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ABSTRACT

THE EFFECT OF METACONCEPTUAL TEACHING INSTRUCTION ON 10TH
GRADE STUDENTS’ UNDERSTANDING OF STATES OF MATTER, SELF-
EFFICACY TOWARD CHEMISTRY, AND THE NATURE OF
METACONCEPTUAL PROCESSES

Kirbulut, Ziibeyde Demet
Ph.D., Department of Secondary Science and Mathematics Education

Supervisor: Prof. Dr. Omer Geban

March 2012, 357 pages

The purpose of this study is to examine the effect of Metaconceptual Teaching
Instruction (MTI) compared to Traditional Instruction (TI) on 10th grade students’
understanding and durability of states of matter concepts, self-efficacy toward chemistry, and
to portray the nature of students’ metaconceptual processes and the change in students’ ideas
of states of matter.

There were 53 students in the experimental group instructed by the MTI and 49
students in the control group instructed by the TI. Three students from the experimental
group were selected for case study to explore their metaconceptual processes and conceptual
understanding.

To examine the effect of treatment, States of Matter Diagnostic Test (SMDT) and
Self-efficacy toward Chemistry (SETC) were administered to the students before and after
the treatment. Treatment implementation continued for seven weeks. The instruments were
also given eight weeks after the treatment. In case study design, the data were collected
through video recordings of classroom discussions, audio recordings of group discussions,
journal writings, and interviews. Quantitative data analysis was conducted using
MANCOVA.

It was found that there was a significant difference between groups on the posttest
and retention-test scores of the SMDT and retention-test scores of the SETC on behalf of the
experimental group. However, there was no significant difference between groups on the

posttest scores of the SETC. In terms of the nature of metaconceptual processes, it was



documented that the students who had few alternative conceptions mostly engaged in

metaconceptual evaluation. Also, the students changed their ideas of states of matter.

Keywords: Science Education, Constructivism, Metacognition, Metaconceptual Teaching
Instruction, States of Matter
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USTKAVRAMSAL OGRETIM FAALIYETLERININ 10. SINIF
OGRENCILERININ MADDENIN HALLERi KAVRAMLARINI ANLAMALARI
ILE KIMYA OZ-YETERLIKLERI UZERINE ETKIiSi VE USTKAVRAMSAL
SURECLERIN DOGASI

Kirbulut, Ziibeyde Demet
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boliimii

Tez Yoneticisi: Prof. Dr. Omer Geban

Mart 2012, 357 sayfa

Bu ¢aligmanin amaci, Klasik Anlatim Yo6ntemi (KAY) ile kiyaslandiginda,
Ustkavramsal Ogretim Yénteminin (UOY) 10. simf &grencilerinin maddenin halleri
kavramlarini anlamalari, bu kavramlarin kalicilig1 ve kimya 6z-yeterlikleri iizerine nasil bir
etkisi oldugunu arastirmaktir. Ayrica bu galigmada, 6grencilerin tistkavramsal siireglerinin
dogasi ile uygulamadan 6nce ve sonra hangi kavramlara sahip olduklari arastirilmistir.

Deney grubunda 53 6grenci bulunup UOY ile dgretim yapilirken kontrol grubunda
49 dgrenci olup KAY ile dgretim yapilmustir. Ogrencilerin iistkavramsal siireclerinin dogasi
ile uygulamadan 6nce ve sonra maddenin halleri ile ilgili kavramlarindaki degisimi
belirlemek igin ise deney grubundan {i¢ 6grenci durum ¢aligsmasi igin segilmistir.

UOY nin 10. siif 6grencilerinin maddenin halleri kavramlarim anlamalar1 ve kimya
oz-yeterlikleri tizerine nasil bir etkisi oldugunu incelemek i¢in deney ve kontrol grubu
Ogrencilerine uygulamaya baslamadan once ve sonra Maddenin Halleri Kavram Testi
(MHKT) ile Kimya Oz-yeterlik Olgegi (KOO) uygulanmistir. Uygulama yedi hafta
siirmiistiir. Ayrica dgrencilerin kavramlarinin kaliciligini incelemek icin MHKT ve KOO
uygulamadan sekiz hafta sonra tekrar verilmistir. Durum ¢aligmasi i¢in sinif tartigmasi, video
kayitlari, grup tartismast ses kayitlari, glinliik yazma ve miilakat gibi ¢oklu veri kaynaklar
kullanilmigtir. Nicel verilerin analizinde MANCOVA kullanilmigtir.

Nitel verilerin analizi sonucunda deney ve kontrol grubu 6grencilerinin sontest
MHKT, kalicilik testi MHKT ve kalicilik testi KOO puanlari arasinda deney grubu lehine

anlamli bir farklilik bulunmustur. Ancak deney ve Kontrol grubu dgrencilerinin sontest KOO



vii

puanlar1 arasinda anlamli bir farklilik bulunamamistir. Ayrica 6grencilerin iistkavramsal
slireglerinin dogasina bakildiginda alternatif kavramlar1 az olan 6grencilerin tistkavramsal
degerlendirme siirecine daha fazla dahil olduklar1 goriilmiis ve uygulama sonunda

ogrencilerin bir¢ok alternatif kavramini degistirdigi tespit edilmistir.

Keywords: Fen Egitimi, Yapilandirmacilik, Ustbilis, Ust Kavramsal Ogretim Y&ntemi,
Maddenin Halleri
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CHAPTER1

INTRODUCTION

According to Albert Einstein, the essential aim of education is “to produce
independently thinking and acting individuals™ (as cited in National Research Council, 2007,
p. 34). Hartman (2001) stated that “learning is best when it is active, meaningful, retained
over time, and transfers to a variety of contexts” (p. 34). What are the means to satisfy the
above aim and learning explanation? Metacognition and conceptual change lie at the heart of
the answer of this question and of this study.

Conceptual change research has remained a significant research area in science
education over the past several decades based on the foundations of constructivist learning.
During this time, several conceptual change models have been proposed (e.g., Carey, 1991,
1999; Chi, 1992; Chi & Slotta, 1993; diSessa, 1988, 1993, 2008; Hewson & Thorley, 1989;
Linder, 1993; Mortimer, 1995; Posner, Strike, Hewson, & Gertzog, 1982; VVosniadou, 1992,
1994). One of the foundational theories of conceptual change in education was proposed by
Posner et al. (1982) based on Kuhn’s (1970) notion of “paradigm shift”, Lakatos’ (1970)
research programs, and Piaget’s notion of “accommodation”. Posner et al. (1982) proposed
that if a learner’s current conception was adequate to deal with a new concept, then, the
learner’s existing conceptions were functional for her/him and the new concept could be
incorporated with her/his existing conceptions. This process was called as “assimilation” by
Posner et al. (1982) and “conceptual capture” by Hewson (1981). On the other hand, if the
learner’s current conception was inadequate to grasp the new concept, then, the learner has
to restructure her/his existing conceptions. This was called as “accommodation” by Posner et
al. (1982) and “conceptual exchange” by Hewson (1981). There are two fundamental
components of conceptual change: conditions for conceptual change including
dissatisfaction, intelligibility, plausibility, and fruitfulness and conceptual ecology consisting
of anomalies, analogies and metaphors, epistemological commitments, metaphysical beliefs
and concepts, and other knowledge. Conceptual change model was expanded by Hewson
(1981), Hewson and Lemberger (2000), and Hewson and Thorley (1989) with the notion of
status construct recognized as the “hallmark” of conceptual change. Hewson (1981) defined
“status” as the measurement of intelligibility, plausibility, and fruitfulness of a

conception/concept. In this expanded model, conceptual change was characterized as raising



or lowering the status of conceptions/concepts. Researchers agreed that metacognition was
an essential element underlying conceptual change models (e.g., Hewson & Thorley, 1989;
Linder, 1993; Mortimer, 1995; Posner et al., 1982; Vosniadou, Vamvakoussi, & Skopeliti,
2008). Metacognition is widely believed to make students responsible for their learning,
hence more actively involved in the learning process, and there is growing literature
advocating positive impact of metacognitive activities on student thinking skills and
conceptual understanding (Adey, Shayer, & Yates, 1989; Beeth, 1998b; Blank, 2000;
Georghiades, 2000, 2004a; Gunstone & Mitchell, 1998; Hennessey, 1999; Hewson, Beeth, &
Thorley, 1998; Hewson & Hewson, 1991; Mittlefehldt & Grotzer, 2003; Vosniadou et al.,
2008). In the guidelines of teaching for conceptual change, Hewson et al. (1998) emphasized
that being aware of one’s own conceptual ecology and monitoring one’s own ideas, which
were metacognitive in nature, were important for conceptual change by considering that
knowledge was individually constructed and socially mediated. They stated that students’
ideas should be made explicit within the part of metacognitive classroom discourse, the
status of students’ ideas should be discussed, and the students should be provided
opportunities to make justifications for the status of their conceptions/concepts. Hewson
(1996) indicated that metaconceptual activities aiming at raising and lowering the status of
particular ideas were crucial in teaching for conceptual change. Similarly, Hewson and
Thorley (1989) emphasized the importance of monitoring the status of learners’ own
conceptions/concepts in effective conceptual change teaching. Besides, White and Gunstone
(1989) indicated that “if metalearning can be taught, then the problem of how to bring about
conceptual change may be solved” (p. 581). Above all, metacognition is one of the pillars for
intentional conceptual change. Researchers contended that conceptual change was not
always intentional (Sinatra & Pintrich, 2003; Vosniadou, 2003); however, intentional
conceptual change brought deeper and enduring change (Hennessey, 2003; Sinatra &
Pintrich, 2003). Even, Hennessey (2003) advocated that students who engaged in more
sophisticated levels of metacognition were intentional learners, and thus, they restructured
their ideas easily and had less alternative conceptions.

The pioneering studies on metacognition were conducted in the area of
developmental psychology in 1970s. The term “metacognition” was first introduced by John
Flavell based on his study of metamemory in the early 1970s (Flavell, 1971). Metacognition
was called as “fuzzy” concept by researchers (Brown, 1987; Flavell, 1981; Hacker, 1998)
because of the vagueness of its definition, characteristics and lots of different historical roots.
There are various definitions for metacognition in the literature. According to Flavell (1971),

metacognition refers to “the active monitoring and consequent regulation and orchestration



of these processes in relation to the cognitive objects” (p. 232). Flavell (1979) defined
metacognition as “knowledge and cognition about cognitive phenomena” (p. 906). Brown
(1987) defined metacognition as “one’s knowledge and control of own cognitive system” (p.
66). White (1988) explained metacognition as “inner awareness or process, not an overt
behavior (p. 73). Due to multidimensional character of metacognition, many researchers
proposed different categorizations of the components of metacognition (Chi, 1987; Flavell,
1979; Pintrich, Wolters, & Baxter, 2000; Schraw & Moshman, 1995). Flavell (1979)
proposed that metacognition consisted of the components of “metacognitive knowledge” and
“metacognitive experience”. Chi (1987) identified three types of metaknowledge: meta-
declarative knowledge, meta-procedural knowledge, and meta-strategies. However,
researchers commonly elaborated on three components of metacognition: metacognitive
knowledge/awareness, metacognitive monitoring and evaluation, and metacognitive
regulation (e.g., Flavell, 1979; Pintrich, et al., 2000; Schraw, 2001; Schraw & Moshman,
1995). Metacognitive knowledge was divided into three components: person, task, and
strategy (Flavell, 1979) or declarative, procedural, and conditional knowledge (Pintrich, et
al., 2000; Schraw, 2001; Schraw & Moshman, 1995). Thorley (1990) made a distinction
between the terms “metacognition” and “metaconceptual” in that he considered that
metacognition was more inclusive term and subsumed metaconceptual and metaconceptual
included metacognitive knowledge and processes acting on a learner’s conceptual system.
Taking the categorizations of metacognition and the difference between metacognition and
metaconceptual into consideration, Yuruk (2005) proposed a different categorization for
metacognition. In line with Thorley’s (1990) study, Yuruk (2005) used the term
“metaconceptual” to represent learners’ metaconceptual knowledge and processes. She
categorized metaconceptual knowledge and processes into four components: metaconceptual
knowledge, metaconceptual awareness, metaconceptual monitoring, and metaconceptual
evaluation. In this study, Yuruk’s (2005) categorization of metaconceptual knowledge and
processes served as a theoretical stance in developing metaconceptual teaching activities.
There is also growing literature investigating the relationship between metacognition
and motivational constructs. For example, the relationship between metacognition and self-
efficacy was first dubbed by Flavell (1987). Paris and Winograd (1990) emphasized the
importance of self-efficacy in the definition of metacognition. In line with these studies,
several researchers have reported that students’ use of metacognitive strategies played a
crucial role in their self-efficacy beliefs of their performance in a course (Pintrich & De
Groot, 1990; Pintrich & Garcia, 1991; Pintrich, Smith, Garcia, & McKeachie, 1991; Sungur,

2007). However, the literature lacks the studies examining the effect of metaconceptual



teaching activities on students’ self-efficacy beliefs. Self-efficacy plays a crucial role in
science education. According to social cognitive theory, Bandura (1997) defined self-
efficacy as “beliefs in one’s capabilities to organize and execute courses of action required to
produce given attainments” (p. 3). Self-efficacy beliefs are effective on students’ actions
regarding how much effort they expend on an activity and how long they put perseverance
into an action when they face with difficulties. High efficacious students set challenging
goals, put greater efforts on an activity, and persevere when dealing with difficulties.
However, low efficacious students may not show perseverance and resilience when
confronting setbacks (Pajares, 1996). In the literature, it has been reported that there was an
increase in the number of students who lacked confidence and interest in science (Pell &
Jarvis, 2001). Therefore, it is important to find ways to increase students’ self-efficacy.

One of the hurdles in conceptual change learning was to provide the durability of
students’ conceptions (Georghiades, 2004b; Trundle, Atwood, & Christopher, 2007).
Georghiades (2000) argued that metaconceptual activities may not only help to facilitate
conceptual change learning and transfer, but they may also support the durability of students'
ideas in science: "If conceptual change learning (CCL) is a chain-process of constructing
new conceptions on pre-existing ones, then the durability of new conceptions, each time,
should be seen as a prerequisite for effective learning” (p. 124). Furthermore, Hennessey
(2003) and Sinatra and Pintrich (2003) advocated that intentional conceptual change was
important for deeper understanding and the durability of conceptions and metacognition lied
at the heart of intentional conceptual change. Durability of students’ conceptions and self-
efficacy beliefs are also other areas needed to be investigated.

With respect to chemistry, many students are unsuccessful in their struggle to learn
fundamental concepts. One possible explanation for why learning chemistry is difficult that
is beginning to emerge is that many students are not constructing appropriate understanding
of foundational chemistry concepts, and thus, they had difficulty in understanding more
advanced chemistry concepts (Gabel, Samuel, & Hunn, 1987). Also, students are not able to
explain their understanding of concepts at the macroscopic, microscopic, and
submicroscopic levels of representation (Gilbert & Treagust, 2009). States of matter is one of
the crucial subjects in chemistry, and thus, it is the focus subject of this study. It includes
fundamental concepts such as solids and liquids, gases, evaporation, condensation, boiling,
and vapor pressure which are conceptually related to each other and helpful in explaining
everyday phenomena. Students’ understanding of these concepts has attracted considerable
research interest over 30 years (e.g., Aydeniz & Kotowski, 2012; Bar & Galili, 1994; Bar &
Travis, 1991; Canpolat, 2006; Chang, 1999; Costu, Ayas, & Niaz, 2010; Costu, Ayas, &



Niaz, 2012; Kirbulut & Beeth, 2011; Mayer, 2011; Stavy, 1988; Tytler, 2000). Collectively,
these studies showed that students at all grades had alternative conceptions related to states
of matter subject. All these studies raise a question to ask whether how students’ conceptions
could be changed. It is important to use effective teaching methods to address these
alternative conceptions. Metaconceptual teaching instruction could be the solution in
resolving these challenges.

Taking all these issues into consideration, the purpose of this study is to examine the
effect of Metaconceptual Teaching Instruction (MTI) compared to Traditional Instruction
(T1) on 10th grade students’ understanding and durability of states of matter concepts, self-
efficacy toward chemistry, and to portray the nature of students’ metaconceptual processes
and the change in students’ ideas of states of matter. While examining the nature of students’
metaconceptual processes in which the students engage during the MT], the students who
had several alternative conceptions and who had few alternative conceptions were included
in this study since there is no study elaborated on how students who have different

alternative conceptions engage in metaconceptual processes.

1.1 The Main Problems and Sub-problems
1.1.1 The Main Problems
The main problems of this study are stated as follows:

1) What is the effect of Metaconceptual Teaching Instruction (MTI) compared to
Traditional Instruction (T1) on 10th grade students’ understanding of states of matter
concepts and their self-efficacy toward chemistry when the effects of states of matter
diagnostic pretest scores and self-efficacy toward chemistry pretest scores are controlled
at the central district of Nevsehir?

2) What is the effect of Metaconceptual Teaching Instruction (MTI) compared to
Traditional Instruction (TI) on 10th grade students’ durability of states of matter
concepts and their durability of self-efficacy toward chemistry when the effects of states
of matter diagnostic pretest scores and self-efficacy toward chemistry pretest scores are
controlled at the central district of Nevsehir?

3) What is the nature of the metaconceptual processes students who had several alternative
conceptions and who had few alternative conceptions engage in during the MTI?

4) What are the changes in students’ alternative conceptions in relation to their conceptual

understanding of states of matter after the MTI?



1.1.2 The Sub-Problems
There are four sub-problems of the study shown below:

1) What is the effect of Metaconceptual Teaching Instruction (MTI) compared to
Traditional Instruction (TT) on 10th grade students’ understanding of states of matter
concepts when the effects of states of matter diagnostic pretest scores and self-efficacy
toward chemistry pretest scores are controlled at the central district of Nevsehir?

2) What is the effect of Metaconceptual Teaching Instruction (MTI) compared to
Traditional Instruction (TT) on 10th grade students’ self-efficacy toward chemistry when
the effects of states of matter diagnostic pretest scores and self-efficacy toward
chemistry pretest scores are controlled at the central district of Nevsehir?

3) What is the effect of Metaconceptual Teaching Instruction (MTI) compared to
Traditional Instruction (TI) on 10th grade students’ durability of states of matter
concepts when the effects of states of matter diagnostic pretest scores and self-efficacy
toward chemistry pretest scores are controlled at the central district of Nevsehir?

4) What is the effect of Metaconceptual Teaching Instruction (MTI) compared to
Traditional Instruction (TI) on 10th grade students’ durability of self-efficacy toward
chemistry when the effects of states of matter diagnostic pretest scores and self-efficacy

toward chemistry pretest scores are controlled at the central district of Nevsehir?

1.2 Hypotheses
The problems stated above are tested with the following hypotheses, which are stated
in null form:

Null Hypohesis 1

Hoq.2): pvm-pim = 0, when the effects of states of matter diagnostic pretest scores and
self-efficacy toward chemistry pretest scores are controlled.

1: students’ scores on states of matter diagnostic posttest, 2: students’ scores on self-
efficacy scale toward chemistry posttest

MTI: Metaconceptual Teaching Instruction

TI: Traditional Instruction

There is no significant difference between posttest mean scores of 10th grade
students exposed to the MTI and those exposed to the T1 on the population means of the
collective dependent variables of states of matter diagnostic posttest scores and self-efficacy
toward chemistry posttest scores when the effects of states of matter diagnostic pretest scores
and self-efficacy toward chemistry pretest scores are controlled at the central district of

Nevsehir.



Null Hypohesis 2

Hoq): pmmi-pm = 0, when the effects of states of matter diagnostic pretest scores and
self-efficacy toward chemistry pretest scores are controlled.

There is no significant difference between posttest mean scores of 10th grade
students exposed to the MTI and those exposed to the T1 on the population means of states of
matter diagnostic posttest scores when the effects of states of matter diagnostic pretest scores
and self-efficacy toward chemistry pretest scores are controlled at the central district of
Nevsehir.

Null Hypohesis 3

Hoe): ummi-pm = 0, when the effects of states of matter diagnostic pretest scores and
self-efficacy toward chemistry pretest scores are controlled.

There is no significant difference between posttest mean scores of 10th grade
students exposed to the MTI and those exposed to the Tl on the population means of self-
efficacy toward chemistry posttest scores when the effects of states of matter diagnostic
pretest scores and self-efficacy toward chemistry pretest scores are controlled at the central
district of Nevsehir.

Null Hypohesis 4

Hog, : tmmi-ini = 0, when the effects of states of matter diagnostic pretest scores and
self-efficacy toward chemistry pretest scores are controlled.

3: Students’ scores on states of matter diagnostic retention-test, 4: Students’ scores
on self-efficacy scale toward chemistry retention-test

There is no significant difference between retention-test mean scores of 10th grade
students exposed to the MTI and those exposed to the T1 on the population means of the
collective dependent variables of states of matter diagnostic retention-test scores and self-
efficacy toward chemistry retention-test scores when the effects of states of matter diagnostic
pretest scores and self-efficacy toward chemistry pretest scores are controlled at the central
district of Nevsehir.

Null Hypohesis 5

Ho@): pvmi-pm = 0, when the effects of states of matter diagnostic pretest scores and
self-efficacy toward chemistry pretest scores are controlled.

There is no significant difference between retention-test mean scores of 10th grade
students exposed to the MTI and those exposed to the TI on the population means of states of
matter diagnostic retention-test scores when the effects of states of matter diagnostic pretest
scores and self-efficacy toward chemistry pretest scores are controlled at the central district

of Nevsehir.



Null Hypohesis 6

How): pmmi-pr = 0, when the effects of states of matter diagnostic pretest scores and
self-efficacy toward chemistry pretest scores are controlled.

There is no significant difference between retention-test mean scores of 10th grade
students exposed to the MTI and those exposed to the T1 on the population means of self-
efficacy toward chemistry retention-test scores when the effects of states of matter diagnostic
pretest scores and self-efficacy toward chemistry pretest scores are controlled at the central
district of Nevsehir.

1.3 Definition of Important Terms

Teaching methods [TM; Metaconceptual Teaching Instruction (MTI) versus
Traditional Instruction (TI)], students’ states of matter diagnostic pretest scores (pre-SMDT),
and self-efficacy scale toward chemistry pretest scores (pre-SETC) are independent variables
(IVs) of the study. Students’ states of matter diagnostic posttest scores (post-SMDT), self-
efficacy scale toward chemistry posttest scores (post-SETC), students’ states of matter
diagnostic retention-test scores (r-SMDT), and self-efficacy scale toward chemistry
retention-test scores (r-SETC) are dependent variables (DVs).

In the problems and hypotheses, there are terms that are not clear and thus need to be
defined. In order to comprehend the study, the following terms are defined as follows:

pre-SMDT: It was measured by States of Matter Diagnostic Test (SMDT) two weeks
before the study began. This variable was used as a covariate in the statistical analysis.

post-SMDT: It was measured by the SMDT at the end of the treatment.

pre-SETC: It was measured by Self-efficacy Scale toward Chemistry (SETC) two
weeks before the study began. This variable was used as a covariate in the statistical
analysis.

post-SETC: It was measured by the SETC at the end of the treatment.

r-SMDT: It was measured by the SMDT eight weeks after the treatment.

r-SETC: It was measured by the SETC eight weeks after the treatment.

Durability of concepts: Durability of concepts means the permanency/long-term
retention of concepts. Georghiades (2000) defined it as follows: “How long does a
conception remain in effect, within the learner’s cognitive repertoire?” (p. 124).

MTI: Metaconceptual Teaching Instruction; metaconceptual teaching was presented
by Yuruk (2005). She stated that “metaconceptual teaching interventions do not intend to
promote all kinds of metacognitive knowledge and processes but they focus on promoting

metacognitive knowledge and processes that are related to or act on one’s conceptual



system” (p. 14). She acknowledged that metaconceptual teaching included the following
metaconceptual knowledge and processes: metaconceptual awareness, metaconceptual
monitoring, metaconceptual evaluation, and metaconceptual knowledge. In order to facilitate
students’ metaconceptual knowledge and processes several types of metaconceptual teaching
activities such as poster drawing, journal writing, group discussion, and class discussion are
used. These instructional activities provide opportunity for students to become aware of their
existing conceptions, to monitor their understanding of a new conception, and to evaluate
their conceptions.

TI: Traditional Instruction; in traditional instruction, students are taught by means of
lecture, demonstration and note taking as a primary instruction. The same set of activities
such as demonstrations, problem solving, and class discussion is also used during the TI like
the MTI. However, there is no explicit attempt to facilitate students’ metaconceptual
knowledge and processes and thus, poster drawing, journal writing, and group discussion
activities are not used.

Self-efficacy: Self-efficacy is defined by Bandura (1997) as “beliefs in one’s
capabilities to organize and execute courses of action required to produce given attainments”
(p. 3). In order to assess students’ beliefs in their abilities to achieve in tasks related to

chemistry, the SETC was used.

1.4 Significance of the Study

In the literature, there are only a few studies investigating the effect of
metaconceptual teaching instruction on students’” understanding of scientific concepts
(Georghiades, 2004b; Yuruk, 2005). Besides, there is no experimental study found by the
researcher in chemistry education literature related to the role of metaconceptual teaching
instruction on students’ conceptual understanding. Since metacognition gains importance in
science curriculum currently (Georghiades, 2004b; National Research Council, 2007) and
since it was reported that metacognition facilitated conceptual change learning (Baird, 1986;
Blank, 2000; Georghiades, 2000; White & Gunstone, 1989) and intentional conceptual
change (Hennessey, 2003; Sinatra & Pintrich, 2003), the need for the studies investigating
the effect of metaconceptual teaching instruction on students’ understanding of scientific
concepts could be easily understood. Furthermore, considering the importance of providing
the durability of students’ conceptions in conceptual change learning, yet, there are not many
studies emerged in the literature to be conducted on how to provide the permanency of
students’ conceptions (Georghiades, 2004b; Trundle et al., 2007; Yuruk, 2005). In the

literature, the relationship between metacognition and motivational constructs is another
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covered concern. Although there were studies exploring the relationship between students’
use of metacognitive strategies and their motivational beliefs (Pintrich & De Groot, 1990;
Pintrich & Garcia, 1991; Pintrich et al., 1991; Sungur, 2007), the literature lacks the studies
specifically examining the effect of metaconceptual teaching instruction on students’
motivational beliefs. Even, no study carried out in the literature regarding the effect of
metaconceptual teaching instruction on students’ durability of self-efficacy beliefs was found
by the researcher. This study seeks answers for the aforementioned issues. The purpose of
this study is to examine the effect of the MTI compared to the TT on 10th grade students’
understanding and durability of states of matter concepts and self-efficacy toward chemistry.
Furthermore, this study is examining the nature of metaconceptual processes of students who
had several alternative conceptions and who had few alternative conceptions during the MTI
and the changes in students’ alternative conceptions in relation to their conceptual
understanding of states of matter after the MTI. In the literature, there is only one study
portraying the nature of metaconceptual processes of students (Yuruk, 2005). Further
research needs to be carried out in order to understand the nature of students’
metaconceptual processes clearly. Also, Yuruk (2005) did not consider the effect of
alternative conceptions on students’ engagement in metaconceptual processes. Therefore,
this study contributed to the literature by depicting how students who have different
alternative conceptions engage in metaconceptual processes.

Taking all these concerns into account, this study is important in the field of
education in terms of students’ science learning, teaching strategies, curriculum
development, and teacher education. This study informs teachers, teacher educators, and
curriculum developers about how to implement metaconceptual teaching instruction in order
to provide students opportunities to be aware of their current and existing ideas, monitor
their ideas and a new concept, and evaluate their ideas for facilitating conceptual change. In
addition, this research may lead to understanding of the effect of the metaconceptual
teaching instruction on students’ self-efficacy toward chemistry as a school subject. Lastly,
this research sheds light on how students who have different alternative conceptions engage

in metaconceptual processes.
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CHAPTER 2

REVIEW OF THE RELATED LITERATURE

The purpose of this chapter is to present review about theoretical background of

alternative conceptions, constructivism, conceptual change, metacognition, and self-efficacy.

2.1 Alternative Conceptions

Before the discussion of the term “alternative conceptions”, it would be better to
overview the meaning of “concept” and “conception”. Hewson (1980) used an analogy to
define the terms of “concept” and “conception”. He proposed that “concept” could be
thought as “atom” or unit of thoughts, while “conception” could be considered as “molecule”
or unit of knowledge. White (1994) pointed out the difference between “conceptual change”
and “conceptional change” by considering the distinction between “concept” and
“conception”. He stated that “concept” could be used in two ways as classification or as all
the knowledge regarding the concept. However, according to White (1994), “conceptions”
are more complex and they were the systems of the explanations. Based on these definitions,
White (1994) proposed that “conceptional change” was more complex and difficult to
produce. In this study, the term of “concept” is used for the ideas accepted by the scientific
community and the term of “conception” is used for the students’ ideas related to concepts.
Also, in order to avoid confusion, the term of “conceptual change” appears throughout the
thesis in the knowledge of the difference between “conceptual change” and “conceptional
change”.

The similar debate related to the term for the students’ ideas different than scientists
emerged in the literature. Many researchers characterized students’ ideas differed from the
definitions accepted by experts in various ways, such as misconceptions (Nakhleh, 1992;
Schmidt, 1997), intuitive beliefs (McCloskey, 1983), children science (Gilbert, Osborne, &
Fensham, 1982), alternative frameworks (Abimbola, 1988; Driver & Easley, 1978), and
alternative conceptions (Abimbola, 1988; Driver & Easley, 1978). In this study, the term
“alternative conceptions” is used to refer to the students’ ideas different from the commonly
accepted scientific understanding. It should be emphasized that there is also another debate
on the meaning of the terms used for the students’ ideas in the literature. For example, Smith,

diSessa and Roschelle (1993) argued that misconceptions were seen as mistakes, unitary, and
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stable by traditional misconception perspective and their productive account for the
construction of more sophisticated understanding was ignored. In this study, “alternative
conceptions” is used by taking into consideration the productive account of students’ ideas.
Students’ alternative conceptions in chemistry raised from various sources such as
students’ prior knowledge, teachers’ use of teaching methods and tools, learning materials,
etc. (Ben-Zvi & Hofstein, 1996; Wandersee, Mintzes, & Novak, 1994). Research on
students’ conceptions has shed light on a wide range of issues related to learning science
concepts in school, to applying concepts when explaining everyday phenomena and to
teaching for conceptual understanding. Several studies have reported alternative conceptions
with specific science concepts. These alternative conceptions have serious implications for
understanding conceptually related ideas by the student as well as implications for teaching
for conceptual understanding (see Duit, 2007 for a bibliography of literature on students’ and
teachers’ conceptions in science education). With respect to chemistry, many students are
unsuccessful in their struggle to learn fundamental concepts. One possible explanation for
why learning chemistry is difficult that is beginning to emerge is that many students are not
constructing appropriate understanding of foundational chemistry concepts, and thus, they
had difficulty in understanding more advanced chemistry concepts (Gabel et al., 1987). Also,
students are not able to explain their understanding of concepts at the macroscopic,
microscopic, and submicroscopic levels of representation (Gilbert & Treagust, 2009). In the
following, the literature regarding the students’ alternative conceptions in states of matter are

given which is the focus subject of this study.

2.1.1 Alternative Conceptions in States of Matter

States of matter is one of the crucial subjects in chemistry. It includes fundamental
concepts such as solids and liquids, gases, evaporation, condensation, boiling, and vapor
pressure which are conceptually related to each other and helpful in explaining everyday
phenomena. Students’ understanding of these concepts has attracted considerable research
interest over 30 years (Andersson & Bach, 1996; Aydeniz & Kotowski, 2012; Bar & Galili,
1994; Bar & Travis, 1991; Benson, Wittrock, & Baur, 1993; Canpolat, 2006; Canpolat,
Pinarbasi, & Sozbilir, 2006; Chang, 1999; Costu et al., 2010; de Berg, 1995; Gopal,
Kleinsmidt, & Case, 2004; Johnson, 1998a, b; Kirbulut & Beeth, 2011; Lin, Chang, &
Lawrenz, 2000; Mayer, 2011; Novick & Nussbaum, 1978; Nussbaum, 1985; Nussbaum &
Novick, 1982; Osborne & Cosgrove, 1983; Schmidt, Kaufmann, & Treagust, 2009; Sere,
1986; Stavy, 1988; Tytler, 2000; Tytler, Prain, & Peterson, 2007).
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Novick and Nussbaum (1978) conducted a study to investigate how students
internalized the particulate nature of matter. They made clinical interviews with 20 eight
grade students between the ages of 13 and 14 in Israel. They found that the students did not
know that the gas particles evenly scattered in any enclosed space and the students believed
that there were dust, dirt, germs, and other particles in the empty space between the particles
of a gas. In order to examine students’ conceptions related to the gaseous state prior to
teaching, Sere (1986) distributed a questionnaire to 600 students and conducted interviews
with 20 students about 11 years old in France. Sere (1986) reported the following alternative
conceptions related to the gaseous state.

e Airis more or less thick according to the places where it is found.

e The more air there is, the lighter it is.

e Airis transformed into a gas when it is heated.

e Hot air is lighter than cold air.

e A change in volume would also cause a change in the quantity of air.

e Atmospheric air exerts no forces.

e Hot air is capable of pushing or causing some motion, but cold air is not.

Similarly, Stavy (1988) interviewed with 120 students of six different age groups from
fourth grade (9-10 years old) to the ninth grade (14-15 years old) to investigate their
conceptions of gas in Israel. She reported that students believed that air had no weight and
liquid was always heavier than gas. Sere (1982) also reported that students believed that
gases did not have weight. In line with these studies, Benson et al. (1993) conducted clinical
interviews with 1098 students from second graders to the university chemistry students in the
USA to discover students’ preconceptions related to the nature of gases. The students were
asked to draw the picture of the distribution of gas particles in two flasks. The first flask
represented the situation in which it was full of the air and the second flask represented the
situation in which half of the air was removed. It was documented that some students from
all grades believed that air was continuous and it behaved like liquid. de Berg (1995) studied
with 101 college students (17-18 years old) to investigate their understanding of the volume,
mass, and pressure of a gas in a sealed syringe in England. He used a task related to Boyle’s
Law. There was air in the syringe and the students were asked the following questions to get
their ideas about what happened after the plunger was pushed in without leaking any air from
out of the barrel: “What happens to the volume of the air? What happens to the mass of the
air? What happens to the pressure of the air?” It was found that students believed that the air
in the syringe exerted pressure when the plunger was pushed in; however, it did not exert

pressure when not pushed. de Berg also reported that students confused volume with mass.
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Lin et al. (2000) examined students’ conceptual understanding of gases. Their sample

consisted of 119 11th grade students and 36 chemistry teachers in Taiwan. They used open-

ended questions to investigate students’ understanding of gases. It was found that teachers

and students hold the similar alternative conceptions. They believed that nature abhorred

vacuum and molecules expanded when the temperature rose. In another study, Hwang

(1995) conducted a study to show the development of the concept of gas volume in

Taiwanese students. He studied with junior high school, senior high school, and university

students and used tests related to gas volume to reveal students’ conceptions. He found that

the proportion of the students who gave the correct responses for the questions related to gas

volume increased from junior high school to the university students and the students had the

following alternative conceptions.

e The volume of hydrogen gas in a container with a volume of 1 L is related to the
percentage of volume of hydrogen in the air.

e The volume of a gas is the size of the particle.

e A 1L container is not enough to place 2 L gas.

o If we put1lL oxygenand 1L nitrogen gas into a 2 L container, then, the volume of each
gas in the mixture is related to the composition ratio of the air.

e IfweputlL oxygenand 1L nitrogen gas into a 2 L container, then, the volumes of
oxygen and nitrogen will stay 1 L.

e (Gases were not scattered evenly.

Osborne and Cosgrove (1983) conducted clinical interviews with children age 7 to 18 to

investigate their conceptions of states of water in New Zealand. They reported the following

alternative conceptions.

e The bubbles are made of heat, air, oxygen or hydrogen, or steam.

e When water boils, it breaks down into oxygen and hydrogen.

e When water condenses, oxygen and hydrogen comes together to form water.

e When water evaporates, it just goes or dries up.

e When water evaporates, it changes into air.

e If we put some ice in a jar and capped on it, we see water outside the jar. This water is
air.

o If we put some ice in a jar and capped on it, we see water outside the jar. This water
comes from ice in the jar.

o If we put some ice in a jar and capped on it, we see water outside the jar. Coldness

comes through the jar and produces water.
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o If we put some ice in a jar and capped on it, we see water outside the jar. The cold
surface and dry air react to form water.

Similarly, Bar and Travis (1991) investigated students’ conceptions related to phase changes

from liquid to gas and from gas to liquid and widened the conclusions of Osborne and

Cosgrove’s (1983) study. In this study, they studied with the students between the ages of 6

and 12 and used open-ended oral individual test, open-ended written test, and a multiple-

choice test. They determined that students held the following alternative conceptions.

e The water on the floor dries because it disappears, penetrates to the floor, or changes its
form and is scattered in the air.

e Laundry dries because it changes into air and disappeared or changes to hydrogen and
oxygen.

e Vapor coming from boiling water or the matter inside the bubbles is made of air, hot air,
hydrogen and oxygen, or water and heat.

e The condensation of water on a vessel including ice occurs because the water from
inside penetrated the wall of the vessel, the coldness cause hydrogen and oxygen to form
water, or the coldness change into water.

Following this line of work, Bar and Galili (1994) investigated conceptions of evaporation

with children in the age range of 5-14. They conducted interviews and used open-ended and

multiple choice questions for this purpose. They proposed the following four views
regarding children’s conceptions of evaporation.

e Water simply disappeared.

e Water was absorbed (into the floor or/and ground).

e When water evaporated, it was unseen and being transferred to an alternative location
such as the sky, air, or ceiling.

e Water was transformed into air.

Parallel to the studies of Osborne and Cosgrove (1983), Bar and Travis (1991), and Bar and

Galili (1994), Chang (1999) conducted a study to examine teacher college students’

conceptions on evaporation, condensation, and boiling in Taiwan. They distributed open-

ended questions to 364 students in a teachers college for the aim of the study. They found
that teachers college students had superficial understanding related to these concepts and
they held the following alternative conceptions.

e Water evaporates once combined with air.

e Liquid is heavier than its state of gas.
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o Water droplets formed on the outer surface of cold drink results from the air outside the
bottle, meeting of cold and hot air, or heat.

e Water condenses when encountered a surface because of the meeting of cold and hot air.

e Condensation only occurs when there is a decrease in temperature.

e The white smoke rising from the boiling water is water vapor.

e There is oxygen, hot water, or air in the bubbles of boiling water.

Johnson (1998a, b) also reported that students had difficulty in understanding the gas state

since their understandings of the particulate nature of matter were problematic. Tytler (2000)

explored students’ whose ages were between 6 and 12 conceptions of evaporation and

condensation in Australia. Students were exposed to experimental tasks related to

evaporation and condensation and class discussions were made during the experimental

tasks. Based on the class discussions and interviews, the following non-scientific

conceptions were uncovered for all grades.

e There is air in the bubbles of boiling water.

e Hot and cold are reacting to make fog or moisture.

e Water from drying clothes may drip on the ground, soak into the ground or into clothes.

Gopal et al. (2004) interviewed with 15 second-year chemical engineering students to

investigate their conceptions of evaporation, condensation, and vapor pressure. They

documented the following alternative conceptions.

e Evaporation requires a temperature gradient.

e Evaporation only occurs in a closed system.

e Condensation requires a temperature gradient in order to take place.

e The pressure in a closed system with water increases due to increase in water vapor.

Canpolat et al. (2006) explored the conceptions of 70 undergraduate students in the Primary

Science Teacher Training Program related to evaporation and vapor pressure in Turkey by

using open-ended questions and interviews. They found that students had superficial

understanding related to these concepts, with the following main alternative conceptions:

e Vapor pressure is pressure caused by particles at the vapor phase during boiling.

e Vaporization starts with boiling.

e Aliquid has to be heated for a certain time in order to vaporize.

e At constant temperature, the value of the vapor pressure changes with changes in the
volume of the vapor in equilibrium with its liquid.

e A liquid’s vapor pressure changes with changes in the amount of liquid.

e Boiling liquids at atmospheric pressure have different vapor pressures.
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Collectively, these studies showed that students at all grades had alternative
conceptions related to states of matter subject which is one of the crucial subjects in
chemistry. Also, these alternative conceptions were universal. All these studies raise a
question to ask whether how students’ conceptions could be changed. Therefore, states of
matter subject is the focus of this study. It is important to use effective teaching methods to
address these alternative conceptions. It is known that students’ ideas develop slowly and
learning is a gradual process (Vosniadou et al., 2008). There is an agreement that students’
ideas should be taken into consideration at any instruction (e.g., Hewson & Thorley, 1989;
Nussbaum & Novick, 1982; Vosniadou, 1992). By this point of view, constructivism,
conceptual change, and metacognition are presented below.

2.2 Constructivism

Constructivism is a paramount perspective in science education over 40 years.
Indeed, the key idea of constructivism goes far beyond to Socrates and Plato. According to
Hawkins (1994), Emmanuel Kant is the precursor of constructivism in modern times by
considering Kant’s statement which is “Scientific knowledge is actively constructed from
our observational experience” (p. 9). In this century, constructivism is rooted from the work
of Jean Piaget, Jerome Bruner, and Lev Vygotsky. Constructivism contrasts objectivism.
Obijectivism rests on the assumption that knowledge is directly transferred from outside to
the learner. However, constructivism acknowledges that knowledge is constructed by
learners based on their experiences.

von Glasersfeld (1993) stated that constructivism was postepistemological and he
preferred to call constructivism as a “theory of knowing” instead of as a “theory of
knowledge”. von Glasersfeld (1993) said that “knowledge is always the result of a
constructive activity and, therefore, it cannot be transferred to a passive receiver. It has to be
actively built up by each individual knower” (p. 26). He also made the following explanation
for science concepts.

Science largely consists of relational (operative) concepts that are the result of
various abstractions having their origin in sensory-motor experience and our own
mental operations. This has been beautifully expressed by Einstein (1954) in his
essay “Physics and reality”. There, he explicitly says that our object concepts are
“free creations of the human (or animal) mind” (p. 26).
There are various terms such as personal, social, radical, pragmatic, and trivial
constructivism emerged in the literature for constructivism. The most common terms are

“radical constructivism’ and “social constructivism”. von Glasersfeld used the term “radical

constructivism” and he defined radical constructivism as follows:
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Radical constructivism, thus, is radical because it breaks with convention and
develops a theory of knowledge in which knowledge does not reflect an “objective”
ontological reality, but exclusively an ordering and organization of a world
constituted by our experience (von Glasersfeld, 1984, p. 22).
von Glasersfeld (1993) indicated that radical constructivism did not reject reality; however,
the absolute reality did not exist as a truth for learners.

Social constructivism is based on the work of Lev Vygotsky. Social constructivism
centralizes interactions among learners or in culture and states that knowledge is constructed
thorough cultural interaction or social interaction among learners (Marin, Benarroch, &
Jimenez-Gomez, 2000). In a paper, von Glasersfeld (1993) explicated the difference between
radical constructivism and social constructivism as follows:

Social constructionism is a recent development started by some who claim radical
constructivism does not take into account the role of social interaction in the
construction of knowledge. The claim, as | see it, is partly justified by the fact that
neither Piaget nor any more recent constructivist has actually specified a detailed

model of how social interaction works from the constructivism point of view (p. 24).
Based on the review of literature related to constructivism, Tobin and Tippins (1993)
asserted that “knowledge only exists in the minds of cognizing beings, but cognizing beings
only exist in a socio-cultural sense” (p. 6).

In terms of practice of constructivism in education, Fosnot and Perry (2005)
indicated that there was no explicit prescription for constructivist teaching. They stated that
constructivism was a theory of learning, not of teaching. However, there are
recommendations or conditions for constructivist teaching (Baviskar, Hartle, & Whitney,
2009; Driscoll, 2000; Fosnot & Perry, 2005). Baviskar et al. (2009) offered the following
four criteria in order to characterize constructivist teaching.

o eliciting prior knowledge

e creating cognitive dissonance

o application of the knowledge with feedback

o reflection on learning

Driscoll (2000, p. 382) suggested the following recommendations of constructivist
conditions for learning.

e Embed learning in complex, realistic, and relevant environments.

o Provide for social negotiation as an integral part of learning.

e Support multiple perspectives and the use of multiple modes of representation.
e Encourage ownership in learning.

o Nurture self-awareness of the knowledge construction process.
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Conceptual change model is one of the models that have been built on constructivist
principles. It is based on the constructivist notion that all learning is a process of personal
construction. In conceptual change approach, learner self-constructs new knowledge from
existing knowledge, and teacher is the facilitator and the guide for change in ideas (Cobern,
1996). Also, metacognition is a crucial element both for constructivism and conceptual
change (Gunstone, 1991; Gunstone & Mitchell, 1998; White & Gunstone, 1989). Gunstone
(1991) explained the relationship among constructivism, metacognition, and conceptual
change as follows:

Students (and others) have conceptions about teaching and learning (knowledge),
have perceptions of the purpose of and their progress through any teaching/learning
activity (awareness), and make decisions and act in particular ways during the
activity (control)...By metacognition I mean the amalgam of student knowledge,
awareness and control relevant to their learning. | have argued an important
complementarity between metacognition and constructivism: knowledge, awareness
and control are personal constructions, an appropriately metacognitive learner is one
who can effectively undertake the constructivist process of recognition, evaluation
and, where needed, reconstruction of existing ideas [which was seen conceptual
change by the author] (p. 135).

Metacognition is widely believed to make students responsible for their learning, and it has a

positive impact on conceptual understanding (Adey et al., 1989; Hewson et al., 1998;

Vosniadou et al., 2008).

2.3 Conceptual Change

Conceptual change research has remained a significant area of study in science
education over the past several decades. During this time, several conceptual change models
have been proposed (e.g., Carey, 1991, 1999; Chi, 1992; Chi & Slotta, 1993; diSessa, 1988,
1993, 2008; Gopnik & Wellman, 1994; Hatano & Inagaki, 1997; Hewson & Lemberger,
2000; Hewson & Thorley, 1989; Linder, 1993; Mortimer, 1995; Posner et al., 1982; Thagard,
1992, 2008; Ueno, 1993; Vosniadou, 1992, 1994; Vosniadou et al., 2008). Table 2.1
summarizes the conceptual change models as “theory-like” and “fragmentation and

contextualization of conceptions” perspectives.

Table 2.1 Theory-like and fragmentation and contextualization of conceptions perspectives

Theory-Like Perspectives Fragmentation and Contextualization of
Conceptions Perspectives
Conceptual Change Model- e.g., Knowledge in Pieces- e.g., diSessa, 1988

Hewson, 1981; Posner et al., 1982;
Strike and Posner, 1992
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Theory-Like Perspectives

Fragmentation and Contextualization of
Conceptions Perspectives

Enrichment Types of Mechanisms-
e.g., Carey, 1991

Ontological Categories- e.g., Chi, 1992

Framework Theory- e.g., Vosnhiadou,
1992

Branch Jumping and Tree Switching-
e.g., Thagard, 1992

Instruction-Induced Conceptual
Change- e.g., Inagaki and Hatano,
1997

Contextualization of Conceptions- e.g., Linder,
1993; Ueno, 1993

Profile Change- e.g., Mortimer, 1995

These perspectives differ in terms of researchers’ assumptions about the nature of

learners’ naive ideas and the roles these ideas play in terms of future learning. They also

differ in the extent to which they advocate for the coherence of ideas across multiple

instances. The following points could be considered as differences between the two
perspectives (diSessa, 2006; Ozdemir & Clark, 2007).

e Structural properties of naive ideas: Piaget’s ideas of assimilation and accommodation

and Kuhn’s (1970) notion of normal science and scientific revolution have influenced

theory-like perspectives. In theory-like perspectives, naive ideas are highly organized.

On the other hand, according to fragmentation and contextualization of conceptions,

naive ideas are “fragmented” and show little coherence based on the work of Toulmin

(1972). diSessa (2006) explained this state as follows:

Early in conceptual change research, most people assumed that student ideas were
coherent and integrated. Under such an assumption, one has little choice but to argue
students out of their prior ideas, and convince them to accept the ideas of physicists.
But a very different view has gradually grown in influence. Rather than a coherent
whole, students’ ideas may consist of many quasi-independent elements. Instead of
rejecting student conceptions, one can pick and choose the most productive student
ideas and refine them to create normative concepts (p. 266).

e The argument on the consistency and inconsistency of naive ideas: Some researchers are

the advocates of extreme theory-like naive ideas (e.g, Gopnik & Wellman, 1994; Kuhn,

1970), while others are advocates of knowledge in pieces (e.g., diSessa, 1988; diSessa,
Gillespie, & Esterly, 2004; diSessa & Sherin, 1998; Toulmin, 1972). There are still other

researchers who take positions in between these two extremes (e.g., Carey, 1999;
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Vosniadou, 1992).The advocates of theory-like naive ideas are the advocates of
coherence in naive ideas and view naive ideas in the light of scientific theory change.
Less extreme coherence advocates assert that naive ideas are different from professional
science by emphasizing a lesser degree of coherence between students’ ideas and
scientific ideas.

e Nature of change process whether it is revolutionary or evolutionary change: Theory-like
perspectives often suggest revolutionary change where existing conceptions are replaced
with new conceptions. Fragmentation and contextualization of conceptions perspectives
propose a more evolutionary change process.

It should be emphasized that there is no clear-cut distinction between these two
perspectives and it is not possible to say that one perspective is better than the other. They
have common-share points such as alternative ideas are highly resistant to change and thus,
conceptual change is a time consuming process. Furthermore, it should be noted that the
models such as “enrichment types of mechanisms”, “ontological categories”, “framework
theory”, and “knowledge in pieces” were proposed in the context of cognitive development;
however, “conceptual change model” is more effective in science education area. In the
following, conceptual change models are presented and the expanded conceptual change

model which is the base model of the current study is introduced.

2.3.1 Conceptual Change Model

One of the foundational theories of conceptual change in education was proposed by
Posner et al. (1982). This theory viewed conceptual change as a replacement of theory-like
existing conceptions with new conceptions based on Kuhn’s (1970) notion of “paradigm
shift”, Lakatos’ (1970) research programs, and Piaget’s notion of “accommodation”. Posner
et al. (1982) also used Toulmin’s (1972) phrase “conceptual ecology” to refer to the concepts
governing conceptual change. Posner et al. (1982) explained conceptual change learning by
using Piaget’s terms of “assimilation” and “accommodation”. They proposed that if a
learner’s current conception was adequate to deal with a new concept, then, the learner’s
existing conceptions were functional for her/him and the new concept could be incorporated
with her/his existing conceptions. This process was called as “assimilation” by Posner et al.
(1982) and “conceptual capture” by Hewson (1981). On the other hand, if the learner’s
current conception was inadequate to grasp the new concept, then, the learner has to
restructure her/his existing conceptions. This was called as “accommodation” by Posner et
al. (1982) and “conceptual exchange” by Hewson (1981). Accommodations were the focus

of the conceptual change model proposed by Posner et al. (1982).
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There are two fundamental components of conceptual change: conditions for
conceptual change and conceptual ecology. Posner et al. (1982) stated that there were four
conditions to be satisfied in order for conceptual change to occur: “i) there must be
dissatisfaction with existing conceptions, ii) a new conception must be plausible, iii) a new
conception must appear initially plausible, and iv) a new concept should suggest the
possibility of a fruitful research problem” (p. 214). These four conditions were indicated in
Hewson’s (1996) study as follows:

First, is the conception intelligible to the learner? That is, does the learner know

what it means? Is the learner able to find a way of representing the conception?

Second, is the conception plausible to the learner? That is, if a conception is

intelligible to the learner, does he or she also believe that it is true? Is it consistent

with and reconcilable with other conceptions accepted by the learner? Third, is the
conception fruitful for the learner? That is, if a conception is intelligible to the
learner, does it achieve something of value for him or her? Does it solve otherwise

insoluble problems? Does it suggest new possibilities, directions, ideas? (p.133)

A major source of dissatisfaction was described as anomaly by Posner et al. (1982).

According to them, anomaly occurred when it was not possible to assimilate a new concept

into existing conceptions. Posner et al. (1982, p. 221) presented four points in order for

dissatisfaction to occur because of anomalies.

¢ Students understand why the experimental finding represents an anomaly.

e Students believe that it is necessary to reconcile the findings with their existing
conceptions.

e Students are committed to the reduction of inconsistencies among the beliefs they hold.

e Attempts to assimilate the findings into the students’ existing conceptions are seen not to
work.

Posner et al. (1982) suggested that analogies and images could be helpful in the

representation of a new concept for its intelligibility. They also proposed several ways for

the plausibility of a new concept such as the consistency of a new conception with past

experience, other knowledge, epistemological commitments, and metaphysical beliefs. To

sum up, first, a learner must dissatisfy with her/his current conceptions, and then, the learner

must find a new concept as intelligible, plausible, and fruitful in order for conceptual change

to take place.

Posner et al. (1982) acknowledged that learners’ current conceptions had an
influence on their understanding of a new concept by using Toulmin’s notion of “conceptual
ecology”. According to Posner et al. (1982), conceptual ecology consisted of i) anomalies, ii)
analogies and metaphors, iii) epistemological commitments including explanatory ideals and

general views about the character of knowledge, iv) metaphysical beliefs and concepts, and
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v) other knowledge including competing concepts and knowledge in other fields. Conceptual
ecology plays a crucial role in determining to what extent the conditions of conceptual
change were provided and provided the context for conceptual change.

Conceptual change model was expanded by Hewson (1981), Hewson and Lemberger
(2000), and Hewson and Thorley (1989) with the notion of status construct recognized as the
“hallmark” of conceptual change. As mentioned before, Hewson (1981) used two terms for
conceptual change: conceptual capture and conceptual exchange. In a paper, Hewson (1996)
explained conceptual capture and conceptual exchange with the following examples:

A second example might be Jane’s savings account. Her money earns interest and

the balance grows; she spends money and the balance falls. Here the change means

an increase or decrease in the amount of something. A third example might be an
election for political office with the incumbent being beaten by the challenger: There
has been a change of mayor. Both people continue to live in the city, but only one

person is mayor (p. 132).

Here, the second example represents conceptual capture, while the third example represents
conceptual exchange. Hewson (1996) also mentioned “change” in the meaning of extinction
like the change of frog into prince when the princess kissed him. However, he said that
“extinction” did not an appropriate term to be used for the characterization of conceptual
change.

Hewson (1981) judged conceptual change in the notion of “status” construct.
Hewson (1981) defined “status” as the measurement of intelligibility, plausibility, and
fruitfulness of a conception/concept. He indicated that there was a hierarchy among
intelligibility, plausibility, and fruitfulness of a conception/concept, that is, a
conception/concept could not be fruitful without being plausible and intelligible. Hewson
and Thorley (1989) delineated “status” as “the extent to which the conception meets these
three conditions” (p. 542). The three conditions were the intelligibility, plausibility, and
fruitfulness of a conception/concept. In this expanded model, conceptual change was
characterized as raising or lowering the status of conceptions/concepts. A learner chooses
one conception over another because of its higher status and while deciding on this selection,
the learner’s conceptual ecology plays a critical role (Beeth, 1993; Hewson, 1996). The
lower the status of existing conceptions is the more likely that conceptual change will occur.
A conception/concept has no status without being intelligible (Hewson & Thorley, 1989). A
learner must become dissatisfied with her/his conception in order for the change in the status
of conception. Dissatisfaction counteracts the conception from being plausible and/or fruitful
(Hewson & Thorley, 1989). Table 2.2 shows the conceptual change possibilities based on the

notion of status (Hewson, 1981). In the following table, “R” represents the rejection of the
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concept being considered, “CC” symbolizes the conceptual capture of the concept being
considered, “CE” stands for the conceptual exchange of the concept being considered for the
existing conception, “recon.” represents reconcilability, and “irrecon.” symbolizes
irreconcilability. Also, “I”’, “IP”, and “IPF” stand for “intelligible”, “intelligible and
plausible”, and “intelligible, plausible, and fruitful”, respectively. For reconcilability of a
conception with the concept being considered, both of them have at least the status of
intelligibility. For example, if a learner’s existing conception has status IP and the concept
being considered has status I, then, there is irreconcilability between the conception and
concept. Therefore, the learner rejects the concept being considered. If a learner’s existing
conception has status | and the concept being considered has status IP or IPF, then, there is
irreconcilability between the conception and concept. Hence, the learner goes to conceptual
exchange of the concept being considered for the existing conception since the status of the
concept being considered is higher than the status of existing conception. There was
empirical evidence for the status-related conceptual change learning in the literature (e.qg.,
Hennessey, 1991; Hewson & Hennessey, 1991; Hewson & Hewson, 1991; Hewson &
Lemberger, 2000; Thorley, 1990). Hewson and Hewson (1991) proposed four ways in order
to determine the status of learners’ conceptions/concepts: “i) non-technical interview, ii)
non-technical classroom discourse, iii) technical interview, and iv) technical classroom
discourse” (p. 63). They stated that while analyzing non-technical interview and classroom
discourse, learners’ conceptual ecology and their use of metaconceptual statements such as
“I believe that..., I don’t understand.. ., etc.” played crucial role. For example, if learners did
not use metaconceptual (the terms “metacognition” and “metaconceptual” is explained in
section 2.4) statements, then, it would be difficult to reveal the status of their
conceptions/concepts. Therefore, Hewson and Hewson (1991) suggested that it would be
helpful to use Thorley’s (1990) status analysis categories. On the contrary, Hennessey (e.g.,
Hennessey, 1991) utilized technical language of conceptual change model (see Hewson &
Hennessey, 1991 for the descriptors of the technical terms-Here, students were talking about
intelligibility, plausibility, and fruitfulness of their ideas explicitly) to reveal the status of
learners’ conceptions/concepts. Also, it should be noted that although Hewson (1981)
proposed that there was a hierarchical order among intelligibility, plausibility, and
fruitfulness of a conception/concept, Thorley (1990) indicated that there were no clear

boundaries among them.
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Table 2.2 A model of conceptual change (Hewson, 1981, p. 390)

Status of concept being considered

Intelligible (1) Intelligible and Intelligible, Plausible,
Plausible (IP) and Fruitful (IPF)
irrecon. recon. irrecon. recon. irrecon. recon.
Status of I R R CE CE
existing IP R CC (or R) CcC
conception |PF R CC (orR) CcC

The relationship between metacognition and conceptual change has been reported
elsewhere (Beeth, 1998a, b, c; Georghiades, 2000; Gunstone, 1991, 1994; Gunstone &
Mitchell, 1998; Gunstone & Northfield, 1992; Hennessey, 1991, 1993, 1999, 2003;
Hennessey & Beeth, 1993; Hewson et al., 1998; Hewson & Hennessey, 1991; Hewson &
Hewson, 1991; White & Gunstone, 1989). Hewson et al. (1998) emphasized the importance
of metacognition in the guidelines of teaching for conceptual change. As mentioned before,
status and conceptual ecology lies at the heart of the expanded model of conceptual change
(Hewson, 1981; Hewson & Thorley, 1989). In the guidelines of teaching for conceptual
change, Hewson et al. (1998) emphasized that being aware of one’s own conceptual ecology
and monitoring one’s own ideas, which were metacognitive in nature, were important for
conceptual change by considering that knowledge was individually constructed and socially
mediated. They stated that students’ ideas should be made explicit within the part of
metacognitive classroom discourse, the status of students’ ideas should be discussed, and the
students should be provided opportunities to make justifications for the status of their
conceptions/concepts. Hewson (1996) pointed out that making explicit different ideas in the
classroom was especially important in raising or lowering the status of conceptions/concepts:
“In teaching for conceptual change, it was asserted that different views of students must be
elicited, that the status of some students’ views might have to change, and that such teaching
is explicitly metacognitive” (p. 137). Hewson (1981) and Hewson and Hewson (1991) also
reported the importance of metaconceptual statements in determining the status of learners’
conceptions. Hewson (1996) indicated that metaconceptual activities aiming at raising and
lowering the status of particular ideas were crucial in teaching for conceptual change. He
stated that “these activities might involve presenting and developing the ideas, providing
examples of them, applying them in other circumstances, giving different ways of thinking
about them, linking them to other ideas, and so forth” (p. 136). Similarly, Hewson and
Thorley (1989) emphasized the importance of monitoring the status of learners’ own
conceptions/concepts in effective conceptual change teaching. Taking into consideration

these points, in this study, metaconceptual teaching instruction was used. However, it should
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be noted that the focus of the study is not related to reveal the status of the students’

conceptions/concepts.

2.3.2 The Revisionist Model of Conceptual Change
Throughout history, philosophers of science had different perspectives on realism
and empiricism (e.g., Kuhn, 1970; Lakatos, 1970; Toulmin, 1972). In a similar vein, Giere

(1988) indicated that scientific claims showed a continuum from rational perspective

(realism and objectivism) to irrational perspective including cultural, motivational, and

social factors. Bereiter and Schardamalia (1989) pointed out that intentional learner played

an active role in knowledge construction. These arguments have also influenced conceptual
change research. The initial conceptual change model proposed by Posner et al. (1982) was
criticized by several researchers in that it did not consider motivational and social factors and
they called this conceptual change model as “rational” and “cold” (e.g., Pintrich, Marx, &

Boyle, 1993; West & Pines, 1983). Pintrich et al. (1993) argued that motivational constructs

including goals, self-efficacy, values, control beliefs, and classroom contextual factors were

influential on conceptual change by considering the results of various studies documenting

the relationship between motivational factors and learning (e.g., Cole, 1992; Pintrich, 1989;

Pintrich & De Groot, 1990; Pintrich & Garcia, 1991). Also, Smith et al. (1993) criticized that

many researchers saw misconceptions as mistakes by ignoring their productive account. In

response to these criticisms, Strike and Posner (1992, p. 162) made the following
modifications in their initial conceptual change model. They included affective and social
factors in conceptual ecology and they considered misconceptions as generative part of
conceptual ecology.

e A wider range of factors needs to be taken into account in attempting to describe a
learner’s conceptual ecology. Motives and goals and the instructional and social sources
of them need to be considered. The idea of conceptual ecology thus needs to be larger
than the epistemological factors suggested by the history and philosophy of science.

e Current scientific conceptions and misconceptions are not only objects on which a
learner’s conceptual ecology acts, they are themselves parts of the learner’s conceptual
ecology. Thus they must be seen in interaction with other components.

e Conceptions and misconceptions can exist in different modes of representation and
different degrees of articulateness. They may not exist at all but may easily appear to do
S0, because under instruction or in research they are generated by other elements of a
conceptual ecology.

e A developmental view of conceptual ecologies is required.
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¢ An interactionist view of conceptual ecologies is required.

However, it should be noted that in spite of those criticisms, in a meta-analysis study,
Guzetti, Snyder, Glass and Gamas (1993) showed that conceptual change approaches were
more efficient than traditional approaches. Furthermore, from past to present, various studies
reported that conceptual change teaching strategies such as conceptual change text, analogy,
concept map, and Predict-Observe-Explain were successful in facilitating students’
conceptual understanding (e.g., Calik, Okur, & Taylor, 2011; Ceylan & Geban, 2009;
Chambers & Andre, 1997; Costu et al., 2010; Costu et al., 2012; Hynd, McWhorter, Phares,
& Suttles, 1994; Smith, Blakeslee, & Anderson, 1993; Sungur, Tekkaya, & Geban, 2001;
Uzuntiryaki & Geban, 2005).

2.3.3 Intentional Conceptual Change

After Bereiter and Schardamalia (1989) introduced the term “intentional learner”,
“intentional conceptual change” gained importance in the literature. Not only cognitive
factors, but also social factors and intentional factors such as metacognition, self-regulation,
and motivation played an active role in conceptual change. Sinatra and Pintrich (2003)
defined “intentional conceptual change” as “the goal directed and conscious initiation and
regulation of cognitive, metacognitive, and motivational processes to bring about a change in
knowledge” (p. 6). Ferrari and Elik (2003) stated that “intentional conceptual change is only
possible in a person who intends to change his or her conceptual understanding” (p. 21).
Researchers also indicated that every conceptual change was not intentional (Hatano &
Inagaki, 2003; Sinatra & Pintrich, 2003; Vosniadou, 2003). However, Sinatra and Pintrich
(2003) advocated that intentional conceptual change brought deeper and enduring change.
Ferrari and Elik (2003) proposed three moderators facilitating intentional conceptual change:
belief-related moderators, affect-related moderators, and intention-related including
metacognition moderators. Similarly, Limon Luque (2003) introduced three prerequisites for
intentional conceptual change: metaconceptual awareness for the need to change,
individuals’ intentions for change, and self-regulation. They stated that metacognition is one
of the most influential moderators in facilitating intentional conceptual change. Hennessey
(2003) also affirmed that intentional conceptual change and metacognitive engagement were
deeply interconnected:

It is precisely when the process of either conceptual capture or conceptual exchange
comes under conscious control (i.e., the learner is cognitively engaged in monitoring,
assessing, and regulating his or her learning in a metacognitive manner) that the
learning and subsequent change process becomes intentional (p. 112).
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Hennessey (2003) indicated that learners who used metacognitive processes at evaluative
level were more intentional since they did not use automatic processes. VVosniadou (2003)
also emphasized the importance of metacognition in intentional conceptual change. She
differentiated intentional and nonintentional conceptual change by considering
metacognition as follows:

It is my impression that addition and replacement of beliefs are the mechanisms that
characterize nonintentional conceptual change. The use of more sophisticated
mechanisms seems to require intentional learning. The use of such mechanisms
would make it less likely to create synthetic models and would make restructuring
easier. The use of such mechanisms can only come from intentional learners who are
fully aware of their beliefs and who can understand the differences between the new
information that is presented to them and what they already know (p. 404).

Limon Luque (2003) considered intentional conceptual change as a necessity for radical

restructuring:

Intentional conceptual change requires individuals to make a considerable effort to
change. It demands that learners pay deliberate attention to change and consider it as
a personal goal to be achieved. Therefore, those types of change that require greater
restructuring of the individual’s prior knowledge may be those that demand
intentional conceptual change. Although this has yet to be established empirically,
intentional conceptual change might be necessary for radical restructuring to be
achieved (p. 138).

In conclusion, researchers agreed that metacognition is a very crucial element underlying

intentional conceptual change. In the following, other conceptual change models are

presented by considering their relationship with metacognition.

2.3.4 Other Conceptual Change Models

One of the foundational theories of conceptual change was proposed by Posner et al.
(1982). This theory viewed conceptual change as a replacement of theory-like existing
conceptions with new conceptions based on Kuhn’s (1970) notion of “paradigm shift” and
Piaget’s notion of “accommodation”. Similarly, Gopnik and Wellman (1994) explained
conceptual change on the grounds of scientific theory change in line with the ideas proposed
by Kuhn’s (1970). According to Gopnik and Wellman, if children have ideas that differ with
those of the scientific community, they are interpreting fundamental facts and experiences
about the natural world different from how the scientific community sees the world. Gopnik
and Wellman referred to this position as “theory theory” and posited that naive ideas are
coherent, unitary, and theory-like. Thagard (2008) proposed different degrees of conceptual
change influenced by the history of science and medicine. In his taxonomy for epistemic

change, Thagard (1992) suggested that conceptual change consisted of “addition”,
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“deletion”, reorganization”, and ‘“‘hierarchy redefinition” categories. ‘“Reorganization”

involves “simple” and “revisionary” organization. He called revisionary organization as

“branch jumping” and hierarchy redefinition as “tree switching”. According to him, the most

radical kinds of conceptual change involve “branch jumping” and “tree switching”. He stated

that theory replacement is required to generate conceptual change and to provide explanatory

and emotional coherence. Thagard (1992, p. 35) classified different types of conceptual

change as follows:

e Adding a new instance, for example that the blob in the distance is a whale.

¢ Adding a new weak rule, for example that whales can be found in the Arctic Ocean.

e Adding a new strong role that plays a frequent role in problem solving and explanation,
for example that whales eat sardines.

e Adding a new part-relation, for example that whales have spleens.

e Adding a new kind-relation, for example that a dolphin is a kind of whale.

¢ Adding a new concept, for example narwhal.

e Collapsing part of a kind-hierarchy, abandoning a previous distinction.

¢ Reorganizing hierarchies by branch jumping, that is, shifting a concept from one branch
of a hierarchical tree to another.

e Tree switching, that is, changing the organizing principle of a hierarchical tree.

There are other studies on the coherence of naive ideas side although these studies
are not the extreme theory theory advocates (e.g., Carey, 1999; Vosniadou, 1992; VVosniadou
et al., 2008). For example, Carey (1991, 1999) approached conceptual change from a
cognitive developmental perspective, indicating that radical conceptual change involved
enrichment types of mechanisms and considerable re-organization of concepts. She
identified several forms of conceptual change such as replacement, differentiation, and
coalescence, and supported the notion of “local incommensurability” by criticizing “radical
incommensurability”. In order to differentiate enrichment type of mechanisms and
conceptual change, she also used the terms “weak restructuring” and “strong restructuring”.
Carey and Spelke (1994) indicated the importance of metaconceptual awareness for strong
restructuring.

Chi (Chi, 1992; Chi & Slotta, 1993; Chi, Slotta, & de Leeuw, 1994) proposed a
conceptual change model based on epistemological, metaphysical, and psychological
suppositions. In terms of epistemological supposition, she described “matter”, “processes”,
and “mental states” ontological categories and stated that all entities belonged to one of these
ontologically distinct categories. She also defined horizontally separated subcategories on

each category. Matter consists of “natural kind” and “artifacts”, processes involves
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“procedure”, “event” and “constraint-based interaction”, and mental states include
“emotional” and “intentional” subcategories. Metaphysical assumption was related to the
nature of scientific concepts. For example, one of subcategories of processes which is
“constraint-based interaction” is defined as a subcategory which did not have a certain
beginning and end. Psychological assumption was concerning the nature of students’
alternative conceptions, that is, ontological status of the concepts. Students would have
alternative conceptions, if they assigned a concept to a wrong category and conceptual
change occurs, when a student reassigns a concept from one category/subcategory to the
other category/subcategory. Conceptual change is easy, if a student conception is
incompatible with the scientific concept by being in the same category of different
subcategories. However, conceptual change is difficult, if a student conception is
incompatible with the scientific concept by being in the ontologically different categories.
She also emphasized the importance of a learner’s metaconceptual awareness of her/his own
ontological commitments for conceptual change.

Framework theory approach is another theoretical approach in understanding the
process of conceptual change (Vosniadou, 1992; Vosniadou & Brewer, 1992; Vosniadou et
al., 2008). Vosniadou et al. (2008) endorsed that naive ideas were not fragmented instead
they formed explanatory coherence. According to Vosniadou, using enrichment types of
learning mechanisms, students could form “synthetic models” causing fragmentation,
internal inconsistency, and alternative conceptions. She assumed that concepts were
embedded in framework theories and she viewed conceptual change as gradual shifting of
the presuppositions of the framework theory allowing the more sophisticated synthetic
models. For example, Vosniadou and Brewer (1992) conducted a study to investigate the
development of earth concept in childhood. They found that students formed various types of
earth models called as scientific model (sphere), synthetic models (flattened sphere, hollow
sphere, and dual earth), and initial models (disc earth and rectangular earth). VVosniadou et al.
(2008) stated that “the change from a flat earth to a spherical earth concept is not a change in
simple belief, but a radical conceptual change” (p. 8). According to VVosniadou (Vosniadou
et al., 2008), many science concepts requires the more radical kind of conceptual changes
that involve ontological category shifts. In this respect, Vosniadou’s framework theory
approach is consistent with Chi’s “ontological category” argument. Vosniadou et al. (2008)
also presented the following counter argument to the “knowledge in pieces” view proposed
by diSessa (e.g., diSessa, 1988, 2008; diSessa et al. 2004):

diSessa argues that p-prims are basically unstructured or loosely organized in the
conceptual system of the novice...According to diSessa, this change in the function
of p-prims is a major change from intuitive to expert physics. In our view (and to the
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extent that knowledge elements such as p-prims could be postulated to operate in our

conceptual system), p-prims should become organized in knowledge structures much

earlier than diSessa believes. If this is so, the process of learning science is not one
of simply organizing the unstructured p-prims into physics laws but rather one
during which they need to be re-organised into a scientific theory. This is a slow,

gradual process, precisely because we are dealing with many knowledge elements (p.

23).

Vosniadou (Voshiadou, 1992; Vosniadou, 2003; Vosniadou et al., 2008) contended that in
order to avoid synthetic models, learners should be aware of their internal inconsistencies
and she emphasized the importance of metaconceptual awareness and intentional learning in
conceptual change.

Inagaki and Hatano (2008) introduced another type of conceptual change which they
called “instruction-based conceptual change” by considering conceptual change as
consciously reducing incongruity process. They indicated that conceptual change often
occurred as theory change since concepts were embedded in theories. They also emphasized
the role of metacognition in instruction-induced conceptual change. They stated that since
conceptual change was seen as reducing incongruity process, metaconceptual monitoring and
evaluation were crucial to induce incongruity in the knowledge system.

Smith et al. (1993) argued that misconceptions were seen as mistakes, unitary, and
stable by traditional misconception perspective and their productive account for the
construction of more sophisticated understanding was ignored. Many studies drawing upon
this view advocated that naive ideas were fragmented, not systematic, and incoherent (e.g.,
diSessa, 1988, 2008; diSessa et al., 2004). diSessa (e.g., diSessa, 1993) proposed the
“knowledge in pieces” view as a catch-phrase for this position. He made a distinction
between novice and expert’s knowledge structures, in that novices use “phenomenological
primitives (p-prims)” which are developed from everyday experiences while the knowledge
of experts is structured, organized, coherent, and systematic. He maintained that conceptual
change occurred when novices’ self-explanatory, isolated, and fragmented knowledge
structures became organized and internally coherent, coming closer to the knowledge
structure of experts. diSessa (e.g., diSessa et al., 2004) also emphasized the role of
contextuality in conceptual change. While “theory theory” advocates considered
generalization at the core of theorizing, fragmentation advocates posited that conceptions
varied based on the context. Metacognition also plays a crucial role in this perspective since
metaconceptual awareness and monitoring of a learner’s own fragmented pieces of
knowledge lies at the heart of this perspective in order for conceptual change to occur.

Related to the importance of contextuality in learning, Mortimer (1995) introduced

the notion of a conceptual profile and differentiated this conceptual change perspective from
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others by advocating that it was possible to apply different types of knowledge standards in
different contexts. While describing the fundamental two points in this perspective,
Mortimer (1995) emphasized the importance of metaconceptual awareness in profile change:

We can consider two distinct moments in the learning process. The first corresponds
to the acquisition of the concept at a specific profile level...the second important
moment in the learning process is that of the pupil achieving consciousness of
his/her own profile, which allows the comparison between different areas of the
profile as well as an evaluation of their relative power. In this process, the students
will be conscious of the limitations of their alternative conceptions but without
giving them up (p. 274).
Similarly, Ueno (1993) and Linder (1993) stressed the crucial role of recontextualization in
producing conceptual change. The important role of metacognition for these perspectives is
to be able to monitoring the function of a concept in different contexts.
It was seen that metacognition lied at the heart of conceptual change models. In the

following, metacognition is introduced.

2.4 Metacognition
Metacognition lies at the heart of this study. In this section, historical view of
metacognition, the definitions of metacognition, the components of metacognition, and

metaconceptual research are discussed.

2.4.1 Historical View of Metacognition

Historical roots of metacognition go far beyond to Plato and Aristotle. In her review
of origins of metacognition, Brown (1987) argued the following four historical roots of
metacognition.

e Verbal reports as data: The origins of metacognition go far beyond to Plato, Aristotle,
and John Locke. For example, Locke distinguished sensation and reflection. Also, the
emergence of the terms “multiple access” and “reflective access” in the area of
psychology is not farther from metacognition.

e Executive control: Another root of metacognition comes from the information-
processing models of cognition.

e Self-regulation: Metacognition also includes self-regulating processes. Piaget’s theory of
regulation was one of the driving forces for metacognition. Piaget worked on the effect

of conscious mechanisms on conceptual change.
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e Other regulation: Learning also occurs in social contexts. Other regulation considers
Vygotsky’s Psychological Development Theory. In this respect, interaction with others
provides learners to monitor their ideas.

The pioneering studies on metacognition were conducted in the area of
developmental psychology in 1970s. The term “metacognition” was first introduced by John
Flavell based on his study of metamemory in the early 1970s (Flavell, 1971). According to
Flavell (1971), metacognition refers to “the active monitoring and consequent regulation and
orchestration of these processes in relation to the cognitive objects” (p. 232). Flavell (1979)
defined metacognition as “knowledge and cognition about cognitive phenomena” (p. 906).
Building on Flavell’s study, Kluwe (1987) adverted two features of metacognition:
“declarative knowledge about cognition, for example the own cognitive activities and
abilities, and procedural knowledge, processes directed at the control and regulation of one’s
own thinking” (p.31). Kluwe (1987) used the term “cognitive knowledge” for declarative
knowledge including factual knowledge and “executive decision” for procedural knowledge
involving monitoring and regulation of thought. Similarly, Paris and Winograd (1990)
asserted two attributes of metacognition: self-appraisal of cognition and self-management of
cognition. They defined “self-appraisal” as one’s judgments about her/his own cognitive
abilities and “self-management” as regulation of cognitive aspects for problem solving. Paris
and Winograd (1990) emphasized that self-appraisal of cognition and self-management of
cognition involved cognitive and motivational aspects. Also, Brown (1987) indicated the
components of metacognition in the area of psychology. She stated that “knowledge about
cognition” and “regulation of cognition” were the two essential components of
metacognition. She argued that “knowledge about cognition” was stable, statable, and
fallible:

Knowledge about cognition is relatively stable. One would expect that knowledge of
pertinent facts about a domain that it is fallible, severely limited for short-term
verbatim retention, etc., for example, memory would be a permanent part of one’s
naive theory on the topic. This form of knowledge is often statable; one can reflect
on the cognitive processes involved and discuss them with others...Of course, this
form of knowledge is often fallible; the child, or adult for that matter, can perfectly
“know” certain facts about cognition that are not true; naive psychology is not
always empirically supportable. (p. 68).

She denoted that regulation of cognition consisted of processes such as planning, monitoring,
and evaluating. The following section serves to introduce the blanket term metacognition
called by Brown (1987).
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2.4.2 The Definitions of Metacognition and the Fuzziness of the Concept
Metacognition was called as “fuzzy” concept by researchers (Brown, 1987; Flavell,

1981; Hacker, 1998) because of the vagueness of its definition, characteristics and lots of

different historical roots. Therefore, metacognition was also multifaceted concept (Brown,

1987). Brown (1987) also dubbed metacognition as “many-headed monster”. In the

following, some definitions of metacognition from the literature are presented:

e Knowledge and cognition about cognitive phenomena (Flavell, 1979, p. 906).

e One’s knowledge and control of own cognitive system (Brown, 1987, p. 66).

e Inner awareness or process, not an overt behavior (White, 1988, p. 73).

e Think about an idea (proposition, concept, or theory) rather than merely think with it
(Kuhn, Amsel, & O’Loughlin, 1988, p. 7).

e The knowledge, awareness and control of one’s own learning (Baird, 1990, p. 184).

e Thinking about one’s own thinking (Rickey & Stacy, 2000, p. 915).

e Awareness and management of one’s own thought (Kuhn & Dean, 2004, p.270).

According to Hacker (1998), although there was no consensus on some aspects of

metacognition, researchers agreed on the following notions regarding the definition of

metacognition: “knowledge of one’s knowledge, processes, and cognitive and affective
states; and the ability to consciously and deliberately monitor and regulate one’s knowledge,

processes, and cognitive and affective states” (p. 11).

The reasons for the fuzziness of metacognition could be summarized as follows:

e Metacognition is multi-faceted concept (Brown, 1987).

e Many “metas” emerged in the literature such as metaaffection, metalearning,
metareading, metacomprehension, and metalanguage (Flavell, 1971; Kluwe, 1987).

e Researchers emphasized the difficulty of the distinction between “meta” and “cognitive”
(Brown, 1987; Flavell, 1979, 1987). Yet, Flavell (Flavell, 1979, 1987) provided
definitions for “cognitive strategies” and “metacognitive strategies”. He stated that
“cognitive strategy” was related to enhancing knowledge, while “metacognitive
knowledge” was related to controlling and monitoring the cognitive progress.

o Flavell (1987) reported that metacognition was related to many psychological concepts
such as self-efficacy, social cognition, self-regulation, executive processes, and self-
awareness.

e Measuring metacognition is another obscurity resulted from its own characteristic- it is
an inner awareness, not an overt behavior. Several assessment techniques could be used

to assess metacognition such as interviews (Zimmerman & Martinez-Pons, 1990),
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questionnaires (Thomas, 2003), thinking-aloud protocols (Afflerbach, 2000), and
observations (Veenman & Spaans, 2005). All these assessment methods have their pros
and cons. Therefore, multimethod designs including various assessment techniques
should be used to not to share the same source of error (Garner & Alexander, 1989;
Veenman, Van Hout-Wolters, & Afflerbach, 2006). In this respect, in this study,
multimethod design was used (see section 3.1).

e The definition of metacognition is subject to debate. Several researchers proposed
different categorizations of the components of metacognition (Chi, 1987; Flavell, 1979;
Pintrich et al., 2000; Schraw & Moshman, 1995). In the following, the components of

metacognition are discussed.

2.4.3 The Components of Metacognition

Due to multidimensional character of metacognition, many researchers proposed
different categorizations of the components of metacognition as mentioned above. One of the
first categorizations was proposed by Flavell (1979). Flavell (1979) distinguished between
“metacognitive knowledge” and “metacognitive experience”. He defined metacognitive
knowledge and metacognitive experience as follows:

Metacognitive knowledge is that segment of your (a child’s, and adult’s) stored

world knowledge that has to do with people as cognitive creatures and with their

diverse cognitive tasks, goals, actions, and experiences...Metacognitive experience

are any conscious cognitive or affective experiences that accompany and pertain to

any intellectual enterprise (p. 906).
According to Flavell (1979), metacognitive knowledge consisted of “person”, “task”, and
“strategy” variables which interacted among themselves. The person variable was defined as
“everything that you could come to believe about the nature of yourself and other people as
cognitive processors” (Flavell, 1979, p. 4). It comprises of intraindividual, interindividual,
and universals of cognition variables. Intraindividual variable refers to one’s belief her/his
own interests, abilities, etc. For example, “I understand easily if I take notes while | am
studying on a document”. In interindividual variable, the comparison is between
interindividual differences such as “I am more successful in physics than my friends”.
Universals of cognition are related to one’s knowledge about cognition and psychology. For
instance, “memory has limited capacity”. Flavell (1979) explained task variable as “the
information available to you during a cognitive enterprise” (p. 907). For instance, if a learner
was conscious of the demands of a task, then, it could be said that s/he had metacognitive
knowledge of task variable. Flavell (1979, 1987) denoted strategy variable as the knowledge

about the cognitive strategies. He also made distinction between “cognitive strategies” and
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“metacognitive strategies”. Flavell (1987) said that “one learns about cognitive strategies for
making cognitive progress and about metacognitive strategies for monitoring the cognitive
progress” (p. 23). According to Flavell (1979, 1987), another component of metacognition
was “metacognitive experiences”. Flavell (1987) defined metacognitive experiences as the
cognitive or affective conscious experiences:

What makes them metacognitive experiences rather than experiences of another kind

is that they have to do with some cognitive endeavor or enterprise, most frequently a

current, ongoing one. For example, if one suddenly has the anxious feeling that one

is not understanding something and wants and needs to understand it, that feeling

would be a metacognitive experience (p. 24).

Flavell (1979, 1987) also indicated that metacognitive knowledge and metacognitive
experiences had overlapping areas. Metacognitive knowledge sometimes becomes conscious
and forms metacognitive experiences and sometimes does not.

Chi (1987) proposed another categorization for metacognition. She distinguished
three types of metaknowledge: meta-declarative knowledge, meta-strategies, and meta-
procedural knowledge. Chi described metaknowledge as the knowledge about cognition and
thus, she called “meta” as “second-order” knowledge. Chi stated that there were two kinds of
meta-declarative knowledge. One of them was pre-stored meta-declarative knowledge and
the other one is second-order meta-declarative knowledge. Pre-stored meta-declarative
knowledge is knowledge about cognition. Chi (1987) gave the following example as meta-
declarative knowledge: “knowing what task and strategy variables influence memory
performance may be the same kind of knowledge as knowing what climate an animal prefers
to live in” (p. 250). She defined second-order meta-declarative knowledge as an evaluation
on the existing declarative knowledge. In this sense, meta-declarative knowledge is similar
to Flavell’s (1979) conceptualization of person and task variables of metacognitive
knowledge. Chi (1987) also categorized meta-strategies as pre-stored meta-strategies and
second-order meta-strategies akin to her categorization of meta-declarative knowledge. Pre-
stored meta-strategies is concerning to knowledge/retrieval of existing strategies and second-
order meta-strategies is the evaluation of the strategies. Chi (1987) explained meta-
procedural knowledge the same as meta-strategies including meta-rules. Meta-strategies and
meta-procedural knowledge are parallel to Flavell’s (1979) strategy variable of
metacognitive knowledge.

In line with Flavell’s (1979) categorization of metacognition, Schraw (2001) and
Schraw and Moshman (1995) made a distinction between two components of metacognition:

knowledge of cognition and regulation of cognition. Schraw defined “knowledge of
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cognition” as the knowledge of a learner about her/his own cognition. According to Schraw
(2001, p. 4), knowledge of cognition involves the following three types of knowledge:
o Declarative knowledge: Declarative knowledge includes knowledge about oneself as a
learner and about what factors influence one’s performance.
e Procedural knowledge: Procedural knowledge refers to knowledge about doing things.
¢ Conditional knowledge: Conditional knowledge refers to knowing when and why to use
declarative and procedural knowledge.
Schraw described “regulation of cognition” as the activities that a learner used to control
her/his own learning. Schraw (2001, p. 5) emphasized the importance of the following three
regulatory skills for regulation of cognition:
¢ Planning: Planning involves the selection of appropriate strategies and the allocation of
resources that affect performance.
e Monitoring: Monitoring refers to one’s online awareness of comprehension and task
performance.
e Evaluating: Evaluating refers to appraising the products and efficiency of one’s learning.
Pintrich et al. (2000) proposed a categorization for metacognition which is different
than other categorizations in that they considered metacognitive judgments and monitoring
as an additional component to the commonly accepted components of metacognition which
were metacognitive knowledge and metacognitive regulation. Their categorization includes
three components of metacognition: metacognitive knowledge, metacognitive judgments and
monitoring, and self-regulation and control of cognition. Pintrich et al. (2000) defined
metacognitive knowledge as “students’ declarative, procedural, and conditional knowledge
about cognition, cognitive strategies, and task variables that influence cognition” (p. 45).
Their conceptualization of metacognitive knowledge is similar to Flavell’s (1979)
categorization of metacognition in that Pintrich et al. (2000) included Flavell’s task and
strategy variables of metacognitive knowledge into their categorization of metacognitive
knowledge. Also, Pintrich et al.’s (2000) categorization of metacognitive knowledge had
similarities with Schraw’s (2001) and Schraw and Moshman’s (1995) categorization of
metacognitive knowledge since they considered declarative, procedural, and conditional
knowledge about cognition as components of metacognitive knowledge. Furthermore,
Pintrich et al. (2000) made a distinction between metacognitive knowledge and
metacognitive awareness. They said that metacognitive knowledge was sometimes dubbed as
metacognitive awareness by many researchers; however, they contended that metacognitive
awareness was more “on-line” experience, while metacognitive knowledge was knowledge

about cognition. They also asserted that metacognitive knowledge is stable and statable as
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Brown (1987) stated. Pintrich et al. (2000) distinguished Flavell’s (1979) person variable of
metacognitive knowledge from other components of metacognition inasmuch as Pintrich et
al. (2000) considered person variable much like motivational variables. Pintrich et al. (2000)
explained the second component of their categorization of metacognition- metacognitive
judgments and monitoring- as follows:

Unlike the static nature of metacognitive knowledge, metacognitive judgments and

monitoring are more process-related and reflect metacognitive awareness and

ongoing metacognitive activities individuals may engage in as they perform a task.

These activities can include four general metacognitive processes: a) task difficulty

or ease of learning judgments (EOL), b) learning and comprehension monitoring or

judgments of learning (JOL), c) feeling of knowing (FOK), and d) confidence

judgments (p. 48).

Pintrich et al. (2000) described self-regulation and control of cognition as “the types of

activities that individuals engage in to adapt and change their cognition or behavior” (p. 50).

They characterized this component as “ongoing activity” like metacognitive judgments and

monitoring and stable like metacognitive knowledge. Pintrich et al. (2000, p. 47) also

divided self-regulation and control of cognition into four subcategories:

e Planning: Setting goals for learning, time use, and performance.

e Strategy selection and use: Making decisions about which strategies to use for a task, or
when to changing strategies while performing a task.

¢ Resource allocation: Control and regulation of time use, effort, pace of learning and
performance.

¢ Volitional control: Control and regulation of motivation, emotion, and environment.

Similar to Flavell (1979), Pintrich et al. (2000) also considered affective constructs in one of

the components of metacognition- self-regulation and control of cognition.

In sum, many researchers elaborated on three components of metacognition:
metacognitive knowledge/awareness, metacognitive monitoring and evaluation, and
metacognitive regulation (e.g., Flavell, 1979; Pintrich, et al., 2000; Schraw, 2001; Schraw &
Moshman, 1995). Metacognitive knowledge was divided into three components: person,
task, and strategy (Flavell, 1979) or declarative, procedural, and conditional knowledge
(Pintrich, et al., 2000; Schraw, 2001; Schraw & Moshman, 1995). Also, researchers made a
distinction between metacognitive knowledge and metacognitive awareness in that while
metacognitive knowledge is considered as knowledge about cognition, metacognitive
awareness is taken as “on-line” experience (e.g., Pintrich et al., 2000). Furthermore, affective
constructs were generally included into metacognitive regulation (Flavell, 1979; Pintrich et
al., 2000).
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Thorley (1990) made a distinction between the terms “metacognition” and
“metaconceptual”. He considered that metacognition was more inclusive term and subsumed
metaconceptual. Thorley (1990) explained the difference between these terms as follows:
“metacognition will be assumed to apply to reflection on the content of conceptions
themselves, for example, considering why a learner regards a particular phenomenon as a
force. On the hand, metacognitive will be assumed to apply reflection on, or reference to,
thinking or learning processes that are not related to particular conceptions” (p. 116).

Taking the categorizations of metacognition and the difference between
metacognition and metaconceptual into consideration, Yuruk (2005) proposed a different
categorization for metacognition. In line with Thorley’s (1990) study, Yuruk (2005) used the
term “metaconceptual” to represent learners’ metaconceptual knowledge and processes. She
categorized metaconceptual knowledge and processes into four components: metaconceptual
knowledge, metaconceptual awareness, metaconceptual monitoring, and metaconceptual
evaluation. Yuruk (2005) described her categorization of metacognition as follows:

e Metaconceptual Knowledge: Yuruk (2005) explained metaconceptual knowledge in
sense of Flavell’s notion of metacognitive knowledge. She said that metaconceptual
knowledge was also stable and statable as Brown (1987) indicated. She distinguished
metaconceptual knowledge and metacognitive knowledge in that metaconceptual
knowledge was related to concept learning and she gave the following examples as
metaconceptual knowledge: “For example, one’s stored knowledge that “Analogies help
me understand concepts,” “My interpretation of daily life experiences influences my
learning of the new conception” and “My preexisting knowledge may contradict the new
information presented” can be subsumed under metaconceptual knowledge” (p. 78).

e Metaconceptual Awareness: Yuruk (2005) included metaconceptual awareness as one of
the components of metaconceptual processes by considering the stress of researchers
(e.g., Chi et al., 1994; diSessa, 1993; Vosniadou, 2003) on metaconceptual awareness
while describing their conceptual change models in addition the previously proposed
categorizations of metacognition (e.g., Flavell, 1979; Pintrich, et al., 2000; Schraw,
2001; Schraw & Moshman, 1995). Yuruk (2005) described metaconceptual awareness as
follows: “Metaconceptual awareness is a process in which the learner explicitly refers to
her/his personal stock of information including current or past ideas regarding a concept,
presuppositions, experiences, and contextual differences” (p. 157). She also
differentiated metaconceptual knowledge and metaconceptual awareness in that
metaconceptual awareness was not related to the stored knowledge about concept

learning, it was about the awareness of one’s own concept itself. One’s metaconceptual
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awareness of her/his existing ideas could be exemplified as follows: “I learned that the
bonding between the hydrogen and oxygen atoms in the molecule itself wasn’t affected
at evaporation. It is the bonding between the two water molecules.”

e Metaconceptual Monitoring: Yuruk (2005) inspired from conceptual change models
(Hewson, 1981; Posner et al., 1982; Strike & Posner, 1992) in addition to the
categorizations of metacognition proposed by several researchers (e.g., Flavell, 1979;
Pintrich, et al., 2000; Schraw, 2001; Schraw & Moshman, 1995) while dubbing
metaconceptual monitoring as a component of metaconceptual processes. For example,
Hewson (1981) judged conceptual change in the notion of “status” construct. Hewson
(1981) defined “status” as the measurement of intelligibility, plausibility, and
fruitfulness of a conception/concept. A learner chooses one conception over another
because of its higher status and to achieve this, the learner should monitor the status of a
new concept. Therefore, Yuruk (2005) explained metaconceptual process as follows:
“Metaconceptual monitoring processes are “online” and “in the moment™ processes that
generate information about an ongoing cognitive activity, thinking process, or one’s
present cognitive state. Metaconceptual monitoring entails controlling of one’s cognitive
state when she or he comes across with a new conception”. (p. 160). Yuruk (2005) also
emphasized the difference between metaconceptual awareness and metaconceptual
monitoring. She stated that metaconceptual awareness was one’s awareness of her/his
current or past ideas while metaconceptual monitoring was concerning “on-line”
processes generating information about a new concept.

e Metaconceptual Evaluation: Metacognitive evaluation was one of the components of
several categorizations of metacognition (e.g., Pintrich, et al., 2000; Schraw, 2001;
Schraw & Moshman, 1995). Evaluation of one’s plausibility and fruitfulness of ideas
plays crucial role in conceptual change (e.g., Hewson, 1981). Accordingly, Yuruk (2005)
involved metaconceptual evaluation as a component of metaconceptual processes. Yuruk
(2005) explained metaconceptual evaluation as follows:

In an attempt to learn a new conception, learners evaluate conceptions by making
judgmental decisions about their existing ideas or new conceptions...Learners may
metaconceptually evaluate concepts by making comments about the relative
plausibility and usefulness of existing or new ideas. In doing so, learners may
directly explain why an idea is attractive or believable to them. Learners may not
always use terminology to talk about the plausibility of their ideas. They may also
simply refer to the plausibility of an idea by stating the reason for why an idea is
wrong and another is true (p. 162).

In this study, Yuruk’s (2005) categorization of metaconceptual knowledge and processes

served as a theoretical stance in designing the MTI and in conducting data analysis (see
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section 4.5.1 for the details of categorization of metaconceptual processes obtained in this

study).

2.4.4 Metacognitive Research

After the term “metacognition” was introduced by John Flavell in the area of
developmental psychology in 1970s (Flavell, 1971), metacognitive research has been
widespread in numerous research areas such as reading, writing, memory, language
acquisition, neuropsychology, and education. The importance of metacognition in science
education has also been recognized 30 years ago implicitly. For example, in the study of
Nussbaum and Novick (1982) regarding the guidelines for accommodation, they emphasized
the importance of metaconceptual awareness and metaconceptual monitoring in conceptual
change. They pointed out the role of metaconceptual awareness in their teaching strategy by
stating that “the first crucial step in an instructional strategy for facilitating accommodation
should be making every student aware of his own preconceptions” (p. 187). Regarding
metaconceptual monitoring, they said that encouraging students to articulate their ideas was
crucial for accommodation. In the study of Andersson and Bach (1996), they introduced a
teaching sequence about gases and in this teaching sequence, they requested students to write
down their ideas regarding the tasks, conduct experiments in pairs, and discuss the results of
the experiments in groups which implicitly referred to the metaconceptual processes.
Currently, the report from the National Research Council (2007) suggested that the students
who understood science should have had the following four proficiencies: “Students who are
proficient in science: i) know, use, and interpret scientific explanations of the natural world,
ii) generate and evaluate scientific evidence and explanations, iii) understand the nature and
development of scientific knowledge, and iv) participate productively in scientific practices
and discourse” (p. 2) and emphasized that metacognitively guided instruction was crucial in
order to help students to achieve these proficiencies. In the same report, in order to imply the
fundamental role of metacognition in science learning/teaching, it was also stated that “the
ability to examine one’s own knowledge and conceptual frameworks, to evaluate them in
relation to new information or competing alternative frameworks, and to alter them by a
deliberate and conscious effort are key scientific practices” (p. 27). Rickey and Stacy (2000)
indicated that metacognition was the essential pillar of more durable, more transferable, and
deeper learning.

The studies on metacognition over three decades have showed that metacognition
was widely believed to make students responsible for their learning and to show good

learning behaviors, hence more actively involved in the learning process, and there has been
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growing literature advocating positive impact of metacognitive activity on student thinking
skills and conceptual understanding (Adey et al., 1989; Baird & Mitchell, 1989; Baird &
Northfield, 1992; Beeth, 1998b; Blank, 2000; Georghiades, 2000, 2004a; Gunstone, 1994;
Gunstone & Mitchell, 1998; Hennessey, 1999; Hewson et al., 1998; Mittlefehldt & Grotzer,
2003; White & Gunstone, 1989; Yuruk, Beeth, & Andersen, 2009). There were five studies
which were seen as the pillars of metacognitive/metaconceptual research by the researcher: i)
the Project to Enhance Effective Learning (PEEL), ii) Cognitive Acceleration through
Science Education (CASE), iii) the Project Metacognitive Enhancing Teaching Activities
(META), iv) research by Georghiades (2000, 2004a), and v) research by Yuruk (2005). In
the following, these studies are addressed in depth.

The PEEL project started in 1985 and lasted for about eight years in Melbourne in
order to enhance high school students’ metacognition by centralizing the long-term training
for metacognitive awareness and metacognitive control to advance their learning. Various
studies were published related to the PEEL project (Baird, 1986; Baird & Mitchell, 1989;
Baird & Northfield, 1992; Gunstone & Baird, 1988; White & Gunstone, 1989). The PEEL
project was a multiple-year naturalistic case study. Baird and Mitchell (1989, p.285) reported
the following two fundamental objectives for the PEEL project:

e To foster students’ effective, independent learning through training for enhanced
metacognition.
e To change teacher attitudes and behaviors to ones which promote effective, independent
learning.
Collaborative action research was employed in this project. In the first year, the PEEL
project was conducted in a school in Melbourne with 200 students grading from seventh to
10th and 10 teachers in different subject areas such as science, English, geography, and
history and lasted for eight years in this school. However, Baird and Mitchell (1989) did not
describe sampling procedure thoroughly. Data were collected from several sources: teacher
reports, audio recordings of lessons, interviews, and student diaries. Researchers (Baird &
Northfield, 1992) did not discuss the trustworthiness of the study. They just stated that they
used multiple data sources to provide validity of the study. Several important findings and
implications were dubbed in the PEEL project. At the beginning of the project, the students
were resistant to take the responsibility of their learning in the way of metacognitive
learning. The students had little confidence to monitor and control their own learning.
According to them, the strategies such as class discussion and group works used in the PEEL
project were tiring and not real work to do better in exams in that they were used to copying

and memorizing the notes given by teachers. White and Gunstone (1989) also stressed that
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metacognition could be enhanced only if students were eager to involve in metacognitive
learning satisfying student short-term goals. Also, the teachers were not conscious about the
benefits of the PEEL project on their teaching at the beginning of the project. The PEEL
project required a great deal of energy and time on the side of the teachers. At the beginning,
the teachers found the project very demanding and it was easy for them to pursue their
traditional instruction including less demanding practices. However, at the end of the project,
since the teachers were more experienced about the project, they took the responsibility of
teaching for promoting effective and independent learning in classrooms. They also started
to design their own activities. Baird and Northfield (1992) quoted one of teachers’ idea about
the PEEL project as follows:

PEEL does not just deal with teaching methods and techniques -it is a whole new

way of thinking about teaching, and classroom management. You begin to ask

yourself these questions:

What are your values in a classroom? What is important to you?

How am | going to foster these values?

How much do you sacrifice from the course to teach the students techniques to not

only understand, but to learn? (p. 9).

It was found that the change in teachers’ attitudes to and beliefs about teaching/learning
preceded the change in students’ learning. At the end of the PEEL project, many students
changed their attitudes to and beliefs about teaching/learning in a metacognitive manner.
Baird and Northfield (1992) reported that “Now, the classroom is seen more as a forum for
information exchange and evaluation rather than a context simply for information transfer
from teacher to students” (p. 46). The students started to consider that school learning should
have provided permanent changes in their understandings and skills instead of fulfilling their
short-term goals.

Another important project called the CASE project was conducted in England in the
early 1980s (Adey & Shayer, 1994). The CASE project was a two-year project and its aim
was to explore an approach to improve pupils’ ability to learn under the effort of long-term
achievement and to promote higher level of thinking based Piagetian formal schema and
Vygotskyan ideas (Adey & Shayer, 1994; Adey et al., 1989). Metacognition was the
underlying component of the project. It should be noted that this project targeted
metacognitive skills. The students from 10 schools in their years one to nine were included
in the study. The CASE project materials consisting of 30 activities were defined by Adey
and Shayer (1994) as follows: “The CASE project materials were designed to address
individually each of the schemata of formal operations and incorporate the principles of
concrete preparation, cognitive conflict, construction zone activity, metacognition, and

bridging into a set of activities whose context was overtly scientific” (p. 79). Quasi-
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experimental design was used in this project. The students were given tests related to
Piagetian reasoning and achievement as pretests, posttests, and delayed posttests. There were
various studies reporting the results of the CASE project in the literature (Adey, Robertson,
& Venville, 2002; Adey & Shayer, 1993; Adey & Shayer, 1994; Adey et al., 1989). Adey
and Shayer (1993) documented the results of the quasi-experimental study with year 7 (aged
11+) and year 8 (aged 12+) students. However, in this study, researchers did not mention the
method of selecting of the sample. The major characteristics of the population and sample
were not described. There were 194 students in the experimental group taught by the
cognitive acceleration intervention including the CASE materials and 230 students in the
control group taught by traditional instruction. The students were distributed Piagetian
reasoning test and achievement test as pretest, posttest, and delayed posttest. Adey and
Shayer (1993) found that cognitive acceleration intervention had long-term effects on student
academic achievement. Also, Adey et al. (2002) presented the results of the study
investigating the effect of cognitive acceleration intervention on year 1 (aged 5) students’
cognitive development. The experimental group consisted of 300 students and the control
group consisted of 170 students. Quasi-experimental design was used. Two cognitive
development tests were given to the students as pretest and posttest. Analysis of covariance
(ANCOVA) was used to analyze the data. This study showed that the students in the
experimental group had greater gains in cognitive development compared to the students in
the control group. In this study, substantial effect sizes were reported for the cognitive
development and transfer ability as .47 and .43, respectively.

The project META was conducted by Hennessey (1999) in USA. It was a three-year
naturalistic case study. There were three main aims of the project META: i) to describe the
nature of metacognition, ii) to examine the changes in metacognition, and iii) to investigate
the role of metacognition in facilitating conceptual change. However, the references were not
critically analyzed. The results of the various studies such as the project PEEL and the
project CASE were not compared and contrasted. In this study, 120 students from six classes
graded 1 through 6 (aged 6 through 12) participated. However, in this study, the researcher
did not describe the major characteristics of the population and sample and the method of
selecting the sample were not mentioned. Throughout the project META, each group of the
students was followed across three academic years. Three means were used to enhance
metacognition: poster drawings, conceptual models including concept maps and physical
models, and the use of technology such as audio/video recording of discussions and writing
individual thoughts. The data sources of this study were written materials produced by the

students, representations of students’ conceptions in the form of illustrations on posters or
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conceptual models, and audio/video recording of discussions. Data collection instruments
were defined clearly with emphasizing the reasons in using them. Data analysis was
conducted in three phases based on the aims of the study. In the first phase (Aim 1), six
categories were developed from the analysis of transcripts to represent the high level of
metacognitive thought. The six categories consisted of metacognitive statements related to
one’s own conceptions, reasoning, implications/limitations of one’s own conceptions, one’s
own thinking process, comments on the status of conceptions, and one’s own conceptual
ecology. In the second phase (Aim 2), five themes were formed based on the discourse to
examine the changes in metacognition: i) knowledge theme, ii) learning theme, iii) ideas
theme, iv) science theme, and v) conceptual model theme. In the third phase (Aim 3), the
evidence was gathered to support the categories and themes formed in the previous phases.
However, the researcher did not mention clearly how the trustworthiness of the study was
provided. The results showed that metacognitive thought was multi-faceted in nature and
within the capabilities of elementary school students. Hennessey (1999) described two levels
of metacognitive thought developing during the project META: i) representational level-
inner awareness of one’s own conceptions and ii) evaluative level-making comments on
one’s own conceptions. It was also reported that metacognitive abilities changed over time
based one’s epistemological stances and metacognition was an integral component of
conceptual understanding.

Georghiades (2000, 2004a) studied the effect of the metacognitive instruction
compared to traditional instruction on students’ durability of electricity concepts and
contextual use of these concepts in Northern Cyprus. In this study, 68 year 5 (aged 11)
students participated. In order to explore the effect of metacognitive instruction on the class
size, two experimental and two control groups both consisting of big class (30 students) and
small class (four students) were included. However, the researcher did not give sufficient
information about the general characteristics of the population and sample. Quasi-
experimental design was employed in this study. The study was conducted by the researcher
himself which caused implementation threat to internal validity. Implementation lasted for
four-week period. The experimental groups were taught by metacognitive instruction which
included metacognitive activities such as keeping diaries, class discussions, concept
mapping, and annotated drawings. The control groups were taught by traditional instruction.
An open-ended concept test related to the “Current Electricity” unit was distributed to the
students as pretest one week, as posttest two months, and as retention-test eight months after
the treatment. However, the researcher did not provided evidence for the validity and

reliability of this instrument. In this study, the data were analyzed by using independent
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samples t-test analysis which is a weak statistical analysis. Georghiades (2004a) found that
albeit the children taught by metacognitive instruction compared to traditional instruction did
not successful to retain scientific concepts of electricity at the end of the study, they achieved
long-term retention of the concepts based on the results of electricity test given to the
children eight months later after the completion of the “Current Electricity” unit.
Georghiades (2000) reported that metacognitive instruction compared to traditional
instruction was effective in small classes rather than in big classes and also metacognitive
instruction had a positive impact on students’ contextual use of electricity concepts.
However, the researcher did not report the effect size and power of the study.

Yuruk (2005) conducted a study to investigate the effect of metaconceptual teaching
interventions compared to traditional instruction on high school students’ understanding and
durability of force and motion concepts in USA. Yuruk also examined the nature of students’
metaconceptual processes in relation to their understanding of force and motion concepts. In
this study, 45 11th and 12th grade high school students participated. A multi-method design
including quasi-experimental and case study was used in this study. There were 22 students
in the experimental group and 23 students in the control group. The students in the
experimental group were exposed to metaconceptual teaching interventions including
metaconceptual activities such as poster drawing, group debate, journal writing, concept
mapping, and class discussion, while the students in the control group were taught by
traditional instruction. The treatment was given by the same teacher and the treatment lasted
for eight weeks period. In order to investigate the effect of metaconceptual teaching
interventions compared to traditional instruction on high school students’ understanding and
durability of force and motion concepts, Force Concept Inventory (FCI) was administered to
the students as pretest, posttest, and retention-test (nine-week after the treatment). However,
Yuruk did not conduct a pilot study for the validity and reliability of the FCI. The data were
analyzed using Analysis of Covariance (ANCOVA) but the assumptions of the ANCOVA
were not discussed. She found that metaconceptual teaching interventions compared to
traditional instruction were effective on students’ conceptual understanding and durability of
force and motion concepts with a large effect size. However, she did not report the power of
the study. Three students in the experimental group were selected for the case study in order
to examine the nature of students’ metaconceptual processes in relation to their
understanding of force and motion concepts. The data were collected from various sources
such as semi-structured interviews related to students’ understanding of force and motion
concepts conducted prior to and after the implementation, audio recordings of group

discussions, video recordings of class discussions, and journal writings. The results showed
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that the students engaged in different types of metaconceptual processes including
metaconceptual awareness, metaconceptual monitoring, and metaconceptual evaluation. It
was found that metaconceptual processes were multi-faceted and had different levels of
sophistications.

In summary, the studies documented that even elementary school students showed
evidence for metaconceptual processes and metacognition could be enhanced during
schooling (Adey et al., 1989; Baird & Mitchell, 1989; Baird & Northfield, 1992; Beeth,
1998b; Georghiades, 2000, 2004a; Hartman, 2001; Hennessey, 1999). Metacognitive
research mostly targeted the development of metacognitive skills (e.g., Adey et al., 1989;
Baird & Mitchell, 1989; Baird & Northfield, 1992) instead of conceptions. There are a few
studies focused on the effect of metaconceptual teaching instruction on student conceptions
in physics education literature (Georghiades, 2000, 2004a; Hennessey, 1999; Yuruk, 2005).
No study was reported in chemistry education literature found by the researcher related to
the role of metaconceptual teaching instruction on students’ conceptual understanding and
durability of concepts. Also, the nature of metaconceptual processes that students engaged in
was only investigated by Yuruk (2005). In the current study, the effect of the MTI compared
to the Tl on students’ conceptual understanding and durability of states of matter concepts
and the nature of metaconceptual processes that students who had several alternative
conceptions and who had few alternative conceptions engaged in during the MTI were

investigated.

2.5 Self-efficacy

Self-efficacy beliefs play a crucial role in science education. According to social
cognitive theory, Bandura (1997) defined self-efficacy as “beliefs in one’s capabilities to
organize and execute courses of action required to produce given attainments” (p. 3).
Bandura (1986, 1997) posited that there were four sources of self-efficacy beliefs: Mastery
experiences, vicarious experiences, verbal and social persuasion, and physiological state.
The most influential source is students’ prior experiences on a task or mastery experience.
Students engage in activities and develop self-efficacy beliefs about their capability
involving in further activities. Students also form self-efficacy beliefs by observing others
performing tasks. Vicarious experiences play an important role in students’ self-efficacy
beliefs. In addition, social persuasion, which includes judgments from others, and students’
physiological states such as anxiety, stress, and mood contribute to their self-efficacy beliefs.
There are other concepts that are used interchangeably with self-efficacy: self-concept, self-

esteem, and outcome expectancy. While self-efficacy is related to the judgments of one’s
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capabilities, self-concept is concerned with the perceptions of one’s self regarding many
characteristics such as social, physical, academic, and emotional. Self-esteem is one’s
evaluation of her/his self-worth (Bandura, 1997). Together with self-efficacy and outcome
expectancies are influential in the prediction of one’s behavior. There is a causal relationship
between self-efficacy and outcome expectancies. Bandura (1997) stated that “perceived self-
efficacy is a judgment of one’s ability to organize and execute given types of performances,
whereas an outcome expectation is a judgment of the likely consequence such performances
will produce” (p. 21). In terms of the measurement of self-efficacy, Bandura (1997, 2006)
criticized the construction of self-efficacy scales in domain general areas since these kinds of
scales missed the function of the domain and since omnibus types of items could hamper to
differentiate the concepts such as self-concept, self-esteem, and outcome expectancy from
self-efficacy. Bandura (1997, 2006) indicated that self-efficacy beliefs should have been
measured at the optimal level of specificity within a specific domain. Chemistry self-efficacy
beliefs were one of the focuses of this study. Chemistry self-efficacy was defined by Capa
Aydin and Uzuntiryaki (2009) as the “beliefs in one’s ability to accomplish tasks related to
chemistry” (p. 3) and Capa Aydin and Uzuntiryaki developed a high school chemistry self-
efficacy scale considering the optimal level of domain specificity of self-efficacy. In this
study, to assess high school students’ self-efficacy toward chemistry, the high school
chemistry self-efficacy scale of Capa Aydin and Uzuntiryaki (2009) was used.

Self-efficacy beliefs are effective on students’ actions regarding how much effort
they expend on an activity and how long they put perseverance into an action when they face
with difficulties. High efficacious students set challenging goals, put greater efforts on an
activity, and persevere when dealing with difficulties. However, low efficacious students
may not show perseverance and resilience when confronting setbacks (Pajares, 1996). In the
field of science, self-efficacy was found to be significant predictor of students’ science
achievement at various grade levels (Andrew, 1998; Britner, 2008; Britner & Pajares, 2006;
Kupermintz, 2002). For example, Kupermintz (2002) indicated that self-efficacy is a better
predictor for their academic achievement compared to gender among high school students.
The researchers also advocated that self-efficacy beliefs could be influential on students’
conceptual change process in that the students who had confidence in their prior ideas could
be resistant to change their ideas (Linnenbrink & Pintrich, 2003; Pintrich, 1999). Pintrich
(1999) explained the role of self-efficacy in facilitating conceptual change as follows:

In a conceptual change model of learning, self-efficacy beliefs could be construed in
two ways. First, in the bulk of the research on self-efficacy, the construct is used to

represent students’ confidence in their ability to do a particular task. In applying this
construct to conceptual change, this could translate into students’ confidence in their
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own ideas, prior conceptions, and epistemological and ontological presuppositions.
In this case, higher levels of self-efficacy or confidence in one’s own beliefs would
be a hindrance or constraint on conceptual change...A second way to conceive self-
efficacy relating to a conceptual change model is the confidence students have in
their capabilities to change their ideas, and to learn to use the “cognitive tools”
necessary to integrate and synthesize divergent ideas...In this sense, self-efficacy
would refer to students’ confidence in their own learning and thinking strategies” (p.

42).
The studies conducted by Anderson and Nashon (2007) and Olson (1999) supported the
above claims. Olson (1999) studied with 98 pre-service elementary teachers by collecting
data from various sources such as journal writings, concept maps, drawings, quizzes, and
interviews to examine the effect of the factors (self-efficacy, interest, mood, and task
difficulty) on students’ conceptual understanding of electricity concepts. She found that self-
efficacy and interest were the effective factors on students’ conceptual understanding of
electricity concepts. Anderson and Nashon (2007) conducted a case study with the high
school physics students to investigate the effect of students’ metacognitive skills on their
conceptual understanding of kinematics. They found that high efficacious students with low
monitoring and controlling metacognitive skills were resistant to change their alternative
conceptions, while low efficacious students with high metacognitive skills were willing to
change their alternative conceptions. However, Kang, Scharmann, Noh and Koh (2005)
studied with middle school students to investigate the relationship among motivational
variables including self-efficacy, cognitive variables, and conceptual change and they found
that there was no significant relationship between self-efficacy and conceptual
understanding. As mentioned before, metacognition was the essential pillar of conceptual
change. The relationship between metacognition and self-efficacy was also considered by
researchers. This relationship was first dubbed by Flavell (1987). Flavell included affective
conscious experiences in addition to cognitive experiences into metacognitive experiences.
Paris and Winograd (1990) emphasized the importance of self-efficacy in the definition of
metacognition. They indicated that self-appraisal of cognition and self-management of
cognition involved cognitive and motivational aspects. Furthermore, several studies have
documented the relationship between students’ use of metacognitive strategies and their self-
efficacy beliefs of their performance in a course (Anderson & Nashon, 2007; Pintrich & De
Groot, 1990; Pintrich & Garcia, 1991; Pintrich et al., 1991; Sungur, 2007). Albeit the crucial
role of self-efficacy in facilitating conceptual change in relation to metacognition was proved
by several studies, in the literature, it has been reported that there was an increase in the
number of students who lacked confidence and interest in science (Pell & Jarvis, 2001).

Therefore, it is important to find effective instructional strategies to increase students’ self-
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efficacy. Taking these points into consideration, this study investigated the effect of the MTI

on students’ chemistry self-efficacy beliefs.

2.6 Summary of the Related Literature
The related literature can be summarized as follows:

e When students’ ideas differed from the definitions accepted by experts, they were
characterized in several ways, such as misconceptions (Nakhleh, 1992; Schmidt, 1997),
children science (Gilbert et al., 1982), and alternative conceptions (Abimbola, 1988;
Driver & Easley, 1978). In this study, the term “alternative conceptions” is used to refer
to the students’ ideas different from the commonly accepted scientific understanding by
taking into consideration the productive account of students’ ideas. In terms of chemistry
learning, the researchers indicated that it was important to have scientific understanding
regarding basic chemistry concepts in order to have appropriate understanding of more
advanced chemistry concepts (Gabel et al., 1987). States of matter is one of the
fundamental subjects in chemistry. It includes the concepts such as solids and liquids,
gases, evaporation, condensation, boiling, and vapor pressure which are conceptually
related to each other and helpful in explaining everyday phenomena. Students’
conceptions in states of matter were studied by various researchers (Aydeniz &
Kotowski, 2012; Bar & Galili, 1994; Bar & Canpolat, 2006; Chang, 1999; Johnson,
1998a, b; Mayer, 2011; Novick & Nussbaum, 1978; Nussbaum, 1985; Tytler, 2000;
Tytler et al., 2007). It is important to use effective teaching methods to address these
alternative conceptions.

e Constructivism is a “theory of knowledge” and argues that knowledge is constructed
actively by the learner based on her/his existing ideas/experiences (von Glasersfeld,
1993).

e Conceptual change model have been built on constructivism. Various conceptual change
models have been proposed by the researchers (e.g., Chi, 1992; diSessa, 1988, 2008;
Mortimer, 1995; Posner et al., 1982; Thagard, 1992; Ueno, 1993; VVosniadou, 1992). One
of the foundational models of conceptual change was proposed by Posner et al. (1982) in
education area. According to Posner et al. (1982), a learner must dissatisfy with her/his
current conceptions, and then, the learner must find a new concept as intelligible,
plausible, and fruitful in order for conceptual change to take place. Conceptual change
model was expanded by Hewson (1981), Hewson and Lemberger (2000), and Hewson
and Thorley (1989) with the introduction of status construct. Hewson (1981) defined the

“status” as the measurement of intelligibility, plausibility, and fruitfulness of a
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conception/concept. In this expanded model, conceptual change was characterized as
raising or lowering the status of conceptions/concepts. The researchers agreed that
metacognition lied at the heart of conceptual change. Hewson et al. (1998) emphasized
that being aware of one’s own conceptual ecology, monitoring one’s own ideas, and
making justifications for the status of one’s conceptions/concepts were crucial for
conceptual change.

Intentional learners played an active role in knowledge construction (Bereiter &
Schardamalia, 1989), and thus, intentional conceptual change was considered the
outcome of an instruction. Sinatra and Pintrich (2003) defined “intentional conceptual
change” as “the goal directed and conscious initiation and regulation of cognitive,
metacognitive, and motivational processes to bring about a change in knowledge” (p. 6).
Hennessey (2003) indicated that learners who used metacognitive processes at evaluative
level were more intentional since they did not use automatic processes.

The term “metacognition” was first introduced by John Flavell based on his study of
metamemory in the early 1970s (Flavell, 1971). Metacognition was called as “fuzzy”
concept by researchers (Brown, 1987; Flavell, 1981; Hacker, 1998) because of the
vagueness of its definition, characteristics and lots of different historical roots.
Therefore, metacognition was also multifaceted concept (Brown, 1987).

According to Flavell (1971), metacognition refers to “the active monitoring and
consequent regulation and orchestration of these processes in relation to the cognitive
objects” (p. 232). White (1988) defined metacognition as “inner awareness or process,
not an overt behavior” (p. 73). Rickey and Stacy (2000) explained metacognition as
“thinking about one’s own thinking” (p. 915).

Due to multidimensional character of metacognition, many researchers proposed
different categorizations of the components of metacognition (Chi, 1987; Flavell, 1979;
Pintrich et al., 2000; Schraw & Moshman, 1995). However, researchers commonly
elaborated on three components of metacognition: metacognitive knowledge/awareness,
metacognitive monitoring and evaluation, and metacognitive regulation (e.g., Flavell,
1979; Pintrich, et al., 2000; Schraw, 2001; Schraw & Moshman, 1995).

Thorley (1990) made a distinction between the terms “metacognition” and
“metaconceptual”. Metacognition was more inclusive term and subsumed
metaconceptual and metaconceptual included metacognitive knowledge and processes
acting on a learner’s conceptual system. Based on Thorley’s distinction, Yuruk (2005)

categorized metaconceptual knowledge and processes into four components:
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metaconceptual knowledge, metaconceptual awareness, metaconceptual monitoring, and
metaconceptual evaluation.

The studies on metacognition have showed that metacognition was widely believed to
make students responsible for their learning and to show good learning behaviors, hence
more actively involved in the learning process, and there has been growing literature
advocating positive impact of metacognitive activity on student thinking skills and
conceptual understanding (Adey et al., 1989; Baird & Mitchell, 1989; Baird &
Northfield, 1992; Beeth, 1998b; Georghiades, 2000, 2004a; Gunstone & Mitchell, 1998;
Hennessey, 1999; Mittlefehldt & Grotzer, 2003; White & Gunstone, 1989). There were
five studies which were seen the pillars of metacognitive/metaconceptual research by the
researcher: i) the Project to Enhance Effective Learning (PEEL), ii) Cognitive
Acceleration through Science Education (CASE), iii) the Project Metacognitive
Enhancing Teaching Activities (META), iv) research by Georghiades (2000, 2004a), and
v) research by Yuruk (2005).

Self-efficacy was defined as “beliefs in one’s capabilities to organize and execute
courses of action required to produce given attainments” (Bandura, 1997, p. 3). There
are four sources of self-efficacy beliefs proposed by Bandura (1986): Mastery
experiences, vicarious experiences, verbal and social persuasion, and physiological state.
Self-efficacy beliefs are effective on students’ actions regarding how much effort they
expend on an activity and how long they put perseverance into an action when they face
with difficulties (Pajares, 1996). Several studies have documented the relationship
between students’ self-efficacy beliefs, metacognition, and conceptual change (Anderson
& Nashon, 2007; Pintrich & De Groot, 1990; Pintrich & Garcia, 1991; Pintrich et al.,
1991; Sungur, 2007).
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CHAPTER 3

METHODS

In the previous chapters, problems, hypotheses, and the significance of the study
were presented, the related literature was reviewed accordingly and the essence of the study
was justified. In this chapter, research design, population and sample, variables, instruments,
procedure, treatment implementation, treatment fidelity, data analysis, power analysis, unit
of analysis, threats to internal validity, ethical concerns, trustworthiness of the qualitative

study, and assumptions and limitations are discussed.

3.1 Research Design

In this study, a multimethod design including quasi-experimental design and case
study design was used. Hunter and Brewer (2003) defined mutimethod research as “the
practice of employing different types, or styles, of data-collecting methods at the same
study” (p. 577). Since this study is based on multiple quantitative and qualitative methods,
multimethod research was followed. Also, the multimethod design was employed since each
study is conducted to investigate a particular research question. It should be emphasized that
multimethod design is different than mixed methods design. Morse (2003) stated that “the
major difference between multimethod and mixed methods designs is that in multimethod
design all projects are complete in themselves” (p. 199). There are different types of
multimethod designs based on the theoretical drive of the research. The theoretical drive of
the research could be inductive or deductive. The inductive theoretical drive is that “when
the researcher is working in the discovery mode, trying to find answers to problems such as
the following: What is going on? What is happening?” and the deductive theoretical drive is
that “if the major thrust of the program is to test a theory or hypothesis, to answer questions
of how much or how many, to determine relationships, and so forth” (Morse, 2003, p. 196).
Based on the theoretical drive, there are simultaneous and sequential designs. “The projects
are conducted simultaneously” and “the projects are conducted sequentially” in simultaneous
and sequential designs, respectively (Morse, 2003, p. 198). In this study, the quantitatively-
driven, quantitative and qualitative simultaneous design with a deductive drive is used.

Quasi-experimental and case study designs are presented below.
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3.1.1 Quasi-Experimental Design

In this study, the matching-only pretest-posttest control group design as a type of
quasi-experimental design was used since the random assignment of already formed classes
to experimental and control groups was employed to examine the treatment effect (Fraenkel
&Wallen, 2003). Intact classes were used since it was impossible to select either a random or
a systematic nonrandom sample due to administrative constraints. The subjects in each class
were statistically matched on the students’ SMDT pretest scores and self-efficacy toward
chemistry pretest scores. Quasi-experimental research design of the study is shown in Table
3.1

Table 3.1 Quasi-experimental research design of the study

Groups O M X o] 0]
(Pretest) (Matching)  (Treatment) (Posttest)  (Retention-test)
SMDT Statistical SMDT SMDT
EG SETC matching MTI SETC SETC
SMDT Statistical SMDT SMDT
CG SETC matching TI SETC SETC

In this table, the EG represents the Experimental Group instructed with
Metaconceptual Teaching Instruction. The CG represents the Control Group instructed with
Traditional Instruction. The SMDT is the States of Matter Diagnostic Test. The SETC
represents Self-efficacy Scale toward Chemistry. The MTI is Metaconceptual Teaching
Instruction, and the Tl is Traditional Instruction.

To examine the effect of treatment on the dependent variables and to control
students’ previous learning in states of matter concepts and self-efficacy toward chemistry,
two weeks before the treatment, the two instruments the SMDT and SETC were
administered to students in both groups. Also, they were given at the end of the treatment. In
addition, the SMDT and SETC were given eight weeks after the treatment to examine the
effectiveness of the MTTI on students’ durability of conceptions and on students’ self-efficacy

toward chemistry compared to traditional instruction, respectively.

3.1.2 Case Study Design
As mentioned before, one of the definition of metacognition is that metacognition is

“inner awareness or process, not an overt behavior” (White, 1988, p. 73). Therefore, it is not
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possible to measure students’ metacognitive processes only by using quantitative methods.
Multiple methods should be used to not to share the same source of error (Garner &
Alexander, 1989; Veenman et al., 2006). Hence, in this study, to examine the nature of the
metaconceptual processes students who had several alternative conceptions and who had few
alternative conceptions engage in during the MT1 and the changes in students’ alternative
conceptions in relation to their conceptual understanding of states of matter after the MTI,
case study design was used. Merriam, Yin and Stake (as cited in Bogdan & Biklen, 2007)
states that “a case study is a detailed examination of one setting, or a single subject, a single
depository of documents, or one particular event” (p. 59). In order to examine the nature of
students’ metaconceptual processes, the data were collected from multiple sources such as
journal writings, posters, audio recordings of group discussions, video recordings of
classroom discussions, and interviews after the MTI. The changes in students’ alternative
conceptions in relation to their conceptual understanding of states of matter were
investigated by conducting interviews prior to and after the MTI. The data were collected
from all of the students in the experimental group, except interviews conducted before and
after the MTI, however; only the data including interviews from three students in the
experimental group selected for case studies were analyzed. In order to explore students’
nature of metaconceptual processes during treatment, three students who had several
alternative conceptions and who had few alternative conceptions were selected. These three
students were selected based on their pre-SMDT scores. It should be noted that it was
assumed the SMDT scores represented the range of students’ alternative conceptions. The
students who got low and high scores from the SMDT had several and few alternative
conceptions, respectively. Sertan had the highest score on the pre-SMDT. He scored 10 out
of 19. The other two students, Esin and Bahar, were selected among the students who had
low scores on the pre-SMDT. Both of them scored 1 out of 19. While selecting the students
who had several alternative conceptions, classroom teachers also acted as key informants.
Teachers were asked to identify students who they believed to engage in metaconceptual
activities effectively and represent information-rich cases among the students who had low
scores on the pre-SMDT. Also, since the researcher observed the classrooms involved in this
study during two months before the implementation commenced, the researcher’s
observations helped her in selecting these students. All of these three students were involved
in defining the main types and subcategories of metaconceptual processes. However, here,
since Esin and Sertan represented the students who had several alternative conceptions and
who had few alternative conceptions, respectively, only Esin’s and Sertan’s metaconceptual

processes were given as case studies. Esin and Bahar were the students who had several
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alternative conceptions. Esin was randomly selected between the students Esin and Bahar to
investigate her nature of metaconceptual processes together with Sertan since it would be too
loaded to give metaconceptual processes of all these three students as case studies. Also,
while examining the changes in students’ alternative conceptions in relation to their
conceptual understanding of states of matter after the MTI, the change in Esin’s ideas in
relation to her conceptual understanding of states of matter was given as case study since she
represented the students who had several alternative conceptions. The data collecting
procedure for the case studies were summarized in Table 3.2. The SMDT were administered
to the students two weeks before the study began and pre-interviews were conducted with
these three students in the two weeks period after the SMDT scores were calculated. Post-
interviews were conducted right after the SMDT were administered to the students at the end
of the treatment. Other data sources such as journal writings, posters, audio recordings of
group discussions, and video recordings of classroom discussions were collected during

treatment.

Table 3.2 Case study design of the study

Experimental Pre-interview  Other Data Post-
Group Sources interview

Case Studies

(Bahar, Esin, X X X

and Sertan)

3.2 Population and Sample

The target population of the study is all 10th grade students from Anatolian high
schools in Nevsehir. The accessible population is all 10th grade students from Anatolian
high schools in the central district of Nevsehir. The sample of the study was chosen from the
accessible population by using convenience sampling, which is a type of nonrandom
sampling method since it is extremely difficult to select either a random or a systematic
nonrandom sample; however, the researcher is aware of its limitations such as, no guarantee
of representativeness (Fraenkel & Wallen, 2003). The target population consisted of seven
Anatolian high schools; however, five of seven Anatolian high schools only had 10th grade
students. There were two Anatolian high schools in the accessible population and both of
them were included in the present study. The number of 10th grade students in all Anatolian
high schools was 285 and the total enrollment of 10th grade students in the two Anatolian
high schools included in the present study was 152. The two Anatolian high schools had two

chemistry teachers. In this study, one of the chemistry teachers in each school was included.
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In each Anatolian high school, there were three 10th grade science classes and two of the
classes taught by the same teacher from each Anatolian high school were randomly assigned
to the experimental and control groups. The sample of this study consisted of 102 10th grade
students from two classes of each Anatolian high school (two experimental and control
groups), which matched more than ten percent of the whole population. There were 53
students in the experimental group instructed by the MTI and 49 students in the control
group instructed by the TI.

Most of the students’ socio-economic status, including the educational level of their
parents, their family income and social life standards were middle. The students and their
families were living in the same social community. The students did not go to a private
teaching center. Furthermore, the ages of the students participated in this study were ranged
from 15 to 16. Sample size and gender distribution related to each school for the control and

experimental groups are presented in Table 3.3.

Table 3.3 Sample size and gender distribution related to each school for the experimental and
control groups

Experimental Group Control Group
School N Female Male N Female Male
A 30 17 13 29 16 13
B 23 18 5 20 10 10
Total 53 35 18 49 26 23

The students’ average previous semester chemistry course grades are shown in Table

3.4. It was seen that students’ achievement in chemistry course is at the middle level.

Table 3.4 Students’ average previous semester chemistry course grades related to each
school for the experimental and control groups

Experimental Group Control Group
School  Average Grade Average Grade
A 71.09 65.65
B 82.85 77.56
Total 76.20 70.51

The teachers (one female and one male) implementing treatments were trained on
the MT]1 for two months just before the implementation of the study (see section 3.6). It
should be also noted that they had already used demonstrations, group and class discussions
as part of their regular instructions. Female and male teacher had five and 15 years teaching

experience, respectively.
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Three students (two females and one male) from experimental group were selected
for case study to explore their nature of metaconceptual processes during treatment and their
conceptual understanding before and after treatment. Purposeful sampling (Patton, 1990)
was used to identify the students who were the focus of the study. Purposeful sampling
involves selection of “information-rich cases” from whom we “can learn a great deal about
the issues of central importance to the purpose of the research” (Patton, 1990, p. 169). These
three students were selected from the experimental group by intensity sampling since
intensity sampling consists of information-rich cases that manifest the phenomenon
intensely, but not extremely, such as good students/poor students, above average/below
average (Patton, 1990). The details of the selection of these three students for case study

were given under the heading of “case study design”.

3.3 Variables

There are seven variables involved in this study, which are categorized as dependent
and independent variables. There are four dependent variables (DVs) and three independent
variables (1Vs). Independent variables of the study are teaching method (TM), pretest scores
of students on States of Matter Diagnostic Test (pre-SMDT), and pretest scores of students
on Self-efficacy Scale toward Chemistry (pre-SETC). The pre-SMDT and pre-SETC
independent variables are potential variables to be used as covariates in order to reduce error
variance.