1
16 2.9 0.2 1.0 0.1
17 2.8 0.4 2.4 0.4
18 2.8 0.4 1.1 0.1
19 2.9 0.3 2.0 0.2
20 2.8 0.4 L. 0.2

As Table 4.39 indicated, for Items 1, 3,4,5,6,7,9, 11, 12, 13, 14, 15, 16,
and 18, inquiry group had higher mean scores than the lecture group; for Items 2 and
8 the lecture group had higher scores than the inquiry group. These results were
expected, however, for common score items, Items 10, 17, 19, and 20, the inquiry

group again had higher scores. This result was different from the expected one, since
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these items were common for the experimental and control group, there should not

be a remarkable and significant difference between them.

To examine the statistical significance of the differences shown in Table 4.39,
both parametric and nonparametric tests were used. First of all, three scores were
defined for both lecture and inquiry groups; inquiry score (INQ-S), lecture score
(LEC-S), and common score (COM-S) were created simply by adding all the items
related to each group. As the parametric test Independent Samples t-test was used,
and Tables 4.40 and 4.41 presented the descriptive statistics and the results of the
Independent Samples t-test. Cohen’s effect size was calculated for the inquiry,
lecture, and common score differences between experimental and control groups by
using the formula below;

J— Ty — To |

5

where the standard deviation was calculated by

5= \X (m — )57 1 (ny— D)3}

ny + Mo

since the sample sizes for experimental and control groups were not equal.

Table 4.40 Descriptive statistics of the One-Way ANOVA
Dependent Variables MOI N Mean Std. Deviation Effect Size

LEC-S EXP 24 2.14 0.31 7.80
CONT 15 520 0.52
Total 39 332 1.56

INQ-S EXP 24 40.58 2.65 11.48
CONT 15 16.53 0.83
Total 39 31.33 12.04

COM-S EXP 24 11.38 1.35 3.06
CONT 15 8.07 0.52

Total 39 10.10 1.96
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Table 4.41 Test of homogeneity of variance for the Independent Samples t-Test

Dependent Variables Levene's Test t-test for Equality of Means
for Equality of
Variances

F Sig. t df Sig. Mean  Std. Error

Difference Difference

LEC-S Equal variances 7.16 0.011 -23.20 37 0.00 -3.06 0.13
assumed
Equal variances -20.72 20.35 0.00 -3.06 0.15

not assumed

INQ-S Equal variances 12.62 0.001 34.01 37 0.00 24.05 0.71

assumed

Equal variances 41.37 29.65 0.00 24.05 0.58
not assumed

COM-S Equal variances 5.27 0.027 9.07 37 0.00 3.31 0.37
assumed

Equal variances 10.81 32.37 0.00 3.31 0.31

not assumed

According to Table 4.41, there were significant mean differences between
lecture and inquiry groups in all of the dependent variables, LEC-S, INQ-S, and
COM-S. According to Levene’s Test for Homogeneity of Variances, all the variances
were different; therefore second lines, “Equal variances not assumed,” for each
dependent variable were interpreted in Table 4.41. There were significant mean
differences between the treatment groups in their LEC-S, INQ-S and COM-S scores.
Lecture group had higher mean in LEC-S dependent variable, and the inquiry group
had higher mean in INQ-S dependent variable than their counterparts did. These
results were expected, since the treatments should vary in these items. However, the

statistically significant mean difference in COM-S scores between groups was not
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expected. The inquiry group had higher mean from COM-S when compared to
lecture group. Also, all the effect sizes computed for the inquiry, lecture and

common score differences were large.

Since the homogeneity of variances assumption could not be met, it would be
better to conduct Mann-Whitney U Test as a non-parametric counterpart, as Freankel
and Wallen indicated (1996, p.217). Table 4.42 and 4.43 indicated the descriptive
statistics and the results of the Mann-Whitney U test. The results of the test were in
the expected direction and significant, z = -5.53, p < .05 for the dependent variable
LEC-S, and inquiry group has an average rank of 12.50 while the lecture group had
an average rank of 32.00. The results of the test were in the expected direction and
significant, z = -5.48, p < .05 for the dependent variable INQ-S, and inquiry group
has an average rank of 27.50 while the lecture group had an average rank of 8.00.
The results of the test were not in the expected direction and significant, z = -4.65, p
< .05 for the dependent variable COM-S, and inquiry group has an average rank of

26.31 while the lecture group had an average rank of 9.90

Table 4.42 Descriptive statistics for ranked variable of LEC-S, INQ-S, and COM-S

N Mean Std. Deviation Minimum Maximum
LEC-S 39 20.00 10.712757 10.000 38.500
INQ-S 39 20.00 10.820303 1.000 30.500
COM-S 39 20.00 10.723805 1.000 30.500
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Table 4.43 Results and Comparisons of the Mann-Whitney U test
MOI N Mean Sum of Mann- Wilcoxon Z Asymp.

Rank Ranks Whitney U w Sig.
LEC-S EXP 24 12.50 300.00 0.00 300.00 -5.53 0.00
CONT 15 32.00 480.00
Total 39
INQ-S EXP 24 27.50 660.00 0.00 120.00 -5.48 0.00
CONT 15 8.00 120.00
Total 39
COM-S EXP 24 26.31 631.50 28.50 148.50 -4.65 0.00
CONT 15 9.90 148.50
Total 39

Thirty nine lessons from a total of one hundred and sixty eight lessons were
observed; eight (five experimental, three control group lessons) of these thirty nine
lessons were observed by two observers, therefore for these eight lessons, there were
two scores. For the reliability concern, two research assistants with at least six year
experience from the Secondary Science and Mathematics Education department at
METU observed same classes for eight lessons and their observations were analyzed
in order to obtain inter-rater reliability. The correlation coefficients between these
two observers were presented in Table 4.44. The scores that the two observers gave
for each item in the checklist were correlated for each eigh