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ABSTRACT

EFFECTS OF 5E LEARNING CYCLE MODEL ON UNDERSTANDING
OF STATE OF MATTER AND SOLUBILITY CONCEPTS

CEYLAN, Eren
Ph. D., Department of Secondary Science and Mathematics Education

Supervisor: Prof. Dr. Omer GEBAN
October 2008, 228 pages

The main purpose of the study was to compare the effectiveness of SE learning
cycle model based instruction and traditionally designed chemistry instruction on 10"
grade students’ understanding of state of matter and solubility concepts and attitudes
towards chemistry as a school subject; and students’ perceived motivation and perceived

use of learning strategies.

In this study, 119 tenth grade students from chemistry courses instructed by same
teacher from Atatiirk Anatolian High School took part. The study was conducted during
2007-2008 spring semester.

This study included two groups which were randomly assigned as experimental

and control groups. Control group students were taught by traditionally designed

v



chemistry instruction, while the experimental group students were instructed by SE
learning cycle model based instruction. In the experimental group, students were taught
with respect to the sequence of SE learning cycle model which are engagement,
exploration, explanation, elaboration, and evaluation through the use of activities such as
demonstrations, video animations, laboratory ectivities, and discussions. In the control
group, traditionally designed chemistry instruction was implemented through teacher

explanations and use of textbook.

State of Matter and Solubility Concepts Test (SMSCT), Attitude Scale toward
Chemistry (ASTC), and Motivated Strategies for Learning Questionnaire (MSLQ) were
administered to both groups as a pre-test and post-test to assess the students
understanding of state of matter and solubility concepts, students’ attitudes toward
chemistry, students’ perceived motivations and students perceived use of learning
strategies, respectively. Science Process Skills Test was given at the beginning of the

study to determine students’ science process skills.

The hypotheses were tested by using multivariate analysis of variance
(MANOVAs). The results showed that instruction based on 5E learning cycle model
caused significantly better acquisition of the scientific conceptions related to state of
matter and solubility concepts than traditionally designed chemistry instruction. In
addition, instruction based on 5E learning cycle model improved students’ attitudes as a
school subject, intrinsic goal orientation, extrinsic goal orientation, task value,
elaboration strategy use, organization strategy use. A Science process skill was
determined as a strong predictor in understanding the concepts related state of matter

and solubility.

Keywords: Learning Cycle Model, SE Learning Cycle Model, State of Matter
and Solubility, Misconceptions, Attitude toward Chemistry, Motivation.
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5E OGRENME MODELININ MADDENIN YOGUN FAZLARI VE
COZUNURLUK KONUSUNU ANLAMAYA ETKISi

CEYLAN, Eren
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Bolimii

Tez Yoneticisi: Prof. Dr. Omer Geban

Ekim 2008, 228 sayfa

Bu caligmanin baglica amaci, SE 6grenme modeline dayali 6gretim yonteminin
10. smif 6grencilerinin maddenin yogun fazlar1 ve ¢oziiniirliikk konularindaki kavramlari
anlamalarina, kimyaya karsi tutumlarina, kimya dersindeki motivasyonlarina, ve
O0grenme stratejilerine etkisini geleneksel kimya Ogretim yontemi ile karsilastirarak

incelemektir.

Bu calisma, Atatiirk Anadolu Lisesinde, ayn1 6gretmenin kimya derslerinde
bulunan 119 onuncu smif 6grencilerinin katilimi ile gergeklesmistir. Bu ¢alisma, 2007-

2008 bahar doneminde yapilmistir.
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Bu c¢alismada, deney grubu ve kontrol grubu olarak rastgele secilen iki grup
bulunmaktadir. Kontrol grubundaki 6grencilere geleneksel kimya Ogretim yontemi
uygulanirken, deney grubundaki 6grencilere SE 6grenme modeline dayali 6gretim
yontemi uygulanmigtir. Deney grubunda ogrenciler SE 6grenme modelinin igerdigi
siralamay1 gosteriler, video animasyonlari, laboratuvar aktiviteleri ve tartisma yoluyla
uygulamiglardir. Kontrol grubunda dersler 6gretmen agiklamalar1 ve ders kitaplarina

dayal1 olarak islenmistir.

Maddenin yogun fazlar1 ve ¢oziiniirliik testi, kimya tutum 6lgegi, 6grenmede
giidiisel stratejiler anketi 6grencilere On-test ve son-test olarak dagitilarak 6grencilerin
maddenin yogun fazlar1 ve ¢Oziliniirlik konularim1 anlamalari, kimyaya karsi olan
tutumlari, kimya derslerindeki motivasyonlar1 ve 6grenme stratejileri degerlendirilmistir.
Ogrencilerin bilimsel islem becerilerini belirlemek iizere bilimsel islem beceri testi

calismanin basinda 6grencilere uygulanmistir.

Bu c¢alismanin hipotezleri ¢ok degiskenli varyans analizi (MANOVA)
kullanilarak test edilmistir. Analiz sonug¢larindan, 5E &6grenme modeli kullanilan
ogrencilerin, maddenin yogun fazlar1 ve ¢Oziiniirlik kavramlarini, geleneksel kimya
anlatimi kullanilan gruba gore daha iyi anladiklari tespit edilmistir. Buna ek olarak,
sonuglar, SE 6grenme modeline dayali 6gretimin 6grencilerin kimyaya karsi tutumlarina,
icsel ve digsal mtivasyon bilesenlerine, isleme ve organizasyon becerilerine etkisi
oldugunu gostermistir. Ogrencilerin bilimsel islem becerileri, 6grencilerin maddenin
yogun fazlar ve ¢oziiniirliik kavramlarini anlamasinda belirleyici bir unsur oldugu tespit

edilmistir.

Anahtar Kelimeler: Ogrenme Halkasi, SE Ogrenme Modeli, Maddenin Yogun

Fazlar1 ve Coziintirlik , Kimyaya Kars1 Tutum, Motivasyon .
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CHAPTER 1

INTRODUCTION

Global changes in the world affect people’s lives in ways unfamiliar to previous
generations. Today, societies affect each others by their cultures, languages, art,
technologies, music and literature. When the advancement of technology is taken into
consideration, the vital role of knowledge and experience of peoples, in other words the
importance of knowledge base society is recognized in all around the world. Education
plays an important role to recognize young people’s responsibilities in this globalize
world and to equip them with the skills to make true decisions. With the effect of
globalization, developed countries redesign their education system with respect to
relationships between local and global issues. The main of purpose of these countries is
to provide their young generations knowledge, skills and understanding that enable them
to make appropriate decisions and develop their competencies to work anywhere in the
world. Moreover, developed countries try to find some ways to provide their students
with a strong foundation for lifelong learning. The notions of “lifelong learning” and
“learning to learn” are the common words when the developed countries’ aims of

curriculum reforms are examined.

The responsibilities of today’s science education include helping students to

understand the natural world, to use appropriate skills and scientific process for



developing their competencies, to promote lifelong learning and learning how to learn,

to improve their attitudes toward science and promote their motivation.

Students do not come to science classes with blank slates. The ideas of the
students are developed based on their previous experiences before coming to schools.
Researches have indicated that students come to classrooms with well-established
understandings about how and why everything behaves as they do (Posner, Strike,
Hewson, & Gertzog, 1982; Resnik, 1983; Strike, 1983). In constructivism, it is believed
that knowledge is actively constructed by learner on the basis of the knowledge that
individual already held (Duit & Tregaust, 1998). Therefore, as Ausubel (1968)
emphasized as “If I had to reduce all educational psychology to just one principle, |
would say this: The most important factor influencing learning is what the learner
already knows. Ascertain this and teach him accordingly”, the importance of prior
knowledge of the learner should not be underestimated. However, the prior knowledge
of an individual may be correct or incorrect. The ideas which are different from the
commonly accepted scientific conceptions were defined as misconceptions or
preconceptions (Nakhleh, 1992; Schmidt, 1997; Teichert & Stacy, 2002).
Misconceptions are appeared by students as logical, sensible, and valuable. In addition,
these beliefs are persuasive, stable, and resistant to change and can not be easily
eliminated by traditional methods since they are not taken into consideration. Several
contemporary instructional approaches based on constructivism were developed to
overcome and remediate students’ alternative conceptions. All the approaches accepted
the common notion that meaningful learning occurs when the links between new
information and prior knowledge is actively constructed. The main aim of these
approaches is to facilitate conceptual change by removing students’ misconceptions.
Learning cycle model based instruction which is also based on constructivist
epistemology is an instructional model in which conceptual change is facilitated
(Boylan, 1988). The modification of learning cycle model produced 3E, 4E, 5E, and 7E
learning cycle models. Instruction based on learning cycle model is found to improve

students’ understanding of science, improve students’ attitudes toward chemistry, and



overcome students’ misconceptions (Cambell, 1977; Cumo, 1992; Davis,1978;
Klindienst, 1993; Shadburn, 1990; Cumo, 1992; Davidson, 1989; Campbell, 1977;
Kurey, 1991; Purser & Renner, 1983; Saunders & Shepardson, 1987; Schneider &
Renner, 1980; Lawson & Thompson, 1988; Marek, Cowan, & Cavollo, 1994;
Scharmann, 1991, Gang, 1995; Garcia, 2005; Akar, 2005; Boddy, Watson & Aubusson,
2003; Balci, Cakiroglu & Tekkaya, 2006; Lord, 1997; Mecit, 2006). Moreover; SE
learning cycle model consisted of an instructional sequence in which the activities are
used to produce changes in students’ knowledge, skills, attitudes and motivation. In
addition, students are encouraged to develop their own learning strategies by using of

activities carried out in the phases of SE instructional model (Bybee et al., 2006).

It was indicated that understanding of chemistry is a hard thing for most of the
students (Nieswandt, 2001; Chittleborough, Treagust & Mocerino, 2002). Therefore,
designing instructions to improve chemistry learning is very important. Facilitating
conceptual change and remediation of misconceptions about chemistry subjects should
be the main aims to promote meaningful learning. One of the fundamental topics of
chemistry is state of matter and solubility concepts. Although many researchers
investigated students’ misconceptions about chemistry topics such as electrochemistry
(Garnett & Treagust, 1992), acid-base (Cakir, Uzuntiryaki & Geban, 2002), atom and
molecules (Griffiths & Preston, 1992), chemical equilibrium (Chiu, Chou & Liu, 2002),
chemical change (Hesse & Anderson, 1992), researches about state of matter and

solubility topic are limited.

In the light of the evidence that was stated above, it is very crucial to eliminate
students’ misconceptions about chemistry. Students believed that one of difficult subject
in chemistry is state of matter and solubility topic. Since state of matter and solubility
constitute fundamentals of complex topics in chemistry, it is very important to find an
instructional method that prevent students from the misconceptions and eliminate the
misconceptions about this subject. For instance, the properties of gases and the

fundementals of gased concepts can be understood more meaningfully when the phase



changes concepts are learned appropriatelly. In addition, students realize the diffence of
chemical change and physical change when the phase changes concept was understood
meaningfully. Moreover, temperature changes during phase transition are related to
thermodynamic concepts in chemistry. As it was indicated above 5E learning cycle
model can be effective on removing students misconceptions related to chemistry
concepts. Therefore, the main aim of the study is to investigate the effectiveness of
instructions, one based on traditional methods and the other based on 5E learning cycle
model, on tenth grade students’ understanding of state of matter and solubility concepts,
attitude toward chemistry, and students’ perceived motivation strategies learning

strategies.

1.1 Purpose

The aim of the study was to: (1) identify and examine students’ misconceptions
about state of matter and solubility concept; (2) compare the effectiveness of instruction
based on 5E learning cycle model and instruction based on traditional method with
respect to understanding of state and matter and solubility concepts; (3) compare the
effectiveness of instruction based on 5E learning cycle model and instruction based on
traditional method with respect to students’ attitudes toward chemistry as a school
subject; (4) compare the effectiveness of instruction based on 5E learning cycle model
and instruction based on traditional method with respect to students’ perceived
motivation; (5) compare the effectiveness of instruction based on SE learning cycle
model and instruction based on traditional method with respect to students’ perceived

use of learning strategies.

1.2 Significance of the study

In constructivism, the assumption that the interaction between new and existing
conceptions constitutes one side of learning has been accepted. In addition, prior

knowledge of the students was expressed as most of the significant factor in learning



(Ausubel, 1968). Moreover it was stated that meaningful learning occurs when the new
knowledge and students’ existing relevant knowledge are related. Therefore, students’
existing knowledge or their prior knowledge has become very important in science
learning. Students’ existing knowledge which appears them logical, sensible, and
valuable, may be differing from the definitions accepted by experts and scientific
definitions. In other words, students’ preexisting cognitive structures may include some
misconceptions about the related subject matter. Identifying these misconceptions in
science has been one of the aims of research community in science education. With the
identification of these misconceptions, science educators and science teachers realize
these misconceptions and design their lesson with respect to elimination of them. One of
the aims of this study is to identify and present students’ misconceptions about state of

matter and solubility concept.

It was accepted that misconceptions are persuasive, stable, and resistant to
change via traditional instructional strategies and these beliefs may be found in
individuals’ cognitive structure even after completion of years of formal science
instruction (Champagne et al., 1982, Clement, 1982; Guzzetti, 2000; Halloun &
Hestenes, 1985a, Hewson & Hewson, 1984, Osborne & Cosgrove, 1983; Stavy, 1991;
Tsai, 1996; Wandersee, Mintzes, & Novak, 1994). Therefore, designing an instruction
that provide both to identify and eliminate these misconceptions is very necessary. In
this study, an instruction based on SE learning cycle model that give importance of
identification and elimination of these misconception was designed. In this instruction,
laboratory activities, demonstrations, hands-on activities were carried out for instructors
to remediate misconceptions and to promote students’ conceptual change. At the end of
this study, the critical aspects of this instruction were stated. Moreover, the question
whether the use of laboratory activities, hands-on activities, and demonstrations within
the learning cycle approach (5E learning cycle model) is different from and more
effective than traditional instructional approaches that use laboratory activities, hands-on

activities, or demonstrations was discussed.



Instruction based on 5E learning cycle model consists of activities that attract
students’ interest and curiosity on the instructional task. These activities are generally
related to everyday events that students experienced. Students’ misconceptions were
modified to accommodate new ones by using these activities. The sequence of SE
learning cycle model and these activities help students in remediation of misconceptions
about state of matter and solubility concepts. Students find chances to explore their
conceptions and the inadequacies of these conceptions, to construct their own
conception, to explain and discuss new conceptions with their friends and teachers, to
develop them with additional activities, and to assess new conceptions with activities

and take feedback from their peers in 5E learning cycle model.

The secondary school chemistry curriculum in Turkey have been modified and
revised with respect to contemporary approaches in science education. This study also
has a potential to give some ideas to curriculum developers about how to design an
instruction to eliminate students’ misconceptions in state of matter and solubility
concepts. Moreover, in science methods course at science education departments, this
study will be presented as an example that is better than traditional methods with respect
to eliminating students’ misconceptions about state of matter and solubility. In other
words, instruction based on 5E learning cycle model can be given special attention by

pre-service teachers.

In the literature, it was stated that students’ attitudes toward science and their
motivation were asserted not only have catalyst property in learning but also they are
recognized as one of the necessary condition for learning to occur (Perrier &
Nsengiyunva, 2003). Glynn and Koballa (2007) stated that instructions that include
hands on science activities, laboratory work, field study, and inquiry oriented lessons
have potential to students’ attitudes toward science and students’ motivation. Instruction
based on 5E instructional model has a potential to attract students’ interest and curiosity

on the instructional task. Therefore, in this study, instruction based on 5E learning cycle



model fosters teachers to arrange environment in a way that students improve their

attitude towards chemistry and their motivation.

1.3 Definition of the Terms

The terms that needed to be defined are stated in the following part;

Accommodation: reconstructing the existing structure when the new knowledge

or inputs do not fit existing structure (Duit & Treagust, 1998).

Assimilation: the adaptation of new knowledge when it fit the existing cognitive

structure (Duit & Treagust, 1998).

Attitude: a general and enduring positive and negative feeling about some

person, object, or issue (Petty & Cacioppo, 1981).

Cognitive Conflict: inconsistency between the existing cognitive structure and

new information (Duit & Treagust, 1998).

Conception: particular interpretation of a concept by a person (Kaplan, 1964).

Constructivism: a theory rest on the assumption that knowledge is constructed by

learners as they attempt to make sense of their experiences.

Equilibration: a balance between new information and the existing structure

(Duit & Treagsut, 1998; Yildirim, Giineri & Siimer, 2002).

Misconception: students’ conceptions or ideas that are differ from the definitions

accepted by experts or scientific community (Driver & Easley, 1978; Hewson &



Hewson, 1984; Treagust, 1988; Nakhleh, 1992, Lawson and Thompson, 1988; Schmidt,
1997).

Preconception: students’ conceptual framework that already present from
everyday experience and from previous formal and informal education (Teichert &

Stacy, 2002).

Solubility: the amount of a substance that dissolves in a given quantity of solvent
(such as water) at a given temperature to give a saturated solution (Ebbing & Gommon,

2005).

State of Matter: three forms matter, solid, liquid, and gas (Ebbing & Gommon,
2005).

Traditional Teaching: teaching method based on lecture and discussion, use of
textbooks, include strategies relied on teacher explanation without considerations of

students’ alternative conceptions.



CHAPTER 2

REVIEW OF LITERATURE

The review of the related literature is presented in this chapter. In the following
part, the fundamentals of constructivism such as Piaget ideas of learning, assumptions of
constructivism about learning, many faces of constructivism were presented to create a
base for learning cycle and 5E learning cycle model. Since the learning cycle constituted
the point of origin of 5E learning cycle model, the learning cycle approach and
researches about learning cycle that have been conducted so far were presented before
5E learning cycle model. In addition, since some of the affective domains of the students
such as students’ perceived motivations and attitudes involve in this study, some studies

related students affective domains are presented at the end of this chapter.

2.1 Constructivism

In the first half of this century, the pioneer learning theory was the behaviorism.
The influences of changing from behaviorism to cognitive theories on science education
community can be also found from the research literature on learning in science
education. At the end of 1960, with the arising of the Piaget ideas on intellectual
development, science education were not influenced by behaviorist theories as it had
occurred (Duit & Treagsut, 1998). Science education community has been accepted and

benefited his idea of equilibration of assimilation and accommodation (Lawson, 1994).
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And also, in science education community, Piaget has been accepted as one of the
fathers of the variants of constructivism that dominated science education through the

last decades (Von Glasersfeld, 1992).

2.1.1 Piaget’s Ideas of Learning

Although there are many critiques of his approach, the impacts of Piaget’s
thinking including his idea of stages of cognitive development on contemporary view of
learning can not be denied. Piaget, a Swiss psychologist, tried to answer the questions
such as “do all human beings have similar abilities in thinking?”, “does the thinking
abilities change with respect to age?” (Yildirim, Giineri, & Siimer, 2002). To understand
Piaget’s ideas more effectively, it is necessary to consider his ideas not psychological
aspects but epistemological aspects (Bliss, 1995). It was claimed that Piaget desired to
improve epistemology from a mere philosophical enterprise to an empirical domain
(Lawson, 1994). Therefore, he is remembered as empirical epistemologist who denoted
his life to make research on knowledge in humans (Metz, 1998). His views about
epistemology are strongly influenced by Immanuel Kant who is accepted as a
constructivist by some researchers (Lawson, 1994; von Glasersfeld, 1992). Kant also
asserted that knowledge is necessarily determined by the knower’s ways of perceiving
and conceiving. Piaget is trained in biology that influenced his views about knowledge
construction. For example; he related the knowledge construction process and the
adaptation of living beings to their environment. In one of his writings, he (1952) stated
that “I decided to consecrate my life to the biological explanation of knowledge”
(p.240). The adaptation of information becomes most obvious in his distinction of
assimilation and accommodation and the idea of equilibration which is the kernel of

Piagetian thinking.

According to the Piaget there are two basic tendencies in thinking that all human

beings have naturally; organization and adaptation (Pulaski, 1980). These functions are
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gradually changed by biological maturation and environmental factors (Yildirim,

Glineri, & Siimer, 2002).

Human beings require organizing frameworks as they gain new knowledge to use
them effectively. This process is called organization. Yildirim, Giineri, and Siimer
(2002) gave the example that the term apple is stored in our mind with the relation of
other fruits, it was not processing as an independent unit. The terms can be used more
effectively by the ability of systematically organize knowledge such as combining,

categorizing, selecting, comparing them (Y1ildirim, Giineri, & Siimer, 2002).

All human beings have a tendency to adapt themselves to the environment.
Therefore, all human beings try to find ways to adjust themselves to external conditions
such as new information, new behaviors, new people or new context. This process is
called adaptation. Assimilation and accommodation defined as two ways of adaptation
(Yildirim, Gtineri, & Stimer, 2002). When the new knowledge or input fit the existing
cognitive structure, the new sense impressions are processed to adapt, not changed,
human beings existing cognitive structure (Duit & Treagsut, 1998). This process is
called assimilation which is one of the ways of adaptation. In other words, if the new
experience fits the existing pattern of thoughts, assimilation is needed. For instance,
teacher or parent explains the child the word ‘mouse’ that is not heard before by child.
The mouse explained as a small animal. Since the child already knows about the
animals or the term animal exists in his cognitive structure, he will try to fit the term
‘mouse’ into his existing cognitive structure to reach a generalization that a mouse is an

animal (Yildirim, Giineri, & Stimer, 2002).

On the other hand, accommodation, the other way of adaptation process, defined
as when the new knowledge or inputs do not fit existing structure, there is a need to
reconstruct the existing structure. This process called accommodation (Duit & Treagsut,
1998). In other words, existing pattern of thoughts are reformulated or rearranged in the

process of accommodation. For instance, a person needs to modify or restructure the
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generalization about the past forms of the regular verbs, when he is confronted with the

past forms of irregular verbs (Yildirim, Glineri, & Siimer, 2002).

The other terms that Piaget presented to explain cognitive or intellectual
development are the equilibration and disequilibration. If there is a balance between new
information and the existing structure, individuals will able to make sense of new
information. This situation is called equilibration. On the other hand, if there is no
consistency between the existing cognitive structure and new information; student could
not make sense of new information, cognitive conflict will occur. This situation is called
disequilibration. When disequilibration occurs, student tries to learn more and enlarges
or modifies his/her existing structure. When student comprehends new phenomena
completely, it means the balance was restored by reaching the process called
equilibration again (Duit & Treagsut, 1998, Yildirim, Giineri, & Stimer, 2002). Piaget
asserted that the elimination disequilibration and reaching the equilibration processes is

stimulated by biological structure, individual activity and social interaction with others.

2.1.2 Constructivist Assumptions about Learning

Contemporary constructivist approaches benefit from these Piagetian key views.
For instance, Piaget’s views constitute the kernel of the learning cycle which is stated as
one of the influential instructional strategy (Lawson, Abraham & Renner, 1989). When
constructivist approaches of 1980s and the learning cycle are compared, it is easily seen
that cognitive conflict was employed in all of them (Driver, 1989), and also it is easily

realized minor differences exist in instruction that based on them.

In most of the literature related to constructivism, the ideas underlying
constructivism were contrasted with the ideas that represent objectivism. Objectivism is
the view that knowledge of the world comes through individuals’ experiences. As the

experience grows broader and deeper, knowledge is represented in the individual’s mind
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as an ever closer approximation of how the world really is. In a sense, then, knowledge
is thought to exist independently of learners, and learning consists of transferring that
knowledge from outside to within the learner. Both behavioral and cognitive
information-processing theories of learning emerged based on the objectivist tradition.
In contrast to the objectivist view, constructivist theory rest on the assumption that
knowledge is constructed by learners as they attempt to make sense of their experiences.
Learners are not viewed as an empty vessels waiting to be filled, but rather they are
viewed as an active organism seeking meaning. Regardless of what is being learned,
constructive processes operate and learners form elaborate, and test candidate mental

structures until satisfactory one emerges (Perkins, 1991).

The fundamental idea of constructivism stated as; understanding of something is
guided by conceptions that held by each individual (Tobin, 1993; Treagust, Duit &
Fraser, 1996). The idea that individual views knowledge about the world as human
construction has been accepted as one of key aspect of constructivism. In
constructivism, although it is believed that all the knowledge about the reality is
tentative construction of ours, a reality outside the individual is not denied. Duit and
Tregaust (1998) assert that “in constructivism, learning is not viewed as transfer of
knowledge but the learner actively constructing, or even creating, his or her knowledge

on the basis of the knowledge already held” (p.8).

In addition, Von Glasersfeld (1989) described constructivism as “theory of
knowledge with rots in philosophy, psychology and cybernetics” (p.162). In
constructivist perspective learners construct their own knowledge with the interaction of
his/her environment. The notion that learners construct new knowledge through the
combination of their previous learning, new information, and readiness to learn was
accepted. Students own knowledge should be constructed based on their prior
knowledge. In traditional view, although new information is explicitly presented by
teacher or textbooks, interpretation and integration which is guided by learner’s prior

knowledge is required to reach meaningful learning acquisition. On the other hand, in
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constructivism, in spite of absorbing knowledge from a teacher or textbook, knowledge
is actively constructed by learner from using sensory experiences. It is required that the

learner relate their existing knowledge with the new knowledge to be taught (Brown,

1978).

In spite of identifying the entities, relations, and attributes that the learner must
know like emphasized in objectivist approach, learning in context is encouraged and
learning goals identified with respect to that. Knowledge should be developed and
changed with the actively involvement of the learner. Learning is defined as a
continuous and life-long process that results actively involve in situations (Brown &
Clement, 1989). Perkins (1991) stated that the three basic goals of education are;
education strives for the retention, understanding, and active use of knowledge and
skills. The primary goals of constructivism are the thinking activities such as; the ability
to write persuasive essays, engage in informal reasoning, explain how data relate to
theory in scientific investigations, and formulate and solve moderately complex
problems. In addition to these, acquiring cognitive flexibility, ability to identify and use
different ways of knowing is also stated to be improved by constructivist pedagogy
(Morrison & Collins, 1996). Moreover, constructivists support students to acquire the
ability to identify and pursue their own learning goals. This process defined to improve

students’ self-regulation in learning.

2.1.3 Types of Constructivism

In literature, there are different types of constructivism these alternative forms of
constructivism emerge from their different focus on the process of knowledge
construction. Some of the alternative forms of constructivism stated as; Piagetian or

personal constructivism, social constructivism and radical constructivism.
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In Piagetian or personal constructivism, the idea of “individual construct
knowledge to meet their own needs” was accepted. The Piaget’s model of cognitive
structures which was defined as collection of “schemes” or “schema” was excluded in
this type of constructivism. Schema is defined as the components of an individual’s
general knowledge structure that relate to that individual’s knowledge of the world.
According to Piaget, when the preexisting schema or mental structure is used to interpret
sensory data for which the schema might not be appropriate, assimilation occurs. If the
experiences are not assimilated into preexisting schemes, disequilibration occurs.
Preexisting schemes are modified by a process known as accommodation which
provides equilibrium. Conceptual change pedagogy was based on Piagets’ model of

personal constructivism.

Social constructivists’ believe that knowledge construction process is influenced
by social interactions. Several studies investigated the potentials of the social
constructivist perspective to support meaning construction in learning communities
(Roth, 1994; McGinn, Roth, Boutonne, & Woszczyna, 1995). Meaning-negotiation
process in which students discuss and test their views and consider the views of others
should be provided to evolve students’ understandings (Bayer, 1990). Multimodel
process of communication which is expressive and interpretive between students and
teacher, among all students is essential during the process of science learning (Glasson
& Lalik, 1993). Vygotsky (1978) stated the importance of speech in learning as:

1. A child’s speech is as important as the role of action in attaining the goal.
Children not only speak about what they are doing; their speech and
action are part of one and the same complex psychological function,
directed toward the solution of problem at hand.

2. The more complex the action demanded by situation and the less directs
its solution, the greater the importance played by speech in the operation
as a whole. Sometimes speech becomes such a vital importance if not

permitted to use it, young children can not accomplish the given task.
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Moreover, with respect to Vygotsky’s theory, social interaction is essential for
learners to internalize new or difficult understandings, problems, and processes.
However, the social aspects of the construction process were neglected throughout the
1980s. Nevertheless, the social aspects of the construction process have gained growing

attention in the science education over the past years (Hennessy, 1993; Roth, 1994).

Ernst Von Glasersfeld, who has built his constructivist view on two principles, is
associated with radical constructivism. He stated in his first principle that individuals do
not receive knowledge passively, it is an active process. In second principle, he defined
the goal of cognition as organization of our experiences of the world by making these
experiences meaningful. Radical constructivism sated as a theory of knowing that
provides a pragmatic approaches to questions about reality, truth, language, and human

understanding (Von Glasersfeld, 1992).

2.1.4 Conditions for Learning in Constructivism

The major goals of constructivist instruction can be stated as; promoting
students’ problem solving skills, critical thinking skills, reasoning skills, using
knowledge actively and reflectively. In an instruction, the process of learning should be
focus rather than the products of learning to reach these goals. Constructivist conditions
of learning can be summarized as:

1. Embed learning in complex, realistic, and relevant environments:
Constructivist believed that if simple tasks are presented to the students
this will prevent students from learning how to solve the complex
problems they will face real life. For example, some students believe that
if math problems could not solved in 5 minutes or less, students attribute
them as unsolvable (Shoenfeld, 1985). In spite of presenting only simple
questions, teacher should present more complicated and realistic

problems to prevent students such erroneous ideas.
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2. Provide for social negotiation as an integral part of learning: Vygotsky
(1962) asserts that social interaction provide development of higher
mental processes. Therefore, collaboration is a critical feature in a
learning environment. Not only collaboration means working together
and sharing individual’s knowledge with each other, it also enables
insights and solutions to arise synergistically (Brown & Clement, 1989).
In addition to these, students find have a chance to judge the quality of
their responses and learn more effective strategies for problem solving
when they hear variety of other perspectives.

3. Support multiple perspectives and the use of multiple modes of
representation: Different aspect of the content can be seen when the same
content is viewed with different sensory modes such as visual, auditory,
tactile. Therefore, applying different strategies in instruction promote
students conceptual change.

4. Ownership in learning: One of the underlying ideas in constructivism is to
meet individual students need. In constructivism, student is seen as a
person who makes judgments about what, when, and how learning occur
(Hannafin, 1992). Students are actively involved in determining what
their own learning needs are and how these needs best be satisfied.

5. Self-Awareness of knowledge construction: The capability of to be aware
of one’s own thinking and learning process is defined as metacognition.
In constructivism, the ability of students to be aware of their own role in

the knowledge construction process is promoted.

It was indicated that knowledge is constructed in science learning and this
construction require active participation of learner and teacher (Inhelder & Piaget, 1958;
Piaget, 1964). Students should identify and test their understandings, interpret the
meaning of ongoing experiences, and adjust their knowledge frameworks accordingly to
construct knowledge (Glasson & Lalik, 1993). On the other hand, teachers struggle to

explicit the ways of students’ ideas, propose alternative frameworks, create conflict
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among students’ views, and develop classroom tasks to improve students’ knowledge

construction process (Vosniadou & Brewer, 1987). These are the commonly shared

views of constructivists.

Venville and Dawson (2004) stated the emphasized principles of personal

constructivist view:

1.

Beside the learning environment, the knowledge of the leaner is the other
factor that influences learning outcomes. Learning can be assisted or
interfered by the knowledge of the learner.

Learning is a process of construction of meaning and students construct
these meanings from what they see and hear. The existing knowledge
influences the constructed meaning which may different from their
intended meaning.

The construction process which is an active process initiated at the
beginning of a person’s life to construct meaning about their world. This
process not only takes place inside the school, but also it continues out of
school.

Teacher evaluates the promoted knowledge in the science classroom and
may accept and reject them.

Students responsible for their own learning. Instruction is never designed

more than the promotion of opportunities, and support for learning.

Jonassen (1991) proposed some principles to design learning environments

which are based on constructivism.

1.

Real world environments, which are relevant to learning context, should
be created.

In order to solve real-world problems, realistic approaches should be
focused.

The instructor should act as a coach and analyzer of the strategies when

solving the problems.
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4. Multiple representations and perspectives on the content should be
presented.

5. Instructional goals and objectives should be negotiated.

6. Tools and environment should be provided to help learners interpret the
multiple perspective of the world.

7. Learning should be internally controlled and mediated by the learner.

The knowledge that students already have is very important in teaching. Using
language to represent current understandings should be encouraged by teachers to

develop students’ understandings in science (Glasson & Lalik, 1993).

2.2 The Learning Cycle Approach

The learning cycle, based on constructivist epistemology, is an instructional
model in which conceptual change is facilitated (Boylan, 1988). Robert Karplus,
professor of physics and accepted as the father of modern learning cycle, proposed a
learning model based on pupils’ own observations and experiences along with teacher
directed assistance in interpreting those observations in an analytical manner. In 1962,
together with Atkin from the University of Illinois, Karplus firstly propose two phases
and the term “leaning cycle” was not used. The first phase was the initial introduction of
a concept which they called invention and the second phase was the subsequent
verification, which the authors called discovery (Hanley, 1997). As the students could
not invent modern scientific concepts in their own, it was required that teacher introduce
the concepts based o interpretations of students’ initial observations. After the concept
introduction, new patterns would be discovered which could be interpreted with the

same concept (Lawson, Abraham, & Renner, 1989).

After this period, Karplus understood that children need time to explore a given
concept or area of interest at their own pace and with their own preconceived notions

before a more analytical or scientific point of view was introduced. In 1967, Karplus and
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Their clarified the phases of new learning approach stated the sequence of instruction as
exploration, invention, and discovery (Lawson, Abraham, & Renner, 1989). However, in
1977, since the complexity of the phases meanings, Karplus revised the phases of
learning cycle as exploration, concept introduction, and concept application (Hanley,

1977).

Most of the research in science education literature featured instructional
strategies as formed of one or three phases: (1) identification of a concept; (2)
demonstration of the concept; (3) application of the concept (Abraham, 1998). Although
instructional strategies have been divided into more components based on these phases
(Bybee & Landes, 1990; Hewson, 1981; Karplus & Thier, 1967; Torrance, 1979), they
differ with respect to their arrangement, type of the activities in each phase, and the

number of different phases utilized in instruction.

Learning cycle was accepted not only a method of teaching, it was also approved
as a curriculum organization model derived from Piaget’s mental functioning model
(Abraham, 1989; Purser & Renner, 1983; Renner, Abraham, & Birnie, 1988;
Scharmann, 1991, Sunal & Haas, 1992). During the Science Curriculum Improvement
Study (SCIS), was a primary school science curriculum project initiated at the late
1950s, the learning cycle approach was accepted as an instructional strategy (Atkin &
Karplus, 1962). The term “learning cycle” can be seen in early teacher’s guides for the
SCIS instructional units. Originally the three phases of the learning cycle were stated as
“preliminary exploration, invention, and discovery”. These terms were converted as
“exploration, concept introduction, and concept application” (Karplus, Lawson,
Wollman, Appel, Bernoff, Howe, Rusch & Sullivan, 1977). The names of the phases
have been modified since then (Abraham & Renner, 1986; Glassson & Lalik, 1993;
Lawson, 1988).

It was stated that learning cycle approach lean its roots on philosophy of science

and psychology of learning, and it was found that there was consistency between the
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developmental psychology of Jean Piaget and learning cycle approach (Abraham, 1998).
Piaget (1970) mentioned about the mental structures that all human beings have.
Information, available in our environment, is assimilated or transformed into our
existing mental structures. Assimilated information is run by our mental structures and
transformed to in a process of accommodation. The information from the environment
and our mental structures transform each other mutually. This phase was defined as the
process of disequilibration. Then, assimilated information has been accommodated to
our mental structures, this state was defined as equilibrium, and an “accord of thoughts
with things” (Piaget, 1963, p.8) has been reached. However, during the state of
accommodation, disequilibration occurs between altered mental structure and related
existing mental structures. The organization of new structure with respect to the old
structures must be done to develop a new equilibrated organization. This was defined by
Piaget (Piaget, 1963, p.8) as “accord of thoughts with itself”. Moreover, it was stated
that Karplus who proposed learning cycle as an instructional model began his works by
connecting the development psychology Jean Piaget to design of instructional materials
and science teaching (Bybee et al., 2006). In brief, many researchers agree that elements
of Piaget’s mental functioning model correspond directly with the phases of learning
cycle: in the exploration phase, assimilation and disequilibration occur; in the concept
introduction phase accommodation occurs; and in the concept application phase,

organization occurs (Abraham & Renner, 1986; Abraham & Renner, 1983).

The instruction can be designed to facilitate assimilation accommodation, and
organization. The information has a potential to demonstrate to be accommodated
should be exposed to learner as a segment of the environment by appropriate
instructional activities. Then, the activities which help the learner to accommodate to the
information should be presented. And finally, instructional activities, present the relation
between new information and previously learned information, should be developed to

help the learner in order to organize the accommodated information (Abraham, 1998).
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It was stated that the learning cycle approach categorized as an inquiry-based
instructional strategy which consist of three phases: First phase is the exploration phase
in which students have an initial experience with phenomena, usually involving
laboratory experiment. Second is the conceptual invention phase in which students are
introduced to new terms associated with concepts that derives from data and usually
carried out during a classroom discussion. Last one is the application phase in which
students apply concepts and use terms in related but new situations (Abraham, 1998;
Bybee et al., 2006). During the exploration phase, cognitive disequilibrium is stimulated
by involving students with experiences and concrete materials (Lawson & Renner,
1975). In invention phase, teachers propose activities to improve equilibrium by
introducing a new concept or term to account for phenomena under study. During
discovery, students are engaged in related activities to self-regulate and reach to new
understandings (Glasson & Lalik, 1993). The phases of learning cycle were slightly
modified by some researchers (Lawson, 1988). The new terms expressed as exploration,
term introduction, and concept application. Although the name of the phases were
changed, the meaning and conceptual foundation of learning cycle remained completely

same.

Instruction based on learning cycle facilitates to develop new knowledge and
reasoning patterns directs the students to apply newly gained knowledge to related areas.
If the students aware of their own reasoning patterns and apply new knowledge
successfully, they will be more effective in searching of new patterns. Understanding
only principles and procedures are discoursed in an instruction based on learning cycle

(Boylan, 1988; Sunal & Haas, 1992).

Exploration:

Exploration phase defined as acquiring new information through relatively
unstructured experiences (Bybee et al., 2006). The primary purpose of this phase is to
provide students with opportunities to manipulate materials and objects distributed by

the instructor. Common set of experiences that raise questions the students can not
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resolve with their cognitive patterns are developed (Lawson, Abraham, & Renner, 1989;
Renner, Abraham, & Birnie, 1986; Sunal & Haas, 1987). Instructors minimally guide to
students to explore new materials and new ideas. Teachers should design new
experiences to raise questions and complexities that students can not resolve ways of
thinking (Rutherford, 1999). Ideas or hypotheses which are different from students own
introduce to them (Ward & Herron, 1980) and student encounter with their inadequate
knowledge in this phase (Lawson, Abraham, & Renner, 1989; Sunal & Haas; 1992).
Assimilation and disequilibrium occur in this phase (Marek, Eubanks & Gallaher, 1990;
Renner, Abraham, & Birnie, 1986).

The first phase is usually used to create interest and get curiosity. It was reported
that using a minds-on approach or interactive student-teacher verbal exchange was found
successful in this phase (Lawson, Abraham, & Renner, 1989; Renner & Marek, 1990).
Behind hands-on activities, minds-on activities may take many forms such as; an
analogy, an opinion statement, or a situational context that requires a reaction, critical
appraisal, or independent decision-making process among students. During the activities
in the exploration phase, students should found the activities fun and nonthreatening.
Students should feel comfortable to state their ideas without the anxiety to find correct

answer (Glasson & Lalik, 1993).

Invention (Term Introduction):

Invention phase described as defining and explaining the new terms. In this
phase, students are allowed to interpret newly acquired information through the
restructuring of prior concepts (Bybee et al., 2006). Students have an opportunity to
reexamine and determine the validity of their ideas from their teachers who traditionally
assist students in this phase (Karplus & Their, 1967; Lawson, Abraham, & Renner,
1989; Rener & Marek, 1990). The ideas and skills developed in this phase should be
associated with the activities that have been engaged during the first phase (Lawson,

Abraham, & Renner, 1989). Accommodation occurs in this phase, so this phase is very
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crucial in learning cycle. Discussion and interpretation of data which allows students to

accommodate the concept occurs in this phase (Marek, Eubanks, & Gallaher, 1990).

Direct teaching or expository format with a supplemental sequence of probing
questions to direct the students toward the introduction of new terms and eventual
development of the concepts under investigation is the most common format that is
employed. However, teachers who have lack of understanding of learning cycle believe
little involvement of students in this phase (Hanley, 1997). Although concept invention
or term introduction can be done through any medium such as film, or book; the
language, label and focus of this phase is usually provided by the teacher (Karplus,
1977; Lawson, Abraham, & Renner, 1989; Sunal & Haas; 1992).

Discovery (Concept Application):

Discovery phase defined as applying new concepts to another, novel, and real
world situation. Developing a new level of cognitive organization and attempts to
transfer what students learned to new situation were carried on by students during this
phase (Bybee et al., 2006). Moreover, the concepts that have been explored and the
terms that have been introduced in the previous phases were extended and expanded
(Barman, 1989; Renner & Marek, 1990). During this phase, using of key concepts and
its associated terminology should be permitted to students to enhance and reinforce
mental images (Lawson, Abraham, & Renner, 1989). The main purpose is to provide
condition to internalize the new view of these concepts and their associated terminology
by applying them in novel situations (Scharmann, 1991). Organization in Piaget’s

mental functioning model occurs in this phase (Marek, Eubanks, & Gallaher, 1990).

The activities that can be used in this phase include the same type of activities as
found in the exploration phase. These are used to amplify something the students have
already experienced (Schneider & Renner, 1980). This phase is also used as exploratory

phase of a new lesson.
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Teaching learning cycle to prospective teachers and experienced teacher who are
not aware of this method is not easy. It is very difficult for experienced teacher to
abandon their teaching experiences that developed through their trials. Moreover,
prospective teachers who are familiar other strategies in their lessons may be confused
during learning of learning cycle based instructional model. Lindgren and Bleicher
(2005) investigated the prospective teachers’ difficulties during the understanding of
learning cycle teaching strategies. 83 prospective teachers, in multiple sections of a
science method course, taught by same professor, were used in this study. Prospective
teachers were categorized into four groups with respect to their enthusiasm to the lesson,
their content backgrounds, and their attitudes to science. The results showed that
students who were successful in science courses felt confused by learning cycle. One of
the reasons of this stated as learning cycle was so different from their science learning
experiences. This difference also caused mindsets against learning it. On the other hand,
students who expressed disinterest to science claimed learning cycle as their first

successful science experience.

In the Table 2.1, the teachers’ role that is consistent and not consistent with the

learning cycle approach was identified (Rutherford, 1999).

Table 2.1 The Learning Cycle Instructional Model: Teacher’s Role

Teachers Actions

Consistent with Model Inconsistent with Model
Exploration e C(Creates interest e Explain concepts
e QGenerate curiosity e Provides definitions
e Raises questions and answers
e Elicits responses that e Stats conclusions
uncover what the students e Lectures
know or think about the e Provides answers
concept or topic e Tells or explains
e Encourages students to how to work
work together without direct through problems
instruction e Provides closure
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Table 2.1 cont’d

Observes and listens to
student interaction

Asks probing questions to
redirect students’
investigations when
necessary

Provides time for students
to puzzle through problems

Tells students that
they are wrong
Gives information
or facts that solve
problems

Leads students step
by step to a solution

Invention (Term

Introduction)

Encourages students to
explain concepts and
definitions in their own
words

Asks for justification
(evidence) and clarification
from students

Formally provides
definitions, explanations,
and new labels

Accepts
explanations that
have no justification
Neglects to solicit
students’
explanations
Introduces unrelated
concepts or skills
Provides definitive
answers

Tells students that
they are wrong

Discovery (Concept

Application)

Expects students to use
formal labels, definitions,
and explanations provided
previously

Encourages students to
apply or extend concepts
and skills in new situations
Refers students to existing
data and asks, “What do
you already know? Why do
think? (exploration
strategies apply here also)

Provides definitive
answers

Tells students that
they are wrong
Lectures

Leads students step
by step to a solution
Explains how to
work through
problems

Glasson and Lalik (1993) stated that SCIS learning cycle is a useful framework

because students engage in activities that require expressive and interpretive language to

develop their personal understandings of science. It was found that SCIS program

(Science Curriculum Improvement Study) which was a curriculum project, the activities
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in it were designed based on learning cycle approach, was superior in developing
attitudes towards science (Brown, 1973; Lowery, Bowyer, & Padilla, 1980) better
motivation towards learning (Allen, 1973a), higher levels of self concept (Malcolm,
1976), and more positive attitudes towards experimentation (Lowery, Bowyer, &

Padilla, 1980).

Lawson (1995) stated that learning cycle classified three different types;
descriptive learning cycle, empirical-abductive learning cycle, and hypothetical-
deductive learning cycles. These three types learning cycles differs in their effectiveness
at generating disequilibrium, argumentation, and the use of thinking pattern to examine

alternative conceptions or misconceptions.

Students who are taught with descriptive learning cycles observe small part of
the world, discover a pattern, name it, and look for the pattern elsewhere. Since the
students will most likely not a strong expectations of what will be found, disequilibrium
may not be occur. For example, if a graph of a frequency distribution of the length of a
sample of seashells is distributed to students, this will allow introduction of the term
normal distribution without proving much argumentation among the students (Lawson,
1995).Small part of the world were examined by students in this type of learning cycle.
Students only discover and name patterns, and search the same pattern elsewhere
(Lawson, Abraham, & Renner, 1989). Students answer “what” questions, not “why”
questions in this type of learning cycle (Lawson, Abraham, & Renner, 1989; Westbrook
& Rogers, 1991).

Another type of learning cycle lessons, empirical-abductive learning cycle, has a
property of asking causal questions to the students. Patterns are discovered and
described, causes are generated, and explanations provided by students. In this type of
learning cycle students look empirically to the world. The experiments that the students
organize are not designed with well-formulated hypothesis in mind. Students use

induction to answer the cause of some event. Students need hints and encouraged to
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think further about the problem in order “hit” on a hypothesis. The reason of using the
term empirical-abductive is the “hitting” on the right idea involves abduction, not

induction (Lawson, 1995).

Third type of the learning cycle lessons, hypothetical-deductive learning cycle,
involves explanation of some phenomenon. Alternative conceptions and misconceptions
may occur and that leads argumentation, disequilibrium, and analysis of data to resolve
this conflicts. In this type of learning cycles, alternative hypothesis are created and tested
to explain a phenomenon. In brief, a causal question is raised, and students must propose
alternative hypothesis. These, in turn, must be tested through the deduction of predicted

consequences and experimentation (Lawson, 1995).

2.2.1 Research on Science Curriculum Improvement Study (SCIS)

Many of the studies which involve the learning cycle approach were used
assessed students’ content and process of leaning gains. Students who were exposure the
SCIS program based on learning cycle approach showed significant gains in basic
process skills and content knowledge. Moreover, students who are thought with SCIS
program had superior attainment of scientific process skills compared with non-SCIS
students (Bybee et al., 2006). In addition, when compared SCIS students with the
students who were thought with traditional methods, SCIS students showed superior
inquiry skills, figural creativity abilities, ability to isolate and control variables, ability to
describe objects by their properties, ability to describe similarities and differences
between different forms of the same substance, ability to observe an experiment and use
observations to describe what happened in the experiment (Bybee et al., 2006). Finally,
the superior effect of SCIS program on primary school children was confirmed by two

longitudinal studies (Bybee et al., 2006).
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The teacher who used learning cycle approach spent more time on teaching
science compared with teachers who were not use (Campbell, 1977). The reason of this
stated as teachers who used learning cycle approach focused more on students higher-
order thinking skills, asked open-ended questions rather than fact oriented questions
(Bybee et al., 2006), and used more student oriented activities such as hands-on and
laboratory activities (Abraham, 1998). On the other hand, the learning cycle approach
presents flexible instructional strategy that posses the ability to improve conceptual
change. In learning cycle approach, the instructors are free to use their own instructional
strengths through the use of several instructional formats such as lecture, laboratory,
discussion, and reading. Moreover, creativity in designing new learning experiences to
promote conceptual change is increased without limiting learning activities and
experiences previously found effective. Former experiences can be easily integrated in
the learning cycle’s phases (Scharmann, 1991). However, whatever the instructional
formats are, the sequence of phases of the learning cycle should not be changed or
deleted. It will be not an instruction based on learning cycle if the sequence of the phases
is changed, or a phase is deleted (Lawson, Abraham, & Renner, 1989). In addition to
these, it was expressed that the responsibility of learning cycle’ positive gains in

achievement belongs to its’ phases sequence (Saunders & Shepardson, 1987).

2.2.2 Learning Cycle Research

In this part of the study, the positive effects of learning cycle as an instructional
method on students’ achievement and their attitudes towards science are reported and
examined first, and then the negative effects on students’ achievement and attitudes

towards science are presented.
After the success of the SCIS program, many groups developed their instruction
and curriculum based on learning cycle approach. Moreover, researches were done

studies to test effectiveness of these programs (Abraham, 1998). As a result of these
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studies, it was seen that curricula based on learning cycle approach improved students
attitudes towards science and science instruction compared with curricula based on
traditional approaches on primary to college level students (Campbell, 1977; Cumo,
1991; Davis, 1978; Klindienst, 1993; Shadburn, 1990). Moreover, students who were
thought using learning cycle approach exhibited improvements in their process skill
development (Cumo, 1991; Davison, 1989), content learning (Campbell, 1977; Kurey,
1991; Purser & Renner, 1983; Saunders & Shepardson, 1987; Schneider & Renner,
1980; Shadburn, 1990), and in reducing misconceptions (Lawson & Thompson, 1988;
Marek, Cowan, & Cavollo, 1994; Scharmann, 1991, Gang, 1995). Learning cycle
approach can result on greater achievement in science, better retention of concepts,
improved attitudes towards science and science learning, improved reasoning ability and
superior process skills than would be the case with traditional instructional approaches
(Abraham & Renner, 1986; Iwins, 1986; McComas III, 1992; Raghubir, 1979, Renner,
Abraham, & Birnie, 1985).

Campbell (1977) carried out a study to understand the effectiveness of learning
cycle on some aspects by comparing two groups in an introductory physic course for
college students at two universities. In the first group, the students were instructed by
using learning cycle whereas traditional instruction was used in the second group.
Results showed that students who were instructed by learning cycle exposed more
consistent attitude toward the laboratory experience, scored higher on the lab final and
had a low tendency to withdraw from the course when compared with students who
were instructed traditionally. Campbell (1977) noted that instruction, especially a
laboratory course, based on learning cycle offers students opportunities for concrete
experiences, assists students in the development of reasoning abilities, improve students’

social skills that are helpful in mastery of content, and promote their cognitive growth.

Klindienst (1993) conducted a study to examine the effectiveness of learning
cycle with respect to middle school students’ cognitive structures regarding electricity as

evidenced by changes in concept maps, content achievement, and attitudes towards
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learning science. The results showed that students who were taught via learning cycle
have more complex cognitive structures when compared with students taught via
traditional instruction. Moreover, students in the learning cycle instruction group
acquired higher scores on a teacher made test than students in traditionally instructed
group. In addition to these, it was found that students who were taught by learning cycle
based instruction gained significantly higher scores when compared with students in
traditional instruction group. The reason of having more complex cognitive structures in
learning cycle group students stated as requirement from student to process information
in a variety of ways in learning cycle based instruction. The sense of control over
learning that the instruction based on learning cycle gives to leaner was stated as a
reason of exposing better attitudes toward learning science. Klindienst (1993) argued
that instruction based on learning cycle is more appropriate for difficult learning

situation such as students who possess low socioeconomic status.

Scharmann (1991) carried out a study to understand the effectiveness of learning
cycle approach which consist of three phases; exploration, term introduction, and
concept application in eliminating misconceptions and promoting conceptual change on
angiosperm reproduction unit. It was reported that students who were exposed to the
instruction based on learning cycle more successfully classify objects as fruits versus

vegetables when compared the other students who receive traditional lecture instruction.

Gang (1995) conducted a study to evaluate the effectiveness of the learning cycle
in removing students’ alternative conceptions on Archimedes’ principles. Gang (1995)
stated that “by applying the learning cycle in this teaching experiment, I experienced for
the first time in my career the real significance of the pedagogic distinctions that guide
our philosophies of physics teaching. I experienced the value of students-centered over
teacher centered instruction; constructivist over transmissionist, guided inquiry over
random trial or mechanistic experimentation; and student active engagement in cognitive

skill development, articulation, and evaluation over student-passive-reception” (p.354).
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Cumo (1991) believed that science instruction based on lecture and teacher
discourse has not a potential to establish conditions for active learning. Therefore, Cumo
(1991) tested the effectiveness of instruction based on learning cycle on the cognitive
development, and the development of science process skills, content achievement, and
attitude towards science of seven graders. The results of the study showed that students
who were in learning cycle group statistically develop more science process skills than
students in control group. However, Cumo (1991) stated that there was no significant
difference between two groups with respect to students’ attitudes toward science. On the
other hand, students who were in the learning cycle group showed superior cognitive

development when compared with the students who were in control group.

Kurey (1991) investigated effectives of learning cycle based instruction by
comparing with traditional approach in chemistry’s four topic such as; expansion of
gases, density, molecular models, and the gas laws. In this study, Kurey (1991)
identified students as concrete, transitional, or formal and alternatively assigned to each
treatment. The results indicated that there was no significant difference with respect to
students’ performance between two groups based on developmental level of expansion
of gases and density topics. However, the performances of the students were enhanced
when cognitive development is considered for the molecular models and gas laws unit.
Hence, Kurey (1991) concluded that learning topic can be appropriate both concrete and

formal chemistry topics.

Davison (1989) carried out a study to assess students’ level of intellectual
development, spatial ability, and the development of process skills. Behind that, the
other objective of Davidson was to improve these students’ characteristics by creating
learning cycle lab activities. Students who did learning cycle lab activities were
compared with students who did traditional lab activities. The results showed that there
was statistically significant difference on the test scores of the students who were in
experimental group and students who were in control group. However, experimental

group students showed superior performance on items called for operationally defining
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variables, interpreting data and graphs, and designing experiments. Davison (1989)
stated that intellectual development of learning cycle students was not improved because
the reason of improvement of intellectual development is a slow process, and the

treatment of this study was too short to make an impact.

Saunders and Shepardson (1987) organized a study to understand the effects of
learning cycle on content achievement and intellectual development of six graders.
Students who were in the experimental group acquired higher scores on science
achievement and exposed better cognitive development than the control group. The
number of students who pass from concrete to transitional reasoning was greater in
experimental group. The reason of these positive gains in achievement was attributed to

combined sequence of the activities in learning cycle.

Purser and Renner (1983) examined the effectiveness of different teaching
methods on content achievement of ninth grade and tenth grade students who posses to
different developmental level. It was concluded that learning cycle fosters students’

intellectual development when compared with formal instruction.

Ward and Herron (1980) conducted a study to compare the effectiveness of
learning cycle laboratory format with traditional lab format. There experiments were
conducted which require the use of formal reasoning abilities. Learning cycle was only
effective in one of three experiments. However, students who were in the learning cycle
group had higher mean score than students who were in control group. As a result of the
study, researchers concluded that tasks that require formal reasoning were performed
better by formal students when compared with concrete students. However, it was stated
learning cycle have a capacity to reduce the differences between the groups because

formal concepts are made more appropriate for students to understand by learning cycle.

Shadburn (1990) carried out a study to investigate the effectiveness of learning

cycle in promoting cognitive development among physical science students at a two year
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community college. The results showed that although there was no significant difference
between students who were in learning cycle and those who were in control group with
respect to students’ improvement of formal reasoning ability, there were small
differences. Moreover, it was indicated that there were small differences between groups
with respect to students’ physics content achievement and it was reported that there was
no significant difference between two groups with respect to students’ attitudes toward
science. However there was a significant difference between two groups with respect to

attitudes toward their laboratory in favor of learning cycle group.

Marek, Cowan and Cavallo (1994) tested the effectiveness of learning cycle to
eliminate nine grades students’ misconceptions about diffusion. There were two groups
in this study: Class A in which 16 students received instruction about the concept of
diffusion using the learning cycle. Class B in which 19 students instructed same concept
by using expository teaching practices. The Concept Evaluation Statement (CES) which
validated in other studies (Marek, 1986b; Simpson & Marek, 1988; Westbrook &
Marek, 1991) was used a pretest and a posttest to determine what students know about
diffusion. Pretest revealed that some types of misconceptions were held by all of the
students in both groups. The results showed that while %42 of the students in Class B
held some kind of misunderstanding, %6 of the students in Class A held some kind of
misunderstanding. The researchers stated that if the newly acquired concepts are linked
with the other concepts that students know, students tend to correct their misconceptions
and develop meaningful understanding of science concepts. In the learning cycle
students were allowed to make the linkages about the ideas and facts of diffusion for
themselves through the laboratory experimentation and discussions. On the other hand,
students in expository teaching group teacher presented the linkages through a lecture.
Therefore, the students in learning cycle group eliminated more misconceptions than

those in the expository group.

Johnson and Lawson (1998) stated with supports of related literature, probably in

the classes that employed expository teaching, domain specific prior knowledge is the
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best predictor that explains achievement. On the other hand, they stated that since the
inquiry instruction focuses more on how science is done, probably reasoning ability is
the best predictor that explains achievement in inquiry classes. They designed a study to
test these hypotheses. Initially, students’ prior knowledge, the number of biology
courses taken by the students, and students’ reasoning abilities were determined. During
a semester, while 181 students were taught by using expository instruction, 185 students
were taught by inquiry (learning cycle) instruction. A comprehensive final examination
was administered to both groups. Results revealed that a significant amount of variance
in final examination score in both instructional methods were explained by reasoning
ability, but not prior knowledge or number of previous biology courses. Explained
variance in final examination scores by reasoning ability was greater in expository
classes (18.8%) than in inquiry classes (7.2%). On the other hand, while there was a
significant improvement of scientific reasoning in inquiry class, there was no

improvement of scientific reasoning in expository class.

Odom and Kelly (2001) carried out a study to investigate the effectiveness of
concept mapping, the learning cycle, expository instruction, and a combination of
concept mapping/learning cycle in promoting conceptual understanding of diffusion and
osmosis in high school biology course. 108 secondary students who are taught by same
teacher participated in this study. Diffusion and Osmosis Diagnostic Test (DODT),
which was developed and appraised as a good indicator of students understanding of
diffusion and osmosis, administered to students immediately after the treatment and 7
weeks after treatment to appraise retention of the concepts. The results showed that
students who were instructed by concept mapping/learning cycle and concept mapping
performed significantly better than students who were instructed by expository
instruction with respect to students’ conceptual understandings of diffusion and osmosis.
Moreover, it was stated that two treatments that were applied in concept
mapping/learning cycle group and concept mapping group were not significantly
different than the learning cycle treatment. The researchers assert that while the

connections between concepts were provided by concept mapping, concrete experiences
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with the concepts provided by learning cycle. The key reason of students outperforms
may be attributed these features of both methods. Finally, Odom and Kelly believed that
only a partial framework of knowing provided to learner if learning cycle and concept
mapping is used alone without the other. The foundation of this rationale was derived
from Ausbel’s and Piaget’s distinct methodologies in which the requirement of both a
verbal and a process oriented approach for an effective instruction and meaningful

learning was defended.

Ates (2005) preformed a study to investigate the effectiveness of learning cycle
method on direct current circuits concepts at university level. 120 freshmen students
from four intact classes were used in this study. Two of these groups randomly assigned
as experimental group in which students were taught by using learning cycle based
instruction, other two groups randomly assigned as control group in which students were
instructed by using traditional instruction. Electric circuits concept test was administered
as pretest before the instruction to both groups and as posttest after the instruction to
both groups. The results revealed that when the students’ pretest scores on electric
circuits concept test were used as covariate, significant difference was found between
experimental groups and the control groups with respect to students posttest scores on
electric circuits concept test, favoring experimental group which constituted learning

cycle instructional method.

Musheno and Lawson (1999) investigated the effectiveness of learning cycle
when it can be applied into science text. So, the texts were prepared with respect to
learning cycle and traditional approach. 123 high school students were used in this
study. Before the instruction Lawson’s Classroom Test of Scientific Reasoning was
applied to students to classify them such as empirical inductive, transitional, or
hypothetical-deductive reasoners. Both the learning cycle text and traditional text
constituted 751 words in length to teach the concepts of symbiosis, mutualism,
commensalism, and parasitism. Posttest in which one of dimension was concept

comprehension was administered to students immediately after the treatments and one
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week later. The results showed that students who were instructed by reading learning
cycle passage performed superior to those who were taught by reading traditional
passage with respect to concept comprehension questions. Also, the learning cycle text

was found more comprehensible by readers at all reasoning levels.

Champion (1993) carried out a study to compare the learning cycle approach
with the expository method with respect to their effectiveness on understanding of
contents and experimental design. Champion concluded that students’ understandings of
experimental design were improved by instruction based on learning cycle, whereas data

analysis techniques were promoted by expository methods.

However, none of the student in both groups produced student mastery of
concepts. In addition to this, Jackman, Moellenberg and Drabson (1990) investigated the
effects of three instructional strategies which were learning cycle, traditional approach,
and the use of computer simulations on the achievement of general chemistry students.
The results showed that students who were instructed by learning cycle were not
significantly different from students who were instructed by the other two methods with

respect to their scores.

Vermont (1985) tested three instructional strategies such as learning cycle,
cognitive learning and development strategy, and lecture-laboratory method to
understand their effectiveness of learning the mole concept and eliminating
misconceptions about the mole. The results showed that there were no significant
difference between three methods on understanding of the mole concept and elimination

of misconceptions about mole.

Since the development of SCIS, the learning cycle has been modified by many
researchers (Barman, 1989; Lawson et al., 1989; Renner & Marek, 1990). Inductive use
of laboratory and defined phases of instruction were showed as the most critical

characteristics of the learning cycle approach. However, there is a need to research into
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the aspects of instruction that characterize and explain the success of learning (Abraham,
1998). Westbrook and Rogers (1991) proposed new learning cycle to modify expansion
phase and gave students opportunities for hypothesis testing and designing experiments.
It was proposed that involving cooperative learning activities in learning cycle improve
students’ self-esteem. On the other hand, Westbrook and Rogers (1991) proposed to
adding concept mapping activities in learning cycle approach. Moreover, additional
phases of instruction have suggested improving learning cycle. Engagement and
evaluation phases were added to learning cycle. Engagement phase designed as an

introductory activity to involve students in the learning cycle lessons (Abraham, 1998).

Lavoie (1999) tested the effects of adding a prediction/discussion phase at the
beginning of a three phase-learning cycle which involves exploration, term introduction,
and concept application. This was also done by comparing and contrasting
prediction/discussion based learning cycle instruction with traditional learning cycle
instruction in high school biology classroom with respect to students’ attitudes and
motivations towards science, students’ ability to use process skills, and demonstrate
conceptual understanding in biology. In prediction and discussion phase, predictions
with explanatory hypothesis about the genetics, homeostasis, ecosystems, and natural
selection were written by students. Interactive debate of predictions and reasons took
part immediately after predictions. Approximately 250 students were used in this study.
Both qualitative and quantitative research methods were used in this study.
Questionnaires, field observations, teacher/researcher daily log reports and a battery of
tests that assess cognitive changes were used to collect data. The results showed that
students who were taught by using prediction/discussion-based learning cycle instruction
showed superior performance when compared with students who were taught by using
traditional learning cycle instruction with respect to students’ process skills, logical

thinking skills, science concepts, and scientific attitudes.
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2.3 SE Learning Cycle Model

An instructional learning model based on 5E learning cycle has been used by
Biological Sciences Curriculum Study (BSCS) as one of the instructional model to
develop new curriculum materials since 1980’s. This model accepted as BSCS SE
learning cycle model. Bybee (1997) stated that this model was influenced by the works
of German philosopher Johann Friedrich Herbart, in addition to that of John Dewey and
also Jean Piaget. The modifications of this model such 3E, 4E, and 5E can be found in
the related literature. It was said that 5E model is rooted its’ fundamentals in

constructivism and it facilitates conceptual change.

Bybee and Landes (1990) stated that “the objective in a constructivist program is
often to challenge students’ current conceptions by providing data that conflict with
students’ current thinking or experiences that provide an alternative way of thinking
about objects and phenomena” (p.96). In the Karplus and Atkin’s learning cycle and
BSCS S5E instructional model, students’ initial concepts are redefined, reorganized,
elaborated and changed through self-reflection and interaction with their peers and their

environments which promotes conceptual change (Bybee, 1997).

As indicated its name, this model consist of five phases: engagement,
exploration, elaboration, and evaluation. SE learning cycle model was designed based on
SCIS learning cycle. When the SCIS learning cycle model and SE instructional model
are compared, the commonalities will be easily seen. The middle three phases of both
models are fundamentally equivalent to each other (Bybee et al., 2006). Table 2.2
represents the comparison of the phases of SCIS leaning cycle and BSCS S5SE

instructional model.
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Table 2.2 Comparisons of the Phases of SCIS and BSCS 5E Learning Cycle Model

SCIS Learning Cycle Model BSCS SE learning cycle model
Engagement (New Phase)
Exploration Exploration
Invention (Term Introduction) Explanation
Discovery (Concept Application) Elaboration
Evaluation (New Phase)

Instructional models based on learning cycle considered to be important and
became popular as it use of coordinated and coherent sequencing lessons. SE
instructional model has a potential to be applied several levels in the design of
curriculum materials and instructional sequences. Each phase in the SE instructional
model contributes learners to better understand scientific and technological knowledge

and each phase has a different function.

Engagement: In this phase, students are engaged to the learning task. The
activities should be developed to create interest and generate curiosity which can be
including a problem, s situation, or an event. The activities that are employed in these
phase expose students’ prior knowledge and make connections to present and future
topics. Present a discrepant event, defining a problem, asking a question can be sated as
the ways to attract students’ interest and curiosity on the instructional task. Identifying
and presenting the situation are the instructor’s role. Instructors are expected to raise
questions and problems, create interest, generate curiosity, and elicit responses that
uncover students’ current knowledge (Bybee, 1997). Students should be puzzled and
actively motivated to the learning activity in successful engagement. In addition, since
this phase has a potential to being one of the most critical phase of the model, materials
should be presented well to make the other phases meaningful. Disequilibrium occurs in

this phase.

Exploration: In this phase, students are exposed to activities to explore the ideas.
The activities which are common for all students in class are designed for students to

identify the current concepts, may include misconceptions, processes and skills and
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facilitate conceptual change. Exploration phase correspond the first phase of learning
cycle. The process of equilibration is initiated by the exploration activities. The activities
which are designed for this phase should be concrete and hands on. Tangible materials
and concrete experiences should be used in this phase. The main aim of these activities
is to establish that teachers and students can use later to formally introduce and discuss

concepts, process, and skills (Bybee et al, 2006).

Teachers should behave as a facilitator or a coach and ask guiding questions to
encourage cooperative group discussion. Teacher provides students needed time and
opportunity to investigate objects, materials, and situations based on student’s own ideas
of the phenomena. Lab activities, educational software can be used to help student to use
prior knowledge for generating new ideas. Teacher should also design this kind of
activities for students to assist them to explore questions and possibilities, design and

conduct a preliminary investigation (Bybee, 1997; Bybee et al., 2000).

Explanation: In this phase, the concepts, processes, or skills become plain,
comprehensible, and clear. Teacher presents concepts simply, clearly, and directly by
attracting students’ attention to specific aspects of engagement and exploration
experiences. Firstly, students are asked to give their explanations and then scientific or
technological explanations are presented to students in direct, explicit and formal
manner. Experiences that are gained in exploration phase are ordered in this phase. The
experiences that are acquired in engagement and exploration phases and students’
explanations occur in this phase constitute the fundamentals of starting point of teacher’s
explanation. Teacher should present the concepts, processes, or skills in a brief, simple,
clear, and direct way to move on to the next phase. Therefore, the role of the teacher is
very crucial in this phase. Teachers try to explain the students the connections between
their own interpretations and scientific phenomena. Although teachers prefer to use
verbal explanations, variety of techniques and strategies such as videos, films, and
educational courseware can be employed. At the end of this phase, explanatory

experiences and experiences that have engagement phase should be able to explained
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with using common terms by students (Bybee et al., 2006). Also, it’s expected that
students criticize and question others explanations which lead to promote their own

learning (Campbell,2000).

Elaboration: After acquiring explanation and terms for the learning task, it is
very important for students to involve further experiences that extend, or elaborate, the
concepts, processes, or skills. In brief, the elaboration phase refers the extension of
concepts that have experienced through the previous three stages. Students try to transfer
of concepts to closely related but new situations. Bybee (1997) stated that
“generalization of concepts, processes, and skills is the primary goal of the elaboration
phase” (p.181). Elaboration activities provide additional time for students, who may still
have some misconceptions or may only understand a concept in terms of the exploratory

experience, to remedy misconceptions and comprehend their understandings.

Champagne (1987) stated the description of this phase very clearly:

“During the elaboration phase, students engage in discussions and
informationseeking activities. The group’s goal is to identify and execute a small
number of promising approaches to the task. During the group discussion, students
present and defend their approaches to the instructional task. This discussion results in
better definition of the task as well as the identification and gathering of information that
is necessary for successful completion of the task. The teaching cycle is not closed to
information from the outside. Students get information from each other, the teacher,
printed materials, experts, electronic databases, and experiments that they conduct. This
is called the information base. As a result of participation in the group’s discussion,
individual students are able to elaborate upon the conception of the tasks, information

bases, and possible strategies for its [the task’s] completion. (p. 82).”

Using formal science terms during the completion of related activitities and
identification of alternative ways of explain phenomena should be encouraged by

teacher (Bybee, 1997). Group discussions and cooparative learning situations considered
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to be appropriate for this phase to give students one more chance to experess their
understaning of the subject and receive feedbaks from other students (Bybee et al.,

2006).

Evaluation: Most of the effective instructional methods include a phase that
guage students outcomes. In SE learning cycle model, students find opportunity to
eveluate their understanding, ehich were gained in previous phases (Campbell, 2000). In
addition, feedback on the adequacy of students explanation should be provided by
teacher. Although informal evaluation can be done at he beinnng and throughout the SE
learning cycle model, a formal evaluation should be done to assess educational outcomes
in eveluation phase. In other words, student’s level of understading is determined by
administering assesments (Bybee, et al., 2006). Instead of multiple-choice test, open-
ended questions and demonstrations and often-times probing questions should be used to
lead the next inquiry. Moreover, teacher should give opprotunities to students to

eveluate their own understanding (Bybee, 1997).

It was stated that teachers’ role in the classrooms is very important to lead
discussions; answer questions, and model the ideas that supports nature of science. The
appropriateness of teacher actions or behaviors will guide students toward a more
conceptual understanding of science (Bianchini & Colburn, 2000). The chart that was
developed by BSCS to show the salient characteristics of each step with respect to

teacher’s perspective is presented in Table 2.3.

Table 2.3 The BSCS 5E Learning Cycle: What the Teacher Does

Stages of the The BSCS 5E Instructional Model
Instructional Teachers Actions
Model
Consistent with Model Inconsistent with Model
Engagement e  Creates interest e  Explain concepts
e  Generate curiosity e  Provides definitions and
e Raise questions. answers.
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Table 2.3 cont’d

Elicit responses that uncover what the
students know or think about the
concept or topic

States conclusions
Lectures
Provides closure

Exploration Encourages the students to work Provide answers
together without direct instruction Tells and explains how to
from the teacher work through the problem
Observes and listen students as they Provides closure
interact Directly tells the students that
Asks probing questions to redirect the they are wrong
students’ investigations when Gives information or facts
necessary that solve the problem
Provides times for students to puzzle Leads the students step by
through problems step to a solution.
Acts as a consultant for students
Creates a “need to know” setting

Explanation Encourages students to explain Accepts explanations that
concepts and definitions in their own have no justification
words Neglects to solicit the
Asks for justification (evidence) and students’ explanations
clarification from students Introduced unrelated
Formally provides definitions, concepts or skills
explanations, and new labels when
needed
Uses students’ previous experiences as
the basis for explaining concepts
Assess students’ growing
understanding

Elaboration Expect to students to use formal Provides definitive answers
labels, definitions, and explanations Directly tells the students that
provided previously they are wrong
Encourages the students to apply or Lectures
extend the concepts and skills in new Leads students step by step to
situations a solution
Reminds the students of alternate Explains how to work
explanations through the problem
Refer the students to existing data and
evidence and ask “what do you
already know?” “Why do you
think...?” (Strategies from exploration
also apply here.)

Evaluation Observes the students as they apply Test vocabulary words,

new concepts and skills

Assesses the students’ knowledge and
skills

Looks for evidence that the students
have changed their thinking or
behaviors

Allows students to assess their own
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terms, and isolated facts
Introduces new ideas or
concepts

Creates ambiguity
Promotes open-ended
discussions unrelated to the
concept or skill.



Table 2.3 cont’d

learning and group-process skills

e  Asks open ended questions such as,
“why do you think...?” “What
evidence do you have?” “What do you
know about x?” “How would you
explain about x?”

The commonalities and differences between the SCIS learning cycle and the
BSCS 5E learning cycle model are; both model use a sequence and emphasis the phases
in this sequences, both models use the work of Jean Piaget (Piaget & Inhelder, 1969;
Piaget, 1975), both models view learning as dynamic and interactive process, both
models believe that changing and improving conceptions often require to challenge
students’ current conceptions and to show students the inadequacies of these concepts.
Bybee (2006) stated that “the students’ construction of knowledge can be assisted by
using sequences of lessons designed to challenge current conceptions and provide time

and opportunities for reconstruction to occur” (p.11).

BSCS (2006) presented rationales to explain the reasons of changing learning
cycle phases with 5E learning cycle model. They stated that engagement phase was
exposed to cover the requirement of students to deal with their prior knowledge
(Champagne, 1988). The term exploration and the original intent of the phase were
maintained. However, cooperative learning was incorporated based on the research of
Johnson, Johnson, and Holubec (1986). The invention or concept introduction phase was
maintained, however the term name was changed as explanation to emphasize the
development of scientific explanations. Cooperative learning was again incorporated
into the discovery phase and the name of this phase was also changed as elaboration to
emphasize the application and transfer of ideas to further develop current understanding.
Finally, the evaluation phase was added to ensure the demonstration of students’
understandings and abilities through a new activity. The requirement of formal
assessment opportunities that were integral to the instructional plan was the one of the

reason for adding this phase. In addition, this phase also provides opportunities for self
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reflection which was stated as an essential component of learning revealed by studies on

metacognition.

Since BSCS 5E learning cycle model is young when compared with the learning
cycle, there are fewer published studies that examine the effectiveness of this model.
However, the studies stated that BSCS 5E learning cycle model is effective than
alternative teaching methods with respect to reaching important learning outcomes in
science. Akar (2005) stated that 5E learning cycle model is more effective than
alternative approaches with respect to students’ mastery of science subjects. Coulson
(2002) conducted a study to explore how varying levels of fidelity to the BSCS SE
learning cycle model affected student learning. The results showed that students who
were taught BSCS 5E learning cycle model with medium or high levels of fidelity
experienced learning gains that were nearly double than the students who were taught
not using SE learning cycle model or taught with low levels fidelity. It was stated that
BSCS 5E learning cycle model have positive impact on scientific reasoning (Boddy,
Watson, & Aubusson, 2003), and on interest and attitudes toward science (Akar, 2005;
Boddy et. all, 2003).

Garcia (2005) carried out a study to compare the effectiveness of using SEs
learning cycle instructional model with the traditional Hunter lesson plan to teach
evolution concepts and enhance students’ attitudes toward the subject of science. 160
seventh-grade life science students were used in this study as a sample. The results
showed that although there was no significant difference between students who were
instructed by 5Es learning cycle model and students who were instructed by traditionally
designed instruction with respect to understanding evolution concepts and students
attitudes towards science, a significant change was found based on paired pretest and
posttest caparison. In addition it was reveled that SE learning cycle model had some
positive effects on lower level of students. The results may be affected by level of

treatment fidelity that was discussed by Coulson’s (2002) study.
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Campbell (2000) conducted a study to investigate the fifth grade students
understanding of force and motion concepts when they were instructed by inquiry based
science investigations through the use of 5E learning cycle model. The students
understanding were evaluated by a posttest, a review of lab activity sheets, other
classroom-based assessments, and interviews. 520 students with the age of 10-12 were
used in this study as a sample. The results showed that students who were instructed by
inquiry based science investigations through the use of SE learning cycle model

increased their knowledge about force and motion concepts.

Balci, Cakiroglu and Tekkaya (2006) carried out a study to investigate the effects
of the SE learning cycle model, conceptual change text, and traditional instructions on
8" grade students understanding of photosynthesis and respiration in plants. 101 8"
grade students in three intact classes of the same school were used in this study. There
were three groups in this study. Two of the groups were assigned as experimental groups
in one of which 5E learning cycle model was used and in the other experimental group
conceptual change text instruction was used. The third group was defined as control
group in which the traditionally designed instruction was used. The results showed that
there was a significant difference between experimental and control groups in favor of
experimental groups with respect to students’ understanding of photosynthesis and
respiration in plants. On the other hand, there were no statistically significant difference
between the students who were instructed SE learning cycle and students who were
instructed by conceptual change texts with respect to students’ understanding of

photosynthesis and respiration in plants.

Lord (1997) tested the effectiveness of instruction based on SE learning cycle
model by comparing it with the traditionally designed instruction. The traditional
designed instruction constituted based on teacher-centered and lecturing methods.
Thought-provoking scenarios, critical thinking questions, and constructed concepts maps
were used in 5E learning cycle instructional model’s phases. The results revealed that

students in the 5E learning cycle model group had much greater understanding of the
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information covered especially on questions that required interpretation. It was stated
that students who were taught with the SE learning cycle model understood the course
material in a much deeper, more comprehensive way. Moreover, vast majority of the
students who were taught with 5E learning cycle model feel positive about the course.
On the other hand, half of the students in traditionally designed instruction group did not

make any comments, and few expressed positive feelings.

Mecit (2006) compared the effect of 7E learning cycle model as an inquiry based
learning and traditional designed instruction on the improvement of 5t grade students’
critical thinking skills. 46 fifth grade students were used as a sample of this study. Two
groups which were defined as experimental and control group were used in this study.
The Cornell Conditional Reasoning Test, from the Cornell Critical Thinking Skills Tests
Series was used to evaluate students’ critical thinking skills and administered to both
experimental and control group students as pretest and posttest. The results showed that
students who were instructed by 7E learning cycle model showed better performance
than the students who were instructed by traditionally designed instruction on students

critical thinking skills.

It was stated that development of students own frames of thought is encouraged
by using SE lerning cycle instructional model (Bevenino, Dengel & Adams, 1999).
Colburn and Clough (1997) also found SE learning cycle model appropriate for the
middle school and high school science students because of its flexibility and its realistic
nature. They sated that SE learning cycle is effective way to develop science enjoymeny
of students, understanding of concepts, and application of scientific processes and

concepts to authentic situations.

2.4 Misconceptions

Duit and Treagust (1998) stated that “learning science is related to students’ and

teachers’ conceptions of science content, the nature of science conceptions, the aims of
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science instruction, the purpose of particular teaching events, and nature of the learning
process” (p.5). Many students interpret science learning as conceptualizing provided
knowledge and then storing in the memory. Moreover, they believe accumulation of
facts refer the science learning (Sutton, 1998). As a result of these, students’ classroom
discussions of alternative viewpoints and negotiated consensus are seemed as wasted

time that hinders efficient progress (Baird & Mitchell, 1986).

Ausubel (1968) explained and differentiated meaningful learning and rote
learning by stating the importance of prior knowledge. Whereas new knowledge and
students’ existing relevant knowledge are related in meaningful learning, the importance
of prior knowledge and its relation with new knowledge is neglected in rote learning.
Therefore, Ausubel (1968) stated that “the most significant factor influencing learning is
what the leaner already knows”. Moreover, Hewson (1992) stated that interaction
between new and existing conceptions constitute one side of learning, and the outcome

depends on the nature of this interaction.

When two individual exposed the same events, these events may be perceived
and interpreted in very different ways. One of the reasons of this stated as individuals
may have different knowledge and beliefs and these beliefs may influence or be
influenced by social interactions in different ways (Hewson, 1992). In other words,
knowledge which is constructed by learner is affected by the learner’s prior knowledge
and experience and the social context in which learning takes place (Grayson et al.,
2001; von Glasersfeld, 1992). Moreover, it was stated that learning new scientific
knowledge is strongly influenced by students’ preexisting beliefs and preexisting beliefs
have a crucial role in subsequent learning (Arnaudin & Mintez, 1985; Boujaoude, 1991;
Driver & Oldham, 1986; Shuell, 1987; Tsai, 1996). Hunt and Minstrel (1997) stated that
since students preexisting concepts and beliefs is ignored before the instruction, students
encounter with difficulties in science learning, and this cause loosing communication

between teachers and learners.
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Students’ preexisting beliefs and ideas appear them as logical, sensible, and
valuable. However, ideas that are held bys students may be differ from the definitions
accepted by experts and scientific definitions (Osborne, 1982; Schoon and Boone,
1998). It was stated that these beliefs are persuasive, stable, and resistant to change via
traditional instructional strategies and these beliefs may be found in individuals’
cognitive structure even after completion of years of formal science instruction
(Champagne et al., 1982, Clement, 1982; Guzzetti, 2000, Hewson & Hewson, 1984,
Osborne & Cosgrove, 1983; Stavy, 1991; Tsai, 1996; Wandersee et al., 1994). Students
conceptions or ideas that is differ from the definitions accepted by experts or scientific
community are generally called misconceptions (Driver & Easley, 1978; Hewson &
Hewson, 1984; Treagust, 1988; Nakhleh, 1992, Lawson & Thompson, 1988; Schmidt,
1997), alternative conceptions (Driver & Easley, 1978; Taber, 2001), preconceptions
(Novak, 1977), alternative frameworks (Driver & Ericson, 1983; Kuiper, 1994;
Gonzalez, 1997; Taber, 2001), naive conceptions (Champagne, Klopfer, & Gunstone,
1982), children’s science (Gilbert et al., 1982; Osborne & Cosgrove,1983), alternative
conceptual framework (Taber, 1998), intuitive conceptions (Lee & Law, 2001), intuitive
science (Preece, 1984), students descriptive and explanatory system (Champagne,
Klopfer, & Gunstone, 1982). However, misconceptions and mistakes should not be
confused. Mistakes can be recognized by the students themselves when presented with a
accepted conception (Abimbola, 1988). In this study, the term of misconception which
means that differ from the commonly accepted scientific understanding of the term will

be used.

Students’ concepts, generalizations, and theories are developed through their
observations the quality of observations depends on the quality of preexisting knowledge
(Gilbert, Watts & Osborne, 1982). Therefore, one of the sources of students’
misconception is students’ observation of environment. Moreover, everyday knowledge
can be stated as another source of misconceptions. For example, in chemistry classrooms
words that has different meanings used from everyday language. In addition, Prieto,

Watson, and Dillon (1992) stated that students’ social knowledge and school knowledge
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interact to form students’ ideas. On the other hand, students come to classrooms with
ideas about science that have been influenced by their prior experiences, textbooks,
teachers’ explanations, or everyday language. Knowing the sources of misconceptions is

very important to overcome them easily.

Students’ prior knowledge can be sated as one of the source of misconceptions.
Students come into classroom with a conceptual framework already present, from
everyday experience and from previous formal and informal education (Teichert &
Stacy, 2002). Teichert and Stacy (2002) express two important points to the teachers:
“(a) Students have preconceptions or prior existing knowledge of many chemistry
concepts, which may or may not be scientifically correct, and (b) students may or may
nor integrate this prior knowledge with the new material being covered in class” (p.470).
The other source of misconception may be the language. Scientific meaning and
common meaning of a term may show a difference. For example, it is stated in common
language that ‘sugar melts in water’, but in chemistry it have to be stated as ‘sugar

dissolved in water’ (Abraham et al., 1992).

It was stated that one of the major source of misconception is instruction (Haidar,
1997). This source causes two difficulties. Students fail to apply correct information and
use the closest available information to solve given problem, stated as the first problem.
Second difficulty stated as the knowledge of concepts was divided into parts. In
addition, instructors may also be another source of misconceptions. Ginns and Watters
(1995) stated that students’ teachers may cause the students’ alternative conceptions. It
was stated that since the teachers may misunderstand the concepts which they will teach

may cause students to create misconceptions (Taber, 2001).

Terminology which is used by teacher and textbooks may be another source of
misconception. Since the students have original concepts in their mind, students may
have difficulties in understanding the new concepts (Schmidt, Baumgartner, & Eybe,

2003). This may cause to change the meaning of the terms. The others source of
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misconception can be the interaction with friends, parents, media such as television,
newspapers, internet, etc. Since, children get lots of idea from their peers, family and the
media, the potential to direct students through misconceptions is quite high. In addition,
everyday science and language which are related to pupils’ ideas are stated as another
source of misconceptions (Johnstone, 1992). Lastly, textbooks which are the general
source of any subject area can be stated one of the source of misconceptions. For
example, Mayer (2002) stated that diagrams and models used in textbooks may cause
misconceptions in students mind. If these tools are not properly constructed, they will

result misconceptions.

2.4.1 Misconceptions in Chemistry

Discovering the reasons of why many students not being successful in learning
chemistry although they strive too much, has been the target of many studies. One of the
possible answers stated as appropriate understandings of fundamental concepts that are
evolved beginning of their studies are not constructed appropriately. Therefore,
advanced concepts that that build upon these fundamentals are not fully understood. In
addition, as the students construct their own concepts, misconceptions which are stated

as one of the obstacle in learning may arise (Nakhleh, 1992).

In literature, many studies have been carried out to identify or overcome
students’ misconceptions in chemistry. Some of the different kind of methods such as
interviews (Bowen, 1992; Osborne & Gilbert, 1980; Posner & Gertzog, 1982; Sutton,
1980), paper-and pencil tests like multiple choice and free response tests, concept maps
(Novak & Growin, 1984), word association tests (Sutton, 1980), combination of these
methods have been used to identify and analyze the misconceptions. These studies can
be summarized with respect to subject areas as: electrochemistry (Garnett & Treagust,
1992; Sanger & Greenbowe, 1997), acid-base chemistry (Cakir, Uzuntiryaki & Geban,
2002; Cros, Chastrette & Fayol, 1988; Hand & Treagust, 1988; Ross & Munby, 1991),

particulate and molecular views of matter (Novick & Nussbaum, 1978; Novick &
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Nussbaum, 1981), entropy (Frazer, 1980), chemical equations (Ben-Zvi, Eylon &
Silberstein, 1987), nature of matter (Andersson, 1990; Gabel, Samuel & Hunn, 1987;
Novick & Nussbaum, 1981; Tvieta, 1990), chemical equilibrium (Banerjee, 1991;
Camacho & Good, 1989; Gussarsky & Gorodetsky, 1988; Gussarsky & Gorodetsky,
1990; Chiu, Chou & Liu, 2002; Hackling & Garnett, 1985; Huddle & Pilay, 1996;
Johnstone, Macdonald & Webb, 1977; Wheeler & Kass, 1978), bonding (Nicoll, 2001),
thermochemistry (Boo, 1998), molecular geometry and polarity (Furio, 1998), and
solubility equilibrium (Ravioli & Alexander, 2001), mole concept (Duncan & Johnstone,
1979; Griffiths & Preston, 1992; Harrison & Treagust, 1995), chemical change (Hesse &
Anderson, 1992). In addition to these, Kind (2004) summarized all the misconceptions

about all subjects in chemistry.

2.4.2 Misconceptions in State of Matter and Solubility

Chemistry curriculum includes topics such as the behavior of solutions during
phase changes, the concentration of solutions, electrical properties of liquid and solids,
and the solubility of ionic compounds. The conceptual and procedural knowledge about
solubility and solutions are associated with these topics. Therefore, it is very crucial to
obtain better understanding of state of matter and solubility concepts to overcome
difficulties in subsequent learning related to these concepts. As in the other topics in
chemistry, students hold lots of misconceptions in state of matter and solubility topics.

In the following part, studies that specify related misconceptions will be presented.

Russell, Harlen, and Watt (1989) reported the young children ideas about
evaporation. They stated that one fifth of the 7-9 years old children thought that the
evaporated water has gone. However, they believed that an outside agent like another
person or sun responsible of that. On the other hand, although water is boiled in front of
the children, some of them think that the water is sucked by a pan (Beveridge, 1985) or
went into the plate (Cosgrove & Osborne, 1981). In addition, in another study, it was
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investigated that while 28% of the children who are in the primary age believe that water
transform into mist, steam, or spray, 17% of the children describe water as changing to
an imperceptible form (Russell & Watt, 1990). Moreover, same explanations were
produced by older children but in different proportions. For instance, the idea of outside
agent is thought by 57% of the children who were in the 9-11 age group. It was indicated
that there is a relationship between understanding conservation of water and children’s
ideas about evaporation. When the outside agent was removed, children seem to
conserve the amount of material, but a faulty explanation about why the water

disappears was offered (Kind, 2004).

Children initiate to gain experience about evaporation at their early age. Russel
and Watt (1990) indicated in their study that 28% of the students who were in their
primary age and participated this study believed that water transforms into mist, steam
of spray during the process of evaporation, 17% of the students describe water as

changing to an imperceptible form such as water vapor or gas.

Kruger and Summers (1989) carried out a study to understand how the primary
schools teacher teach the concept of evaporation. The results showed that teachers prefer
to explain the phenomenon of evaporation in macroscopic terms rather use particle
ideas. This result is shown as evidence to indicate that people do not readily change their

naive ideas about particles and matter, retaining child-like perceptions into adulthood.

Stavy (1990) carried out a study to unveil the mental image regarding matter and
its properties held by children between the ages of 9 and 15. In this study, the change of
state in a closed system from liquid to invisible gas and from solid to visible gas were
presented to children and some questions about conservation of matter, its properties,
and weight during these transformations were asked them to reveal their mental images
about matter and its properties. There were six age groups involve students who were 9-
10 years old and students who were 14-15 years old and each age group comprised 20

students. The tasks were change of state of acetone (evaporation) and change of state of
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iodine (sublimation). The results of the first task which was change of state of acetone
(evaporation) showed that 30% of the students in 4 grade (ages 9-10), 25% of the
students in 5™ grade (ages 10-11), 10% of the students in both 6™ and 7™ grade (ages 11-
13) believe that when matter is invisible it does not exist and that its weight and
properties disappear with it. In addition, 45% of the students in the 4™ grade (ages 9-10),
25% of the students in the 5™ grade (ages 10-11), 20% of the students in the 6" grade
(ages 11-12), and 5% of the students in the g™ grade (ages 13-14) believed that the
acetone disappears along with its weight but leaves its property of smell behind.
Moreover, 15% of the students in 4™ grade (ages 9-10), 30% of the students in 5t grade
and 6™ grade (ages 10-12), 40% of the students in 7" grade (ages 12-13), 30% of the
students in 8" grade (ages 13-14), and 20% of the students in g™t grade 8 (ages 14-15)
perceived the conservation of matter and its properties but not its weight. On the other
hand, students who perceived the conservation of matter, properties, and weight rose
from 5% in the fourth grade (ages 9-10) to 75% in the ninth grade (ages 14-15).
Furthermore, she stated that the confusion is related to students’ ideas about density and
weight. Students believed that “gas weighs less than liquid”, therefore students prefer to

explain evaporation with respect to weight change rather than density change.

Osborne and Cosgrove (1983) conducted a demonstration in front of students in
which water in an electric kettle was boiled to allow students to realize the bubbles
during the process of boiling. Than, students whose age ranged from 8 to 17 years were
asked to answer ‘what the bubbles made of?’. The answers of the students’ show some
variety include bubbles made of heat, air, oxygen or hydrogen and steam. 700 students
participated this study and their responses distributed with respect to their answers as:
30% heat, 30% air, 25% oxygen/hydrogen, 15% steam in 12 years old students, while
10% heat, 20% air, 40% oxygen/hydrogen, 30% steam in 17 years old students.
Although as the students age increase the students tended to select correct answer, which
is steam, the study revealed that most of the 17 years of students either think that water
can be split into its component elements by heating, or heat is a substance, air is

contained in the water.
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Moreover, Bodner (1991) examined the exam results of 132 students who took
this exam to entering graduate students at Purdue University during the orientation
program for new teaching assistants. One of the question asked what the bubbles that
arise during the boiling process are made of. The answer which was “the bubbles contain
water, steam, or molecules of water” was stated by slightly more than 70% of the
graduate students. 20% of the students indicated that these bubbles consisted of air and
oxygen while 5% believed that a mixture of H, and O, constitute these bubbles. Some of
the students’ explanations who believed the assumption that boiling water contains
bubbles of air are stated as;

“These are air bubbles. With increasing temperature, the solubility of air in the
water decreases and since at room temperature there is always some air dissolved in
water, it gets pushed out of solution”.(p.385) Or

“Most of the containers have small packets of air trapped inside. And so when
the water is boiling this air gets heated and the hot air rises up which is seen in the form

of bubbles”. (p.385).

Osborne and Cosgrove (1983) conducted another demonstration in their study. A
saucer was hold above of the boiling kettle and students ask to describe what on the
saucer is. Some of the students stated that the plane had become sweaty or simply wet.
Others said that ‘the steam turns back into water’ or ‘the oxygen and hydrogen
recombine to form water’, the proportion of the students who gave the correct response
was 25%. In addition, in this study, major explanations about the origin of the water
condensing on the outside surface of a sealed class jar containing ice were identified
with respect students’ age. The major explanations that students expose in the age
between 8-15 was ‘water comes through the glass, in the age between 12-17 were
‘coldness comes through the glass’ and ‘the cold surface and dry air (oxygen and
hydrogen) react to form water’, in the age between 14-17 was ‘water in the air sticks to

the glass’. Though the proportion of students who thought the coldness or water came
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through the glass was very small, approximately 30% of the students thought that gases

recombine on the surface to give water.

Osborne and Cosgrove (1983) show students a simple demonstration in which
ice melting on a teaspoon. It was revealed that most of the 12-13 years old students
believe that ice is above its melting temperature while 14-17 years old students thought
commonly that the heat makes the particles move further apart. On the other hand,

particle ideas were used by small number of 14-17 years old students.

Mulford and Robinson (2002) developed a test, named Chemistry Concepts
Inventory, to investigate first semester general chemistry students’ alternative
conceptions. This inventory was applied 928 students as pretest before the general
chemistry course and as a posttest after this course. One of the question in this inventory
asked students to identify the source of the sweat on the outside of a glass of cold milk.
Although 67% of the students in pretest and 72% of the students in posttest answered
correctly by attributing the sweat to condensation, 25% of students in pretest and 18% of
students in posttest answer this question incorrectly by selecting the reason “the coldness
causes oxygen and hydrogen from the air to combine on the glass forming water”. This
choice shows a consistency with the alternative conception that water dissociates to
hydrogen and oxygen when it evaporates. In addition, two of the questions, which were
paired, were asked about the change in weight when a sealed tube contain 1 gram of
solid iodine is heated and the iodine vaporized. 68% of the students in pretest and 73%
of the students in posttest selected the correct answer which indicated the weight would
be the same while 29% of the students in pretest and 24% of students in posttest selected
the incorrect choice which indicated the weight would be less. Moreover, the contents of
water in boiling water were identified only by 40% of the students in pretest and 47% of
the students in the posttest. Students preferred to answer commonly as it includes
hydrogen and oxygen gas or oxygen gas and air. Furthermore, the change in water level

as the ice melts in a mixture of ice and water was asked the students. The correct answer
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that was “it would stay the same” was only selected by 36% of the students in pretest

and 44% of the students in posttest.

Brook, Briggs, and Driver (1984) conducted a study to examine students’ ideas
about particulate nature of matter. In this study, students were asked to explain what
happens to ice when it is removed from a freezer at -10 °C left to warm -1 °C. Some of
the students answered this by stating “the blocks of ice cools and the particles are
beginning to break away from each other (other) to form gases” (p. 53) and “the particle
start to break away from each other because of the rise in temperature. When they have
broken away from each other, they turn from a crystal form to a solution form” (p.53). as
it is seen, students confused melting with evaporation and changing of state with
dissolving. On the other hand, some students tried to answer this question in
macroscopic view. Some of them stated that “as the temperature rises, the particles take
in the heat and begin to expand” and “when a block of ice taken out of a freezer the

sudden change of temperature reacts on particles making them decrease in size”.

Andersson (1990) classified students ideas about transformations of matter in
physical and chemical phenomena as disappearance (evaporation of water),
displacement (drops of water on the surface of a bottle which includes ice cubes come
from inside of bottle), modification (students claim that water is modified into vapor
during the boiling process of water), transmutation (students define vapour as a different
substance from water), chemical interaction (bubbles arise during the boiling of water
are made of oxygen or hydrogen). Moreover, students’ responses about the changes of
matter can be categorized with respect to the criterion of what is conserved and what
alters as: form, arrangement, location, and making. Students prefer to use first category
when confronted with non-familiar systems, and usually operates at the macro level.
However, last categories are used in order to explain the changes when confronted

familiar systems, operates at the micro level (Kokkotas, Vlachos, & Koulaidis, 1998).

58



Ure and Colinvaux (1989) carried out a study to describe 15-27 years old 15
students’ alternative conception of changes of the physical state in water and discussed
the evolution of these concepts within the dynamics of a classroom situation. The
activities involve some demonstrations. In one of these demonstrations, a jar with ice
cubes and water was showed to students. It was asked to students to explain where the
water that appears on outside of the jar comes from. Some students preferred to explain
it with using the terms sweating. The other explanation of some students was that water
passes through the glass to the outside. None of the students’ answer referred to the
possible existing of water in the form of vapor in the air. In addition, the nature of
bubbles that appear when water is boiling was asked to students. Some of the students
said that these bubbles made of water while the others stated that they were made of air,
smoke, and water in the form of air. Moreover, in another demonstration, a mirror was
put over the boiling water and it was asked to students where the water appeared on the
mirror had come from. Some of the students claimed that it was the boiling water that
goes up in smoke even though these students were not able to explain what happened
when this smoke came in contact with the mirror. Ure and Colinvaux (1989) found that

students showed a lack of differentiation between water in the form of air and air.

Kind (2004) investigated students’ misconceptions about state of matter and
summarized students’ key difficulties. She found that particle ideas are not used by
students to explain state changes. Though students express these ideas to explain state
changes, these are frequently incorrect. Students believe that particles can expand,
contract, break up, and static. In addition, reversibility of state changes is seemed very
difficult by students and students prefer to think each process in state change as a
separate event. Moreover, state changes are often explained to students by presenting the
water example. Even though students’ ideas are improved about understanding of
behavior of water, students are not able to transfer same reasoning to other substances.
In other words, state changes of water have only been learned by students rather than
having learned and understood state changes in general. Furthermore, students generally

believe that molecules are breaking up on boiling and reforming on condensing during
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the state change of matter. 12-15 years old students are not able to comprehend where
the condensed substance come from. Lastly, students have some difficulties about the
ideas of melting and freezing. Students generally think that ice particles can shrink,
expand, dissolve, or melt when changing to liquid water. Melting and dissolving terms
are used to refer the same thing. Students believed that freezing always occurs at cold

temperatures and boiling occurs at hot temperatures.

It was found that children classify substances as solids with respect to a wide
range of criteria (Krnel, Watson, Glazar, 1998). These criteria generally were related
their intensive properties. If children can hold or break a substance, they usually classify
these substances as solids. Mortimer (1993) stated that if substances could be held, were
rigid etc. children (14-15 years old) classify these substances as solid objects. The form
of a substance is more important than its volume while classifying the object as solid.
Most of the children asserted that if a substance can be seen or touch, it can be simply
defined as solid. In addition, children generally prefer to use the adjectives such as
“heavy” and “hard” when they mention about the properties of solids. In addition,
although it was found that children from 7 years old to 12 years old had few problems to
differentiate liquid and solids, especially with hard and rigid objects, substances which
had no shape, could be kneaded, or could be easily melted, or were powders caused
more problems (Stavy & Stachel, 1985; Jones, Lynch, & Reesink, 1989). Stavy and
Stachel (1985) found that while half of the 12 years old children were able to classify
soft objects correctly, 60% of the students classified powdered objects liquids and solids.
Metals were the easily classified as solids by these children. Ryan (1990) found that 9%
of the first year university students were not able to classify granular and powdery

substances as solids.

It was stated that weight is another property that was used to classify substances
as solids (Krnel, Watson, & Glazar, 1998). The concept of solid was linked with the
concept of weight by large number of children while determining criteria for classifying

solid substances (Russell et al. 1991). Moreover, it was found that students have some
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difficulties in conserving weight between phase changes from liquid to solid. Hatzinikita
and Koulaidis (1995) found that nearly 70% of the 11-12 years old students believed that
the weight increases when a liquid changes into a solid. On the other hand, 60% of the
students’ answers revealed that students claim the weight decreases in the reverse
process (closed system). The same result was confirmed by other studies (Lee et al.,
1993). In these studies it was expressed that students believe if ice is melted, the
resulting water will weigh less than ice. Another common belief among students stated
that since solid substances stick together better than water, they are heavier (Lee et al.,
1993). BouJaoude (1991) stated that students who were 13 years old thought that liquid
wax in a burning candle is lighter than solid wax, therefore the weigh of a candle

decreases on melting.

Piaget and Inhelder (1974) stated that when sugar is dissolved in water young
children think that sugar disappears. Students believe that since the substance
disappears, mass of water would not change. It was identified that this idea and other
explanations are prevalent among older children (Driver, 1985; Cosgrove & Osborne,
1981). It was found that about two thirds of 9-14 years old students generally believe the
mass of sugar and water solution is less than mass of the sugar and water (Driver,
1985).Moreover it was found that the non-conserving idea of dissolving continued to a
latter stage than Piaget had found (Cosgrove & Osborne, 1981; Andersson, 1984;
Wightman et al., 1986). Furthermore, Andersson (1984) found the same problem among
the 15 years old students. Over half of the sample in Anderson’s study thought the mass
of the solution would be less. Some of the students stated that “the sugar will decompose
and form a liquid with the water and so will weigh less” (p.154). Conservation of mass
was ignored by students and it was found that these beliefs have not been changed from

their early childhood.

Cosgrove and Osborne (1981) stated that when students are asked to explain
what happened to sugar; one quarter of the respondents used the word ‘melting’.

Students stated that “the sugar is dissolving...the water is sort of melting the sugar
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crystals” (Cosgrove & Osborne, 1981, p.18). Though the synonymous usage of
‘dissolve’ and ‘melt’ declines with age, most of the students use these terms

interchangeably.

On the other hand, Barker (1995) asked 250 students to compare mass of a
solution of sodium chloride with the mass of solute and solvent. 57% of 16 years old
students thought that the masses would have the same value. However, several
misconceptions was found such as 16% of the students thought that a gas would be
released when the salt dissolve which indicate students think dissolving as a chemical
reaction. In addition, 7% of the students believed that the mass was lost in dissolving.
Although the percentage of the students who gave the correct answer to this question
increased 62% in 18 years old students, 15% still believed that a gas was produced

during dissolving process and about 4% thought mass was lost.

Mulford and Robinson (2002) asked 928 general chemistry students to identify
the weigh of a solution formed by adding 1 pound of salt to 20 pound of water. Although
73% of the students in pretest and 75% of the students in posttest were answered
correctly, the incorrect answer which indicated that the solution would weigh less than
21 pounds was selected by 25% of students on both pretest and posttest. Furthermore,
when students are asked to explain the concentration behavior of a saturated solution
only 32% of the students in pretest and 34% of the students in the posttest indicated the
correct answer which was “the concentration of a saturated solution stays the same as
water evaporates” while 64% of the students in pretest and 61% of the students in
posttest indicated the concentration increases and less than 5% of the students in both
test indicated it decreases. The following question in this inventory asked the reason of
the answer.40% of the students in pretest and 48% of the students in the posttest select
the incorrect choice which was “there was the same amount of salt in less water”. The
correct answer which was “more solid salt forms” was selected by only 25% of the
students in pretest and 26% of the students in posttest. These results indicated that the

behavior of solutions is hard to grasp for students.
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Bodner (1991) examined the answers of the questions which were answered by
graduate students. One of the questions was about the melting of ice with salt. It was
asked students to explain how placing salt on the surface of ice can melt the ice. The
majority of the students explained this question based on colligative property by stating
salt lower the freezing point of water or the melting point of ice. However, some of the
students gave incorrect answers that some of them based on mechanical explanation
such as;

“The weigh of the salt on the surface of the ice disrupts the lattice structure and
the ice melts-this this is analogous to the blades of ice stakes...”(p.386) and

“The weigh of the salt on the ice surface generates heat to melt some of the ice
which then dissolves the salt to give a liquid which has lower freezing point than water”
(p.386) and

“When you put salt (or anything really) on the ice, it disrupts the crystal structure
of the ice. The water molecules can no longer get into a nice perfect array and so ice
becomes a liquid” (p.386)

Some of the students explained this question based on thermodynamic arguments
such as;

“The salt that is added goes into solution in some of the water that is present.
Due to this, a certain amount of heat of solution is released. This help in melting the ice”

(p.386).

As Novick and Nussbaum (1978) stated that the concept of interactions among
particles is one the least assimilated concept in chemistry, Haidar and Abraham (1991)
expressed in their study that practically none of the students had a satisfactory grasp of
what dissolution is. Prieto et al (1992) asserted that the meaning of “dissolving” has
been referred to outside action such as stirring, mixing, and in some cases heating.
Young students generally define dissolving simply as “it means to pour one substance
into another and stirring them” or “to dissolve means to mix”. The importance of stirring

expressed by majority of the students as “stirring makes the substance distribute itself
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through the water”, “stirring divides the solute” or * stirring makes it dissolve better”.
On the other hand, Cosgrove and Osborne (1981) stated that some students believe that

heat causes the sugar dissolve in water.

Holding (1987) and Prieto et al. (1992) particularly studied about students’ ideas
of the process of dissolving. They claimed that students generally believe that sugar
disappears, liquefies, reduces to smaller sized pieces or mixes with water when it is
stirred with a solvent such as water. Students generally do not take into account
conservation of mass on dissolving (Driver, 1993; Stavy, 1987). Blanco and Prieto
(1997) carried out a study to examine students’ views on how two external factors,
stirring and an increase in temperature, affect the process of dissolution of a solid in a
liquid. 458 students between the ages of 12 and 18 years enrolled in this study. There
were four different levels in the sample of the study. As results of the study, four
explanatory patterns that emerge from the students’ explanations have been identified. It
was concluded that students in this study thought that a high temperature or stirring are
necessary for dissolving. Moreover, students generally use the process of melting and
dissolving interchangeably. Furthermore, the simple particulate model of matter is not
completely assimilated by students (Kabapinar, 2004). The nature of matter as
assemblies of particles is not conceptualized by students (Griffiths & Preston, 1992;
Johnston, 1998; Novick & Nussbaum, 1981). The everyday and scientific meaning of
the word “particle” is not differentiated by students (Ebenezer & Ericson, 1996).
Therefore, this causes some problems to explain macroscopic properties of matter in

terms of submicroscopic particles.

Ebenezer and Ericson (1996) identified a number of conceptions of solubility and
group them into six categories with respect to students’ preferred explanations for
solubility phenomena. These categories are (a) physical transformation from solid to
liquid; (b) chemical transformation of solute; (c) density of solute; (d) amount of space
available in solution; (e) properties of solute, (f) size of solute particles. Thirteen grade

11 students who were volunteer and interviewed during the launch hour and after school

64



participated this study. The results showed that dissolving is viewed as a process of a
solid transforming into a liquid form. Part of conversation between researcher and one of
the students stated as (p.187):

R: Let me stir the sugar and hot water solution and let us see what happens. What
is happening?

S: There are no more crystals. Mixed in with hot water.

R: What do you mean by saying “mixed in with the hot water”.

S: It liquefies like the hot water.

R: Do you think the sugar is in the liquid state?

S: Yes.

Since the students can not see the solid sugar after it is completely dissolved in
water, the word “melting” was preferred instead of using the word “dissolving”.
Moreover, for example, in everyday talk, when a piece of candy is sucked, it is said by
children as it is melting in the mouth. So, everyday language may cause the wrong usage

of this kind of words.

In addition to these, Ebenezer and Ericson (1996) found that some students
believed that when sugar is added to the water some type of chemical reaction or
combination is taking place. They stated that half of the students in their sample sated
that dissolving is a process of combining two or more substances. One of the student in
this study stated that “new substance is being formed (sugar water) when sugar is
dissolved in water” and she add “‘sugar is no longer solid anymore”. She also used the
word “combining” to explain dissolving of sugar in water. And she also thought that the
combination of sugar and water was chemical. Moreover, it was found that the reason of
the substances not to dissolve claimed as they do not find sufficient space in the
dissolving medium. Furthermore, it was stated that students believed that if the solute is
broken in tiny pieces, it will dissolve in the solvent. So, according to the students, size of
the solute is only the necessary thing to dissolve in a solvent. Lastly, the results of the
study showed that some students believed that solute must possess certain properties to

dissolve substance. However, they could not define these properties clearly. Ebenezer
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and Ericson (1996) identified three pedagogical issues with respect to the research
findings stated above. These are stated as (a) the relationship between student
explanations and their experiences; (b) the tendency for students to extend macroscopic
properties of matter to the microscopic level; and (c) the differences in meaning between

the students’ use of chemical language and that used in their science classrooms.

Longden (1984) stated that although students always confront dissolving
experience at home and at school, some everyday instances of dissolving is not fully
recognized by 11 and 12 years old children. It was also found that if the dissolving is
examined beyond the point, saturation simple examples of dissolving become
problematic. In this study, different children exposed to different instances of dissolving.
For example, one experienced dissolving with a half —spoonful of sugar stirred into a
cup of tea while the other one experienced same dissolving process with three spoonfuls.
It was found that since there is a dissolving with a residue in the latter instance, these

children may develop a different idea of dissolving from each other.

Longden, Black, and Solomon (1991) conducted a study to identified 11-12 years
old and 13-14 years old pupils’ conceptions about dissolving by asking questions in the
line of everyday representation, observable process and with respect to representation of
dissolving in particle terms. In other words, each group of questions includes questions
in non-scientific way, and also with reference to a particle theory. 246 first-year students
and 196 third-year students from three different schools were used in this study as
sample. The results revealed that the number of pupils in both ages holding a correct
view of dissolving at the every day level is actually less than those getting the particle
interpretation of dissolving correct. Moreover, it was found that the number of first-year
students who have alternative ideas about dissolving with respect to everyday
representation was more than the number of third-year students who have alternative
ideas about dissolving with respect to everyday representation. On the other hand, the
number of first- students who have alternative ideas about dissolving with respect to

particle terms was less than the number of third-year students who have alternative ideas
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about dissolving with respect to particle terms. These changes were statistically

significant at p<0.001 level.

Abraham and Williamson (1994) carried out a study to trace the number and type
of alternative conceptions about chemical change, dissolution of solid in water,
conservations of atoms, periodicity, and phase change concepts held by students after
varying amounts of instruction in chemistry. The dissolution of solid topic involved the
process of dissolving where the crystalline solute is broken up by intermolecular forces
and evenly mixed with the solvent at a molecular level. The phase change topic covered
the usage of heat energy to change the phase of a substance rather than to raise its
temperature during that phase change. This study involved 100 junior high school
students, 100 high school students, and 100 college students. The item related to
dissolution of solid concept required students to explain the dissolution of sugar cube in
water. The item related to phase change concept required students to explain why the
temperature remains constant when an ice cube melts. The results revealed that 11.3% of
the students did not understand the concept that related dissolution of solid topic. In
addition it was found that 28% of the students had misconceptions about this topic. The
idea that sugar particles floated or sank at the bottom of the beaker instead of evenly
mixing stated as the predominant misconception. 9% of the junior high school students,
17% of the high school students, and 9% of the college students held this misconception.
The source of this misconception stated by the authors as “the ideas that sugar sinks at
the bottom might come from the students’ experiences with oversaturation of drinks and
cereal with sugar” (p.160). The other misconceptions that held by students stated as:
students believed that (1) the sugar changes chemically into a new substance; (2) or that
sugar breaks down into its ions or elements; (3) sugar undergoes a phase change, melts,
or evaporates, (4) water absorbed the sugar similar to the action of a sponge. Moreover,
students used the term “solute” and “solvent” interchangeably and students generally
referred sugar as “sugar atoms”. On the other hand, the results indicated that 40.3% of
the students and 47.7% of the students did not understand the concept that related phase

change topic. The idea that the ice or the cold water from the ice prevented the water’s
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temperature from rising was identified as the predominant misconception. 23 % of the
junior high school students, 26% of the high school students, and 21% of the college
students held this misconception. Moreover, some students believed that the reason for

constant temperature was due to the thermometer being in the ice cube.

2.5 Affective Domain

Some of most important variables that affect students’ science learning are
attitude and motivation. Although many researchers have recognized their effectiveness
in science learning, attitudinal and motivational constructs have received much less
attention by researchers than have the cognitive dimensions (Koballa & Glynn, 2007).
However, contemporary views indicated not only the catalyst property of affective
dimension in learning but also recognize their necessary condition for learning to occur
(Perrier & Nsengiyumva, 2003). In addition, Pintrich, Marx, and Boyle (1993) defined

attitudinal and motivational constructs as moderators of a learner’s conceptual change.

Affective characteristics become more important than ever as views of learning
become increasingly constructivist. Related literature in science education revealed that
science learning can not be explained solely by examination of cognitive factors.
Especially, it is very clear that students’ attitudes and motivation strongly related with
their science learning. Meaningful relationships among affective constructs and
cognition are become more explicit than ever in the research on science learning (Glynn

& Koballa, 2007).

Considering improving attitudes toward science and heightening motivation to

learn science are the key factors to design effective science instruction. Instructions that
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include hands on science activities, laboratory work, field study, and inquiry oriented
lessons have potential to reach these goals. On the other hand, students’ actions and
behaviors that are pioneers of students’ science learning and achievement are strongly

related with attitudinal and motivational constructs (Koballa & Glynn, 2007).

2.5.1 Attitude toward Science

Attitude has been defined in several ways and often been used interchangeably
with the terms such as interest, value, motivation, and opinion. In attitude literature,
quite specific definition of attitude specified as “a general and enduring positive and
negative feeling about some person, object, or issue” (Petty & Cacioppo, 1981, p.7).
Expressing general positive and negative feelings such as “I love science, I hate my

science teacher, and science experiments are wonderful” reflect attitude.

Improving students’ attitudes toward school subjects is one of desirable outcome
in education. There are some recent studies that deal with the influence of attitudes on
students decisions’ such as enrolling in an elective science course and pursuing careers
in science (Shringley, 1990; Robertson, 2000). In some studies that are related students’
attitudes toward science it was expressed that attitude towards science may be related to
students’ science course enrollment (Cavallo & Laubach, 2001). Moreover, Webster and
Fisher (2007) conducted a study, using data collected as a part of the Third International
Mathematics and Science Study (TIMSS), revealed that attitudes towards science have

strong effect on science achievement.

Self-concept of ability, accepted as one of the components of student attitudes
towards science, defined as students’ perceptions of their ability to achieve in science
(Cavallo & Laubach, 2001). Also, in Freedman’s (2002) study, the positive relationship
between students’ self concept of ability and their science achievement was mentioned.

Moreover, it was reported that students who feel less confident about their abilities in
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science have a tendency to low attitude towards science (Piburn & Baker, 1993). On the
other hand, academic motivation is guided by expectations for behavior that produced by
self concept (Stipek, 1996). Achievement and attitude are directly affected by academic
motivation which effects leaning directly (Simpson & Oliver, 1990). Simpson and
Oliver (1990) supported the relationships between science self concept and academic

motivation to achievement.

Another component that constitutes attitude towards science is science
enjoyment and defined as the gladness and happiness students feel resulting their
experiences in science (Cavallo & Laubach, 2001). In many study, it was stated that
science enjoyment was related to type of instruction experienced by them (Fouts &
Myers, 1992; Freedman, 1997; Gallagher, 1994; Ledbetter, 1993). Freedman (1997)
conducted a study which involves an experimental group and a control group. In
experimental group, laboratory activities were used, whereas in control group there was
no laboratory activities. It was found that the students in experimental group showed a
higher level of involvement and they enjoy their science class more compared with
control group whose students did not receive laboratory instruction. In addition, it was
stated that students showed positive attitudes toward doing science and learn more in

inquiry-based classes (Ledbetter, 1993).

It was found that students in classrooms using the learning cycle had more
positive attitudes towards science and science instruction than other approaches usually
identified as traditional (Lawson, Abraham, & Renner; 1989). Moreover, it was stated
that students in learning cycle group had more positive attitudes towards laboratory
work, scored higher in laboratory exam, and were not likely to withdraw from the course

(Campel, 1997).

Lack of anxiety, defined as students positive comfort level when pursuing
science, can be sated other component of attitude towards science (Cavallo & Laubach,

2001). Atwater, Gardner, and Wiggins (1995) stated that students with high anxiety
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toward science had low attitude towards science. On the other hand, students who were
less stressed or anxious about doing science had high attitude toward science and their

achievement level were high.

Some studies such as activity-based practical work (Thompson & Soyibo, 2002),
learning cycle classes (Cavallo & Laubach, 2001-1), formally teaching ethical issues
(Choi & Cho, 2002) cooperative learning groups (De Baz, 2001), student- and teacher-
constructed self-teaching resources (McManus, Dunn, & Denig, 2003), video
technologies (Escalada & Zollman, 1998), inquiry based summer camps (Gibson &
Chase, 2002), and computer assisted instruction (Soyibo & Hudson, 2000) are the
studies that evaluate attitude change interventions in recent years. Studies that engage
learners in hands on science activities and that stress the relevance of science through
issue based experiences are more successful studies than others (eg., Haussler &

Hoffman, 2002; Perrier & Nsengiyunva, 2003; Siegel & Ranney, 2003).

2.5.2 Motivation

Motivation can be separated into two parts such as intrinsic and extrinsic
motivation. According to Pintrich and Schunk (2002) motivation to engage in an activity
for its own sake defined as intrinsic motivation, whereas motivation to engage in an
activity as a means to an end defined as extrinsic motivation. Students who work on a
task because of its enjoyable manner are intrinsically motivated. On the other hand,
students who work on a task because of desirable outcomes such as a reward, teacher

praise, or avoidance of punishment after completing this task are extrinsically motivated.

There are variety of specific actions can be taken to increase students’ intrinsic
motivation can be stated as explaining or showing why learning of particular content and
skill is important, creating and maintaining curiosity, providing a variety of activities,

providing games and simulations, setting goals for learning, relating learning to students
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need, helping students develop plan of action. On the other hand, actions that increase
students’ extrinsic motivation can be specified as providing clear expectations, giving

corrective feedback, providing valuable reward, making rewards available.

Brophy (1987, p. 205-206) described motivation to learn as “a student tendency
to find academic activities meaningful and worthwhile and to try to derive the intended
academic benefits from them”. Constructs such as arousal, anxiety, interest and curiosity

play important role in the creation of intrinsic motivation.

Arousal plays an important role in initiating and regulating of motivation,
defined as student’s level of alertness and activation (Anderson, 1990). Students who
have much anxiety have a tendency to feel general uneasiness, foreboding, and tension
on something. The constructs interest and curiosity have been used in same meaning in
science education literature. Readiness to pursue a science topic defined as a students’
interest or curiosity (Koballa & Glynn, 2007). Pintrich and Schunk (1997) stated that
activities that present information or ideas differ from their present knowledge or beliefs
and appear surprising and incongruous have potential to reveal students’ interest or

curiosity.

Also, in related literature, it was stated that students’ self determination, goal
directed behavior, self regulation, self-efficacy, teachers expectations influence students’
intrinsic motivation (Koballa & Glynn, 2007).The ability of students to have choices and
some degree of control in what they do and how they do it is defined as self-
determination. (Reeve, Hamm & Nix, 2003). Students are more likely to benefit from
educational activities when they have the opportunity to contribute their designing.
Moreover, it was stated that students who were allowed to organize their own activities
showed greater interest than students who were required to follow rote direction

(Rainey, 1965).
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Goal is defined as a science objective or outcome, and the process of pursuing to
reach that goal is defined goal directed behavior (Pintrich & Schunk, 2002). Researchers
stated that it is beneficial to set goals for students to focus their attention, organize their
efforts, persist longer, and develop new strategies (Covington, 2000; Linnenbrink &

Pintrich, 2002; Locke & Latham, 2002).

Self-Regulation defined as to knowing what to accomplish to learn science,
bringing appropriate strategies to bear and continually monitoring the progress toward
the goals. Students who feel they are in control of their learning increase the likelihood
of their success in future, whereas students who feel they are not in control of their
learning deal with their own limitations and become apathetic about learning science
(Koballa & Glynn, 2007). Bandura (1997) defined self efficacy as “beliefs in one’s
capabilities to organize and execute the courses of action required to produce given

attainments” (p. 3).

As it was stated in the related literature above, the importance of students’ prior
knowledge developed while they experience with the environment and construct their
knowledge expressed by many researchers includes Ausubel (1968), Piaget (1970), and
Karplus (1977) etc. In addition, meaningful learning requires actively linking new
information with prior knowledge. Therefore, having appropriate and scientifically
correct prior knowledge is very crucial to promote meaningful learning. However, some
of the students’ prior knowledge appears students logical, sensible, and valuable while
these concepts may be differing from the definitions accepted by experts and scientific
definitions. In some circumstances, as it was stated above in litreture about
misconceptions, the concepts involve in students prior knowledge are persuasive, stable,
and resistant to change and can not be easily eliminated by traditional methods since
they are not taken into consideration. Learning strategies based on constructivist view
approach students’ prior knowledge as a point of origin of learning since the
constructivism rest on the assumption that knowledge is actively constructed by learner

on the basis of the knowledge that individual already held. Leaning cycle model based
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instruction which is also based on constructivist epistemology is an instructional model
in which conceptual change is facilitated. Therefore, in this study, instruction based on
SE learning cycle was developed to facilitate meaningful learning in state of matter and
solubility concepts. Although state of matter and solubility concepts constitutes one of
the fundamental topics of the chemistry education there are limited studies when the
literature is examined. So, developing teaching methods that deals with students
misconceptions and eliminate these misconceptions about state of matter and solubility
is very necessary. In addition, since affective domains of the students’ recognized as one
of the necessary condition for learning to occur. Therefore, in this study, the instruction
based on 5E learning cycle model is taken into consideration of students affective

domains.
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CHAPTER 3

PROBLEMS AND HYPOTHESES

3.1 The Main Problem and Sub-problems

3.1.1 The Main Problem

1.

What is the effect of instruction based on 5E learning cycle model and gender
on students’ understanding of state of matter and solubility concepts and

students’ attitude toward chemistry as a school subject?

What is the effect of instruction based on 5E learning cycle model and gender
on students’ perceived motivation (Intrinsic Goal Orientation, Extrinsic Goal
Orientation, Task Value, Control of Learning Beliefs, Self-Efficacy for

Learning and Performance, Test Anxiety)?

What is the effect of instruction based on 5E learning cycle model and gender
on students’ perceived use of learning strategies (Rehearsal, Elaboration,
Organization, Critical Thinking, Metacognitive Self-Regulation, Time and

Study Environment, Effort Regulation, Peer Learning, Help Seeking)?
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3.1.2 The Sub-problems

1. Is there a significant mean difference between the groups exposed to
instruction based on 5E learning cycle model and traditionally
designed chemistry instruction with respect to students’ understanding
of state and matter and solubility concepts and students’ attitude

toward chemistry as a school subject?

2. Is there a significant mean difference between boys and girls with
respect to students’ understanding of state and matter and solubility

concepts and students’ attitude toward chemistry as a school subject?

3. Is there any interaction between treatment and gender with respect to
students’ understanding of state and matter and solubility concepts and

students’ attitude toward chemistry as a school subject?

4. Is there a significant mean difference between the groups exposed to
instruction based on SE learning cycle model and traditionally
designed chemistry instruction with respect to students’ perceived
motivation (Intrinsic Goal Orientation, Extrinsic Goal Orientation,
Task Value, Control of Learning Beliefs, Self-Efficacy for Learning

and Performance, Test Anxiety)?

5. Is there a significant mean difference between males and females with
respect to students’ perceived motivation (Intrinsic Goal Orientation,
Extrinsic Goal Orientation, Task Value, Control of Learning Beliefs,

Self-Efficacy for Learning and Performance, Test Anxiety)?
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Is there any interaction between treatment and gender with respect to
students’ perceived motivation (Intrinsic Goal Orientation, Extrinsic
Goal Orientation, Task Value, Control of Learning Beliefs, Self-

Efficacy for Learning and Performance, Test Anxiety)?

Is there a significant mean difference between the groups exposed to
instruction based on 5E learning cycle model and traditionally
designed chemistry instruction with respect to students’ perceived use
of learning strategies (Rehearsal, Elaboration, Organization, Critical
Thinking, Metacognitive Self-Regulation, Time and Study
Environment, Effort Regulation, Peer Learning, Help Seeking)?

Is there a significant mean difference between males and females with
respect to students’ perceived use of learning strategies (Rehearsal,
Elaboration, Organization, Critical Thinking, Metacognitive Self-
Regulation, Time and Study Environment, Effort Regulation, Peer

Learning, Help Seeking)?

Is there any interaction between treatment and gender with respect to
students’ perceived use of learning strategies (Rehearsal, Elaboration,
Organization, Critical Thinking, Metacognitive Self-Regulation, Time
and Study Environment, Effort Regulation, Peer Learning, Help
Seeking)?
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3.2 Hypothesis

Hol: There is no significant mean diffrence between the groups exposed to
instruction based on 5E learning cycle model and traditionally designed chemistry
instruction with respect to students’ understanding of state and matter and solubility
concepts and students’ attitude toward chemistry as a school subject in the population of

all the 10™ grade Anatolian High School students in Ankara.

H,2: There is no significant mean difference between boys and girls with respect
to students’ understanding of state and matter and solubility concepts and students’
attitude toward chemistry as a school subject in the population of all the 10" grade

Anatolian High School students in Ankara.

Ho3: There is no interaction between treatment and gender with respect to
students’ understanding of state and matter and solubility concepts and students’ attitude
toward chemistry as a school subject in the population of all the 10" grade Anatolian

High School students in Ankara.

Hq4: There is no significant mean difference between the groups exposed to
instruction based on 5E learning cycle model and traditionally designed chemistry
instruction respect to students’ perceived motivation (Intrinsic Goal Orientation,
Extrinsic Goal Orientation, Task Value, Control of Learning Beliefs, Self-Efficacy for
Learning and Performance, Test Anxiety) in the population of all the 10" grade

Anatolian High School students in Ankara.

H,5: There is no significant mean difference between males and females with
respect to students’ perceived motivation (Intrinsic Goal Orientation, Extrinsic Goal
Orientation, Task Value, Control of Learning Beliefs, Self-Efficacy for Learning and
Performance, Test Anxiety) in the population of all the 10™ grade Anatolian High

School students in Ankara.
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Ho,6: There is no interaction between treatment and gender with respect to
students’ perceived motivation (Intrinsic Goal Orientation, Extrinsic Goal Orientation,
Task Value, Control of Learning Beliefs, Self-Efficacy for Learning and Performance,
Test Anxiety) in the population of all the 10™ grade Anatolian High School students in
Ankara.

H,7: There is no significant mean difference between groups exposed to
instruction based on 5E learning cycle model and traditionally designed chemistry
instruction with respect to students’ perceived use of learning strategies (Rehearsal,
Elaboration, Organization, Critical Thinking, Metacognitive Self-Regulation, Time and
Study Environment, Effort Regulation, Peer Learning, Help Seeking) in the population
of all the 10™ grade Anatolian High School students in Ankara.

H,8: There is no significant mean difference between males and females with
respect to students’ perceived use of learning strategies (Rehearsal, Elaboration,
Organization, Critical Thinking, Metacognitive Self-Regulation, Time and Study
Environment, Effort Regulation, Peer Learning, Help Seeking) in the population of all
the 10™ grade Anatolian High School students in Ankara.

Ho9: There is no interaction between treatment and gender with respect to
students’ perceived use of learning strategies (Rehearsal, Elaboration, Organization,
Critical Thinking, Metacognitive Self-Regulation, Time and Study Environment, Effort
Regulation, Peer Learning, Help Seeking) in the population of all the 10® grade
Anatolian High School students in Ankara.
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CHAPTER 4

DESIGN OF THE STUDY

4.1 The Experimental Design of the Study

Non-equivalent control group design as a part of quasi experimental design was
used in this study (Gay, 1987). Since the school administration already formed the
classes at the beginning of the semester, students were not randomly assigned to
experimental and control groups. However, two of the classes from same school were
randomly assigned as control groups (CG) and two of the classes in the same school

were randomly assigned as experimental groups (EG). Table 4.1 presents the design of
the study.

Table 4.1 Research Design of the Study

Groups Pre-test Treatment Post-test
Experimental Groups (EG) SMSCT SEIM SMSCT
MSLQ MSLQ
ASTC ASTC
SPST
Control Groups (CG) SMSCT ™ SMSCT
MSLQ MSLQ
ASTC ASTC
SPST
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The meanings of the abbreviations in the table are presented below:
SMSCT: State of Matter and Solubility Concept Test

MSLQ: Motivated Strategies for Learning Questionnaire

ASTC: Attitude Scale toward Chemistry

SPST: Science Process Skill Test

SEIM: Instruction based on 5E Learning Cycle Model

TM: Instruction based on Traditional Methods

4.2 Population and Subjects

All tenth grade students in Ankara which is the capital city of Turkey were
identified as the target population of the study. However, since it is not easy to contact
with this target population, it is coherent to define an accessible population. All tenth
grade students in Cankaya which is one of the districts in Ankara were defined as

accessible population. The results of this study will be generalized to this population.

Atatiirk Anatolian High School was chosen from the schools in Cankaya district.
Four classes of chemistry course were selected randomly from the 12 possible classes in
Atatiirk Anatolian High School. Since the classes were formed at the beginning of the
semester by school administration, it was not possible to assign students randomly to
both experimental and control group. However, the classes were randomly assigned as
control and experimental group. 119 tenth grade students that involve 69 male and 50
female students participated this study. Students ages ranged from 15 to 16 years old.
The experimental groups in which instruction based on 5E learning cycle model was
implemented consisted of 59 tenth grade students while the control groups in which
instruction based on traditional methods was implemented consisted of 60 grade

students.
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4.3 Variables

4.3.1 Independent Variables

The independent variables of this study were types of instruction methods which
were instruction based on traditional method and instruction based on 5E instructional

model and gender.

4.3.2 Dependent Variables

The dependent variables of this study were identified as; students’ understating
of state of matter and solubility concept, students’ attitudes toward chemistry as a school
subject. In addition, students’ intrinsic goal orientation, extrinsic goal orientation, task
value, control of learning beliefs, self-efficacy for learning and performance, test
anxiety, rehearsal, elaboration, organization, critical thinking, metacognitive
selfregulation, time and study environment, effort regulation, peer learning, and help
seeking measured by the MSLQ defined as the other dependent variables. In the MSLQ,
the motivation section consists of intrinsic goal orientation, extrinsic goal orientation,
task value, control of learning beliefs, self -efficacy for learning and performance, and
test anxiety constructs whereas the learning strategies section consists of rehearsal,
elaboration, organization, critical thinking, metacognitive self-regulation, time and study
environment, effort regulation, peer learning, and help seeking constructs. For the sake
of simplicity, tames of the sections which are motivation sections and learning strategies
sections were stated as the dependent variables instead of the great number of variables.

In fact, 18 variables were identified as dependent variables in this study.

4.4 Instruments

The classes in the school were already formed by school administration at the
beginning of the semester. Therefore, the random assignment of the individuals to the

experimental and control groups was not possible. So, SPST and SMSCT were
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administered to both groups to control the preexisting differences in groups. Since
preventing the possibility of any differences that can result from the nature of groups,
science process skills of the students and achievement of the students in both groups
were defined as covariates. SMSCT was also administered to both groups to evaluate
students’ achievements on state of matter and solubility concept after the treatment. In
addition, MSLQ was administered as pretest and posttest to both groups to assess the
differences on motivational constructs of students. Moreover, ASTC was administered

to both groups before and after the treatment.

4.4.1 State of Matter and Solubility Concept Test

This test consisted of 20 multiple choice and 2 open-ended questions, five of
them taken from literature (Mulford & Robinson, 2002; Ebbing & Gommon, 2005), and
the rest of the questions were developed by researcher by examining related literature,
textbooks (ex: Ebbing & Gommon, 2005) and several test books (see Appendix B). The
test includes State of Matter which include solid and liquids, phase transitions, boiling
point and melting point, heat of phase transition subtopics; Solubility which include
solubility and the solution process, colligative properties of solutions, boiling point
elevation and freezing point depression subtopics. The multiple choice items in the test
included one correct answer and three or four distracters that reflected students’
probable alternative conceptions identified in the related literature and during interview
sessions. During the development stage of the test, firstly, the alternative conceptions of
the students about State of Matter and Solubility concepts were determined from the
related literature (Piaget and Inhelder, 1974; Osborne & Cosgrove, 1983; Kind, 2004;
Driver, 1993; Stavy, 1990; Bodner, 1991; Mulford & Robinson, 2002; Andersson, 1992;
Kokkotas, Vlachos, & Koulaidis, 1998; Krnel, Watson, and Glazar, 1998; Blanco and
Prieto,1997; Kabapinar, 2004; Ebenezer and Ericson, 1996) and during interview
sessions. During the test development, which constituted qualitative part of the study,

instructional objectives related to the State of Matter and Solutions were developed with
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respect to national curriculum. Then, related literature about the alternative conceptions
of chemical reactions and energy concepts were examined, finally interviews were
conducted with teachers to investigate teachers’ opinions about alternative conceptions
of students. Each question in the test was corresponded at least one alternative
conception, identified as a result of both reviews of related literature and teachers’
interviews, specified in table of alternative conceptions (see Appendix A) about state of
matter and solubility concepts concepts, might used as evidence for test validity.
Moreover, to establish face and content validity, the prepared test was examined by two
chemistry professors, a professor who is specialist in chemistry education, two research
assistant from chemistry education department, and two chemistry teachers. Their
recommendations were taken into account; corrections were done with respect to their
feedbacks. In addition to these, two high school chemistry teachers checked this test
with respect to its grammatical and understandable aspects. Before using of this test in
its actual aim, a pilot test was conducted to evaluate its reliability and validity aspects.

Cronbach-alpha reliability of the pilot scores was found 0,673.

4.4.2 Motivated Strategies for Learning Questionnaire (MSLQ)

This questionnaire is a self-report instrument developed by Pintrich, Smith,
Garci, and McKeachie (1991) to assess college students’ motivational orientations and
their use of different learning strategies for a college course. A motivation section and a
learning strategies section were defined as two sections of MSLQ. The first part of this
scale is the motivation section. Three general motivational constructs are proposed based
on general social-cognitive model of motivation in motivational scales and also this
scale (Pintrich, Smith, Garcia, & McKeachie, 1993). These were stated as (1)
expectancy, (2) value; (3) affect. The expectancy related subscales were consisted of
students’ (a) perceptions of self efficacy and students’ (b) control beliefs for learning.
Why students engage in an academic task is focused in value components which

subscales defined as (a) intrinsic goal orientation is focus on learning and mastery, (b)
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extrinsic goal orientation is focus on grades and approval from others, (c) task value
beliefs is judgments of how interesting, useful, and important the course content. The
third general motivational construct was stated as affect which has been identified with
respect to responses to the test anxiety scale (Pintrich, Smith, Garcia, & McKeachie,

1993).

The second part of the questionnaire is learning strategies section based on a
general cognitive model of learning and information processing (Pintrich, Smith, Garcia,
and McKeachie, 1993). (1) Cognitive which consist of rehearsal, elaboration,
organization, and critical thinking constructs; (2) metacognitive which involve
metacognitive self-regulation construct, (3) resource management which consist of time
and study environment, effort regulation, peer learning and help seeking constructs are

stated as three general types of scale.

MSLQ is a seven point Likert scale from “not at all true of me” to “very true of
me” concerning above aspects of students’ learning. This instrument is originally
developed in English.Confirmatory factor analysis was conducted and fit statistics for
the English version of the questionnaire was calculated for motivation section consist of
31 items (n=356) by Pintrich, Smith, Garcia, and McKeachie (1993). It was stated that if
the y*/df ratio is less than 5 is considered to be indicative of a good fit between the
observed and reproduced correlation matrices (Hayduk, 1987). The model that proposed
for confirmatory factor analysis generated a y*/df = 3.49. A GFI and AGFI index values
above 0.9 and SRMR and RMSA index values below 0.5 indicate that the model “fits”
the input data well (Steiger, 1990). The model yielded a GFI of 0.77, an AGFI of 0.73,
and an RMR of 0.07. These indices indicated that they are not acceptable limits.
However, when it is thought that motivational attitudes may differ depending upon
course characteristics, teacher characteristics, and individual student characteristics, it
can be concluded that these values are quite reasonable (Pintrich, Garcia, & McKeachie,

1991).
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Sungur (2004) translated and adapted into Turkish. Sungur (2004) carried out
confirmatory factor analysis using LISREL with six factors for 31 motivation items to
assess the fit with the participation of 319 tenth grade and 169 eleventh grade students.
These factors were Intrinsic Goal Orientation, Extrinsic Goal Orientation, Task Values,
Control of Learning Beliefs, Self-Efficacy for Learning and Performance, and Test
Anxiety. The fit indices for the Turkish version calculated as: y*/df = 5.3, GFI = 0.77
and RMR = 0.11 by Sungur (2004). When these values are compared with the indices
for English version, it can be said that these values are acceptable. However, both
English and Turkish version does not yield appropriate and ideal fit indices. Fit indices

of Turkish and English version of the MSLQ’s motivation section in Table 4.2.

Table 4.2 Comparison of fit indices for Turkish version and English version of MSLQ’s

motivation section (50 items)

N (sample size) y/df GFI RMR
ENG 356 3.49 0.77 0.07
TUR 488 53 0.77 0.11

In this study, the Turkish version of MSLQ translated by Sungur (2004) was
used with minor changes (see Appendix C). Pilot study was conducted by using 159
tenth grade students enrolled in Anatolian High School. The questionnaire was
administered to entire classes at one time. Students were warned not to discuss their
responses to other students, and respond as accurate as possible. SPSS was used to
calculate the reliability coefficients. Reliability coefficients (Cronbach alphas) were also
calculated for English version, Turkish version, and current (applied) version of the
questionnaire. Table 4.3 presents these Cronbach alpha values for motivation section’s

constructs of MSLQ.

Table 4.3: Reliability Coefficients

N(sample size) 1IGO EGO TV CLB SELP TA

ENG 356 0.74  0.62 0.90 0.68 0.93 0.80
TUR(Sungur’s) 488 0.73  0.54 0.87 0.62 0.89 0.62
TUR (current) 159 0.71 0.56 0.84 0.63 0.86 0.68
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Confirmatory factor analysis was also conducted for English version of
questionnaire’s learning strategy section that consist of 31 items regarding students’ use
of different cognitive and metacognitive strategies such as; Rehearsal, Elaboration,
Organization, Critical Thinking, Metacognitive Self —Regulation and 19 items
concerning student management of different resources such as; Time and Study
Environment, Effort Regulation, Peer Learning, Help Seeking. The fit indices for the
Turkish version’s learning strategy section yielded as: y*/df = 2.26, GFI = 0.78 and
RMR = 0.08 (Pintrich, Smith, Garcia, and McKeachie, 1993). On the other hand, Sungur
(2004) also calculated the fit indices for the Turkish version’s learning strategy section.
The indices were found as: y*/df = 4.5, GFI = 0.71 and RMR = 0.08. When the values of
fit indices for Turkish version and English version of the test, it was concluded that the
Turkish version of the test yielded reasonable values of fit indices and it was decided not
to made any modifications. Fit indices of Turkish and English version of the MSLQ’s

learning strategy section in Table 4.4.

Table 4.4 Comparison of fit indices for Turkish version and English version of MSLQ’s

learning strategy section (50 items)

N (sample size) y’/df GFI RMR
ENG 356 2.26 0.78 0.08
TUR 488 4.5 0.71 0.08

Table 4.5 presents these Cronbach alpha values for learning strategy section’s

constructs of MSLQ.

Table 4.5 Reliability Coefficients

N R E O CT MSR TSE ER PL HS

ENG 356 069 076 0.64 080 0.79 0.76 0.69 0.76 0.52
TUR(Sungur’s) 488 073 0.78 0.71 0.81 0.81 0.73 0.62 0.61 0.57
TUR (current) 159 071 071 0.66 0.82 0.79 0.74 0.70 0.66 0.55
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The Turkish version of MSLQ that was translated by Sungur (2004) was used in
the current study with minor changes to investigate the effect of SE learning cycle model

on students’ motivation, and learning strategies.

4.4.3 Attitude Scale Toward Chemistry (ASTC)

This scale was developed by Geban et al. (1994) to measure students’ attitudes
toward chemistry as a school subject. This scale consisted of 15 items in 5-point likert
type scale in which each item expresses agreement or disagreement (strongly agree,
agree undecided, disagree, and strongly disagree). The reliability was found to be 0.83.
This test was given to students in both groups before and after the treatment (see

Appendix D).

4.4.4 Science Process Skill Test (SPST)

The test was developed by Okey, Wise and Burns (1982). This test consisted of
36 four-alternative multiple choice questions. It was translated and adopted into Turkish
by Geban, Askar, and Ozkan (1992). The reliability of the test was found to be 0, 85.
Since the reliability of instrument is above 0.80, it was decided to use this instrument.
This test includes five subsets designed to measure the different aspects of science
process skills. These are identifying variables, identifying and stating hypothesis,
defining operationally, designing investigations, graphing and interpreting data. This test
was given the students in both experimental and control group before the treatment (see

Appendix E).

4.5 Procedures

The ERIC, Social Science Citation Index, and Dissertation Abstracts
International databases were searched by using the keywords that researcher identified
(Frankel & Wallen, 2001). In addition, national database in YOK were searched with

respect to these keywords. Moreover, several national journals such as Hacettepe
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Universitesi Egitim Fakiiltesi Dergisi, Egitim ve Bilim Dergisi,, and Milli egitim Dergisi
were searched. Furthermore, Yahoo, Google, and Altavista search engines were used
periodically. The keywords that was used to search these engines are; traditional
teaching and learning, learning theories, constructivism, learning cycle, SE Instructional
Model, 5E learning cycle Model, 3E learning cycle, 3E learning cycle model, 7E
learning cycle model, cognitive conflict, conceptual change approach, conceptual
change models, misconception, alternative conceptions, conception, concept, state of
matter, freezing point, melting point, phase diagrams, solid and liquids, evaporation,
particulate nature of matter, solubility, dissolving, saturated solutions, concentration,
demonstration, video animations in chemistry concepts, hands-on activities, laboratory
activities, discussion, attitude, motivation, science process skill, MSLQ, metacognition,

self-efficacy, self-regulation.

4.6 Activities

Demonstrations, laboratory activities, and hands on activities were developed to
use in the phases of 5E learning cycle model. The main purpose of these demonstrations,
laboratory activities, and hands on activities was to remediate students’ misconceptions
obtained from the literature review and student interviews before the study. These
activities were designed to expose students’ misconceptions and their prior knowledge.
In addition, these activities were also carried out to help students to realize these
conceptions’ deficiencies and inadequacies to explain some conceptions. Moreover,
remediation of these misconceptions was the other aim of these activities. Activities that
were developed for this study displays some different purposes with respect to stages of
SE learning cycle model they were applied. Some of these activities were used in
engagement stage of SE learning cycle model to promote curiosity and elicit students’
prior knowledge. The activities used in engagement stage made some connections
between students’ past and present learning experiences, expose prior conceptions, and
organize students thinking toward the learning outcomes of current activities. Some

activities used in exploration stage facilitate conceptual change. These activities help
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students to use their prior knowledge to generate new ideas, explore questions and
possibilities, and conduct a preliminary investigation. Activities that are used in
explanation phase provided opportunities to students to demonstrate their conceptual
understanding, process skills, or behaviors. The activities used in elaboration stage were
the new experiences for students to help them to develop deeper and broader
understanding, more information, and adequate skills. The activities were used in
evaluation phase provides students opportunities to assess their understanding and
abilities. And, these activities were also used by teacher to evaluate students’ progress
toward achieving the educational objectives (Bybee et al., 2006). Students’ grade level
and students’ prior knowledge were taken into consideration during the process of
designing these activities. Activities were developed with respect to students’ ability
levels to conduct them and appropriateness of the content. Two chemistry teachers, a
professor who is specialist in chemistry education, and two research assistant in
chemistry education field examined these activities with respect to their appropriateness
of the students’ grade level and the state of matter and solubility content. Their views

also had taken into consideration before the activities conducted.

4.7 Methods

State of matter and solubility concepts were taught to students in experimental
group by using 5E learning cycle model (SEIM) while traditional method was used to
teach state of matter and solubility concepts in control group. One teacher participated to
the study. Two experimental groups and two control groups were instructed by the same
teacher. The traditional method that was used in control groups consist of lecture and
discussion method to teach state of matter and solubility concepts where students were
passive listeners. The students were instructed with respect to teaching strategies that are
relied on teacher explanation and textbooks without considerations of students’
alternative conceptions. SE learning cycle model was used to teach state of matter and
solubility in experimental groups. In this method, the instruction was designed with

respect to SE learning cycle model to help students realize that some of their
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preconceptions are wrong and help them to remedy these misconceptions by embedding
some kind of activities such demonstrations, hands-on activities, laboratory activities in
certain phases of 5E learning cycle model. In addition, instruction was designed to
maximize student active involvement in the learning process. Moreover, the state of
matter and solubility concepts were instructed in both experimental and control group

two hours a week, over 6 weeks period (12 consecutive chemistry lessons).

4.8 Treatment (Research Methodology)

It was stated that semi-structured interviews are flexible and allow researcher to
ask new questions during the interview as a result of what the interviewee says and
interviews are carried out based on several questions to get specific answers on
respondents. Therefore high school chemistry teachers and several prospective teachers
were interviewed whether they have observed any misconceptions about state of matter
and solubility during their chemistry teaching session to students. The list of
misconceptions was formed about state of matter and solubility concepts with respect to
related literature and interview sessions of 10™ grade students, prospective chemistry
teachers, and chemistry teachers. And, this list was given to teacher who implemented
teaching in control groups and experimental groups of the study. Before the instruction,
the teacher was trained about how to implement 5E learning cycle model based
instruction in experimental groups. The teacher was trained about three hours. In this
training, the teacher was informed about constructivist learning strategies, how to
implement lesson that was design based on 5E learning cycle model, and in which stage
the activities will be performed. In addition, the teacher was also informed how to
administer the SMSCT. The experimental and control groups were determined by
assigning randomly two of the chemistry classes as experimental groups and two of the
classes as control groups. Students in the control groups were instructed by receiving
materials and assignments based on traditional method and students in experimental
group were instructed by receiving instruction based on 5E learning cycle model. State

of matter and solubility concepts were taught to both groups in coherence with the
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schools curriculum. SPST, MSLQ, SMSCT, and ASTC were administered to both
experimental and control groups to determine whether there was any difference between
two groups with respect to understanding of state of matter and solubility concept,
students’ motivational constructs, students’ science process skills, and their attitudes
towards chemistry as a school subject. In the control groups, the teacher used
lecture/discussion method to teach state of matter and solubility concepts. The students
were instructed with respect to teaching strategies that are relied on teacher explanation
and textbooks without considerations of students’ alternative conceptions. Before the
lessons, reading the related topics in the textbooks on their own was offered to the
students. The definitions of the concepts and chemical reactions were written to the
chalkboard and worksheets were passed out for students to complete. The main
underlying principle was that the whole knowledge about the subject was known only by
teacher and it is the teacher’s responsibility to transfer that knowledge as fact to
students. After teacher’s explanations of concepts, discussion environment was directed
by teacher’s questions to discuss some concepts that were not understood completely by
students. The worksheets involved some practice activities, open-ended questions to
reinforce the concepts presented in the classroom sessions. In the experimental groups,
the alternative conceptions were taken into account and the plausibility of scientific
conceptions was provided. In addition, instruction was designed to maximize student
active involvement in the learning process. The SE learning cycle model consists of five
phases: Engagement, Exploration, Explanation, Elaboration, and Evaluation. In the first
phase (1) of this model (engagement) activities were used to make connections to past
experiences and expose students’ misconceptions. In this phase, the teacher started the
lecture with inquiry questions with respect to the list of alternative conceptions to
activate students’ prior knowledge and misconceptions and promote the interaction in
class. Teacher attempted to create a discussion environment and tried to explore
students’ inappropriate conceptions about the related concepts with these questions. The
teacher took some notes about the responses and used these answers (both the correct
and incorrect) in the class discussions. Teacher acted as a guide in this discussion and

directed students to understand their conceptions were not sufficient to explain some
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phenomena. In other words, students were puzzled and actively motivated by these
discussions. Disequilibrium was created in this phase. In the exploration phase (2),
activities were designed for students to acquire concrete experiences upon which
concepts, processes, and skills formulated. Bybee et al. (2006) stated this phase should
consist of concrete and hands-on activities. Therefore, demonstrations, hands-on
activities, and laboratory activities were used in this phase. These activities had
conducted by teacher before they were conducted in class to confirm whether it works
and some questions prepared to attract students’ attention. Some of these activities were
about phase changes, melting point and boiling point, colorimeter, vapour pressure,
dissolving of NaCl in water, unsaturated solutions, saturated solutions, supersaturated
solutions, and boiling point elevation and freezing point depression. Students were
actively involved mentally and physically in the activity. These activities helped
students to establish relationships, observe patterns, identify variables and question
events. Teacher behaved as a facilitator and coach in this phase. The activities initiated
by the teacher. Moreover, the teacher supplied sufficient time and opportunity to
students for investigating objects and materials. The process of equilibration is initiated
in exploration phase (Bybee et al., 2006). In the exploration (3) phase, students attention
was directed to specific aspects of the engagement and exploration experiences. First,
teacher gave opportunities to students to explain their opinions and ideas. Second,
scientific and technological explanations are introduced in a direct, explicit, and formal
manner. The experiences that are acquired in exploration phase were ordered in this
phase. Teacher’s explanations and the experiences that were gained in engagement and
exploration phase were clearly connected by the teacher. In addition, video animations
such as changes of state, solution formation by dilution, dissolution of NaCl in water,
solution formation from a solid were used to present concepts and skills briefly, simply,
clearly, and directly. In other words, the teacher explained phenomena and concepts
related to state of matter and solubility in an interactive, direct, simple, and clear way in
order to made students to aware some fundamental concepts about state of matter and
solubility concepts. In the elaboration phase (4), students were involved further

experiences to extent or elaborate the concepts, processes, or skills. The activities that
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were used in this phases were closely related to activities that were presented in
exploration phase, but they were completely based on new situation. Teacher gave
students time to deal with these activities and also created discussion environment based
on these activities. As in the exploration phase, these activities were some laboratory
activities, hands-on activities, demonstrations, or discussion of an event. Students
defended and presented their ideas and approaches on new situation. Students found
opportunities to gain information from each other, the teacher, and activities they
conducted during the discussion sessions. The tasks, information bases, and possible
strategies were also elaborated as a result of participation in the group’s discussion
(Champagne, 1987). In addition, this discussion gave students opportunities to receive
feedbacks from other students who are very close to their own level of understanding.
Furthermore, it was observed that students generalized the concepts, processes, and
skills in this phase. The last phase of the 5E instructional model is evaluation phase (5).
In this phase, teacher gave students opportunities to evaluate their understanding and
skills that they acquired during previous phases. In addition, students received feedback
about their understanding and skills. The educational outcomes and misconceptions that
were identified at the beginning of the instruction were assessed with formal evaluation
after the elaboration phase. Moreover, concept maps were used as a tool to evaluate
students’ understanding and skills about state of matter and solubility concepts. At the
end of the treatment, SMSCT, MSLQ, and ASTC were administered to both
experimental and control groups. The correlation between students’ midterm
examination results and students’ scores on SMSCT was very high as expected. The
Pearson correlation coefficient found 0.914. The results were investigated deeply in next

chapter.

4.9 Treatment Fidelity and Treatment Verification

Treatment fidelity provide researcher to ensure that another factor except
treatment is not responsible the difference in the dependent variable before study is

conducted (Borrelli et al., 2005; Detrich, 1999; Hennessey & Rumrill, 2003). A criterion
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list that explains the methods for both EGs and CGs was formed. This criterion list
involved not only what should be required in both EGs and CGs but also involved what
should not be required in the methods implemented in both EGs and CGs. In the next
step to ensure treatment fidelity, a lesson plan that integrated with the criterion list and
objectives of the lesson was prepared. One chemistry professor, one chemistry education
professor, two research assistant from chemistry education department, and two teachers
reviewed the activities (see Appendix F) and the instruments whether they were
appropriate for the purpose of the study. Their feedbacks were taken into consideration.
The last step to ensure treatment fidelity was to train the teacher with respect to lesson

plan and activities that implemented in both EGs and CGs.

Treatment verification provides researcher to ensure that treatment was
implemented as defined in the study (Shaver, 1983). An observation checklist that
consisted of 15 items with 5 point Likert type scale (Excellent, Above Average,
Average, Below Average, Poor) was formed. Researcher and a research assistant from
chemistry education rated this checklist. The minimum criterion was determined as al
least 75% of the items were expected to be marked as average or above to say that the
treatment was implemented as intended. Moreover, teacher and some students were
interviewed to evaluate whether the treatment was implemented as expected. The
interviews confirmed the checklist results which indicated that treatment was done as it

was expected.

4.10 Ethical Concerns

This study does not cause any physical or psychological harm, discomfort, or
danger that may arise due to research procedures. The proposal of the study, the
instruments that used in this study and the lesson plans that implemented in both
experimental group and control group were examined by ethic committee that
constituted five professors from education faculty to assess whether there is possible

harm to participants. This committee approved my study with respect to ethical issues.
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Moreover, names of the subjects were removed from the all instruments by assigning
numbers to each form to ensure confidentiality. Furthermore, no one else except

researcher had a chance to reach or access data.

4.11 Threats to Internal Validity

Internal validity means independent variables, not some other unintended
variables, directly explain the observed differences on the dependent variable (Frankel &
Wallen, 2001). Therefore, it is very crucial to control internal validity threats in a study.
Frankel and Wallen (2001) identified internal validity threats as subject characteristics,
mortality, location, instrumentation, testing, history, maturation, attitude of subjects,

regression and implementation.

Subject characteristic threat treat defined as the possibility of difference between
individual in the sample with respect to such as their age, intelligence, previous
knowledge about specific subject matter, science process skills etc (Frankel & Wallen,
2001). In this study, students’ previous achievement and students’ science process skills
in both EGs and CGs were assessed at the beginning of the study. And, these variables
used as covariate to minimize the prior differences that may effect observed differences
on post test at the end of the study. In addition, all the students in both EGs and CGs
were the same grade level and almost the same age (15-16 years old). However, since
the students were not randomly assigned to both EGs and CGs other subject

characteristics may correlate with dependent variable.
There was not any missing subject in both pre-tests and post tests in this study. In

addition, all individuals answered all of the items. Therefore the mortality effect which

means lose of subject during the study was controlled.
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Since students received both tests and instruction in their regular classes at
school, location threat which means the possibility of effects of locations on students’

responds was controlled.

Since the instruments that were used in this study were designed as multiple
choice format (SPST, SMSCT) and Likert scale (ASTC, MSLQ), instrumentation decay
threat which means that changing the nature of the instruments construct and scoring
was not a problem for this study. In addition, data collection characteristics threat was
defined as the nature of data may be affected by data gatherers characteristics such as
their gender, age ethnicity, language patterns etc (Frankel & Wallen, 2001). Same data
collector (the teacher) was used to administer the instruments in both EGs and CGs to
overcome this threat. The teacher was informed how to administer the instruments and
trained with respect to standard procedures of test administration in order to control data
collector bias threat. These procedures were taken from the procedures that implement in

Student University Placement Examination (OSS) in Turkey.

The improvement of students in post tests may due to the pre-test that was
administered at the beginning of the instruction and alerted students about the post test.
This effect is defined as testing threat. This can also be one of the reasons of the
improvement on dependent variables. In order to control this threat, sufficient time

(seven weeks) was allowed for desensitization.

The researcher interviewed with students and teacher during the administration
of instruments and during the intervention of the study to understand whether there is
any extraordinary event that affect students’ performance. The unanticipated and
unplanned events that affect the responses of subjects is defined as history threat. The
researcher concluded that there was not any extraordinary, unanticipated, and unplanned
event during the administration of instruments and implementation of treatment.

Therefore, it can be said that the history threat controlled.
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Passing of time during intervention may affect dependent variable rather than to
intervention itself. This effect defined as maturation threat. In this study, all the students
were at the same and age level. In addition, the administration of tests and the
interventions in both EGs and CGs were done in the students’ regular classrooms at the

same time. Therefore, the maturation threat was under control.

Subjects’ views about a can create threat to internal validity. This effect is
generally defined as attitude of subject threat. In order to reduce the risk of this threat,
students were believed that the treatment that was applied in experimental group was not
a novel situation and it was just a regular part of instruction. Both EGs and the CGs

received materials differing in philosophy.

Since the students were not selected with respect to their low and high scores,
there was no regression threat. Also, students’ pre-test achievement scores were used as

covariate.

The experimental group may be treated in ways that are unintended and not a
necessary part of the intervention. So, this may give an advantage to students in
experimental groups. This effect is defined as implementation effect. In this study, since
one teacher implemented the instruction in both EGs and CGs, the teacher’s quality was
not differing in groups. In addition, in order to eliminate this threat, teacher was trained
about what should be done and what should not be done in both EGs and CGs.
Moreover, the EGs and CGs were observed whether the interventions in both of groups

were done as intended.

4.12 Assumptions

1. Tt is assumed that the teacher was no biased during the treatments.
2. It is assumed that students in control groups were not affected by students in

experimental group.

98



3. The instruments were answered seriously and honestly.

4. Standardized conditions were provided during test administrations.

4.13 Limitations

1. This study only covers the “State of Matter and Solubility” unit in chemistry.

2. Random Sampling was not used since the classes had been formed at the
beginning of the semester.

3. The number of individuals from one school, just four classes was low.

4. The instruments were administered to both individuals in groups at the same
time and some activities were required to do cooperatively in class.
Therefore, the assumption of the independent observation in MANOVA may
be violated.

5. Fit indices that were obtain from Confirmatory Factor Analysis results were
not at the acceptable limits. Since the original English version’s results were
nearly the same, it can be said they are reasonable. However, the results

should be interpreted cautiously.
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CHAPTER 5

RESULTS AND COCLUSIONS

5. 1 Statistical Analysis of Pretest Scores

At the beginning of the study, multiple t-tests were executed with respect to
students’ pretest scores on SMSCT, ASTC, and SPST. In addition, two different One-
Way Multivariate Analysis of Variance (MANOVA) was conducted with respect to
students’ MSLQ scores.

5.1.1 Statistical Analysis of the SMSCT Scores, ASCT Scores, and SPST

Scores (Pre-test)

Prior to treatment, t-test were performed to investigate whether there was a
significant mean difference between the control group and experimental group with
respect to students’ pretest scores on SMSCT. The results revealed that there was no
significant difference between CG and EG in terms of students understanding of state of
matter and solubility concepts, t (117) =-0.519, p > 0.05. While the experimental group
students’ pre-test mean (Xgg) score was 10.06, the control group students’ pre-test mean
score (Xcg) was 9.92. In addition, t-test was conducted to investigate whether there was
a difference between experimental and control group with respect to students’ pretest

scores on ASTC. t-test results revealed that there was no significant mean difference
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between EG and CG with respect to students’ attitudes toward chemistry as a school
subject t (117) = 0.365, p > 0.05. The experimental group students’ and control group
students’ pre-test mean scores are, Xgg = 47.42, Xcg = 47.76, respectively. Moreover,
another t-test was performed to investigate whether there was a significant mean
difference between EG and CG with respect to students’ scores on SPST. It was found
that there was a significant difference between EG and CG groups with respect to
students’ science process skills, t (117) = 0.019, p < 0.05. The EG and CG students’
SPST mean scores were found Xgg = 29.45, Xcg = 28.21. Therefore, it was decided to
use students’ science process skills scores as a covariate in the statistical analyses of the

posttest’s scores in order to control preexisting differences.

5.1.2 Statistical Analysis of the Motivated Strategies for Learning

Questionnaire Scores (Pre-test)

Two MANOVAs that were conducted before the treatment were executed to
determine whether there was a significant mean difference between control and
experimental groups with respect to students’ motivation and learning strategies,
respectively. In other words, first MANOVA was performed to determine whether there
was a significant mean difference between students in the experimental and the control
group with respect to motivation collective dependent variables of students’ Intrinsic
Goal Orientation (IGO), Extrinsic Goal Orientation (EGO), Task Value (TV), Control of
Learning Beliefs (CBL), Self-Efficacy for Learning and Performance (SEL), Test
Anxiety (TA), and second MANOVA was performed to investigate whether there was
significant mean difference between students in the experimental and the control group
with respect to collective dependent variables of Rehearsal (R), Elaboration (E),
Organization (O), Critical Thinking (CT), Metacognitive Self-Regulation (MSR), Time
and Study Environment (TSE), Effort Regulation (ER), Peer Learning (PL), Help
Seeking (HS) before the treatment. Table 5.1 shows the descriptive statistics of the

motivation based dependent variables.
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Table 5.1 Descriptive Statistics with respect to IGO, EGO, TV, CBL, SEL, and TA

Mean Std. Dev Skewness Kurtosis

CG EG CG EG CG EG CG EG

IGO 17.03 1598 4.79 4.06 -0.67 0.00 0.51 -0.28
EGO 2028 20.71  4.92 444  -061 -027 -0.26 -0.29
TV 2936 2745 6.84 541 -0.64 -0.71 0.52 1.03
CBL 2123 19.55 4.77 412 -0.62 -047 033 0.18
SEL 41.28 3645  9.67 8.41 -1.02  -0.18 1.38  -1.01
TA 18.65 20.57 7.05 5.28 0.00 -0.27 -0.58  0.08

Descriptive statistics for the learning strategies based dependent variables that

were gathered from second MANOVA are presented in Table 5.2.

Table 5.2 Descriptive Statistics with respect to R, E, O, CT, MSR, TSE, ER, PL, and HS

Mean Std. Dev Skewness Kurtosis
CG EG CG EG CG EG CG EG
R 15.45 16.7 5.57 3.88 0.13 0.27 -0.79  -0.34
E 25.03  25.03 7.16 6.02 0.00 -1.73  -0.14 -0.22
(0] 15.01 16.81 5.94 4.09 0.31 0.12 -0.76  -0.65

CT 19.55 19.50 6.71 517 -0.12  -026 -0.03 -0.71
MSR  46.65 4896  9.30 7.94 099 -028 098 -041
TSE 34773 3481 599 6.05 -025 052 -0.06 -0.45
ER 1788 17.74 492 334  -0.01 -031 -0.77 -0.61
PL 1131 1223 3.21 3.13 005 -032 084 -0.39
HS 18.05 17.88  3.57 4.48 0.64 -044 080 -0.55

It can be derived from the skewness and kurtosis values that the univariate
normality assumption was met for all dependent variables of two MANOVAs. The
homogeneity of variance and covariance matrices assumption was interpreted by
evaluating the Box’s Test results that gathered both MANOVAs. The results indicated
that Box’s Test is significant for both analyses, F (21, 50317) =2.55, p <0.05 and F (45,
44944) = 1.84, p < 0.05, respectively. It means that homogeneity of variance and

covariance matrices assumption was not met.

MANOVA results with respect to students’ pretest scores on MSLQ were
presented in Table 5.3 and Table 5.4.
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Table 5.3 MANOVA results with respect to dependent variables of 1GO, EGO, TV,
CBL, SEL, and TA

Source Wilk’s Lamda F Significance (p)

Treatment 0.91 1.71 0.124

The results indicated that there was no significant mean difference between
students in the experimental and the control group with respect to motivation based
dependent variables such as IGO, EGO, TV, CBL, SEL, and TA before the treatment. It
means that two groups were not different in terms of their motivation in chemistry at the
beginning of the treatment. In Table 5.1.2.4 the same results can be seen for using of
learning strategies. The results revealed that there was no significant mean difference
between students in experimental and the control group with respect to learning
strategies based dependent variables such as R, E, O, CT, MSR, TSE, ER, PL, HS before

the treatment.

Table 5.4 MANOVA results with respect to dependent variables of R, E, O, CT, MSR,
TSE, ER, PL, and HS

Source Wilk’s Lamda F Significance (p)

Treatment 0.90 1.24 0.27

After the analyses above, it can be stated that students in experimental and
control group were similar with respect to understanding of state of matter and solubility
concepts, their attitude toward chemistry, motivation and learning strategies at the

beginning of the treatment.

5.2 Statistical Analysis of Posttest Scores

Hypotheses that were stated in Chapter III and the statistical analysis of these

hypotheses based on posttest scores are given below:
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Hol: There is no significant mean diffrence between the groups exposed to
instruction based on 5E learning cycle model and traditionally designed chemistry
instruction with respect to students’ understanding of state and matter and solubility
concepts and students’ attitude toward chemistry as a school subject in the population of

all the 10™ grade Anatolian High School students in Ankara.

H,2: There is no significant mean difference between boys and girls with respect
to students’ understanding of state and matter and solubility concepts and students’
attitude toward chemistry as a school subject in the population of all the 10" grade

Anatolian High School students in Ankara.

Ho3: There is no interaction between treatment and gender with respect to
students’ understanding of state and matter and solubility concepts and students’ attitude
toward chemistry as a school subject in the population of all the 10" grade Anatolian

High School students in Ankara.

Two-way MANCOVA where the treatment and gender were independent
variables, students’ understanding of state of matter and solubility concepts (concept
understanding-CU) and students’ attitude scores toward chemistry (attitude toward
chemistry-AC) were dependent variables and students science process skills (SPST) was
used as covariate was executed to analyze the hypotheses above. Table 5.1 shows the
descriptive statistics for the dependent variables across the experimental (n = 59) control
groups (n = 60). In addition, descriptive statistics for the dependent variables across the

gender (50 girls and 69 boys) were presented in Table 5.2.

Table 5.5 Descriptive statistics with respect to CU and AC across experimental and

control groups

Mean Std. Dev Skewness Kurtosis

CG EG CG EG CG EG CG EG

CU 11.96 17.28  2.02 1.96 0.11 -0.54  -058  0.05
AC 4570  50.05 999 11.07 063 -0.19 032 -042
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Table 5.6 Descriptive statistics with respect to CU and AC across gender

Mean Std. Dev Skewness Kurtosis

Boys Girls Boys Girls Boys Girls Boys = Girls
CU 1425 15.09  3.29 335 -0.11 -0.15 -1.40 -1.14
AC 4576 47.14 1128 1243 022 040 -0.24 -0.68

In Table 5.5, it was indicated that experimental group had higher mean scores on
concept understanding and attitude toward chemistry. In a normal distribution, the
degree to which a variable’s scores fall at the beginning or at the ends of variable’s scale
is reflected by skewness value. On the other hand, the thickness of the tail regions of a
distribution is reflected by kurtosis value. The value of skewness and kurtosis is zero in
symmetric distributions. The values displayed in the tables are the tolerable values for
stating that the dependent variables are multivariately normally distributed. The
homogeneity of variance and covariance matrices assumption was interpreted by
evaluating the Box’s Test result. The results indicates that Box’s test is not significant, F
(9, 104807) = 0.58, p = 0.811. So, it means that homogeneity of variance and covariance

matrices assumption is met. The results of the Levene’s test were displayed in Table 5.7.

Table 5.7 Levene’s Test of Equality of Error Variances

F dfl e )
CU 1.671 3 115 0.177
AC 0.458 3 115 0.712

Table 5.7 indicated that homogeneity of variance assumption was met for all
dependent variables. It can be said that the univariate normality assumption and the
homogeneity of variance and covariance matrices assumptions were met with the respect
to the results in these tables. Two-way MANCOVA was performed after the
assumptions were checked. Two-way MANCOVA results with respect to posttest scores
of dependent variables of concept understanding and attitude toward chemistry were

displayed in Table 5.8.
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Table 5.8 MANCOVA results with respect to collective dependent variables of CU and

AC

Source Wilks> Hypothesis Error Multivariate — Sig. Eta Obs.
Lambda df df F (p) Squared Power

Treatment 0.31 2 113 122,69 0.000  0.68 1.00

Gender 0.98 2 113 0.83 0.435 0.01 0.19

SPST 0.72 2 113 21.48 0.000 0.27 1.00

Treatment*Gender  0.99 2 113 0.26 0.491 0.01 0.09

The Wilk’s Lambda of 0.31 is significant, F (2, 113) = 122.69, p < 0.05,
indicating that there was a significant mean difference between the experimental and
control group with respect to understanding state of matter and solubility concepts and
students’ attitude toward chemistry when science process skills is controlled as
covariate. The Eta-squared (%) value based on Wilk’s Lambda was 0.68 which indicated
the difference between experimental and control group was not small. In other words, it
means that 68 % of multivariate variance of the dependent variables was associated with
the treatment. The power value which was found 1.000 indicate that the difference
between experimental and control group arise from the treatment effect and this
difference had the practical value. On the other hand, the Wilk’s Lambda of 0.98 is not
significant for gender, F (2, 113) = 0.83, p > 0.05 which means that there was no
significant mean difference between boys and girls with respect to understanding state of
matter and solubility concepts and students’ attitude toward chemistry. In addition, there
was no interaction between treatment and gender F (2, 113) = 0.26, p > 0.05. However,
the results indicated that there was significant contribution of science process skills on
students’ understanding of state of matter and solubility concepts and students’ attitude

toward science, F (2, 113) =21.48, p < 0.05.
Multiple univariate ANOVAs were conducted in order to determine the effect of

treatment on each dependent variable. The results of the univariate ANOVAs were

presented in Table 5.9.
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Table 5.9 Follow-up Pairwise Comparisons

Source Dependent df F Sig.(p) Eta Observed.
Variable Squared Power
Treatment CU 1 236.32  0.000 0.67 1.000
AC 1 13.61 0.000 0.10 0.955

The univariate ANOV As revealed that there was a statistically significant mean
difference between the groups with respect to understanding of state of matter a
solubility concepts and students’ attitude toward chemistry. Table 5.5 indicates that the
mean scores of experimental group higher than mean scores of control group for both

concept understanding and attitude toward chemistry.

Items in the SMSCT were developed with respect to students’ misconceptions in
state of matter and solubility concepts and the objectives in the curriculum. The items
were also written in terms of levels in Bloom’s taxonomy. The proportions of correct
responses and alternative conceptions were examined by using item analysis for
experimental and control group. The results revealed that whereas the percentages of
correct responses are nearly the same in the questions requiring simple recall, define,
and label for both experimental and control group students, the percentages of correct
responses was higher in the questions requiring interpret, organize, and integrate the
knowledge for experimental group students. For instance, one of the items related to
temperature changes during the phase changes. In this item (item 3) students were asked
to simply to recall whether the temperature changes during phase changes. After the
treatment, 60 % of the students in control group answer this question correctly. The
percentage of the correct answer for this question was nearly the same for students in
experimental group (72.9%). On the other hand, another item related to the relationship
between temperature changes and molar concentrations of saturated solutions (item 12).
Students required integrating their knowledge about saturated solutions with the effect of
temperature on concentration changes of the solutions, and interpreting a graph to
answer this item. The percentage of students who answered this item correctly was

38.3%. In experimental group, 71.2% of the students were answered this item correctly.
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It was realized that students in control group had some difficulties to integrate and infer
their knowledge to answer related questions. This striking difference can be seen in
another item related to molecular appearance of the water in different phases (item 13).
Students in experimental group were better in understanding phase change concepts in
molecular level. After the treatment, while 38.3% of the students in control group
selected the desired answer, 59.3% of the students in experimental group answer this

item correctly.

In addition, the results indicate that treatment has an effect on remediation of
misconceptions. For example, an item was related to students’ misconceptions about
defining the bubbles that form during the boiling process (item 5). Whereas 40% of the
students in control group define these bubbles properly, the percentage of students who
define the bubbles that form during the boiling process was 72.9%. Moreover, 58.3% of
the students in control group held the alternative conception about the ‘condensing water
on the outside surface of a sealed class jar containing ice’, whereas 40.7% of the

students in experimental group held this misconception after the treatment (item 7).

What is more, students in the experimental group used better the relevant
information in adressing the problems, interpret the information, and use the priciples to
solve the problems in anwering the essay type items. For instance, students required to
know some of the principles about the colorimetry to answer one of the essay type
question (item 10). The results revealed that while 56.7% of the students in control
group responded this item correctly, 67,8% of the students in experimental group
answered this item correctly. The percentages of correct responses to the each question

in the posttest for experimental and control group is displayed in Figure 5.1.
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Figure 5.1 Percent Correct versus Post Test Items for EG and CG

5.3 Statistical Analysis of Posttest MSLQ Scores

Ho4: There is no significant mean difference between the groups exposed to
instruction based on 5E learning cycle model and traditionally designed chemistry
instruction respect to students’ perceived motivation (Intrinsic Goal Orientation,
Extrinsic Goal Orientation, Task Value, Control of Learning Beliefs, Self-Efficacy for
Learning and Performance, Test Anxiety) in the population of all the 10" grade

Anatolian High School students in Ankara.

H,5: There is no significant mean difference between males and females with
respect to students’ perceived motivation (Intrinsic Goal Orientation, Extrinsic Goal
Orientation, Task Value, Control of Learning Beliefs, Self-Efficacy for Learning and
Performance, Test Anxiety) in the population of all the 10™ grade Anatolian High

School students in Ankara.
Ho,6: There is no interaction between treatment and gender with respect to

students’ perceived motivation (Intrinsic Goal Orientation, Extrinsic Goal Orientation,

Task Value, Control of Learning Beliefs, Self-Efficacy for Learning and Performance,
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Test Anxiety) in the population of all the 10™ grade Anatolian High School students in
Ankara.

Two-Way Multivariate Analysis of Variance (two-way MANOVA) was
performed to evaluate hypothesis 4, hypothesis 5, and hypothesis 6. Treatment and
gender were used as independent variables and intrinsic goal orientation, extrinsic goal
orientation, task value, control of learning beliefs, self-efficacy for learning and
performance, and test anxiety were used as dependent variables. Table 5.10 and Table
5.11 present descriptive statistics for dependent variables across experimental (n = 59)

and control (n = 60) groups and gender (boys = 69, girls = 50).

Table 5.10 Descriptive statistics with respect to IGO, EGO, TV, CBL, SEL, and TA

across experimental and control groups

Mean Std. Dev Skewness Kurtosis

CG EG CG EG CG EG CG EG

IGO 16.96 18.55 4.59 376 -0.61 -056 038  -0.25
EGO 20.73 2247 435 4.71 -0.78 -055 024  -0.27
TV 2786 30.79 6.79 495  -0.61 0.17 020 -043
CBL 2286 21.67 3.73 340 -027 003 -0.82 -0.78
SEL 40.86 40.71  8.99 966 -1.07 -0.41 0.55 -0.51
TA 20.01  20.77  6.27 5.27 0.11 0.01 -0.32  -0.74

Table 5.11 Descriptive statistics with respect to IGO, EGO, TV, CBL, SEL, and TA

across boys and girls

Mean Std. Dev Skewness Kurtosis

Boys Girls Boys Girls Boys Girls Boys  Girls

IGO 17.24 18.46  4.03 450 046 -1.03 -024 1.52
EGO  21.84 21.26 392 426 -0.66 -0.89 040 0.36
TV 28.81 30.02 5.89 638 -031 -096 0.64 1.29
CBL 2224 2232  3.73 346 -0.15 023 -0.85 -0.90
SEL 40.79 40.78  9.50 999 -084 -0.79 0.34 0.06
TA 21.01 19.54 5.48 6.11 0.23 0.05 -0.64 -0.65
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Table 5.10 revealed that experimental group had highest mean scores on some
dependent variables such as Intrinsic Goal Orientation, Extrinsic Goal Orientation, Task
Value, and Test Anxiety whereas control group had highest mean scores on some
dependent variables such as Control Beliefs about Learning and Self-Efficacy for
Learning. It can be stated from the skewness and kurtosis values that univariate
normality for the individual dependent variables across independent variables
assumption was met. Box’s M test results were evaluated whether the homogeneity of
variance and covariance matrices assumption was provided. Box’s Test result was
nonsignificant. Therefore, it was concluded that the homogeneity of variance and
covariance matrices assumption was met F (63, 25948) = 1.28, p > 0.05. Table 5.12
presents Levene’s Test result to investigate whether each dependent variable has the

same variance across groups.

Table 5.12 Levene’s Test of Equality of Error Variance

F dfl df2 Significance (p)
IGO 0,347 3 115 0,791
EGO 0,746 3 115 0,527
TV 0,986 3 115 0,402
CBL 0,238 3 115 0,869
SEL 0,130 3 115 0,942
TA 1,296 3 115 0,279

Levene’s Test results revealed that homogeneity of variance assumption was met
for all dependent measures of motivation. Two-way MANOVA was performed after
checking the assumptions discussed above. Two-way MANOVA results were displayed
in Table 5.13.
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Table 5.13 MANCOVA results with respect to collective dependent variables of

motivation

Source Wilks> Hypothesis Error Multivariate  Sig. Eta Obs.
Lambda df df F (p) Squared Power

Treatment 0.76 6 110 5.74 0.000  0.23 0.99

Gender 0.92 6 110 1.50 0.185  0.07 0.56

Treatment*Gender  0.94 6 110 0.99 0.430  0.05 0.38

The results revealed that there was a significant mean difference between the
experimental and the control group with respect to dependent variables about
motivation. The Eta-squared (n°) value based on Wilk’s Lambda was 0.23. This value
indicated the difference between experimental and control group was not small. In other
words, it means that 23% of multivariate variance of the dependent variables was
associated with the treatment. The power value which was found 0.99 indicate that the
difference between experimental and control group arise from the treatment effect and
this difference had the practical value. On the other hand, the Wilk’s Lambda of 0.92 is
not significant for gender, F (6, 110) = 1.50, p > 0.05 which means that there was no
significant mean difference between boys and girls with respect to dependent variables
about motivation. In addition, there was no interaction between treatment and gender, F

(6,110)=10.99, p > 0.05.
Multiple univariate ANOVAs were conducted in order to determine the effect of

treatment on each dependent variable. The results of the univariate ANOVAs were

presented in Table 5.14.

112



Table 5.14 Follow-up Pairwise Comparisons

Source Dependent  df F Significance Eta- Observed
Variable (p) Squared Power
Treatment IGO 1 4.22 0.042 0.03 0.53
EGO 1 6.23 0.014 0.05 0.69
TV 1 6.21 0.014 0.05 0.69
CBL 1 2.99 0.086 0.02 0.40
SEL 1 0.10 0.744 0.00 0.06
TA 1 0.60 0.438 0.05 0.12
Gender IGO 1 2.38 0.126 0.02 0.33
EGO 1 0.63 0.429 0.00 0.12
TV 1 1.14 0.288 0.01 0.15
CBL 1 0.01 0.901 0.00 0.05
SEL 1 0.00 0.986 0.00 0.05
TA 1 1.88 0.172 0.01 0.27
Tretament*Gender IGO 1 0.02 0.881 0.00 0.05
EGO 1 0.81 0.370 0.00 0.14
TV 1 0.87 0.351 0.00 0.15
CBL 1 0.08 0.768 0.00 0.06
SEL 1 2.29 0.131 0.02 0.32
TA 1 0.14 0.709 0.00 0.06

The results of the univatiate ANOVAs revealed that there was no significant
mean difference between boys and girls with respect to dependent variables about
motivation. As it can be seen in Table 5.11 the mean scores of boys and girls for each
dependent variable about motivation nearly the same. Girls’ perceived task value mean
scores was higher than boys’ perceived task value mean score, but the difference was
nonsignificant. When the treatment is considered, the results the univariate ANOVAs
revealed that the dependent variables of intrinsic goal orientation, extrinsic goal
orientation, and task value were significant (p < 0.05) indicating that there was a
significant mean difference between experimental and control group with respect to
dependent variables of intrinsic goal orientation, extrinsic goal orientation, and task
value. It can be seen in Table 5.10 that the mean score of perceived intrinsic goal
orientation of students in experimental group was higher than that of the control group
students. It can be said that students in experimental group were more curious about

chemistry, really want to learn chemistry, and challenge the chemistry tasks whatever its
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difficulty degree is. For instance, the statement of “the most satisfying thing for me in
this course is trying to understand the content as thoroughly as possible” (item no: 22)
was rated as 6, 7 that means agreement of this statement by 54.2 % of the students in
experimental group. %38.3 of the students in control group agreed this statement. In
addition, the statement of “in a class like this, I prefer course material that arouses my
curiosity even if it is difficult to learn” (item no: 16) was agreed by 33.8 % of the
students in experimental group (rated 6, 7), whereas the percentage of students that agree
this statement was %21.6. In addition, the mean score of students’ perceived extrinsic
goal orientation in experimental group was higher than that of control group students.
Although there was a significant mean difference between experimental and control
group with respect to students’ perceived extrinsic goal orientation, the percentage of
students that rate as 6, 7 that means to agree to the statements under this construct were
nearly the same for experimental and control groups. For instance, the statement of “the
most important thing for me right now is improving my overall grade point average, so
my main concern in this class is getting a good grade” (item no: 11) was rated as 6, 7
that means agreement of this statement by 55.9% of the students in experimental group.
The percentage of the students that agree this statement in control group was very close
(51.7%) to that of experimental group students. Moreover, students’ perceived task
value in experimental group was higher than that of the control group students. Students
in experimental group tend to perceive chemistry more interesting, more important, and
more useful course. For instance, the statement of “understanding the subject matter of
this course is very important to me” (item no: 27) was rated as 6, 7 that means
agreement of this statement by 61 % of the students in experimental group while 48.4%
of the students in control group agreed this statement. Table 5.15 presents the
percentages of agreement with the selected items for significant dependent variables
such as intrinsic goal orientation, extrinsic goal orientation, and task value across

experimental and control groups.
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Table 5.15 Percentages of responses to selected items of the IGO, EGO the TV scale

Scale Itemno Groups 1(%) 2(%) 3(%) 4(%) 5(%) 6((%) 7(%)

IGO 22 CG 5 5 16.6  21.6 13.3 20.0 18.3
EG 0.0 0.0 5.0 6.7 16.9 20.3 33.8

16 CG 11.6 20.0 16.6 11.6 16.6 11.6 10.0

EG 6.7 10.2 15.2 16.9 16.9 13.5 20.3

EGO 11 CG 1.7 10.0 33 8.3 25.0 21.7  30.0
EG 0.0 1.7 1.7 16.9 23.7 220 339

vV 27 CG 1.7 5.0 5.0 16.7 23.3 26.7  21.7

EG 1.7 3.4 3.4 1.7 28.8 39.0 220

On the other hand, the results of ANOVAs revealed that there was no significant
difference between experimental and control groups with respect to other dependent
variables about motivation such as Control Beliefs about Learning, Self-Efficacy for
Learning, and Test Anxiety. In addition, the results showed that there was no significant
effect of interaction between gender difference and treatment with respect to dependent
variables about motivation such as Intrinsic Goal Orientation, Extrinsic Goal
Orientation, Task Value, Control of Learning Beliefs, Self-Efficacy for Learning and

Performance, Test Anxiety.

H,7: There is no significant mean difference between groups exposed to
instruction based on 5E learning cycle model and traditionally designed chemistry
instruction with respect to students’ perceived use of learning strategies (Rehearsal,
Elaboration, Organization, Critical Thinking, Metacognitive Self-Regulation, Time and
Study Environment, Effort Regulation, Peer Learning, Help Seeking) in the population
of all the 10™ grade Anatolian High School students in Ankara.

H,8: There is no significant mean difference between males and females with
respect to students’ perceived use of learning strategies (Rehearsal, Elaboration,
Organization, Critical Thinking, Metacognitive Self-Regulation, Time and Study
Environment, Effort Regulation, Peer Learning, Help Seeking) in the population of all
the 10" grade Anatolian High School students in Ankara.
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Ho9: There is no interaction between treatment and gender with respect to
students’ perceived use of learning strategies (Rehearsal, Elaboration, Organization,
Critical Thinking, Metacognitive Self-Regulation, Time and Study Environment, Effort
Regulation, Peer Learning, Help Seeking) in the population of all the 10™ grade
Anatolian High School students in Ankara.

Two-Way Multivariate Analysis of Variance (two-way MANOVA) was
performed to evaluate hypothesis 7, hypothesis 8, and hypothesis 9. Treatment and
gender were used as independent variables and rehearsal, elaboration, organization,
critical thinking, metacognitive self-regulation, time and study environment, effort
regulation, peer learning, and help seeking were used as dependent variables. Table 5.16
and Table 5.17 present descriptive statistics for dependent variables across experimental

(n=59) and control (n = 60) groups and gender (boys = 69, girls = 50).

Table 5.16 Descriptive statistics with respect to R, E, O, CT, MSR, TSE, ER, PL, and

HS across experimental and control groups

Mean Std. Dev Skewness Kurtosis

CG EG CG EG CG EG CG EG
R 16.55 16.81 4.84 5.30 0.15 -0.37  -0.75 -0.70
E 25.35 2847  6.07 6.37 -0.20 0.04 -0.44 -0.26
@) 1526 2032 5.13 4.80 0.07 -0.75  -0.57 0.45
CT 19.08 20.28  6.09 6.09 -0.38 0.24 -0.74  -0.40
MSR 4745 4947 1098 1039 -0.03 -020 -0.60 -0.87
TSE 36.63 37.45 8.09 6.63 -0.17  -035 -0.07 0.25
ER 18.16 18.88  4.25 3.52 -0.15 -0.28 -1.05 0.66
PL 1146 1247 2.79 3.02 0.60 -0.10 0.38 -0.12
HS 18.80 19.88  4.50 7.90 -0.15 2.86 -0.30 12.23

Table 5.17 Descriptive statistics with respect to R, E, O, CT,

HS across boys and girls

MSR, TSE, ER, PL, and

Mean Std. Dev Skewness Kurtosis
Boys Girls Boys Girls Boys Girls Boys  Girls
R 1634 17.14 492 5.25 -0.11  -0.19 -043 -1.07
E 2692 26.86 6.04 6.90 -0.13 0.08 0.01 -0.43
0] 17.65 17.94  5.56 5.61 -0.19 -039 -0.62 -0.66
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Table 5.17 cont’d

CT 19.94 1932 5.80 652 -0.12 001 -040 -0.50
MSR 4898 47.72 10.13 11.48 -0.08 -0.12 -045 -1.06
TSE 37.28  36.7 6.37 8.65 009 -041 -0.08 -0.22
ER 18.18 18.98  3.56 434 029 -032 -0.77 -0.29
PL 12.01 119 2.82 3.13 0.12 037 -0.17  -0.09
HS 19.42  19.22  7.35 4.90 324  -0.60 14.88 -0.04

Table 5.16 revealed that experimental group had highest mean scores on all
dependent variables about learning strategy. It can be stated from the skewness and
kurtosis values that univariate normality for the individual dependent variables across
independent variables assumption was met. The skewness and kurtosis values of the
dependent variable of help seeking seem to violate this assumption, but it can be
tolerated. Box’s M test results were evaluated whether the homogeneity of variance and
covariance matrices assumption was provided. Box’s Test result was significant.
Therefore, it was concluded that the homogeneity of variance and covariance matrices
assumption was violated F (135, 24319) = 1.45, p < 0.05. Table 5.18 presents Levene’s
Test result to investigate whether each dependent variable has the same variance across

groups.

Table 5.18 Levene’s Test of Equality of Error Variance

F dfl df2 Significance (p)
R 0.281 3 115 0.839
E 0.393 3 115 0.758
O 0.413 3 115 0.744
CT 0.889 3 115 0.449
MSR 1.014 3 115 0.389
TSE 2.543 3 115 0.060
ER 1.961 3 115 0.124
PL 0.459 3 115 0.711
HS 1.460 3 115 0.229

Levene’s Test results revealed that homogeneity of variance assumption was met

for all dependent measures of motivation. Two-way MANOVA was performed after
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checking the assumptions discussed above. Two-way MANOVA results were displayed
in Table 5.19.

Table 5.19 MANCOVA results with respect to collective dependent variables of

motivation

Source Wilks> Hypothesis Error Multivariate  Sig. Eta Obs.
Lambda df df F (p) Squared Power

Treatment 0.67 9 107 5.64 0.00 0.32 1.00

Gender 0.93 9 107 0.89 0.53 0.07 0.42

Treatment*Gender  0.90 9 107 1.23 0.28 0.09 0.57

The results revealed that there was a significant mean difference between the
experimental and the control group with respect to dependent variables about
motivation. The Eta-squared (n°) value based on Wilk’s Lambda was 0.32. This value
indicated the difference between experimental and control group was not small. In other
words, it means that 32 % of multivariate variance of the dependent variables was
associated with the treatment. The power value which was found 1.00 indicate that the
difference between experimental and control group arise from the treatment effect and
this difference had the practical value. On the other hand, the Wilk’s Lambda of 0.93 is
not significant for gender, F (6, 107) = 0.89, p > 0.05 which means that there was no
significant mean difference between boys and girls with respect to dependent variables
about motivation. In addition, there was no interaction between treatment and gender, F

(6,107)=1.23,p>0.05.
Multiple univariate ANOVAs were conducted in order to determine the effect of

treatment on each dependent variable. The results of the univariate ANOVAs were

presented in Table 5.20.
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Table 5.20 Follow-up Pairwise Comparisons

Source Dependent df F Significance Eta- Observed

Variable (p) Squared Power

Treatment R 1 0.226 0.635 0.002 0.07
E 1 7.057 0.009 0.058 0.75

o 1 28.556 0.000 0.199 1.00

CT 1 1.122 0.292 0.010 0.18

MSR 1 1.145 0.287 0.010 0.18

TSE 1 0.397 0.530 0.003 0.09

ER 1 0.516 0.474 0.004 0.11

PL 1 3414 0.067 0.029 0.44

HS 1 0.700 0.405 0.006 0.13

Gender R 1 0.717 0.399 0.006 0.18
E 1 0.006 0.938 0.000 0.05

0] 1 0.071 0.790 0.001 0.05

CT 1 0.306 0.581 0.003 0.08

MSR 1 0.408 0.524 0.004 0.09

TSE 1 0.184 0.669 0.002 0.07

ER 1 1.168 0.282 0.010 0.18

PL 1 0.050 0.824 0.000 0.05

HS 1 0.031 0.861 0.000 0.05

Tretament*Gender R 1 1.601 0.208 0.014 0.24
E 1 0.023 0.880 0.000 0.05

o 1 0.324 0.570 0.003 0.08

CT 1 0.000 0.994 0.000 0.05

MSR 1 0.109 0.042 0.001 0.06

TSE 1 0.043 0.837 0.000 0.05

ER 1 2.761 0.099 0.023 0.37

PL 1 0.000 0.989 0.000 0.05

HS 1 0.163 0.687 0.001 0.06

The results of the univatiate ANOVAs revealed that there was no significant
mean difference between boys and girls with respect to dependent variables about
learning strategies. As it can be seen in Table 5.17 the mean scores of boys and girls for
each dependent variable about motivation nearly the same. Boys tend to perceived
themselves as using the metacognitive self-regulation strategies, time study environment
strategies, and peer learning strategies more than the girls, but the difference were
nonsignificant. When the treatment is considered, the results the univariate ANOVAs
revealed that the dependent variables of elaboration and organization learning strategies

were significant (p < 0.05) indicating that there was a significant mean difference
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between experimental and control group with respect to dependent variables of
elaboration and organization learning strategies. It can be seen in Table 5.16 that
experimental group students appeared to perceive themselves as using the elaboration
strategies more than the students in control group. For example, the statement of “when
reading for this class, I try to relate the material to what I already know” (item no: 64),
was rated as 6, 7 that means agreement of this statement by 49.1 % of the students in
experimental group. On the other hand, %36.6 of the students in control group agreed
this statement. In addition, the statement of “I try to apply ideas from course readings in
other class activities such as lecture and discussion” (item no: 81), was agreed by 33.9 of
the students in experimental group (rated 6, 7), whereas the percentage of students that
agree this statement was %11.6. Moreover, students in experimental group tend to use
organization learning strategies more than the students in control group. For instance,
the statement of “when I study the readings for this course, I outline the material to help
me organize my thoughts” (item no: 32) was rated as 6, 7 that means agreement of this
statement by 54.2 % of the students in experimental group, corresponding percentage of
students in control group to agree this statement was 21.7 %. In addition, the statement
of “I make simple charts, diagrams, or tables to help me organize course material” was
rated as agreement by 42.3 % of the students in experimental group while the percentage
of students who agree this statement in control group was 23.3%. Table 5.21 presents the
percentages of agreement with the selected items for significant dependent variables of
learning strategies such as elaboration and organization across experimental and control
groups.

Table 5.21 Percentages of responses to selected items of the IGO, EGO the TV

scale
Scale Itemno Groups 1(%) 2(%) 3(%) 4(%) 5((%) 6((%) 7(%)
E 64 CG 3.3 5.0 3.3 233 283 233 13.3
EG 0.0 10.2 8.5 23.7 8.5 271 220
81 CG 15.0 16.7  20.0 18.3 18.3 33 8.3
EG 11.9 15.3 10.2 15.3 13.6 18.6 15.3
R 32 CG 10 16.7  25.0 18.3 8.3 16.7 5.0
EG 0.0 15.3 6.8 13.6 102 305 237
49 CG 25.0 25.0  20.0 10.0 11.7 8.3 0.0

EG 10.2 153 8.5 8.5 15.3 23.7 18.6
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On the other hand, the results of ANOVAs revealed that there was no significant
difference between experimental and control groups with respect to other dependent
variables about learning strategies such as rehearsal, organization, critical thinking,
metacognitive self-regulation, time and study environment, effort regulation, peer
learning, and help seeking. In addition, the results showed that there was no significant
effect of interaction between gender difference and treatment with respect to dependent
variables about learning strategies such as rehearsal, organization, critical thinking,
metacognitive self-regulation, time and study environment, effort regulation, peer

learning, and help seeking.
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CHAPTER 6

DISCUSSION, IMPLEMENTATION AND RECOMMENDADTIONS

The results that were acquired in chapter 5 give a way to present discussion in
this chapter. Implications and some recommendations for further studies based on the
results are also presented in this chapter. Firstly, summary of the study is presented to
remind what has been done in this study in order to present discussion and findings

apparently.

6.1. Summary of the Study

At the beginning of the study, the related literature about students’
misconceptions in state of matter and solubility concepts were examined and semi
structured interviews were conducted with teachers to understand whether these
misconceptions are valid for their students. SE instructional model based instruction was
used in experimental group was designed with respect to take into consideration of these
misconceptions. The main purposes of the study were to investigate the effect of SE
instructional model on students’ understanding of state of matter and solubility concepts,
elimination of misconceptions related to state of matter and solubility concepts,
students’ perceived motivation (intrinsic goal orientation, extrinsic goal orientation, task

value, control of learning beliefs, self-efficacy for learning and performance, test

122



anxiety), and students perceived use of learning strategies (rehearsal, elaboration,
organization, critical thinking, metacognitive self-regulation, time and study
environment, effort regulation, peer learning, help seeking). Four classes from possible
chemistry classes in the school were randomly assigned as experimental and control
groups. Two of the classes which were totally involving 59 students were assigned as
experimental groups, on the other hand two of the classes which were totally involve 60
students were assigned as control groups. Students in EGs were received instruction
based on SE learning cycle model; on the other hand, students in CGs were received
instruction based on TM. The duration of the study was six weeks. SMSCT, ASTC,
MSLQ, and SPST were administered at the beginning of the study. t-tests were
conducted for the data sets that were obtained from the administration of SMSCT and
ASCT to determine whether two groups differed with respect to students’ understanding
state of matter and solubility concepts and students’ attitude toward chemistry at the
beginning of the instruction. t-test results revealed that no preexisting differences
between two groups with respect to students’ understanding state of matter and
solubility concepts and students’ attitude toward chemistry. In addition, MANOVAs
were conducted to understand whether two groups differed with respect to the collective
dependent variables about students’ motivation and learning strategies. MANOVA
results revealed that there was no difference between two groups with respect to
students’ motivation and learning strategies. After the study, each group received
SMSCT, ASTC, and MSLQ as posttest. The items in SMSCT were related about
students’ misconceptions and objectives that stated in curriculum about state of matter
and solubility concepts. The effectiveness of instruction was evaluated by comparing the
posttest results while controlling students’ science process skills as a covariate in the
statistical analysis of the data. Multivariate Analysis of Variances (MANOVAs) were
used as a statistical technique to compare two groups wit respect to collective dependent

variables of the study.
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Students who participated this study were tenth grade students and their age
ranges from 16 to 17. The sample of the study consists of 69 male and 50 female

students. All the students were tenth grade students in Atatiirk Anatolian High School.

The teacher who instructed students in both groups is very experienced chemistry
teacher. At the beginning of the instruction teacher was trained how to carry out the
lesson in both control and experimental group. Also, the teacher was informed about the
instruction based on constructivist notion and 5E learning cycle model. Moreover, the

teacher was taken an instruction on standard procedures of test administration.

6.2 Discussion of the Results

One of the purposes of the study was to identify students’ misconceptions in state
of matter and solubility concepts, investigate the effectiveness of SE learning cycle
model and compare the effectiveness of SE learning cycle model based instruction to
traditional based instruction with respect to understanding state of matter and solubility
concepts. The importance of prior knowledge in learning process has been emphasized
by several researchers for several decades. It was accepted that the starting point of the
learning process is what the learners already know. And it was believed that students do
not come to classrooms with blank slates. In other words, students generally come to
classroom with well-established understandings about how and why everything behaves
as they do (Posner, Strike, Hewson, & Gertzog, 1982; Resnik, 1983; Strike, 1983).
Ausubel’s (1968) statement of “If I had to reduce all educational psychology to just one
principle, I would say this: The most important factor influencing learning is what the
learner already knows. Ascertain this and teach him accordingly” emphasized the
importance of prior knowledge very clearly. Some of these well established conceptions
may inconsistent with the scientific views and are labeled as misconceptions. When the
importance of the preconception is taken into consideration, it is very clear that
misconceptions is an obstacle for further learning since the knowledge constructed on

already existing conceptions. Therefore identification and finding ways to elimination of
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misconceptions for all subject areas is very crucial for meaningful learning. In this study,
at the beginning of the instruction tried to find out students’ misconceptions about state
of matter and solubility by examining related literature and carry out semi structured
interviews with experienced chemistry teachers in schools and tenth grade students. In
other words a list of misconceptions about state of matter and solubility were created
with respect to examining literature in detail and conducted structured interviews. It was
understood that students have several misconceptions about state of matter and solubility
concepts. It was found that students have difficulties in understanding the concepts
related to phase changes such as boiling point, evaporation, melting point, temperature
changes during phase changes, vapor pressure, and solutions such as saturated solutions,
concentrations of solutions, boiling point elevation, freezing point depression.
Misconceptions about the high school chemistry subjects including state of matter and
solubility can be found in related literature. However, the misconceptions about the
concepts in state of matter and solubility such as boiling point, melting point, phase
changes, solutions, and saturated solutions etc. were studied in separate studies. So in
this study, all the misconceptions in these concepts were reviewed and with the help of
structured interviews a list of misconceptions were developed (see Appendix A). It is
very valuable tool for teachers who teach state of matter and solubility concepts. In
addition, it will be very beneficial for teachers to be aware of the students’
misconceptions about state of matter and solubility for designing their instruction to
remedy these misconceptions and overcome the difficulties of students in state of matter

and solubility concepts.

Finding ways or in other words developing instructional strategies to remedy
these misconceptions and enhance meaningful learning is very crucial as identification
of these misconceptions. First of all, the construction process of knowledge should be
understood to achieve these aims. The notion of constructivism assumes that knowledge
is constructed by learners as they attempt to make sense of their experiences. Piaget’s
views which constitute fundamentals of constructivism explain the learning process

through assimilation, accommodation, and equilibration process. According to Piaget, if
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the preexisting schema or mental structure is not appropriate to interpret sensory data,
assimilation occurs. Disequilibration occurs when the experiences are not assimilated
into preexisting schemes. Accommodation which provides equilibrium is a process that
preexisting schemas are modified. Therefore as it can be seen from these ideas, further
learning is directly affected by the prior knowledge. So, reaching the meaningful
learning requires identification of misconceptions and design an instruction based on

remediation of these misconceptions.

The sources of the misconceptions are another important issue that should be
taken into consideration during designing of an instruction. Students’ previous
experiences, instruction, teachers’ explanations, textbooks, terminology, social
interaction, and everyday language can be specified some of the sources of students’
misconceptions. Students have a conceptual framework already present from everyday
experiences. Therefore, these experiences may be a source of students’ misconceptions.
Some misconception may arise due to the use of everyday language. Some of the
sentences and words used by people may have different meaning from the scientists’
used. For instance, people stated generally that “sugar melts in water”, but it should be
stated as “sugar dissolved in water” with respect to scientific views. In addition, some
studies revealed that students have some misconceptions about the related subject matter
in chemistry (Stein, Larrabee, & Barman, 2008; Jasien & Oberem, 2002). So, these
misconceptions can also lead to occurrence of student misconceptions. Moreover,
terminology and textbook may lead misconceptions. The changing nature of the
terminology may result misconceptions. Mistakes in the textbooks may be interpreted as

appropriate by students and this lead to occurrence of misconceptions.

Conceptual change is facilitated in learning cycle which is an instructional model
based on constructivism and constitutes fundamentals of 5E leaning cycle model. The
three phases of the learning cycle were stated originally as “preliminary exploration,
invention, and discovery”. Firstly, the three phases were converted as “exploration,

concept introduction, and concept application” and then the names and the phases have
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been modified through the last three decades. SE learning cycle model is the one of the
latest version of learning cycle which stages were modified and added based on learning
cycle. The unchanging thing is, both the learning cycle and SE learning cycle were
proposed as instructional models based on development psychology of Jean Piaget. In
other words, Piaget’s mental functioning model correspond directly with the phases of
learning cycle: in the exploration phase, assimilation and disequilibration occur; in the
concept introduction phase accommodation occurs; and in the concept application phase,
organization occurs (Abraham & Renner, 1986; Abraham & Renner, 1983). When the
starting point of the Piaget’s ideas in which it was assumed that “information, available
in our environment, is assimilated or transformed into our existing mental structures”
leads to paying attention to our existing mental structures in other words our preexisting
knowledge. Therefore, learning in a meaningful way requires learner to have appropriate
existing mental structures. In other words, an instruction should be design in order to
remedy learners’ misconceptions to accommodate new ideas. One of the major concerns
of 5E learning cycle model is to overcome students’ misconceptions to prepare an
appropriate base which constitute consistent existing mental structures. So, identification
of misconceptions was the necessary and starting point of the instruction based on 5E
learning cycle model. In the first phase which was stated as engagement the activities
made connections to past experiences and expose students’ misconceptions (Bybee et
al., 2006). In this phase, students were exposed to an object, problem, situation or events
which were prepared to activate students’ misconceptions that were identified before the
instruction. These activities served to create cognitive conflict and motivate students to
learning activity. Creating cognitive conflict is one of the necessary elements of S5E
learning cycle model in order to achieve conceptual change and meaningful learning. In
brief, disequilibrium which occurs when there is no consistency between the existing
cognitive structure and new information resulted in this phase. In addition this phase
corresponds the dissatisfaction phase proposed by Posner and his colloquies (1982) in
conceptual change approach. Students realized that there was something wrong with
their existing mental structure or prior knowledge when the cognitive conflict occurred.

Therefore, cognitive conflict leaded students to motivate learning activity. One of the
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key elements in this phase was the nature of the activities. The activities should create
interest and generate curiosity which can be exposed as a problem, situation or event.
Moreover, students tried to understand confusing situation and monitor the level of their
understanding when they confronted with conflicting situations. Students created
cognitive conflict by asking some questions themselves. For instance, when the activity
where the relationship between temperature changes and phase transition was given to
students, some of the students asked themselves “why does not the temperature change
during phase transition?” Students found a chance to monitor themselves and self
evaluated their understandings and tried to find ways to correct their error and overcome
their misconceptions. In the second phase of SE learning cycle model which was stated
as exploration, the required time to investigate objects, materials, and situations was
provided. The process of equilibration which occurs when there is a balance between
new information and the existing structure was initiated by the activities presented in
exploration phase as Bybee et al. (2006) stated that “Engagement brings about
disequilibrium; exploration initiates the process of equilibration” (p.9). In this phase
students had a chance to establish relationships, observe patterns, identify variables, and
question events as a result of mental and physical involvement in the activity. The
activities were tangible, concrete, and related with the misconceptions identified in the
former phase. Students tried to find out the rationale behind their ideas to overcome and
remedy their misconceptions. It is explained students that they were not the only
students who had these misconceptions and some sources leaded them to create
misconceptions. In the third phase of the SE learning cycle model, explanation,
concepts, process, and skills were presented simply, clearly, and directly by attracting
students’ attention to specific aspects of engagement and exploration experiences. The
reason of the misconceptions and the correct scientific explanation of the misconception
were also explained in this phase. Concepts and skills were presented base on the
specific aspects of the engagement and exploration experiences. Firstly, students were
asked to give their explanations and then scientific and technological explanations were
introduced by teacher in a direct, explicit, and formal manner. In other words,

explanatory experiences were ordered by teacher’s explanation. Therefore, the process

128



of equilibration was continued in this phase. Video animations, verbal explanations, and
demonstrations were used to explain concepts and skills. At the end of this phase,
students were encouraged to present their own ideas to understand whether they were
able to explain exploratory experiences and experiences that have engaged them by
using common and scientific terms. Students’ misconceptions were corrected and the
ideas behind these misconceptions were exchanged with the scientific ones. This phase
corresponds the intelligibility phase proposed in conceptual change approach by Posner
and his colloquies (1982). In the fourth phase of 5E learning cycle model, elaboration,
students were involved further experiences to extent or elaborate their concepts, skills,
and processes. In other words, extension of the concepts was provided in this phase.
Daily life examples about state of matter and solubility concepts were given to students
realize the importance of understanding these concepts. Additional different activities
such as hands-on activities and laboratory activities were presented to students. So,
students who had still misconceptions found a chance to remedy these misconceptions
and comprehend their understanding. Group discussions were also encouraged in which
students were able to express their understanding of the subject and receive feedback
from other students who are very close to their own level of understanding. Students
tried to generalize their concepts, processes, and skills in this phase. In the last phase of
5E learning cycle model, evaluation, students’ misconceptions and educational outcomes
that were identified at the beginning of the lesson were evaluated through formative
evaluation to give students feedback about their misconceptions that they already had
and understandings. Students had opportunities to monitor their own level of

understanding and the misconceptions they still had.

Even though implementing SE learning cycle model is difficult especially in
crowded classrooms and it requires enough time, many researcher indicated the
effectiveness of instruction based on SE learning cycle model (Akar, 2005; Coulson,
2002; Boddy et al., 2003; Garcia, 2005; Campbell, 2000; Balci, Cakiroglu and Tekkaya,
2005; Lord, 1999; Mecit, 2006, Bevenino, Dengel, & Adams, 1999). In addition to this

when the curriculum development studies on chemistry in Turkey taken into
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consideration, SE learning cycle model seem to be one of the appropriate model that can
be used in new curricula. In this study, students instructed by instruction based on SE
learning cycle model outperformed students instructed with instruction based on
traditional methods. In other words, the results that were presented in Chapter V
revealed that students who were instructed by instruction based on SE learning cycle
model gain better acquisition of concepts with respect to state of matter and solubility
concepts compared to students who were instructed by instruction based on traditional
methods. Moreover, proportion of correct responses for each item indicated that
elimination and remediation of misconceptions were provided well with the instruction
based on 5E learning cycle model when compared to instruction based on traditional
model. The results also supported by the related previous studies (Akar, 2005; Coulson,
2002; Boddy, 2003; Garcia, 2005; Campbell, 2000; Balc1, Cakiroglu and Tekkaya, 2005;
Lord, 1999; Mecit, 2006; Bevenino, Dengel, & Adams, 1999, Ates, 2005). On the other
hand, when it is considered that 5E learning cycle model is an instructional model with
roots in learning cycle approach proposed by Atkin and Karplus (1962), many
researchers indicated the effectiveness of learning cycle with respect to process skill
development (Cumo, 1992; Davidson, 1989) content learning (Campbell, 1977; Kurey,
1991; Purser & Renner, 1983; Saunders & Shepardson, 1987; Schneider & Renner,
1980; Shadburn, 1990, Klindienst,1993; Odom and Kelly, 2001), and reducing
misconceptions (Lawson & Thompson, 1988; Marek, Cowan, & Cavollo, 1994;
Scharmann, 1991, Gang, 1995, Marek, Cowan, & Cavallo, 1994).

At the beginning of the first phase of the 5E learning cycle model, students’
misconceptions about state of matter and solubility were identified and the instruction
based on SE learning cycle model were designed to remediate students’ misconceptions
besides understanding of state and matter and solubility concepts. On the other hand,
students’ misconceptions about state of matter and solubility concepts were not
emphasized in instruction based on traditional method. Therefore, students who were
instructed by traditional method would not construct appropriate knowledge since new

knowledge is constructed upon on existing mental structures or prior knowledge. As it
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was mentioned before meaningful learning only occurs in a situations that learners have
appropriate mental structures and can relate it with new knowledge. It can obviously
seem that students who were instructed traditional method were not directed to prevent

and overcome misconceptions.

Posttest scores of the students revealed that instruction based on SE learning
cycle model improved students understanding of state of matter and solubility concepts.
In addition, students in EG did well compared to CG students on each item. For
instance, in item 1, students were required to simply recall the conservation of mass
during phase changes. The misconception which was stated as “the weight or mass of a
substance changes as it melts or evaporates, mass not conserved” was identified from
literature and structured interviews at the beginning of the study. After the treatment,
26.7 % of the students in control group held this misconception; on the other hand only
6.8 % of the students in experimental group had this misconception. In other words,
whereas 61.7% of the students in control group answered this question correctly, the
proportion of students in experimental group who answered this item was 86.4%. In
addition, 11.7% of the students in control group selected only the correct response, the
reason of the correct response were not written. And 6.4% of the students in
experimental group did not write the reason of the correct response. Students in
experimental group carried on a simple laboratory experiment in which the conservation
of mass during phase changes is confirmed. This laboratory activity was conducted at
the elaboration phase when the phase changes of matter concepts were taught. In another
item (item 18) which is an essay type question, it was aimed to measure students’
performance skills such as use of relevant information in defining the problem, use
appropriate information, use the principles that was showed during the instruction.
While 40% of the students in control group answered this item correctly, 64.4 % of the
students in experimental group answered this item correctly. Therefore, the percentages
of correct responses for this item in both groups indicated as evidence to say that
instruction based on 5E learning cycle model improve students’ performance skills

better when compared with the instruction based on traditional method. In another items,
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item 21 and 22, it was required thinking critically to answer these items correctly.
Whereas 25% of the students in control group answered item 21 correctly, the
percentage of correct response for this item was 66.1% in experimental group. In
addition, while 23.3% of the students in control group answered item 22 correctly,
59.3% of the students in experimental group answered this item correctly. The results
are supported by some researchers. For example, Johnson and Lawson (1998) stated that
learning cycle based instruction caused significant improvements in reasoning ability of
the students. In other words, it was stated that the reasoning improvement facilitated

better for students in the learning cycle based classes.

At the beginning of the study, students’ attitude toward chemistry as a school
subject was investigated to understand whether there was a significant difference
between experimental and control group with respect to students’ attitudes towards
chemistry as a school subject. The results showed that students who were instructed
based on 5E learning cycle model and those who were instructed based on traditional
method did not differ significantly before the study. At the end of the study, students’
attitude toward chemistry as a school subject in CG and EG were investigated in order to
determine whether there was an effect of treatment on students’ attitudes toward
chemistry. Before the treatment, mean attitude scores of CG and EG students were Xcg
= 4742 and Xgg = 47.76, respectively. After the treatment, mean attitude scores of CG
and EG students were Xcg = 45.70 and Xgg = 50.05, respectively. The mean attitude
score of students in CG decreased, but the difference is not statistically significant. On
the other hand, the mean score of students’ attitudes toward chemistry in EG increased.
In addition, there was a significant difference between students who were instructed
based on SE instructional model and those who were instructed based on traditional
method with respect to attitudes towards chemistry as a school subject. Many
researchers indicated the effectiveness of learning cycle based instruction on students’
attitude toward science (Brown, 1973; Lowery, Bowyer, & Padilla, 1980; Garcia, 2005).
Bybee et al. (2006) indicated that learning cycle based instruction consistently results in

more positive attitudes about science. Lawson (1995) indicated that out 8 of 12 studies
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that were reviewed found more positive attitudes for students who experienced learning
cycle instruction than for those who did not. So, it can be said that the results of the

study was supported by many researchers.

The results of the current study revealed that students who were instructed based
on 5E learning cycle model caused students to be more curious and to challenge the
chemistry tasks. In addition, students in EG were willing to mastery the subject more
than students in CG. For instance, the answer of the items such as “in a class like this, I
prefer course material that really challenges me so I can learn new things”, “in a class
like this, I prefer course material that arouses my curiosity even if it is difficult to learn”,
“the most satisfying thing for me in this course is trying to understand the content as
thoroughly as possible”, and “when I have the opportunity in this class, I choose course
assignments that I can learn from even if they don't guarantee a good grade” indicated
that students in EG group agreed these items more than students CG. This superiority
was supported by statistical analysis. Moreover, Students in experimental group tend to
perceive chemistry more interesting, more important, and more useful course. The real
life applications or activities tend students to realize that the concepts about state of
matter and solubility are related with our daily life experiences. Lawson (1995)
supported this results by indicated that college students enrolled in learning cycle
sections enjoyed their instructions more than those enrolled in traditional sections. Since
the SE learning cycle model was a student-centered and novel approach, students might
believe the activities that were used in EG interesting and useful. In addition, students
perceived extrinsic goal orientation showed superiority for EG students. In spite of there
was a significant mean difference between experimental and control group with respect
to students’ perceived extrinsic goal orientation, the distributions of answers to items
that constitute this construct are very similar. On the other hand it should be noted that
although current study presents that instruction based on 5E learning cycle model has
positive influence on students’ intrinsic goal orientation, extrinsic goal orientation, and
task value, it doesn’t have effect on control of learning beliefs, self-efficacy for learning

and performance, and test anxiety. Duration of instruction based on 5E learning cycle
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which was just 6 weeks can be stated one of the reason of this. Students may not realize
the critical points of instruction based SE learning cycle model that emphasize these

constructs in such short period.

When the results were examined with respect to students’ perceived learning
strategies, it was found that instruction based on 5E learning cycle model enhances
students’ use of elaboration learning strategies and organization learning strategies. In
the phases of the SE learning cycle model, the using the elaboration strategies are
emphasized. Especially, in the elaboration phase, students were encouraged to involve
further experiences to transfer and relate the new learned concepts in new situations.
When the items such as “I try to relate ideas in this subject to those in other courses
whenever possible”, “when reading for this class, I try to relate the material to what I
already know”, and “try to apply ideas from course readings in other class activities such
as lecture and discussion” which were constitute this construct were examined, it is
easily realized that these items emphasizes the same principles that involve in
elaboration phase. In addition, in an item which was stated as “when reading for this
class, I try to relate the material to what I already know” is the another important thing
that emphasized in engagement and exploration phases. Moreover, students in
experimental group tend to use organization learning strategies more than the students in
control group. In the engagement phase of SE learning cycle model, students were
encouraged to explicit their prior ideas about the subject matter. In the items under this
construct, examination of prior undestanding about the related concepts was

emphasized.

Coulson (2002) conducted a study to investigate how varying levels of fidelity
to the 5E learning cycle model affected student learning. It was found that teachers who
taught their students with medium of high levels of fidelity to the SE learning cycle
model contributed students leaning gains nearly double that of teachers did not used the
model or used with levels of fidelity. In other words, when teachers implemented the SE

learning cycle model with a medium or high level of fidelity, the learning gains
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experienced by their students were significantly greater than the learning gains of
teachers who did not adhere closely to the SE learning cycle model. Treatment fidelity
and treatment verification techniques were applied for this study (Chapter IV). The
lessons that implemented in both experimental and control group were observed by
researcher and observation checklist that was prepared by the researcher was completed.
The evidences gathered from the results of observations indicated that teacher
implemented the SE learning cycle model with a high level of fidelity for the current
study.

Threats to internal validity needed to be controlled to ensure not other some
unintended variables explain the observed differences on the dependent variable
(Frankel & Wallen, 2001). The study should be carefully designed in order to control
internal validity threats. The procedures and precautions that were done to control these
threats were presented in Chapter IV. However, some of the difficulties and limitations
aroused during to implementation of these procedures. For instance, subject
characteristic threats were not controlled completely since the students who constitute
the sample were not selected randomly from the population. In addition, even though
students in control group were provided with materials designed on TM, some of the
students in EG group might realize the materials that provided in instruction based on 5SE
learning cycle model something different. Therefore, students’ attitudes in control group
might affected negatively if they were aware this situation or students’ attitudes in

experimental group might affected positively with the new materials that applied in EG.

At the beginning of the instruction, students’ prior knowledge about state of
matter and solubility concepts were evaluated by SMSCT to understand whether there
was a significant difference between EG and CG with respect to understanding of state
of matter and solubility concepts. The results revealed that there was not a significant
difference between students in both EG and CG with respect to understanding state of

matter and solubility concepts before the study. In other words, students in both EG and
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CG showed similarities about their understanding of state of matter and solubility

concepts at the beginning of the study.

Before the study, SPST was administered to students in both EG and CG to
determine whether there was a significant difference between EG and CG with respect to
students’ science process skills. The statistical analyses revealed that science process
skills of the students in EG and CG differ significantly. Also, the results showed that
students’ understanding of state of matter and solubility was contributed significantly by
students’ science process skills. Therefore, it was needed to control students’ science
process skills while investigating the effectiveness of instruction based on SE learning
cycle model. In statistical terms, the scores of students on SPST in both EG and CG
were used as a covariate in statistical analysis. Therefore, MANCOVA analysis was

used in order to test hypothesis of the current study.

At the end of the study, the effect of gender on students’ understanding of state
of matter and solubility concepts was also investigated. The results revealed that there
was no significant mean difference between male and female students in understanding
state of matter and solubility concepts. In other words, male and female students showed
similarities with respect to understanding of state of matter and solubility concepts at the

end of the study.

At the end of the study, the interaction between gender difference and treatment
with respect to understanding of state of matter and solubility concepts was also

assessed. The results revealed that there was no significant interaction.

At the end of the study, the contribution of students’ science process skills to
understanding of state of matter and solubility concepts was also assessed. It was found
that there was a significant contribution of science process skills to understanding of

state of matter and solubility concepts. This result indicated that science process skills of
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the students should be developed in order to enhance students’ understanding of state of

matter and solubility concepts.

At the end of the study, the effect of gender on students’ attitude toward
chemistry as a school subject was investigated. It was found that there was no significant
difference between male and female with respect to attitude toward chemistry. In other
words, male and female students showed similarities with respect to attitude toward

chemistry as a school subject at the end of the study.

The interaction between gender difference and treatment with respect to
students’ attitudes towards chemistry as a school subject was also investigated. No

significant interaction was found.

6.3. Implications

In instruction based on 5E learning cycle model, students’ prior knowledge were
taken into account and integrated with the new knowledge. As it was indicated, it is very
difficult to understand concepts in meaningful way when the prior conceptions are
inconsistent and students can not link the new knowledge with existing knowledge.
Students’ misconceptions should be examined by teachers at the beginning of the
instruction to avoid students to create more misconceptions in their mind. Well-designed
instruction based on 5E learning cycle model is very effective to relate students’ new
conceptions and prior conceptions. The notion that “students do not come an instruction
with blank slates, they usually come to classrooms with some conceptions about the
subject matter gathered during their past daily life experiences and other lessons” should
not be forgotten. On the other hand, students are not only the individuals that have
misconceptions about a subject matter, besides teachers confront some problems since
the misconceptions they held. Therefore, teachers should develop themselves and if

necessary they should receive courses to recognize and remedy their misconceptions. In
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addition, teachers should be aware the sources of misconceptions and how to explicit the

misconceptions that students have.

Teachers should be trained about how to develop an instruction based on SE
learning cycle model. The principles and the fundamentals of 5E learning cycle model
should be explained science and chemistry teachers in in-service teacher training
programs. Since SE learning cycle model with a high level of fidelity contributed
students learning gains nearly double that of SE learning cycle model with medium and
low level of fidelity, teachers should apply all the principles of SE learning cycle model
completely when designing their lessons with respect to this model. In addition, teacher
education programs in universities especially science methods courses should involve
and give examples about how to develop an instruction based on 5E learning cycle
model. Science education departments in universities and high schools should work
together to design instruction based on SE instruction model for other chemistry and
science concepts. Moreover, researchers in science education departments investigate
which subjects in chemistry in high schools appropriate to apply this model and also

school administrators should encourage teachers to use learning cycle based instruction.

During implementation of this study, some difficulties raised to implement all
phases of 5E instructional model due to overloaded curriculum. Therefore, it is better for

student to carry on some additional activities out of class time.

Well designed instruction based on SE learning cycle model can lead better
acquisition of scientific concepts. Therefore, the phases of SE instructional model should

be embedded to instruction carefully.
Students’ attitude toward chemistry as a school subject is an important

component that affects students’ achievements. Therefore, teachers should be aware of

students’ attitudes towards chemistry as a school subject and seek to improve students’
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attitudes. In the current study, students attitudes improved by the of 5E learning cycle

model.

Science process skills of the students is another component that can be used to
predict students achievements. Therefore teachers should seek some ways to improve
students’ science process skills.

6.4 Recommendations

On the bases of the findings from this study, the researcher recommends that;

Similar studies can be conducted in different school types or different grade

levels with a larger sample size to increase generalizability of the study.

Studies can be conducted to investigate the effect of instruction based on 5E
learning cycle model on students’ understanding of concepts, attitudes and motivations
other than state of matter and solubility concepts.

Similar studies can be conducted to investigate the effect of instruction based on
SE learning cycle model on students’ understandings of concepts, students’ motivation

and learning strategies in other subject areas such as biology and physics.

Studies can be conducted to investigate effectiveness of instruction based on SE

instructional model on retention of concepts.

Similar studies with alternative assessment strategies can be carried out.

Long term effects of instructions based on SE learning cycle model can be

investigated by employing longitudinal studies.
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APPENDIX A

MISCONCEPTIONS (STATE OF MATTER AND SOLUBILITY)

1. Evaporation

Water (or alcohol) disappears as it evaporates.

In evaporation, molecules turn into something else; water (or alcohol) "becomes"
vapor.

Water is sucked by a pan or went into the plate during the process of evaporation.

Water transform into mist, steam, or spray during the process evaporation

Vapor is something different from water.

The acetone disappears along with its weight but leaves its property of smell behind
during its evaporation.

Students prefer to explain evaporation with respect to weight change rather than
density change.

The weight or mass of a substance changes as it melts or evaporates. Mass not
conserved.

Mass not conserved because “gas weighs less than liquid”

2. Boiling

Bubbles from boiling water made of air.

Bubbles from boiling water made of air and oxygen gas

Bubbles from boiling water madet of hydrogen gas

Bubbles from boiling water made of oxygen and hydrogen gas

Bubbles from boiling water made of heat.

The temperature at which water (or any substance) boils is the maximum temperature
to which it can be raised.

Steam is always at more than 100 deg C.

Molecules are breaking up on boiling and reforming on condensing during the state
change of matter.

Freezing always occurs at cold temperatures and boiling occurs at hot temperatures.

Freezing and boiling are examples of chemical reactions; a phase change is a kind of
chemical reaction.

Intra-molecular bonds are broken when substances change phase.

Freezing must occur at “cold” temperatures, boiling at “hot” temperatures, without
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regard for the substance involved.

3. Condensing

Students stated that the plane which was hold above of the boiling kettle had become
sweaty or simply wet.

Some students believe that the steam turns back into water.

Some students believe that the oxygen and hydrogen recombine to form water.

Water condensing on the outside surface of a sealed class jar containing ice comes
through the glass.

Water condensing on the outside surface of a sealed class jar containing ice formed
due to the coldness that comes through the glass.

Water condensing on the outside surface of a sealed class jar containing ice formed
due to the cold surface and dry air (oxygen and hydrogen) react to form water.

Water condensing on the outside surface of a sealed class jar containing ice formed
due to the water in the air sticks to the glass.

Drops of water on the outside of a cold bottle of water come from inside the bottle.

Drops of water on the outside of a bottle are made by the cold

Drops of water on the outside of a cold bottle are from hydrogen or oxygen
combining.

4. Melting

The temperature of the ice melting on a teaspoon is above its melting temperature.

Failure to understand that ice and water stay at the same temperature while the ice
melts

The ice or the cold water from the ice prevented the water’s temperature from rising
during the process of melting.

The reason for constant temperature is due to the thermometer being in the ice cube in
the process of melting.

6. Particulate nature of matter

Students confuse melting with evaporation during explaining what happens to ice
when the temperature of ice removed from -10 °C to -1 °C.

Students confuse changing of state with dissolving during explaining what happens to
ice when the temperature of ice removed from -10 °C to -1 °C.

The particles take in the heat and begin to expand when the temperature of ice
removed from -10 °C to -1 °C.

When a block of ice taken out of a freezer the sudden change of temperature reacts on
particles making them decrease in size.

Atoms in solids have properties different from atoms in vapors

Atoms in solids have properties different from atoms in liquids

Molecules in solids are slow, molecules in liquids faster, and in a gas they just zip
around.

7. Solid and Liquid

If substances could be held, were rigid etc. children (14-15 years old) classify these
substances as solid objects.

Substances which had no shape, could be kneaded, or could be easily melted, or were
powders are not classified appropriately as solid or liquid.
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Students believed that the weight increases when a liquid changes into a solid.

Students claim the weight decreases in a solid changes into a liquid.

If ice is melted the resulting water will weigh less.

A sealed container with a bit of liquid in it weighs less after the liquid has evaporated.

Water molecules are largest and heaviest when in the solid phase.

8. Dissolving

The meaning of “dissolving” has been referred to outside action such as stirring,
mixing, and in some cases heating or to dissolve means to mix.

When sugar is dissolved in water young children think that sugar disappears so mass
of water would not change.

Students generally believe that sugar disappears, liquefies, reduces to smaller sized
pieces or mixes with water when it is stirred with a solvent such as water.

Mass of sugar and water solution is less than mass of the sugar and water.

When students are asked to explain what happened to sugar; students respond by using
the word ‘melting’. Students generally use the process of melting and dissolving
interchangeably.

Students think dissolving as a chemical reaction. When sugar is added to the water
some type of chemical reaction or combination is taking place.

Sugar breaks down into its ions or elements during the process of dissolving in water.

Salt becomes liquid salt when it dissolves.

Students generally do not take into account conservation of mass on dissolving.

Sugar becomes a liquid in dissolving, and so weighs less. Dissolving is viewed as a
process of a solid transforming into a liquid form.

Salt, sugar disappears in dissolving.

Dissolved sugar has no mass.

A high temperature or stirring are necessary for dissolving.

The everyday and scientific meaning of the word “particle” is not differentiated by
students.

Sugar particles floated or sank at the bottom of the beaker instead of evenly mixing.

Water absorbed the sugar similar to the action of a sponge.

Students used the term “solute” and “solvent” interchangeably and students generally
referred sugar as “sugar atoms”.

When sugar is dissolved in water it takes on properties of the water.

Salt is not hard (or dense) enough to resist dissolving.

9. Saturated solutions

Concentration of a saturated solution increases as water evaporates.

Concentration of a saturated solution decreases as water evaporates.

Diluting fruit juice by adding water is a chemical change.

Students believed that if the solute is broken in tiny pieces, it will dissolve in the
solvent. Size of the solute is only the necessary thing to dissolve in a solvent.

A strong solution of a salt contains more of that salt than a weak solution, without
regard to the quantity of solution.

Lowering melting (freezing) point

The weigh of the salt on the surface of the ice disrupts the lattice structure and the ice
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melts.

The weigh of the salt on the ice surface generates heat to melt some of the ice.

When you put salt (or anything really) on the ice, it disrupts the crystal structure of the
ice.

166




APPENDIX B

MADDENIN YOGUN FAZLARI VE COZUNURLUK KAVRAM TESTI

Soru 1

1. durum: Kapal1 bir kap (1. kap) igerisinde bir miktar su 1sitiliyor ve suyun
tamamen buhar haline geldigi gozleniyor.

2. durum: Kapal1 bir kap (2. kap) igerisinde bir miktar su sogutularak buz haline
getiriliyor.

1. ve 2. durumlarda kaplarin agiliklar1 i¢in ne sdylenebilir?

1. KAP 2. KAP
A AZALIR DEGISMEZ
B AZALIR ARTAR
C DEGISMEZ DEGISMEZ
D DEGISMEZ ARTAR
Neden?
Soru 2

Erzurum’da (yaklasik rakim: 1500m) ve izmir’de (deniz seviyesi) kaynatilan esit
miktar su hakkinda asagida verilen yargilardan hangisi dogrudur?

A) Erzurum’da su daha yiiksek sicaklikta kaynar.

B) Yemek Erzurum’da daha ¢abuk piser.

C) Izmir’de su daha yiiksek sicaklikta kaynar.

D) Su her iki ilimizde de ayni sicaklikta kaynar.

Neden?
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Soru 3

Saf bir maddenin, hal degisimleri sirasinda sicaklik nasil degisir?

A) Kaynama sirasinda gittikge yiikselir ve donma sirasinda gittikce diiser.
B) Kaynama sirasinda hafifce diiser ve donma sirasinda hafifce ytikselir.
C) Etrafin sicakligina gore diiser veya ylikselir.

D) Cevresel basinca gore diiser veya ylikselir.

E) Hal degisimi tamamlanana kadar degismez.

Soru 4

Asagidakilerden hangisi bir sivinin kaynama noktasini etkilemez?

A) Atmosfer basinci

B) Stvinin tiirt

C) Sivinin saflik derecesi

D) Yiizeye uygulanan basing

E) Sivinin miktar

Soru 5
Bir ¢aydanlikta veya baska bir kapta kaynayan su izlendiginde, suda biiyiik

balonlar veya kabarciklar goriiliir. Bu balonlar neden olusmaktadir?

A) Hava

B) Is1

C) Buhar

D) Oksijen ve Hidrojen

E) Oksijen ve Karbondioksit
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Soru 6

Sicak bir yaz giinii, bir pastanenin terasindaki kumas golgeligin nemli tutulmasi,

A) Cok kotii bir fikir, ¢iinkii 1slak kumas daha fazla 1s1 ¢gekeceginden bir siire
sonra, kumas golgelikteki 1sinan suyun etkisi ile golgeligin alt1 daha fazla 1sinacaktir.

B) Cok iyi bir fikir, ¢linkii suyun buharlagmas1 kumasi sogutacak ve boylece
kumasin alt1 daha serin olacaktir.

C) lyi bir fikir degil, ¢iinkii 1s1latilan kumasin sicaklik degisimine etkisi
olmayacaktir.

D) lyi bir fikir degil, kumas degilde naylon bir gélgelik olsa etkili olabilirdi.

Soru 7

Dolaptan ¢ikan iyice sogumus bir kola sisesinin dis yiizeyinde olusan su
damlaciklarinin sebebi nedir?

A) Icecekteki su molekiilleri sisenin yiizeyinden gegerek disar1 ulasmustir.

B) Sisenin dis ylizeyindeki su damlaciklari sisenin terlemesi sonucunda
olusmustur.

C) Sisenin soguk yiizeyi ve hava, oksijen ve hidrojeni birlestirmek i¢in
tepkimeye girerler.

D) Havada bulunan su buhari soguk sisenin yiizeyinde yogunlasmistir.

Soru 8

-10 °C de bir kabin igerisinde bir miktar buz 1sitilarak dnce su haline getirilyor ve
daha sonra elde edilen bu suya 1s1 verilmeye devam edilerek kaynamasi gézlemleniyor.
Kaynayan su tamemen yok oluncaya kadar 1s1 verme iglemi devam ediyor. Bu siireg i¢in
asagida verilen yargilardan hangisi dogrudur?

A) Kaynayan su duman haline gelip yok olmustur.

B) Baglangigta buzun icersinde bulunan atomlarla siirecin sonunda olusan su
buharindaki atomlar birbirinden farklidir.

C) Katinin igerisinde bulunan atomlarla sivinin i¢erisinde bulunan atomlar
birbirlerinin aynidir.

D) Buzda bulunan molekiiller sert ve donmus bir haldedir.
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Soru 9

Kapal1 bir kaptaki sivinin buhar basincini agagidakilerden hangisi etkiler?

A) Atmosfer basinci
B) Kabin hacmi

C) Kabin sekli

D) Sistemin sicakligi
E) Kaptaki s1vi miktar1

Neden?

Soru 10

Bir kalorimetrenin igerisindeki suyun miktar1 100 ml ve sicaklg: 48 °C dir. Bu
kalorimetreye bir miktar buz atildiginda kalorimetredeki suyun sicakligi 4 °C ye
diisliyor. Buzun erime 1s1s1 88 cal/g olduguna gore kalorimetrenin icerisine kag g buz

atilmistir? (Cgy: 1 cal/g.C ve suyun kiitlesi i¢in 1ml = 1g alinacak)

A) 25 B) 50 C) 75 D) 100 E) 125

Soru 11
Bir siifta 6gretmen, bir beher igerisinde bir miktar tuzu bir miktar su igerisinde
coziiyor ve doymamis tuzlu su ¢ozeltisi elde ediyor. Bu ¢6zelti hakkinda 6grenciler bazi

yorumlar yapiyorlar. Bu yorumlardan hangisi veya hangileri dogrudur?

I. Ahmet “Kat1 haldeki tuz ¢dziiniince s1vi olmustur” diyor.
II. Pinar “Tuz erimistir ve s1v1 hale ge¢mistir” diyor.
II1. Ebru “Tuz yeterince sert ve yogun bir madde olmadigindan dolay1 ¢6ziinme

cabucak gerceklesmistir” diyor.
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IV. Emre “Cozeltiye tuz ilave edilmeye devam edilirse belli miktar ilaveden
sonra ¢coziinme olmayacaktir”diyor.

A)YalmzI B)YalmzIV  C)llvelV D)L IlvelV E)Hepsi

Soru 12
Cozunurlik(g/100 em® su)
A
X
\\_“__ Y

4 | i

t to  Sicaklik

1 2

(°C)

Coziiniirliik ve sicaklik degisimi yukaridaki sekilde verilen X ve Y maddelerinin,
t; sicakligindaki doymus cozeltileri t, sicakligina getirilirse, molar derisimler nasil

degisir (genlesme ithmal edilecek)?

X Y
A ARTAR ARTAR
B AZALIR ARTAR
C DEGISMEZ AZALIR
D ARTAR AZALIR
E DEGISMEZ DEGISMEZ
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Soru 13
Sekil 1°deki dairede kapali kapta bulunan suyun ¢ok kii¢iik bir kisminin
biiyiitlilmiis hali goriilmektedir. Sekil 2°deki dairede su buharlastiktan sonraki goriiniimii

hangi segenekte dogru verilmistir?

Semboller: b su O Oksijen ® Hidrojen
Sekil 1 Sekil 2
7 ™, e ™~
h vy
Su Su Buhari

172



Soru 14
| 11 111

’ NaNO3
Doymamig NaNOs ¢ozeltisi Doymus NaNOj; ¢ozeltisi Doymug NaNOj; ¢ozeltisi

Yukaridaki kaplarda ayni sicaklikta esit hacimde NaNOs ¢ozeltileri vardir. Bu

cozeltiler i¢in yapilan yorumlardan hangisi yanhstir?

A) Cozlinmiis madde miktar1 en fazla olan III. ¢6zeltidir

B) iyon derisimi en az olan 1. ¢dzeltidir.

C) III. ¢ozeltinin sicakligini artirirsak, cokmiis olan NaNOj ¢oziilebilir.
D) I. ¢ozeltide bir miktar daha NaNOj; ¢oziilebilir.

Neden?

Soru 15
50 gr seker 200 ml su igerisinde ¢oziilerek, sekerli su ¢ozeltisi elde ediliyor. Bu

cozelti icin asagidaki seceneklerde verilenlerden hangisi veya hangileri dogrudur?

I. Seker eriyerek s1vi hale doniistiigli i¢in ¢ozeltinin agirlig1 azalmustir.
II. Coziinen sekerin kiitlesi yoktur.

II1. Sekerin su icerisisnde ¢oziinmesi kimyasal bir degisimdir.

IV. Cozlinmiis olan sekeri birtakim yontemler ile ¢6zeltiden ayirmak

mumbkiinddr.

A)YalmzI  B) YalmzIl C)YalmizIll D) YalnizIV E)IlvelV
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Soru 16
Kiitlece %2.4 liik sodyum asetat (NaC,H30,) igeren, 425 g sodyum asetat sulu

cozeltisi hazirlamak i¢in ka¢ g sodyum asetat, kag¢ g su igerisinde ¢oziinmelidir?

Coziim:
Soru 17
A B
250 ml 500 ml
Doymus tuzlu su ¢ozeltisi Doymamis tuzlu su ¢ozeltisi

Ayn sicakiliktaki A ve B ¢ozeltileri i¢in yapilan asagidaki yorumlardan hangisi
veya hangileri yanhstir?

I. Ayni sicaklikta A ¢ozeltisi icerisindeki suyun bir kismi buharlasirsa bu
¢ozeltinin tuz konsantrasyonu artar.

II. A ¢ozeltisi B ¢ozeltisine gore daha giiclii bir tuzlu su ¢ozeltisidir.

II1. A ¢ozeltisinin iizerine eklenecek bir miktar su ile doymamis tuzlu su

cozeltisine doniligmesi kimyasal bir degisimdir.

A)YalmzIll B)Ivell C)lIvelll D)llvelll E)IL IIvelll
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Soru 18
1 atm basing altinda 250 g suda 22,25 g CaCl, ¢oziiniiyor. Elde edilen sulu
¢ozeltinin kaynama noktasini bulunuz (CaCly: 111 ve Ky(su) : 0,51).

Coziim:

Soru 19
250 ml 0,1 molar CuSQy ¢ozeltisi hazirlamak i¢in 1 molarlik CuSO4

cozeltisinden ka¢ ml almak gereklidir?

A)2,5ml B) 25 ml C)5ml D) 50 ml

Soru 20

Bir miktar tuz, suyun igerisine eklenerek karistiriliyor. Tuz ekleme islemine daha
fazla tuz ¢oziinmeyinceye ve biraz tuz ¢okene kadar devam ediliyor. Elde edilen
¢ozeltinin hacminin yaris1 kalana kadar su buharlastiginda ¢ozeltideki tuz

konsantrasyonu nasil degisir? (Sicaklik sabit)

1. Cozelti 2. Cozelti
U yari s
dzelt buhatlagyor
0 dzelt
K at1 Tuz K ats Tuz
A) Artar B) Azalir C) Ayni kalir
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Soru 21
Yukaridaki soruya verdiginiz yanitin sebebi nedir?

A) 2. ¢ozeltinin igerisinde 1. ¢ozelti ile ayn1 miktarda tuz vardir.
B) 2. kapta daha fazla tuz ¢oker.
C) 2. kapta tuz buharlasmaz ve ¢ozelti igerisinde kalir.

D) 2. kapta daha az su vardir.

Soru 22
Bir beher igerisinde bir miktar tuz, bir miktar su igerisinde ¢oziiliiyor. Bu ¢ozelti

icin asagidaki yargilardan hangisi veya hangileri yanhstir?
I. Tuz ezilip karistirilmadan suda bekletildiginde ¢oziinmez..
I1. Su tuzu ¢ozebilecek giice sahiptir ama tebesiri ¢ozebilecek giicli yoktur.

III. Cozeltide bulunan tuzu fiziksel yollarla sudan ayirmak miimkiindiir.

A)YalnizI  B) YalmzIll C)Ivell D)Ivelll E)LI velll
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APPENDIX C

OCRENMEDE GUDUSEL STRATEJILER ANKETI

Bu anket ild kimmdan olusmaktadir, Tk kisimda kimya dersine kars totmunzy, motivasyonumzuy, fkinci
kmmda ise kimya dersinde kollandigimz &grenme stratejileri ve gabzma becerilerini belirkmeye yénelik
ifadeker yer almaktadir, Cevap vedrken aga@ida verilen dlgegi goztniine alnz. Eger ifadenin sizi tam
olarak yan=ttsgim diigiiniiyorsanz, 7* vi yuvarlak icine alinz. Eger ifadenin sizi hi¢ yanatmadifim
diiziiniiyorsanz, 1° yi yuvarlak igine alne Bu #ki durum dizinda ise 1 ve 7 arasinda sizi en ivi
tammladifm diizlindiigiiniiz numaray yuvarlak icire abne, Unotmeyin Dogm ya da Yanbs cevap

yoktur yapmamz gercken sizi en iyl temmlayac ek numaray: yuv arlak igine almanwdir

-2 —=3—4--5—6=-T7
beni hig beni tam olarak
yansibmyor yansityor

A Motivasyon { Gikdilenme)

1. Kimya dersinde yeni bilgiler Ggrenebilmek igin, bilyiik bir gaba gemktiren simaf
gahsmalanmni tercih ederim.
2. Eger uygun sekilde gahmream, kimya dersindeki konulan 6grenebilirim.

3. Kimya snavlan sirasmda, difer srkadaglanma gére somlan ne kadar fyi yamitlayip
yanitlayamadigim diigiinirim

4. Kimya dersinde dgrendikle dmi bagka derslerde de kullanabile cegimi diigiiniyomm.,

3. Kimya dersinden ok iyi bir not alacagimi diigiiniiyonm.

6. Kimya dersi ik ilgili okumalarda yer alan en zor kenuyu bile anlayabilecegimden eminim.
7. Benim igin su an kimya dersi ile ilgili en tatmin edici gey iyi bir not getirmektic

8. Kimya smavlan sraminda bir som dizzdnde uzrasirken, akhm sinavin diger kismlarmda
yer alan cevaplayamadi@im som larda olur

9. Kimya dersindeki konulan §grenemezsem bu benim hatamdir,

10 Kimya dersindeki konulan Ggrenmek benim igin Snemlidic

11, Genel not ortalamam yilkseltmek su an benim igin en &nemli seydin, bu nedenke kimya
dersindeki termne | amacim fyi bir not getirmektir.

12 Kimya dersinde Ggmetilen temel kavramlan Ggrenebilecegimden eminim,

13, Eger basambilimem, kimya dersinde mmftaki pek gok Ggmnciden daha iyl bir not
14. Kimya ninavlan simanda bu dersten baganmz olmamn sonuglarm akhmdan gegiririm

13, Kimya dersinde, 8Zmtmenin anlathf en karmagk konuyn anlayabilke cegimden e minim,
16. Kimya derskerinde &Emnmesi zor olsa bile, bende memk vyandiren simf ¢ahgmalarm
tercih ederim,

17. Kimya dersinin kapearmnda yer alan konular gok ilgimi gekiyor.
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18, Yeterinee sk gahsirsam kimya dersinde baganh olurum, 1

19, Kimya sinavlannda kendimi mutsuz ve hozursuz hissederim, 1
20, Kimya dersinde veriken sinav ve édevieri en iyi sekilde yapabikcegimden eminim, 1
21, Kimya dersinde gok baganh olacagim: umuryomm 1

22, Kimya demsinde beni en gok tatmin eden gey, konulan miimkiin oldugunca iyl 6grenmeye 1
gahgmaktir,
23, Kimya dersinde &grendiklerimin benim igin faydah cldu@unn diisiiniiyomm, 1

24, Kimya dersinde, iyl bir not getimcegimden emin olmasam bik &grenmeme olanak 1
saglayacak ddevleri segerim,

23, Kimya dersinde bir konoyn anlayamazsam buo yeterince sk gahsmacifim igindir. 1
26, Kimya dersindeki konulardan hoglanty onum, 1
27. Kimya dersindeki konolan anlamak benim igin éinemlidir, 1
28, Kimya sinavlannda kalbimin hizla ath g hissederim. 1
29, Kimya dersinde 6gmtilen beceriled iylce Ggrenebilecefimden eminim, 1

30, Kimya dersinde baganh olmak istiyorum ginkii yetenegimi aileme, arkadaglanma 1
ghstermek benim igin Snemlidic
31, Dersin zorlogu, Ggetmen ve benim becerlerim gizdniine ahndizinda, kimya dersinde 1
‘basanh clacagm diigiiniyonim
B. Ofrenme Stratejileri
beni hig

Fangtmyor
32, Kimya dersi ik ilgili birgeyler okurken, diigiinecledmi organize etmek igin konulann ana 1
baghklanm gikarrm,
33, Kimya dersi simsinda bagka geyler diigindiigim igin Snemli kisimlan sikbkla kagmnm, 1

34, Kimya dersine gahmirken gogn kez arkadaglanma konulan agiklamaya gahsinm, 1
33, Genelde, Gdevierime rahat konsantre olabilecegim bir yerde gahgmm, 1
36, Kinwa dersi ile ilgili birgeyler okurken, okuduklanma odaklanabilmek igin sorular 1
olugtururum,

37. Kimya dersine galizirken kendimi gogn zaman o kadar isteksiz ya da o kadar sikalmg 1
hissederim ki, planladiklanmi tamamlamadan cahgmaktan vazgegerim

38, Kimya dersiyle ilgili duyduklanm ya da okuduklanm ne kadar gergekgi oldoklanna 1

karar vermek igin sikhkla sorgulanm,
39, Kimya dersine gahsirken, Snemli bilgileri igimden defalarca tekrar ederim 1
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40, Kimya deminde bir konuyun anlamakta zorluk gedmem bile hic kimseden yardim
almakezin kendi kendime gahsinm

4]1. Kimya dersi ile ilgili birgeyler okurken bir konuda kafam kamgrsa, basa diner ve
anlamak igin gaba gésteririm,

42 Kimya dersine gahgrken, daha énce okuduklarm ve aldifim notlan giizden geginr ve en
dmemli noktalan belirlemeye gabsmm,

43, Kimya dersine gahsmak igin ayirdigim zaman: iyi degerlendinrebiliyorum

44 Eger kimya dersl ile ilgili okomam gerken konulan anlamakta zerlantyorsam, ckuma
stratejimi degigtiririm,
43, Kimya dersinde verilen devleri tamamlamak igin simftaki diger dgrencilerke gahiznm

46, Kimya dersine galmirken, demlke ligili ckumalan ve ders simsmnda aldizim notlan
defalarca okurum

47. Ders simsmda veya ders igin okudngum bir kaynakta bir teori, yorum ya da sonug ifade
edilmiy ise, bunlan destekleyen bir bulgunun var olup olmadigim sorgulamaya galiznm,

48 Kimya deminds yapuklanmzdan hoglanmasam bile baganh olabilmek igin mk
pahsnm.

49. Derele ilgili konulan orgeanize etmek igin basit grafik, sema ya da tablolar hazidanm

50, Kimya demsine gahgrken konulan simftaki arkadaglanmia tarismak igin sikhkla zaman
HYITITIm

1. Kimya deminde isknen konnlan bir baglangig noktam olamk gérir ve ilgili konular
iizerinde kendi fikirkerimi olugturmaya gabgimm,

32, Cahgma planna bagh kalmak benim igin zordor,

33, Kimya dersine galijirken, dersten, okuduklanmdan, simf igi tartigmalardan ve diger
kaynaklardan edindigim bilgileri birraya getiridim,

54, Yenl bir komuyn detayh bir sekilde caligmaya baglamadan Snce gogu kez konunun naszil
organize edildigini anlamak igin ilk olarak komuyn hzlica gézden gegiririm,

33, Kimya dersinde ilenen konulan anladifimdan emin olbilmek igin kendi kendime
sorular soranm,

36, Cahsma tarmmi, dersin gereklilikler ve &Zmtmenin égmetme stiline uygun olacak tawda
degigtirmeye gahmrm.

37. Genelde derse gelmeden Gnce komoyly ilgili bireyler okurum fakat oluduklanm
goguninkla anlamam

58, Iyl anlamachfm bir konuyu 88rtmenimden agkiamasm isterim,
39. Kimya dersindeki dnemli kavramlan hatirlamak igin enahtar kelimeleri ezberlerim.
60, Egex bir konn zorsa ya gahsmaktan vezgegenm ya da yalnzea kolay knsimlanm gahginm

61. Kimya dersine gahgrken, konulan sadece okuyup gecmek yerine ne &grenmem genektigi
konusunda dilginmeye gahgrm,

62, Miimkiin oldugunca kimya dersinde &gmndiklerimle diger demlerde ézendiklerim
arasinda baglant kurmaya ¢ahginm.

63. Kimya demine gahsrken notlanm gizden geginr ve Gnemli kavramlann bir listesini
pkannm
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&4, Kimya dersi igin birgyler okurken, o anda ckuduklanmla daha dnceki bilgikrim
arazinda baglant kurmaya gahginm.

63, Ders galigmek igin devamh kullanchgym bir yer (oda ve.) vardir

66, Kimya dersinde dgrendikledmle ilgili ortaya gkan fikidedmi siieekli olarak géeden
gegimmeye galimmm

67. Kimya dersine galigirken, dersk ilgili okuduklanm ve derste aldigim notlan inceleyemrk
tnemli noktalarn dzetini gkannm.,

68, Kimya dersinde bir konuyn anlayamazsam simftaki bagka bir &grenciden yardim isterim,

69, Kimya dersiyk ilgili konulan, ders mmainda &grendiklerim ve okuduklanm arasinda
baglantilar kumarak anlamaya gahgmim,
70, Kimya demslerinde verilen ddevleri ve der=e ilgili okumalan zamamnda yapanm.,

71. Kimya dersindeld konularla ilgili bir iddia ya da wanlan bir sonuco her oknduZumda veya
duydugumda clam alternatifier iizerinde diigiiniirim

T2 Kimya dersinde dnemli kavramlanmn listesini gikanr ve bu listeyi ezberkerim.

T3, Kimya derslerini diizenli olamk takip ederim

TLhKEnu gok sk olsa da, ilgimi gekmese de konuyu bitirene kadar galismaya devam
e :

73, Gemktiginde yardim isteyebilece fim arkadaszlanim belirkemeye gahzinm.

T6. Kimya dersine gahgirken iyi anlamachfgim kavramlan belirlemeye gahgmm.

77. Bagka faaliyetlede vZrashfim igin gofZu zaman kimya dersine yeterinos zaman
EyITAMIYOTUMm

78 Kimya dersine gahsirken, cahsmalanm yénlendiebilmek igin kendime hedefler
belirlerim,

79, Ders sirasinda not ahrken kafam kangisa, notlanm dersten sonra diizenlerim,

80. Kimya smavindan Snce notlanm ya da okndoklarm gézden gegimmek igin fazla zaman
bulamam.

81, Kimya dersinde, okuduklanmdan edindifim fikideri smf igi tarbgma gibi gegitli
faaliyetlerde kullanmaya gahsirm.
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APPENDIX D

KiMYA DERSi TUTUM OLCEGI
ACIKLAMA: Bu odl¢ekte, Kimya dersine iligkin tutum cilimleleri ile her ciimlenin
karsisinda “Tamamen Katiliyorum”, “Katiliyorum”, “Kararsizim”, “Katilmiyorum” ve “Hig
Katilmiyorum” olmak {izere bes secenek verilmigtir. Her climleyi dikkatle okuduktan sonra
kendinize uygun se¢enegi isaretleyiniz.

5 g s £
55 5 5 @ ¢
Ez 2z & E E
EE T s = =
5 =1 =t = .O%
=M M N2 M I M
1. Kimya ¢ok sevdigim bir alandr ... OO O OO
2. Kimyaileilgili kitaplar1 okumaktan hoglamrim ... Oy O O O D
3. Kimyanin giinliik yasantida ¢ok dnemli yeri yoktur ... O O OO O
4. Kimyaileilgili ders problemlerini ¢dzmekten ... O O OO O
hoslanirim
5. Kimya konularyla ilgili daha ¢ok sey 6grenmek ... O O OO O
isterim
6. Kimya dersine girerken sikintt duyarrm ... O O OO O
7. Kimya derslerine zevkle girerim ... Oy O O O D
8. Kimya derslerine ayrilan ders saatinin daha fazla ... O O OO O
olmasini isterim
9. Kimya dersini ¢alisirken camm sikihr ... Oy O O O D
10. Kimya konularim ilgilendiren giinliik olaylar ... Oy O O O D
hakkinda daha fazla bilgi edinmek isterim
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11.

12.

13.

14.

15.

Diisiince sistemimizi gelistirmede Kimya 6grenimi

Onemlidir

Kimya, ¢evremizdeki dogal olaylarin daha iyi

anlagilmasinda 6nemlidir
Dersler i¢inde Kimya dersi sevimsiz gelir

Kimya konularyla ilgili tartigmaya katilmak bana

cazip gelmez

Calisma zamanimin 6nemli bir kismini Kimya

dersine ayirmak isterim

Tamamen

Katiliyorum

Katiliyorum

Kararsizim

Katilmiyorum

Hig

Katilmiyorum
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APPENDIX E

BiLIMSEL iSLEM BECERI TESTI

ACIKLAMA: Bu test, ozellikle Fen ve Matematik derslerinizde ve ilerde
iiniversite sinavlarinda karsiniza ¢ikabilecek karmagik gibi gériinen problemleri analiz
edebilme kabiliyetinizi ortaya g¢ikarabilmesi acisindan c¢ok faydalidir. Bu test iginde,
problemdeki degiskenleri tanimlayabilme, hipotez kurma ve tanimlama, islemsel
aciklamalar getirebilme, problemin ¢o6ziimii i¢in gerekli incelemelerin tasarlanmasi,
grafik ¢izme ve verileri yorumlayabilme kabiliyetlerini 6l¢ebilen sorular bulunmaktadir.
Her soruyu okuduktan sonra kendinizce uygun segenegi yalnizca cevap kagidina
isaretleyiniz.

Bu testin orijinali James R. Okey, Kevin C. Wise ve Joseph C. Burns tarafindan
gelistirilmistir. Tiirkgeye ¢evrisi ve uyarlamasi ise Prof. Dr. Ilker Ozkan, Prof. Dr. Petek

Askar ve Prof. Dr. Omer Geban tarafindan yapilmistir.

1. Bir basketbol antrendrii, oyuncularin giicsiiz olmasindan dolayr maglari
kaybettiklerini diistinmektedir. Giiglerini etkileyen faktorleri arastirmaya karar verir.
Antrendr, oyuncularin giiciinii etkileyip etkilemedigini 6lgmek icin asagidaki
degiskenlerden hangisini incelemelidir?

a. Her oyuncunun almis oldugu giinliik vitamin miktarini.

b. Giinliik agirlik kaldirma ¢aligmalarinin miktarini.

c. Giinliik antrenman siiresini.

d. Yukaridakilerin hepsini.
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2. Arabalarin verimliligini inceleyen bir arastirma yapilmaktadir. Sinanan hipotez,
benzine katilan bir katki maddesinin arabalarin verimliligini artirdig1 yolundadir. Ayni
tip bes arabaya ayni miktarda benzin fakat farkli miktarlarda katki maddesi konur.
Arabalar benzinleri bitinceye kadar ayni yol iizerinde giderler. Daha sonra her arabanin
aldig1 mesafe kaydedilir. Bu ¢calismada arabalarin verimliligi nasil 6lgiiliir?

a. Arabalarin benzinleri bitinceye kadar gecen siire ile.

b. Her arabanin gittigi mesafe ile.

c. Kullanilan benzin miktar ile.

d. Kullanilan katki maddesinin miktar ile.

3. Bir araba iireticisi daha ekonomik arabalar yapmak istemektedir. Arastirmacilar
arabanin litre basina alabilecegi mesafeyi etkileyebilecek degiskenleri arastirmaktadirlar.
Asagidaki degiskenlerden hangisi arabanin litre basina alabilecegi mesafeyi
etkileyebilir?

a. Arabanin agirhigi.

b. Motorun hacmi.

c. Arabanin rengi

d.aveb.

4. Ali Bey, evini 1sitmak i¢in komsularindan daha ¢ok para ddenmesinin sebeplerini
merak etmektedir. Isinma giderlerini etkileyen faktorleri arastirmak icin bir hipotez
kurar. Asagidakilerden hangisi bu arastirmada sinanmaya uygun bir hipotez degildir?

a. Evin ¢evresindeki agag sayisi ne kadar az ise 1sinma gideri o kadar fazladir.

b. Evde ne kadar ¢ok pencere ve kap1 varsa, 1sinma gideri de o kadar fazla olur.

¢. Biiytik evlerin 1sinma giderleri fazladir.

d. Isinma giderleri arttik¢a ailenin daha ucuza 1sinma yollar1 aramasi gerekir.
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5. Fen smifindan bir 6grenci sicakligin bakterilerin gelismesi iizerindeki etkilerini

arastirmaktadir. Yaptig1 deney sonucunda, 68renci asagidaki verileri elde etmistir:

Deney odasinin sicakhgi (°C), Bakteri kolonilerinin sayisi
5
10
15
25
50
70

—
2~ ONONO

Asagidaki grafiklerden hangisi bu verileri dogru olarak gostermektedir?

a. . b. |
1 T 12
8 10
)
12 8
o Kolonilerin 6
Kolonilerin 6 sayis
sayisi 4
2
2
0 [ ] >
0 5 10 15 25 50 70 010 20 3g|cggl|k?00C)60 70
Slcakllk(OC)
C. 4 d. A
70 70
60 50
50 25
40 15
Sicaklik(°C)30 Sicaklik(°C)10
(]
20 5
[ ]
10 - 0
]
0 > g
0 3 6 9 12 15 18 0 3 6 9 12 15 18
Kolonilerin sayisi Kolonilerin sayisi
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6. Bir polis sefi, arabalarin hizinin azaltilmasi ile ugragmaktadir. Arabalarin hizimi
etkileyebilecek bazi faktorler oldugunu diisiinmektedir. Siirticiilerin ne kadar hizli araba
kullandiklarin1 agagidaki hipotezlerin hangisiyle sinayabilir?
a. Daha geng stiriiciilerin daha hizli araba kullanma olasilig1 ytiksektir.
b. Kaza yapan arabalar ne kadar biiyiikse, i¢cindeki insanlarin yaralanma olasilig1 o
kadar azdir.
¢. Yollarda ne kadar ¢ok polis ekibi olursa, kaza sayis1 o kadar az olur.

d. Arabalar eskidik¢e kaza yapma olasiliklar1 artar.

7. Bir fen sinifinda, tekerlek yilizeyi genisliginin tekerlegin daha kolay yuvarlanmasi
izerine etkisi arastirilmaktadir. Bir oyuncak arabaya genis ylizeyli tekerlekler takilir,
once bir rampadan (egik diizlem) asag1 birakilir ve daha sonra diiz bir zemin iizerinde
gitmesi saglanir. Deney, ayn1 arabaya daha dar yiizeyli tekerlekler takilarak tekrarlanir.
Hangi tip tekerlegin daha kolay yuvarlandig1 nasil 6lgtiliir?

a. Her deneyde arabanin gittigi toplam mesafe olgiiliir.

b. Rampanin (egik diizlem) egim agis1 dl¢iiliir.

c. Her iki deneyde kullanilan tekerlek tiplerinin ylizey genislikleri dl¢iiliir.

d. Her iki deneyin sonunda arabanin agirliklar1 6l¢iiliir.

8. Bir ciftci daha ¢ok musir iiretebilmenin yollarin1 aramaktadir. Misirlarin miktarini
etkileyen faktorleri arastirmayi tasarlar. Bu amagla asagidaki hipotezlerden hangisini
sinayabilir?

a. Tarlaya ne kadar ¢ok giibre atilirsa, o kadar gok musir elde edilir.

b. Ne kadar ¢cok musir elde edilirse, kar o kadar fazla olur.

¢. Yagmur ne kadar ¢ok yagarsa , giibrenin etkisi o kadar ¢ok olur.

d. Misir tiretimi arttikca, iiretim maliyeti de artar.
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9. Bir odanin tabandan itibaren degisik ylizeylerdeki sicakliklarla ilgili bir ¢alisma
yapilmis ve elde edilen veriler asagidaki grafikte gosterilmistir. Degiskenler arasindaki

iliski nedir?

28

26

Hava Sicakligi 24
(C)

22

20

50 100 150 200 250 300
YUkseklik(cm)

a. Yikseklik arttikca sicaklik azalir.

b. Yikseklik arttik¢a sicaklik artar.

c. Sicaklik arttikca yiikseklik azalir.

d. Yiikseklik ile sicaklik artis1 arasinda bir iligki yoktur.

10. Ahmet, basketbol topunun i¢indeki hava arttik¢a, topun daha yiiksege sigrayacagini
diisiinmektedir. Bu hipotezi aragtirmak i¢in, birkag¢ basketbol topu alir ve iclerine farkl
miktarda hava pompalar. Ahmet hipotezini nasil sinamalidir?

a. Toplar1 ayn1 yiikseklikten fakat degisik hizlarla yere vurur.

b. I¢lerinde farkli miktarlarda hava olan toplari, aym yiikseklikten yere birakar.

c. Iclerinde aym miktarlarda hava olan toplari, zeminle farkli agilardan yere vurur.

d. I¢lerinde ayn1 miktarlarda hava olan toplari, farkl1 yiiksekliklerden yere birakir.
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11. Bir tankerden benzin almak i¢in farkli genislikte 5 hortum kullanilmaktadir. Her
hortum i¢in ayni pompa kullanilir. Yapilan calisma sonunda elde edilen bulgular

asagidaki grafikte gosterilmistir.

15 'y
Dakikada 12
pompalanan
benzin miktari 9
(litre)
6
[
3 [ ]

5 10 15 20 25 30 35

Hortumlarin ¢api (mm)

Asagidakilerden hangisi degiskenler arasindaki iliskiyi agiklamaktadir?
a. Hortumun ¢ap1 genisledik¢ce dakikada pompalanan benzin miktar1 da artar.
b. Dakikada pompalanan benzin miktari arttik¢a, daha fazla zaman gerekir.
c¢. Hortumun ¢ap1 kiigiildiikge dakikada pompalanan benzin miktar1 da artar.

d. Pompalanan benzin miktar1 azaldik¢a, hortumun ¢ap1 genisler.

Once asagidaki agiklamay1 okuyunuz ve daha sonra 12, 13, 14 ve 15 inci sorulari

aciklama kismindan sonra verilen paragrafi okuyarak cevaplayiniz.

Aciklama: Bir aragtirmada, bagimli degisken birtakim faktdrlere bagimli olarak
gelisim gosteren degiskendir. Bagimsiz degiskenler ise bagimli degiskene etki eden
faktorlerdir. Ornegin, arastirmanin amacina gore kimya basarist bagimli bir degisken
olarak alinabilir ve ona etki edebilecek faktor veya faktorler de bagimsiz degiskenler

olurlar.

Ayse, gilinesin karalar1 ve denizleri ayni derecede 1sitip 1sitmadigini merak
etmektedir. Bir arastirma yapmaya karar verir ve aymi blyliklikte iki kova alir.
Bunlardan birini toprakla, digerini de su ile doldurur ve ayn1 miktarda giines 1s1s1 alacak

sekilde bir yere koyar. 8.00 - 18.00 saatleri arasinda, her saat basi sicakliklarini dlger.
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12. Arastirmada asagidaki hipotezlerden hangisi sinanmistir?
a. Toprak ve su ne kadar ¢ok giines 15181 alirlarsa, o kadar 1sinirlar.
b. Toprak ve su giines altinda ne kadar fazla kalirlarsa, o kadar ¢ok 1sinirlar.
¢. Glines farkl1 maddeleri farkli derecelerde 1sitir.

d. Giiniin farkli saatlerinde giinesin 1s1s1 da farkli olur.

13. Arastirmada asagidaki degiskenlerden hangisi kontrol edilmistir?
a. Kovadaki suyun cinsi.
b. Toprak ve suyun sicakligi.
c. Kovalara koyulan maddenin tiirii.

d. Herbir kovanin giines altinda kalma siiresi.

14. Arastirmada bagimli degisken hangisidir?
a. Kovadaki suyun cinsi.
b. Toprak ve suyun sicakligi.
c. Kovalara koyulan maddenin tiirii.

d. Herbir kovanin giines altinda kalma stiresi.

15. Arastirmada bagimsiz degisken hangisidir?
a. Kovadaki suyun cinsi.
b. Toprak ve suyun sicakligi.
¢. Kovalara koyulan maddenin tiirti.

d. Herbir kovanin giines altinda kalma stiresi.

16. Can, yedi ayr1 bahg¢edeki ¢imenleri bigmektedir. Cim bigme makinesiyle her hafta bir
bahg¢edeki ¢imenleri biger. Cimenlerin boyu bahgelere gore farkli olup bazilarinda uzun
bazilarinda kisadir. Cimenlerin boylar1 ile ilgili hipotezler kurmaya baslar.

Asagidakilerden hangisi sitnanmaya uygun bir hipotezdir?
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a. Hava sicakken ¢im bigmek zordur.
b. Bahgeye atilan giibrenin miktar1 6nemlidir.
¢. Daha ¢ok sulanan bahgedeki ¢imenler daha uzun olur.

d. Bahce ne kadar engebeliyse ¢imenleri kesmek de o kadar zor olur.
17, 18, 19 ve 20 nci sorular1 asagida verilen paragrafi okuyarak cevaplayiniz.

Murat, suyun sicaklifinin, su iginde c¢oziinebilecek seker miktarini etkileyip
etkilemedigini arastirmak ister. Birbirinin ayn1 dort bardagin herbirine 50 ser mililitre su
koyar. Bardaklardan birisine 0 °C de, digerine de sirayla 50 °C, 75 °C ve 95 °C sicaklikta

su koyar. Daha sonra herbir bardaga ¢oziinebilecegi kadar seker koyar ve karistirir.

17. Bu arastirmada sinanan hipotez hangisidir?
a. Seker ne kadar ¢ok suda karistirilirsa o kadar ¢ok ¢ozliniir.
b. Ne kadar ¢ok seker ¢Oziiniirse, su o kadar tatli olur.
c. Sicaklik ne kadar yiiksek olursa, ¢oziinen sekerin miktar1 o kadar fazla olur.

d. Kullanilan suyun miktari arttikca sicakligi da artar.

18. Bu arastirmada kontrol edilebilen degisken hangisidir?
a. Her bardakta ¢6ziinen seker miktart.
b. Her bardaga konulan su miktart.
c. Bardaklarin sayis:.

d. Suyun sicakligi.

19. Aragtirmanin bagimli degiskeni hangisidir?
a. Her bardakta ¢6ziinen seker miktart.
b. Her bardaga konulan su miktari.
c. Bardaklarin sayis:.

d. Suyun sicaklig.
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20. Arastirmadaki bagimsiz degisken hangisidir?
a. Her bardakta ¢6ziinen seker miktari.
b. Her bardaga konulan su miktart.
c¢. Bardaklarin sayisi.

d. Suyun sicakligi.

21. Bir bah¢ivan domates iiretimini artirmak istemektedir. Degisik birkac alana domates
tohumu eker. Hipotezi, tohumlar ne kadar ¢ok sulanirsa, o kadar ¢abuk filizlenecegidir.
Bu hipotezi nasil sinar?

a. Farkli miktarlarda sulanan tohumlarin kag giinde filizlenecegine bakar.

b. Her sulamadan bir giin sonra domates bitkisinin boyunu 6lger.

¢. Farkli alanlardaki bitkilere verilen su miktarini 6lger.

d. Her alana ektigi tohum sayisina bakar.

22. Bir bahgivan tarlasindaki kabaklarda yaprak bitleri goriir. Bu bitleri yok etmek
gereklidir. Kardesi “Kling” adli tozun en iyi bdcek ilact oldugunu sdyler. Tarim
uzmanlari ise “Acar” adl1 spreyin daha etkili oldugunu sdylemektedir. Bah¢ivan alt1 tane
kabak bitkisi secer. Ug tanesini tozla, ii¢ tanesini de spreyle ilaglar. Bir hafta sonra her
bitkinin tlizerinde kalan canli bitleri sayar. Bu ¢alismada bocek ilaglarinin etkinligi nasil
Olctliir?

a. Kullanilan toz ya da spreyin miktar1 6lgiiliir.

b. Toz ya da spreyle ilaglandiktan sonra bitkilerin durumlari tespit edilir.

c. Her fidede olusan kabagin agirlig1 dl¢iiliir.

d. Bitkilerin iizerinde kalan bitler sayilir.
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23. Ebru, bir alevin belli bir zaman siiresi i¢inde meydana getirecegi 1s1 enerjisi miktarini
Olemek ister. Bir kabin i¢ine bir litre soguk su koyar ve 10 dakika siireyle 1sitir. Ebru,
alevin meydana getirdigi 1s1 enerjisini nasil 6lger?

a. 10 dakika sonra suyun sicaklifinda meydana gelen degismeyi kaydeder.

b. 10 dakika sonra suyun hacminde meydana gelen degismeyi olger.

c. 10 dakika sonra alevin sicakligini 6lger.

d. Bir litre suyun kaynamasi i¢in ge¢en zamani Olger.

24. Ahmet, buz pargaciklarinin erime siiresini etkileyen faktorleri merak etmektedir. Buz
parcalarinin biiyiikligli, odanin sicaklig1 ve buz parcalarinin sekli gibi faktorlerin erime
stiresini etkileyebilecegini diisliniir. Daha sonra su hipotezi sinamaya karar verir: Buz
parcalarinin sekli erime stiresini etkiler. Ahmet bu hipotezi sinamak i¢in asagidaki deney
tasarimlarinin hangisini uygulamalidir?
a. Herbiri farkli sekil ve agirlikta bes buz parcasi alinir. Bunlar ayn1 sicaklikta benzer
bes kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.
b. Herbiri aym sekilde fakat farkli agirlikta bes buz parcasi alinir. Bunlar ayni
sicaklikta benzer bes kabin igine ayr1 ayr1 konur ve erime siireleri izlenir.
c. Herbiri aym agirlikta fakat farkli sekillerde bes buz pargasi alinir. Bunlar ayni
sicaklikta benzer bes kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.
d. Herbiri aym agirlikta fakat farkli sekillerde bes buz parcasi alinir. Bunlar farkli

sicaklikta benzer bes kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.
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25. Bir aragtirmaci yeni bir glibreyi denemektedir. Caligmalarin1 aym biiytikliikte bes
tarlada yapar. Her tarlaya yeni giibresinden degisik miktarlarda karistirir. Bir ay sonra,

her tarlada yetisen ¢imenin ortalama boyunu dlger. Olciim sonuglar1 asagidaki tabloda

verilmistir.
Gubre miktari Cimenlerin ortalama boyu
(kg) (cm)
10 7
30 10
50 12
80 14
100 12

Tablodaki verilerin grafigi asagidakilerden hangisidir?

a b.
Cimenlerin .
ortalama Gubre
boyu miktari

Gibre miktari Cimenlerin ortalama boyu
c d.
Glbre
Cimenlerin miktari
ortalama
boyu
Gubre miktari Cimenlerin ortalama boyu
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26. Bir biyolog su hipotezi test etmek ister: Farelere ne kadar ¢ok vitamin verilirse o
kadar hizl1 biiyiirler. Biyolog farelerin biiylime hizini nasil dlgebilir?

a. Farelerin hizim 6lger.

b. Farelerin, giinliik uyumadan durabildikleri stireyi 6lger.

¢. Hergiin fareleri tartar.

d. Hergiin farelerin yiyecegi vitaminleri tartar.

27. Ogrenciler, sekerin suda c¢Oziinme siiresini etkileyebilecek degiskenleri
diistinmektedirler. Suyun sicakligini, sekerin ve suyun miktarlarin1 degisken olarak
saptarlar. Ogrenciler, sekerin suda ¢dziinme siiresini asagidaki hipotezlerden hangisiyle
sinayabilir?

a. Daha fazla sekeri ¢cozmek i¢in daha fazla su gereklidir.

b. Su sogudukea, sekeri ¢cozebilmek i¢in daha fazla karistirmak gerekir.

¢. Su ne kadar sicaksa, o kadar ¢ok seker ¢oziinecektir.

d. Su 1sindikca seker daha uzun siirede ¢oziiniir.

28. Bir arastirma grubu, degisik hacimli motorlar1 olan arabalarin randimanlarini dlger.

Elde edilen sonuclarin grafigi asagidaki gibidir:

30 ®
Litre basina
alinan mesafe 25
(km)

20

15

° [ ]
10
1 2 3 4 5
Motor hacmi
(litre)
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Asagidakilerden hangisi degiskenler arasindaki iliskiyi gdsterir?

a. Motor ne kadar biiyiikse, bir litre benzinle gidilen mesafe de o kadar uzun olur.

b. Bir litre benzinle gidilen mesafe ne kadar az olursa, arabanin motoru o kadar
kii¢iik demektir.

¢. Motor kiigiildiikge, arabanin bir litre benzinle gidilen mesafe artar.

d. Bir litre benzinle gidilen mesafe ne kadar uzun olursa, arabanin motoru o kadar

biiyiik demektir.

29, 30, 31 ve 32 nci sorular1 asagida verilen paragrafi okuyarak cevaplayimiz.

Topraga karistirilan yapraklarin domates {retimine etkisi arastirilmaktadir.
Aragtirmada dort biiyiik saksiya ayni miktarda ve tipte toprak konulmustur. Fakat birinci
saksidaki toraga 15 kg., ikinciye 10 kg., liglinciiye ise 5 kg. c¢lirlimiis yaprak
karigtirllmigtir. Dordiincii saksidaki topraga ise hig ¢iiriimiis yaprak karistirtlmamastir.

Daha sonra bu saksilara domates ekilmistir. Biitiin saksilar giinese konmus ve

ayni miktarda sulanmistir. Her saksidan eled edilen domates tartilmis ve kaydedilmistir.

29. Bu arastirmada sinanan hipotez hangisidir?
a. Bitkiler gilinesten ne kadar cok 151k alirlarsa, o kadar fazla domates verirler.
b. Saksilar ne kadar biiyiik olursa, karistirilan yaprak miktar1 o kadar fazla olur.
c. Saksilar ne kadar ¢ok sulanirsa, i¢lerindeki yapraklar o kadar ¢abuk ciirtir.

d. Topraga ne kadar ¢ok cliriik yaprak karistirilirsa, o kadar fazla domates elde edilir.

30. Bu arastirmada kontrol edilen degisken hangisidir?
a. Her saksidan elde edilen domates miktari.
b. Saksilara karistirilan yaprak miktari.
c. Saksilardaki toprak miktari.

d. Ciiriimiis yaprak karistirilan saks1 sayist.

195



31. Arastirmadaki bagimli degisken hangisidir?
a. Her saksidan elde edilen domates miktari
b. Saksilara karistirilan yaprak miktari.
c. Saksilardaki toprak miktari.

d. Ciiriimiis yaprak karistirilan saksi1 sayisi.

32. Arastirmadaki bagimsiz degisken hangisidir?
a. Her saksidan elde edilen domates miktari.
b. Saksilara karistirilan yaprak miktari.
c. Saksilardaki toprak miktart.

d. Ciiriimiis yapak karistirilan saks1 sayisi.

33. Bir 6grenci miknatislarin kaldirma yeteneklerini aragtirmaktadir. Cesitli boylarda ve
sekillerde birka¢ miknatis alir ve her miknatisin ¢ektigi demir tozlarimi tartar. Bu
calismada miknatisin kaldirma yetenegi nasil tanimlanir?

a. Kullanilan miknatisin biiytikligi ile.

b. Demir tozlarin1 ¢eken miknatisin agirhig ile.

¢. Kullanilan miknatisin sekli ile.

d. Cekilen demir tozlarimin agirlig ile.
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34. Bir hedefe ¢esitli mesafelerden 25 er atis yapilir. Her mesafeden yapilan 25 atistan

hedefe isabet edenler asagidaki tabloda gosterilmistir.

Mesafe(m) Hedefe vuran atis sayisi
5 25
15 10
25 10
50 5
100 2

Asagidaki grafiklerden hangisi verilen bu verileri en iyi sekilde yansitir?

a.

25
Hedefi bulan
atis sayisi

20
15
10

5

20 40 60 80 100

Hedefe olan uzaklik (m)

100

Hedefe olan 80

uzaklik (m)
60
40

20

—

b.
1001
Hedefe olan 50
uzaklik (m)
25
15
5
d.
25
Hedefi
bulan 20
atis sayisi
15
10
5

5 10 15 20
Hedefi bulan
atig sayisi
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35. Sibel, akvaryumdaki baliklarin bazen ¢ok hareketli bazen ise durgun olduklarim
gozler. Baliklarin hareketliligini etkileyen faktorleri merak eder.Baliklarin hareketliligini
etkileyen faktorleri hangi hipotezle sinayabilir?

a. Baliklara ne kadar ¢ok yem verilirse, o kadar ¢ok yeme ihtiyaclar1 vardir.

b. Baliklar ne kadar hareketli olursa o kadar ¢ok yeme ihtiyaglar1 vardir.

¢. Suda ne kadar ¢ok oksijen varsa, baliklar o kadar iri olur.

d. Akvaryum ne kadar ¢ok 1s1k alirsa, baliklar o kadar hareketli olur.

36. Murat Bey’in evinde birgok elektrikli alet vardir. Fazla gelen elektrik faturalar
dikkatini ¢ceker. Kullanilan elektrik miktarini etkileyen faktorleri arastirmaya karar verir.
Asagidaki degiskenlerden hangisi kullanilan elektrik enerjisi miktarini etkileyebilir?

a. TV’nin acik kaldigi siire.

b. Elektrik sayacinin yeri.

¢. Camagir makinesinin kullanma siklig1.

d.avec.
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APPENDIX F

ACTIVITY 1

ERIME, ERIME ISISI - BUHARLASMA, BUHARLASMA ISISI

1. Girme Asamasi ( Engagement):
Ogretmen konuya baslamadan énce dgrencilere asagidaki sekli vererek, oklar
tizerindeki bosluklara (kirmizi ile alt1 ¢izili olan yerler) gelmesi gereken kavramlari

yazmalarini ister. Bunu yapmaktaki amag dgrencilerin on bilgilerini ortaya ¢ikarmaktir.

2ablimiesme

Erime > Revnsime, >
Kati < Sivi -« Gaz
Donma Yoduniagmea

\/

Kiredilgsme

Ogretmen daha sonra giinlilk yasamdan sorular sorarak Ogrencilerin ilgisini

konuya ¢ekmeye calisir.

Faz degisimi
v Erime, buharlagsma, yogunlasma ve donma olaylarma cevrenizden ornekler
veriniz?

v Yapraklar tizerinde meydana gelen ¢iy ve kiragi nasil olusur? Kar atmosferde

nasil meydana gelir?

199



v Ayni miktarda kat1 ve sivi yagi (ayni yagin katist ve sivisi) ayri ayr tavalarda
0zdes iki ocakta yumurta pisirmek iizere 1sitttigimizi diisiinelim. Hangi tavadaki
yag yumurtay1 pisirmeye daha 6nce hazir olur? Neden?

v' Kapali bir kapta bir miktar buzu eritip su haline getirdigimizde elde edilen suyun
kiitlesi ile buzun kiitlesi arasinda bir fark olur mu? Bu suya 1s1 verilip kapali

kapta tamemen gaz haline getirilirse kiitlesi degisir mi?

Buhar basinct ve kaynama noktasi

v Kaynayan bir sivinin sicakligi ona 1s1 vermeye devam ettigimiz halde neden hep
ayn1 kalir?

v Normal bir tencerede mi yemek daha g¢abuk piser, diidiiklii tencerede mi daha
cabuk piser? Neden?

v Istanbul’da ve Van’da suyun kaynama sicakligi ayn1 midir? Neden?

v Bulagiklar1 yikadiktan sonra, bulasiklarin {izerindeki su damlaciklarinin birkag

saat sonra yok oldugu goriilmektedir? Bunun sebebi nedir?

Erime Isis1
v Kis glinlerinde ¢atilardan sarkan buzlarin erimesi 1s1 alan (ekzotermik) yoksa 1s1
veren (endotermik) bir olay midir?

v Soguk kis giinlerinde kar yagdigi zaman havanin isinmasinin sebebi nedir?

2. Kesfetme asamasi (Exploration)

Buhar basinct (gdsteri)

1. ici civa ile dolu olan bir kolona, bir damlatici ile alt taraftan birkac damla su
ilave edelim. Su damlaciklari, yogunlugu civadan az oldugu i¢in yukari dogru hareket
edeceklerdir ve civanin lizerinde su toplanacaktir. Baglangicta civa kolonun {ist
seviyelerindeyken iizerine gelen bir miktar su ile h kadar asagiya diigmiistiir. Suyun st

tarafinda meydana gelen bosluk neden kaynaklanmaktadir?
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2. Bir erlenin igerisine 200 ml su konur ve bu erlenin agzi hava almayacak
sekilde plastik ve esnek bir balonla kapatilir. Erlen alt taraftan yavas yavas isitilir ve
balonun sistigi gozlemlenir. Balonun sigsmesinin sebebi 6grenciler ile tartigilir.

Kaynama noktast ve Erime Noktasi

-10 °C de bulanan bir miktar buz ile 5 °C de bulunan asetik asidin 6grenciler
tarafindan erime ve kaynama noktalarinin tespit edilmesi istenir. Bu sirada 6grencilere

sorular yoneltilir.

v' Erime ve kaynama sirasinda sicaklik degisimi meydana geldi mi?
Neden?
v Iki maddenin erime ve kaynama sicakliklar1 ayn1 m1? Ayni olmamasinin

sebebi nedir?

Bir miktar buz dibi diiz cam bir balon igerisine konularak agzi tamamen kapatilir.
Igerisinde buz olan bu balon tartilir ve kag gr oldugu bir kenera yazlir. Sonra bu cam
balona yavas yavas 1s1 verilerek beherin igerisindeki buz tamamen su haline getirilir.
Igerisinde tamamen su olusmus cam balon tartilir ve bir kenara not edilir. Daha sonra
icerisinde su olan cam balona 1s1 verilmeye devam ederek su tamamen gaz haline
getirilir. Igerisinde su buhar1 olan cam balon tartilir ve elde edilen deger bir kenara

yazilir.

Bu deney, kiigiik gruplar halinde 6grenciler tarafindan gerceklestirilir, deney
stirasinda dgrencilerden buzun ve suyun agirliklarinin degisip degismeyecegini tahmin

etmeleri istenir.

Erime 15151
Her grupta 5 kisi olacak sekilde toplam 6 grup olusturulur. Kalorimetrenin ne ige
yaradigl oOgrencilere anlatilir. Laboratuvarda yapilan basit kalorimetre Ogrencilere

tanitilir. Her grupdaki 6grenciye bir adet basit kalorimetre verilir.
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Kolorimetre deneyi
Kalorimetre: fiziksel ve kimyasal degisim sirasinda emilen (absorbe edilen) veya

aciga cikan (salinan) 1s1 miktarini tespit etmek i¢in kullandigimiz bir aragtir.

Deney sirasinda kolorimetredeki suyun sicakliginin degisiminin kaydedilmesi ve

gozlenmesi 6grencilerden istenir. Ve herbir gruba su malzemeler dagitilir.

1. 400 ml lik beher

2. 100 ml lik mezur (graduated cylinders)
3. termometre

4. kalorimetre (cofee-cup)

5. su siticist (kettle)

6. karistirict (termometre bu amaglada kullanilabilir)
Deneye baslamadan Once Ogrencilerden kolarimetre igerisinde ne kadar su

kullanacaklari, suyun baslangi¢c ve son sicakliklarinin ne olacagini, kullanacaklar1 buz

miktarini belirlemeleri istenir.

202



Bir miktar su kettle in igerisinde 1sitilarak kolrimetrenin igerisindeki behere

konur ve kolarimetrede bu suyun miktar1 ve sicakligi tespit edilir.

Kalorimetredeki suyun miktari: 100 ml
Kalorimetredeki suyun sicakligi: 48 °C
Kalorimetredeki suyun kiitlesi: 100 g

Bir miktar buz kalorimetrenin igerisine atilir ve yavas yavas karistirilir. Buz

tamamen eridikten sonra suyun son sicaklig1 ve kalorimetredeki suyun miktar dl¢iiliir.

Kalorimetredeki suyun son miktari: 150 ml
Kolorimetredeki son sicaklik: 4 °C

Daha sonra su sorular gruplara verilir:

v" 1 g buzu eritebilmek i¢in gerekli olan 1s1 miktarini bu deneyde elde ettigimiz
verilerle bulabilirmiyiz?

v" Erime sicaklig1 ve Erime 1sis1 ayni seyi mi ifade eder?

3. Aciklama Asamasi (Explanation)

Ogrencilerden hal degisimi, erime, erime 1sis1, buharlasma, buharlasma 1sis1
hakkinda bildiklerini agiklamalari istenir. Bu agiklamalarin ilk ve ikinci asamada yapilan
etkinliklerin temel aliarak yapilmasi dgrencilerden istenir. Ogretmen asagida anlatilan
kavramlarin 6grenciler tarafindan tam olarak bilinip bilinmedigini, 06grencilerin
aciklamalarini irdeleyerek anlar. Eger anlasilmayan veya yanlis anlasilan kavramlar

varsa dogrudan anlatim yolu ile bunu gidermeye calisir.

a. Faz degigimi

Bir madenin bir fazdan baska bir faza gegmesine hal degimi adi verilir.
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Erime, bir maddenin kat: halden siv1 hale gegmesidir. Ornegin; buz veya karmn
suya donlismesi:

H,O (k) — H,O (s)

Donma, sivi haldeki bir maddenin kat1 hale déniismesidir. Ornegin: Suyun buz
hale ge¢mesi.

H,O (s) — H,0 (k)

Buharlasma, s1v1 haldeki bir maddenin gaz haline déniismesidir. Ornegin; suyun
buharlagmasi.

H;O (s) — H0 (g)

Kat1 haldeki bir maddenin dogrudan gaz haline doniismesi siiblimlesme olarak
adlandirilir. Ornegin; kisin kar yiginlarim erimesini saglayacak sicaklik olmadiginda bile
kar yiginlarinin yavas yavas gézden kayboldugu goézlemlenir. Kar dogrudan su buharina
dontismiistiir.

H,O (k) —> HO (g)

Yogunlagsma, gaz halindeki maddenin sivi veya kati hale gegmesidir. Ornegin;
yapraklar iizerinde olusan ¢iy atmosferdeki su buharmnin yogunlagmas: ile meydana
gelir.

H,O (g) —> H20(s)

Kirag: atmosferdeki su buharinin sivi hale gegmeden dogrudan kati hale gegmesi

ile olugur. Kar da atmosferde benzer sekilde meydana gelir.

Ogrencilere faz degisimini molokiiler boyutta anlatan animasyon sessiz bir
bicimde izlettirilir (faz degisimi ile ilgili animasyon). Bu animasyonda bir kati 1siya
maruz birakildiginda bu katinin sicakliginin nasil degistigi yandaki termometrede
verilmektedir. Kat1 tanecikli yap1 halinde gosterilmektedir. Katida bulunan molekiillerin
kinetik enerjilerinin sicaklik artis1 ile arttigi yine molekiiler boyutta net bir sekilde
verilmektedir. Erime noktasina gelindiginde sicakligin erime tamamlanincaya kadar
sabit kaldig1 net bir sekilde animasyonda belirtilmektedir. Ayni durum kaynama noktasi

icinde gegerlidir. Sicaklik ve zaman grafigi (hal degisim grafigi) ayrica bu animasyonun

ikinci kisminda gosterilmektedir.
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Ogrencilere bu animasyonla ilgili sorular sorulur:

v' Katiya 1s1 verildiginde sicaklik belli bir noktaya kadar yiikselir. Belli bir noktada
1s1 verilmeye devam edilse de sicaklik yiikselmesi bir siireligine durur? Bunun
sebebi nedir?

v’ Taneciklerin 1s1 verildik¢e daha hizli hareket etmelerinin sebebi nedir?

v' Sicaklik zaman grafiginde diiz ¢izgiler neyi ifade etmektedir?

Faz degisimi sirasinda maddelerin kiitlelerinin degismeyecegi yukarida yapilan

deney ile 6grencilere 1spatlanir.

b. Buhar basinct

Bir siv1 lizerindeki buhardan kaynaklanan basinca o sivinin buhar basinci denir.
I¢i civa dolu olan kolonun i¢ine damlalik ile su damlatilmasi sonucunda meydana gelen
gozlemler irdelenir. Her sivinin hatta her katinin belli bir buhar basincinin oldugu

vurguanir.

Sivilart olusturan molekiillerin bir kinetik enejileri vardir. Sivinin yiizeyinde
bulunan molekiiller belli bir kinetik enerjiye ulaginca kolonun istiindeki bosluga yayilir.
Zamanla daha fazla su molekiilii bu boslukta olusur. Daha fazla molekiil olusunca, belli
kinetik enerjiye sahip olan bu molekiiller suyun ylizeyine carparlar ve su yiizeyine bir

basing uygularlar. Buharlagsma olay1 devam ettik¢e civa asagiya dogru itilir.

Buhar fazina ge¢mis olan su molekiilleri su yiizeyine carparlar ve su ylizeyine
tutunup kalirlar. Yani su buhar1 yogunlasarak suya doniisiir. Buhar artmaya devam
ettikce, yogunlagsma da buna paralel olarak artar. Bu silire¢ bir dengede son bulur. Bu
denge aninda su buharinin su yiizeyine yapmis oldugu basing suyun o sicakliktaki buhar

basinci olarak tanimlanir.

HyO (s) «— HO (g)
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Sicaklik arttikga molekiillerin kinetik enerjileri ve buhar fazindakis molekiillerin
sayist artacak dolayisi ile buhar basinglarida artacaktir. Agzi bir balonla kapatilmig
icinde su olan erlen 1sitilinca balonun sismesinin sebebi suyun buhar basincinin
artmasindan kaynaklanmaktadir.

v" Suyu kaynarken izlediginizde bir¢ok biiyiikk baloncuk goriirsiiniiz.
Baloncuklarin i¢inde ne vardir?
Ogrenciler genellikle, kaynama sirasinda gordiigiimiiz baloncuklarin 1sidan olustugunu

diistinmektedirler.

c. Kaynama Noktast ve Erime Noktast

Sivinin buhar basincinin sivinin {izerine uygulanan basinca (eger sivi bir kap
icerisinde basinca maruz degilse, bu acik hava basincidir) esit oldugu sicaklik o sivinin

kaynama noktasidir.

Bildigimiz gibi sivinin sicakligi artinca, siviyr olusturan molekiillerin kinetik
enerjileri artar, bununla beraber sivinin buhar basincida artar. Bu buhar basinci agik hava
basincina ulastig1 anda sivinin igerisinde baloncuklar olusur. Buna kaynama adi verilir.

Kaynama bagladig1 anda sivinin sicakligi ayni kalir.

Bir sivinin iizerine uygulanan basing degisirse, o sivinin kaynama noktasida
degisir. Mesela, su 1 atm basing¢da (deniz seviyesinde, istanbul) 100 C de kaynar. Fakat
acik hava basincinin 0.83 atm oldugu Van’da su 95 C de kaynar. Bunun nedenleri
derinlemesine sinifda tartisilir, 6grencilerden aciklama yapmalar1 beklenir. Diidiikli
tencerede yemeklerin daha cabuk pismesinin sebepleri bu baglamda sinifda tartisilir.

Sivilarin lizerindeki basing diisdiik¢e kaynama noktasi diiser.
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Gosteri

Bir cam balon alinir, yarisi su ile doldurulur. Su kaynatilir. Kaynama basladikdan
sonra ates sondiirtiliir ve balonun agzi mantar ile kapatilir. Eline aldigin sicak su dolu
balon ters cevrilerek soguk 1slak bezle balonun yukar1 gelen kismi sogutulursa, suyun
yeniden fakurdayip kaynadigi goriiliir. Bunun sebebi, sogutuldugunda {istte bulunan
buharin bir kisminin yogunlasmasi suyun yiizeyine etki eden basicin azalmasidir.
Uzerindeki basing azaldig: i¢inde kaynama noktasinin altinda oldugu halde su yeniden

kaynamaktadir .

Saf bir sivinin kristallenerek katilastigi, dondugu sicakliga donma noktasi adi
verilir. Kristal haldeki katinin siviya doniistligii, eridigi sicakliga erime noktasi adi
verilir. Bir madde i¢in erime ve donama noktas: aynidir. Kaynama noktasinin tersine

erime noktasi ancak ¢ok yliksek basing degisimlerinden etkilenir.

Erime noktas1 ve kaynama noktas1 maddeleri tanimlamamizda bize yardime1 olan

fiziksel Ozelliklerdir.

d. Erime ve Buharlagma Isisi
-20 °C deki buzun buharlagincaya kadar olan sicaklik zaman grafiginin 6grenciler

tarafindan agiklanmasi istenir.
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Erime sicakliginda bulunan bir katiyr eritmek icin gerekli olan 1s1 miktarina

H,O (k) — H,O (s)

AHgrime = 6.01 kj/mol

erime 1s1s1 ad1 verilir. Ornegin, buzun erime 1s1s1, bir mole i¢in 6.01 kj dur.

Kaynama sicakliginda bulunan bir siviyr buharlastirmak i¢in gerekli olan 1siya

H,O (s) — HxO (g)

AHerime = 40.7 kj/mol

buharlasma 1s1s1 ad1 verilir. Ornegin, suyun buharlagma 1s1s1, bir mol icin 40.7 kj dir.

Bir maddenin erime 1sin1 hesaplamiz i¢in yaptigimiz kalorimetre deneyindeki

kaydettigimiz verileri hatirlayalim:

Kalorimetredeki suyun miktari: 100 ml

Kalorimetredeki suyun sicakligi: 48 °C

Kalorimetredeki suyun kiitlesi: 100 g

Kalorimetredeki suyun son miktari: 150 ml
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Kolorimetredeki son sicaklik: 4 °C

Cq: 1 cal/g.°C

Kalorimetreye atilan buz belli bir miktar 1s1 emerek suyun sicakligini son
sicakliga diisiirmiisdiir. Buzun absorbe ettigi 1s1 miktar1 suyun kaybettig 1s1 miktarina
esittir.

Kolorimetredeki suyun kaybettigi 1s1 miktar1 (AH)= AT x M x ¢

440 C x 100 g x 1.00
cal/g.°C
4.4x 10’ cal

Kolorimetredeki suyun kaybettigi 1s1 miktar1 buzun absorbe ettigi 1s1 mikrtarina

esittir.Eriyen buzun kiitlesi, kalorimetredeki suyun hacminin degisimine esittir ve buda

50 g dir.

Kalorimetreye koydugumuz buzun ilk sicakliginin 0 °C oldugunu ve kalorimetre
kabinin bu islemler sirasinda 1s1 alip vermedigini kabul edersek, suyun verdigi 1sinin bir
kismi buzun eriyip 0 °C de su haline gelmesini saglarken bir kismina da 0 °C deki suyu
(buzun erimesi sonucu olusan su) 4 °C ye kadar 1sitmak i¢in harcanmustir.

O halde;
Kalorimetredeki suyun verdigi 1s1 = buzun erimesi i¢in aldigi 1s1 + olusan 0 °C deki

suyun 4 °C ye kadar 1sinmasi igin gerekli 1s1

44x10° cal = Qpy, + 50 x 1 x 4
= Qbuz+ 200 cal
Qbuz= 4400 — 200 ise Qpyuz = 4200 cal
Buzun tamami 50 gr ise Qpy, = 4200 / 50 = 84 cal /gr olur. Elde edilen veriler

dogrultusunda buzun erime 1s1s1 84 cal/g dur.
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4. Derinlesme Asamasi

Buhar Basinct

(Laboratuvar)

Sivilarin buhar basincinin sicaklik ile arttigini gosteren bir deney yapmalari
saglanir. Yariya kadar su ile dolu olan beher isitilir. Isitilirken beherin agzina hava
kacirmayacak sekilde balon baglanir. Sicaklik arttikca balonun sismesi gozlenir. Balon

sisme sebebi dgrenciler ile tartisilir.

Erime Isis1
v Opgrencilerin daha once yapmis olduklar1 deney dogrultusunda (buzun
erime 1s1s1nin 84 cal/g oldugu biliniyor) bir miktar buz verilerek bu buzun

miktarinin kalorimetre kullanilarak hesaplanmasi istenir.

v" Buzun erime 1sis1 6.01 kj/mol diir. Suyun buharlasma 1s1s1 40.7 kj/mol
diir. Bu iki deger arasinda bu kadar fark olmasinin sebebi Ogrencilere

sorulur.

Erime ve Kaynama Noktasi
Ogrencilere 3 madde verilir. Bu maddelerin erime ve kaynama noktalarini tespit

ederek bu maddlerin ne oldugunu 6grenciler bulmaya g¢alisir.
5. Degerlendirme Asamasi

Ogrencilere konu ile ilgili sorular verilir. Bu sorularin cevaplar1 dogrultusunda

ogrecilere doniitler verilir.
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ACTIVITY 2

COZELTILER-1

Cozeltiler, Cozelti cesitleri (doymus, doymamus, asir1 doymus ¢ozeltiler)

1.Girme Asamasi (Engagement)

Ogrencilere ¢ozelti deyince ne anladiklar, giinliik yasamda karsilastiklari
cozeltilerden bahsetmeleri istenir. Herhangi bir ¢ozeltiyi olusturan bilesenler neler
olabilecegi Ogrencilere sorulur. Ogrenciler sekerli su deneyini yaparlarken onlara,
olusturduklar1 sekerli suyun bir ¢ozelti olup olmadigi sorulur. Bu sekerli suda neyin
¢coziinen ve neyin ¢oziicii oldugu sorulur. Cozeltilerin sadece katinin sivi igerisinde
coziinmesi ile olusan karisimlar m1 oldugu, yoksa sivi-sivi, kati- kati, gaz-gaz
cozeltilerinde olup olmadig1 eger varsa giinlik yasamdan bu ¢ozelti ¢esitlerine 6rnek
vermeleri istenir. Gilinlik yasamdan su sorular sorularak ¢ozeltilerin  gilinliik

yasamimizdaki dnemi vurgulanir.

v Tuz suda ¢oziinmeseydi tuzun yemege kazandirdigi tat olusabilir miydi? Boyle
bir durumda tuzu yemege katmamizin bir anlami olacak miydi?

v" Bitkilerin kokleriyle topraktan gerekli mineralleri almalari ile ¢6ziinme arasinda
nasil bir ilisiki var? Bu mineraller sude ¢6ziinmese bitkiler beslenebilir miydi?

v Giinliikk yasamizda kargimiza ¢ikan ¢ozeltilere 6rnekler veriniz?

v Erime ve ¢dziinme ayni sey midir?
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Cevaplar

Giindelik yasamimizda karsilasilan bazi maddelerin birbiri igerisine dagilarak
homojen karisimlar olusturduklarini bazilarmmin ise karismayip ayri fazlar halinde
kaldigimmi gozlemlemekteyiz. Tuz suda ¢dziinmeseydi tuzun yemege kazandirdigi tat
olugmayacakti ve bundan boyle yemege tuz katmanin bir anlam1 olmayacakti. Bitkilerin
kokleriyle topraktan gerekli mineralleri almalar1 da ¢dzlinmeyle miimkiin

olabilmektedir.

Cozeltiler yasamimizda Onemli bir yere sahiptir. Baslica azot ve oksijen
elementlerinden olusan soludugumuz hava, cesitli mineralleri ve ¢oziinmis gazlari
iceren icme suyu, sodyum kloriir ve diger bilesikleri igeren deniz suyu, yaklasik ylizde
bes oraninda asetik asit iceren sirke, ¢oziinmiis karbondioksit ve birgok baska madde
iceren soda, onlarca karbonlu bilesik igeren benzin, baslica metan olmak {izere diger
yanici gazlar iceren dogal gaz, bakir ve ¢inkodan olusan sar1 piring, su ve sodyum
hipoklorit’ten olusan ¢amasir suyu, su ve hidroklorik asitten olusan tuz ruhu, su, etil
alkol ve koku verici maddeden olusan kolonya, otomobillerde donmay1 onleyen sivi
olarak kullanilan antifriz (Etilen glikol, CHOHCH,OH)-su karistmi ve sekerli su
cozeltileri glindelik hayatta karsilastigimiz veya farkli amaglarla kullandigimiz ¢6zelti

ornekleridir. Baliklar suda ¢6ziinmiis olan oksijeni alarak yasamlarin siirdiiriirler.

Ogrenciler kiigiik (5 kisilik 6 grup) gruplara ayrilir. Her gruba iginde 100 ml su
bulunan cam kap ve bir miktar kesme seker verilir. Ogrencilere “Verilen kesme
sekerlerin hepsinin suda ¢6ziindlii mii?” “Coziinmenin belli bir sinir1 var mi1?”” sorulari
sorulur ve gruplar bu probleme ¢6ziim bulmaya yonlendirilirler. Gruplardaki 6grenciler
tartisarak, problemin ¢dziimiine ydnelik fikirler ve hipotezler ileri siirerler. Ogrencilerin
kesme sekerleri tek tek suya atarak bir karistiriciyla karistirmalarinin sonuca daha dogru
bir sekilde ulasabilecekleri bir yol oldugu vurgulanir ve deney sonucunu arkadaslariyla
tartismalari istenir. Ilk basta sekerin suda cabuk bir sekilde ¢oziindiigii, belli bir miktar
seker atilincaya kadar ¢oziinmenin devam ettigi fakat belirli bir noktadan sonra seker

atilmaya devam edildiginde karistirildiktan sonra bile bir miktar sekerin ¢oktligiiniin

212



gbzlemlenmesi beklenir. Gozlem sonucunun grup i¢inde tartigilarak maddelerin ¢cogunun

belirli bir ¢oziicii icinde ¢oziintirliiklerinin bir sinir1 oldugu sonucuna varmalar1 beklenir.

Ogrencilerin sicaklik artisginin ¢dziiniirliigii arttirdigina dair giinliik yasamdan
ornekler verilir. Ogrencilere sekerin sicak su icerisinde soguk suya oranla eden daha
cabuk ¢0zlindiigli sorulur. Sicak suda m1 ¢okmeden daha fazla seker ¢ozebiliriz oksa
soguk suda sorusu oOgrencilere sorulur. Gilinlilk yasamda c¢okg¢a kullanilan pekmez
kivamindaki tatli sivi veya suruplarin nasil hazirlandigi sorusu sorulabilir. Sicaklik

artiginin biitlin maddelerin ¢oziintirliigiinti artirmayabilecegi istisnasi belirtilir.

2. Kesfetme Asamasi (Exploration)
Ogrencilerin ¢oziiniirliik kavramim daha iyi anlayabilmeleri i¢in NaCl {in suda

coziinmesi 6grenciler tarafindan gerceklestirilir.

Laboratuvar (1)

20 C de, 30 g NaCl 100 ml su igerinde yavas yavas karigtirilarak ¢oziiniir. Belli
bir siire sonra 30 g NaCl in suda tamamen yok oldugu gézlemlenir (1. ¢ozelti). Baska bir
kapta olusturulan ayni ¢dzeltinin iizerine 10 g daha NaCl ilave edilirse ve karistirilmaya
devam edilirse, ilave edilen NaCl in bir kisminin daha ¢6ziindiigii, ama bir kisminin ne

kadar karistirilirsa karistirilsin, kabin dibine ¢oktiigli gozlemlenir (2. ¢ozelti).

v NaCl iin tamemen ¢oziindiigi 1. ¢ozelti nasil bir ¢ozeltidir?

v" 30 g NaCl i 100 ml suda ¢ozdiikten sonra, bu ¢dzeltinin tizerine 10 g daha NaCl
ilave etmemiz durumunda 10 g NaCl {in tamamen ¢oziinmemesinin sebebi nedir?

v Olusturdugumuz 2. ¢ozelti nasil bir ¢ozeltidir?

v Sekerin suda ¢dziinme miktari ile NaCl suda ¢oziinme miktar1 esit mi? Neden?

Laboratuvar (2)
100 C (kaynayan su), 100 ml su igerisinde Na,;S,0; (sodyum tiyosiilfat) in
coziniirligii 231 g dir. Oda sicakliginda ¢oziiniirlik 50 g diger. 100 C de, 100 ml suda
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231 g NaxS;0;3 ¢oziiniir (3. ¢ozelti). Ve bu ¢ozelti yavas yavas sogumaya birakilir.
Sogumaya birakilan bu ¢ozelti kristallenme olmadan sogur. Fakat bu ¢6zeltinin igerisine
cok az Na,S,0s ilave ettigimizde kristallenme meydana gelir ve bu kristallenme gitgide

bliytir.

v Olusturulan 3. ¢6zelti nasil bir ¢ozetidir.

v Neden birdenbire ¢ok yliksek diizeyde krsitallenme meydana gelmistir.

Ogrenciler laboratuvarda kiigiik gruplara ayrilarak suda ¢oziinebilen katilarin
¢oziiniirliiklerine sicakhigin etkisi nedir sorusuna cevap bulmalar istenebilir. Ogrenciler
sicakligin ¢oziiniirliige etkisinin nasil olabilecegiyle ilgili hipotezler kurarlar ve deney

tasarlarlar.

Gruplarin bir kismi Ornegin ¢oziinen olarak sodyumnitrat bir kismi seker
kullanabilir. Deney sonucunda dgrencilerin suda ¢6ziinebilen katilarin sicak suda soguk
suya gore daha hizli ve daha fazla miktarda ¢6ziindiigii, yani genel olarak sicaklik

artisinin ¢ozliniirligi artirdig sonucuna varmalari beklenir.

Ogrencilere, yiiksek sicaklikta hazirlatilan ¢oziiniirliigii artnus boyle cozeltiler
sogutulursa yani tekrar oda sicakligina gelmesi beklenirse neyin olacagi sorusu sorulur.
Ogrenciler yiiksek sicaklikta doygun hale getirdikleri ¢dzeltileri sogumaya
biraktiklarinda ¢6ziinen maddenin bir kisminin kabin dibine ¢oktiigiinii gozlemlerler.
Sonug olarak seker veya sodyumnitrat ¢ozeltisinin ¢ozlinlirliigiiniin sicaklik azaldikca

azaldig1 sonucuna varmalar1 beklenir.

Coziiniirligli yiiksek bir c¢ozelti hazirlamak i¢in ne yapilmali sorusuna,
ogrencilerin oldukca yiiksek derisime (konsantrasyon) sahip seker c¢ozeltileri
olusturulmasi1 gerekir cevabini vermeleri beklenir. Cozeltinin sicaklifinin  artirilmasi
¢Oziliniirligii neden artirir? seklindeki yonlendirici sorularla  dgrencinin sicakligin

etkisini olay1yla ilskilendirmesi saglanir.
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3. Aciklama Asamasi (Explanation)

Doymamis Gozelti Doymus Gozelti Doymus Gozelti

Cozlinmemis
50 g seker

(@) 20°C de, 100 mL suda  (b) 20°C de, 100 mLsuda  {c) 20°C de, 100 mL suda
150 g seker 200 g seker 250 g seker

Ogrencilere sekillerin neyi ifade ettigi sorulur. Ogrencilerin Sekil- a da sekerin
suda ¢Oziindiiglinli, ¢ozlinme olaymin 200 gr. seker ilave edene kadar siirecegini
belirtmeleri beklenir. Sekil-b de suyun sekere doydugu yani suyun daha fazla sekeri
homojen bir karisim olusturmak i¢in kabul edemeyecegi nokta oldugunu ifade etmeleri
beklenir. Bu tiir bir durum olusmussa elde edilen ¢ozeltiye doymus ¢ozelti denildigi,
sekil a da ise heniiz suyun sekeri homojen bir karigim olusturmak i¢in kabul edebilecegi,
bu durumdaki ¢ozeltiye de doymamis ¢ozelti denildigini 6gretmen tarafindan aciklanir.
Sekil- ¢ de ise 50 gr sekerin ¢oziinmeden dibe ¢oktiigliniin Sgrenciler tarafindan

belirtilmesi beklenir.

Ogrencilere animasyon izlettirilerek sekerin su igerisinde molekiiler diizeyde

nasil ¢oziindigi gosterilir (NaCl ¢oziinmesi ile ilgili animasyon).

Doymus, doymamig ve asirt doymus c¢ozelti kavramlari tanecik boyutuna
indirgenerek olusum sartlar1 anlasilir hale getirilebilir. Coziintirlik konusunu daha iy1
anlayabilmek i¢in NaCl in su igerisinde ¢dziinmesini inceleyelim. NaCl iyonik bir
maddedir ve su i¢erinde Na" ve CI iyonlarina ayrisarak ¢ozniir. NaCl iin ¢dziinmesini
makroskopik yolla incelersek, dinamik bir siirecin meydana geldigi gézlemlenir. Mesela,
40 g NaCl kristallerini 20 C de 100 ml suda karistiralim. Na® ve CI iyonlar kristalin

ylizeyinden ¢oOzeltiye dogru ayrilirlar. Bu iyonlar ozeliti igerisinde rastgele hareket
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ederler ve sans eseri birbirleri ile carpisarak tutunurlar ve kristal duruma yine
dontisiirler. NaCl coziinmeye devam ederse, daha fazla iyon c¢ozeltiye karisacak ve
iyonlarin ¢ozelti igerisinde carpisarak kristalize olma orani artacaktir. Ve sonug olarak
kristalden ayrilan iyonlar ile iyonlarin ¢arpisarak kristal meydana getirme orani dinamik

bir dengeye ulasacaktir. Bu denge su sekilde ifade edilir.
NaCl (k) «— Na' (suda) + CI (suda)
—

Iste bu dengede bulunan ¢éoziiltilere doymus cozeltiler, bu dengeye heniiz

ulasamamis, ¢oziinmenin devam ettigi ¢ozeltilere de doymamis ¢ozeltiler ad1 verilir.

Bir ¢oziicti ile bir ¢ozlinen karistirildiginda (kapta belli miktardaki suya ¢oziinen
ilave edildiginde) doymus bir ¢dzelti konumu olusana kadar nasil bir olayin meydana

geldigi asagida resmedilmistir.

Ogretmen doygun ¢ozeltinin derisimini, verilen ¢dziicii icindeki ¢dziinenin
cozinlirligii (konsantrasyonu) oldugunu ifade eder. Doygun c¢ozeltinin belli bir
sicaklikta olustugu (oda sicakligy) 6grencilere hatirlatilip, boyle bir ¢ozeltinin sicakligini,
¢Oziiniirliigiin daha az oldugu bir dereceye getirdigimizi varsayarsak ¢dzeltiye ne olur
sorusu sorulur. Sicakligin diisiiriildiigli yeni ortamda c¢Oziintirlik azaldigina gore
¢oziinenin fazlasinin ¢okecegi cevabma ulasilmasi beklenir. Ogretmen bu durumda
bazen hi¢ c¢okelme olmayabilecegini sOyler ve Ogrencilerden agiklama bekler.
Ogrencilerin farkli sicakliklarda ¢dziinen madde miktarinin farkli olabilecegi ¢ikariminm
yapip, ¢Ozeltideki ¢oziinmiis madde miktarinin, o sicaklikta ¢oziinmesi gerekenden fazla
oldugu sonucuna varmalar1 beklenir. Ogretmen boyle ¢ozeltilere asir1 doygun ¢ozelti

dendigini belirtir.

Ogrencilerden sicakligi artirmanim ¢dziiniirliigii artiracagi, ¢dziiciiniin yani su
molekiillerinin sicaklik artirnmiyla daha hizli hareket edecekleri (kinetik enerjilerinin

yiikselecegi) ve kat1 ¢oziinenle daha etkili ¢carpigsmaya gireceklerini sdylemeleri beklenir.
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Bu durumda ¢oziicii molekiilleri ¢dziinen maddenin molekiillerini daha kisa zamanda
saracagindan ¢0zlicii- ¢oziinen arasindaki etkilesim kuvvetinin ¢oziicii-¢6ziicili arasindaki

etkilesim kuvvetini zayiflatacag: ¢ikarimini yapmalar1 beklenir.

4. Derinlesme Asamasi

(a) (b) (c)

Sekil: Doygun ¢ozeltinin olugmasi
Oklarin uzunlugu ¢oziinme ve ¢dkelme hizlarin1 gostermektedir.

Yukaridaki sekil doymus bir ¢ozelti gdsterimi i¢in uygundur. Kiiciik gruplar
olusturularak &grencilerin sekilleri tartismalari istenebilir. Ogretmen bazi sorularla
tartismay1 yonlendirir. Doymamis ¢ozelti ve doygun bir ¢ozelti olusmasi i¢in gerekli
sartlarin neler oldugu sorusu sorulur ve olayin ¢éziinenin ¢éziinme ve ¢okelme hizlar ile
aciklanmasi beklenir. Ogrencilerin 6nce yalnizca ¢dziinmenin meydana gelecegi, hemen
ardindan ¢okelme olaymnin baslayacagi ve ¢okelmenin gittikge artacagini ifade etmeleri
beklenir. Ogrencilere ¢dkelmenin neden belli bir noktadan sonra arttig1 sorusu sorulur.
Ogencilerin saf ¢ziinenden ¢dzeltiye gegen molekiil veya iyonlarinin ¢dzeltide hareket
ettikleri, ¢ozeltiye gecen iyon veya molekiillerin sayilar arttikca bunlarin saf ¢oziinen ile
carpisma ve tekrar saf ¢oziinene gegme olasiliginin arti§i sonucuna varmalar1 saglanir.
Yani ¢Oziinmiis iyon veya molekiillerin bir kisminin yeniden ¢6ziinmemis hale

dondiiklerini ifade etmeleri beklenir. Bir siire sonra ¢oziinme hizi ile ¢okelme hizinin
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esit hale gelmesinin ne anlam ifade ettigi ve ¢Ozeltinin derisimini bu durumun nasil
etkiledigi sorusu sorulur. Ogrencilerin bu durumda ¢dziinenin ¢dzeltideki derisiminin
artik degismeyip sabit kaldig1 ve ¢ozeltinin bu halinin ise doygun ¢ozeltiyi yansittigin
fark etmesi beklenir.

Ogrencilere animasyon izlettirilerek KmnOy iin su icerisinde molekiiler diizeyde
nasil ¢oziindiigl gosterilir (KMnO, iin ¢oziinmesi ile ilgili animasyon).

Bu animsayon iizerine ¢esitli tartismalar gergeklestirilir.

Cad

Ogrencilerden nasil bir ¢dzelti oldugunu yorumlamalari istenir. Coziinme hiz ile
cokelme hizinin esit hale gelmesinin ¢oziinenin ¢ozeltideki derisiminin artik degismeyip
sabit kaldig1 ve ¢dzeltinin bu halininde doygun ¢6zeltiyi yansittigininin ifade edilmesi
beklenir. Yani bir miktar kat1 ¢oziinenle dengede bulunan bir doymus ¢ozelti beherin

i¢inde bulunmaktadir.

Sulu c¢ozeltideki ¢oOziinlirliigin sicaklik artigiyla iliskisini gOsteren grafik

ogrencilerin gorecegi bir sekilde duvara yansitilir.

NaNO,

Licl

I KCl
10 4 —_— N2l

Coézunurldk (100 mL suda
gram cinsinden ¢6zinen)

(e ——————T A, |,
20 40 60 80 100

Sicaklik “C
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Ogrencilerin bu grafigi yorumlamalarma yardimci olabilecek sorular sorulur.
Ornegin, NaCl nin ¢dziiniirliigiiniin sicakliktan neden &tekilere gore daha az etkilenmis
olabilir? sorusuna yaratilan tartigma ortaminda cevap aranmaya calisilir. Coziinen
molekiillerin  kendiiyonlar1 aralarindaki kimyasal baglarin kuvvetliligi ve bu
molekiillerin 6rgiin yapida bir arada olmalarinin buna neden olabilecegi sonucunun

cikmasi saglanabilir.

5. Degerlendirme Asamasi
Ogrencilere konu ile ilgili sorular verilir. Bu sorularin cevaplar1 dogrultusunda

ogrecilere doniitler verilir.
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ACTIVITY 3

COZELTILER 2
Cozeltilerin Derisimleri
1.Girme Asamasi (Engagement)
Ogretmen 6grencilere kolonyanin iizerinde yazan 80° veya 90° yazilarinin ne
anlama geldigini sorar. Bununla beraber ickilerin lizerinde yazan %45 (raki), veya %5

(bira) ne anlam ifade ettigi 6grencilere sorulur.

80° veya 90° lik kolanyalar arasinda ne gibi farklar vardir. Bira ile raki arasida
alkol orani olarak ne gibi farkliliklar bulunmaktadir. Giinliik yasamimizda karsimiza
cikan yiyecek ve igeceklerde bilgi verilen ifadeler ne anlama gelmektedir? Seklinde

sorular sorulur.

Bir ¢ozeltinin igerisinde ¢oziinen madde miktarini hangi dlgiilerle vurgulariz.
Mesela, kiitlece % 3,5 lik NaCl ¢oziiltesi dendiginde ne anliyoruz? 1 molar CuSOg4

cozeltisi dediginde ne anliyoruz? 1 molal CuSO, ¢dzeltisi dendiginde ne anliyoruz?

2. Kesfetme Asamasi (Exploration)

Laboratuvar

1. deney: Ogrencilere %3.5 lik NaCl ¢ozeltisi hazirlatilir. Bu ¢ozelti, 3,5 g NaCl
nin 96,5 g suyun icerisinde ¢oziinmesi ile hazirlanir. Ogrencilere bu ¢dzelti hazirlanirken
bunun giinliik yagamlarinda karsilarina ¢ikan kolonya ve ickilerdeki drneklerle bir
ilgisinin olup olmadig: sorularak tartisilir. Kiitlece ylizde derisim dendiginde
ogrencilerin ne anladig1 6grencilere sorulur. Not: Giinliik yasamda karsimiza ¢ikan

cozeltiler s1vi-sivi karigimi ¢ozeltiler oldugu icin yiizdeler hacim olarak verilmistir.

2. deney: Ogrencilere 1 Molar NaCl ¢ozeltisi hazirlatilir. 1 mol (C1:35,5 ve Na:
23) NaCl alinir 58,5 g NaCl) ve bir miktar suda ¢oziiniir ve bu su ile 1 litreye
tamamlanir. 1 M 1 1t NaCl ¢ozeltisi elde edilmis olur. NaCl yi bir miktar suda ¢6ziip
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bunu 1 It ye tamamlamamizin sebebi dgrencilere sorulur. Cozeltinin hazirlama

basamaklarindan 6grencilerden molarite nin ne oldugunu tartismalar istenir.

3. deney: Ogrencilere 1 Molal NaCl ¢dzeltisi hazirlatilir. 1 mol (C1:35,5 ve Na:
23) NaCl alinir (58,5 g NaCl) 1 kg su igerisinde ¢6ziiliir ve olusan ¢dzeltinin 1 molal
oldugu grencilere sdylenir. (Cziicii su oldugu icin (yogunlugu 1 gr/em®) 1 kg su yerine
1 litre su alinabilir. Ama ¢oziicli degisik ise bu lkg 1 litre den az veya ¢ok olabilir ) 1 1t
yerine 1 kg su kullanmamizin sebebi 6grencilere sorulur. Molalite ve molarite arasindaki

farklar 6grencilere sorulur.

3. Aciklama Asamasi (Explanation)
Kiitlece yiizde derisim: Cozeltinin 100 graminda ¢éziinmii olarak bulunan

maddenin gram cinsinden miktarina, kiitlece yiizde derisim denir.

Kiitlece yiizde derigim = ¢oziinenin kiitlesi / ¢dzeltinin kiitlesi X 100

Ornek: 425 g %2.40 lik sodyum asetat ¢dzeltisi nasil hazirlanir?

2.4 = ¢0ziinenin kiitlesi / 425 g X 100

(Coziinenin kiitlesi = 10.2 g

10.2 g sodyum asetat 425 — 10.2 = 414,8 g su icerisnde ¢oziiliir.

MOLARITE: Bir litre ¢dzeltide ¢dziinen maddenin mol sayisina molarite denir.
Birimi mol/It dr.

Molarite = ¢dziinenin mol sayisi / ¢dzeltinin hacmi (It)

Ogrencilere 250 ml 1M CuSOy iin nasil hazirlanacagmin anlatildig1 animasyon

seyrettirilir (1 molar CuSO,iin hazirlanmasu).

Ogrencilerden 500 ml 1M NaCl ¢zdeltisi hazirlamalar istenir.
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Ogrencilere, konsantrasyanu bilinen bir ¢dzeltiden istenilen konsantrasyonda
cozelti elde edilmesini anlatan animasyon gosterilir ve bu animasyon tizerinde tartigilir.

(1 molar NaCl hazirlanmast).

Bu animasyonda 6grencilerin durumu daha iyi anlamalri i¢cin MV, = M,V,
formuliin nasil kullanildig1 anlatilir.

MOLALITE: 1 kg ¢bziicii igerisinde ¢dziinen maddenin mol sayisina molalite
denir.

Ornek: 0.2 mol etilen 2 kg su ierisinde ¢dziinmesi ile olusan ¢dzelti kag
molaldir.

0.1 molaldir.

4. Derinlesme Asamasi

Ogrencilere kiitlece yiizde derisimleri, molariteleri ve molaliteleri belli olan
cozeltiler hazirlatilir.

5. Degerlendirme Asamasi

Ogrencilere konu ile ilgili sorular verilir. Bu sorularin cevaplar1 dogrultusunda

ogrecilere doniitler verilir.
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ACTIVITY 4

COZELTILER 3

Donma Noktas1 Diismesi ve Kaynama Noktas1 Yiikselmesi

1.Girme Asamasi (Engagement)

Kisin kar yaginca belediye ekiplerinin yollara tuz atmasinin sebebi 6grencilere
sorularak bunun nedenleri tartisilir. Ayrica arabalarin motorlarina antifriz koyulmasinin

nedenleride tartisilir.

Ogrencilere annelerinin yemek yaparken neden tuzu su kaynadiktan suyun igine
attiklar1 sorulur. Madem suyun kaynama sicakligini i¢inde bazi maddeleri ¢ozerek
yiikseltebiliyorsak diidiiklii tencere neden ihtiyag duyulmaktadir. Ogrencilere bu sorular

sorularak onlarin dikkati ¢cekilmeye calisilir.

iki farkl1 dosteri yapulir.
Birinci gosteri: Birincisinde iki kap su vardur. Ilki saf su ikincisi tuzlu su olmak
iizere ayni1 miktarda iki kap su vardir. ikiside 1sitilir ve kaynamaya basladiklari

sicakliklar kaydedilir ve kiyaslanir.

fkinci gosteri: iki kase buz vardir. Birinci kasedeki buz sudan elde edilmistir.
Ikinci kasedeki buz tuzlu sudan elde edilmistir. Ikiside -10 C dedir. ikisine birden 1s1

vermeye baglanir ve ikisininde erime sicakliklari not edilir.
Birinci gosteride iki kabin i¢inde bulunan suyun kaynama noktalarinin neden

farkli oldugu 6grencilere sorulur.ikinci gosteride buzlarin erime noktalar: neden farklidir

sorusu 0grencilere sorulur.
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2. Kesfetme Asamasi

Ogrencilerin donma noktas1 diismesi ve kaynama noktas: yiikselmesi
kavramlarin1 daha iyi anlamalar1 i¢in asagidaki deneyler 6grencilere yaptirilir.

Laboratuvar

1 mol NaCl 1000 g suda ¢oziiliir ve 1sitilarak kaynama noktasi tespit edilir.

1 mol CaCl, 1000 g suda ¢oziiliiyor ve 1sitilarak kaynama noktasi tespit edilir.

Iki ¢6zeltinin kaynama noktalarinin farkli olusunun sebebi 6grencilere sorulur?
Bu iki ¢6zeltinin donma noktas1 ayn1t midir? Hangisinin donma noktasinin daha diisiik

olmasi beklenir? Neden?

3. Aciklama Asamasi (Explanation)

Bir s1vinin buhar basincinin agik hava basincina (1atm) esit oldugu sicaklik o
stvinin kaynama sicakligidir. Katinin sivi igerisinde ¢oziinmesi o sivinin buhar basincini
diisiireceginden, ¢ozeltinin buhar basincinin agik hava basincina (1atm) ulagsmasi normal
kaynama noktasindan daha yiiksek sicakliklarda olacaktir. Buda kaynama noktasinin

yiikselecegi anlamini tagir. Ayni sekilde buhar basincinin diismesi donma noktasinin

diismesine neden olacaktir.

(Cozelti icersisindeki tanecek sayisi arttik¢a kaynama noktasi yiikselir.
NaCl (k) __, Na'(aq) + CI (aq)

1 mol 1 mol 1 mol

Tepkimesinde gore, toplam 2 mol iyon olusur. Diger taraftan;

CaCl, (k—» Ca’"(aq) + 2CI

1 mol 1 mol 2 mol

Tepkimesinde, toplam 3 mol iyon olusur. O halde, CaCl, ¢6zetisinin donma

noktas1 NaCl ¢ozeltisinden diisiik, kaynama noktasi ise yliksek olur.
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Ogrencilere molalite kavrami verildikten sonra (veya bunu daha énce
ogrendilerse sorun yok) kaynama noktas1 yiikselmesi ve donma noktasi algalmasi su

sekilde anlatilabilir:

Kaynama noktasi yilikselmesi (ATy), ¢ozeltinin kaynama noktasindan, saf
¢oziicliniin kaynama noktas1 arasindaki farktir. Kaynama noktasi yiikselmesi ¢ozeltinin
molal konsantrasyonu ile (molalite) dogru orantilidir. Kaynama noktas1 yiikselmesi

sabiti her ¢Oziiciiniin kendine has 6zelligidir. Bu durumda;

ATy =1 Ky x M olacaktir. Baz1 ¢oziiciilerin K lar1 asagidaki gibidir.

Maddeler Ky
benzene 2.53
camphor 5.95
carbon tetrachloride |5.03
ethyl ether 2.02
water 0.52

Donma noktasi algalmasi (ATy), saf ¢ozliciiniin donma noktasindan, ¢ozeltinin
donma noktasinin ¢ikarilmasi ile bulunur. Donma noktasi al¢almasi, ¢6zeltinin molal
konsantrasyonu ile dogru orantilidir. Donma noktasi algalmasi sabiti her ¢oziicliniin

kendine has 6zelligidir. Bu durumda;

AT4=1K4 x M olacaktir. Baz1 ¢oziiciilerin Ky lar1 asagidaki gibidir.

Maddeler Ky
benzene 5.12
camphor 40.
carbon tetrachloride 30.
ethyl ether 1.79
water 1.86
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4. Derinlesme Asamasi

Laboratuvar

55,5 g CaCl,, 250 g suda ¢6ziiniir ve 6grencilerden hazirlanan bu ¢ozeltinin
kaynama noktasini tespit etmeleri istenir. Bunu tespit etmeden once hesaplama yoluyla
(2 yoldanda) ongoriilen sicakligin ne olacagi bulunur ve deney yoluyla elde ettikleri

sicaklikla bu deger karsilastirilip tartisilir (CaCl,: 111 ve Ki(su) : 0,51).

Hesaplamalar:
1. Yol:
N=m/Maisen=55,5/1111ise n= 10,5 mol

250 g suda 0.5 mol CacCl, ¢6ziiniirse
1000 g suda X

X =2 mol CaCl, ¢6ziiniir.

C.CL (k)= Ca"*(suda) + 2CI (suda)

2 mol 2 mol 4 mol

Bu durumda 1000 g suda toplam 6 mol iyon olusur.
1 mol iyon kaynama noktasini 0.51 C arttirirsa

6 mol iyon kaynama noktasini X artirr.

X = 3,06 C olur. Kaynama noktast 100 + 3, 06 = 103, 06 C olur.

2. Yol:
ATy =1 Kx x M formuliinden yola ¢ikacak olursak;
Molalite = Cdziinenin mol sayist / ¢oziicliniin miktar1 (kg)

Molalite = 0.5/ 0.25

226



Molalite = 2

C.CL (k)= Ca"*(suda) + 2CI (suda)

1 mol 1 mol 2mol

Toplam 3 mol iyonlasir.1=3

ATkz i Kk x M
ATy=(3)x 0.51x2
ATy = 3,06

Kaynama noktas1 100 + 3, 06 = 103, 06 C olur.

5. Degerlendirme Asamasi
Ogrencilere konu ile ilgili sorular verilir. Bu sorularin cevaplar1 dogrultusunda

ogrecilere doniitler verilir.
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