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ABSTRACT

THE EFFECT OF CONCEPTUAL CHANGE APPROACH ON STUDENTS’
UNDERSTANDING OF SOLUBILITY EQUILIBRIUM CONCEPT

ONDER, Ismail
Ph. D., Department of Secondary Science and Mathematics Education
Supervisor: Prof. Dr. Omer GEBAN

June 2006, 230 pages

The main purpose of this study was to compare the effectiveness of instructions one
based on conceptual change approach and the other based on traditional chemistry
instruction on tenth grade high school students’ understanding of solubility equilibrium
concept. In addition, students’ attitudes toward chemistry as a school subject and toward
conceptual change texts were investigated. Moreover, students’ science process skills were

also investigated.

125 tenth grade students from four classes of a chemistry course taught by three
teachers in Kocatepe Mimar Kemal High School in 2004-2005 spring semesters were
enrolled in the study. Quasi-experimental research design where intact groups were
randomly assigned to experimental and control groups, was applied since it was difficult to
arrange students randomly to experimental and control groups. Students in experimental
group instructed by conceptual change approach in which conceptual change texts were
used. On the other hand, in control group students were instructed by traditionally designed

chemistry instruction.
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Solution concept test was administered as a pre test before the study to all groups. In
addition, science process skill test and attitude scale toward chemistry as a school subject
were also administered to students before the study. Solubility equilibrium concept test was
administered as a post test to all groups. Moreover, each group also received attitude scale
toward chemistry after the treatment and the students in experimental group also received

attitude scale toward conceptual change texts after the treatment.

The hypotheses were tested by using correlation analysis, t-test, ANOVA and
analysis of covariance (ANCOVA). The results indicated that instruction based on
conceptual change approach caused significantly better acquisition of concepts related to
solubility equilibrium than the traditionally designed chemistry instruction. In addition, no
significant difference was found between experimental group and control group students
with respect to attitudes toward chemistry as a school subject. However, significant mean
difference was found between male and female students with respect to both their attitudes
toward chemistry and their attitudes toward CCTs. Moreover, no relationship was obtained
between attitudes toward CCTs and understanding of solubility equilibrium concept. In
addition, students’ science process skills and prior achievements were strong predictor of
understanding of concepts related to solubility equilibrium. On the other hand, no significant
effect of interaction between gender difference and treatment with respect to both students’
understanding of solubility equilibrium concept and their attitudes toward chemistry as a

school subject was found.

Results obtained revealed that students have several misconceptions that hinder
learning, related to solubility equilibrium concept. Therefore, it is important to find ways for
remediation of those misconceptions. Therefore, the effectiveness of instruction based on
CCA in which CCTs were used in this study on remediation of misconceptions and
enhancing understanding of solubility equilibrium concept compared to instruction based on
traditional methods was investigated and instruction based on CCA was found more

effective.

Keywords: misconception, conceptual change approach, conceptual change text, attitude

toward chemistry as a school subject, science process skill, solubility equilibrium.
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KAVRAMSAL DEGIiSiM YAKLASIMININ OGRENCILERIN
COZUNURLUK DENGESIi KONUSUNU ANLAMASINA ETKISi

ONDER, Ismail
Doktora, Ortadgretim Fen ve Matematik Alanlari Egitimi Boliimii

Tez Yéneticisi: Prof. Dr. Omer GEBAN

Haziran 2006, 230 sayfa

Caligmanin temel amaci kavramsal degisim yaklagimini baz alan 6gretim yontemi ile
geleneksel yontemleri baz alan 6gretim yonteminin, 10. sinif lise 6grencilerinin ¢oziiniirliik
dengesi konusunu anlamalarina etkisini karsilastirmaktir. Ayrica, 6grencilerin kimya dersine
karsi tutumlart ve kavramsal degisim metinlerine karsi tutumlari arastirilmistir. Ayni

zamanda, 6Zrencilerin bilimsel islem becerileri de aragtirilmstir.

Bu ¢aligmaya, 2004-2005 ilkbahar déoneminde, Kocatepe Mimar Kemal Lisesinde ii¢
dgretmenin kimya dersi verdigi dort 10. siniftan 125 6grenci katilmistir. Ogrencileri rastgele
deney ve kontrol gruplarina yerlestirmek zor oldugundan, smiflarin bir biitiin olarak rasgele
deney ve kontrol gruplarina dagitildigi deneysel arastirma plani uygulanmistir. Deney
grubundaki o6grenciler kavramsal degisim metinlerinin kullanildigi kavramsal degisim
yaklasimi ile Ogrenim gormiislerdir. Kontrol grubundaki ogrenciler ise geleneksel

yontemlere gore tasarlanmig kimya 6grenimi gérmiislerdir.
Biitiin siniflara calismadan 6nce On test olarak ¢oziiniirlikk testi verilmistir. Ayni
zamanda c¢aligmadan Once Ogrencilere bilimsel islem beceri testi ve kimya dersine karsi

tutum Olgegi de verilmistir. Calismanin sonunda her bir gruba ¢oziiniirlik dengesi testi
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verilmistir. Ayn1 zamanda c¢aligmanin sonunda her bir gruba kimya dersine karsi tutum
Olcegi verilmis ve deney grubundaki 6grencilere ek olarak kavramsal degisim metinlerine

kars1 tutum Glgegi verilmistir.

Hipotezleri test etmek igin korelasyon analizi, t-testi, varyans analizi (ANOVA) ve
kovaryans analizi (ANCOVA) kullanilmistir. Elde edilen sonuglar, kavramsal degigim
yaklasimmi baz alan O6gretim yonteminin ¢6ziiniirliik dengesi ile ilgili konularin
ogrenilmesinde geleneksel yontemleri baz alan dgretim yontemine goére daha etkili oldugunu
gostermistir. Ayni zamanda deney grubu &grencileri ile kontrol grubu &grencileri arasinda
kimya dersine karsi tutumlar1 géz oniine alindiginda istatistiksel bir fark bulunamamustir.
Fakat, kiz ve erkek Ogrenciler arasinda kimya dersine karsi tutumlar1 ve kavramsal degisim
metinlerine karst tutumlart gbéz Oniine alindiginda istatistiksel bir fark bulunmustur.
Kavramsal degisim metinlerine karsi tutum ile ¢oziiniirliik dengesi konusunu anlama
arasinda bir iliski bulunamamustir. Ogrencilerin bilimsel islem becerilerinin ve &n
bilgilerinin, ¢dziliniirliikk dengesi ile ilgili kavramlarin anlagilmasinda onemli birer etken
olduklar1 saptanmistir. Coziiniirliikk dengesi kavraminin anlasilmasinda ve Ogrencilerin
kimya dersine karsi tutumlarinda cinsiyet ile uygulama (kullanilan yontem) arasindaki

etkilesimin dnemli bir etkisinin olmadig1 goriilmiistiir.

Elde edilen sonuglar dgrencilerin, ¢oziiniirlik dengesi kavraminin 6grenilmesini
engelleyen bir¢ok kavram yanilgisina sahip olduklarini gostermistir. Bu nedenle dgrencilerin
sahip oldugu bu kavram yanilgilarinin giderilmesine yonelik yontemlerin bulunmasi énem
kazanmaktadir. Bu nedenle, bu c¢aligmada kavramsal degisim metinlerinin kullanildig1
kavramsal degisim yaklagimina dayanan Ogretim yoOnteminin Ogrencilerin  kavram
yanilgilarin1 gidermede ve ¢oziiniirliik dengesi kavramlarinin anlagilmasinda geleneksel
yontemleri baz alan 6gretim yontemine gore daha etkili olup olmadig1 arastirilmig ve daha

etkili oldugu sonucuna ulagilmistir.

Anahtar Soézciikler: kavram yanilgisi, kavramsal degisim yaklagimi, kavramsal degisim

metni, kimya dersine karsi tutum, bilimsel islem becerisi, ¢oziiniirliikk dengesi.
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CHAPTER 1

INTRODUCTION

Students develop ideas about objects and events based on their experiences, attitudes
and abilities before coming to school. Some of the views that students bring to chemistry
instruction is inconsistent with scientific views and these conceptions have been documented
in the science educational literature (Driver, Squires, Rushworth & Wood-Robinson, 1994;
McDermott, 1993; Griffiths, 1994; Garnett, Garnett & Hackling, 1995). These ideas which
are different from scientific explanations are called misconceptions. In other words, students’
conceptual knowledge, which is different from the commonly accepted scientific consensus,
is named as misconception. In addition, misconceptions are found highly resistant and can
not easily be removed by traditional methods since students often fail to construct consistent
relations between concepts and fail to integrate their ideas into appropriate conceptual
frameworks after traditional instruction. Therefore, misconceptions hinder learning and
understanding of chemistry. In other words, meaningful learning can not occur. Therefore,
overcoming misconceptions is an important subject or field of study. Alternative
instructional approaches are developed to overcome misconceptions and facilitate learning.
These instructional approaches are consistent with constructivist view of learning where each
learner is actively engaged in constructing knowledge where links between new information
and prior knowledge is constructed actively. Moreover, in order to remove or remediate
misconceptions these approaches stresses the importance of conceptual change. Several
models are proposed for conceptual change which addresses how misconceptions can be
removed, such as Posner et al’s., diSessa’s, Vosniadou’s and Chi’s Models. In addition,
several strategies for overcoming misconceptions are also developed such as conceptual
change text or refutation text, analogies and graphic organizers. These strategies involve
recognition of the prior knowledge of students, weighting of its value against new
information and if necessary restructuring the prior knowledge. Several researchers
indicated the importance of conceptual change instruction in overcoming students’

misconceptions in science concepts. Moreover, conceptual change text oriented instruction is



found to help students’ understanding of science and help them to construct correct scientific
concepts (Yiiriik, 2000; Dole & Niederhauser, 1990; Chambers & Andre, 1997; Hynd,
McWhorter, Phares & Suttles, 1994; Cakir, Uzuntiryaki & Geban, 2002; Tekkaya, 2003;
Sungur, Tekkaya & Geban, 2001; Uzuntiryaki & Geban, 2005; Hynd, Alvermann & Qian,
1997; Cetin, Ertepmar & Geban, 2004; Diakidoy, Kendeou & loannides, 2002; Cakir, Geban
& Yiriik, 2002; Yiiriik & Geban, 2001; Alparslan, Tekkaya & Geban, 2003).

Many researchers indicated that chemistry is considered as an abstract and difficult
subject to learn by students (Nieswandt, 2001; Chittleborough, Treagust & Mocerino, 2002).
Therefore, it is important to find ways which will prevent rote learning while encouraging
and promoting meaningful learning which will improve chemistry learning. Therefore, it is
important to conduct research which deals with students’ misunderstandings, learning
difficulties in chemistry education. The works in which the misconceptions of students are
investigated in chemistry, are generally limited to some fundamental topics such as mole
concept (Duncan & Johanstone, 1973), entropy (Frazer, 1980), chemical equilibrium
(Camacho & Good, 1989; Gussarsky & Gorodetsky, 1990; Chiu, Chou & Liu, 2002),
covalent bonding (Peterson & Treauget, 1989), electrochemistry (Garnett & Treaguest,
1992a; 1992b) and acid-base chemistry (Cakir, Uzuntiryaki & Geban, 2002). Although
secondary school students are often confused by concept of solubility equilibrium (Raviolo
& Alexander, 2001) studies that focus specifically on solubility equilibrium are not many.
However, in high school chemistry curricula solubility equilibrium occupies a central role. It
is considered as a difficult concept since some topics such as solubility, physical and
chemical equilibrium, Le Chatelier’s principles, molarities, ions, should be learned before
solubility equilibrium is taught. Therefore, while learning solubility equilibrium concept,
teachers need methods that encourage conceptual change to instruct students. In addition, it
is important to find out students’ earlier conception in order to plan future activities and
prevent misconceptions which hinder meaningful learning. Therefore, developing teaching
methods which prevent misconceptions and enhances learning in meaningful way, gain
importance. In addition, several researchers underline the importance of active and
meaningful learning. In other words, they stressed the importance of helping students to
become aware of their own learning process. Therefore, many researchers advised
instructional approaches that enhance metacognition which can improve quality of science

learning.



From the evidence shown above, it can be said that misconceptions influence
students’ understanding of chemistry concepts. It is also found that the concept of solubility
equilibria is considered by many students as a difficult subject. Therefore, it is very crucial to
find a method that can prevent and overcome misconceptions in solubility equilibria. This
shows the necessity to conduct further research to improve learning activities in chemistry
education. Several researchers have demonstrated that conceptual change text instruction
can be effective at changing students’ conceptions related to chemistry concepts. Although
conceptual change occurs within an individual, it also is affected by the beliefs and attitudes
of the individual. For this reason, the study focused on the effectiveness of instructions, one
based on traditional methods and the other based on conceptual change approach, on tenth
grade students’ understanding of solubility equilibrium which is considered as a difficult

subject by many students and investigated their attitudes towards science.

1.1 Purpose

The purpose of the study was to: (1) determine misconceptions students hold about
solubility equilibrium; (2) investigate the effectiveness of conceptual change texts; (3)
compare the effectiveness of conceptual change text instruction and traditional instructional
on understanding of solubility equilibrium concept; (4) investigate the change in students’
attitudes toward chemistry before and after the conceptual change text instruction and
traditional instruction; (5) determine students’ attitudes towards conceptual change texts; (6)
observe students’ science process skills; (7) search for patterns of relation between chemistry

achievement and treatment applied.

1.2 Significance of the Study

Science educators need knowledge of the concepts that students already held since
meaningful learning occurs when students relate new knowledge with previously learned
ones. Therefore, preconceptions of students are important. This study presents the list of
those concepts that are inconsistent with scientific ones called misconceptions students hold
about solubility equilibrium. Knowing that students have preconceptions and some of them
contradict with scientific view would help science educators to realize that students have
misconceptions and develop their lessons by finding ways to remediate these
misconceptions. Therefore, a method that will help in both investigation and elimination of

misconceptions is necessary. A method that uses conceptual change approach is based on



that necessity and will help teachers in investigation of the misconceptions and will provide
ways to deal with misconceptions. Moreover, this study presents strategies that chemistry
instructors can use to remediate misconceptions and promote conceptual change such as
conceptual change text analogy and graphic organizers. Moreover, how effective these

strategies are also discussed.

Conceptual change involves modifying or replacing misconceptions to accommodate
new ones and conceptual change texts developed in this study can help students in
remediation of solubility equilibrium misconceptions. In other words, conceptual change
approach helps child form links between existing knowledge and new knowledge resulting
meaningful learning. In this method, concepts are learned from simple to complex which
helps better acquisition of new knowledge. Therefore, conceptual change approach fosters
teachers to arrange environment in a way that students express their ides, construct their

knowledge and if there is, realize their misconceptions.

Curriculum developers could realize the effectiveness of instructional methods based
on conceptual change approach and develop curriculum by considering its success in

identifying and eliminating misconceptions.

Textbook authors would realize that textbooks are one of the sources for
misconceptions. Therefore, they can write textbooks more carefully. Moreover, they would
realize the effectiveness of conceptual change strategies in remediation of misconception.

Therefore, they could give special attention to conceptual change approach while writing.

Teachers will realize that there exist some methods that are better than traditional
methods. Therefore, special attention can be given at pre-service trainings to conceptual

change approach.

Students will realize that some of their knowledge is inconsistent with that of what
teacher teaches. Therefore, conceptual change texts developed can help them both realize

their misconceptions and remediate them. This will facilitate their metacognitive awareness.

Students’ attitudes towards science are a key factor in chemistry achievement since
they are positively correlated. Conceptual change text instruction can facilitate developing

positive attitudes towards science.



This study also provides instruments and procedures for conducting related research

in the future.

1.3 Definition of Terms

The following terms are defined in relation to the study:

Accommodation: the creation of new schemata or the modification of old schemata

which reflects the child’s current level of understanding and knowledge of the world

(Wodsworth, 1996).

Adaptation: the organism’s tendency to adjust its structures to environmental

demands (Bjorklund, 1995).

Analogy: involves the mapping of two domains called base which is more accessible
and familiar concept in the students’ prior knowledge, and target which is more difficult to

conceptualize concept (Duit, Roth, Komorek & Wilbers, 2001).
Assimilation: the cognitive process by which a person integrates new perceptual,
motor, or conceptual matter into existing schemata or patterns of behavior (Wodsworth,

1996).

Attention: means selecting certain stimuli from the environment (Yildirim, Giineri,

& Stimer, 2002).

Attitude: tendency to respond positively or negatively to things, people, places,
events or ideas (Simpson, Koballa, Oliver & Crawley, 1994).

Base Domain: concept related to the topic of the analogy (Duit, 1991).

Cognitive Conflict: providing students with evidence that contradicts with their

existing conceptions.

Conception: means one’s particular application or interpretation of a concept

(Kaplan, 1964).



Concept: a general idea, usually expressed by a word, which represents a class or
group of things or actions having certain characteristics in common (Quillen & Hanna,

1961).

Conceptual Change: a process of learning science in meaningful way that requires
the learner to rearrange or replace existing misconceptions in order to accommodate new

ideas (Smith et al. 1993).

Conceptual Change Text: a text where students are asked explicitly to predict what
would happen in a situation before being presented with information that demonstrates the
inconsistency between common misconceptions and the scientific conceptions (Cakir, Geban

& Yiiriik, 2002).

Concept Map: a graphic means of portraying relationships among ideas (Smith &

Ragan, 1999).

Constructivism: is a theory of learning in which every learner constructs his or her

ideas (Rasmussen, 1998).

Discrepant Event: a phenomenon that occurs in a way that seems to run contrary to

initial reasoning (Wright & Govindarajan, 1995).

Epistemological Beliefs: beliefs about knowledge and how it is acquired (Charles,

2003).

Equilibration: a balance between assimilation and accommodation (Y1ldirim, Giineri,

& Stimer, 2002).

Framework Theories: are built in infancy and are based on some fundamental

ontological and epistemological presuppositions (Mazens & Lautrey, 2003).

Graphic Organizer: identifying and representing ideas presented in instruction and

spatially indicating the relationships among these ideas (Smith & Ragan, 1999).



Misconception: conceptual knowledge that differs from commonly accepted

scientific consensus (Sanger, 1996).

Metacognition: knowledge, awareness and control of one’s own learning (Baird,

1990).

Ontological Beliefs: beliefs about the nature of existence and the fundamental

categories and properties of the world (Charles, 2003).

Organization: relating all the intellectual operations to the other acts of intelligence

(Bjorklund, 1995).

Phenomenological Primitives: smallest unit of knowledge (diSessa, 1993).

Perception: means the meaning we attached to the stimuli we are exposed to

(Yildirim, Giineri, & Siimer, 2002).

Preconception: conceptual framework already present from everyday experience and

from previous formal and informal education (Teichert & Stacy, 2002).

Schema: basic mental structures for organizing information and concepts (Woolfolk,

1995).

Solubility Equilibrium: means the equilibrium established between the saturated

slightly soluble salt and its solution (Ebbing, 1996).

Specific Theories: are based on the individual observation of the world and as well

as instruction to explain a limited range of phenomena (Mazens & Lautrey, 2003).

Target Domain: concept associated with the unfamiliar phenomena (Duit, 1991).

Traditional Teaching: means lectures given by the teacher, use of textbooks, and

clear explanation of important concepts to students with no consideration of students’

misconceptions.



CHAPTER I

REVIEW OF RELATED LITERATURE

This chapter contains a review of literature relevant to this research study. This
literature review is organized in inductive way. That is, before discussing conceptual change
approach, some of the related concepts that have to be considered in order to understand
conceptual change are discussed first. Therefore, literature review starts with learning
theories since conceptual change is a process of learning science in meaningful way which

requires being familiar with how individuals learn which is described by learning theories.

2.1 Learning Theories

Learning theories can be divided into two major categories which are behavioral and
cognitive. A behavioral approach to learning is concerned with “behavior which is
observable and to some extends measurable” (Yildirim, Gilineri, & Siimer, 2002). In other
words, behavioral approach focuses on the observable behavior of the learner and not on
learners’ mental processes. In general, behavioral theories are concerned with stimuli and
response and views mind as a machine. Moreover, environment is responsible for
development; therefore, external experiences are considered critical in shaping learning and
development (Wodsworth, 1996). Therefore, in this approach education is responsible for
direct transmission of knowledge, information, skills and values of the culture. Teachers are

the experts and are there to teach through direct instruction.

Cognitive approach on the other hand focuses on “knowledge which is not
observable and difficult to measure” (Yildirim, Giineri, & Siimer, 2002). In other words,
cognitive approach focuses on the mental processes involved in the learning while learner
interacts with the environment. Mental development is a product of interaction between the
learner and the environment (Wood, 1998). Moreover learner is considered as explorer or

inquirer since he or she constructs and organizes his or her development (Wodsworth, 1996).



Behavioral approach as mentioned above is interested in stimuli that produces
desired responses and not in mental processes. Therefore, concept formation is outside of
behavioral approach. However, cognitive approach focuses on mental processes. Therefore,
concept formation gains importance; that is, construction of knowledge by the learner,
receives a great interest. Since in conceptual change process some of the prior conceptions of
individual are restructured, it is therefore important to understand how knowledge is
constructed by the learner. Therefore, in this study there will be no more consideration about

behavioral approach and the cognitive approach will be investigated deeply.

There are two forces that shape theory of cognitive development. The first one is
Piaget’s Cognitive Stage Theory and the other force is Information Processing Theory of

Cognition (Flavell, 1977; McShane, 1991).

2.1.1 Piaget’s Cognitive Stage Theory

Jean Piaget has had a greet impact on the field of developmental psychology
(Bjorklund, 1995). His studies of children from infants through adolescence tried to discover
the nature of the internal world of the individual. His theory describes cognitive development
from infancy through adolescence in four stages which are sensorimotor, preoperational,
concrete operational and formal operational. These stages are gradual and consecutive in
style. Piaget linked each stage with an age interval; however, this does not mean that every
stage has strict stage borders. In fact, not every child reaches each stage exactly at the same
age (Yildirim, Giineri, & Stimer, 2002). Moreover, Bjorklund (1995) mentioned some of the
characteristics of stages of Piaget’s cognitive development as:

1. Qualitatively different in form from each preceding or following stages.

2. Culturally universal, so that all children progress through them in a single

invariant order.

3. Based on earlier, more primitive cognitive structures (hierarchy).

Piaget’s main argument is our thinking differs from stage to stage. For example, a
child in sensorimotor stage does not think as adult thinks. Therefore, there are many
implications for improving children’s cognitive abilities in school (Yildirim, Giineri, &
Stimer, 2002). For example, while organizing and selection of knowledge and deciding on

teaching strategies the characteristics of stage in which target learner group is included



should be considered carefully. This will enhance students’ understanding since they will not

face with information that is inappropriate for their age level.

Piaget believed that human beings have two tendencies in thinking which are
organization and adaptation (Yildirim, Giineri, & Stimer, 2002; Bjorklund, 1995; McShane,
1991; Flavell, 1977; Wodsworth, 1996).

Organization means relating all the intellectual operations to the other acts of
intelligence. Therefore, one structure does not exist independently of other structures but is
coordinated with them (Bjorklund, 1995). Yildirim et al (2002) gave an example which
describes organization. In that example, they state that the term “apple” is stored in mind in

relation to other fruits rather than as an independent unit.

Adaptation is the organism’s tendency to adjust its structures to environmental

demands (Bjorklund, 1995). Two aspects of adaptation are assimilation and accommodation.

Assimilation means interpreting or constructing external objects and events in terms
of ones own presently available and favored ways of thinking about things (Flavell, 1977).
According to Wodsworth (1996) assimilation is the cognitive process by which a person
integrates new perceptual, motor, or conceptual matter into existing schemata or patterns of
behavior. That is, individual tries to explain new information by the help of his or her
existing schemata. Below, an example presented by Wodsworth (1996) is given to clarify the
concept of assimilation.

“One might say that a child has experiences; sees new things (cows) or sees old things in
new ways, and hears things. The child tries to fit these new events or stimuli into the
schemata he or she has at the time. Suppose, a boy is walking down a country road with his
father and the father points to a cow in the field and says, “What is that?”” The child looks at
the cow (stimulus) and says, “That’s dog”. What has happened? The boy seeing the object
(cow) in the field, shifted through his collection of schemata until he found one that seemed
appropriate and that could include the object. To the child the object (cow) had all the
characteristics of a dog —it fits into his dog schemata- so the child concludes that the object

was a dog. The stimulus (cow) was assimilated into dog schema.” (p: 17).

Therefore, assimilation can be understood as which people transform incoming

information so that it fits within their existing ways of thinking.
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Accommodation is the process where the current schema is changed, rearranged or
reformulated in order to incorporate new information (Siegler, 1991; Bjorklund, 1995).
Flavell (1977) describes accommodation as noticing and taking cognitive account of the
several real properties and relationships among properties that external objects and events
hold; it means the mental apprehension of the structural attributes of the environmental data.
According to Wodsworth (1996) accommodation is the creation of new schemata or the
modification of old schemata which reflects the child’s current level of understanding and

knowledge of the world.

Assimilation and accommodation operate continuously to control the detection of the
information by the cognitive system (McShane, 1991). Therefore, assimilation and
accommodation are necessary for cognitive growth and development (Yildirim, Giineri, &
Stimer, 2002; Wodsworth, 1996). When there is a balance between assimilation and
accommodation the situation called equilibration which is a process where individual
comfortably makes sense of new information based on his or her past experience (Yildirim,
Glineri, & Siimer, 2002) occurs. When this does not happen; that is, when there is an
imbalance between assimilation and accommodation, the state of disequilibration occurs and
when disequilibrium occurs, it activates child to seek equilibrium. In other words,
disequilibrium activates the process of equilibration and striving to return to equilibrium.
Moreover, equilibrium is a necessary condition toward which the organism constantly

strives.

Piaget relates the development at different stages of our lives to four factors
(Wodsworth, 1996).

1. Maturation: is the term used for explaining “biological changes we go through
from conception through death” (Yildirim, Giineri, & Siimer, 2002). Heredity
alone can not account for intellectual development but it has an effect on
cognitive development (Wodsworth, 1996).

2. Active Experience: is the term used for explaining that knowledge a child
constructs requires him or her to interact with environment (Wodsworth, 1996).
The interaction with the environment can be in the form of “exploring,
observing, organizing and interpreting the phenomena that exist in our
environment” (Y1ildirim, Giineri, & Siimer, 2002).

3. Social Interaction: is the term used to explain the interchange of ideas among

people (Wodsworth, 1996).
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4. Equilibration: All the factors mentioned above can not sufficiently explain
cognitive development. Therefore, the concept of equilibration is used to
explain the coordination of other factors and regulation of development in

general (Wodsworth, 1996).

2.1.2 Limitations of Piaget’s Theory

Yildirim, Giineri and Siimer (2002) presented some limitations of Piaget’s theory of
cognitive development.

1. Piaget’s theory underestimates young child’s cognitive ability and overestimates
older child’s cognitive ability.

2. Theory overemphasizes the biological influence on cognitive development.

3. Theory does not take into account the important effects of the culture and social
group on children.

4. The sequence of stages appears to be universal but the rate of development may

vary from one culture to another (p: 42-43).

Piaget’s comprehensive theory of cognitive development, describing individual as
active participants in their intellectual development, has given rise to the constructivist
theory of learning (Bodner, 1986). Moreover, conceptual change approach is based on

constructivist theory of learning therefore it is discussed in the following pages.

2.1.3 Information Processing Approach

Piaget’s theory explains in general what develops in qualitatively district levels of
intelligence. However, it is also important to understand “How does development occur?”
Information processing approach to development tries to explain this question by explaining
the way we perceive information and the ways we process and use it (Siegler, 1991;
Yildirim, Giineri, & Siimer, 2002). In information processing the mental processes of learner
is considered in a same way analogous to computer processing (Flavell, 1977; Bjorklund,
1995). Moreover, information processing approaches deal with knowledge and processes we
perform with that knowledge. Information processing approach explains that our thinking is
limited both in amount of information that can be attended to simultaneously and the speed
with which the information can be proceed. Moreover, it explains that our thinking is

flexible and capable to adopting constantly changing goals. Although there are many
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information processing theories they share some common assumptions. The basic
assumption is that thinking is information processing (Siegler, 1991). A second assumption
is an emphasis on change mechanisms and the third one is that change is produced by a
process of continuous self modification. The fourth common characteristics is that careful

task analysis are viewed as necessary for understanding children’s thinking (Siegler, 1991).

According to information processing approach there are three stages which are

sensory register, short-term memory and long term-memory.

2.1.3.1 Sensory Register or Sensory Memory

Sensory register memory is the initial registration of information received from the
environment selectively (Yildirim, Giineri, & Siimer, 2002). Siegler (1991) defines it as
capacity for briefly retaining relatively large amount of information that is just encountered.
The capacity of sensory register is very large. Therefore, many stimuli received from the
environment can be coded briefly and if we pay further attention this coded information is
sent to the short term memory. According to Yildirim et al. (2002), perception and attention
are two important concepts which explain why we select certain information and ignore

others.

Perception is “meaning we attached to the stimuli we are exposed to” and attention is
“selecting certain stimuli from the environment” (Yildirim, Giineri, & Stimer, 2002).
Therefore, while teaching teachers should try to get students’ attention in order to achieve
what they want students to get and attention can be increased by presenting information to

students in more interesting and meaningful ways.

2.1.3.2 Short Term Memory or Working Memory

Short term memory is analogous to computers central processing unit. It is the place
where information sent from sensory register and information retrieved from long term
memory are combined to perform whatever calculations are necessary (Siegler, 1991).
Because of that active nature of short term memory it is also called working memory. The
capacity of short term memory is limited. Therefore, a small amount of information can be
processed. In addition, information processed in short term memory is lost rapidly (Siegler,

1991). That is, when attention shifts to new information the previous is forgotten (Yildirim,
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Giineri, & Stimer, 2002). However, there are several strategies to retain or remember new
information in the short term memory for a long time. Some of these strategies are

maintenance rehearsal, elaborative rehearsal and chunking.

2.1.3.3 Long Term Memory

Unlike sensory register and short term memory there are no limits on either how
much information can reside and how long the information can remain in long term memory.
An interesting property of the way people store information in long term memory is that the
storage is not in all-or-non form (Siegler, 1991). That is, people store information in
separable form and can recall some part of stored information. The information in long term
memory is stored in different way compared to short term memory. The information in long
term memory is stored in structured ways and in relation to each others (Yildirim, Giineri, &
Stimer, 2002). Therefore, sometimes although it is stored in long term memory the

information or part of it can not be recalled if it is not organized in meaningful way.
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Figure 2.1 Conceptual interpretation of the human memory as a structural system
(Gredler, 1992).

2.1.4 Implications of the Information Processing Approach

Yildirim, Giineri and Siimer (2002) presented several implications of information

processing approach to teaching.
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1. Students need to attend the knowledge they are supposed to learn.

2. Teachers should help students to establish meaningful connections between new
information and their experiences.

3. Teachers should promote elaboration by using analogies and mnemonic devices

(p: 119-121).

In summary, in information processing the learner constructs external connections
between the newly organized knowledge in short term memory and existing relevant
knowledge that the learner retrieves from long term memory and this process involves
connecting the organized information to the other familiar knowledge structures already in

memory.

As it is mentioned before, cognitive development theories have given rise to
constructivist theories of learning to which conceptual change approach is based on.
Therefore, it is important to understand what constructivism is and what makes it differ from

traditional approaches.

2.2 Constructivism

Constructivism became a dominant ideology for the past fifteen years. It is a way of
thinking about knowing a referent for building models for learning, teaching and curriculum
(Tobin, 1993). Constructivism is a theory of learning in which every learner constructs his or
her ideas. That is, constructivism stresses that each individual must construct meaning for
himself or herself (Rasmussen, 1998). Bodner (1986) states that “knowledge is constructed
in the mind of the learner”. Therefore, the fundamental assumption of constructivism is that
the student must recognize his or her own conceptions, analyze them and decide if they need
reconstruction. If the student decides his or her conceptions require reconstruction then he or
she will restructure these conceptions so that the new conceptions will be appropriate to
scientific explanations. Therefore, it is necessary to connect new information with already
existing knowledge, experiences or conceptualizations (Martin, 1997). Selley (1999) also
stresses that construction is an internal, personal and often unconscious process and
construction consist largely of reinterpreting piece of knowledge that one obtained from his
or her experiences and interaction with other people, to build a satisfactory and coherent
picture of the world. Moreover, constructivism is a meaning making theory where

individuals create their own new understandings based on the interaction of what they
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already know (Richardson, 1997; von Glasersfeld, 1995). Therefore, every individual
constructs his or her own realities and then it is not meaningful to talk of the objective truth.
For example, when teachers believe they have been understood by their students they should
not put themselves into believing that they share the same opinions as their pupils. No one
can ever be sure of this, because understanding is also a personal construction of things that
you understand in one way may be understood quite differently by someone else

(Rasmussen, 1998).

2.2.1 Constructivist Approach to Teaching and Learning

Students should be active participants in the learning process since every student will
construct his or her individual meaning. Therefore, the instructional activities must attract
the learner and require active participation. However, this does not mean that active
participation of students will be obtained by just letting students to fill worksheets and
perform step by step laboratory experiments. This approach is nothing but behaviorism.
Active participation in constructivist manner means that the student is actively testing the
new concepts so that they can realize whether the new concepts can be explained by existing
or prior knowledge so that he or she can evaluate how well new concept is explained by
existing schema and can choose whether to modify or change current schema. Therefore,
constructivism is a theory of learning that rejects the idea that it is possible to transfer the
content of teaching to pupils (Rasmussen, 1998). That is, constructivism states that
knowledge is present in the individual and that knowledge can not be transferred completely

without any change from the teachers’ head to that of students (Lorsbach & Tobin, 1992).

Constructivist approach is student centered. However, this does not mean that
teacher have no function. On the contrary, teacher in constructivist approach has a very
important and active role (Selley, 1999). Constructivist teaching requires teacher to act as a
facilitator and create constructivist learning experiences. That is, teacher is no longer teaches
by imposition, but by negotiation. Moreover, constructivist teaching typically involves more
student-centered, active learning experiences, more student-student and student-teacher
interaction, and more work with concrete materials and in solving realistic problems (Shuell,

1996).

Constructivist classroom can support inquiry and students can express their ideas and

feelings freely. However, constructivist approach to learning is not appropriate for all school
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learning. Some factual knowledge such as learning the alphabet, symbols used in

mathematics, requires direct transmission since in that cases do not require creative thinking

and personal imagination (Selley, 1999).

Selley (1999) presented characteristics of non constructivist learning activities where

constructivist approach is not,

1.
2.
3.

just the provision of the tasks for pupil to engage in;

a project in which predetermined information has to be found;

a practical activity conducted according to a predetermined method, even if this
is called an investigation (unless, that is, the objective is for the children to
discuss and interpret, entirely freely, the results which they obtain);

the kind of lesson which leads children to an achievement which is exactly what

the teacher expected.

Constructivist approach on the other hand “...places emphasis on the meaning and

significance of what the child learns, and the child’s active participation in constructing this

meaning” (Selley, 1999). Moreover, constructivist learning environments are designed to

satisfy seven pedagogical goals (Honebein, 1996):

L.

Provide experience with the knowledge construction process: students take
primary responsibility in selecting topics and methods of how to learn.

Provide experience in and appreciation for multiple perspectives: students must
engage in activities which enables them to think about several ways for solution
since the real life problems rarely have one correct solution.

Embed learning in realistic and relevant context: learning activities are designed
so that they reflect all the complexity that surrounds them outside the classroom.
Encourage ownership and voice in the learning process: illustrates the student
centeredness of constructivist learning.

Embed learning in social experience: learning should reflect collaboration
between student and teacher and student and student.

Encourage the use of multiple modes of representation: a variety of activities and
instructional strategies coupled with variety of media provides richer
experiences.

Encourage self-awareness of the knowledge construction process: it is important

students to know how they know.
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It is important to realize that although teacher supports all the items mentioned above
and provides a rich learning environment one should not forget that each student in the class
will perceive the environment in a different way. Therefore, in order to understand learning
in a constructivist classroom context, it is important to consider each student’s interactions

with the environment and how those interactions affect the learning process.

2.2.2 A Comparison of Traditional and Constructivist Approaches

Traditional view assumes that there exists a knowable reality outside of human
perceptions. However, constructivist view acknowledges that there exists an external reality
but realizes that cognizing beings can never know what that reality is actually like (Tobin &

Tippins, 1993).

Constructivist teaching focuses on student learning as opposed to a focus on

completing the curriculum (Mintzes, Wandersee, & Novak, 1998).

Traditional view sees learning as a process of transmitting the knowledge. However
in constructivism, learning is considered as a process where the learner is actively engaged in

constructing knowledge while interacting with environment and society (Richardson, 1997).

In traditional view the mind is considered as if it is a blank slate that is something
that is waiting to be filled up. On the contrary, constructivism takes in to account the prior

ideas (Rumelhart, 1980; Martin, 1997; Mintzes, Wandersee, & Novak, 1998).

Traditional teacher is responsible for effectiveness and extend of the learning.
Moreover, information should be presented to the pupil in a clear, systematic and stimulating
way (Selley, 1999). However, constructivist teachers must find ways to understand their
students’ viewpoints and their alternative conceptions develop classroom tasks which help
knowledge construction and while performing all that task teachers play the role of facilitator

(Selley, 1999).

In traditional perspective successful teaching leads to growth of students’ stock of
knowledge and understanding which leads improvement in academic performance. On the
other hand, from constructivist perspective successful teaching leads growth of

understanding, breadth of vision and maturation (Selley, 1999).
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Chin (1997) summarized the difference between the constructivist and traditional
perspectives in Table 2.1 below.

Table 2.1 Constructivist vs. Traditional Perspectives

Traditional

Constructivist

1. Epistemological Perspectives

1. Truth is out there to be discovered
2. Learner as blank slate.

1.
2

Reality / Truth is unknown
Learner has prior ideas.

e Learner is viewed as cumulative e Learning is constructive process,
accretion of knowledge. involving  restructuring of ideas

e Learner has passive role as absorber (conceptual change view).
of information. e [earner is actively engaged in
constructing knowledge in social

3. Knowledge acquisition is
straightforward, unproblematic.
e Ready-made science.

settings through social interaction with
others so meanings can be negotiated.
Knowledge construction is problematic.
e Science-in-the-making.

II. Teacher and Teaching

. 1. Sees curriculum as program of activities
1. Sees curriculum as Dbody of :
. from which students construct
knowledge or skills.
knowledge.
2. Teaching conceptualized as conduit 2. Teacher is facilitator of learning.
metaphor. e Teacher promotes interaction of
e Teacher is didactic, authoritative students with materials and ideas.
dispenser of knowledge. 3. Elicitation and assessment of prior ideas.

e Teacher sees role as transmitting
science content, giving expositions.
Subscribes to frequent drill and
practice.

e Teacher elicits students’ prior ideas,
encourage students to make prediction,
ask questions, answer their own
questions, explain their reasoning, and
apply ideas.

e Teacher asks guided questions and
suggest ideas, rather than tell students
directly what to do.

Teacher provides supportive learning

environments.

e Non-evaluative, sensitive
respects students ideas.

to and

I11. Learner and Learning

1. Students sit in rows and typically
listen to teachers lecture, copy notes.

2. Student is told  ready-made
knowledge; results of how other have
made sense of the world. Passive.

3. Laboratory activities recipe like which
emphasize verification of known laws.
Step-by-step procedures are given.

. Students

are involved in hands-on
activities, group work and discussion.

. Minds-on learning, student is encouraged

to make predictions about phenomena,
ask questions, attempt to answer own
questions and explain reasoning, apply
ideas to mnew situations, evaluate
alternative points of view.

Laboratory activities involve more open-
ended investigations, exploration and
experimentation.
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Before conceptual change is discussed, one should understand what concept,
conception and misconception is, since conceptual change requires reconstruction of pre

conceptions in order to remediate misconceptions.

2.3 What is Concept and Conception?

Martorella, Jensen, Kean and Voelker (1972) presented several definitions of

concept by sampling of definitions from the literature.

“A concept is a kind of unity in terms of which one thinks; a unit smaller than a
judgment, proposition, or theory, but one which necessarily enters into these” (Gould &
Kolb, 1964).

“In brief, concepts are properties of organismic experience-more particularly they
are the abstracted and often cognitively structured, classes of mental experience learned by

organisms in the course of their life histories” (Carroll, 1964).

“A concept may be thought of as the common element shared by an array of objects

or the relationship between the constituents or parts of a progress” (George, 1962).

“Concepts are artifacts extracted by verification from the contexts or sentences in

which they occur” (Bronowski & Bellugi, 1970).

“The basic concepts are essentially high-level abstractions expressed in verbal cues

and labels” (Taba, 1965).

“A concept is generalized and abstract symbol; it is the sum total of all our
knowledge of particular class of objects...In short, a concept is a condensation of

experience” (Viaud, 1960).
“A concept is a general idea, usually expressed by a word, which represents a class
or group of things or actions having certain characteristics in common” (Quillen & Hanna,

1961).

“A concept...is something about an idea expressed in the words of our language”

(Platt, 1963).
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“A concept is a continuum of inferences by which a set of observed characteristics of
an object or event suggests a class identity, and then additional inferences about other

unobserved characteristics of the object or event” (Bruner, Goodnow, & Austin, 1962).

“Concept is an ordered information about the properties of one or more things-
objects, events, or processes-that enables any particular thing or class of things to be
differentiated from and also related to other things or classes of things” (Klausmerer, Ghatala

& Frayer, 1974).

According to Carey (2000) concepts are units of mental representation roughly
equivalent to a single word, such as object, animal, heat and matter. Moreover, concepts are
themselves complex representational structures and many properties of the entities picked by
a concept are represented as a part of it and serve roles in explaining, inferring, and referring.
Carey (2000) also added that;

“Individual concepts can be connected to build complex representational structures, such as

propositions (e.g., all animals die) and theories (e.g., the theory of natural selection). Within

a particular representational structure, concepts help us to make inferences and explain

complex ideas. For example, from the proposition “aardvarks are mammals”, one may infer

that aardvarks bear live young. One may also explain a particular aardvark’s coloring by
considering the color of its mother and father and appealing to the concept of inheritance.

Outside of particular concept system, concepts have a referential role: they pick out entities

in the world that fall under them” (p. 14).

Every individual constructs concept according to his or her unique learning
experience and maturational pattern. Therefore, the past experiences of the individual, the
way in which these experiences relate to new ones will influence the unique construction of
concept network (Klausmerer, Ghatala & Frayer, 1974). However, one should not forget that
although every individual has unique concepts, people share some common futures about
concepts that help individuals to meaningfully discuss their daily life. For example, a teacher
will probably have a different concept of education then the parent. However, both teacher
and parent have some common attributes about the education concept, so that they can

communicate about education.

The major objective of instruction should be teaching for understanding which
occurs when concepts become real part of mental structure. Therefore, one should no expect

understanding to occur in occasions where subject is learned as isolated skills and processes.

21



Understanding develops through interaction with environment and other individuals and
when individual have an opportunity to construct their own interpretation when they first

meet a new topic (Lind, 2000).

Concepts are stored in various sections of the brain and this complex structure can be
explained by the analogy of postal storing system. Students are constructing new concepts
through assimilation and accommodation of new information while they are exploring the
world and store those concepts in correct mental categories in their minds. Brain behaves
like a postal worker and classifies and stores information in an appropriate places. New
information is placed close to related ones (Slotta, Chi, & Joram, 1995). These closely
related facts that are stored in nearby places, relates to a concept called cognitive structure
(Lind, 2000). That is, all the information we know about atom for example is stored in the
same area in the brain. The concept of an atom develops as individuals’ experience or
information about the atom concept increases. However, the information that is stored in
relation to a definite concept is not always true. In other words, our understanding of world
is imperfect since there might be a point at which our true understanding will end and
misconceptions will exist and stored without any questioning. This is because the incorrect

interpretations of the world are stored in similar place with that of correct ones (Lind, 2000).

Vygotsky (1962) characterized learning situation as spontaneous and scientific.
Spontaneous concepts are those concepts that are developed by individuals’ connection with
the environment. On the other hand, the scientific concepts are developed either self-

generated or externally generated by formal instruction.

Klausmerer, Ghatala and Frayer (1974) explained variability among concepts by

eight attributes which are identifying features of concept and are discusses below.

2.3.1 Learnability

Learnability varies among concepts since some concepts are more easily learned
than others by the same individual. For example, the concept of computer is more readily
learned compared to concept of an atom which is an abstract concept. Moreover, learning of
definite concept can also vary from people to people since they will probably vary in their

mastery of the concept.
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2.3.2 Usability

Some concepts are used more compared to others in solving problems and
understanding principles. For example, chemistry concept of an atom is probably used more

compared to distillation.

2.3.3 Validity

A concept is considered as valid to the extent that experts agree on its definition.
Therefore, individuals’ validity increases about a concept when he learns and his concept

comes closer to that of an expert.

2.3.4 Generality

Concepts are arranged from more general to more specific. That is, there is a
hierarchical arrangement. Therefore, if an individual has a concept organization same as any

of the taxonomical system then his or her concept varies in generality.

2.3.5 Power

The power refers to how essential is concept in attainment of the other concepts. For

example, without concept of an atom understanding of chemistry is difficult.

2.3.6 Structure

Concepts have a structure that shows relatedness of the defining attributes. For
example a concept of an atom is related with concept of an element and concepts of neutron,
electron and proton is related with a concept of an atom. That is, concepts are linked by

relations forming a structure.

2.3.7 Instance Perceptibility

Instances that can be sensed differ from concept to concept. For example, computer
has many instances that can be manipulated, seen, and touched, whereas electricity has less

perceptible instances.
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2.3.8 Instance Numerousness

The number of instances that a concept has varies in amount. That is, some of the
concepts occur more compared to others and the number of instances that a concept has

ranges from one to infinity.

Kaplan (1964) distinguished between concept and conception where conception

means one’s particular application or interpretation of a concept.

In classroom, the basic aim of teachers should be then to help students acquire
critical or criterion attributes of a particular concept since it is clear that the concepts vary in

attributes which are necessary in explaining or defining the particular concept.

2.4 Misconception

In the 1970, the science education researchers started to investigate the actual
understanding of students gained from science courses (White & Tisher, 1985). It was
assumed that students that receive good grades; that is, the students that are considered as
successful, learn the subject well. The idea was supported by tests prepared by instructors
since the test items were mostly composed of recall type questions and problems that can be
solved with simple equations. Therefore, if the students were able to solve that kind of tests
then the objectives of science curriculum were considered as met. However, when the
students were asked to explain their responses they were unable to explain the reason why do
they choose the alternative. In other words, the students were taught in a way that they can
memorize facts, rules and definitions. That is, connections with prior knowledge were not
made and therefore the students were not able to transfer the knowledge in to different

occasions (Anderson, 1987).

In recent years researchers obtained lots of information which shows that students do
not hold conceptions of science and scientific concepts that are similar to those held by
scientists and science educators (Nakhleh, 1992; Wandersee, Mintzes & Novak, 1994).
Sanger (1996) defined conceptual knowledge that differs from commonly accepted scientific
consensus as misconception. Moreover, misconceptions are deeply held beliefs that fail to
provide a complete and accurate description of the scientific world (Keig, 1990). Variety of

terms has been used to describe those beliefs that differ from commonly accepted scientific
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consensus such as “preconception” (Ausubel, 1968; Benson, Wittrock, & Bauer, 1993;
Novak, 1977), “misconceptions” (Abimbola, 1988; Brown, 1992; Chambers & Andre, 1997,
Din, 1998; Driver & Easley, 1978; Gonzalez, 1997; Griffiths, 1994; Griffiths & Preston,
1992; Helm, 1980; Lawson & Thompson, 1988; Michael, 2002; Nussbaum, 1981; Schmidt,
1997; Treagust, 1988), “folk theories” (Medin & Atran, 1999), “intuitive ideas” (Hynd,
McWhorter, Phares & Suttles, 1994), “children’s science” (Gilbert et al., 1982; Osborne et
al., 1983; Stenhouse, 1986), “children’s scientific intuitions” (Sutton, 1980), “common sense
understanding” (Hills, 1983), “common sense concepts” (Halloun & Hestenes, 1985),
“conceptual frameworks” (Southerland et al., 2001),“intuitive conceptions” (Lee & Law,
2001), “intuitive science” (Preece, 1984), “alternative conception” (Gilbert & Swift, 1985;
Niaz, 2001; Palmer, 2001; Taber, 2001; Wandersee et al., 1994; Dykstra, Boyle, & Monarch,
1992), “alternative frameworks” (Gonzalez, 1997; Kupier, 1994; Taber, 1999), “spontaneous
reasoning” or “spontaneous conception” (Viennot, 1979), “spontaneous knowledge” (Pines
& West, 1986), “naive conception” or “naive beliefs” (Caramaza, McCloskey & Green,
1981), and “naive theories” (Resnik, 1983) by several researchers. The common thing among
these explanations is that students hold explanations about phenomena which differ from

scientifically accepted explanation.

In this study the terms “misconception” and “alternative conception” will be used
interchangeably to refer inappropriate ides which are incompatible with or different from

those held by scientific community.

Wandersee, Mintzes and Novak (1994) summarized the eight claims of alternative

conceptions that are documented in the research literature.

“Claim 1: Learners come to formal science instruction with a diverse set of
alternative conceptions concerning natural objects and events” (p. 181). Mayer (2003)
indicated that students are coming to the science classroom with many misconceptions that
are somewhat resistant to traditional teaching. Moreover, Ausubel (1968) states that “the

most important single factor influencing learning is what the learners already knows”.

“Claim 2: The alternative conceptions that learners bring to formal science
instruction cut across age, ability, gender, and cultural boundaries” (p. 185). Research studies
show that students covering all grade and experience levels from pre school age children

(Driver, 1989) to collage student (Crosby, 1987; Sanger, 1996) to pre service teachers (Lee,
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1999) to teachers (Kruger & Summers, 1989; Harlen, 1997; Harlen & Holroyd, 1997;
Pardhan & Bano, 2001) to university professors (Birk & Kurtz, 1999; Lin & Cheng, 2000)

hold many misconceptions.

“Claim 3: Alternative conceptions are tenacious and resistant to extinction by
conventional teaching strategies” (p. 186). Treagust, Duit and Fraser (1996) indicated that
alternative conceptions are held strongly and resistant to change since students learn concept
and principle in science to a limited degree. Moreover, they indicated that students
sometimes hold two contradictory approaches which are intuitive one and formal one.
Moreover, they have added that generally teachers are unaware of alternative conceptions
which may affect learning and instruction in unpredicted ways. In addition, Tsai (1998;
1999) mentioned also that studies documenting students’ alternative conceptions show that
these conceptions are content-dependent and they are resistant to change through

conventional teaching strategies.

“Claim 4: Alternative conceptions often parallel explanations of natural phenomena
offered by previous generations of scientists and philosophers” (p. 186). Wandersee,
Mintzes, and Novak (1994) mentioned that students tend to hold alternative conceptions of

chemical equilibrium similar to ancient scientists and philosophers.

“Claim 5: Alternative conceptions have their origins in a diverse set of personal
experiences including direct observation and perception, peer culture, and language, as well
as in teachers’ explanations and instructional materials” (p. 188). Students can attain
misconceptions from personal experiences with the world, from interaction with peers, from

written materials and teachers.

“Claim 6: Teachers often subscribe to the same alternative conceptions as their
students. Teachers can unwillingly pass those alternative conceptions to their students. A
teacher’s knowledge can also interact with the pre scientific knowledge students bring to the
classroom” (p. 189-190). The research studies show that teachers and even university

professors have misconceptions (Birk & Kurtz, 1999; Lin & Cheng, 2000).

“Claim 7: Learner’s prior knowledge interacts with knowledge presented in formal

instruction, resulting in a diverse set of unintended learning outcomes” (p. 190).
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“Claim 8: Teachers’ use of instructional approaches that facilitate conceptual change
can be effective classroom tools” (p. 190). Researches have shown that students’
misconceptions are remarkably difficult to change by means of instruction (Minstrell, 1984).
However, the conceptual change theories present strategies for teachers that can help

students to change their misconceptions with scientifically accepted ones.

Students’ alternative conceptions are fairly primitive. These alternative conceptions
are useful in every day life but they can not explain the scientific phenomenon. Moreover,
alternative conceptions still remain after learning more sophisticated concepts since students

generally prefer to revert to preexisting ideas (Reif, 1990).

Gaddis (2001) summarized the findings of numerous descriptive studies of
misconceptions in chemistry and presented in seven items.

1. Chemistry is a complex, abstract subject that lends itself to many alternative
conceptions.

2. Misconceptions are deeply held and persist, even after instruction.

3. Misconceptions are ubiquitous, occurring in all age and education levels.

4. Students’ inability to visualize at the molecular level leads to common
misconceptions about structure, bonding and other chemical principles.

5. Misconceptions are often internally consistent and coherent.

6. Misconceptions arise from a variety of sources.

7. Misconceptions are resistant to change (p: 46-47).

Developing correct students concepts in chemistry is a desired outcome which

requires first to distinguish and examine the reasons that causes misconceptions.

2.4.1 Sources of Misconceptions

There are number of sources that may cause misconception. Wandersee, Mintzes and
Novak (1994) stated that students enter their classrooms with ideas about science that have
been influenced by their prior experiences, textbooks, teachers’ explanations, or everyday
language. Therefore, if the origin of misconceptions is known, misconceptions will probably
be altered more easily. Therefore, below some of the sources of misconceptions are

presented.
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2.4.1.1 Prior Knowledge

Prior knowledge is very important in constructivism since the new knowledge is
constructed by the help of prior knowledge. In other word, what an individual has already
knew, will affect his or her further knowledge construction. Therefore, prior knowledge
plays a paradoxical role in the learning process (Pintrich, Marx & Boyle, 1993; Dole, 2000).
In other words, prior knowledge can help foundation of new knowledge; however, it can also
hinder construction of new knowledge if the prior constructs are incompatible with the new
information. Research has shown that children bring to lessons a lot of preexisting
conceptions about scientific phenomena that can interfere with students’ learning of correct
scientific principles or concepts (Driver & Easley, 1978; Driver & Erickson, 1983; Fleer,
1999; Palmer, 1999; 2001; Posner et al., 1982; Taber, 2000).

Teichert and Stacy (2002) mentioned the importance of prior conceptions and added
that students are coming into the classroom with a conceptual framework already present,
from everyday experience and from previous formal and informal education. Moreover they
suggested instructors to consider fallowing two points: “(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 not integrate this prior knowledge with

the new material being covered in class.”

2.4.1.2 Language

The language may cause misconception. Scientists use terms to explain some
scientific phenomena but the term they used sometimes can be same as those people
commonly use. However, generally what scientists mean by those words are not the same as
the meaning attributed by people. In other words, people confuse scientific and everyday
meanings of the terms. That is, there is a discrepancy between scientific and common
meaning of the term. Papageorgiou and Sakka (2000) showed that teachers made use of
everyday language to interpret the scientific terms. For example, ‘salt’, in common language,

is used to term NaCl compound, but in chemistry there are many salts other than NaCl.
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2.4.1.3 Instruction

Chemistry is a complex, abstract subject. Therefore, formal instruction can not
eliminate misconceptions and four reasons suggested as a reason by Tiskus (1992).

1. Students fail to make connections between topics since subject matter is too

compartmentalized.

2. The lack of prior knowledge hinders understanding of basic scientific concepts.

3. Misinterpretation of complex, formal, and abstract language of science by

students.

4. Students generally prefer to use algorithmic methodologies in solving problem

rather then conceptual understanding.

Instructional strategies such as analogies and metaphors used by teachers to describe
abstract phenomena can lead to incorrect scientific conceptions. In schools, analogies are
used as specific tools to help learners relate new information to their prior knowledge
(Taylor & Coll, 1997). However, sometimes people take the analogy too far, which gives
rise to misconceptions (Gentner & Gentner, 1983). That is, analogies and metaphors may

cause misconception since students interpret analogies and metaphors too literally.

Haidar (1997) indicated instruction as one major source of misconception. He also
noted that the source creates two difficulties. The first difficulty is students’ failure to apply
correct information and used the closest available information to solve given problem. The
second difficulty is that the knowledge of concepts was compartmentalized. Both of these
difficulties indicates that students’ understanding of scientific concepts is fragmented,

inconsistent, and at variance with scientific knowledge.

2.4.1.4 Instructor

Instructors may also be a source of misconceptions. The research showed that pre
service teachers (Lee, 1999), teachers and even university professors (Birk & Kurtz, 1999;
Lin & Cheng, 2000) have misconceptions. These instructors may confuse the student and
may teach them misconceptions. Therefore, if teachers hold alternative conceptions, teachers
will have difficulties in identifying their students’ alternative conceptions and correcting
those conceptions (Calik & Ayas, 2005). Moreover, Ebenezer and Erickson (1996), Ebenezer
and Gaskell (1995), Ginns and Watters (1995), Goodwin (1995), and Valanides (2000)

suggested that students’ alternative conceptions may result from their teachers. Moreover,
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Taber (2001) indicated the possibility that teachers may themselves misunderstand the
content they are supposed to teach which may then cause students to acquire concepts that

differ from commonly accepted scientific consensus.

2.4.1.5 Terminology

Terminology used by teacher and text books can also be a source of misconception.
Many terms in chemistry have roots in other disciplines. Moreover, in some cases difficulties
arise, for example, when students reason about concepts that have changed with time.
Therefore, the influence between chemical terms and concepts has to be considered. In
addition, new theories have often been connected to old terms. Therefore, the meaning of
terms may change. As a result, terms contain both old and a new aspect. Therefore,
alternative concepts arise due to students’ logical interpretations of chemical terms that have

shifted meaning with time (Schmidt, Baumgartner, & Eybe, 2003).

Schmidt, Baumgartner and Eybe (2003) gave en example for meaning change in the
term of neutralization. They presented that originally neutralization was used to explain the
reactions between acids and bases, in other words acids and bases was considered to
consume (neutralize) each other. Therefore, students have good reason to believe that any
reaction between an acid and an equivalent amount of a base results in a neutral solution.
However, that is not always true. If, for example, acetic acid reacts with an equivalent
amount of sodium hydroxide, a basic solution is formed. That is, reaction of strong acid with

weak base or strong base with weak acid will not result in a neutral solution.

Another example is the term chemical reaction which originally referred to a one-
way process in which reactants disappear because they are transformed into products.
However, to day chemical reaction is seen as an equilibrium in which a forward and a
reverse reaction compete with each other. Therefore, students have difficulties in
understanding the new concept because they still have the original concept in their mind

(Schmidt, Baumgartner, & Eybe, 2003).

2.4.1.6 Social Environment

Interaction with friends, parents and others in addition to mass media such as

television, newspapers, internet, etc. can be a source of misconception. According to Taber
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(2000) the child interacts with its physical environment and learns from that experience.
Children are constantly bombarded by information from a variety of sources: parents,
siblings, friends, television and so forth. Therefore, some of the child’s early learning about
its surroundings provides the alternative conceptions that can later interfere with the learning
of formal science. Moreover, some researchers also indicated that alternative conceptions
may arise as a result of the variety of contacts students make with the physical and social
world or as a result of personal experience, interaction with teachers, other people, or
through the media (Gilbert et al., 1982; Gilbert & Zylberstajn, 1985; Griffiths & Preston,
1992). In addition, according to Vosniadou (1992), alternative conception can be a “synthetic
mental model” in which children combines socially and instructionally derived information
where socially derived information is obtained through interaction with family, peers and
media. In addition, Claxton (1993) stated that children are told many things by peers, family

and the media, and much of these explanations may be wrong or misunderstood.

2.4.1.7 Textbooks

Textbooks which are the general source in teaching can be a source of
misconception. For example, misconception may result from diagrams or models used in
textbooks. These tools are used to gain a better understanding; however, if not properly
constructed, they may give rise to misconceptions (Mayer, 2001). Additionally, Kikas (1998)
showed that the diagram used in textbooks can be interpreted incorrectly which may result in

misconception.

Uhlik (2004) indicated that students and teachers consider textbooks as a source of
authoritative information. However, it is possible to make error while developing a textbook.
Therefore, teachers and students may be affected to some degree by an error which may
change in effect. Uhlik (2004) stated that error can be classified into three types which are
“typographical”, “editorial” and “conceptual”. Typographical error means “misplacement of
alphanumeric symbols in text”. Editorial errors results from incorrect grammar or minor
factual misstatements. Finally, conceptual errors according to Uhlik (2004) are the “third and
most troublesome kind, because they are not “mistakes” in the same sense as the first two.
Rather, they represent an essential misunderstanding of the topic at hand, and the erroneous
statements are accepted as well-founded common knowledge by authors, editors and readers
alike. In other words, no one recognizes that there even is a problem”. That is, indication of

first two errors is easy; however, indication of third type is a bit difficult so these errors may
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persist unquestioned and unexamined. Moreover, several research studies interpreted
textbooks as a source of misconception (Chiu, 2005; Ozkaya, Uce, & Sahin, 2003; Storey,
1989; 1990).

Barrow (2000) analyzed the content of elementary science methods textbooks to
determine how magnet concepts were presented and obtained that in some textbooks

information presented may lead misconception.

Sheldon (2002) found that most introductory psychology textbooks and their
companion web sites may add to students’ confusion about operant conditioning concepts
and these textbooks and web sites may cause misconception by presenting inaccurate

information and terminology.

Gauld (1997) indicated that textbooks were considered as the main source of
information about scientific concepts by the most of the students. However, Gauld (1997)
added that frequently in the textbooks, there appear number of errors and these errors are

consequently transmitted to both teachers and students.

2.4.2 Misconceptions in Chemistry

A review of literature shows that in all areas of science students hold many
misconceptions on a wide variety of topics (Treagust, Duit, & Fraser, 1996) covering
virtually all grade and experience levels from pre school age children (Driver, 1989) to
collage student (Crosby, 1987; Sanger, 1996) to pre service teachers (Lee, 1999) to teachers
(Kruger & Summers, 1989; Harlen, 1997; Harlen & Holroyd, 1997; Pardhan & Bano, 2001)
to university professors (Birk & Kurtz, 1999; Lin & Cheng, 2000).

A review of literature shows that in the area of chemistry, students hold many
misconceptions on a variety of topic. Some topics are mole concept (Duncan & Johanstone,
1973; Griffiths & Preston, 1992; Harrison & Treagust, 1996), nature of matter (Andersson,
1990; Gabel, Samuel & Hunn, 1987; Novick & Nussbaum, 1981; Renstrom, Andersson &
Marton, 1990; Tvieta, 1990), particulate and molecular views of matter (Novick &
Nussbaum, 1978; Novick & Nussbaum, 1981), entropy (Frazer, 1980), chemical equations
(Niaz & Lawson, 1985; Ben-Zvi, Eylon & Silberstein, 1987; Garnett, Hackling, Vogiatzakis
& Wallace, 1992), chemical equilibrium (Banerjee, 1991; Bergquist & Heikkinen, 1990;
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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 (Peterson & Treauget, 1989;
Nicoll, 2001), electrochemistry (Garnett & Treagust, 1992a; Garnett & Treagust, 1992b;
Ogude & Bradley, 1994; Roberts, 1993; Sanger, 1996; Sanger & Greenbowe, 1997) and
acid-base chemistry (Cakir, Uzuntiryaki & Geban, 2002; Cros, Chastrette & Fayol, 1988;
Hand & Treagust, 1988; Ross & Munby, 1991), thermochemistry (Boo, 1998), molecular
geometry and polarity (Furio & Calatayud, 1996), and solubility equilibrium (Raviolo &
Alexander, 2001).

It is important to find ways to overcome misconceptions and fascilitate meaningful
learning. Therefore, it is important to understand the ways we can alter the misconceptions,

some of which are presented below.

2.4.3 How to Alter Misconceptions

Treagust, Duit and Fraser (1996) indicated that students hold preinstructional
conceptions in many fields of science and these preconceptions are generally different from
science concepts taught in school. Moreover, these misconceptions are resistant to change
since they are hold by students strongly. Therefore, it is important to know way to alter them.
Five issues which can help in overcoming misconceptions are (1) students’ prior knowledge,
(2) relevance of content, (3) organization of content, (4) presentation of content in different

ways and (5) language.

2.4.3.1 Students Prior Knowledge

Students’ preexisting beliefs influence how students learn new scientific knowledge
and play an essential role in following learning (Arnaudin & Mintez, 1985; Boujaoude,
1991; Driver & Oldham, 1986; Shuell, 1987; Tsai, 1996). Moreover, Treagust, Duit and
Fraser (1996) discussed the importance of prior knowledge and added the importance of
starting instruction by considering students’ preconceptions. Moreover, Selley (1999)
compared traditional and constructivist views of learning and stated that starting from what
students already know about subject will likely to enhance the effectiveness of teaching.
According constructivist theory of learning the learners’ prior knowledge interacts with the

new knowledge, and then it is apparent that knowledge about the structure of students’ prior
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knowledge is very important in removing alternative conceptions. Therefore, if the science
teacher wants to promote conceptual change, they must start instruction by diagnosing the
prior conceptions of students. Therefore, if teachers know the students’ conceptions that are
not in harmony with scientific ones, they can easily design their lessons in order to promote
conceptual change. In other words, teacher may help students to overcome their

misconceptions.

Concept maps, interviews and multiple choice tests and word association tests can be

used to determine students’ pre conceptions.

Chiu (2005) used interviews in investigating the students’ misconceptions. Ross and
Munby (1991) conducted clinical interviews in order to understand students’ conception of

acids and bases.

Gussarsky and Gorodetsky (1988) used word association test to examine difficulties
understanding the chemical equilibrium concept. Maskill and Cachapuz (1989) used word
association tests to reveal the different representations that individual students had about the

concept of chemical equilibrium.

Novak (1996) explained that concept maps are useful tools that can be used for

identification of students’ misconceptions to facilitate learning.

McCloskey (1983) used a multiple choice question in order to reveal students’
misconceptions. Wheeler and Kass (1978) used a 30-item multiple-choice test to determine

students’ misconceptions of chemical equilibrium.

Interviews yield detailed information on students’ understanding of chemical
concepts. However, in most cases, it is not possible to investigate as many students as in

paper-and-pencil tests.
In this study, the researcher searched through the literature and tried to obtain

misconceptions related to solubility equilibrium and interviewed with several science

teachers and prospective teachers for additional misconceptions students may hold.
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2.4.3.2 Relevance of Content

Conceptual change can be promoted by making science content relevant to students’
daily lives. Gabel (2000) indicated that the materials used in introductory chemistry course
in most high schools are unfamiliar to the students. Moreover, Pauling (1983) criticized

secondary and freshman college chemistry texts as having too much advanced materials.

Gabel (1983) analyzed the content of some secondary chemistry textbooks and found
that textbooks are prepared so that fosters memorization instead of understanding. The
textbooks are generally presenting elaborate theoretical models as established facts and
presenting concepts with no basis in experimentation. Moreover, she recommends preparing
texts by balancing four goals which are societal needs, personal needs, career education and

salient knowledge.

Van Aalsvoort (2004) identified the lack of relevance as a problem of chemical
education. Moreover, Van Aalsvoort (2004) identified four reasons of chemistry’s lack of
relevance in chemistry education. The reasons are;

a. Personal relevance: chemical education ought to make connections to pupils’

lives;

b. Professional relevance: chemical education ought to offer pupils a picture of

possible professions;

c. Social relevance: chemical education ought to clarify chemistry’s purpose in

human and social issues and;

d. Personal/social relevance: chemical education ought to help pupils to develop

into responsible citizens.

Herron (1983) suggested modifying the textbooks so that textbooks will include
greater attention to student ideas. Moreover, diagrams and illustrations should be used to

provide a meaningful context.
Students’ motivation and interest will increase by making the content relevant to

students’ lives and that may result in conceptual change. Therefore, students will try to learn

the subject more deeply rather than surface learning where the knowledge is forgotten soon.
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In this study, in order to increase students’ interest some cartoons and figures were

used.

2.4.3.3 Organization of Content

The topics in science course should be organized which will enhance students’
understanding. In other words, the instructor should begin instruction with more concrete
concepts which are closely related to student experiences and then should move gradually to
more abstract concepts by enabling students to make connections with previously learned

information.

2.4.3.4 Presentation of Content in Different Ways

Conceptual change can be promoted by presenting the information in different
formats such as diagrams, sketches, pictures or animations. Moreover, to overcome
misconceptions anomalous data (Shepardson & Moje, 1999), student-generated analogy
(Cosgrove, 1995) and computer-based simulation (Carlsen & Andre, 1992; Ronen & Eliahu,
2000) can be used. Nakhleh (1992) recommended that more pictorial language should be
built into chemistry courses. Moreover, visualization of chemistry by computer animations
can help students’ understanding of particulate and symbolic dimensions of chemistry.
Copolo and Hounshell (1995) have suggested that using computational and physical models
promote chemistry learning. Computer animations must be prepared to overcome students’
misconceptions. This can be come true when these animations show or present conceptions
which are contrary to misconceptions held by the students which will promote cognitive

dishonest that results in change in concepts.

2.4.3.5 Language

The scientific definition of some words is different than their regular meaning which
causes misconceptions. For example, the word “salt” is used by students to represent table
salt NaCl; however, in chemistry there are many salts in addition to NaCl, referring to an
ionic compound formed by the reaction of acids with bases. Therefore, teachers should be
careful while using and instructing such terms and they should provide the difference in

meaning between common definition and scientific definition.
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2.4.4 Implications of Research on Misconceptions

Teachers must be aware of common misconceptions students hold so they can
examine their instructional materials and teaching materials as well as their scientific
knowledge for potential sources of difficulties for students trying to understand chemistry.
Since these alternative conceptions predicts strongly the student achievement (Demircioglu,

Ayas & Demircioglu, 2005).

Students’ background beliefs can be identified by developing better assessment
methods. By knowing the potential threat to instruction teachers can find solutions to
overcome these threats. That is, by knowing students’ misconceptions teachers can respond

immediately to them when they arise in the classroom.

The awareness of misconceptions allows teachers to see their views in totally
different ways which may lead to reconstruction of their science knowledge so as the

instructional strategies used in the classroom (Duit, Treagust, & Mansfield, 1996).

Science teachers, after knowing the misconceptions, can select science content and
design curricula to cover the interests, knowledge, understanding, abilities, and experiences

of their students in order to increase student understanding.

Current science textbooks should be revised to in order to prevent formation of

alternative conceptions (Demircioglu, Ayas & Demircioglu, 2005).

2.4.5 Summary of Misconceptions

The seven statements presented by Gaddis (2001) below summarize the findings of
studies on misconceptions.

1. Chemistry is a complex, abstract subject that lends itself to many alternative
conceptions.

2. Misconceptions are deeply held and persist even after instruction.

3. Misconceptions are ubiquitous, occurring in all age and educational levels.

4. Students’ inability to visualize at the molecular level leads to common
misconceptions about structure, bonding and other chemical principles.

5. Misconceptions are often internally consistent and coherent.
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6. Misconceptions arise from a variety of sources.

7. Misconceptions are resistant to change (p: 46-47).

Before going further, it should be understood that misconceptions hinder learning
and understanding chemistry in meaningful way. Therefore, remediation of misconceptions
gains importance. Several instructional approaches which are consistent with constructivist
view of learning are developed to remove and remediate misconceptions. These models
stress the importance of conceptual change in remediation of misconceptions so that
meaningful learning can be achieved. Therefore, if meaningful learning is desired it is

important to understand what conceptual change is?

2.5 Conceptual Change

Piaget described conceptual change as he distinguished between assimilation and
accommodation. As it is explained before, assimilation occurs when learners’ can explain
new information with existing knowledge, whereas accommodation requires changing or

modifying existing knowledge.

Posner et al. (1982) initially identified two phases of conceptual change. They used
the terminology that Piaget used to explain cognitive development, to describe these two
phases. Assimilation is a process which uses existing concepts to deal with new information
whereas accommodation is a process where new information can not be explained with

existing conceptions which may result in the rejection and replacement of older conceptions.

Conceptual change is defined as a process of learning science in meaningful way
that requires the learner to rearrange or replace existing misconceptions in order to
accommodate new ideas (Smith et al., 1993). In other words, the term ‘‘conceptual change’’
is used to describe the kind of learning required when the new information to be learned
comes in conflict with the learners’ prior knowledge acquired on the basis of everyday

experiences and this situation requires prior knowledge to be reorganized.

Conceptual change occurs when a learner changes misconceptions with scientifically
accepted conceptions. That is, conceptual change involves restructuring of the learners’
conceptions. However, all the information that is contrary to students’ pre knowledge which

is inconsistent with the currently accepted scientific viewpoint, not causes accommodation
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and as a result conceptual change. If for example, the learner has separate or isolated
misconception within his or her existing knowledge structure, it is not easy to employ
conceptual change process in order to correct that misconception. That is, conceptual change
may not be as easy as helping the students to redefine a scientific term. Saunders (1992)
explained that students have three options even if a student’s ideas conflict with new
phenomena. Students can maintain the schemata, restructure the schemata or disengage or

skip themselves.

Students have already constructed a common sense understanding of the world based
on their experience from everyday life, before coming to school. Therefore, they can not be
considered as ‘‘empty vessels’> when considering scientific knowledge since students are
active builder of his/her knowledge (Mason, 2001). The prior knowledge students already
have interacts with new information and if prior knowledge is incompatible with new
learning, classroom learning requires students to reorganize their existing knowledge which
is called conceptual change (Mason, 2001; Vosniadou, loannides, Dimitrakopoulou, &

Papademetriou, 2001).

2.6 Conceptual Change Approach

The conceptual change approach was developed by science educators who saw a
relation between theory of change and students’ learning. According to Vosniadou (1999)
conceptual change approach has its roots from both science education research tradition and
the cognitive developmental research tradition. Moreover, Vosniadou (1999) added that both
of the traditions mentioned above consider Kuhn’s revolutionary account of scientific change
where it is suggested that the process of how learning theories are revised when they face
new evidence is subject to change, as an important topic. In science education tradition,
Piaget’s idea of accommodation and assimilation takes importance. On the other hand, in
cognitive developmental research tradition, Piaget’s thesis that cognitive development
primarily involves changes in general logical capabilities and concept formation takes

importance.

Students come to classroom with knowledge which can influence their further
learning. This prior knowledge is generally inconsistent with that of scientists in a particular
field. According to Bodner (1986), the students’ conceptions that are different from that of

scientist, are called “alternative conceptions”. Moreover, the research showed that the
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misconceptions are very resistant to change (Treagust, Duit, & Fraser, 1996; Tsai, 1998;
1999). Therefore, it is difficult to overcome problematic conceptions. This results from the
complexity of students’ mental structures where concepts are highly integrated with each
other. Therefore, changing alternative conceptions require modifying or restructuring
existing schemata. The major concern of conceptual change approach research is to find

ways that can help correct the misconceptions students already have.

2.6.1 Some Obstacles in Conceptual Change Approach

There are factors that can result in reconsideration of conceptual change approach in
schools where it is applied. Therefore, the constituents of school are considered separately to
deeply investigate the difficulties considered as an obstacle of using conceptual change

approach.

2.6.1.1 Student

There may be students who are successful in classroom where traditional instruction
methods are applied. Therefore, these students may feel themselves as threatened by new
type of instruction which may affect their success. Moreover, Zirbel (n.d.) indicates that
students may feel uncomfortable with lectures that are based on conceptual change approach
since they share their ways of thinking with teacher and classmates. Therefore, these students
may feel them more vulnerable. Moreover, Zirbel (n.d.) explains that in conceptual change
model, prior knowledge of students is challenged and this will probably result in confusion
in students’ minds. Moreover, students do not like to be confused which is an uncomfortable
feeling. Zirbel (n.d.) indicates that teachers should explain students that confusion is
unavoidable and is part of learning. Moreover, if it is not told, students may feel frustrated
and blame the teacher for that feeling. In addition, compared to traditional instruction,
lectures that are based on conceptual change approach requires students to be more active
and therefore requires more extra work which may cause students to resist of being told by

new methods.

2.6.1.2 Teacher

Compared to lectures where traditional methods are applied, lectures that are based

on conceptual change approach require more teaching preparation time, covering less
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content and letting an atmosphere where the structure is more flexible and the class is noisier
(Shea, 1995). Sunal, Hodges and Sunal (1998) stated that the main reason for not changing
teachers of their instruction is resource, time and turf conflicts. In addition, lectures that are
based on conceptual change approach has no complete control over how the lecture is going
since the students’ answers and performance determines the direction and overall speed of
the lecture. This situation may cause teacher to feel that they have lost the authority and
make him or her more vulnerable (Zirbel, n.d.). Moreover, Zirbel (n.d.) stresses the difficulty
of implementing that kind of lecture for the teachers that are not accustomed to lectures that
are based on conceptual change approach before. In addition to factors mentioned above, the
test or examination achievement or successes of students are the main concern for the most
schools; therefore, teachers may be uncertain of implementing instructional approaches

based on conceptual change (Yip, 2001).

2.6.1.3 Administrative

Administrators may question the use of conceptual change techniques if problems
arise for the students or teachers (Herreid, 1998). The structure and the atmosphere of the
schools applying constructivist teaching strategies are more flexible (Shea, 1995) and the
administrators which are used to traditional methods can feel as if they lost the control which
may then result in reconsideration of conceptual change approach. Moreover, some of the

administrators may also complain from lost of the discipline.

2.7 Conceptual Change Models

There are many conceptual change theories which aim to replace or restructure
misconceptions with that of scientific ones to facilitate learning. The major difference
between the conceptual change theories is the way they explain the change. In other words,
in order to clarify the concept of conceptual change various theories have offered different

views of the central process. Some of them are presented below.

2.7.1 Posner, Strike, Hewson and Gertzog’s Model

Posner, Strike, Hewson and Gertzog (1982) stated that learning is not acquiring

memorized information but, in contrast, it is a process of conceptual change. This model

explains “how concepts change under the impact of new ideas or new information” (p. 211).

41



The conceptual model takes its rotes from the Piaget’s ideas of conceptual change through
assimilation and accommodation. That is, according to that model process of learning needs
two phases which are assimilation and accommodation. In assimilation, new phenomena are
explained adequately by using existing concepts and if the current concepts do not explain
the new phenomena, the learner must modify or change the existing concept. In other words,
the main emphasis on this theory is on accommodation, the situation where understanding a
new conception requires the initial rejection of some existing conceptions, with which the
new conception contradicts (Thorely, 1990). Posner and his colleagues (1982) suggested that
accommodation usually occur when four conditions exist;

1.“There must be dissatisfaction with existing conception” (p. 214). According to
Posner et al. (1982) individuals do not accept the new conceptions easily until
they realize that their alternative conceptions do not work anymore. In other
words, when students face with new phenomena they try to explain it by the
help of existing concepts. Moreover, if the learner does not have some prior
knowledge about the phenomena the learner will not question the phenomena
whether it has irrelevant or relevant features. Therefore, it is important students
to have prior knowledge and realize that his or her current conceptions do not
successfully explain the phenomena; therefore, they must be changed or
modified to accept new concepts.

2.“A new conception must be intelligible” (p. 214). In other words, the learner must
know what it means and find that it makes sense. Hewson and Hennessey
(1992) explained that in order a concept to be intelligible, learners must know
what concept means and they should be able to explain the concept with their
own words. Moreover, they should be able to give examples and not related
examples and should find ways such as drawing, talking, concept map, to
represent ideas to others.

3.“A new conception must appear initially plausible” (p. 214). In other words, the
learner must believe that it is reasonable and it is consistent with their world
view. In order the concept to be plausible Hewson and Hennessey (1992) stated
that the learner must find the concept intelligible and this concept should fit
with their world view. Moreover, the concept must be consistent with other
concepts related to it and the learner must see the concept in light of how they
observe things to work.

4. “A new conception should suggest the possibility of a fruitful research program.

It should have the potential to be extended, to open up new areas of inquiry” (p.
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214). In other words, a new concept must achieve something of value for the
learner. Hewson and Hennessey (1992) indicated that the concept should be
intelligible, plausible, and useful and the learner should be able to apply it to

other concepts and these concepts should be a better explanation of things.

Conceptual change depends on the above conditions. Moreover, conceptual changes
do not occur without concurrent changes in the relative status of changing conceptions
(Hewson & Hewson, 1991). For example, if more conditions are met then the conceptions
status is raised, on the other hand if conditions that occur seldom then the conception status

are lowered.

Posner et al. (1982) identified that students’ conceptual ecology is the key to the
conceptual change model because “ without such concepts it is impossible for the learner to
ask a question about the phenomenon, to know what would count as an answer to the
question, or to distinguish relevant from irrelevant features of the phenomenon” (p. 212).
The term conceptual ecology is used to describe how new learning is continually being
integrated into, modified by, or rejected from a learner’s conceptual framework. Strike and
Posner (1985) developed the notation that learners’ conceptions are adapted to a range of
cognitive factors which include what they termed the learners conceptual ecology. The
factors in the conceptual ecology according to Thorely (1990) are:

1. Anomalies: “arise from an existing conception can act to select for its

successor”.

2. Analogies and Metaphor: “can suggest new ideas or make them intelligible or
plausible”.

3. Epistemological Commitments: “including both subject-matter specific and
more general beliefs about the character of knowledge, especially scientific
knowledge”.

4. Metaphysical Beliefs: “about science and the universe, and basic ontological
categories assumed about the world”.

5. Prototypical Exemplars and Images: “including thought experiments can serve
to determine what a learner can understand or find reasonable”.

6. Past Experience: “with which conceptions should be consistent”.

7. Other Knowledge: “with which conceptions should be consistent” (p: 21-22).
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These factors must be addressed in the classroom for conceptual change instruction
to be effective (Beeth, 1998). According to Posner et al. (1982) teaching science requires
creation of cognitive conflicts in students. Moreover, instruction should contain diagnosing
errors in students’ thought, helping them to make connections with prior knowledge and

applying strategies to eliminate students’ misconceptions.

Strike and Posner (1992) revised their theory and suggested several modifications to
their theory. They stated that in order to describe learners’ conceptual ecology several factors
should be considered such as motives and goals and the instructional and social sources.
Moreover, Strike and Posner (1992) extended the role of conceptual ecology where all parts
of the conceptual ecology including scientific conceptions and misconceptions viewed as
dynamic and in constant interaction and development. Moreover, they mentioned the

importance of developmental and interactionist view of conceptual ecology.

2.7.2 Vosniadou’s Model

Vosniadou (2002) stated that conceptual change is a process that lets students to
synthesize models in their minds, beginning with their existing explanatory frameworks.
Vosniadou and Brewer (1987) stated that there are two types of restructuring which are weak
restructuring and radical restructuring. Weak restructuring allows new information to be
accumulated and new relationship to occur between existing ideas, without changing the core
concepts. This process is similar to Piaget’s assimilation. On the other hand, in order to
occur radical restructuring, a change in core concepts and structure of knowledge must take
place. Moreover, learning is described as process that requires significant reorganization of

existing knowledge structures (Vosniadou, 2003).

Vosniadou (2001) stated that humans pick up information from the physical world
which makes it possible to them to function in it. “While this early competence forms the
necessary foundation for further learning to occur, it may also hinder the acquisition of
scientific knowledge. This happens because scientific explanations of physical phenomena
often violate fundamental principles of intuitive physics, which are confirmed by our
everyday experience. For this reason, learning science requires the radical reorganization of
existing conceptual structures and not just their enrichment, and creation of new,

qualitatively different representations”.
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As it is mentioned before, the learners assimilate new information with current
concepts. According to Vosniadou (1994) the assimilation process is called “enrichment”.
Moreover, learners must replace or modify existing schemata through accommodation.

According to Vosniadou (1994) the accommodation process is called “revision”.

Vosniadou (Vosniadou, 1992; 1994; Vosniadou & loannides, 1998) proposed two
levels of theories that control the learners’ beliefs which are framework and specific theories.
“Framework theories are built easily in infancy and are based on some fundamental
ontological and epistemological presuppositions that define a domain (for example, the
presuppositions of performance, solidity, continuity, and so forth for the domain of matter)”
(Mazens & Lautrey, 2003, p.161). Specific theories on the other hand are consciously
accessible and built from everyday experiences. That is, specific theory is based on the
individual observation of the world and as well as instruction to explain a limited range of
phenomena. These two classes of theories come together to form mental models. Moreover,
the distinction between theories mentioned above explains why some conceptual changes are
more difficult then others. In other words, because framework theories are based on
explanations that are obtained by everyday experiences and grounded in years of

confirmation, conceptual change is difficult.

2.7.3 diSessa’s Model

diSessa (2002) stated that conceptual change is the reorganization of diverse kinds of
knowledge into complex systems in student’s minds. Moreover, he argues that novice
learners’ knowledge of physical phenomena is like knowledge in pieces. In addition, he
named these pieces as phenomenological primitives and shortly they are called as p-prims
which are abstracted from common experiences. These p-primes then combine to form
individual concepts (diSessa, 1993). P-primes are considered as phenomenological since
they are the responses to experienced and observed phenomena. They are considered as
primitive since p-primes are individual dependent that is they are self-evident to their
holders. Moreover, diSessa (1993b) indicates that one sees and explains the world by the
help of p-primes which are the self explanatory interpretations of physical reality. The p-
primes are small knowledge structures that contains configuration of a few parts. Moreover,
p-primes account for structures called causal nets which can be described as what people

intuitively expect of causality. Moreover, diSessa and Sherin (1998) indicated that “causal
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nets are, roughly, our replacement for the theories that lie behind observations. Or the

theories implicated in theory-based notions of categories” (p. 1174).

Conceptual change is considered as reorganization that increases the internal
coherence of p-primes. In this model knowledge increases by refining and restructuring p-
primes. In other words, moving from intuitive knowledge to expertise needs developing,
refining and differentiating p-primes. Therefore, instruction is considered as a cause for

conceptual change.

Classes of concepts that are thought important in science learning are called
coordination classes which determine learners’ ability to understand. Charles (2003) states
that coordination classes are composed of structural components that perform two activities:

1. “centered on gathering information through selecting what to “see” (referred to as

“readout strategy”), and the other,

2. “based on...causal net activity” (p. 24).

Moreover, according to diSessa and Sherin (1998) coordination classes of concepts
would increase understanding by providing systematically connected ways of obtaining

information.

2.7.4 Chi’s Model

Chi, Slotta and deLeeuw (1994) define conceptual change as change in category

assignment since meaning of a concept is determined by its category assignment.

According to Chi, Slotta and deLeeuw (1994), entities in the world belongs to three
ontological categories which are “matter” (or things), “processes” (this category further
divided into events, procedures, and constraint-based interactions) and “mental states”.
Entities in the matter category have such ontological attributes as “being confinable,”
“storable,” “having volumes and mass,” “being colored,” and so on. Entities in the procedure
category have such attributes as “being carried out” and “having a sequence.” Entities in the
event category have such attributes as “being caused by” and “having a beginning and
ending.” Entities in the constraint-based interactions category have such attributes as “being

2

dynamic,” “changing,” and “coexisting.” Finally, entities in the mental state category have

such attributes as “emotional” and “intentional.” Moreover, these categories are seen as the
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root of a tree which is composed of several ontological subcategories. Moreover, categories
within a given tree differ ontologically from any category on the other trees because they do
not share any ontological attributes. Chi, Slotta and deLeeuw (1994) indicate that many
scientific concepts belong to ontological category called “constraint-based-interactions” and
this category is a subcategory of “processes”. Moreover, they locate causal reasoning as a
subcategory called “events” under the “processes” category. They indicated that many
misconceptions results from students’ incorrect assignment of many scientific concepts into
correct ontological category. In addition, several studies in the area of chemistry indicated
that students assign many scientific concepts in to category of matter although they should
be placed somewhere else (Sanmarti, [zquierdo, & Watson, 1995; Watson, Prieto, & Dillon,
1997). This causes several difficulties for students in developing scientific concepts (Boo &

Watson, 2001).

Chi and Roscoe (2002) understand conceptual change as repair of misconceptions. In
other words, students must identify misconceptions and repair them. In this model,
misconceptions are defined as miscategorization of concepts. In other words, misconceptions
result because of mismatch between the ontological category to which one assigns a concept
and the ontological category to which the concept usually belongs, the correct category.

Therefore, reassignment of concepts to correct categories is defined as conceptual change.

Chi (1992) and Chi, Slotta, and deLeeuw (1994) proposed an incompatibility
hypothesis which explains why some scientific concepts can not be changed easily.
Moreover, since many science concepts require conceptual changes across trees, difficulties
arise while learning them. Therefore, some conceptual changes are hard and some of them
are easy. Boo and Watson (2001) indicate that “to evaluate whether the reaction is
exothermic or endothermic, students need to consider the energy balance between that
required to break bonds and that released when new bonds are formed (a constraint-based
interaction), rather than considering energy as the driving force for the reaction (an event).
According to Chi’s Incompatibility Hypothesis, both of these conceptions are placed within
the “process” category, so conceptual change between the subcategories of “events” and
“constraint-based interaction” should be easier than conceptual change between the major
categories of “matter” and “process” (p. 571). Charles (2003) presented comparison of four

models discussed above in a table format.

47



2.8 Commonalities of Conceptual Change Models

Conceptual change models generally have three common features which are

identification of misconceptions, cognitive conflict and practice (Gaddis, 2001).

2.8.1 Identification of Misconceptions

Teaching for understanding, cannot be achieved without a diagnosis of students’
initial understanding of content knowledge (Carey, 2000). Many researchers realized that
students bring to the classroom many misconceptions that are resistant to change and
difficult to extinguish. Many researchers saw these misconceptions as theories that need to
be replaced by the currently accepted, correct scientific views since many researchers believe
that students’ prior knowledge could highly influence subsequent learning (Ausubel et al.
1978, Novak 1977, Wandersee et al. 1994). Therefore, identification of misconceptions is
very important and serves as a basis for conducting conceptual change strategies. Several
methods can be used for identification of misconceptions such as interviews, concept maps
and multiple choice tests. Although interviews may be effective in identifying students’
misconception, they are time consuming, difficult (Gaddis, 2001) and require subsequent
training. Duit, Treagust, and Mansfield (1996) indicated that many researchers used multiple
choice items in order to examine students understanding of science. Moreover they added
that “diagnostic test provide an opportunity for both teachers and researchers to diagnose

students’ learning without the need for interviews” (p. 27).

2.8.2 Cognitive Conflict

Scott, Asoko and Driver (1992) indicated that cognitive conflict strategies play a key
role in approaches that focus on conceptual change. Cognitive conflict can be achieved by
providing students with evidence that contradicts with their existing conceptions. According
to Duit and Confrey (1996) the most important point in instruction is whether students will
really understand or realize the conflict. Moreover, they added that although sometimes it
may appear discrepant to teachers, it may appear not discrepant or discrepant to some extend
to students. Moreover, some studies reported that cognitive conflict was not being able to
achieve through using discrepant event which is a cognitive conflict strategy (Chinn &

Brewer, 1998; Gorsky & Finegold, 1994; Mason, 2001). Moreover, Murray (1983) stated
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that although contradictory event is presented to students, it may be understood in several
ways by students such as;

a. Unnoticed

b. Tolerated or explained as mystery or magic

c. Seen as independent event

d.Resolved trivially

Although some researchers have raised questions about the role of discrepant events,
several researchers mentioned a significant correlation between cognitive conflict and
conceptual change (Kang, Scharmann, & Noh, 2004; Levin, Siegler, Druyan, & Gardosh,
1990; Mason, 2000).

Limon (2001) stated that presenting contradictory data with explaining the points it
differs from students’ current conceptions could help them to realize the differences between
preconceptions and scientifically accepted conceptions. This may be one of the reasons why

discrepant events are still used by many researchers in conceptual change studies.

2.8.3 Practice

Practice is very important since it will facilitate learning. However, most school
practice involves recitations of definitions and relationships that have no meaning to child
which causes rote learning (Novak, 1996). Therefore, activities that involve presenting and
developing ideas, discussing examples of them, applying them in other occasions, linking
them to other ideas will help students practice and strengthen the conceptual understanding.
In other words, activities accompanied with concept maps and analogies can be used to
strengthen conceptual understanding. Therefore, teaching for conceptual change gains

importance.

2.9 Teaching for Conceptual Change

Teaching for conceptual change first of all requires instructors to be aware and
familiar with the misconceptions that students are likely to hold. Then it is important to
know the diversity of views that students have about a particular topic which helps students
to realize ideas that they had not thought before (Hewson, 1996). In other words, just

teachers views should not be stated, as it is in traditional teaching, students’ views should
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also be considered. It will probably help students to realize that they all have different views
(Hewson, 1996). Then it is important to promote conceptual change by helping students to
overcome their misconceptions. In other words, it is important students to realize that some
of their ideas are different from teacher’s explanations. Therefore, many strategies are
developed and used to promote conceptual change. Zirbel (n.d.) stated that in order students
to form new concept and change old ones they have to be let through several processes. The
first step is students have to understand and notice what the problem is. Secondly they have
to assimilate more information and try to fit it into current neural networks. Then, they have
to analyze and criticize all the argumentation in his own words and reorganize his thoughts,
that is, they have to accommodate new knowledge. Finally, they have to work toward
obtaining fluency in the newly acquired and understood concepts. Moreover, Zirbel (n.d.)
stated that a good teacher can facilitate conceptual change and explained how an instructor
can achieve this goal in four steps which are explained below.
1.Hooking the Student (Acknowledging Information): the teacher should get the
students attention so that they will be interested in learning more about the new
ideas.
2.Suggesting Bridges (Assimilating Information): the instruction should be clear
and materials should be presented in a simple way so that everybody can
understand the topic. That is, what is taught should make sense to every student. In
other words, students should be able to explain the new information to some
extend with their existing concepts. Therefore, meaningful associations can be
useful since they may help students to order and integrate new information in to
correct place in their knowledge database.
3.Querying and Confronting the Student (Accommodating Information): teacher
should help students to realize their misconceptions and help them to overcome
these misconceptions. Moreover, “what is important here is that the student thinks
aloud and articulates the problem in his own words. The instructor can guide the
student by challenging the students with the right question, but without putting the
words into his mouth” (Zirbel, n.d., p. 13).
4.Practicing and Constructing (Familiarizing Information): instructor should provide
examples so that students can apply new information and transform it to the other
areas. Therefore, “all a good instructor can do is to challenge the student to go

beyond his limits (Zirbel, n.d., p. 13).
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2.10 Conceptual Change Strategies

Some theoretical models (Posner, Strike, Hewson, & Gertzog; diSessa; Vosniadou;
Chi) were developed to explain conceptual change. Moreover, many studies were conducted
in attempt to apply these models in classroom situations. Three kinds of instructional
strategies can help to summarize the instructional efforts made to promote conceptual
change.

e Conceptual Change Text or Refutation Text

e Analogy

e Graphic Organizers

2.10.1 Conceptual Change Text or Refutation Text

Hynd, McWhorter, Phares and Suttles (1994) defined refutation texts as “texts that
refute commonly held naive concepts. They are designed to make readers aware of the
inadequacy of their intuitive ideas, directly stating that commonly held intuitive ideas do not
explain certain phenomena” (p. 934). Moreover, Hynd (2001) stated that “a refutational text
introduces a common theory, belief, or idea, refutes it, and offers an alternative theory,
belief, or idea that is shown to be more satisfactory” (p. 700). Conceptual change text is
defined by Cakir, Geban and Yiiriik (2002) as a text where “students are asked explicitly to
predict what would happen in a situation before being presented with information that
demonstrates the inconsistency between common misconceptions and the scientific
conceptions” (p. 240). Although refutation text and conceptual change text looks similar they
differ a little. According to Chambers and Andre (1997), the major difference of these two
types of texts results from the situation whether they want students to make predictions about
phenomena. In other words, one of these texts wants students to make prediction before
presenting the information that contradicts with scientifically accepted ideas and the other
does not. Chambers and Andre (1997) stated that “in the conceptual change model, students
are asked to predict what would happen in a situation before being presented with
information that demonstrates the inconsistency between common misconceptions and the
scientific conception. In the refutational text model, common misconceptions are contrasted
to scientific conceptions, but the students is not asked first to make a prediction about a

common situation before the refutation is given” (p. 109-110).
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According to Guzzetti (2000), refutational text can be either narrative (story) or
expository in form. Moreover, refutation of the misconception can be placed at the beginning
or at the end of the passage. In other words, the order of the refutation makes no deference in

changing students’ alternative ideas (Maria & MacGinitie, 1987).

Roth (1985) described the procedures in refutational text. According to Roth (1985)
common misconceptions of students should be first identified. Then, a situation which is
prepared to activate students’ common misconceptions is presented to elicit prediction about
the phenomena. Next, students’ misconceptions are challenged by introducing common
misconceptions followed by evidence that they are wrong. Finally, the correct scientific
explanation is presented. In other words, refutational text presents the commonly associated
alternative conception, refutes it by explaining why it is not scientifically accepted and
provides an explanation of the scientific conception to help remediation of misconceptions.
Therefore, in this study the conceptual change texts are prepared according to Roth’s (1985)

procedures.

Many educators argue that telling students how the world works in a text can not be
as effective as having students experience scientific notions of the world through
experimentation (Lloyd, 1990; Newport, 1990; Osborne, Jones & Stein, 1985). Although
some of the researchers raised questions about refutational texts, many researchers stated the
effectiveness of refutational texts (Dole & Niederhauser, 1990; Chambers & Andre, 1997).
In addition, compared to other conceptual change strategies, refutational texts were found to
be the most effective. Moreover, Chambers and Andre (1997) explained the effectiveness of
conceptual change texts. They stated that most of the conceptual change approaches to
instruction focus on using in-class teacher—student and student—student interaction to
promote conceptual change. These methods are generally appropriate for small sized
classrooms. They also added that in large classroom situations conceptual change texts can
help students to construction of conceptions more consistent with those accepted by the
scientific community. Therefore, conceptual change text strategy is used in this study since

most of the science classrooms in high schools in Turkey are crowded.

Hynd (2001) indicated that students prefer refutational texts to other kinds of texts
since refutational texts were found to be:
a) Moderately discrepant with belief: Students realize that there is a difference

between the text belief and their own and this is the one of Posner et al.’s (1982)
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conditions for conceptual change and is one of the key features of texts that
invite conceptual change.

b) Understandable: Refutation texts are designed so that students can easily
understand the text, that is, in the text explanations are clear, understandable and
explained deeply. This is in harmonious with Posner et al.’s (1982) notion that
the new idea must be plausible and understandable.

c) Credible: Credibility is another key feature of refutation texts. Texts seemed
credible when they presented explanations that related to students’ everyday
experiences.

d) Useful: The information presented in the texts can be used for better
understanding of the things happening around and an individual can explain
something to somebody by reading it. Therefore the refutation texts are
considered as useful. This feature is also in harmonious with Posner et al.’s
(1982) notion of fruitfulness.

e) Repeated: Students believed that repeated messages were persuasive.

f) Related: Relatedness is another key feature of refutational text.

Guzzetti, Snyder, Glass and Gamas’s (1993) meta-analysis of studies of conceptual
change in science showed that one of the most successful techniques analyzed was the use of

refutational text.

Hynd, McWhorter, Phares and Suttles (1994) compared the effectiveness of
demonstration, refutational text and discussion in isolation and in combination to promote
conceptual change in physics. 310 ninth and tenth graders from two high schools in 26
separate classes participated to the study. However, just 168 students’ scores were used in
the analysis. Students were randomly assigned within classes to eight groups: a)
Demo/Discussion/Text; b) No Demo/ Discussion/Text; ¢) Demo/ No Discussion/Text; d)
Demo/Discussion/Unrelated Text; e) No Demo/No Discussion/Text; f) Demo/No
Discussion/ Unrelated Text; g) No Demo/Discussion/Unrelated Text; h) No Demo/No
Discussion/Unrelated Text. The results showed that of the three instructional variables that
were manipulated in the study, refutation text had the strongest overall effect which supports

the result of meta-analysis of Guzzetti et al. (1993).

Cakir, Uzuntiryaki and Geban (2002) compared effects of concept mapping and

conceptual change texts instruction over traditional instruction on 10th grade students’
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understanding of acid and base concepts. 110 students from 6 classes of a chemistry course
taught by the same teacher were enrolled in the study. There were four experimental group
classes and two control group classes. Two experimental groups class were instructed with
concept mapping instruction; and the other two experimental groups were taught with
conceptual change texts instruction and the next two classes were assigned as control group
students instructed with traditional instruction. The results showed that concept mapping
instruction and the conceptual change texts instruction caused a significantly better
acquisition of scientific conceptions related to acids and bases than the traditional
instruction. Similar results were found by studies where the effectiveness of conceptual
change text accompanied by concept mapping strategy is investigated on understanding of
diffusion and osmosis concepts (Tekkaya, 2003), human circulatory system (Sungur,

Tekkaya & Geban, 2001), and solution concept (Uzuntiryaki & Geban, 2005).

Chambers and Andre (1997) investigated relationships between gender, interest and
experience in electricity and compared conceptual change text and traditional didactic text in
conceptual understanding of electrical concepts in physics. 206 students participated in the
study and they found that conceptual change text has been shown to lead to better conceptual

understanding of electrical concepts than traditional didactic text.

Hynd, Alvermann and Qian (1997) investigated the changes in pre service teachers’
conceptions about projectile motion brought about by a combination of reading and
demonstration and an appeal to usefulness. 73 pre service teachers randomly assigned in to a
combined demonstration—text or in a text-only group. The results show that the
demonstration—text group learned counterintuitive science concepts better. However, the
effect of demonstration—text was no greater than the effect of merely reading the text after 2
months. That is, the effect of demonstration lessened over time. It is concluded that text was
the only factor that produced long term conceptual change. In other words, conceptual
change occurred just by having students read a refutational text. Moreover, Cetin, Ertepinar
and Geban (2004) investigated effectiveness of conceptual change texts oriented instruction
accompanied by demonstration on 78 ninth grade students’ understanding of ecology and
concluded that conceptual change texts oriented instruction accompanied by demonstration
within a small group increased students’ achievement of ecology concept compared to

traditional instruction.
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Diakidoy, Kendeou and loannides (2002) investigated whether the text structure
effects the acquisition of the concept of energy and remediate specific preconceptions
associated with it. 215 six grade students from six schools participated in study. Some of
them read a simple expository text that presents factual information, some of them read a
refutational text and the remaining students received standard instruction. They found that
six grade students who read a refutation text outperformed students who read simple

expository text and students who received no text.

Guzzetti (2000) indicated that although refutation text is effective to some students,
for remaining students it is need to implement discussion. That is, students with ineffective
reading strategies and those who are not able to draw inferences from the text may need their
reading to be supported by teacher directed discussion. Moreover, Guzzetti (2000) reminded
that although refutational text causes cognitive conflict and dissatisfaction with prior beliefs,
cognitive conflict alone can not produce conceptual change. That is, some of the students
may not change their inadequate ideas although they read a refutational text. Guzzetti (2000)
concluded that refutation text accompanied with teacher directed discussion is the most

effective way of changing students’ misconceptions.

Cakir, Geban and Yiirikk (2002) investigated the effect of conceptual change text
oriented instruction over traditional instruction on students’ understanding of cellular
respiration concepts. 84 eleventh-grade students from four classes of a high school
participated in the study. Two of the classes were assigned randomly to the control group
where students are taught with the traditional instruction, and the other two classes were
assigned randomly to the experimental group where students are taught with a conceptual
change text-oriented instruction. They found that the conceptual change text-oriented
instruction caused a significantly better acquisition of scientific conceptions and elimination
of alternative conceptions than the traditional instruction. Moreover, they concluded that it is
not easy to eliminate misconceptions just by employing traditional instructional methods.
Similar results were found by studies where effectiveness of conceptual change text oriented
instruction over traditionally designed instruction is investigated on students’ understanding
of electrochemistry concept (Yiirilk & Geban, 2001) and respiration concept in biology

(Alparslan, Tekkaya & Geban, 2003).
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2.10.2 Analogy

Duit (1991) defines analogy as comparison of structures between two domains.
Analogies are composed of propositions of the form “A is to B as C is to D” where A and B
are comparisons in the base or analog domain and C and D are comparisons in the target
domain. The base domain is concept related to the topic of the analogy and the target domain

is the concept associated with the unfamiliar phenomena.

According to Duit, Roth, Komorek and Wilbers (2001) analogy involves the
mapping of two domains called base which is more accessible and familiar concept in the
students prior knowledge, and target which is more difficult to conceptualize concept. They
added that specific features of these domains are similar which constitute the analogical
relation. Moreover, they indicated that in base and target domains two kinds of aspects may
be similar:

a) Simple properties or surface features.

b) Deep features or structural properties.

Duit et al. (2001) indicated that the base and target domains can be viewed as
analogy of each other. In other words, base domain for example can be an analogy of target
domain or target domain can be an analogy of base domain. Moreover, they added that this
relationship is important since base domain is also in some occasions equally unfamiliar to
students. Therefore, this symmetrical relationship between base and target domains helps
stepwise construction of mutually constitutive understandings of both domains. In other

words, learning by analogy includes switching perspectives between the two domains.

In constructivism, every learning process includes a search for similarities between
what is already known and the new and unfamiliar one. That is, new concepts are tried to be
explained by concepts that students already have and it is done by establishing relationship
between them. Therefore, learning process often requires major restructuring of students’
already existing conceptions. Analogy can play a central role in this restructuring of
students’ conceptual frameworks (Brown, 1992; Duit, Roth, Komorek & Wilbers, 2001;
Harrison & Treagust, 1993). Although many researchers stressed the positive effects of an
analogy on learning, several studies however show no improvement in concept acquisition

by using analogies (Friedel, Gabel & Samuel, 1990; Gabel & Samuel, 1986; Gilbert, 1989).
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Hodgson (1995) indicated that analogies provide the means for exploring, describing
and explaining scientific and mathematical ideas. Moreover, they help make science relevant
and interesting. Interest is very important in learning since students will probably not engage

with scientific ideas if they not find scientific ideas interesting and worth learning.

Analogies can help learners understand and remember concepts that learners have
little prior knowledge. Analogies can be presented by teacher or students can develop their
own verbal or visual analogies. Analogies can be used to simplify both concrete and abstract
concepts. However, they may be most helpful in making abstract concepts more concrete

which enhance learning (Smith & Ragan, 1999).

Harrison and Treagust (2000) indicated that teachers frequently use analogical
models to make abstract concepts more accessible to the students. They added that
analogical models are attractive since models explain abstract science concepts in familiar,
visual and often concrete ways. Moreover, students prefer think about abstract processes and
concepts in concrete terms (Harrison & Treagust, 1996). They added that analogical models
increases students’ curiosity and enhance their creative thinking, and in some occasions such
as structure of an atom, there is no other way to explain scientific phenomena other than an

analogy.

Duit et al. (2001) stated that analogies can be used as a tool for learning science in
schools especially in cases where scientific conceptions and preinstructional conceptions of
students are incompatible. However, they also reminded that analogies always do not help
conceptual change and in some occasions may cause students to construct improper
information which may mislead students learning process. Hence, analogies in school
science may be “two-edged swords” (Glynn, 1991) that afford or constrain conceptual
change depending on the circumstances. In addition, Harrison and Treagust (2000) also
stated that some problems can be obtained in teaching by an analogy since how students
interpret the analogy depends on students’ prior experience, knowledge, language skills and
thinking strategies. Therefore several reasons have been stated for lack of enhanced
performance when analogies are used as a teaching tool.

1. Analogical domain may be unfamiliar to students (Friedel, Gabel & Samuel,

1990).
2. Insufficient time on task (Friedel, Gabel & Samuel, 1990).
3. To not explain where the analogy breaks down (Smith & Ragan, 1999).
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Harrison and Treagust (1993) indicated that effective instruction using analogy
involves ensuring the teacher and the student visualize the analogy similarly, developing the
shared attributes of the analogy and the target concept, and clearly identifying the unshared
attributes. Moreover, Glynn, Britton, Semrud-Clikeman and Muth (1989) proposed a model
called “Teaching with-Analogies” for using analogies to enhance learning. The model
includes six steps:

1. Introducing the target concept.

Recalling the analog concept.
Identifying similar features of the concepts.
Mapping similar features.

Drawing conclusions about the concepts.

A i

Indicating where the analogy breaks down.

Although some researchers mentioned some precautions and limitations of using
analogy (Duit et al., 2001; Glynn, 1991; Harrison & Treagust, 1993; 2000; Friedel, Gabel &
Samuel, 1990; Smith & Ragan, 1999), many researchers indicated that analogies may be
powerful tools for guiding students from their pre instructional conceptions towards science

concepts (Brown, 1992; Duit, Roth, Komorek & Wilbers, 2001; Harrison & Treagust, 1993).

2.10.3 Graphic Organizers

Graphic organizers according to Smith and Ragan (1999) “can be of great assistance
in the information processing of organized discourse learning” (p. 166). Moreover they
added that graphing organizers can be used in learning facts and lists. Holley and Dansereau
(as sited in Smith & Ragan, 1999) presented some graphic organizer strategies such as
networking, concept structuring, schematizing and mapping. Smith and Ragan (1999) also
mentioned that all graphic organizer “strategies are similar in that they require learners to
identify and represent ideas presented in instruction and spatially indicate the relationships
among these ideas” (p. 167). In this study, several graphic organizers are used to simplify
and present the knowledge in more organized and clear way while developing conceptual

change texts.
Concept mapping is another type of graphic organizer which is commonly used by

several researchers in their studies. Although concept mapping strategy is not applied in that

study it is deeply investigated to inform readers of importance of graphic organizers.
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Concept map is a graphic means of portraying relationships among ideas (Smith &
Ragan, 1999). According to Martin, Mintzes and Clavijo (2000) a concept map is a two
dimensional, hierarchical, node-link representation that portray the major concepts and
relationships in the knowledge structure. Roberts (1999) describe concept map as a diagram
designed to illustrate the understanding of the relationships between concepts involved with

a particular area of study.

While developing a concept map first a list of words describing important aspects of
a topic is decided and written on a piece of paper. Then, words are listed and placed in a
hierarchical order, from most general to most specific. After that, they are arranged so that
similar terms are near each other. Finally, links are drawn between the concept words, and
statements are written to describe or explain the links. Taber (2000) indicated that “concept
mapping involves producing a graphical representation of ideas about a particular topic:
often writing the key concepts in boxes connected with lines or arrows labeled with the

relevant propositions”.

West, Framer and Wolf (1991) described three types of concepts maps: spider,
hierarchy and chain. Moreover, Ruiz-Primo, Schultz, & Shavelson (as cited in Uzuntiryaki &
Geban, 2005) explained two types of concept maps which are “fill in the map” and
“construct a map”. In “fill in the map type”, students are provided with a concept map in
which some of the concepts or linking words are missing and students are expected to fill in
the blanks with appropriate concepts. In “construct a map” type, instructors decide on the

amount of information to be provided.

Roberts (1999) state that concept maps are designed to demonstrate the level of deep
understanding of the mapmaker through the illustration of connections between concepts and
indicated several outcomes of using concept maps as:

a) The initial process of drawing a map may help students’ to clarify their

understanding of a topic.

b) Teachers can use the maps to identify student misconceptions and hence provide

feedback.

¢) The maps can be used to assess student understanding (p. 707).

Concept maps can also be used as a research tool to represent knowledge structures,

facilitation of meaningful learning, design of instructional materials, identification of
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misconceptions, evaluation of learning and facilitation of cooperative learning and help
students and teachers to understand the constructed nature of knowledge (Novak, 1990a;

1990b; 1996; Novak & Wandersee, 1990).

Concept map activities allowed the students to organize their learning by
constructing interrelationships among concepts, which enhances meaningful learning (Odom
& Kelly, 2001). In other words, concept mapping requires students to identify and arrange
concepts and interpret the relationships between them. Moreover, concept maps show the
students’ personal interpretation of subject content and help students to form links among
concepts which promotes meaningful learning. However, much of the school learning
involves arbitrary definitions or statements of principles without opportunities to observe the
relevant events or objects which results in rote learning (Novak, 1996). In addition, in rote
learning new concepts are not carefully integrated that is relationships between concepts are
arbitrary and are not constructed by the student, into students’ existing knowledge
frameworks (Dykstra, Boyle & Monarch, 1992). Although classroom learning experiences
involve hands-on activities to illustrate concepts, many students fail to construct concept that
are appropriate with that of scientists’ or mathematicians’ (Novak, 2002). Therefore, rote
learning is ineffective in restructuring concepts. In other words, rote learning is inappropriate
in remediation of misconceptions that is, in replacing them with valid conceptions. Novak
(1996) stated that concept maps can be used as diagnostic tool to identify students that
suffers from rote learning. Concept maps can also help students to move from patterns of
rote learning to patterns of meaningful learning. He also added that concept mapping
improves science teaching and learning by meaning making. In addition, concept mapping is
considered as an effective tool for fostering and assessing conceptual change by many
researchers (Liu, 2004; Martin, Mintzes, & Clavijo, 2000; Novak & Musonda, 1991; Novak,
1998; Pearsall, Skipper, & Mintzes, 1997; Trowbridge & Wandersee, 1998; Wallace &
Mintzes, 1990; White & Gunstone, 1992).

Tsui and Treagust (2004) examined conceptual learning of genetics in tenth grade
students in Australia from an ontological perspective. They used concept maps to examine
students’ possible cognitive structure or declarative knowledge about a gene concept in
biology. Moreover, concept maps that are used helped them to identify some forms of

consistent conceptual change.
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Murtonen and Merenluoto (2002) described four different ways of using the concept
map technique when studying conceptual change in university students. They suggest that
concept maps could be used both to study complex domain learning and to follow up the
process of change. They added that concept maps seem to be helpful especially when
studying more complex domains which are composed of many different kinds of knowledge

or clusters of knowledge.

Roberts (1999) examined the use of concept maps to measure tertiary science
students’ understanding of fundamental concepts in statistical inference. 19 students
participated in the study. It is suggested that valuable information can be obtained from an
investigation of students’ concept maps. Moreover, she added that qualitative information
obtained from concept maps can help in identification of misconceptions which could not be
obtained from traditional methods. In additions, contribution of concept maps to formal

assessment is also mentioned.

2.11 Metacognition

The term metacognition was introduced by Flavell in the 1970s. Flavell describes
metacognition (as sited in Hewson, 1996) as “knowledge concerning one’s own cognitive
processes and products”. In other words, metacognition means learners’ knowledge of their
own cognition. Moreover, Baird (1990) formulated metacognition as “knowledge, awareness
and control of one’s own learning”. The term metacognition is formed from terms “meta”
and “cognition”. The term “meta” has its roots from ancient Greek and means along with or
among. The term “cognition” as mentioned before means mental process of knowing.
Therefore, if these two terms come together, metacognition means thinking alongside of

one’s thinking.

Paris and Winograd (1990) mentioned that students’ learning can be enhanced by
becoming aware of their own thinking as they read, write, and solve problems in school. In
other words, if students knew that knowledge was something that they develop themselves,

they will be more motivated and more active in construction of their scientific knowledge.
Constructivism, conceptual change and metacognition are interrelated to each other.

Metacognition is related to constructivism since every learner individually decides whether

or not to construct knowledge. In other words, in constructivism every learner constructs his
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or her ideas and learners are described by Gunstone (as sited in Case, Gunstone & Lewis,
2001) as metacognitive “if they consciously undertake an informed and self-directed
approach to recognizing, evaluating and deciding whether to reconstruct their existing ideas
and beliefs”. In addition, metacognition is related to conceptual change since recognizing,
evaluating and considering whether to reconstruct one’s conceptions are metacognitive
processes. In other words, conceptual change involves learners to recognize his or her
existing ideas and beliefs and decide personally whether or not to reconstruct these ideas and
beliefs. Conceptual change according to Posner et al. (1982) model involves dissatisfaction
with existing ideas and beliefs, and the decision to consider whether alternatives are
intelligible, plausible and fruitful. Gunstone and Northfield (1994) stated that “dissatisfaction
implies recognition, evaluation requires at least plausibility, and fruitfulness is an extremely
helpful way to consider approaches to making the demanding task of reconstruction one
which is personally valuable to the learner” (p. 525). Metacognitive learning is explained by
Gunstone (as sited in Georghiades, 2004) as ability to recognize, evaluate and where needed
reconstruct existing ideas. Therefore, conceptual change and metacognition are interrelated

to each other.

Linder and Marshall (1997a) used several metacognitive strategies such as concept
mapping, peer discussion and lectures where qualitative reasoning is enhanced. Linder and
Marshall (1997b) indicated that students shifted to more sophisticated conceptions of

learning when metacognitive strategies are applied.

Flavell (as sited in Georghiades, 2004) stated that metacognitive strategies may not
be different from cognitive strategies but there is a distinction which differentiates them. The
distinction results from the fact that cognitive strategies facilitate learning and task

completion, on the other hand, metacognitive strategies monitors the process.

Gunstone (as sited in Case, Gunstone & Lewis, 2001) suggested some requirements
for developing content which enhances metacognitive development.
1. The content needs to require real cognitive learning.

2. The content should be neither already understood nor totally unfamiliar.

Metacognitive strategies can be taught in science classroom. These strategies

increase the transfer of science learning and they facilitate conceptual change (Case,
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Gunstone & Lewis, 2001). Therefore, conceptual change texts are developed to enhance

metacognition in this study.

2.12 Attitude

Attitude is a mental state that influences a learner to choose to behave in a certain
way (Gagne, 1985). Simpson, Koballa, Oliver and Crawley (1994) defined attitude as
tendency to respond positively or negatively to things, people, places, events or ideas. In
other words, attitudes influence the choice the learner makes. In other words, how students’
feel toward science influences their performance and their choice of science as a career. For
example, a student that dislikes chemistry can choose not to take courses that contains
chemistry concepts or a student that likes chemistry can build his or her career on chemistry.
Therefore, attitude plays a strong role in students’ motivation to initiate and preserve in
learning. That is, students’ attitudes about learning, teaching and subject matter introduced
could help or hinder his or her learning. Therefore, development of positive attitudes toward
science should be a basic goal of science instruction since Simpson and Oliver (1985)
indicated that favorable attitude generally accounts for between 20% to 25% of the variation
in academic achievement. In addition, many researchers showed that positive attitudes
toward science improve students’ interest and achievement in science (Brown & Story, 1979;
Cannon & Simpson, 1985; Fraser, Nash & Fisher, 1983; Lin, 1992; Simpson & Oliver, 1990;
Schibeci & Riley, 1986). Therefore, it is important to design a classroom instruction that will
address the individual students’ needs. Since the way in which instruction is conducted
generates attitude about the material being learned. Several researchers indicated that
classroom instruction that is based on conceptual change strategies produced significantly
higher positive attitudes toward science (Canpolat, 2002; Ozdemir, 1998; Uzuntiryaki &
Geban, 2005).

In this study it is also investigated whether conceptual change text oriented
instruction produces positive attitudes toward science compared to traditional instructional
methods since positive attitudes toward science increases students’ achievement. Moreover,
the attitudes of students toward conceptual change texts are also determined in order to

investigate whether they increase students’ interest and achievement.
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2.13 Science Process Skill

Many science curricula developed nowadays emphasized that acquisition of the

science process skills should be one of the major goals of science instruction (Ates, 2004).

Science process skills are classified as basic skills and integrated skills. According to

Lancour (2005) basic skills include:

L.

Observing: becoming aware of an object or event by using any of the senses to
identify properties. It is a description of what was actually perceived.
Communicating: giving oral and written explanations or graphic representations
of observations. In other words, using words, symbols or graphics to describe an
object, action or event.

Classifying: grouping, arranging or distributing objects, events, or information
representing objects or events in classes according to some method or system.
Measuring: making quantitative observations by comparing to a conventional or
non conventional standard. In other words, using standard measures or estimates
to describe specific dimensions of an object or event.

Inferring: drawing a conclusion based on prior experiences or formulating
assumptions or possible explanations based upon observation.

Predicting: making a forecast of future events or conditions expected to exist.

Student can use all of the skills mentioned above at various time. However, in the

earlier grades students will mostly use skills such as observing and communicating. And as

they get older students will start to spend more time using the other skills. Padilla, Okey, and

Dillashaw (as sited in Ates, 2004) “believe that basic skills provide a foundation for the

acquisition of integrated process skills” (p. 277).

Ates (2004) indicated that integrated science process skills include stating

hypotheses, identifying and controlling variables, defining operationally, interpreting data,

and experimenting. Lancour (2005) explained integrated science process skills:

1.

Stating Hypothesis: stating the proposed solutions or expected outcomes which
must be testable, for problematic situation.
Identifying and Controlling Variables: identifying variables that are tested and

controlling other variables that can affect expected outcomes.
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3. Defining Operationally: explaining actions and operations necessary to measure
or identify the variable.

4. Interpreting Data: analyzing qualitative and quantitative data given to formulate
a conclusion.

5. Experimenting: manipulating data so that results can be verified.

Therefore, it should be a goal of the instructor to encourage science process skills
that will provide students with background and curiosity sufficient to prompt investigation of
important issues in the world around them. Several researchers indicated that science process
skill was a strong predictor in understanding the concepts related to science (Alparslan,
2002; Bayir, 2000; Canpolat, 2002; Ozdemir, 1998; Pmarbas1, 2002; Preece & Brotherton,
1997; Unlii, 2000).

In this study science process skill test was administered to experimental and control
groups to determine the difference between groups concerning science process skills since

the variation in achievement may result from the difference in science process skills.

2.14 Secondary Education in Turkey

Turkish Education System has democratic, modern, secular and coeducation
characteristics. The aims of the system are to increase prosperity and welfare of Turkish
citizens and society, to support and accelerate economic, social, cultural development in
accordance with national unity and integrity, and to make Turkish Nation contemporary
civilization’s constructive, creative and distinguished partner (Republic of Turkey Ministry

of National Education, 2001).

Secondary Education covers general high schools, and vocational and technical high
schools which provide at least three-year (nowadays became four years) education for the
graduates of primary education. The aims of secondary education are to provide the students
with common general culture and to prepare them for tertiary education, life and vocational
fields in accordance with their interests and talents through various programs (Republic of

Turkey Ministry of National Education, 2001).

Secondary education in Turkey is not compulsory and free of charge in public

schools. When students came to the high school before deciding on their subject area, they
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had to take science courses such as chemistry, physics and biology. Demircioglu, Ayas and
Demircioglu (2005) indicated that “the curricula for these three subjects comprise only
textbook based syllabuses. There are no accompanied teacher guides, laboratory manuals or
computer programs for simulations etc. Moreover, the worldwide problems of education
such as overcrowding, lack of materials, inadequate laboratories, and poor teacher
preparation are commonly faced” (p. 40) in secondary education. Ersoy (2002) also indicated
that it is not possible to conduct effective science education without adequate science

laboratories.

Morgil, Yiicel and Ersan (2002) stated that teachers think that more time is needed
for teaching chemistry concepts. Moreover they also indicated that teachers complained that

the methods and strategies applied in lessons are inappropriate.

Dogan, Oruncak and Gunbayi (2002) indicated that most teachers in secondary
education use commonly a classical teacher-centered teaching where students are subject to
passive learning. Moreover, they presented some observations of physics teachers about how
students’ view physics course. Teachers indicated that students see physics courses as
unnecessary, meaningless and have negative attitudes toward physics. In addition, it is also
maintained that students gave no importance to subjects that the Student Selection Test does
not cover. In other words, the priority of students is to pass the Student Selection Test.

Moreover, the need for a more thoroughly planned curriculum is mentioned.

Ayas (as sited in Demircioglu, Ayas & Demircioglu, 2005) indicated that
“curriculum contains general purposes, topics of domain, special aims of topics, and
behavioral objectives, teaching and learning activities, teaching tools, learning results,
assessment tools and methods” (p. 40). Demircioglu, Ayas and Demircioglu (2005) stated
however that “in Turkey, it only contains general purposes, topics of subject area and

subtitles of each topic, with the remainder resting on the shoulders of teachers” (p. 40).

The concept of solubility equilibrium is taught in the tenth grade that is in the second
year of high school. Before being taught of solubility equilibrium, students learn some
concepts that help comprehension of solubility equilibrium, such as chemical reactions,
chemical equilibrium and in ninth grade solutions. Moreover, solubility equilibrium concept
is taught for three weeks that is the time devoted to the concept is 14 hours. The unit of

solubility equilibrium contains solutions and equilibrium, factors that control solubility
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equilibria, application of solubility product principle and the significance of solubility

product constant.

2.15 Solubility Equilibrium

Solubility equilibrium means the equilibrium established between the saturated
slightly soluble salt and its solution. That is, equilibrium is established with the excess
undissolved solute and its ions in solution (Ebbing, 1996). When a slightly soluble salt is
placed in water it gradually passes in to the solution, that is cations and anions that form the
salt live the solid and move into the solvent. If enough slightly soluble salt and time is
allowed, the slightly soluble salt will dissolve to the limit of its solubility. At this point
where the formation of ions that forms the salt is equal to formation of salt, the equilibrium

is reached (Akbulut et al, 1990).

The principles of ionic equilibria are similar to those used in other chemical
equilibrium systems (Akbulut et al, 1990). Therefore, while determining misconceptions
related to solubility equilibrium both studies on chemical equilibrium and solubility
equilibrium are investigated. While determining misconceptions, the researcher interviewed
with high school chemistry teachers and prospective chemistry teachers. The list of
misconceptions that students’ have in concept of solubility equilibrium is presented in

Appendix A.

Some of the studies investigated to determine misconceptions about solubility
equilibrium in addition to studies that are investigated the effect of conceptual change

approach on both solubility equilibrium and chemical equilibrium are presented below.

Raviolo and Alexander (2001) presented a chemistry problem that can be used to
evaluate conceptual knowledge about solubility equilibrium and to diagnose difficulties in
understanding of solubility equilibrium as well as previous concepts such as dissolution,
stoichiometry, chemical equations, particulate nature of matter, ionic compounds chemical
equilibrium characteristics, solubility, the common ion effect and Le Chatelier’s principle. A
problem about solubility equilibrium is suitable for both secondary school students and
students that are in their first year of university study and is presented as a resource for the
evaluation of students. It involves macroscopic, microscopic, and symbolic levels of

representation, and allows one to assess whether students have gained an adequate
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conceptual understanding of the phenomenon and realize some difficulties students’
encounter. The problem, which starts with a figure using numbered particles, is useful for
judging the relationships that students’ establish among the three levels. The difficulties

students’ encounters while solving the problem were discussed.

Wheeler and Kass (1978) tried to determine the nature and extent of students’
misconceptions in chemical equilibrium. Moreover, they investigated the degree to which
certain misconceptions are related to chemical achievement. Ninety nine 12" grade
chemistry students participated in the study. They developed a diagnostic test which requires
students to predict the effect of changing certain variables, to determine the nature and
extend of misconceptions in chemical equilibrium. They found that students had difficulty
understanding the following areas of chemical equilibrium: mass and concentration, reaction
rate and degree, constancy of chemical equilibrium, and Le Chatelier’s principle. They
indicated that students benefit from laboratory approach where they can predict and observe
the effect of varying certain variables on chemical system at equilibrium. Moreover, they
suggested that graphical representations can be used accompanied to teaching of the
concepts such as constant concentration and equilibrium constant to overcome

misconceptions.

Smith and Metz (1996) investigated five different chemical concepts which are
matter, state of matter, stoichiometric ratios and limiting reagents, acid strength and solution
chemistry, using microscopic representation. Seventy three undergraduate students, 22
graduate students and 11 faculties participated in the study. Participants were tested
individually and were asked to voice their thoughts and reasoning aloud. They are given a
chemical problem and asked to complete it. Drawings obtained are evaluated by considering
whether students properly dissociated reactants and products, showed correct bonding and
structure of reactants and products, and conservation of mass. The investigation showed that
45.4% of faculty, 36.4% of graduate students and just 6.8% of undergraduate students
correctly mentioned the three criteria presented above. It is also presented that 30.2% of
undergraduate students missed all the three criteria in their drawings. They noted that
undergraduate errors are unique and highly varied. Moreover, they stated that many graduate
students and faculty share the common errors. They indicated that although students solve
mathematical problems, they fail to understand chemistry. They also remanded that students
have misconceptions in chemistry concepts discussed and these misconceptions hinder

learning. Therefore, they suggested using microscopic representations before applying
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mathematical calculations since these microscopic representations are considered to increase

comprehension and allow students to picture the chemistry.

Camacho and Good (1989) investigated the differences of problem solving behaviors
of experts and novices engaged in solving seven chemical equilibrium problems. They found
that successful problem solvers perceived the problem, properly used the symbols
appropriate to each problem and properly applied several principles including gas laws,
Avogadro’s principles, Le Chatelier’s principle and thermodynamic laws. Also their
questions reflected an interest in the purpose and state of their knowledge development
rather than insecurity or lack of knowledge. By contrast most unsuccessful students did not

exhibit these critical behaviors.

Voska and Heikkinen (2000) conducted a study to identify conceptions students use
when solving chemical equilibrium problems that requires them to use Le Chatelier’s
principle. 95 students enrolled in general chemistry class participated in the study. They used
10 two-tier items test where second part of each item presented a blank space where students
write their reasoning. Moreover, 9 students were interviewed. According to research results,
they warned chemistry teachers of some misconceptions that students’ commonly hold.
Moreover, researchers presented that 57% of students have a misconception in application of
Le Chatelier’s principle, 40% of students have misconception of constancy of the
equilibrium constant and 19% of students hold the misconception about the effect of a

catalyst.

Pekmez (2002) discussed issue of changing students’ ideas and presented several
misconceptions students have related to chemical equilibrium. She also mentioned that
students have many misconceptions about acid-base and solubility equilibrium. Therefore,
she discussed ways of changing students’ misconceptions. She presented a several
misconceptions about chemical equilibrium and presented a brief explanation about each
misconception. Moreover, she also presented some reasons that cause misconceptions.
Everyday language, multiple definitions, rote application of concepts and overlapping

similar concepts are presented as a cause of misconception.
Nakhleh (1992) stated that although many students try hard to learn chemistry, they

are unsuccessful since the fundamental chemistry concepts are not constructed appropriately.

Therefore, she suggested a cognitive model of learning and presented misconceptions related
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to fundamental chemistry concepts one of which was misconceptions concerning
equilibrium. She deeply investigated the study of Gussarsky and Gorodetsky (1990) where
some equilibrium misconceptions are presented. According to that study students do not
perceive the equilibrium mixture as an entity; rather, they manipulate each side of the
chemical equation independently. Moreover, the researchers presented that students also fail
to understand the dynamic nature of equilibrium and indicated that equilibrium problems are
generally abstract that can be solved by rote learning. Nakhleh (1992) suggested including
questions that specifically probe for misconceptions. As a result, teachers will have a better
chance to estimate students’ cognitive structures and students will have a chance of better

understanding the chemistry concepts.

Clark and Bonicamp (1998) investigated whether K, values presented in different
sources vary or not. Therefore, they examine ten general chemistry textbooks and compared
the K, values of several compounds. Moreover, they also noted that most of the K, values
presented in the books were thermodynamic K, values. Therefore, they have used a
computer program called EQUIL to calculate solubilities from thermodynamic K, values.
They compared the values of 25 compounds that exist in most of the books and found that
K, values presented in the textbooks vary in value. They also investigated concentration K,
values and thermodynamic K, values in order to examine whether they differ a lot. They
found that for 16 compounds both concentration K, values and thermodynamic K, values
are in acceptable range that is they do not differ a lot. So they advised authors that prefer not
to mention activity coefficients, to present K, values of these 16 compounds in separate

table in general chemistry books while teaching the solubility equilibrium.

Thomas and Schwenz (1998) conducted a study where 16 volunteer students from
undergraduate physical chemistry classes were interviewed. They have presented students’
alternative conceptions and nonconceptions about equilibrium and thermodynamics. While
determining these alternative conceptions they have presented a chemical problem and asked
students several questions that probe misconceptions. Responses obtained were coded into
30 codes including macroscopic and microscopic explanations of the laws of
thermodynamics and equilibrium, how temperature and pressure affects equilibrium and the
definitions of terms students used. Each student’s response was rated from 0 to 5 according
to how well the response matched that of scientific explanation. They just presented the

results of alternative conceptions that 25% (4 students) of students held about
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thermodynamics and equilibrium. Moreover, in the study 29 alternative conceptions and

nonconceptions are presented with percentage of students having those conceptions.

Huddle and Pillay (1996) investigated students’ responses to questions about
stoichiometry and chemical equilibrium. 642 students participated in study where a chemical
equilibrium problem is asked. The results obtained showed that just 7, 5 % of students were
able to correctly answer the question. In another study where 156 students involved, similar
results were obtained. In that study just 8% of the students were successful in answering the
question correctly. In addition, they have presented most common 11 misconceptions
related to chemical equilibrium. They concluded that results obtained in that study is in line
with the studies that are carried out in other countries. In addition, they highlighted that the
main problem with these topics is that they are highly abstract and therefore they have

suggested using concrete examples when these topics are first introduced.

Gussarsky and Gorodetsky (1990) used word associations to map the conceptions of
the high schools students concerning the concept “chemical equilibrium” and “equilibrium”.
Three hundred and nine students ranging in age from 17 tol8 involved in the study.
Preconceptions of students in two concepts were investigated by dividing students in three
groups according to level of studying chemistry. It is obtained that preconceptions of two
concepts were different since the concept of “equilibrium” was associated with everyday life
experiences while the concept of “chemical equilibrium” associated with general chemical
concepts. After studying the chemical equilibrium concept at school, students were again
asked to produce free associations and it is observed that the two concepts merge towards
one and becoming synonymous. They stated that transfer of static attributes from
“equilibrium” to the dynamic “chemical equilibrium” may be a reason for misconceptions

associated with chemical equilibrium.

Chiu, Chou and Liu (2002) tried to investigate students’ mental models of chemical
equilibrium using dynamic science assessment. Moreover, they have developed a test to
determine students’ misconceptions. 122 10™ grade students participated into the study while
determining the students’ misconceptions and 30 students who did not understand the
chemical equilibrium is selected for further study where treatment group (20 students)
instructed based on the main features of cognitive apprenticeship such as coaching,
modeling, scaffolding, articulation, reflection, and exploration; whereas, control group

learned from the tutor without explicit cognitive apprenticeship support. The results showed
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that treatment group significantly outperformed the control group. Moreover, students in
treatment group successfully constructed correct mental models of chemical equilibrium
however; students in control group fail to construct correct mental models of chemical
equilibrium. It is also obvious that students in treatment group successfully constructed
correct mental models when percentage of understanding of chemical equilibrium is
investigated. For example, few students understood in the pretest (10% of students) that all
substances exist in a chemical equilibrium. When post test results are compared the

understanding of fact in treatment group increases to 90%.

Tyson, Treagust and Bucat (1999) explored students’ understanding of chemical
equilibrium by the help of two tier test. They indicated that students use multiple
explanations when predicting the effect of change to equilibrium mixture. In addition, the
use and interpretation of language considered as an important factor in teaching and learning
of the topic of chemical equilibrium. They also presented several misconceptions students
have about chemical equilibrium and criticized some explanations made by chemistry

teachers while teaching chemical equilibrium.

Wilson (1998) presented an analogical model for teaching the concept of
equilibrium. The concept of equilibrium is made more concrete by the use of a box of
matches. The class was divided into small groups and then each group was divided in to
three where one of the group was representing “reactants”, one of the group was representing
“products” and the other group recorded the results. By the help of that analogical model
they stated that dynamic nature of equilibrium can be taught more easily since it became

clear and concrete.

Quilez-Pardo and Solaz-Portoles (1995) investigated reasons, strategies and
procedures used by both students and teachers while they are solving some chemical
equilibrium problems and questions. 170 students and 40 teachers participated into the study.
Students’ misconceptions related to chemical equilibrium and some problematic aspects of
understanding that could impede students’ learning were determined first. They then
investigated whether teachers’ conceptions effects problem solving strategies of students.
They found that both teachers and students hold similar misconceptions and indicated that

teacher’s conceptions effects problem solving strategies of students.
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Bergquist and Heikkinen (1990) reviewed the literature of misconceptions students
held on chemical equilibrium and summarized them within four general areas of difficulty.
First one is that students show confusion regarding amount and concentration, second one is
that students show confusion over the appearance and disappearance of material, third one is
that students show confusion over the meaning of K. and last one is that students show
confusion over the use of Le Chatelier’s principles. The interview conducted by Bergquist on
second semester general college chemistry students illustrate some of the common
misconceptions mentioned above. Moreover, they have presented some sources of
misconceptions such as traditional instructional language and common language. They
concluded that although traditional instructional methods are effective in transmitting the
mathematical skills associated with equilibrium, these methods fail to develop students’

understanding of chemistry concepts.

Van Driel, de Vos and Verloop (1999) conducted a study to identify the types of
reasoning students apply when reversible reactions and chemical equilibrium introduced to
them. Therefore, they have presented an educational design in which students perform hands
on experiments that clearly demonstrate the reversibility of chemical reactions and the
possibility that chemical reactions do not proceed to completion. Then, dynamic nature of
chemical equilibrium is offered as a model that explains the results of these experiments.
They concluded that the experiments performed aroused students’ interest and encourage
them to search for adequate explanation. Moreover, the results showed that most of the
students understand dynamic nature of chemical equilibrium although some of them

perceived chemical equilibrium as static.

Canpolat (2002) conducted a study to compare the effectiveness of conceptual
change approach on students’ understanding of chemical equilibrium concept and their
attitudes towards chemistry. 85 first year university students participated in to study while
they are taking general chemistry course. One class is taught with conceptual change
approach (experimental group) and the other class was taught with traditional teaching
strategies (control group). They have found that the mean score of experimental group on
chemical equilibrium concept test as 28, 58 however; the mean score of control group on test
was found as 21, 08. That is, results indicated that conceptual change approach was
significantly more effective than traditional teaching strategies. He also presented some
misconception related to chemical equilibrium and compared the percentage of correct

responses between experimental and control groups on post test scores in order to assess the
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effectiveness of both teaching strategies on students’ understanding of chemical equilibrium
concept. These investigations also supported that conceptual change approach is more
affective than traditional teaching strategies on students’ understanding of chemical
equilibrium concept. Moreover, students’ attitudes towards science were found significantly

higher in class where conceptual change strategies are applied.

Niaz (1998) aimed to construct a teaching strategy that could facilitate conceptual
change in students’ understanding of chemical equilibrium. Sixty eight freshman students
from two sections participated into the study. One of the section was randomly designed as
control group (N = 32) and the other section was experimental group (N = 36). Students in
experimental group were exposed to two teaching experiments which lead the students into
situations in which they experience conflict or contradiction. Then, both groups were given
problems related to chemical equilibrium. Results obtained showed that performance of the
experimental group was better. The researcher concluded that several aspects should be

considered while applying conceptual change strategies in classroom.

Harrison and De Jong (2005) designed a study in which multiple analogical models
were used to introduce and teach chemical equilibrium. Eleven 12" grade students
participated in to the study. A case study approach was used and the data were collected
from the observation of three consecutive lessons on chemical equilibrium, pre- and post
lesson interviews, and delayed student interviews. They have used “school dance” analogy to
highlight chemical reactions, but included several factors that influence reaction rate,
namely, concentration, temperature, and surface area. Then they used “sugar in teacup”
analogy to illustrate the dynamic nature of the equilibrium. After presenting the “sugar in
teacup” analogy one of the students in the class offered a “pot of curry” analogy which was
more easily related to daily experiences. Finally in order to summarize dynamic nature of
chemical equilibrium “busy highway” analogy is discussed. The outcome of the study
showed that most students learned that equilibrium reactions are dynamic, occur in closed
systems, and the forward and reverse reactions are balanced. The researchers recommended
the use of multiple analogies and remanded teachers of showing where the analogy breaks

down and carefully negotiate the conceptual outcomes.
Piquette and Heikkinen (2005) explored the general-chemistry instructors’

awareness of and ability to identify and address common student learning obstacles in

chemical equilibrium. Fifty-two volunteer general chemistry instructors completed an
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interactive web-based instrument consisting of open-ended questions, a rating scale,
classroom scenarios, and a demographic form. Then respondents were interviewed by phone
to clarify their responses. All the chemistry instructors were able to report and identify
common difficulties students’ face in chemical equilibrium. Chemistry instructors suggested
several strategies to address and attempt to remediate students’ alternative conceptions.
However, these strategies rarely included all four necessary conditions specified by Posner,
Strike, Hewson, and Gertzog (1982) to stimulate conceptual change. Several implication and

recommendations are presented at the end of the study.

Akkus, Kadayif¢i, Atasoy and Geban (2003) investigated the effectiveness of
instruction based on constructivist approach over traditional instruction on students’
understanding of chemical equilibrium. Seventy one 10™ grade students participated into the
study. The teaching methods randomly assigned to two classes that is one class is thought
with constructivist approach (experimental group) and the other with traditional instruction
(control group). They have controlled science process skills and previous learning by
assigning these variables as a covariate. Results indicated that post test mean scores of
students instructed with constructivist approach (X = 30. 75) was higher than post test mean
scores of students taught with traditional instruction (X = 19. 84). Moreover they indicated
that the average percentage of correct responses of the experimental group was 68%
however; in control group the average correct responses were 44 percent. Therefore, they
have concluded that constructivist approach is better in removing misconceptions. They also
presented several misconceptions sited in the literature and presented an additional one
which is “when one of the reactants is added to the equilibrium system, the concentration of
the substance that was added will decrease below its value at the initial equilibrium” (p.

209).

Ozdemir (1998) compared the effectiveness of the conceptual change text instruction
on 10" grade students’ understanding of chemical equilibrium concepts. Moreover, students’
attitudes towards science were also investigated. 55 students from two classes participated
into the study. One of the classes where conceptual change texts are applied was
experimental group and the other class where traditional teaching strategies are applied was
control group. The results indicated that post test mean scores of experimental group (X =
23.15) and control group (X = 20.35) with respect to achievement were significantly
different. The results indicated that conceptual change text instruction is significantly more

effective than traditional teaching strategies. She also compared the percentage of correct
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responses students in experimental and control groups gave to each post test items in order to
assess the effectiveness of both teaching strategies on students’ understanding of chemical
equilibrium concept. These investigations also supported that conceptual change text
instruction is more affective than traditional teaching strategies on students’ understanding of
chemical equilibrium concept. Moreover, she indicated that students in class where

conceptual change text instruction is applied had more positive attitudes towards science.

2.16 Summary

Students develop many concepts while they interact with environment and construct
knowledge. How students construct knowledge is explained by Piaget’s Cognitive Stage
Theory and Information Processing Theory so that one can explain and understand how
student learn which helps in comprehension of how restructuring of concepts or remediation
of misconceptions are done in human mind. In addition, remediation of misconceptions
requires conceptual change and many strategies are developed based on constructivist view
of learning to promote conceptual change such as conceptual change texts or refutation texts,
analogies and graphic organizers. Moreover, many researchers tried to explain conceptual
change by different models in order to better understand concept formation and concept
restructuring such as Posner et al’s, diSessa’s, Vosniadou’s and Chi’s Models. Many
researchers also indicated that conceptual change texts are useful tools in remediation of
misconceptions that hinders learning. Therefore, promoting meaningful learning in chemistry
which is considered as a difficult subject by many students requires teaching strategies that
are better than the traditional instruction which is considered as ineffective in remediation of
misconception by many researchers. In this study, the researcher therefore, developed
conceptual change texts based on Roth’s (1985) procedures considering metacognitive
strategies to facilitate meaningful learning in solubility equilibrium in which there are not
many research studies. That is, although solubility equilibrium is fundamental concept in
chemistry education the literature review showed that there are not many studies on it.
Therefore, developing teaching methods which prevents misconceptions and enhances
meaningful learning in the concept of solubility equilibrium is necessary. For these and
numerous other reasons presented in the review of literature, conceptual change texts based
on conceptual change approach prepared considering metacognitive strategies appear to offer

valuable benefits for students as they study solubility equilibrium.
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CHAPTER III

PROBLEMS AND HYPOTHESES

3.1 The Main Problem and Sub-problems

3.1.1 The Main Problem

The purpose of this study is to compare the effectiveness of instructions, one based
on traditional method and the other based on conceptual change approach on tenth grade

students’ understanding of solubility equilibrium concept.

3.1.2 The Sub-problems

1. Is there a significant mean difference in effectiveness of instructions, one based
on traditional method and the other based on conceptual change approach on
tenth grade students’ understanding of solubility equilibrium concept?

2. Is there any difference between girls and boys with respect to achievement in
solubility equilibrium concept?

3. Is there a significant effect of interaction between gender difference and
treatment on students’ understanding of solubility equilibrium concept?

4. Is there any contribution of students’ prior achievement to their understanding
of solubility equilibrium concept?

5. Is there any contribution of students’ science process skills to the variation in
their achievement in solubility equilibrium concept?

6. Is there a significant mean difference between students taught with conceptual
change approach and students taught with traditional instruction with respect to
their attitudes towards chemistry as a school subject?

7. s there a significant mean difference between males and females with respect to

their attitudes toward chemistry as a school subject?
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8. Is there a significant effect of interaction between gender difference and
treatment with respect to students’ attitudes toward chemistry as a school
subject?

9. Is there any relationship between students’ attitudes toward conceptual change
texts and their achievement in solubility equilibrium concept?

10. Is there a significant mean difference between males and females with respect to
their attitudes toward conceptual change texts?

11. Is there a significant mean difference in effectiveness of treatment on
understanding of solubility equilibrium to experimental group students and

control group students with respect to students’ achievement in chemistry?

3.2 Hypothesis

H,o1: There is no significant mean difference between post-test mean scores of
students taught with instruction based on conceptual change approach and students taught
with instruction based on traditional methods in students’ understanding of solubility

equilibrium concept.

H,2: There is no significant mean difference between post-test mean scores of males

and females on their understanding of solubility equilibrium concept.

H,3: There is no significant effect of instruction between gender difference and

treatment on students’ understanding of solubility equilibrium concept.

Ho4: There is no significant contribution of students’ prior achievement to their

understanding of solubility equilibrium concept.

H,5: There is no significant contribution of students’ science process skills to their

understanding of solubility equilibrium concept.
H,6: There is no significant mean difference between students taught with

conceptual change texts and students taught with traditional instruction with respect to their

attitudes towards chemistry as a school subject.
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H,7: There is no significant mean difference between males and females with respect

to their attitudes toward chemistry as a school subject.

H,8: There is no significant effect of interaction between gender difference and

treatment with respect to students’ attitudes toward chemistry as a school subject.

H,9: There is no significant relationship between students’ attitudes toward

conceptual change texts and their achievement in solubility equilibrium concept.

H,10: There is no significant mean difference between males and females with

respect to their attitudes toward conceptual change texts.
H,11: There is no significant mean difference in effectiveness of treatment on

understanding of solubility equilibrium to experimental group students and control group

students with respect to students’ achievement in chemistry.
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CHAPTER 1V

DESIGN OF THE STUDY

4.1 The Experimental Design of the Study

In some schools, students can not be randomly assigned as individuals to
experimental groups and control groups since the schedule can not be changed. Therefore, in
this study knowing that the school can not change the schedule the researcher used quasi
experimental research design where all students within any one classroom was randomly
assigned as an intact group to serve as an experimental group (EG) or control group (CG).

The research design of the study is presented below.

Table 4.1 Research Design of the Study

Groups Pre-test Treatment Post-test
SCT SECT

Experimental Group (EG) ASTC ICCA ASTC
SPST ASCCT
SCT

Control Group (CG) ASTC ™ ii%g
SPST

The meanings of abbreviations in the table are presented below.
SPST: Science Process Skill Test
SCT: Solution Concept Test
ASTC: Attitude Scale toward Chemistry
ICCA: Instruction based on Conceptual Change Approach
TM: Instruction based on Traditional Methods
SECT: Solubility Equilibrium Concept Test
ASCCT: Attitude Scale toward Conceptual Change Texts
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4.2 Population and Subjects

All tenth grade students in Ankara which is the capital city of Turkey, are identified
as the target population of the study. However, since it is difficult to conduct an experimental
study on such a big population, the accessible population is chosen as all tenth grade students

in Cankaya district.

Kocatepe Mimar Kemal High School was chosen from the schools in Cankaya
district. Four science classes where the chemistry course is thought in 2004-2005 spring
semester were chosen randomly from the possible classes in Kocatepe Mimar Kemal High
School. The classes were randomly assigned as control group and experimental group since
it is difficult to arrange classes by selecting students randomly. The data analyzed in this
research study were taken from 58 students participated in instruction based on conceptual
change approach and 67 students participated in instruction based on traditional methods. In
other words, the number of students in experimental group was 58 and the number of
students in control group was 67. Therefore, in this study in total 125 tenth grade students

(51 male and 74 female) participated.

4.3 Variables

4.3.1 Independent Variable

The independent variables are two types of instruction methods which are instruction

based on traditional method and instruction based on conceptual change approach.

4.3.2 Dependent Variable

The dependent variables are students’ understanding of solubility equilibrium

concept, their attitudes toward chemistry as a school subject and their attitudes toward

conceptual change texts.

4.4 Instruments

Random assignment of individuals to control and experimental groups were not

possible; therefore, before the treatment researcher administered SPST and SCT to both
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groups to control preexisting difference in groups. That is, science process skills and
achievement of students in both groups before the study were treated as a covariate to
prevent researcher observe difference that can result from the nature of groups. SECT was
administered to both groups as a post test to assess the achievement of students on solubility
equilibrium concept after the treatment. In addition ASTC was administered before and after
the treatment to both groups and ASCCT was administered to experimental group after the

treatment.

4.4.1 Solution Concept Test (SCT)

The test was developed by researcher by examining related literature, textbooks and
several test books (see Appendix B). Items in the test were related to solution and solubility
concepts. There were 20 multiple choice questions. Most of questions in the test required
students to think qualitatively; that is, without doing any calculation and predict the correct
answer where the alternatives are designed so that they reflect students’ misconceptions. In
addition, there were questions that require easy computations. For the content validity, the
test was investigated by faculties in chemistry, science education and by chemistry teachers.
They reported that the questions were appropriate with solution content and the grade level
of students. The item and test analysis program, ITEMAN (Version 3.00), was run. The
mean proportion correct and mean biserial values were obtained as 0.645 and 0.468,
respectively. The ITEMAN result indicated that the 65% of the items were correctly
answered by the participating students and the discrimination of items in general was good.

The reliability coefficient calculated for internal consistency is 0.607.

4.4.2 Science Process Skills Test (SPST)

The test was developed by Okey, Wise and Burns (1982) and translated and adopted
by Geban, Askar and Ozkan (1992) into Turkish. The test contains 36 multiple choice
questions with four alternatives. The reliability of the test reported as 0.85. Since the
reported reliability coefficient is above 0.80, the researcher decided to use it. The test
measures the intellectual abilities of students related to identify variables, identifying and
stating hypothesis, designing investigations, graphing and interpreting the data (see

Appendix C). The test was administered to all students before the study.
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4.4.3 Solubility Equilibrium Concept Test (SECT)

The SECT was developed by the researcher considering misconceptions that
students hold about solubility equilibrium (see Appendix D). The misconceptions that
students have with respect to solubility equilibrium were obtained from the literature related
to solubility equilibrium and interviews made by chemistry teachers and prospective
chemistry teachers. The test was consisted of 30 multiple choice questions. The distracters in
the test were arranged in a way that they reflect students’ misconceptions obtained from
literature review and interviews and presented in Appendix K. All of the items were related
to solubility equilibrium and developed from the data bank of Student Selection Test (OSS
and OYS) in Turkey and several test books to assess students’ understanding of solubility
equilibrium. For the content validity, the test was investigated by faculties in chemistry,
science education and by chemistry teachers. They reported that questions were appropriate
to solubility equilibrium content and to students’ grade level. The item and test analysis
program, ITEMAN (Version 3.00), was run. The mean proportion correct and mean biserial
values were obtained as 0.435 and 0.353, respectively. The ITEMAN result indicated that the
44% of the items were correctly answered by the participating students and the
discrimination of items in general was good. The reliability coefficient calculated for internal

consistency is 0.658.

4.4.4 Attitude Scale toward Chemistry (ASTC)

The scale was developed by Geban and Ertepmar (Geban et al, 1994) to measure
students’ attitudes toward chemistry as a school subject (see Appendix E). The scale contains
15 items with 5 point Likert type scale (strongly agree, agree, undecided, disagree, and
strongly agree) in Turkish. The reliability was found to be 0.83. The test was given to

students in both experimental and control group before and after the treatment.

4.4.5 Attitude Scale toward Conceptual Change Texts (ASCCT)

In order to assess students’ attitudes toward the distributed conceptual change texts,
the scale developed by Yalvag (1998) was used (see Appendix F). The scale consisted of 25
items with 5 point Likert type scale (strongly agree, agree, undecided, disagree, and strongly
agree). The items of the scale covered five dimensions; like/dislike, attention, interest,

anxiety and importance. The items were prepared in Turkish. The reliability coefficient of
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the test was reported as 0.90. This test was administered to experimental group at the end of

the treatment.

4.5 Procedures

The ERIC, Social Science Citation Index and Dissertation Abstracts International
databases are systematically searched with several descriptors which are the words the
researcher uses to tell the computer what to search for (Frankel & Wallen, 2001). Moreover,
national database in YOK and several national journals such as Hacettepe Universitesi
Egitim Faciiltesi Dergisi, Egitim ve Bilim Dergisi and Milli Egitim Dergisi were searched. In
addition, search engines such as Yahoo, Google and Altavista were searched periodically.
The descriptors are used together by the help of Boolean operators such as “and” and “or”.
The keywords used are; constructivism, traditional teaching and learning, learning theories,
conceptual change models, cognitive conflict, conceptual change approach, misconception,
alternative conception, concept, conception, solubility equilibrium, ionic equilibrium, ionic
equilibria, solubility equilibria, conceptual change text, chemical equilibrium, equilibrium,
equilibria, solutions, refutation text, analogy, graphical organizers, attitude, science process

skill, metacognition.

4.6 Activities

Conceptual Change Texts (CCTs) were developed by the researcher before study
was conducted. CCTs were developed in order to remediate students’ misconceptions
obtained from the literature review and interviews conducted by chemistry teachers and
prospective chemistry teachers. In other words, each CCT was designed to help students
realize their misconceptions; that is, made them to realize inadequacy of their prior
knowledge and help them to remediate these misconceptions. CCTs were prepared according
to Roth’s (1985) procedures considering metacognitive strategies. At the beginning of each
text students are presented with a question and are asked to answer it. This question reflects a
conflicting situation that helps students to realize something is wrong. In order to develop
conflicting situations, the researcher examined interviews conducted with chemistry teachers
and prospective teachers on students misconceptions. Students’ most common
misconceptions were determined from these interviews and then used in constructing the
conflicting situations. After that, it is explained that many students have misconceptions and

why these misconceptions are inconsistent with scientific view is also explained. Then,
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correct explanation to conflicting situation is presented and several examples, analogies and
graphical organizers are used to make content more concrete and easy to understand and
support the scientific explanation. In summary, CCTs were designed so that students are
convinced that the scientific explanation is more accurate than the preconceptions.
Moreover, in order to gain students’ interest several cartoons are used. Each activity was
designed considering students’ grade level and their prior knowledge. Moreover, activities
were easy to read and the content was prepared appropriate to solubility equilibrium concept.
Several teachers, prospective teachers and a faculty investigated appropriateness of each
activity to grade level of students and the content. They have indicated that the activities

were appropriate to grade level and solubility equilibrium content (see Appendix G).

4.7 Methods

Subject of solubility equilibrium was instructed to students in the experimental
groups by conceptual change approach (CCA) while to students in control groups by
traditional method (TM). Three teachers participated to the study. One teacher taught both an
experimental and a control group. The control groups were instructed with lecturing method
where students were passive listeners and the teacher was transmitting the facts and
important concepts to students. Moreover, the teacher was presenting the “right” way to
solve a problem without giving any opportunity of students to think critically. In addition,
there was no emphasis on misconceptions while teaching. The experimental group was
instructed by a method which was based on conceptual change approach where conceptual
change texts (CCTs) were used. In that method, the teacher tried to help students realize that
some of their preconceptions are wrong and help them to overcome these misconceptions by
introducing conceptual change texts during the sessions. In addition, students were given an
opportunity to think critically while solving the problems related to solubility equilibrium by
letting them discuss problems critically with their friends (see Appendix H). Moreover, both
experimental and control groups received instruction on solubility equilibrium twice a week

during two-hour class periods for three weeks (12 consecutive chemistry lessons).

4.8 Research Methodology

High school chemistry teachers and several prospective chemistry teachers were

interviewed before the study. The interviews were semi-structured and conducted

individually. According to Fraenkel and Wallen (2001) semi-structured interviews consist of
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several questions designed to elicit specific answers on respondents. The researcher
therefore, prepared several questions to find out misconceptions students hold about
solubility equilibrium. Therefore, participants were asked whether they have observed any
misconception related to solubility equilibrium and they have also presented with
misconceptions obtained from literature review and were asked whether their students have
such misconceptions. All misconceptions mentioned by participants were written and
discussed for possible reasons of obtaining these misconceptions. In addition, participants
were handed a copy of the CCTs and were asked to read these materials and indicate whether
the content is appropriate to grade level of students and solubility equilibrium content.
Suggestions of participants were considered and final form of CCTs were then prepared. The
duration of interviews ranged from 50 to 70 minutes. The researcher then developed SCT
and SECT which were used as a pre test and a post test before study begins. The researcher
did not use SECT as pre test since the students were not familiar with the concept of
solubility equilibrium. Therefore, the results will probably be affected much from the chance
factor. In other words, students will probably respond to most of the questions by guessing.
Therefore, the researcher developed SCT since students have already been taught of solution
concept. The validity of the tests is investigated before the administration by faculties in
chemistry, science education and by several chemistry teachers. As a result, the tests were
used in the study. In addition, the researcher developed lesson plans and CCTs (see
Appendices H & G) before the study and both of them was also examined by teachers,
prospective teachers and a faculty in chemistry education for appropriateness of content,
grade level and context. CCTs were developed based on Roth’s (1985) procedure
considering metacognitive strategies. In these text analogies, examples and graphic
organizers were used to make content more concrete and easy to understand. Then, teachers
and students that will participate in to the study were decided. Experimental group teachers
received three hour training. In these training sessions, teachers were informed of
constructivist teaching strategies, conceptual change approach and conceptual change texts.
They are informed of how lessons will be taught and how CCTs will be used. All teachers
were also trained of standard test administration. Meanwhile the experimental and control
groups were decided. The study then conducted and it lasted in five weeks. Two of the
science classes were assigned as experimental and two of the science classes were assigned
as control groups. The control groups received materials and assignments based on TM and
they are taught by TM. The experimental group received materials and assignments based on
CCA and they were taught by CCA. Both groups were instructed on the same content which

is solubility equilibrium in chemistry in coherence with the schools curriculum. Before the
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treatment both control and experimental groups received SPST, SCT and ASTC to determine
whether there was any difference between two groups with respect to understanding of
solubility equilibrium, students’ science process skills and their attitudes toward chemistry as
a school subject. In the control groups, students were instructed with traditionally designed
chemistry teaching where the students were passive learners. That is, the students were there
to listen and learn. The teacher generally used lecturing during the classroom instructions.
Control groups received materials and assignments based on TM such as problems that the
teacher have already presented the correct methodology of solving where the students were
not questioning anything but just applying as they were doing usually in chemistry courses.
In the experimental groups students were given an opportunity to ask questions, discuss and
experience that everybody has different views. While teachers instructing on experimental
group they used strategies such as conceptual change texts to make students realize that
some of their previous ideas are not adequate to scientific literature by the help of cognitive
conflicts. This is the first condition of conceptual change model that was developed by
Posner at al (1982). While instruction, teachers explained why misconceptions that students
hold are wrong. Moreover, they explained the scientifically correct answer by analogies,
demonstrations and providing daily life examples. For example, to show that when the
equilibrium is reached the process of dissolution and decomposition does not finish, teacher
used the analogy of moving staircases. By the help of this analogy, students would probably
realize that at equilibrium the rate of dissolution is equal to rate of decomposition and the
process goes on if all the other things hold constant. In this stem, teacher tried to accomplish
Posner et al’s (1982) conditions of intelligibility and plausibility. However, they were
reminded by the researcher of the importance of proper usage of analogies in order not to
cause any misconception. In addition, some daily life examples were given to students such
as formation of stalactites and stalagmites. Therefore, students would have an opportunity to
realize that chemistry is important for explaining environment around us. They also saw the
usage of new concept in different situations. Therefore, Posner et al’s (1982) last condition
was also achieved. At the end of treatment both groups received SECT and ASTC which
were administered by the teachers to their classes in 40 minutes time in their regular classes.
In addition, the experimental group also received ASCCT at the end of the treatment.
Moreover, students’ chemistry grades and teachers’ opinion about each student’s
performance on chemistry is collected. The researcher collected these data in order to see
how students in each classroom were arranged according to chemistry achievement. It is
observed that all the classes were having students with varying grade levels. In other words,

classes were heterogeneous when students’ grade level is considered. In addition, teachers’
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opinion about each student’s chemistry performance was obtained since some of the students
might have low grades although they are good at chemistry because of some other factors.
The correlation between chemistry grades and teachers opinion was very high as expected.
The Pearson correlation coefficient is found as 0.922. In addition, these data was collected to
investigate whether the students having different chemistry grades have effected differently
from the treatment. In other words, the treatment may function better for some students then
the others; therefore, it is crucial to investigate the performance of students with different
chemistry achievement on understanding of solubility equilibrium. It is investigated deeply

in Chapter V.

4.9 Treatment Fidelity and Treatment Verification

Treatment fidelity helps researcher to make sure that the difference in the dependent
variable is not due to another factor than the treatment itself before the study is conducted
(Borrelli et al., 2005; Detrich, 1999; Hennessey & Rumrill, 2003). Therefore, by the help of
a faculty in chemistry education the lesson plans, materials and assignment are investigated
to assess whether the desired data can be obtained by the help of these instruments and
decide whether the observed difference does not result from other factors than the treatment.
A faculty in chemistry education ensured that the instruments developed are appropriate for

the purpose of the study.

Treatment verification helps researcher to decide whether treatment was done as
defined in the study (Shaver, 1983). Therefore, while conducting the study researcher
participated to several lessons and observed the teacher and students. In addition, anecdotal
information obtained from teachers and their self reports of lessons are investigated. The
researcher filled the observation checklist (see Appendix I) which was composed of several
items that question how well something is done to rate. The scale consisted of 15 items with
5 point Likert type scale (Excellent, Above Average, Average, Below Average, Poor).
Moreover, teachers were also presented of checklist (see Appendix J) that contains 17
questions designed to elicit teachers self evaluation of their instruction. The minimum
requirement to say that the treatment was used as expected is to observe required behavior at
least in average for most of the items in the checklist. That is, at least 75 percent of the items

were expected to be marked as average or above.
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4.10 Ethical Concerns

This study does not cause any possible harm to participants. That is, neither teachers
nor students were placed under risk. The study and observations were an accepted part of
school practice. The teachers were informed of rational for observing them. However, it
should not be forgotten that this may affect behavior of teacher. In other words, teachers can
behave as researcher expects. Therefore, the researcher reminded that the study does not aim
to investigate the teachers and their teaching style, but just designed to investigate the two
different teaching methods and the results of observation will just be mentioned in general
that is no specific detail will be given such as their names. In other words, no one else had an

access to the data.

4.11 Threats to Internal Validity

Internal validity means that any difference observed in dependent variable is directly
related to independent variables and not to any other unintended variable (Fraenkel &
Wallen, 2001). Therefore, it is important to control threats to internal validity. Some of these
treats as presented by Fraenkel and Wallen (2001) are subject characteristics, mortality,
location, instrumentation, testing, history, maturation, attitude of subjects, regression and

implementation.

In this study the prior achievement and science process skills of students in EGs and
CGs were treated as a covariate in the analysis of data to prevent prior differences that exist
between the groups to effect observed difference in the post test mean scores of both groups.
The students in EGs and CGs were at the same grade level which keeps age variable
constant. Therefore, these variables do not effect the change observed in dependent variable.
However, since the sample was not selected randomly from the population other subject

characteristics may correlate with dependent variable.

Careful planning was done to ensure the participation of all students to pre tests and
post test presented. However, there were students who did not participate to pre test
presented. The data of students that did not participate to pre test (SCT) was handled and
missing data analysis procedures were carried out. In addition, there were no items that were
left unmarked, that is every student participated to the study marked all the items of the tests

presented to them.
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The location threat was controlled by holding location of test and treatment constant.
In other words, students in EGs and CGs received both tests and instruction in their regular

classes which were identical in physical arrangement.

Instruments were developed in multiple choice format (SPST, SCT, SECT) and in
Likert scale (ASTC, ASCCT). Therefore, different interpretations of results were not
possible which permits the instrument decay threat. Data collector characteristics is another
threat to internal validity. In the study multiple collectors were used. In other words, all
groups received instruments from their regular chemistry teachers. In order to control this
threat all chemistry teachers participating to the study were trained of standard procedures of
test administration. Moreover, in order to prevent data collector bias that can occur
unconsciously, chemistry teachers were reminded of standard procedures of test
administration before the instruments were provided to students. It is observed by researcher
that all the teachers tried to obey standard procedures. In other words, before the
administration of instruments the directions were read and necessary explanations were
given by teachers. These procedures were adopted from procedures applied in Student

Selection Test (OSS) in Turkey.

Pre test can also be one of the reasons of difference obtained in dependent variable.
In order to prevent pre test effect which is students’ awareness of possible treatment and

tests, the researcher allowed sufficient time for desensitization (three weeks).

The researcher interviewed with teachers and some of the students in both groups to
understand whether there are special events nowadays and at the time when tests are going to
be administered. Researcher documented possible external events and while administering
the tests the researcher observed the conditions of both groups. Moreover, contemporary
control group was used in order to equate the effects of extraneous variables on dependent

variable in both EGs and CGs.

Passage of time rather than the treatment itself can also unwillingly correlate with
dependent variable. However, in the study testing procedures and treatments took place in
students’ regular classrooms approximately at the same time. In addition, all the students

were at the same grade level. Therefore, maturation threat can not affect dependent variable.
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Attitude of students toward the study and their participation also can create a threat
to internal validity. In other words, Hawthorne, John Henry and Demoralization effects can
affect students’ performance on tests. Therefore, in order to control this thereat both groups
received materials differing in philosophy. In the study control group students received
material designed in traditional methods prepared by their teacher, however, experimental
group students received texts based on conceptual change approach. Therefore, the effect of

attitude thereat was reduced.

There was no regression thereat since the students were not selected on the basis of

extremely low or high scores.

Implementation thereat may result from treating experimental group in unintended
way which provides some advantage to experimental group. Since different teachers
participated to the study implementation threat can occur because of difference in teachers’
quality. Therefore, in order to control implementation threat one of the teachers was assigned
to both experimental and control groups in order to equate treatment groups. Moreover, one
of the remaining chemistry teachers was assigned to experimental group and the other
teacher was assigned to control group in order to reduce the chance of an advantage to either
method. In addition, experimental group teachers were trained before the study to ensure
intended implementation of the treatments. Moreover, the EGs and CGs were observed to
check whether teachers applied treatment as intended. Therefore, implementation threat was

not likely to constitute a threat.

4.12 Assumptions

For the purpose of this research, the following assumptions apply:

1. It is assumed that the theoretical basis for the study is valid.

2. It is assumed that the students in control group were not affected by students in
experimental group.

3. It is assumed that the conceptual change texts provide the context needed for
students to alter their conceptions.

4. 1t is assumed that students were mentally prepared and intellectually mature
enough to comprehend the concepts being taught.

5. It is assumed that instructors who used the conceptual change texts had the

ability work with the 10" graders.
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6. It is assumed that teachers are not biased and the test scores are not affected by
some external factors.

7. Itis assumed that the students answered questions honestly.

8. It is assumed that students used metacognitive strategies in negotiating new

information.

4.13 Limitations and Delimitations

For the purpose of this research, the following limitations and delimitations apply:
1. Random sampling can not be applied.

A small number of individuals were selected.

Just four classes from one school participated into the study.

Just 10" grade students participated into the study.

Subjects are general high school students.

Content domain of the study is limited to the concept of solubility equilibrium.

NS kv

Classes are intact groups.
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CHAPTER V

RESULTS AND CONCLUSIONS

5.1 Results

This chapter presents the data analysis from the instruments and data collection
techniques described in Chapter IV in order to answer the research questions. Qualitative
results will be presented first and include a summary of findings from the high school
chemistry teacher interviews and prospective chemistry teacher interviews. The quantitative
results will be presented second and include the analysis of data gathered from instruments
presented in Chapter [V. In other words, the results of analyses of hypothesis are presented.
The hypotheses were tested at a significant level of 0.05 since it is the most used value in
educational studies. That is, the probability of rejecting the true null hypothesis was set to
0.05. In addition, the power of this study was set to 0.90. In other words, the probability of
failing to reject the false null hypothesis was 0.10. The effect size was considered to be
medium and the effect size index “f” is set to 0.30 (Cohen, 1977). In addition, medium effect
size is observed in the results of previous related studies. Therefore, the necessary sample
size is calculated as 58 for each EG and CG for a medium effect size and 0.90 power at 0.05

significance level.

Analysis of covariance (ANCOVA), analysis of variance (ANOVA), t-test and
correlation analysis were used to test the hypothesis. Hinkle, Wiersma and Jurs (1998)
presented two benefits of ANCOVA when using intact groups of subjects. In this study intact
groups were used and treatments were randomly assigned to these groups. Therefore, for
such an experimental arrangement there are two benefits of using ANCOVA. The first one
according to Hinkle, Wiersma and Jurs (1998) is the adjustment for preexisting differences
that may exist among the intact groups prior to the research study and the second one is the

increase in the precision of the research from reducing the error variance.
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The data were analyzed using SPSS (Statistics Package for Social Sciences, version

11.5) for personal computers.

5.1.1 Qualitative Results

Before high school students took the tests and the treatment, several high school
teachers and prospective chemistry teachers were interviewed. The purpose of interviews
was two fold. First, it was necessary to find out the misconceptions students hold about the
solubility equilibrium concept since in the literature there was not many studies related to
solubility equilibrium. Therefore, the researcher conducted the interviews in order to gain
insight about the source, depth and details of students’ misconceptions related to solubility
equilibrium in addition to that found from the previous studies. Second, it was necessary to
ensure that the prepared CCTs are appropriate to students’ grade level and the solubility

equilibrium content (see Table 5.1).

The interviews were semi-structured and conducted individually. Semi-structured
interviews consist of several questions designed to elicit specific answers on respondents
(Fraenkel & Wallen, 2001). First, the participants are informed of the purpose of the study
and why the study is important. Then, they were asked several questions in order to obtain
misconceptions students have about the solubility equilibrium and were presented of some
misconceptions found from previous studies and asked to investigate and indicate whether
they have observed these misconceptions. After that, they handed a copy of the CCTs and
asked to read these materials and interpret whether the content is appropriate to grade level
and solubility equilibrium content (see Table 5.1). They were asked to explain their answers

to clarify their responses. The interviews each ranged from 50 to 70 minutes duration.

Most of the participants indicated that their students have difficulty in understanding
the dynamic nature of the solubility equilibrium which may result from the misconceptions 1
and 2 presented in Appendix A. Students who believe that at equilibrium there is no
precipitation and dissolution and at equilibrium dissolution stops, will not understand the
dynamic nature of solubility equilibrium and therefore will fail to understand solubility
equilibrium content in meaningful way. Participants also indicated that most of the students
have difficulty in solving Ksp problems which may result from the misconceptions 3, 4, 5, 6,
7, 8,10, 11, 12 and 17. Students who believe, for example, that at a given temperature Ksp

can change and ion product can be used interchangeably with Ksp, will have difficulty in
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solving Ksp problems and therefore will fail to understand solubility equilibrium content in
meaningful way. Another difficulty indicated is in understanding of graphs related to
solubility equilibrium content and which may result from misconceptions 9, 13, 14, 15, 16
and 19. Some of the students who believe, for example, that the rate of dissolution increases
with time from mixing the solid with solvent until equilibrium establishes or at equilibrium
addition of salt affects the equilibrium, will have difficulty in both sketching and
understanding graphs related to solubility equilibrium and therefore will fail to understand
solubility equilibrium content in meaningful way. The other related misconceptions
presented in Appendix A may also result in failing to understand graphs related to solubility
equilibrium concept. Moreover, most of the participants indicated that the misconceptions
presented are hold by most of the students. Therefore, the post test questions are developed

so that they reflect these misconceptions (see Appendix K).

Table 5.1 Some of the Questions Asked in Interviews
Part 1. To Identify Students Misconceptions

e Do you think it is easy to teach solubility equilibrium concept? Why?

e In your opinion, what problems do students have in understanding solubility
equilibrium concept? Please explain.

¢ Did you observe students to have difficulty in understanding solubility equilibrium?

e What percent of the students (considering all your classes) you can say to have these
problems?

e In which parts of the solubility equilibrium content do students have difficulty in
understanding?

¢ In your opinion, what may be the reasons of observing such difficulties? Why?

¢ Did you observe any student to have some of the misconceptions in the list given?

e Which misconceptions are frequent?

¢ Did you observe any other misconception not included in the list? Please specify.

e Would you present any other misconception that students could probably have?

Part 2. To Ensure Appropriateness of CCTs

e Do you think that the CCTs given are appropriate to students’ grade level? Why?

o [s there any part that should be removed since it is not appropriate to students’ grade
level?

e What would you suggest to make these texts more appropriate to students’ grade
levels?

¢ Do you think that CCTs given are appropriate with solubility equilibrium content?

¢ In your opinion are the CCTs given easy to read and understand? Why?

e In which parts of the CCTs students may have difficulty in understanding? Why?

¢ In your opinion, which parts of the CCTs should be revised? Why?

¢ Do you think that analogies and graphic organizers used are appropriate? Why?

e What would you suggest to make the content of CCTs more understandable?

e What is your opinion about the effectiveness of the CCTs, I mean do you think CCTs
are helpful and can remediate students’ misconceptions?

e What would you suggest to make these CCTs more effective?
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5.1.2 Quantitative Results

Before explaining the analysis it is important to investigate how the number of
individuals participated has changed. In total, 125 students participated to the study. All of
the students participated to the post test. Three of the students did not participate to SPST
which is 2.4 % of the total data. Since the data in variables SPST contain less than 5%
missing value any procedure for handling missing data is appropriate therefore the missing
data was replaced with the mean. 17 of students did not participated to SCT and pre ASTC
which is 13.6 % of the total data and all of the students participated to post ASTC and
ASCCT. The missing data was then analyzed to see whether they are distributed randomly in
two groups. In other words, the pattern of missing data is more important than the amount of
missing data. That is, missing values that are randomly scattered through the data, poses less
serious problems. Therefore, the researcher investigated the pattern of missing values. From
the results obtained, the distribution of the missing data was found to be random; that is,
missing values were randomly scattered through the data. Consequently, missing values in

SCT and pre ASTC were replaced with the mean of the each variable.
5.1.2.1 Solubility Equilibrium Concept Test (Post Test)

The proportion of correct responses to the questions in the post test for two groups is
presented in Appendix L. Graphical representation of proportion of correct responses to the

each question in the post test for experimental and control group is presented in Figure 5.1.
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Figure 5.1 Percent Correct versus Post Test Items for EG and CG
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If the data in Appendix L or Figure 5.1 is investigated deeply it can easily be seen
that there is a difference in responses between the two groups (EG and CGQG) to the items in

SECT.

The percent of correct responses to questions in SECT differs mostly between EG
and CG in questions 2, 3, 6, 7, 10, 12, 14, 16, 19, 20, 24, 25, 26 and 30. In questions 8, 21,
23 and 27 the proportion of correct responses are almost equal. In question 5 the control
group students performed better than that of experimental group. However, in this question
the proportion of correct responses in both groups were very high. 89.6 % of the control
group students and 86.2 % of the experimental group students correctly answered the
question 5. In this question students are expected to remember that substances in solid state
are not included in to the Ksp equation. This question is a simple question which asks for
factual knowledge. Therefore, it is not surprising control group students to perform better
than that of experimental group since in traditionally designed instruction factual knowledge
is very important (Uzuntiryaki, 2003). Although questions 8, 21, 23 and 27 are almost
equally answered correctly, the experimental group in these questions still performed better.
The questions 8 and 21 are simple regular calculation questions; therefore, students who
know the procedure of how these types of questions can be solved, can also easily answer the
question correctly. Therefore, the control group student can also correctly answer these
questions easily. In questions 23 and 27 students are expected to know the difference
between Ksp and Qi and know that the Ksp values does not degreases always as temperature
degreases, respectively. 53.7 % of the control group students and 56.9 % of the experimental
group students answered the question 23 correctly and 40.3 % of the CG students and 44.8 %
of the EG students answered the question 27 correctly. The results indicated that treatment
has little effect on remediation of misconception 7 and 12 since both EG and CG performed
equally after treatment on questions 23 and 27. In addition, the results also indicated that
students have these misconceptions since half of the students participated to the study

selected incorrect alternatives in these questions.

In the control group 19.4 % of the students and in the experimental group 48.3 % of
the students correctly answered the question 2 in SECT. This question identifies several
alternative conceptions students hold such as believing that at equilibrium there is no
precipitation and dissolution and believing that at equilibrium dissolution stops. The results
indicated that students have difficulty in understanding that at equilibrium the medium

contains both the ionic compound and its ions which indicates that the process of dissolution
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and precipitation did not finish and goes on. The percentage and frequency of EG and CG

students’ selection of alternatives of item in SECT is presented below.

Table 5.2 Response Pattern of EG and CG Students on Question 2

Control Group Experimental Group
Alternatives Frequency Percent Correct Frequency Percent Correct

A 14 21.0 14 24.1

B 13 19.4 28 48.3

C 6 9.0 2 34

D 9 13.4 3 52

E 25 37.3 11 19.0
Total 67 100 58 100

E3
(') correct response

Question 3 was related to addition of common ion to equilibrium system. Only 14.9
% of the control group students gave correct answer whereas 72.4 % of the experimental
group students correctly answered the question. This question identifies several
misconceptions such as believing that at equilibrium the concentrations of ions will remain
constant although common ion is added and believing that at equilibrium there is no
precipitation and dissolution. The results indicate that CG students have difficulty in
understanding what happens when common ion is added whereas most of the EG students
have correctly answered the third question. The percentage and frequency of EG and CG

students’ selection of alternatives of item in SECT is presented below.

Table 5.3 Response Pattern of EG and CG Students on Question 3

Control Group Experimental Group
Alternatives Frequency Percent Correct Frequency Percent Correct
A 15 22.4 4 6.9
B 13 19.4 1 1.7
c 10 14.9 42 72.4
D 14 20.9 2 34
E 15 22.4 9 15.5
Total 67 100 58 100

£
(') correct response

10.4 % of the CG students and 48.3 % of the EG students answered the question 6
correctly. This question investigates the effect of addition of common ion to solubility of a
given salt. The percentage and frequency of EG and CG students’ selection of alternatives

of item in SECT is presented below.
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Table 5.4 Response Pattern of EG and CG Students on Question 6

Control Group Experimental Group
Alternatives Frequency Percent Correct Frequency Percent Correct
A 13 19.4 19 32.8
B’ 7 10.4 28 48.3
C 15 22.4 3 52
D 14 20.9 6 10.3
E 18 26.9 2 34
Total 67 100 58 100

£
(') correct response

Although majority of EG students gave correct response to the item there is still 32.8
% of students who selected the alternative which indicates that the addition of common ion
does not affect the solubility of a given salt. Therefore some of the EG students after
treatment may still hold misconception that at equilibrium the concentrations of ions will

remain constant although common ion is added.

A similar difference between EG and CG is obtained for item 7 which is related to
effect of change made in volume on solubility. Only 6.0 % of the control group students
gave correct answer whereas 34.5 % of the experimental group students correctly answered
the question. This question identifies the misconception of believing that solubility of
sparingly soluble salts is affected by change made in pressure and volume. The results
indicate that CG students have difficulty in understanding what happens when the volume
changes. The percentage and frequency of EG and CG students’ selection of alternatives of

item in SECT is presented below.

Table 5.5 Response Pattern of EG and CG Students on Question 7

Control Group Experimental Group

Alternatives Frequency Percent Correct Frequency Percent Correct
A 21 31.3 10 17.2
B 19 28.4 20 34.5
c 4 6.0 20 34.5
D 23 34.3 8 13.8
Total 67 100 58 100

£
(') correct response

If the alternatives of item 7 is investigated it is observed that although the EG
students outperformed CG students in performance still 34.5 % of them are loaded in the
alternative B. They think that since the volume of the system is reduced the concentrations

should also be reduced. They forgot the relationship between the concentration and the
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volume. Therefore, after the treatment some of the EG students may still hold this

misconception.

In the control group 35.8 % of the students and in the experimental group 70.7 % of
the students correctly answered the question 14 in SECT. This question identifies several
alternative conceptions students hold such as believing that at a given temperature the value
of Ksp changes with the amount of solid or ions added, believing that at equilibrium addition
of salt effects the equilibrium and believing that there is no relationship between Ksp and
solubility. The results indicated that students have difficulty in understanding what happens
when more salt is added to the solution. The percentage and frequency of EG and CG

students’ selection of alternatives of item in SECT is presented below.

Table 5.6 Response Pattern of EG and CG Students on Question 14

Control Group Experimental Group
Alternatives Frequency Percent Correct Frequency Percent Correct
A 11 16.4 9 15.5
B 11 16.4 2 34
C 7 10.4 2 34
D’ 24 35.8 41 70.7
E 14 20.9 4 6.9
Total 67 100 58 100

*
(') correct response

If the alternatives of item 14 are investigated it is observed that 16.4 % of the
students believes that when the salt of solution is added to equilibrium solution both
solubility of the salt and Ksp increases which results from alternative conception of believing
that at equilibrium addition of salt of solution effects the equilibrium. It is interesting to
observe that 16.4 % of the students selected the alternative that when the salt of solution is
added to equilibrium solution the solubility increases however Ksp decreases. This may
results from the belief that there is no relationship between Ksp and solubility. 20.9 % of the
students selected the alternative E of an item 14 which states that when the salt of solution is
added to equilibrium solution solubility of a salt increases however the Ksp does not change.
This also may results from the belief that there is no relationship between Ksp and solubility.
When the performance of EG students are investigated it is clear that majority of them gave
the correct answer which indicates the effectiveness of treatment on removing these

misconceptions.
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Question 16 was developed to investigate what solubility equilibrium is. Only 13.4
% of the control group students gave correct answer whereas 75.9 % of the experimental
group students correctly answered the question. This question identifies several
misconceptions such as believing that at equilibrium there is no precipitation and dissolution,
believing that at equilibrium the concentrations of the ions produced is equal to the
concentration of the salt and believing that mass can be used instead of concentration in
solubility equilibrium calculations. The results indicate that CG students have difficulty in
understanding what happens when equilibrium occurs whereas most of the EG students have
correctly answered the question. The percentage and frequency of EG and CG students’

selection of alternatives of item in SECT is presented below.

Table 5.7 Response Pattern of EG and CG Students on Question 16

Control Group Experimental Group
Alternatives Frequency Percent Correct Frequency Percent Correct
A 17 25.4 7 12.1
B’ 9 13.4 44 75.9
C 27 40.3 2 34
D 14 20.9 5 8.6
Total 67 100 58 100

£
(') correct response

If the alternatives of item 16 are investigated it is observed that 25.4 % of the
students believe that when solution is at equilibrium with its salt there is no dissolution and
precipitation which results from alternative conception of believing that at equilibrium there
is no precipitation and dissolution. 40.3 % of the students selected the alternative C that
when solution is at equilibrium with its salt, the concentration of the salt and the solution is
equal. This may results from belief that at equilibrium the concentrations of the ions
produced is equal to the concentration of the salt. When the performance of EG students are
investigated it is clear that majority of them gave the correct answer which indicates the

effectiveness of treatment on removing these misconceptions.

A similar difference between EG and CG is obtained for item 19 which is related to
effect of common ion on solubility and concentrations of ions. Only 14.9 % of the control
group students gave correct answer whereas 51.7 % of the experimental group students
correctly answered the question. This question identifies the misconception of believing that
at a given temperature Ksp can change, believing that at a given temperature the value of

Ksp changes with the amount of solid or ions added, believing that at equilibrium addition of
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salt effects the equilibrium and believing that at equilibrium the concentration of ions will
remain constant although common ion is added. The results indicate that CG students have
difficulty in understanding what happens when common ion is added at equilibrium system.
The percentage and frequency of EG and CG students’ selection of alternatives of item in

SECT is presented below.

Table 5.8 Response Pattern of EG and CG Students on Question 19

Control Group Experimental Group
Alternatives Frequency Percent Correct Frequency Percent Correct
A 10 14.9 30 51.7
B 21 313 10 17.2
C 15 22.4 7 12.1
D 21 313 11 19.0
Total 67 100 58 100

*
(') correct response

Question 24 was related to Ksp equation. Only 19.4 % of the control group students
gave correct answer whereas 86.2 % of the experimental group students correctly answered
the question. The results indicate that CG students have difficulty in understanding why the
salt in solid state is not included in Ksp equation whereas most of the EG students have
correctly answered the third question. The percentage and frequency of EG and CG students’

selection of alternatives of item in SECT is presented below.

Table 5.9 Response Pattern of EG and CG Students on Question 24

Control Group Experimental Group

Alternatives Frequency Percent Correct Frequency Percent Correct
A 32 47.8 2 34
B’ 13 19.4 50 86.2
C 10 14.9 1 1.7
D 12 17.9 5 8.6
Total 67 100 58 100

3
(') correct response

Majority of students in control group thinks that the salt in solid state is not included
since the concentration of it is assumed to be 1. They confuse since the textbooks do not
show that the concentration of the salt in solid state is constant therefore the multiplication of
it with the equilibrium constant results in new constant which is Ksp. The textbooks and in
traditionally designed lectures the teachers just remind students that the concentration of salt

in solid state is constant therefore it does not appear in Ksp equation without showing why.
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Therefore students may though that it should be one in order no to change the Ksp equation.
However, when the performance of EG students are investigated it is clear that majority of

them gave the correct answer which indicates the effectiveness of treatment.

In the control group 19.4 % of the students and in the experimental group 81.0 % of
the students correctly answered the question 25 in SECT. This question identifies alternative
conception of believing that rate of dissolving increases with time from mixing the solid with
solvent until equilibrium establishes. The results indicated that students have difficulty in
understanding what happens to rate of dissociation and precipitation. The percentage and
frequency of EG and CG students’ selection of alternatives of item in SECT is presented

below.

Table 5.10 Response Pattern of EG and CG Students on Question 25

Control Group Experimental Group
Alternatives Frequency Percent Correct Frequency Percent Correct
A 24 35.8 2 34
B 4 6.0 3 52
C 9 13.4 3 52
D’ 13 19.4 47 81.0
E 11 16.4 1 1.7
F 6 9.0 2 34
Total 67 100 58 100

E3
(') correct response

If the alternatives of item 25 are investigated it is observed that majority of the CG
students (35.8 %) selected the alternative A. These students may think that before
precipitation occurs, some time should pass. However, after adding the solid into solvent
dissolution starts and at the same time precipitation starts. In other words, at the beginning
the rate of dissolution is much more than the precipitation. But after some time the rate of
dissolution becomes equal to precipitation and the equilibrium is reached. When the
performance of EG students are investigated it is clear that majority of them gave the correct

answer which indicates the effectiveness of treatment on remediation of the misconception.

Question 30 is related to relationship between the magnitude of Ksp and the rate of
solubility. For this question 22.4 % of the CG students and 69.0 % of the EG students gave
correct answers. The percentage and frequency of EG and CG students’ selection of

alternatives of item in SECT is presented below.
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Table 5.11 Response Pattern of EG and CG Students on Question 30

Control Group Experimental Group

Alternatives Frequency Percent Correct Frequency Percent Correct
A 15 224 40 69.0
B 13 19.4 4 6.9
C 28 41.8 12 20.7
D 11 16.4 2 34
Total 67 100 58 100

£
(') correct response

Most of the CG students selected the alternative C in item 30 at SECT. In other
words, most of the control group students believe that as the magnitude of the Ksp increases
the rate of solubility should increase which results from the 21* misconception presented in
Appendix A. However, in the experimental group majority of students selected the correct
response.  Therefore, it is clear that EG students performed better on that item which

indicates the effectiveness of treatment on remediation of the misconception.

The performance of both EG students and CG students are investigated on each item
and it is observed that the EG students outperformed the CG students on SECT. Therefore,
the treatment performed helps students on remediation of misconceptions they have on

solubility equilibrium concept.

5.2 Analysis of Hypothesis

5.2.1 Prior Differences

The researcher first of all investigated whether there was a significant mean
difference between groups at the beginning of the treatment. The results presented that there
was no significant difference between the CG and EG in terms of students’ understanding of
solution concept, t (123) = 0.583, p > 0. 05. The experimental group students’ and control
group students’ pre test mean scores are, Xgg = 12.88, Xcg = 12.63, respectively. In addition,
students’ attitudes toward chemistry as a school subject and their science process skills are
also investigated to see whether there was a difference between CG and EG. No significant
difference was found between the two groups with respect to students’ attitudes toward
chemistry as a school subject, t (123) = 1.316, p > 0. 05. The experimental group students’
and control group students’ pre test mean scores are, Xgg = 49.78, Xcg = 51.93, respectively.

However, there was a significant difference between the two groups with respect to students’
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science process skills, t (123) = 4.196, p < 0. 05. Therefore, students’ science process skills
were treated as a covariate in the statistical analysis in order to control this preexisting

difference. The EG and CG students SPST mean scores are Xz = 23.03 and Xcg = 20.10.

5.2.2 Understanding

Hypothesis 1 which states that there is no significant difference between the post test
(SECT) mean scores of students taught by traditionally designed instruction and those taught
by instruction based on conceptual change approach with respect to understanding solubility
equilibrium concept when science process skills and prior achievement (SCT) is controlled
as a covariate, is investigated first. The results of ANCOVA analysis are presented below in

Table 5.12.

Table 5.12 ANCOVA Summary Understanding

Source df SS MS F p
Pre-test (SCT) 1 109.817 109.817 19.859 0.000
SPST 1 22.569 22.569 4.081 0.046
Group 1 597.130 597.130 107.985 0.000
Gender 1 0.038 0.038 0.007 0.934
Group*gender 1 0.949 0.949 0.172 0.679
Error 119 658.039 5.530

Total 125 29447.000

A one way analysis of covariance was conducted. The independent variable was
instruction methods which are ICCA and TM. The dependent variable was the students’
understanding of solubility equilibrium concept and the covariates were students’ science
process skills (SPST) and their prior achievement (SCT). The ANCOVA was significant, F
(1, 119) = 107.985, MS = 597.130, p < 0. 05, partial eta squared 0.476. The strength of
relationship between instruction method and understanding of solubility equilibrium was
very strong. Instruction method accounts for 47.6 % of the variance of the dependent

variable when the SCT and SPST are controlled as a covariate.
The ANCOVA results presented above showed that there was a significant
difference between the post test mean scores of students taught by traditionally designed

instruction and those taught by instruction based on conceptual change approach with respect
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to understanding solubility equilibrium concept. The experimental group students scored

significantly higher than control group students, Xgg = 17.78, Xcg = 12.39, respectively.

Hypothesis 2 which states that there is no significant difference between the post-
test mean scores of males and females in their understanding of solubility equilibrium
concept is investigated by the help of ANCOVA. Analysis of covariance results (see Table
5.12) presented that there was no significant mean difference between male and female
students in terms of understanding of solubility equilibrium concept, F (1, 119) = 0.007, MS
=0.038, p > 0. 05. The mean post test scores for males and females were, Xy = 13.92, Xi =

15.55, respectively.

Hypothesis 3 which states that there is no significant effect of interaction between
gender difference and treatment with respect to students’ understanding of solubility
equilibrium concept was investigated by the help of ANCOVA results (see Table 5.12). The
results revealed that there was no significant interaction effect between gender difference
and treatment on students’ understanding of solubility equilibrium F (1, 119) = 0.172, MS =
0.949, p> 0. 05.

Hypothesis 4 which states that there is no significant contribution of students’ prior
achievement to understanding of solubility equilibrium concept was analyzed next. The
results (see Table 5.12) indicated that there was a significant contribution of prior
achievement on students’ understanding of solubility equilibrium concept, F (1, 119) =

19.859, MS =109.817, p < 0. 05.

Hypothesis 5 which states that there is no significant contribution of students’
science process skills to understanding of solubility equilibrium concept was analyzed next.
The results (see Table 5.12) indicated that there was a significant contribution of science
process skills on students’ understanding of solubility equilibrium concept, F (1, 119) =

4.081, MS =22.569, p <0. 05.

5.2.3 Attitude

Hypothesis 6 which states that there is no significant difference between students

taught with traditionally designed instruction and students taught with instruction based on

conceptual change approach with respect to their attitudes toward chemistry as a school
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subject, analyzed next by the help of ANOVA. The ANOVA results are presented below in
Table 5.13.

Table 5.13 ANOVA Summary Attitude

Source df SS MS F P
Group 1 185.751 185.751 2.515 0.115
Gender 1 400.676 400.676 5.426 0.021
Group*gender 1 14.597 14.597 0.198 0.657
Error 121 8935.303 73.845

Total 125 355485.000

The null hypothesis was not rejected at 0.05 significance level. Therefore, there was
no significant difference between EG students and CG students with respect to attitudes
toward chemistry as a school subject, F (1, 121) = 2.515, MS = 185.751, p > 0. 05.
Therefore, students taught with instruction based on conceptual change approach have
almost similar attitudes toward chemistry as a school subject with students taught with

traditionally designed instruction, Xgg = 51.69, Xcg = 53.42, respectively.

In order to analyze hypothesis 7 which states that there is no significant difference
between post chemistry attitudes mean scores of males and females, analysis of variance
(ANOVA) was run (see Table 5.13). The results indicated that there was a significant mean
difference between male and female students with respect to attitudes toward chemistry as a
school subject, F (1, 121) = 5.426, MS = 400.676, p < 0. 05. Female students’ mean post

attitude score was 53.92 and male students’ mean post attitude score was 50.73.

Hypothesis 8 which states that there is no significant effect of interaction between
gender difference and treatment with respect to students’ attitudes toward chemistry as a
school subject was investigated next. The results (see Table 5.13) revealed that there was no
significant interaction effect between gender difference and treatment on students attitudes

toward chemistry as a school subject, F (1, 121) = 0.198, MS = 14.597, p > 0. 05.

In order to analyze hypothesis 9 which states that there is no relationship between
EG students’ attitudes toward CCTs and their understanding of solubility equilibrium
concept correlation analysis was conducted. The results of the analysis can be seen in Table

5.14.
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Table 5.14 Correlation between SECT and ASCCT Scores of EG Students

Variables N Correlation coefficient p
SECT 58 0.257 0.051
ASCCT 58

The results indicated that there was no significant correlation between students

understanding of solubility equilibrium concept and their views to CCTs (p > 0. 05).

In order to analyze hypothesis 10 which states that there is no significant difference
between males and females with respect to their attitudes toward conceptual change texts,
independent t-test was run. The results indicated that there was a significant mean difference
between male and female students with respect to attitudes toward conceptual change texts,
t (24.153) = 2.421, p < 0. 05. Female students mean attitude score toward CCTs was
significantly higher than male students mean attitude score toward CCTs (Xr = 89.70, Xy =
79.56).

5.2.4 Chemistry Achievement

Hypothesis 11 which states that there is no significant mean difference in
effectiveness of treatment on understanding of solubility equilibrium between experimental
group students and control group students with respect to students’ achievement in chemistry
is investigated. The chemistry grade of students in both EG and CG is obtained. The
chemistry grades range from 0 to 5. In addition, teachers opinion about each student is also
obtained since some of the students may get low grades although they are good at chemistry
because of some other factors. The teacher’s opinion is also ranges from 0 to 5. The average
of chemistry grade and teacher’s opinion was taken for each student and the variable called
chemistry achievement is constructed. The performance of students with different chemistry
achievement for both EG and CG on post test (SECT) was investigated. Then, the mean of
the post test scores for students with different chemistry achievement in both EG and CG
was calculated. In other words, the mean post test scores for students with chemistry
achievement 1, 2, 3, 4 and 5 for both EG and CG was calculated. In order to see the effect of
treatment on students with different chemistry achievement for both EG and CGs with

respect to understanding of solubility equilibrium the following graph was drown.
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Figure 5.2 Understanding Solubility Equilibrium vs. Chemistry Achievement for
EG and CG students

In general linear trend is expected between chemistry achievement and
understanding of solubility equilibrium. However, students in EG with chemistry grade of 2
performed low and students with chemistry grade of 4 performed high when linear trend is
considered. In other words, the treatment (ICCA) works better for students with high
chemistry achievement. This may result from several factors. One of these factors can be the
reading ability. High achiever students have high reading ability. Understanding CCTs
require students to read them carefully; therefore, high achievers will perform better.
Another factor can be students’ attitudes toward reading and the new method. In ICCA
students are more active and therefore, their contribution and participation to lesson is high
compared to TM where students were just listening to teacher. Therefore, low achievers can
have difficulty. As it is said before, linear trend is expected between chemistry achievement
and understanding of solubility equilibrium. However, students in CG with chemistry grade
of 2 performed high and students with chemistry grade of 4 and 5 performed low on post test
(SECT) when linear trend mentioned above is considered. The deviation from linear trend in
CG may result from several factors. Traditionally designed instruction is based on factual

knowledge where students are supposed to recall simple facts (Uzuntiryaki, 2003).

Therefore, low achievers can perform better.
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5.3 Observed Effect Size and Power

The magnitude of effect size was calculated by looking to eta square value. Since the
partial eta square for the factor is interpreted as the proportion of variance of the dependent
variable related to the factor, holding constant the covariate (Green & Salkind, 2005). The
observed value for eta square in the ANCOVA analysis is 0.476. Eta square value indicates
that treatment accounts for 47.6 % of the variance of the dependent variable (students
understanding of solubility equilibrium concept), holding constant the prior achievement and
science process skills. The effect size index “f” is calculated by the help of eta square value
and found to be 0.95. The observed power is calculated by the help of table presented by
Cohen (1977, p 311-312) and found as greater than 0.995 which is larger than the predefined

power.
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CHAPTER VI

DISCUSSION, IMPLEMENTATION and RECOMMENDATIONS

This chapter presents discussion of results obtained in Chapter V. In addition,
implications of the findings are discussed and recommendations for further studies are
presented. The chapter started with a summary of the study in order to remind what has been

done and to help understanding of discussions and findings better.

6.1 Summary of the Study

Before the study, semi structured interviews were conducted in order to determine
students’ misconceptions with several high school chemistry teachers and prospective
chemistry teachers. Based on these findings CCTs which are used in EGs were prepared.
Then the study in which quasi experimental research design is used, was conducted. In order
to assess the effectiveness of teaching methods, four intact classes from possible science
classes were assigned to experimental and control groups randomly. In other words, EG and
CG were each composed of two science classes. EG contained 58 students and control group
contained 67 students. EG students received instruction based on conceptual change
approach where CCTs were used; on the other hand, CG students were instructed by
instruction based on TM. Each group received instruction for three weeks and the study
lasted in five weeks. Before the study begun, the students in each class received SPST and a
pre test (SCT) which was related to solutions and solubility. After the treatment each class
received a post test (SECT) related to solubility equilibrium. Post test items were designed so
that these items reflect misconceptions students have about solubility equilibrium. The
effectiveness of instructions were then compared by investigating post test results while
controlling prior achievement and science process skills of students as a covariate in
statistical analysis of data. Moreover, students’ attitudes toward chemistry and CCTs were
also investigated. Therefore, EG students and CG students received ASTC before and after
the treatment. In addition, EG students received ASCCT after the treatment.
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The sample of students who participated in this study was all tenth grade high school
students. The age of students ranges from 16 to 18. In addition, 41% of the students were
male and 59% of the students were female. All the students were attending to Kocatepe

Mimar Kemal High School.

The teachers who participated in this study were all experienced chemistry teachers.
One of the three teachers instructed both EG student and CG students. The remaining two
chemistry teachers instructed students in remaining two classes where one of the classes was
composed of EG students and the other was composed of CG students. The teachers who
taught EG students were instructed by researcher on constructivist education, conceptual
change approach and conceptual change texts. In addition all of the teachers received

instruction on standard procedures of test administration.

6.2 Discussion of Results

Before coming to school students have many preconceptions. Some of these
preconceptions are inconsistent with scientific views and are called misconception.
Misconceptions hinder learning since students construct knowledge by the help of already
existing conceptions. If some of these already exiting conceptions are wrong then students
can not learn science meaningfully. Therefore identification of misconceptions which are
very resistant to change and difficult to extinguish, and finding ways for remediation of
misconceptions are very important. Therefore, the main purpose of this study was to
determine misconceptions students held about solubility equilibrium, investigate the
effectiveness of conceptual change texts and compare the effectiveness of conceptual change
text instruction and traditional instructional on understanding of solubility equilibrium
concept. In addition, students’ attitudes toward chemistry before and after the conceptual
change text instruction and traditional instruction, students’ attitudes towards conceptual
change texts, students’ science process skills and understanding of solubility equilibrium of
students with different chemistry achievement in both experimental and control groups were
also investigated. In this study, the researcher therefore first of all tried to find
misconceptions students have about solubility equilibrium concept by interviews conducted
and by reviewing the previous studies. In other words, some of the misconceptions were
obtained from literature review and the others were obtained from the interviews. Semi
structured interviews were conducted with chemistry teachers and prospective chemistry

teachers in order to identify students’ misconceptions. The interview results indicated that
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many students have misconceptions relevant to solubility equilibrium. Most of the
interviewers indicated that their students have difficulty in understanding the dynamic nature
of the solubility equilibrium, solving Ksp problems and understanding and interpreting
graphs related to solubility equilibrium concept. In addition, the researcher and the
participants discussed the reasons of observing these difficulties and presented the taxonomy
of misconceptions related to solubility equilibrium (see Appendix A). It is observed that like
all chemistry concepts students have several misconceptions related to solubility equilibrium.
In addition, literature review indicated that most of the high school students have
misconceptions in various chemistry concepts including solubility equilibrium. However,
there are not many studies related to solubility equilibrium concept. Therefore, the taxonomy
of misconceptions presented in this study gains importance. Students have misconceptions
related to solubility equilibrium which hinders understanding and learning solubility
equilibrium concept and chemistry in meaningful way. Therefore, students consider
chemistry as a difficult subject. Then, finding ways to enhance meaningful learning which
requires remediation of misconceptions is important. Remediation of misconceptions
requires understanding how individuals construct knowledge. Piaget’s cognitive stage theory
is a good source for understanding how cognitive development occurs from infants through
adolescents. In this theory individuals learn through assimilation, accommodation and
equilibration processes. In other words, students construct new concepts through assimilation
and accommodation of new information while they are exploring the world and store these
concepts in to correct mental categories in their minds. Therefore, prior knowledge they have
affects their further learning. These prior conceptions however can hinder construction of
new knowledge. According to information processing theories individuals construct
knowledge by forming connections between newly organized knowledge and existing
relevant knowledge. Therefore, if the prior knowledge is incompatible with the new
information meaningful learning can not occur. Therefore, teaching for understanding
requires identification of misconceptions. There are several sources that cause
misconceptions such as prior experiences, textbooks, teachers’ explanations, instruction,
terminology, social interaction and everyday language. The new knowledge is constructed
by the help of prior knowledge according to information processing theories. Therefore, if
the prior knowledge is incompatible with the new information, the construction of the
knowledge will be inappropriate. The everyday language can also lead misconceptions.
There are words that people attribute different meaning from meaning that scientists attribute
to same words. Instruction can be another source for misconceptions. For example,

inappropriately prepared analogies may cause students by mistake to over generalize
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situations where base and target domains differ. Since teachers also have misconceptions
related to several subjects and content areas they can also be a source of misconceptions.
Terminology used can also result in misconception. In other words, the meaning of
terminology may change over time and may cause students to interpret the meaning of the
terms differently. Interaction with friends, parents and others in addition to media can also
cause misconceptions. Another source is textbooks. Although textbooks are considered as
authoritative information they may also contain several mistakes which will probably result
in misconceptions. After realizing that there are various sources of misconception finding
ways for remediation of misconceptions then becomes very important. Conceptual change

approach therefore aims to help students on remediation of misconceptions they have.

Conceptual change is a process of learning science in meaningful way that requires
learner to rearrange or remediate existing misconceptions in order to accommodate new
ideas. In other words, conceptual change occurs when learner changes misconceptions with
that of scientifically accepted ones. Therefore, changing alternative conceptions require
modifying or restructuring existing schemata. The major concern of conceptual change
approach research is to find ways that can help correct the misconceptions students have.
Therefore, conceptual change texts (CCTs) are prepared in this study related to solubility
equilibrium concept in order to remediate misconception students have. CCTs were
prepared according to procedures described by Roth (1985). Misconceptions students have
were first identified. Identification of misconceptions was necessary for conceptual change
since students develop ideas about objects and events based on their experiences. Based on
these misconceptions, situations which are prepared to activate students’ misconceptions was
presented to elicit prediction about the phenomenon. In other words, knowing students’
misconceptions related to solubility equilibrium concept, several conflicting situations based
on these misconceptions were prepared. Cognitive conflict where students are provided with
evidence that contradicts with their existing concepts, is necessary in order to achieve
conceptual change. By the help of these conflicting situations students will realize that
something is wrong. Moreover, according to Posner and his colloquies (1982), in order to
achieve conceptual change students must be dissatisfied with existing conception. That is,
individuals do not accept the new conceptions easily unless they realize that their alternative
conceptions do not work anymore. Cognitive conflicts used helped students to realize that
something is wrong with their prior conceptions. Moreover, when students face with
conflicting situations they try to understand these confusing situations. They ask several

questions to themselves to resolve these conflicts in their minds. In other words, they try to
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explain and find answers to their own questions. These questions help them to monitor the
level of their understanding. For example, when the activity where the relationship between
temperature and Ksp was given to students, some of them asked themselves “What should I
do?” and they directed their energies in to finding the relationships between temperature and
Ksp. While this process, students monitored and self evaluated their comprehension which
would probably enabled them to notice errors they have made and self correct them. These
processes were considered to be metacognitive since they provided learners to check how
well they comprehend what they were learning. Then, students’ misconceptions related to
solubility equilibrium following by evidence that they are wrong are presented. It is
explained to students that many students have several misconceptions like these. In addition,
why students construct such alternative conceptions were also explained with correct
scientific explanations. Moreover, in order to achieve conceptual change the new conception
must be intelligible according to Posner and his colleagues (1982). That is, the learner must
know what it means and easily understand the conception. Therefore, CCTs are prepared so
that every student can easily understand and comprehend what is written. In addition, in
order to make content concrete and enhance remediation of misconceptions analogies,
examples and graphic organizers are used. In other words, activities that involve presenting
and developing ideas helped students to practice and strengthen the conceptual
understanding. This also satisfies the third condition that is mentioned by Posner et al.
(1982) where the new conception must appear plausible in order conceptual change to occur.
In other words, the learner must believe that it is reasonable and it is consistent with their
world view. Some daily life examples are given to show that the solubility equilibrium
concept is very important for understanding the nature. Students can then find some value for
learning the new concept which is the last condition presented by Posner et al.(1982) for
obtaining conceptual change. Therefore, it is clear that identification of misconceptions,
cognitive conflict and practice was very important in conceptual change approach. In
addition, the reading ability of some of the students may be low and the attitude of some of
the students toward reading may be negative. Therefore in treatment, CCTs are discussed
individually by each student and by groups of students in addition to reading them.
Discussions helped students to evaluate and express their ideas about the solubility
equilibrium concept. Therefore, every student had an opportunity to discuss and understand

what is written in CCTs.

Although some researchers argue that telling students how the world works in a text

is not so effective (Lloyd, 1990; Newport, 1990; Osborne, Jones & Stain, 1985), many
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researchers indicated the effectiveness of CCTs (Dole & Niederhauser, 1990; Chambers &
Andre, 1997; Guzzetti et al, 1993; Hynd et al, 1994; Cakir, Uzuntiryaki & Geban, 2002;
Tekkaya, 2003; Sungur, Tekkaya & Geban, 2001; Uzuntiryaki & Geban, 2005; Hynd,
Alvermann & Qian, 1997; Diakidoy, Kendeou & loannides, 2002). Moreover, it is founded
that CCTs are appropriate to large classroom situations which is the general truth for
majority of high schools in Turkey. Classrooms in this study at least contained 26 students
therefore can also be considered as crowded. In this study, students instructed by instruction
based on conceptual change approach where CCTs were used outperformed students
instructed with instruction based on traditional methods. In other words, the results obtained
in Chapter V showed that instruction based on conceptual change approach caused
significantly better acquisition of concepts related to solubility equilibrium compared to
traditionally designed instruction. Moreover, when the proportion of correct responses given
to each item by students in EG and CG is compared, it is obvious that conceptual change
approach was better than traditionally designed instruction in elimination and remediation of
misconceptions. The results of the study support the previous studies (Cakir, Geban &
Yiiriik, 2002; Yiirik & Geban, 2001; Alparslan, Tekkaya & Geban, 2003; Canpolat, 2002;
Niaz, 1998; Dole & Niederhauser, 1990; Chambers & Andre, 1997; Cakir, Uzuntiryaki
& Geban, 2002; Tekkaya, 2003; Sungur, Tekkaya & Geban, 2001; Uzuntiryaki & Geban,
2005; Cil, 2000; Pmarbasi, 2002; Yiiriik, 2000; Y1lmaz, 1998; Ozdemir, 1998; Unlii, 2000;
Alparslan, 2002; Bayir, 2000; Uzuntiryaki, 1998; 2003).

Instruction based on CCA was more effective in understanding of solubility
equilibrium concept and remediation of misconceptions compared to TM. In conceptual
change approach students misconceptions are identified and Posner et al’s (1982) four
conditions necessary for achieving conceptual change is considered while preparing CCTs
and these texts are used to remediate students misconceptions related to solubility
equilibrium. However, in TM there was no emphasis on students’ misconceptions.
Therefore, students who have misconceptions related to solubility equilibrium concept would
not construct appropriate knowledge since students construct new knowledge by relating it
with already existing knowledge. If proper relationships are not formed, meaningful learning
can not occur. It is also obvious that in TM there is no effort to prevent and remediate

misconceptions.

Before students receive the treatment, the researcher and a faculty ensured that

desired data can be obtained by the help of instrument prepared. In addition, the researcher
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observed the treatment and the administration of tests in order to decide whether treatment
was done as defined in the study. Therefore, while conducting the study the researcher
observed several lessons and completed the observation checklist (see Appendix I) prepared
by the researcher. In addition, sometimes an instruction evaluation checklist (see Appendix
J) was presented to teachers after their lessons. In addition, anecdotal information was also
collected from teachers after their instructions. The checklists and anecdotal information
collected were investigated while deciding whether treatment was done as defined in the
study. At least 75% of the items were expected to be marked average or above average in the
scale given in order to accept that the treatment was done as defined. The findings indicated
that 86.7% of the items were marked average or above average. Therefore, the treatment in

this study was accepted to be done as defined in the study.

It is important to control threats to internal validity since if they were not controlled
the difference observed in the dependent variable would be affected by some other factors in
addition to independent variable. Several threats presented by Fraenkel and Wallen (2001)
were considered and careful planning was done in order to control these threats to internal
validity. The procedures done and precautions taken in order to control these threats were
given and discussed in Chapter IV. On the other hand, several limitations and difficulties
were observed while trying to control these threats. For example, sample of the study was
not selected randomly from the population therefore subject characteristics that were not
controlled could correlate with dependent variable which is one of the limitations of this
study. While treatment was applied in both EGs and CGs there were absent students
(generally one or two) in both EG and CG whose post test performance would probably be
affected. In addition, although contemporary control group was used and test administrations
were observed to control extraneous variables, there could be some other extraneous
variables that were not controlled that could affect the dependent variable. Moreover,
although control group students were also provided with materials designed on TM, some of
these students could realize that EG students received something different. Therefore, their
attitudes could be affected either positively or negatively which then will affect their

performance on post test.

When post test scores are considered, students in EG outperformed students in CG
on understanding of solubility equilibrium concept. In addition, EG students did well
compared to CG students on each item (see Appendix L), except the item 5, on post test

(SECT). This difference is an evidence for the effectiveness of CCA.
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When post test (SECT) results were deeply investigated it was observed that there
were questions in which EG students and CG students performed almost equally, and there
were questions in which EG students answers were generally loaded on one incorrect
alternative. Therefore some of the EG students after the treatment might still have some of
the misconceptions. For example, 53.7 % of the CG students and 56.9 % of the EG students
gave correct answers to item 23. Similarly, 40.3 % of the CG students and 44.8 % of the EG
students correctly answered the item 27. The results indicated that half of the students have
misconceptions 7 and 12 (see Appendix A). Therefore, the treatment was not much affective
on remediation of these misconceptions since both EG and CG students gave almost equal

correct answers.

When frequencies of alternatives selected by EG students in each item were
investigated, it was observed that in some of the items majority of students who selected the
incorrect alternative were loaded in one or two alternatives. For example in question 2, 24.1
% of the students selected the alternative A and 19.0 % of the students selected the
alternative E where both of these alternatives were incorrect. Moreover, in questions 6, 7, 14,
19 and 30 similarly 32.8 %, 34.5 %, 15.5 %, 19.0 % and 20.7 % of the students were loaded
in an incorrect alternative, respectively. The results of this analysis indicated that after the
treatment some of the students in EG were still holding several misconceptions. Several
factors could cause obtaining such results. Some of the students in EG were absent when the
treatment was being applied. Therefore, these students had no chance to remediate their
misconceptions. In addition, some of the students with low reading ability could not benefit
much from CCTs although CCTs were discussed individually and in a group work. The
length of the treatment could be another factor since the study lasted in three weeks. In other
words, the proportion of time spent on treatment was limited. Moreover, attitude of students
toward CCTs and the new method could affect their participation to lessons and therefore
their performance in remediation of misconceptions. If they believe that the treatment is
meaningless and useless; then, they would probably not show any effort to remediate their
misconceptions related to solubility equilibrium. Students’ level of motivation when they
respond to tests administered, could also affect the study. Because of ethical considerations
students were told that their scores obtained on each test would not be included on their
overall science grade. Therefore, some of the students were observed to respond tests
administered not seriously. However, to minimize this effect the teachers in each group told

students to answer the questions as best as they could. Moreover, students were reminded
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that although their scores would not contribute to their science grade, their scores on tests

would be given to their teachers for the purpose of instructional planning.

Students’ prior achievement were tested by SCT before the study in order to
determine whether students in both EG and CG differ significantly with respect to
understanding of solution concept. Prior achievement of students in the two groups
according to the results did not differ significantly. In other words, before the study both

students in EG and students in CG have similar achievement in solution concept.

Students’ attitude toward chemistry as a school subject was investigated before the
study in order to determine whether students in both EG and CG differ significantly with
respect to their attitudes toward chemistry as a school subject. Results revealed that attitude
of students in EG and CG toward chemistry did not differ significantly before the study. In
other words, students in both EG and CG had similar attitudes toward chemistry before the

study.

Students’ science process skills were tested before the study in order to determine
whether students in both EG and CG differ significantly with respect to science process skill.
Science process skills of students in the two groups according to the results differ
significantly. It is also found that students’ science process skills contribute significantly to
students’ understanding of solubility equilibrium. Therefore, science process skills of
students are controlled while investigating the effectiveness of ICCA. In other words, the

results obtained from SPST were treated as a covariate in ANCOVA analysis.

Attitude of students in CG and EG before and after the treatment toward the
chemistry as a school subject were investigated in order to determine whether treatment has
an effect on students’ attitudes toward chemistry. The results indicated that before the
treatment mean attitude scores of EG and CG students were Xgg = 49.78, and Xcg = 51.93,
respectively. After the treatment the mean attitude scores of EG and CG students were
obtained as Xgg = 51.69, and Xcg = 53.42, respectively. The attitudes of students in both EG
and CG increased at same magnitude. In other words, the treatment done did not cause any
significant difference on students’ attitudes toward chemistry compared to attitudes of CG
students. This result can be obtained because of the length of the treatment. The length of the

treatment was short; therefore, attitude of EG students did not change much. In addition,
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slight increase in EG and CG students’ attitudes could probably be obtained because of their

involvement to the study.

The post test mean scores of EG and CG students were investigated. The results
revealed that there was a significant difference between the post test mean scores of students
taught by traditionally designed instruction and those taught by instruction based on
conceptual change approach with respect to understanding of solubility equilibrium concept.
In other words, students in EG outperformed students in CG on post test (SECT) which
indicates that ICCA was more effective in remediation of misconceptions and understanding

of solubility equilibrium concept.

The relation between gender difference and understanding of solubility equilibrium
concept is also investigated. It is observed that there was no significant mean difference
between male and female students in understanding of solubility equilibrium concept. In
other words, male and female students who were instructed by conceptual change approach
and traditional method do not differ significantly with respect to understanding of solubility

equilibrium concept.

The interaction between gender difference and treatment in terms of understanding

solubility equilibrium was also investigated. No significant interaction was found.

The contribution of students’ prior achievement to understanding of solubility
equilibrium concept was analyzed and significant contribution of prior achievement was
found which shows the importance of prior knowledge in further learning. In other words,
the importance of correct and appropriate construction of concepts and necessity of

remediation of misconceptions were seen.

The contribution of students’ science process skills to understanding of solubility
equilibrium concept was also analyzed. Significant contribution of science process skills to
understanding of solubility equilibrium was found. Therefore, instruction based on
developing students’ science process skills gains importance if enhancing students’

understanding of solubility equilibrium is desired.

Attitudes of students after the treatment toward chemistry were investigated. No

significant difference was observed between EG and CG students with respect to their
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attitude toward chemistry. In other words, after the treatment EG and CG students had

similar attitudes toward chemistry.

The relation between gender difference and attitude toward chemistry as a school
subject is also investigated. It is observed that there was a significant mean difference
between male and female students in their attitudes toward chemistry. In other words, male
and female students who were instructed by CCA and TM differ significantly with respect to
their attitudes toward chemistry. That is, female students had more positive attitudes toward
chemistry. In addition, the interaction between gender difference and treatment with respect
to students’ attitudes toward chemistry as a school subject was also investigated and no

significant interaction was found.

Students’ attitudes toward CCTs were determined by ASCCT. The relationship
between the student’s attitudes toward CCTs and their understanding of solubility
equilibrium concept was investigated by the help of correlation analysis. The results
indicated that there was no significant correlation between these two variables. In other
words students’ understanding of solubility equilibrium concept does not depend on their

attitudes toward CCTs.

The relationship between gender difference and students attitudes toward CCTs was
also investigated. The results revealed that female students had more positive attitudes
toward CCTs. Similar results were found in attitudes toward chemistry. That is, female

students had more positive attitudes toward chemistry and CCTs compared to male students.

The results of the tests were investigated and findings indicated that instruction
based on conceptual change approach where CCTs are used was more effective at preventing

and remediation of students misconceptions compared to traditionally designed instruction.

It is also observed that ICCA was more appropriate to high ability students and the
TM was more appropriate to low ability students (see Figure 5.2). The main reason for
obtaining such a relationship is that in TM the instructional materials are highly organized
and therefore demands less reasoning and interpretation. In other words, “the more the
required information processing that the instruction performs for the learner, the better that
instruction is for low ability learners. Conversely the more of the required information

processing which is left to the learner the better the instruction is for high ability learners”
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(Koran & Koran, 1984). However, in CCTs although they are verbal which is generally
good for high ability students, several diagrams, figures and analogies are used to replace
abstract interpretations to benefit low ability students. When the results are interpreted
carefully it is observed that although low ability students performed poor compared to high
ability students in EG when liner relationship between chemistry achievement and
understanding of solubility equilibrium is considered they outperformed students with same
ability level in CG. For example, the mean post test scores of students with chemistry
achievement of 1 in EG are 12. These students have almost equal scores with students that
have chemistry achievement scores of three in CG. In other words, students with lowest
chemistry grades in EG scored almost equally with students that have an average chemistry
achievement in CG. In addition, when the post test scores of students with lowest chemistry
grades in EG and CG were compared, the EG students post test scores were higher than the
CG students post test scores. In other words, these students outperformed CG students with
same chemistry achievement. Moreover, when the students with highest chemistry
achievement is compared, it is observed that CG students mean post test scores were poor

than the EG students with average chemistry achievement.

One of the measures of the effect size is the eta square which was found to be 0.476.
In other words, 47.6 % of the variance on dependent variable could be explained by
treatment. The effect size index “f” calculated as 0.95 which could be categorized as large
according to Cohen’s (1977) classification. The power was calculated as greater than 0.995

which is higher than the predefined power.

6.3 Implications

Students’ prior knowledge plays a key role in further learning since some of the prior
conceptions are inconsistent with scientific views. Therefore, students can not form
appropriate and correct associations between concepts so meaningful learning can not occur.
Therefore, teachers should be aware of students’ misconceptions and their harm to learning.
While developing their instruction materials and planning, they should be aware of students’

misconceptions.
Teachers often suffer from the same misconceptions students have. Therefore,

teachers should receive courses that can help them recognize and remediate their

misconceptions.

122



Teachers should also be aware of several sources that may cause misconceptions.
One of the sources of misconception is teachers themselves. Therefore, they should be
careful in planning their lessons and their instructions in order not to let students form any
misconceptions. In other words, they should not forget that anything that was not explained
enough can be a source of misconception therefore they should be very careful while their
instructions. Another one is instruction itself. That is the examples and generalizations
without explaining clearly can also lead misconceptions. For example, analogies can cause
misconception if the pointes that differentiate base domain from target domain were not

explained clearly. Therefore, teachers should be careful while they are using analogies.

Another source of misconception is terminology used by teachers and textbook
authors. The meaning of some terms can change over time therefore these terms will contain
both old and new aspects. Therefore, teachers and textbook authors should be aware of old

and new meanings of terms used so that they will use these term appropriately.

Another source of misconceptions is textbooks used since it is possible to make
errors while developing textbooks. Therefore, textbook authors should be careful and keep in
touch with related research done in their fields. In other words, textbooks should be

improved so that students’ misconceptions can be minimized.

Textbook authors should also investigate research done on CCTs and should benefit

while writing their textbooks.

It is difficult to distinguish and remediate misconceptions. Therefore, finding ways
to remediate misconceptions is very important. Many previous studies and this study
indicated that instruction based on CCA where CCTs are used, helps students in remediation

of their misconceptions. Therefore, teachers should be aware of effectiveness of CCA.

Well designed CCT instruction can lead a significantly better acquisition of scientific
concepts. Therefore, four conditions necessary for conceptual change mentioned by Posner

et al. (1982) and Roth’s (1985) procedures can be used while designing CCTs.
The results of this study presented that instruction based on traditional methods were

ineffective in remediation of students misconceptions. Teachers should be aware that

students will hold their misconceptions after traditional instruction. Therefore, teaching
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strategies that helps students learn science meaningfully should be presented to teachers by

in-service teaching.

School administrators should encourage teachers to use CCTs in their instructions.

Curriculum designs based on constructivist approach could be used.

Curriculum developers and teachers should be aware that CCTs could be used in

large sized classrooms.

Teachers should be aware of the effect of attitude toward achievement. Therefore,

they should find ways to make students have positive attitudes toward science.

Science process skills of students are predictor of students’ success therefore while

planning instruction teachers should find ways to improve students’ science process skills.

Every student does not benefit equally from a particular instruction. In other words,
some of the instruction methods are good for high ability students and some for low ability
students. Therefore, teachers should plan and design their instruction so that high and low
ability students will both benefit from instruction.

6.4 Recommendations

A similar study can be conducted in different grade levels and in different subject

arcas.

Further studies can be conducted with large samples from different schools.

Other instructional methods can be used for further studies to compare the

effectiveness of CCTs with instructional methods.

Further research should be conducted comparing instruction based on TM and

instruction based on CCA over longer time periods.

A similar study can be conducted with a sample that differs in subject characteristics.
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Different teaching strategies based on CCA can be employed to remediate students’

misconceptions.

A similar study can be conducted in different chemistry concepts.

Longitudinal study that follows students throughout their university education could

be useful in determining long term effects of CCA.

Alternative assessment strategies could be applied in order to assess students

learning.

Further research in determining unpredicted misconceptions and effective techniques

for changing these concepts could be done.

Further research could be done on students’ metacognitive awareness.

6.5 Conclusion

This study indicated that students have several misconceptions related to solubility
equilibrium and these misconceptions effects students understanding of chemistry concepts.
Therefore, it is important to find ways to remediate these misconceptions in order to satisfy
meaningful learning. The results of present study indicated that CCTs helped students in
remediation of their misconceptions since students instructed by instruction based on CCA
where CCTs were used outperformed students that were taught with instruction based on TM
on understanding of solubility equilibrium. Therefore, it can be concluded that ICCA is more
effective in remediation of misconceptions compared to TMs and helps more to achieve the

goal of meaningful learning.
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APPENDIX A

MISCONCEPTIONS (SOLUBILITY EQUILIBRIUM)

Believing that at equilibrium there is no precipitation and dissolution.

Believing that at equilibrium dissolution stops.

Believing that at equilibrium the concentrations of the ions produced is equal to the
concentration of the salt.

Believing that mass can be used instead of concentration in Ksp calculations.
Believing that coefficients in solubility equilibrium equations have no other meaning
then equating the solubility reaction.

Believing that at a given temperature Ksp can change.

Believing that ion product (Qi) can be used interchangeably with Ksp.

Believing that compounds in solid form should be included while writing Ksp
equations.

Believing that the rate of dissolving increases with time from mixing the solid with
solvent until equilibrium establishes.

Believing that amount (moles) can be used instead concentration (molarity) in Ksp
calculation.

Believing that at a given temperature the value of Ksp changes with the amount of
solid or ions added.

Believing that the value of Ksp always decreases as temperature decreases.
Believing that temperature has no affect on solubility.

Believing that at equilibrium addition of salt affects the equilibrium.

Believing that at equilibrium the concentrations of ions will remain constant
although common ion is added.

Believing that solubility of sparingly soluble salts is effected by change made in
pressure and volume.

Believing that in all situations one can compare solubility of salts at equilibrium by
just looking at Ksp values.

Believing that if system is at equilibrium no other solute that doesn’t contain

common 1on can dissolve.
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19. Believing that before the system reaches equilibrium there was no precipitation
reaction.
20. Believing that large Ksp implies very fest dissolution.

21. Believing that there is no relation between Ksp and solubility.
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APPENDIX B

COZELTILER TESTI

ADI SOYADI:

Bu test siz Ogrenci arkadaslarin Cozeltiler Konusundaki bagarinizi o6lgmeyi ve

degerlendirmeyi amacglamaktadir. 20 tane ¢oktan se¢meli sorudan olugsmaktadir. Asagidaki

her bir soru igin size en uygun se¢enegi isaretleyiniz. Basarilar.....

1. Bir katinin sudaki ¢oziiniirliigii agsagidaki etkenlerden hangisi ile degisir?

A.

m o 0w

Cozeltiyi karigtirmak.
Katiy1 toz haline getirmek.
Su miktarini arttirmak.
Sicakligini arttirmak.

Kat1 miktarini arttirmak.

2. Bir bardak saf su igerisine az miktarda yemek tuzu (NaCl) atiliyor ve karigtiriliyor.

Yemek tuzuna suda ¢oziiniince ne olur?

A.

mo 0w

Yemek tuzu erir.

Yemek tuzu su igerisindeki bosluklara yerlesir.

Yemek tuzu elementlerine ayrisir.

Su molekiilleri ile etkilesen yemek tuzu, iyonlarina ayrisir.

Yemek tuzu yeni bir maddeye doniistir.
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3. Doymus tuz ¢ozeltisine aym sicaklikta bir miktar tuz eklenirse,
I. Derisimi artar.
II. Coziinen madde miktar1 degismez.
III. Buhar basinci azalir.

yargilarindan hangileri dogrudur?
A. YalmzlI B. Yalmiz II C. Ivell D. TvelIll E. Ivelll F. LI velll

4. Asagidaki grafiklerden hangisi ¢oziiniirliigii sicaklikla azalan bir madde igin ¢izilebilir?

A. B. C.
Coziinjirliik Coziinjirlik Coziinjirlik
Steaklik Steaklik Stoaklik
D. E. F.
Coziiniirlik Coziinjirliik Coziinjirliik
Sicaklik Sicaklik Sicaklik

5. Bir litre ¢ozeltinin iginde ¢dziinmiis maddenin mol sayisina molar derisim denir. Buna
gore, 1 molar tuzlu su ¢ozeltisinden alman iki ornekten, birinin hacmi 200 mililitre
digerininki ise 2 litredir. Bu iki ¢ozelti i¢in asagidaki ifadelerden hangisi soylenebilir?

A. Mol sayilar1 ve molar derisimleri farklidir.

Mol sayilari farkli, molar derisimleri aynidir.

Mol sayilar1 ve yogunluklar1 aynidir.

Yogunliklari farkli, molar derisimleri aynidir.

m o 0w

Mol sayilar1 ve molar derisimleri aynidir.
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6. Asagidakilerden hangisi, sekerli su c¢ozeltisinin ¢ok az bir kisminin anlik bir

goriintlisiini temsil etmektedir?

‘ = Seker molekiilii O = Sumolekiilii
A. B. C.

O
%{oo O O O
o@% o.O © OOOO
O Oo‘ @
D. E. F.
OO oo _0O
O‘O‘O o O o @
O
o O O O O
OOO Oo O O O

7. Her birinde 100 mililitre su bulunan asagidaki kaplarin herbirine, belirtilen sicakliklarda

esit miktarda seker konuyor. Buna gore bu kaplarin hangisinde ¢oziinme en hizlidir?

A. B. C.
15°C’de 10°C’d o>
kiip seker kiip selfer 15°C’de

toz seker

D E. F

15°C’de 10°C’de 10°C’de
pudra sekeri pudra sekeri toz seker

8. Asagidaki madde ¢iftlerinin hangisinden ¢ozelti elde edilemez?
A. Su, Amonyak
B. Su, Zeytinyag:
C. Sirke, Tuz
D. Sirke, Limon suyu

E. Su, Alkol
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9. Asagidaki islemlerden hangisi,
CaClz(k) ﬁCaﬂ(suda) + 2C1_(suda) + 181

denklemindeki CaCl,, sudaki ¢oziiniirliigiinii arttirir?
A. Bir miktar daha su ilave etmek.

Sicaklig1 diistirmek.

Cozeltiyi karistirmak.

Bir miktar daha CaCl,, ilave etmek.

m o 0w

CaCly <y1 toz haline getirmek.

10. Asagidakilerden hangisi ¢ozelti degildir?
A. Cesme Suyu

Sodali Su

Kolanya

Tuzlu Su

Etil Alkol

m o 0w

11. 4 gram NaOH’1n 500 mililitre suda ¢odziinmesi ile olusan ¢dzeltinin molar derigimi kag
(mol/litre)’dir? ( NaOH: 40 gram)
A. 2:10" B. 0.02 C. 0.20 D. 2 E. 20

12. 0,5 molar 200 mililitre MgCl, ¢ozeltisinde kag gram MgCl, ¢6ziinmiistiir?
(Mg: 24 gram, Cl: 35.5 gram)
A. 2.37 B. 9.50 C. 1.05 D. 0.24 E. 38

13. Asagidaki 6rneklerin hangisinde KOH miktar1 en fazladir?
(K: 39 gram, O: 16 gram, H: 1 gram)
A. 100 gram kiitlece %10’ luk KOH su ¢ozeltisi.
100 mililitre, 2 molar KOH su ¢ozeltisi.
0.2 mol KOH.
12 gram KOH.
2 litre 0.1 molar KOH su ¢6zeltisi.

m o 0w
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14. Asagidakilerden hangisi seker su ¢ozeltisi icin dogrudur?

15.

16.

17.

A. Sekerli su ¢ozeltisinin agirligi, sekerin ve suyun ayr ayri agirliklar toplamindan
biiytiktiir.

B. Sekerli su ¢ozeltisinin hacmi, sekerin ve suyun ayri ayr hacimleri toplamindan
biiytiktiir.

C. Sekerli su ¢ozeltisinin agirligi, sekerin ve suyun ayri ayri agirliklar toplamindan
kiictiktiir.

D. Sekerli su ¢ozeltisinin hacmi, sekerin ve suyun ayri ayr1 hacimleri toplamindan
kiictiktiir.

E. Yukaridakilerden higbiri.

Kiitlece %20’lik 100 gram X ¢dzeltisi, kiitlece %10’luk 300 gram X cozeltisi, 100 gram
X ve 100 gram su karnistiriliyor. Karisimda kiitlece % ka¢ X bulunur?
A. 20 B. 25 C. 27 D. 30 E. 33

%10’luk 150 gram tuz ¢ozeltisine %25°lik yapmak i¢in,
I. Bir miktar su buharlagtirmak.
II. Bir miktar tuz ilave etmek.
II. Bir miktar su ilave etmek.
islemlerinden hangisi uygulanabilir?

A. Yalniz 1 B. YalmzIl C. Ivell D. Ivelll E. LT ve III

Kat1 bir maddenin ¢oziiniirliigiine,
I. Coziiciiniin tiiri
II. Karistirmak
II.  Sicaklik
IV. Basing
ozelliklerinden hangisi etki eder?

A. Tvell B. Ivelll C. I ve IV D. LlIvelll E. II IIIvelV
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18. Icerisinde yeterince kat: bulunan sulu ¢ozeltinin 1sitilmasina iliskin ¢izilen ¢dziinen

miktar-derisim grafiklerinden hangisi dogrudur? (¢6ziinme endotermiktir)

A. B. C.
Cézﬁnen Coziinen Cozilinen
miktar miktar miktar
Derisim Derisim Derisim
D. E.
Coziinen Coziinen
miktar miktar 4
Der'isim Der'isim

19. Katisi ile dengedeki doymus bir ¢ozeltiye bir miktar ar1 su yavas yavas eklenirse, ¢ozelti

hacmi ile derisim degisimini gosteren grafik asagidakilerden hangisi olabilir?

A. B. C.
Derisim Derisim Derigsim
A A A
Cozelti hacmi Cozelti hacmi Cozelti hacmi
D. E.
Derisim Derisim

A

» »
» »

Cozelti hacmi Cozelti hacmi
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20. Asagidaki islemler sonucunda,
I. Doymamis tuz ¢ozeltisine sabit sicaklikta bir miktar tuz eklemek.
II. Doymus tuz ¢ozeltisine sabit sicaklikta bir miktar tuz eklemek.
III. Doymus tuz ¢ozeltisine sabit sicaklikta toz halinde bir miktar tuz eklemek.

tuz ¢ozeltilerinin derigimleri nasil degisir?

L. Cozelti 1. Cozelti HI.Cozelti
A. Artar Degismez Artar
B. Artar Artar Degismez
C. Degismez Artar Artar
D. Degismez Degismez Artar
E. Artar Degismez Degismez
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APPENDIX C

BIiLIMSEL ISLEM BECERI TESTi

ACIKLAMA: Bu test, Ozellikle Fen ve Matematik derslerinizde ve ilerde iiniversite
sinavlarinda karginiza ¢ikabilecek karmasik gibi goriinen problemleri analiz edebilme
kabiliyetinizi ortaya cikarabilmesi agisindan ¢ok faydalidir. Bu test i¢inde, problemdeki
degiskenleri tanimlayabilme, hipotez kurma ve tanimlama, islemsel agiklamalar getirebilme,
problemin ¢6ziimii i¢in gerekli incelemelerin tasarlanmasi, grafik ¢izme ve verileri
yorumlayabilme kabiliyelerini 6lgebilen 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. Tiirkceye ¢evrisi ve uyarlamasi ise Prof. Dr. ilker Ozkan, Prof. Dr. Petek

Askar ve Prof. Dr. Omer Geban tarafindan yapilmistir.

1. Bir basketbol antrenorii, oyuncularin giigsiiz olmasindan dolay1 maglar1 kaybettklerini
diistinmektedir. Giiglerini etkileyen faktorleri arastirmaya karar verir. Antrendr, oyuncularin
gliciinii etkileyip etkilemedigini 0lgmek ic¢in asagidaki degiskenlerden hangisini
incelemelidir?

a. Her oyuncunun almis oldugu giinliik vitamin miktarini.

b. Giinliik agirlik kaldirma ¢aligmalarinin miktarini.

c. Giinliik antreman stiresini.

d. Yukaridakilerin hepsini.
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2. Arabalarin verimliligini inceleyen bir arastirma yapilmaktadir. Sinanan hipotez, benzine
katilan bir katki maddesinin arabalarin verimliligini artidigi yolundadir. Ayni tip bes arabaya
aynt miktarda benzin fakat farkli miktarlarda katki maddesi konur. Arabalar benzinleri
bitinceye kadar ayni1 yol iizerinde giderler. Daha sonra her arabanin aldig1 mesafe kaydedilir.
Bu calismada arabalarin verimliligi nasil 6l¢iiliir?

a. Arabalarin benzinleri bitinceye kadar gegen siire ile.

b. Her arabnin gittigi mesafe ile.

¢. Kullanilan benzin miktari ile.

d. Kullanilan katki maddesinin miktari ile.

3. Bir araba iireticisi daha ekonomik arabalar yapmak istemektedir. Arastirmacilar arabanin
litre basma alabilecegi mesafeyi etkileyebilecek degskenleri aragtimaktadirlar. Asagidaki
degiskenlerden hangisi arabanin litre bagina alabilecegi mesafeyi etkileyebilir?

a. Arabanin agirhig.

b. Motorun hacmi.

c¢. Arabanin rengi

d.aveb.

4. Ali Bey, evini 1sitmak i¢in komsularindan daha ¢ok para 6denmesinin sebeblerini merak
etmektedir. Isinma giderlerini etkileyen faktorleri arastirmak igin 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, isinma gideri de o kadar fazla olur.

c. Biiyiik evlerin 1sinma giderleri fazladir.

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

aragtirmaktadir. Yaptig1 deney sonucunda, 6grenci asagidaki verileri elde etmistir:

Deney odasinin sicakhdi (°C) | Bakteri kolonilerinin sayisi
5

0
10 2
15 6
25 12
50 8
70 1
Asagidaki grafiklerden hangisi bu verileri dogru olarak gostermektedir?
a. R b. R
1 12
8 10
12 8
Kolonilerin 6 Kolonilerin 6
saylsi sayisl
2 4
0 . 2| o R
0 5 10 15 25 50 70 0 10 20 30 40 50 60 70
Sicaklik(°C) Sicaklik(°C)
C 4 d. A
70 70
60 50
50 25
40 15
Sicaklik(°C)30 Sicaklik(°C)10
20 5
10 0
[ ]
0 > .
0 3 6 9 12 15 18 0 3 6 9 12 15 18
Kolonilerin savisi Kolonilerin savisi
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6. Bir polis sefi, arabalarn hizinin azaltilmasi ile ugragmaktadir. Arabalarin hizini
etkileyebilecek bazi faktorler oldugunu diisiinmektedir. Siiriiciilerin ne kadar hizli araba
kullandiklarini asagidaki hipotezlerin hangisiyle sinayabilir?

a. Daha geng siiriiciilerin daha hizli araba kullanma olasilig1 ytiksektir.

b. Kaza yapan arabalar ne kadar biiyiikse, i¢indeki insanlarin yaralanma olasilig1r o kadar
azdir.

¢. Yollarde ne kadar ¢ok polis ekibi olursa, kaza sayisi o kadar az olur.

d. Arabalar eskidikce kaza yapma olasiliklari artar.

7. Bir fen sinifinda, tekerlek ylizeyi genisliginin tekerlegin daha kolay yuvarlanmasi {izerine
etkisi arastirilmaktadir. Br oyuncak arabaya genis yiizeyli tekerlekler takilir, once bir
rampadan (egiik diizlem) asagi birakilir ve daha sonra diiz bir zemin iizerinde gitmesi
saglanir. Deney, ayni1 arabaya daha dar yiizeyli tekerlekler takilarak tekrarlanir. Hangi tip
tekerlegin daha kolay yuvarlandigi nasil 6l¢iiliir?

a. Her deneyde arabanin gittigi toplam mesafe olgiiliir.

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

c. Her iki deneyde kullanilan tekerlek tiplerinin yiizey genislkleri 6l¢iiliir.

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

8. Bir ¢iftci daha ¢ok musir iiretebilmenin yollarin1 aramaktadir. Misirlarin miktarini
etkileyen faktorleri arastirmayi tasarlar. Bu amacgla asagidaki hipotezlerden hangisini
smayabilir?

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

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

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

d. Misir iiretimi arttikca, iiretim maliyeti de artar.
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9. Bir odanin tabandan itibaren degisik yiizeylerdeki sicakliklarla ilgli bir ¢alisma yapilmig

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. Yiikseklik arttikca sicaklik azalir.

b. Yiikseklik arttikca sicaklik artar.
c. Sicaklik arttik¢a yiikseklik azalir.
d. Yiikseklik ile sicaklik artis1 arasinda bir ilski yoktur.

10. Ahmet, basketbol topunun igindeki hava arttik¢a, topun daha yiiksege sigracagini
disiinmektedir. Bu hipotezi arastirmak icin, birkag basketbol topu alir ve iglerine farkli
miktarda hava pompalar. Ahmet hipotezini nasil sinamalidir?

a. Toplar1 aym yiikseklikten fakat degisik hizlarla yere vurur.

b. i¢lerinde farli miktarlarda hava olan toplari, aym yiikseklikten yere birakir.

c. I¢lerinde ayn1 miktarlarda hava olan toplari, zeminle farkli agilardan yere vurur.

d. i¢lerinde ayn1 miktarlarda hava olan toplari, farkli yiiksekliklerden yere birakir.
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11. Bir tankerden benzin almak i¢in farkli genislikte 5 hortum kullanilmaktadir. Her hortum

icin ayni pompa kullanilir. Yapilan ¢alisma sonunda elde edilen bulgular asagidaki grafikte

gosterilmistir.
15 r N
Dakikada 12
pompalanan
benzin miktari 9
(litre)
6
[
3 0

510 15 20 25 30 35
Hortumlarin ¢api (mm)

Asagidakilerden hangisi degiskenler arasindaki iligkiyi agiklamaktadir?

a. Hortumun ¢ap1 genisledik¢e dakikada pompalanan benzin miktari da artar.
b. Dakikada pompalanan benzin miktari arttik¢a, daha fazla zaman gerekir.
¢. Hortumun ¢ap1 kiigiildiikge dakikada pompalanan benzin miktari 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 cevaplayiiz.

Aciklama: Bir aragtirmada, bagimli degisken birtakim faktérlere bagimli olarak gelisim
gosteren degiskendir. Bagimsiz degiskenler ise bagimli degiskene etki eden faktdrlerdir.
Ornegin, arasgtirmanin amacina gore kimya basaris1 bagimli bir degisken olarak almabilir ve
ona etki edebilecek faktor veya faktorler de bagimsiz degiskenler olurlar.

Ayse, giinesin karalar1 ve denizleri ayni derecede 1sitip 1sitmadigini merak
etmektedir. Bir arastirma yapmaya karar verir ve ayni biiyiikliikte iki kova alir. Bumlardan
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 bas1 sicakliklarini 6lger.
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12. Aragtirmada asagidaki hipotezlerden hangisi sinanmigtir?

a. Toprak ve su ne kadar ¢ok giines 15181 alirlarsa, o kadar 1smirlar.

b. Toprak ve su giines altinda ne kadar fazla kalirlarsa, o kadar ¢ok 1sinirlar.
¢. Giines farkli maddelari farkli derecelerde 1sitir.

d. Giiniin farkl 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 tiirti.

d. Herbir kovanin giines altinda kalma siiresi.

14. Aragtirmada bagimli degisken hangisidir?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicaklig.

c. Kovalara koyulan maddenin tiirii.

d. Herbir kovanin giines altinda kalma siiresi.

15. Arastirmada bagimsiz degisken hangisidir?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicakligi.

c¢. Kovalara koyulan maddenin tiirti.

d. Herbir kovanin giines altinda kalma siiresi.

16. Can, yedi ayr1 bahgedeki ¢imenleri bigmektedir. Cim bigme makinasiyla her hafta bir
bah¢edeki ¢imenleri biger. Cimenlerin boyu bahgelere gore farkli olup bazilarinda uzun
bazilarinda kisadir. Cimenlerin boylar ile ilgili hipotezler kurmaya nbaglar. Asagidakilerden
hangisi stnanmaya uygun bir hipotezdir?

a. Hava sicakken ¢im bigmek zordur.

b. Bahgeye atilan giirenin miktar1 6nemlidir.

¢. Daha ¢ok sulanan bahgedeki ¢imenler daha uzun olur.

d. Bahge ne kadar engebeliyse ¢cimenleri kesmekte o kadar zor olur.
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17, 18, 19 ve 20 nci sorular1 asagida verilen paragrafi okuyarak cevaplayiniz.

Murat, suyun sicakliginin, su iginde ¢ozinebilecek seker miktarint etkileyip
etkilemedigini arastirmak ister. Birbirinin ayni 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 ¢6ziinebilecegi kadar seker koyar ve karistirir.

17. Bu arastirmada sinanan hipotez hangisidir?

a. Seker ne kadar ¢ok suda karistirilirsa o kadar ¢ok ¢oziiniir.

b. Ne kadar ¢ok seker ¢Oziiniirse, su o kadar tatli olur.

c. Sicaklik ne kadar yiiksek olursa, ¢oziinen sekerin miktari o kadar fazla olur.

d. Kullanolan suyun miktar1 arttik¢a sicaklig da artar.

18. Bu aragtirmada kontrol edilebilen degisken hangisidir?
a. Her bardakta ¢ozlinen seker miktari.

b. Her bardaga konulan su miktari.

¢. Bardaklarin sayisi.

d. Suyun sicaklig1.

19. Arastimanin bagiml degiskeni hangisidir?
a. Her bardakta ¢6ziinen seker miktart.

b. Her bardaga konulan su miktari.

c. Bardaklarin sayisi.

d. Suyun sicaklig1.

20. Arastirmadaki bagimsiz degisken hangisidir?
a. Her bardakta ¢ozlinen seker miktari.

b. Her bardaga konulan su miktari.

c. Bardaklarin sayisi.

d. Suyun sicaklig1.
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21. Bir bahg¢ivan domates iiretimini artirmak istemektedir. Degisik birka¢ 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.

c¢. Farkli alnlardaki bitkilere verilen su miktarini 6lger.

d. Her alana ektigi tohum sayisina bakar.

22. Bir bahc¢ivan tarlasindaki kabaklarda yaprak bitleri goriir. Bu bitleri yok etmek
gereklidir. Kardesi “Kling” adli tozun en iyi bocek ilaci oldugunu sdyler. Tarim uzmanlari
ise “Acar” adl1 spreyin daha etkili oldugunu sdylemektedir. Bahgivan alt1 tane kabak bitkisi
seger. Ug tanesini tozla, ii¢ tanesini de spreyle ilaglar. Bir hafta sonra her bitkinin {izerinde
kalan canli bitleri sayar. Bu ¢alismada bocek ilaglarinin etkinligi nasil 6l¢iiliir?

a. Kullanilan toz ya da spreyin miktar1 6l¢iiliir.

b. Toz ya da spreyle ilaglandiktan sonra bitkilerin durumlar tespit edilir.

c. Her fidede olusan kabagin agirlig1 dlgiiliir.

d. Bitkilerin iizerinde kalan bitler sayilir.

23. Ebru, bir alevin belli bir zaman siiresi iginde meydana getirecegi 1s1 enerjisi miktarini
Ol¢mek ister. Bir kabin igine bir liter soguk su koyar ve 10 dakika siireyle 1sitir. Ebru, alevin
meydana getirdigi 1s1 enerjisini nasil diger?

a. 10 dakika sonra suyun sicakliginda meydana gelen degismeyi kayeder.

b. 10 dakika sonra suyun hacminde meydana gelen degismeyi dlger.

¢. 10 dakika sonra alevin sicakligini dlger.

d. Bir litre suyun kaynamasi i¢in ge¢cen zamani olger.
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24. Ahmet, buz parcaciklarmin erime siiresini etkileyen faktorleri merak etmektedir. Buz
parcalariin biiytkligii, odanin sicakligi ve buz parcalarmin sekli gibi faktorlerin erime
stiresini etkileyebilecegini diisiiniir. Daha sonra su hipotezi simnamaya karar verir: Buz
parcalarinin sekli erime siiresini etkiler. Ahmet bu hipotezi sinamak i¢in asagidaki deney
tasarimlarimin hangisini uygulamalidir?

a. Herbiri farkli sekil ve agirlikta bes buz parcasi alinir. Bunlar ayni sicaklikta benzer bes
kabin i¢ine ayr1 ayri konur ve erime siireleri izlenir.

b. Herbiri ayn sekilde fakat farkli agirlikta bes buz parcasi alinir. Bunlar ayni sicaklikta
benzer bes kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.

c. Herbiri aym agirlikta fakat farkli sekillerde bes buz parcasi alinir. Bunlar ayn1 sicaklikta
benzer bes kabin igine ayr1 ayr1 konur ve erime siireleri izlenir.

d. Herbiri ayn1 agirlikta fakat farkli sekillerde bes buz pargasi alinir. Bunlar farkl sicaklikta

benzer bes kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.

25. Bir aragtirmaci yeni bir giibreyi denemektedir. Calismalarini ayni biiyiikliikte bes tarlad
yapar. Her tarlaya yeni giibresinden degisik miktarlarda karistirir. Bir ay sonra, her tarlada

yetisen ¢imenin ortalama boyunu élger. Olgiim 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?

168



Gilbre

Cimenlerin miktar

ortalama

boyu

Gubre miktari ” Cimenlerin ortalama boyu >
c d.

Cimenlerin Gubre miktari

ortalama

boyu

Gubre miktari Cimenlerin ortalama boyu

26. Bir biyolog su hipotezi test etmek ister: Farelere ne kadar ¢ok vitamin verilirse o kadar
hizl1 biiytiirler. Biyolog farelerin biiylime hizini nasil 6lgebilir?

a. Farelerin hizini 6lger.

b. Farelerin, giinliik uyumadan durabildikleri siireyi dlger.

c. Hergiin fareleri tartar.

d. Hergiin farelerin yiyecegi vitaminleri tartar.

27. Ogrenciler, sekerin suda ¢oziinme siiresini etkileyebilecek  degiskenleri
disiinmektedirler. Suyun sicakligini, sekerin ve suyun miktarlarini degisken olarak saptarlar.
Ogrenciler, sekerin suda ¢dziinme siiresini asagidaki hipotezlerden hangisiyle sinayabilir?

a. Daha fazla sekeri ¢c6zmek icin daha fazla su gereklidir.

b. Su sogudukea, sekeri ¢ozebilmek i¢in daha fazl akaristirmak gerekir.

¢. Su ne kadar sicaksa, o kadar ¢ok seker ¢coziinecektir.

d. Su 1sindikga seker daha uzun siirede ¢oziiniir.
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28. Bir arasgtima grubu, degisik hacimli motorlar1 olan arabalain randimanlarini lger. Elde

edilen sonuglarin garfigi asagidaki gibidir:

30 °
Litre basina
alinan mesafe 25
(km)
20
15 ° .
10
1 2 3 4 5

Motor hacmi

o L itre)
Asagidakilerden hangisi degiskenler arasindaki iligkiyi gosterir?
a. Motor ne kadar biiylikse, bir litre benzinle gidilen mesafe de o kadar uzun olur.
b. Bir litre benzinle gidilen mesafe ne kadar az olursa, arabanin motoru o kadar kiigiik
demektir.
¢. Motor kiiciildiik¢e, 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 agagida verilen paragrafi okuyarak cevaplayiniz.

Topraga karitirilan yapraklarin  domates {iretimine etkisi arastirilmaktadir.
Arastirmada dort biiyiik saksiya ayni miktarda ve tipte toprak konulmustur. Fakat birinci
saksidaki toraga 15 kg., ikinciye 10 kg., iiciinciiye ise 5 kg. ¢lirlimiis yaprak karistirilmistir.

Dordiincii saksidaki topraga ise hig ¢lirlimiis yaprak karistirilmamustir.

Daha sonra bu saksilara domates ekilmistir. Biitiin saksilar glinese konmus ve ayn1 miktarda

sulanmistir. Her saksidan eled edilen domates tartilmis ve kaydedilmistir.
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29. Bu arastirmada sinanan hipotez hangisidir?

a. Bitkiler giinesten ne kadar ¢ok 151k alirlarsa, o kadar fazla domates verirler.
b. Saksilar ne kadar biiyiik olursa, karistirilan yaprak miktari o kadar fazla olur.
c. Saksilar ne kadar ¢ok sulanirsa, i¢lerindeki yapraklar o kadar ¢abuk ¢iiriir.

d. Topraga ne kadar ¢ok c¢iiriik yaprak karistirilirsa, o kadar fazla domates elde edilir.

30. Bu aragtirmada kontrol edilen degisken hangisidir?
a. Her saksidan elde edilen domates miktari

b. Saksilara karistirilan yaprak miktari.

c. Saksilardaki torak miktari.

d. Ciirlimiis yapak karistirilan saks1 sayisi.

31. Arastirmadaki bagimli degisken hangisidir?
a. Her saksidan elde edilen domates miktar1

b. Saksilara karigtirilan yaprak miktari.

c. Saksilardaki torak miktari.

d. Ciirlimiis yapak karistirilan saksi sayisi.

32. Arastirmadaki bagimsiz degisken hangisidir?
a. Her saksidan elde edilen domates miktari

b. Saksilara karigtirilan yaprak miktari.

c. Saksilardaki torak miktart.

d. Curiimiis yapak karistirilan saksi sayisi.

33. Bir 0grenci minatislarin kaldirma yeteneklerini arastirmaktadir. Cesitli boylarda ve
sekillerde birka¢c miknatis alir ve her miknatisin ¢ektigi demir tozlarini tartar. Bu ¢aligmada
miknatisin kaldirma yetenegi nasil tanimlanir?

a. Kullanilan miknatisin biyiikligi tle.

b. Demir tozalrini ¢eken miknatisin agirligr ile.

c¢. Kullanilan miknatisin gekli ile.

d. Cekilen demir tozlarmin agirlig ile.

171



34. Bir hedefe cesitli mesafelerden 25 er atig yapilir. Her mesafeden yapilan 25 atigtan

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. b.
Hedefe olan | uzaklik (m)
24 100
Hedefi bulan o
atig sayisit 20 50
J
15 A 25
1( 15 .
5 g
20 40 60 80 100~ 2 510 15 25 g
Hedefe olan uzaklik Hedefi bulan
(m) atis sayisi
c d.
104
Hedefi bula
Hedefe olan 80 atis sayisi
uzaklik (m)
6(
4(

5 10 15 20 25 20 40 60 80 100'

Hedefi bulan
atis sayisi
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35. Sibel, akvaryumdaki baliklarin bazen ¢ok haraketli bazen ise durgun olduklarini 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 ihtiyaglari vardir.

b. Baliklar ne kadar hareketli olursa o kadar ¢ok yeme ihtiyaclari vardir.

¢. Su da 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 electrikli alet vardir. Fazla gelen elektrik faturalari dikkatini
ceker. Kullanilan elektrik miktarm etkileyen faktorleri arastirmaya karar verir. Asagidaki
degiskenlerden hangisi kullanilan elektrik enerjisi miktarini etkileyebilir?

a. TV nin acik kaldig: siire.

b. Elektrik sayacinin yeri.

¢. Camagir makinesinin kullanma sikligi.

d.avec.
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APPENDIX D

COZUNURLUK DENGESI TESTI

ADI SOYADI:

Bu test siz 6grenci arkadaglarin Coziiniirliik Dengesi Konusundaki basarinizi 6lgmeyi ve
degerlendirmeyi amaglamaktadir. 30 tane ¢oktan se¢meli sorudan olugsmaktadir. Asagidaki

her bir soru i¢in size en uygun segenegi isaretleyiniz. Basarilar.....

1. 25°C’de doygun AgCl ¢ozeltisine bir miktar AgCl katis1 ekleniyor. Buna gore asagidaki
seceneklerden hangisi dogrudur? (K¢ =1.8 x 1079

A. Klor iyonu derisimi doygun ¢6zeltideki klor iyonu derisiminden daha biiyiik olur.

B. Klor iyonu derisiminde degisme olmaz.

C. Klor ve giimiis iyonu derisimi doygun ¢ozeltideki klor ve giimiis iyonu
derisiminden daha biiytik olur.

D. Klor ve glimiis iyonu derisimi doygun ¢ozeltideki klor ve glimiis iyonu
derisiminden daha kii¢iik olur.

E. Klor iyonu derigimi doygun ¢6zeltideki klor iyonu derisiminden daha kii¢iik olur.

2. Asagidaki sekillerden hangisi, katisi ile dengede olan AgCl’nin doygun sulu ¢6zeltisinin
¢ok az bir miktarinin anlik goriintiisiinii temsil eder? (Not: Céziicii molekiillerine
sekillerde yer verilmemistir.)

AgCl ) 2 Ag" (uda) + Cl (suda)
O = AgClbilesizi D =Ag iyonu €2 = CI'iyonu
B. C. D. E.
O @
& 9o @ @

%%'g

®o
O

© ol o 9|
% ®|| o 0 |%50
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3. 25°'C’de doymus CH;COOAg (giimiis asetat) ¢ozeltisine, ¢ozeltinin hacminde degisme
olmadig1 kabul edilerek, bir miktar AgNO; ¢6zeltisi yavas yavas ekleniyor. Buna gore

asagidaki ifadelerden hangisi dogru olur?
CH;COO0Ag () €2CH;CO0" (quaa) + AL (sudn)

Bir miktar daha kat1 glimiis asetat ¢6ziiniir.
Asetat iyon derisimi artar.
Bir miktar kati giimiis asetat ¢okelir.

[CH;COO] ve [Ag] artar.

moaw»

AgNO; eklemek denge durumunu etkilemez.
4. Asagidaki tuzlardan hangisi suda daha fazla ¢6ziiniir?

CuCOs: K, =23x 10"

BaCly: K, = 1.1x 10"

AgClL:K,=1.6x 10"

CaF;: K, =39x 10"

Bu soruyu cevaplayabilmek i¢in daha fazla bilgiye ihtiyag vardir.

mo aw»

5. Coziinme denklemi verilen Cas(PO4),’1n ¢oziniirlik carpimi (K¢) icin asagidakilerden

hangisi dogrudur?

Ca3(POg4)riy =2 3 Ca™ (suday T2 P 0,” (suda)

[Ca”] [PO,”]

A. K =

[Ca(PO,),]

B. K.=[Ca™)*[PO,”T’
+213 372

C K.~ [Ca?P[PO7]
[Ca(PO,),]

D. K,=[Ca™]’ [PO, T
E. K.=3[Ca™]2[PO,”]
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6. Belirli bir sicaklikta doymus kalsiyum fosfat (Ca;(POy),) ¢ozeltisine ayni sicaklikta bir
miktar kalsiyum nitrat (Ca(NOs),) ekleniyor. Buna gore, Ca(NO;),() eklemek Ca3(POy),

“in ¢Oziiniirliiglini nasil etkiler?

Kalsiyum fosfat’in ¢oziiniirliigiinii etkilemez.
Kalsiyum fosfat’in ¢oziiniirliigiinii azaltir.
Kalsiyum fosfat’in ¢oziiniirliigiini artirir.

Kalsiyum fosfat’in ¢oziiniirliigiinde beklenmedik degismelere sebep olur.

m o 0w

Dogru cevap verilmemistir.

7. 25°C’de katisi ile dengede olan PbSO,4’1n sulu ¢6zeltisinin hacmini buharlastirarak yariya
indirdikten sonra sicaklik ilk duruma getirilirse, Pb™> ve SO, ion derigimleri nasil

degisir?

Pb™ ve SO, ion derigimleri artar.
Pb*? ve SO, ion derisimleri azalir.

Pb** ve SO47 ion derisimleri degismez.

o 0w >

K¢ degerini bilmeden bunu sdyleyemeyiz.

8. 0.1 M Co™igeren ¢dzelti igerisine yavas yavas PbS ilave ediliyor. CoS’n ¢okmeye

baslamasi igin gerekli minimum S iyon derisimi ka¢ M olur? (CoS: K¢ =4 x 10™?")

A. [S?]=4x10"'"M
B. [S?]=4x10"M
C. [SY]=2x10"M
D. [S?]=6x10"M

9. Al(OH); suda ¢oziindiigiinde Al” ve OH iyon derisimleri ile AI(OH);’in sudaki

¢Oziiniirligii (S) arasinda nasil bir iligki vardir?

S =[AI"] +[OH]

S =[AI"] + 3[OH]
[OH]=3S, [Al"]=S
S =[Al"]=3[OH]
[S?]1=1x10"M

mo N
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10. 25°C’de doymus AgCl ¢ozeltisi i¢in asagidakilerden hangisi dogru olabilir?
(AgCl: K= 1.8x10™"%)

A. AgCl, %100 iyonlasarak ¢ozeltiye Ag (sua) Ve Cl quaa) iyonlar vermistir.

B. Cozelti elektrigi iletmez.

C. Cozeltide Ag+(suda) ya da CI s,4a) iyonlart yoktur.

D.

Cozeltide ¢oziinmemis AgCl, vardir.

11. Katisi ile dengede bulunan PbCl, ¢6zeltisine bir miktar NaCl, ekleniyor. Denge tekrar

saglandiginda iyon derisimleri ilk durumlarina gore nasil degismistir?

O 0w

PbCIQ(k) 2 Pb+2 (suda) +2 Cl_l(SUda)

Pb™ ve CI" iyonlariin derisimleri artmustir.
Pb™ ve CI" iyonlarinin derisimleri azalmistir.
Pb** iyon derisimi azalmustir ve CI"' iyon derisimi artmstir.

Pb** iyon derisimi artmustir ve CI”' iyon derisimi azalmustir.

12. Belirli bir sicaklikta BaSOj; ¢ozeltisi katist ile dengededir.

_—> 2 2
BaSO3(k) %BaJr (suda) + SO3 (suda)

Buna gore asagidaki islemlerden hangisi Ba** iyon derisimini arttirir?

o0 w e

Su ilave etmek.
BaSy ilave etmek.
BaSO; ilave etmek.

Na,SOs ilave etmek.

13. Belirli bir sicaklikta doymus AgCl ¢ozeltisine bir miktar Br 4, 1lave ediliyor.

AgCI(k) = Ag+(suda) + Cl_(suda)

Buna gore, asagidaki seceneklerden hangisi dogru olur?

A.

Daha fazla AgCl ¢oziiniir ve K.’si artar.

B. Bir miktar AgCl ¢okelir ve K, si azalir.
C.
D. Bir miktar AgCl ¢okelir ve K.’si degismez.

Daha fazla AgCl ¢6ziiniir ve K. si degismez.
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14. Belirli bir sicaklikta, doymus AgBr ¢ozeltisine bir miktar AgBry ilave ediliyor. Buna

gore, AgBr’nin ¢oziiniirliigii ve K¢’si hakkinda ne sdyleyebiliriz?

AgBr’nin Cozinurligi K¢
A. Artar Artar
B. Artar Azalir
C. Azalir Artar
D. Degismez Degismez
E. Artar Degismez

15. Coziiniirliik ile K 'nin biiyiikliigii arasindaki iliski asagidaki se¢eneklerin hangisinde

dogru olarak belirtilmistir?

A. Ikisi arasinda iliski yoktur.
B. Kkiigtildiikge ¢oziiniirliik artar.
C. K;biiyiidiik¢e ¢oziiniirliik artar.

D. Coziiniirlik her zaman K¢’ nin karekokiidiir.

16. Belirli bir sicaklikta bir ¢dzelti katis1 ile dengededir. Bu durumla ilgili asagidaki

ifadelerden hangisi her zaman dogrudur?

A. Coziinme ya da ¢okelme gozlenmez.
B. Coziinme hizi ¢okelme hizina esittir.
C. Coziinen katinin derigimi ile ¢éziiciiniin derigimi esittir.

D. Coziinen katinin kiitlesi ¢ozeltinin kiitlesinden biiyiiktiir.

17. 20°C’de doymus KNO; sulu ¢ozeltisi katisi ile dengededir. Cozelti 40°C’e kadar
1sitildiginda dipteki katisinin tamaminin ¢oziinmedigi gézlenmektedir. Yeni durumda
olusan ¢ozelti ile ilgili, (KNO;’ 1n ¢6ziiniirliigli endotermiktir)

1. Cozeltinin derisimi artar.
II. Cozelti yeni durumda da doygundur.
III. Cozeltinin dzkiitlesi artmistir.

ifadelerinden hangisi ya da hangileri dogru olur?

A. YalmzII B. YalmzIll C. Ivelll D. IIvelll E. I,IIvelll
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18. Katisi ile dengede olan her doymus ¢ozeltide ¢oziinme hizi .......

Cokelme hizinin yarisidir.
Cokelme hizina esittir.
Cokelme hizindan azdir.

Cokelme hizindan fazladir.

m o 0w >

Bire esittir.
19. Belirli bir sicaklikta AgCl ¢ozelti katisi ile dengededir.

AgCl ® ﬁAng (suda) +CI' (suda)

Ayni sicaklikta bir miktar NaCl ilave edildiginde ¢ozeltideki Ag", Cl iyon derisimleri ve
K¢ degeri nasil degisir?

[Ag] [CF] K,
A. Azalir Artar Degismez
B. Azalir Azalir Artar
C. Artar Azalir Degismez
D. Artar Artar Artar

20. 25°C’de suda az ¢oziinen CuCly, tuzu ¢ozeltisi katisi ile dengededir. Buna gore,
L. [CuCly] = [Cu']=[CI]
II. [Cu']l=[CI]
L. [CuCly] = [Cu'] +[CI]
IV. [CuClg]=[Cu']-[CI]
ifadelerinden hangileri dogrudur? (CuCl: K,=1.9x 107 )

Yalniz I1
Yalniz 111

I, 11 ve 111

I ve III
LIlvelV

L 1L, I ve IV

mmo 0@ e
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21. 30°C’de 10 litrelik bir ¢ozelti i¢erisinde en fazla 2,72 miligram CaSO,
¢oziinebilmektedir. Buna gore CaSO4’iin 30°C’deki K¢ degeri kagtir?
(Ca:40 g, S:32 g,0:16 g)

4.10"
4.10°
4101
4.10"
4.10™

m o aw»

22. 40°C’de CuCOs; sulu ¢ozeltisi katisi ile dengededir. Bu ¢6zelti 30°C’ye kadar sogutulup
bir miiddet bekleniyor. Daha sonra da ayni ¢6zelti 40°C’ye kadar 1sitilyor ve CuCOj; sulu
¢Ozeltisi yeni dengeye geliyor. Buna gore,

1. K¢ artmastir.

II. K¢ azalmustir.
II.  CuCOsy katis1 artmistir.
IV. [Cu™]=[CO;?]

ilk ve son denge ile ilgili verilenlerden hangisi dogrudur?

A. YalnmizI B. Yalniz IV C. IvelV
D. IIvelll E. L 11, III ve IV F. I,1velll

23. 25°C’de 2.10™* gram AgCl katis1 250mL suda ¢oziinerek doygun olmayan AgCl ¢ozeltisi
hazirlaniyor. Buna gore,
L [Ag]
. K¢
II. CI iyonlarmin mol sayisi.
IV. AgCl katisinin mol sayisi.
ifadelerinden hangisi hesaplanabilir? (Ag:108 g, Cl: 36 g).

A. YalnizII B. Yalmz IV C.Ivelll D.I, Il ve IV
E.llvelV F. I, 1l ve Il
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24. 25°C’de katisi ile dengede olan MgF, sulu ¢6zeltisinin ¢oztniirliik ¢arpimi

K¢=[Mg"™?] [F']* dir. Buna gore asagidakilerden hangisi ya da hangileri herzaman

dogrudur.

A. [MgF,], K¢ denkleminde yer almamaktadir ¢linkii [MgF,] = 1 kabul edilir.

B. [MgF;], K¢ denkleminde yer almamaktadir ¢iinkii
C. [MgF,], K¢ denkleminde yer almamaktadir ¢ilinkii
D

[
[
[
[

MgF,] sabit kabul edilir.
MgF,] yok kabul edilir.

. [MgF,], K¢ denkleminde yer almamaktadir ¢iinkii [MgF,] =] Mg™]=[ F"'] kabul

edilir.

25. 35°C’de katisi ile dengede olan CusS sulu ¢ozeltisi hazirlaniyor. Buna gore hiz-zaman

grafigi nasil olur?

A.
A
Hiz
Coziinme Hizi
Cokelme Hizt
>
Zaman
D.
A
Hiz

Coziinme Hizi

Cokelme Hizi

Hiz

Hiz

Coziinme Hizi

A

Cokelme Hiz1

»

»
Zaman

E.

Cozlinme Hizi

Cokelme Hizi

»

»
Zaman
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26. 25°C’de bir miktar su igerisine yeterince PbCO; ilave edilerek katisiyla dengede olan
bir ¢ozelti hazirlaniyor. Buna gore,
I. [PbCOs) ] zamanla azalir.
II. Cozelti dengeye ulasmadan 6nce PbCOs,, katisi olusumu gozlenmez.
II. Cozelti dengeye ulagtiginda Pb*? (suda) V€ CO;* (suda) 1yonlart olusumu
gbzlenmez.
IV. Sistem dengedeyken [PbCOs 1= [Pb™ (ua) 1 = [CO5™ (suan] tir.
V. Higbiri.
ifadelerinden hangisi ya da hangileri dogrudur?
A. YalmzII B. Yalmiz V C. Ivell D. 1l ve lII
E. LllvelV F. I, I ve IV

27. 25°C’de CaCly’lin sulu ¢ozeltisi katisiyla dengededir.
CaCly gy = Ca™(uaa+ 2CT (s AH<O
Bu ¢ozelti daha sonra 15°C’ye gelene kadar sogutuluyor. Buna gore
I. K azalr.
II. [CaCl,] artar.
III. Bir miktar CaCl, katis1 ¢oker.
IV. [Ca™] artar.
ifadelerinden hangileri dogrudur?
A. YalmzI B. Yalmz IV C. Ivell D. II ve III
E. TvelV F. L Ovelll

28. 25°C’de MgCO;y’tin sulu ¢ozeltisi katisiyla dengededir. Buna gore ¢oziiciiniin yarisinin
buharlastirilmasi ve basmcinin 3 katina ¢ikartilmas: MgCO5iin ¢oziiniirligiini, Mg™ ve

CO; iyonlarinin derisimini nasil degistirir?

MgCO5’iin ¢oziiniirliigii [Mg™] [COs?
A. Artar Artar Artar
B. Artar Azalir Azalir
C. Degismez Azalir Azalir
D. Degismez Degismez Degismez
E. Azalir Degismez Degismez
F. Azalir Azalir Azalir
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29. 25°C’de CuCOy’tin sulu ¢ozeltisi katistyla dengededir. Bu ¢ozeltiye ayni sicaklikta bir

miktar (Cu™® ve CO;? iyonlart ile bilesik olusturmayan) X tuzu eklenirse asagidakilerden

hangisi dogru olur?

A.

X tuzu ¢oziinmeden ¢oker.

B. CuCOj’iin ¢oziiniirliigii artar.
C.
D

. CuCOs; gozeltisinin K si degismez.

CuCOy’lin ¢oziiniirligii azalir.

30. Coziiniirlik carpimi’nin (K) biiyiikligii ile ¢oziinme hiz1 arasindaki iliski asagidaki

seceneklerin hangisinde belirtilmistir?

A.

Bir iliski yoktur.

B. Diisiik K, yiiksek ¢6ziinme hizini ifade eder.
C.
D

Yiiksek K, yiiksek ¢oziinme hizini ifade eder.

. Coziinme hiz1 daima K nin iki katidur.

183



APPENDIX E

ATTITUDE SCALE TOWARD CHEMISTRY (ASTC)

ADI SOYADI:

Bu olgekte Kimya dersine iliskin tutumu belirleyici climleler yer almaktadir. Her
climlenin karsisinda TAMAMEN KATILIYORUM, KATILIYORUM, KARARSIZIM,
KATILMIYORUM ve HIC KATILMIYORUM olmak iizere bes secenck verilmistir. Her

climleyi dikkatle okuduktan sonra kendinize uygun segenegi isaretleyiniz.

S IS
EE ¢ 3 S
SE 5§ 2 2
sz £ E E
E5E 5 § <F
XY X Y X IY
1.  Kimya ¢ok sevdigim bir alandir. O O O O O
2.  Kimya ile ilgili kitaplar1 okumaktan hoslanirim. O O O O O
3. Kimyanin giinliik hayatta ¢ok 6nemli yeri yoktur. O O O O O
4.  Kimya ile ilgili ders problemlerini ¢6zmekten O O O 0O O
hoslanirim.
5. Kimya konulari ile ilgili daha ¢ok sey 6grenmek O O O O O
isterim.
6.  Kimya dersine girerken sikint1 duyarim. O O O O O
7.  Kimya derslerine zevkle girerim. O O O O O
8. Kimya dersine ayrilan ders saatinin daha ¢ok O O O 0O O
olmasini isterim.
9.  Kimya dersine ¢aligirken canim sikilir. O O O O O
10. Kimya konularini ilgilendiren giinliik olaylar O O O O O
hakkinda daha fazla bilgi edinmek isterim.
11. Diisiince sistemimizi gelistirmede Kimya O O O O O
Ogrenimi dnemlidir.
12. Kimya ¢evremizdeki dogal olaylarin daha iyi O O O O O
anlasiimasinda 6nemlidir.
13. Dersler igerisinde Kimya dersi sevimsiz gelir. O O O O O
14. Kimya konulari ile ilgili tartismaya katilmak bana O O O O O
cazip gelmez.
15. Calisma zamaninin énemli bir kismini Kimya O O O O O

dersine ayirmak isterim.
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APPENDIX F

ATTITUDE SCALE TOWARD CONCEPTUAL CHANGE TEXTS (ASCCT)

Aciklama:

Sizlere dagitilmig olan “Kavram Degistirme Metinleri” Kimya dersi konularindan
Coziiniirlik Dengesi ile ilgili 6grencilerde sik rastlanan bazi yanilgilar hakkinda sizleri
uyarmak ve bilimsel temelli dogru kavramlari edinmenize yardimci olmak amaciyla
gelistirilmigtir.

Bu o6lgekte Kavram Degistirme Metinlerine iligkin tutumu belirleyici ciimleler yer
almaktadir. Her climlenin karsisinda TAMAMEN KATILIYORUM, KATILIYORUM,
KARARSIZIM, KATILMIYORUM ve HIC KATILMIYORUM olmak iizere bes secenek
verilmistir. Her climleyi dikkatle okuduktan sonra kendinize uygun segenegi isaretleyiniz.

[saretsiz ciimle birakmayiniz.

£ £ E E
c> S5 E 5 S
25 5 N > >
s22> E E E
Es 5 - = O =
S8 8 8 ® £%
Y ¥ X X IX
1.  Kavram Degistirme Metinlerini okumak O O O O O
eglenceliydi.
2. Kavram Degistirme Metinlerini ¢ok dikkatli O O O O O
okudum.
3. Diger konularda da, benzer Kavram Degistirme O O O O O
Metinlerinin gelistirilmesini isterim.
4.  Kavram Degistirme Metinlerini okumak O O O O O
Coziiniirliik Dengesi konusunu sevmeme yardimci
oldu.
5. Kavram Degistirme Metinleri beni korkuttu. O O O O O

6.  Kavram Degistirme Metinlerini okumak sikictydi. O O O O O

185



10.

11.
12.

13.

14.

15.

16.
17.

18.

19.

20.

21.
22.

23.

24.

25.

Kavram Degistirme Metinlerini anlamadan
okudum.

Kavram Degistirme Metinlerinden konunun
merak ettigim ydnlerini 6grendim.

Kavram Degistirme Metinlerini dikkatsizce
okudum.

Kavram Degistirme Metinlerini birkag kez
okudum.

Kavram Degistirme Metinleri gerekliydi.
Kavram Degistirme Metinlerini okumak ¢ok
zordu.

Kavram Degistirme Metinlerinde verilen
acgiklamalar1 zaten biliyordum.

Kavram Degistirme Metinlerini okuduktan sonra
Coziiniirliik Dengesi konusunu daha iyi anladim.
Kavram Degistirme Metinleri, Coziiniirliik
Dengesi konusundaki basarimi arttirdi.

Kavram Degistirme Metinlerini hi¢ okumadim.
Ders kitabinin yaninda Kavram Degistirme
Metinlerini okumak ilgimi ¢ekti.

Kavram Degistirme Metinlerini anlamakta zorluk
cektim,

Kavram Degistirme Metinlerini anlayana kadar
okudum.

Kavram Degistirme Metinlerinde verilen yanilgt
ornekleri ilgingti.

Kavram Degistirme Metinlerini kolayca okudum.
Kavram Degistirme Metinleri, Coziintirliik
Dengesi konusunu anlamamda yardimci olmadi.
Verilen Kavram Degistirme Metinlerini severek
okudum.

Kavram Degistirme Metinleri, konunun zor olan
yerlerini agiklayabiliyordu.

Kavram Degistirme Metinleri gereksizdi.
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APPENDIX G

ACTIVITY 1

Sekil 17 de katisi ile dengede olan doymus AgCl ¢6zeltisini goriiyoruz.

+ +
Ag Ag AgClay 2 A (uan + Clsudn)

Yukaridaki doymus AgCl cozeltisini gosteren
Sekil 1 ‘de AgCl katisi, CI' ve Ag" iyonlar1

olusumu hakkinda ne sdyleyebiliriz?

Biraz diisiinsek iyi olacak!!!

Sonraki sayfada yazilanlari okumadan 6nce asagida bos birakilan kisma cevabinizi

ve nedeninizi yaziniz.
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DIKKAT !!!!

Coziiniirliik dengesi bu

mudur?

Coziinme ve ¢okelme
hizlarinin esit oldugu
durumda ¢6zeltimiz
katist ile dengededir.

Dogru yoldasin, bu
nedenle metnin devamini

okumalisin

Bazi ogrenciler denge durumunda ¢6ziinmenin ve
cokelmenin durduguna ya da sona erdigine inaniyorlar ve
dolayist ile Sekil 1’e¢ bakarsak c¢ozelti katis1 ile
dengedeyken daha fazla AgCly ’sinin ¢oziinmedigini ve
yine AgCly, katisinin olusmadigini disiintiyorlar. Boyle
diisiinen 6grenciler genelde bu diisiinceye kitaplarda denge
durumu anlatilirken ¢izilen resimlerde sanki ¢ozelti
dengeye ulastiginda hersey bitiyormus gibi ya da her sey
durmus gibi gosterildigi i¢in sahip oluyorlar. Baska bir
sebebi de dengeyi bazi Ogrencilerin giinlik yasamda
gozlemledikleri esitliklere benzetmeleridir.  Ornegin
tahteravalli ya da terazi gibi. Iki taraf birbirini
dengelediginde esitlik ve de dolayis1 ile denge saglanmistir
kanaatine variyorlar. PEKI ¢ozeltiler katilar1 ile dengede
iken de ayni durum sézkonusu mudur? Yani dengedeyken
hersey durmakta midir?

Aslinda doymus ¢ozeltiler dengede iken
(doymamis ¢ozeltilerde denge durumundan bahsedemeyiz)
¢Oziinme ve ¢okelme devam etmektedir. Sekil 1°e bakarsak
denge durumunda AgCl,’sinin ¢6ziinmeye devam etmekte
ve dolayst ile Ag” ve Cl~ iyonlarinin olusumu da devam
etmektedir. Ayn1 zamanda Ag" ve Cl ~ iyonlar1 biraraya
gelerek AgCly, katist olugmaktadir. ISTE COZUNURLUK
DENGESI de bu ¢oziinme ve ¢okelme hizlarinm esit
oldugu durumda olusur. Bagka bir degisle denge
durumunda hem bir miktar kat1 ¢dziinmeye devam etmekte
hem de bir miktar kati olusmaktadir. Bu iki durumun
HIZLARI ESIT oldugunda da DENGE durumu s6z konusu
olmaktadir.

Denge durumunu soyle oOrneklendirebiliriz; eger
ASTI (Ankara Sehirlerarasi Terminal Isletmesi)’ne yolunuz
diistiiyse Ankaray girisinde yer alan yiirliyen bantlari
gormiisliniizdiir. Bu bantlarin bir tarafin1 gelen yolcular
kullanirken diger tarafim1 giden yolcular kullanmaktadir.

Gelen yolcularn yiiriiyen banttan gegis hizi ile giden
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BRAVO!!!

Artik dogru cevabi

biliyorsun!!

N7

Dikkatlice incelemelisin.

yolcularin yiirliyen banttan gegis hizi esit oldugunda denge
saglanmaktadir ¢iinkii iki tarafta da artig olmamaktadir yani
stirekli birileri gidip digerleri gelmektedir. Dolayisiyla da
denge aninda higbirgeyin durmadigi veya ¢dziinmenin ve
cokelmenin devam ettigini sdyleyebiliriz.

Sonug olarak bir ¢ozelti katisi ile dengede iken

¢Oziinme ve ¢okelme devam etmaktedir.

; DENGE
Tvon Olusumu Cozinme
A
B Devam Devam
- eder eder
v y
Cokelti Olusumu Cokelme

Hizlari o| Esittir Hizlan
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ACTIVITY 2

Asagida belirli bir sicaklikta katis1 ile dengede olan PbSO, ¢ozeltisine ait PbSOy,

derisimi, Pb*™* ve SO47 iyon derisimlerinin zamanla degisimini gosteren grafiklere yer

verilmistir.
derisim derigim derisim

A A N

P bSO4(k)
PbSO4, PbSO4u
Pb™2. SO,2 Pb", SO,”
Pb*, SO,~
zaman zahan Zamah,
Grafik 1 Grafik I1 Grafik I11

Yukarida PbSOj ¢ozeltisine ait PbSO,, derisimi, Pb**

ve SO, iyon derisimlerinin zamanla degisimini

gosteren grafiklerden hangisi dogru cizilmistir?

Acaba hangisi ?

Sonraki sayfada yazilanlar1 okumadan 6nce asagida bos birakilan kisma cevabinizi

ve nedeninizi yaziniz...
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AMAN DIKKAT

Giden yolcular

Ankara > Seyehat
edenler

IB[NOJ0A US[eD) T

ASTI’ye hos

geldiniz...

Kimi 6grenciler ¢ozelti katis1 ile dengedeyken her bir
iyonun derisiminin katt tuzun derigsimine esit oldugunu
diistinmekteler (Grafik I’i segenler). Boyle diisinen 6grenciler
genelde dengede olmanin iki seyin esit olmasini gerektiriyormus
gibi diigiinmelerinde kaynaklaniyor olabilir. Bagka bir nedeni de
katilar1 denge denklemine yazmadigimiza gore kati tuzun
derisimi iyonlarin herbirinin derisimine esit olmalidir yanilgisina
diismelerindendir. Kimi 6grenciler de dipte ¢o6ziinmeden bulunan
katinin derisimini diislinmeden sadece ¢oziiciide ¢oziinen katinin
derigsimini g6z Oniinde bulundurarak kati tuzun derisiminin
azaldig1 yanilgisina diismektedirler (Garafik II). Bu yanilgmin
temel nedeni de dipe bulunan katinin bir kisimi1 iyonlastigina gore
derigimi de azalmistir yanilgisina diismelerindendir.

ASLINDA eger bir ¢ozeltinin dibinde katis1 da varsa kati
tuzun ve iyonlarin derisiminin esit oldugunu diistinmek hatal
olur. Mesela, ASTI (Ankara Sehirleraras1 Terminal Isletmesi)
orneginden yola c¢ikalim ve c¢ozeltimizin katis1 ile dengede
oldugunu kabul edelim. Yani Ankara’ya gelen yolcularin ve
Anklara’dan giden yolcularin gelis ve gidis hizlar1 esit olsun.
Ankara’daki biitiin insanlar bizim kat1 tuzumuz (PbSOy)) olarak
diisiiniirsek bu insanlarm sadece belirli bir kismi ASTI’yi
kullanarak seyehat edecektir. Bu da suda ya da herhangi bir
¢Oziiciide ¢6ziinen tuz miktar1 olacaktir. Bu da Ankara’daki biitiin
insanlar1 diigiindiigiimiizde ¢ok az bir miktar olacaktir (PbSO,
suda ¢ok az ¢oziindligii hatirlayalim). Dolayist ile katisi ile
dengede olan bir ¢ozelti i¢in kati tuzun derisiminin, her bir
iyonun derigimine esit oldugunu diigiinmek hatali olur.

Grafik II'yi secen Ogrenciler katt tuzun bir kisminin
iyonlagmig olmasinin kati tuzun derigimini degistirecegi
yanilgisina diismekteler. ASLINDA katilarin - derisimi  dig

etkilerle degismemektedir.
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kati

Katilarin derisimi
dis etkilerle

degismez.

YASASIN!! ©

Gelin bunu bir 6rnekle anlamaya c¢alisalim. Mesela bir evde 4 kisi
kalsin ve her biri ayda 300YTL kazansmn. Bu evin ayhk kisi
bagina diigsen gelir miktar1 300 YTL olacaktir. Bu evden bir kisi
ayrilirsa kisi bagina diisen gelir miktarina ne olur? Degisir mi?
Degismeyecektir ve yine 300YTL olacaktir. Katilarin derigimi de
ayn1 sekilde bir mikatar1 iyonlagsa dahi degismeyecektir. Ciinkii
miktardaki azalma hacimdeki azalma ile orantilidir.

PbSOy) derisimi, Pb? ve SO,” iyon derisimlerinin
zamanla degisimi Grafik III’te DOGRU olarak gizilmistir.
Katinin derisimi degismemekte fakat katinin bir miktar
iyonlastig1 icin Pb™ ve SO4? iyon derisimleri artmaktadir. Bu
artis zamanla azalmakta ve dengede sabit bir deger almaktadir.
Clinkii ¢oziinme ve ¢okelme hizlar1 esitlenmekte ve bu nedenle

de iyonlarin derisimi degismemektedir.
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ACTIVITY 3

Belirli bir sicaklikta katisi ile dengede olan

MgF; cozeltisinin ¢oziiniirliikk carpimi (Kc)

ifadesi asagidakilerden hangisi gibi olur?

Simdi diisiinme zamani...

MgF,; o 22 Mg* euda) T 2F (suda)

Ma*2 | [F- Ma 2 F_z

) K, =[Mg*2] [F’]2 V) K, =['V|9+2] 2[':7]

Yazinin devamini okumadan 6nce asagida bos birakilan kisma cevabinizi ve

nedenini yaziniz...
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DIKKAT
EDINN

K¢ bagintisinda

KATILAR yer
almaz....

Baz1 0Ogrenci arkadaglar ¢oziiniirlik carpimimi  (Kg)
yazarken derisimi dig etkiler ile degismeyen katilarin da yer
aldigmi diistiniiyorlar. Nitekim aranizda 1. ve II. denklemleri
segen varsa bu kavram yanilgisina onlar da sahip olabilirler. Bu
nedenle yazimin devamimi dikkatlice okumanin faydasini
goreceklerdir. Yukaridaki yanlig diisiinceye sahip olmanin temel
nedeni kimyasal reaksiyonlarda denge bagintis1 yazilirken
Ogrencilerin genelde tirlinlerin derigimleri ¢arpimini girenlerin
derisimleri ¢arpimina bdlerek bulmay1 tercih etmelerinden
kaynaklanmaktadir. Kimyasal reaksiyonlarda da denge bagintisi
yazilirken katilar DAHIL EDILMEZ. Fakat genelde dgretmenler
ve kitaplar Orneklerini gaz tepkimelerinden olusturdugu igin
Ogrenci arkadaslarimiz sorgulamadan {iriinlerin  derigsimleri
carpimint  girenlerin derisimleri ¢arpimina bolerek denge
bagintisin1 bulmaktalar. Dolayisi ile her durum igin de aymi
sekilde denge bagintisinin yazilacagini yani katilarin da yer aldigi
denge denklemlerinde, gaz tepkimelerinde oldugu gibi iiriinlerin
derisiminin  girenlerin  derigimine  boliinmesi  ile  denge
bagmtisinin ya da ¢oziiniirliik ¢arpiminin bulunabilecegi hatasina
diisiiyorlar.

DOGRUSU nedir? K¢ bagmtisi nasil yazilir?

Sorudaki 6rnegimizi gézoniinde bulundurursak, yani

MgF> 4 Z2Mg™ sun + 2F uaw

her denge denkleminde oldugu gibi bu denklemin denge

2
+2 -
bagintis;; K = M seklinde yazilir, FAKAT saf
[MgF, ]

katilarin (6rnegimizde MgF» () ) derisimi sabit oldugundan K-
[MgF,] ¢arpimi, K ve [MgF,] degerleri sabit oldugu i¢in sabit
olacaktir. Bagka bir degisle, hem K hem de MgF, katisinin
derisimi sabit oldugundan, iki sabit saymin ¢arpimi da yine sabit
bir say1 olacaktir. Dolayisi ile yeni ifade, K+ [MgF,] = K¢ =
[Mg"][ F)* seklinde yazilir ve kitaplarda her bir kat1 i¢in yazilan
K¢ degerleri de BELIRLI bir SICAKLIKTA bdyle hesaplantr.
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Dolayist ile K« [MgF,] ¢arpimi K¢ degerine esittir ve K¢

degeri yazilirken katilar yeralmaz.

Peki, katilarin derisimi neden sabit? Biraz diisiinmekte
yarar var?

Gelin bunu bir 6rnekle anlamaya ¢aligalim....

Ornek: Elimizde 40 gr XY 4 bilesigi olsun ve suya atildiginda 20
gr XY ¢oziinmeden kalsin. Buna gore XY bilesiginin derisimi
ilk ve son durumlarda nedir?

( M,y =40gr, dyy =2)

m 4
Anahtar Ciimle XY bilesiginin hacmi (V), d = v "den 2 = VO, V=20

. m 40
Katilarm derigimi XY bilesiginin mol sayisi(n), N = IV "den n = 20 n=1mol
Xy

bir miktar1 ¢oziinse
bile degismez.

n 1
XY bilesiginin derisimi(M), M = v den M = 20 bulunur.

II. Durumda ( katinin 20 grami ¢dziinmemistir )

m 2
XY bilesiginin hacmi (V,) d = v "den 2 = VO, V,=10

m 20
XY bilesiginin mol sayisi(n;), N = ——"den N = 4—0 n,=1/2
xy

!
M = den Mz—é

XY bilesiginin  derisimi(M>), =— =10

M, = L bulunur.
20

Gordiigiiniiz gibi ilk ve son durumda da katinin derigimi

aynidir ve dolayist ile sabittir.
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ACTIVITY 4

Asagidaki sekilde katisi ile dengede olan Ag,S ¢ozeltisi goriilmektedir.

(Ag:S: K, =6.3x 107

_[rot]= 2X
T— Y= X

Ag,S

Ag,S

AgSuy T2AL (suday™™S  (suda)

Yukarida katisi ile dengede olan Ag,S ¢ozeltisi
icin, K¢ ve iyon derisimleri arasinda nasil bir

ilisi vardir?

Nerede nerede?

Sonraki sayfada yazilanlari okumadan 6nce asagida bos birakilan kisma cevabinizi

ve nedeninizi yaziniz.
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DUR ve BIRAZ

DUSUN

Baz1 0Ogrenciler K¢ ifadesinde, denge denkleminde
katsayis1 birden farkli olan maddelerin derisimlerinin (yukaridaki
ornekte Ag’ iyonunun katsayis1 mesela 2 dir) toplammin yazildig
gibi yanlis bir diislinceye sahipler. Bu diisiincenin kaynagi
denklemleri denklestiritken zaten derisimleri de ayarliyoruz
yanilgisindan kaynaklanmaktadir. Mesela yukaridaki ¢6zelti i¢in
K¢ degerinin asagidaki haliyle yazilmasi gerektigi kanisina

vartyorlar.
K;=2[Ag'1[S"]

Genelde sorulan soru neden Ag™ iyonu derisimini iki ile
carpip daha sonra karesini aliyoruz ve zaten Ag’ derisimini iki

kere toplamiyor muyuz oluyor.

Bu sorunun kaynagi genelde 6grencilerin hesaplamalarda
kullanilan sembolerin anlamini ve K¢ bagintisinin tanimini tam
olarak kavrayamamalarindan kaynaklanmaktadir. Yukaridaki

cozeltiyi diislinlirsek X Ay Ag,S’nin sudaki ¢oziiniirligiiniin

25
mol/L cinsinden ifadesidir. Denkleme dikkatlice bakarsak her bir
Ag,S icin iki tane Ag” iyonu ve bir tane S™ iyonu olusmaktadir.

Bu nedenle dengede Ag" iyonunun derisimi Ag,S’nin

derisiminin iki kati, yani 2X ngs V€ S iyonu derigimi de
2

Ag,S’nin derisimine esit, yani X Ay olur. K¢ bagintis1 yazilirken

»S
Ag’ iyonu derisiminin karesini almamizin sebebi ise K¢
bagmtisinin tanimindan gelmektedir. Dolayis1 ile yukarida katisi

ile dengede olan ¢ozelti i¢in K¢ ifadesi

K¢ = [AgT[S*] seklinde olur.

Bazi oOgrenciler de ¢ozeltide bulunan iyonlarin
derisimlerinin birbirleri ile iliskisi soruldugunda daha dogrusu bir
iyonun derisimini diger iyonun derisimi seklinde yazmalari

istendiginde, yanlis esitlikler kurmalaridir.
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DIKKAT EDIN

Mesela Grnegimizde Ag” ve S* iyon derisimleri arasindaki iliskiyi

yazalim. Asagida bos birakilan kisma cevabinizi yazimz.

Doymus Ag,S ¢ozeltisinin denge denklemine bakip
asagidaki denklemi yazmak isten bile degildir.

[S1=2[Ag']

Bu ifade ¢ozeltideki Ag" iyon derisimi S* iyon
derisiminin iki kati olarak diisiinen bazi 6grenci arkadaglar i¢in
cok mantikli goriinebilir. Fakat esitlik yanlis kurulmustur ¢iinkii
her bir S$* iyonu olusumu igin iki adet Ag” iyonu olusmaktadir.
Dolayisi ile Ag"iyonu derisimi S* iyonu derisiminin iki katidir ve

asagidaki gibi bir esitlikle ifade edilir.

[Ag'1=2[S"]
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ACTIVITY 5

Asagida Na,SOs; katisinin ¢ézlinmesi ve ¢ozeltinin katisi ile dengeye gelisi

gosterilmektedir.

3 I g 5 I
B | Foan o | 2 o @ a‘;ﬁj
! G e | b {80 g o]
E - ! E{_'. & LI : -E{_'I 1L B I
L Ut J -1__'_"_.'[_;_1_»
Nast3(k) Nast3(k) NaZSO3(k)
Sekil 1 Sekil 2 Sekil 3

Na,SO0; cozeltisi, katisi ile dengeye gelmeden

once ¢okelme olur mu?

Our mu ki?

Sonraki sayfada yazilanlari okumadan 6nce asagida bos birakilan kisma cevabinizi

ve nedeninizi yaziniz.
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A/

LUTFEN
DIKKAT
EDELIMIlI

ASTI 6rnegimiz.

Cozelti katisi ile

dengeye gelmeden
once de bir miktar
¢Okelme olacaktir.

Baz1 6grenciler ¢ozelti katisi ile dengeye gelmeden Once
¢Okelmenin olmadigi kanisindalar. Bunu boyle kabul etmelerinin
temel sebebi bir seyin baglayabilmesi igin digerinin bitmis olmasi
gerktigi seklinde diistinmeleridir. Yani, ¢Okelmenin
baglayabilmesi  i¢in  ¢Oziinmenin  bitmesi  gerektigini
diisiinmeleridir. Fakat gercekten de c¢ozelti doygunluga
ulagsmadan once ¢okelme gozlenmez mi? Aslinda tuz (Na,SOj;)
coziinmeye bagladiktan bir siire sonra c¢dzeltide iyon sayisi
artmaya baglar bu da iyonlarin birleserek kati tuz olusturma
ihtimalini arttirmaktadir. Bu nedenle dengeden Once ¢ozeltide
katt tuz olusur (Ornegimizde Na,SOs;(). Zaten c¢Oziiniirliik
dengesinin tanimi ¢dziinme hizinin ¢okelme hizina esit olmasi
degilmiydi. Tanimdan da anlasildigi lizere ¢okelme hizinin
¢Oziinme hizina esit olabilmesi i¢in dengeden 6nce de bir miktar
¢cokelmenin olmasi gerekir, degil mi?

Bunu gelin ASTI 6rnegimizle anlamaya galisalim.
ASTI’den giden yolcular iyonlasan katry1, gelen yolcular da
iyonlarin birbiri ile ¢arpigmasi sonucu olusan ¢okeltiyi temsil
etsin. Denge aninda ne demistik? ASTI’nin Ankaray girisindeki
ylriiyen bantlardan giden ve gelen yolcularin gelis ve gidis
hizlan esitti degil miydi? Denge aninda hizlar1 esitlendigine gore
denge anindan 6nce nasil olur? Denge anindan once de bir miktar
yolcu gidecek ve bir miktar yolcu da gelecektir. Fakat giden
yolcular denge anina kadar daha fazla olacak ve denge aninda da
gelen ve giden yolcularin gelis ve gidis hizlar esit olacaktir.
Dolayisi ile dengeden 6nce de bir miktar yolcu gelecektir. Bu da
ornegimize geri donersek bir miktar ¢cokelmenin olmasi gerektigi
anlamma gelmez mi? Dolayis1 ile ¢ozelti katisi ile dengeye
gelmeden once de bir miktar katt Na2SO3 olusmaktadir.

Bunu gelin bir de hiz-zaman grafigi iizerinde anlamaya

caligalim.
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Hiza
I ¢cOziinme
III denge
I ¢okelme
Zaman
Grafik 1

Ama bundan 6nce asagidaki soruyu yanitlamanizi

istiyorum.

Coziinme hi1z1 ¢ozelti katisi ile
dengeye gelene kadar artar
mi? Yoksa azahr ni?

Nasil yani ?

Cevabinizi agagida bog birakilan kisma yaziniz...

Bazi ogrenciler ¢6ziinme hizinin zamanla arttigini
diigiiniiyorlar. Bdyle diisiinmenin temel sebebi 0Ogrencilerin

giinliik hayatta karsilastiklar1 bazi ¢éziinme reaksiyonlarini yanlis

!

DIKKAT yanilgisina diismekteler. Aslinda ¢oziiniirliigii arttiran sicaklik ve

yorumlamalaridir. Mesela ¢aya seker atip karistirilirsa gok gabuk

¢Oziinme gerceklesir diye diisiiniip ¢oziiniirliigiin zamanla arttig1

EDELIM ¢oOziinenin ¢oziicii ile temas ettigi alani arttirmaktir ve bu da

genelde toz haline getirerek ya da karistirarak saglanmaktadir.
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ASTI 6rnegimiz.

Baglangigta
¢Oziinme hiz1 ¢ok
hizlidir ve
dengeye gelene
kadar azalir.

O zaman belirli bir sicaklikta ¢oziinme hizinin zamanla artip
artmadig1 hakkinda ne sdyleyebiliriz? Biliyoruz ki bir ¢oziicli
belirli bir sicaklikta belirli miktarda kati1 ¢6zebilir. Bu nedenle
¢Oziinme hiz1 zamanla azalir ¢linkii zamanla ¢6zlinen (kati tuz) ile
etkilesim halinde olan su ya da ¢oziici molekiilii sayisi
azalacaktir. Ciinkii bir kismi ¢ozeltideki iyonlarla etkilesim
halindedir.

Bunu gelin ASTI &rnegimiz ile aciklamaya calisalim.
ASTI’deki biitiin sirketler ¢oziicii molekiilleri olsun. Bu
sirketlerin tasiyabilecegi yolcu sayisi da ¢ozlinirligiin tanimi
olacaktir. Oyleyse yolcu sayist zamanla artarsa bu sirketlerin
tastyabilecegi yolcu sayis1 da azalacaktir. Yani ¢ozeltimizde iyon
sayis1 artarsa, ¢0ziinme hizimiz azalacaktir.

Sonu¢ olarak ¢oOziinme hizi zamanla AZALIR.
Baslangicta ¢oziinme hizi ¢ok hizhidir ve dengeye gelene kadar
azalir ve dengede ¢okelme hiziyla ¢oziinme hizi esitlenir.

Tekrar Gafik 1’e donersek I numarali ¢izgi ¢dziinme
hizinin zamanla nasil degistigini gosterirken, II numarali ¢izgi
¢Okelme hizinin zamanla nasil degistigini gosterir ve III numarali
cizgi de dengedeyken c¢okelme ve ¢Ozlinme hizlarin
gostermektedir. Yukarida da acikladigimiz gibi ¢oziinme hizi
zamanla azalirken ¢okelme hizi zamanla artmakta ve dengeye
ulagildiginda ¢okelme ve ¢oOziinme hizlart esit olmaktadir.
Grafikten de anlasildig {izere sistem dengeye ulasmadan 6nce de
¢Okelme devam etmektedir.

Grafik 1’e dikkatlice baktigimizda, II numarali ¢izginin

sifirdan basladigini goreceksiniz. Sizce bunun nedeni ne olabilir?
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Konunun 6zeti,
bu nedenle
dikkatlice

incelemelisin.

Sifir noktasindan baglar ¢ilinkii baglangigta ¢oziiciide

¢ozilinen iyon yoktur. Zamanla iyon sayis1 artmakta bu da

iyonlarin birbiri ile carpigma ihtimallerini arttirmaktadir. Bu

nedenle de ¢okelme hizi zamanla artmaya baslamaktadir ve

denge aninda ¢6ziinme hizina esit olmaktadir. Céziinme hizi da

tam tersi olacaktir. Yani zamanla azalacaktir ¢linkii ¢ozeltideki

iyon derigimleri zamanla artacak ve ¢oziicliniin o sicaklikta

¢Ozebilecegi ¢ozlinen miktari belirli oldugundan, ¢dziinme hizi

zamanla azalacaktir.

Coziinme Hiz1
Baslangig Cok hizli
Zamanla Azalir
Dengede Cokelme hizina
esittir
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Cok yavasg
Artar

Coziinme hizina

esittir



ACTIVITY 6

Belirli bir sicaklikta Sekil 1’de BaSO; ¢ozeltisini goriiyorsunuz. Bu doymus
¢ozeltiye ayni sicaklikta Sekil 2’deki gibi bir miktar BaSOs katis1 ekleniyor.

ﬂ’ BaSO3(k)

5 c';i-'?"" >Ba” = e < 35-1
e . S0, o Tilru S

BaSO3(k) < =y \__ ri_—ﬁ—b Ba803(k)
Sekil T Sekil T1

Sekil I’deki denge durumundan Sekil II’deki
duruma, yani doymus BaSO; ¢ozeltisine bir
miktar daha kat1 BaSO;, eklersek, yeni
durumda Ba™ ve SO, iyonlar derisimi ve K¢

nasil degisir?

>
>

-
ﬁ Kim bilebilir. ..

Sonraki sayfada yazilanlari okumadan dnce asagida bos birakilan kisma cevabinizi

ve nedeninizi yaziniz.
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DAHA
DIKKATLI
OLMALISIN

Doymus bir tuz
¢ozeltisine ayni
sicaklikta katisindan
bir miktar daha
eklemek, kat1 tuzun
¢Oziiniirligiini
degistirmeyecektir.

Bazi Ogrenciler, doymus bir ¢6zeltiye bir miktar daha
katisindan eklemenin iyon derigimlerini artirdigini diisiiniiyorlar.
Boyle diisiinmelerinin temel sebebi denge denklemini diislinerek
bir tarafa birsey eklersek denklemin diger tarafinda da bir artis
olmali ki denge saglansin diye diisiinmeleridir. Fakat bir ¢ozelti
dengedeyse ¢ozebilecegi maksimum katiy1 ¢ézmiistiir ve biz ona
daha fazla kat1 ilave etsek de bulundugu sicaklikta daha fazla kati
tuz ¢ozemez. Daha fazla kat1 ¢6ziinmedigi i¢in de iyonlarm mol
sayist degismez. Ayni zamanda hacim sabit oldugundan
derigimleri de degismez.

Gelin bunu yine ASTI 6rnegi ile agiklamaya calisalim.
ASTI’deki biitiin otobiis firmalar1 bizim ¢dziicii molekiillerimiz
olsun. Bu ¢dziicli molekiillerinin tasryabilecegi maksimum yolcu
sayist da 1000 olsun (¢dzeltide bulunan iyonlar). Eger ASTI’ye
daha fazla yolcu gelirse firmalarin tasiyabilecegi yolcu sayisi
degisir mi?

HAYIR ¢iinkii bu ancak otobiis sayisinin artmasi ile
miimkiin olur. Dolayis1 ile 2000 yolcu gelse de bunun sadece
1000 tanesi taginabilecektir. Eger bizim ¢ozeltimiz dengede ise
bu zaten elimizde 1000 yolcu oldugunu gosterir ki daha sonra
eger biz 2000 yocu daha koyarsak (sonradan eklenen BaSO; )
tagmabilecek yolcu sayist degismeyecegi icin ekledigimiz kati
miktar1 kadar madde dipte ¢oziinmeden kalacaktir. Bu nedenle
doymus BaSOj; ¢ozeltisine kati BaSO; eklemek iyon derisimini

etkilemeyecektir.

Iyon derisimi degismiyor
dedik, fakat K¢’ ne olur?

Goremedim ki..
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Belirli bir sicaklikta,
¢oOzeltiye katisindan
ilave etmek K¢

degerini degistirmez

Kimi 6grenciler belirli bir sicaklikta ¢ozeltiye katisindan
eklemenin ve ya ¢ozeltinin hacmi degismemek kosulu ile ortak
iyon eklemenin, K¢ degerini degistirdigine inantyorlar. Boyle bir
inancin temel sebebi ¢oziiciinin  DOYMUS bir ¢ozeltide
¢Ozebilecegi maksimum madde miktarint ¢dzmiis olmasini
anlamamalaridir. Bu nedenle de ¢ozeltiye katisindan eklenmesi
ile ortamdaki iyon derisiminin artacagi ve bunun da K¢ degerini
degistirecegine saniyorlar. Yine ortak iyon ekledigimizde
¢Okelme tepkimesini unutup, mevcut durumda iyon derisiminin
yine arttigim1  disliniiyorlar. Boyle diislinen 6grenciler
yaniliyorlar, ¢ilinkii bir Onceki Ornekte bahsettigimiz gibi
DOYMUS bir ¢ozelti zaten ¢dzebilecegi maksimum ¢oziineni
¢Ozmiistiir. Bu nedenle ayni sicaklikta bir miktar daha kat1 ilave
etmemiz iyon derisimlerini de dolayis1 ile degistirmeyecektir.
K¢’de DOYGUN bir ¢ozeltideki iyon derisimleri carpimi
oldugundan, o da degismeyecektir. Sonu¢ olarak, basta
sordugumuz sorumuza geri donersek; Sekil II’deki durumda (bir
miktar BaSOs ilave edildiginde ) K¢ degeri degismeyecektir.

Ortak iyon ekledigimizde PEKI neden K¢ degismiyor?
Doymus bir ¢ozeltiye ortak iyon eklersek (6rnegimizde BaSO;
¢ozeltisine SO;7 iyonlari eklersek) Le Chatelier prensibinden
faydalanarak bir tarafa bir etki yapildiginda o etkiyi azaltmak i¢in
sistem diger tarafa kayar. Bu durumda ¢6kelme tepkimesi hizlanir
ve sistem dengeye geldiginde ortak iyon eklenen iyonun derisimi
artmus fakat ortamdaki diger iyonun ([Ba™]) derisimi de ayni

oranda azaldigi i¢in K¢ ¢arpimi degismez.

o tepkime & a4
BaSO3(k) ﬁ Ba+2 (suda) +

SO5™ iyon derisimini arttirirsak ¢ozeltideki iyon sayisi artacak ve
bu nedenle iyonlarin g¢arpisarak BaSO3(k) katisin1 olusturma

ihtimalleri de artacaktir.
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Belirli bir sicaklikta,
cozeltiye ¢ozeltinin
hacmi degismemek
kosulu ile ortak iyon
eklemek K¢ degerini
degistirmez.

Dolayisi ile ¢okelme hizi ¢ozelti katisi ile dengeye gelene
kadar ¢6ziinme hizindan daha fazla olacaktir. Aymi zamanda
¢ozeltide Ba™ iyonu derisimi sadece BaSOsy, katisini
¢oziinmesinden geldigi i¢in, ¢ozelti dengeye ulastiginda SO;™
iyon derisimi Ba™ iyonu derisiminden biiyiik olacak fakat K¢
degismeyecektir. CUNKU aymi SICAKLIKTA ¢dziiciiniin
¢Ozebilecegi madde miktar1 aynidir. Baska bir degisle ¢ozeltide
SO;? iyon derisimindeki artma Ba™ iyonu derisimindeki
azalmayla dengelenmekte ve yine aymi K¢ c¢arpimi elde

edilmektedir.
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ACTIVITY 7

Sekil 1’de X,Y katisinin ¢oziiniirliik-sicaklik grafigi goriilmektedir.

Coziniirliik
(gr/100gr H,0)
A

5.107

3.107°

2:107

20 45 70 Sicaklik (°C)

Sekil 1

45°C’deki derisik X,Y ¢ozeltisini 20°C’ye sogutup
bir siire beklendikten sonra tekrar 45°C’ye
isitirsak; son durumdaki K¢ degeri, ilk durumdaki

K¢ degerine gore nasil degismistir?

Sonraki sayfada yazilanlari okumadan 6nce asagida bos birakilan kisma cevabinizi

ve nedeninizi yaziniz.
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DIKKAT!

Y

Az ¢ozilinen
tuzlarin K¢ degeri,

ayni sicaklikta
sabittir.

Dogru Cevap

Baz1 6grenciler suda az ¢dziinen tuzlarin ayni sicaklikta
farkli K¢ degerleri olduguna inanryorlar. Bu goriise sahip olanlar
genelde bu yanlis yargtya ders kitaplarinda ya da test kitaplarinda
aynt maddenin K¢ degerinin sicaklik belirtilmeden farkli
verilmesi ya da K¢ degerinin yuvarlanarak (6rnegin 1,8+107
degerini 2.10” olarak yazmak) yazilmasi sebebi ile sahip
oluyorlar.

Aslinda K¢ degeri AZ COZUNEN tuzlarda ayni
sicaklikta AYNI degere sahiptir. Ornegin 25°C’de AgBr’nin K¢
degeri 7-.10"° dir. Ciinkii belirli bir sicaklikta ¢dziiciiniin
cozebilecegi kat1 miktan belirlidir. Bu nedenle de K¢ degeri de
¢Oziinen iyonlarin derigimleri ¢arpimi oldugundan belirli bir
sicaklikta sabittir. Ayni sicaklikta K¢ farkli degerler alsaydi
yukaridaki grafik ¢izilebilir miydi? Hayir ¢izilemezdi, ¢iinkii o
zaman K¢ sabit bir say1 olmaktan ¢ikardi ve de dolayisiyla iyon
derisimleri o sicaklikta farkli degerlere sahip olurdu.

Bagta sorulan soruya geri donersek, katinin 45°C’deki
¢ozinirligi 3107 tir. 20°C’ye sogutursak ¢oziiniirliik grafikte
goriildiigii tizere azaliyor ve 2107 e diisiiyor, bu da bir miktar
katinin ¢okeldigi anlamina gelmektedir. Biz tekrar bu ¢ozeltiyi
45°C’ye 1sitirsak ve de dengeye ulagsmasi igin bir miiddet
beklersek yine ¢oziniirliigii 3+10” olacaktir. Bu nedenle de K¢
degeri ilk ve son durumlarda degismeyecek yani ayni kalacaktir.

Son olarak AZ COZUNEN tuzlarm K¢ degeri
SICAKLIK ile DEGISIR ve ayn1 sicaklikta ayn1 degere sahiptir.
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ACTIVITY 8

Sicakhk azaldik¢a K¢ her zaman DUSER

mi?

'©
—
(—_—

1

.; ’2 Diglinmeliyim. ..

Sonraki sayfada yazilanlari okumadan 6nce asagida bos birakilan kisma cevabinizi

ve nedeninizi yaziniz.
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DIKKATI!

¢Ozuntrlik

sicakli

Ekzotermik l

¢cOzuntrlik

sicaklik

Endotermik l

Baz1 6grenciler sicaklik diistiikce ¢oziiniirliikk azalir ve
dolayisi ile iyon derisimleri azalir diye diisiinerek, K¢ degerinin
her zaman azaldig1 yanilgisina diisiiyorlar. Baz1 6grencilerinin
boyle diisiinmesinin sebebi genellikle ders kitaplarinda her zaman
¢Oziiniirligii sicaklik azaligi ile azalan ya da sicaklik artisi ile
artan ¢ozeltilere yer verilmesidir. Boyle olunca da kimi 6grenciler
bdyle yanlis bir genellemeye varabiliyorlar. Aslinda, sicakligin
artmasi ile ¢oziiniirliigiin artmasi veya sicakligin diismesiyle
¢oziiniirliigiin azalmas1 SADECE ENDOTERMIK c¢éziinmeler
icin dogrudur. Coziinmenin ekzotermik oldugu ¢éziinmelerde
sicaklik arttik¢a ¢ozliniirliik azalirken sicaklik diistiikkge
¢Oziiniirlik artmaktadir. Gorildiigii tizere endotermik ve
ekzotermik ¢oziinmelerde SICAKLIK ¢oziiniirliige farkli
sekillerde etki etmektedir.

Sicaklik NEDEN ekzotermik ve
endotermik coziinmelerde farkh etki

yapar?

Nedennn?

Oncelikle ¢dziinmenin ekzotermik oldugu ¢dziinmelerde
disartya 1s1 verilmesi nedeniyle sicakligin arttigini; endotermik
oldugu ¢oziinmelerde ise digaridan 1s1 alinmasi nedeniyle ortamin
sicakliginin azaldigimi hatirlamaliyiz. Bu nedenle sicaklik
arttirilirsa sistem Le Chatelier prensibine gore bu etkiyi azaltacak

bir tepki gosterir yani sicaklig1 diigiirmek ister.
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Is1 alarak ¢oziinen
maddeler sicaklik
artisinda daha fazla
¢Ozliniirken, 1s1
vererek ¢Oziinen
maddeler sicaklik
artisinda daha az
¢Ozlinecektir.

XY + 181 @X+(suda) + Y (suday endotermik (1s1 alir)
BMy ﬁB+(suda)+ M (quday T 151 ekzotermik (1s1 verir)

Endotermik ¢oziinmelerde ortamin sicakligini arttirirsak
sistem etkiyi azaltacak bir tepki gosterir yani sicaklig1 diigiirmek
ister. Baglangicta da belirttigimiz gibi
endotermik ¢oziinmelerde disaridan 1s1 alinmasi nedeniyle
ortamin sicakligi azalir. Dolayistyla artan sicakligi diisiirmek i¢in
daha fazla ¢6ziinme gergeklesecektir.

Ekzotermik ¢6ziinmelerde yukaridaki denge denkleminde
de gordiigiiniiz iizere ortamin sicakligi ¢oziinme sirasinda
artmaktadir. Dolayisti ile sicakligr arttirirsak sistem bu etkiyi
azaltmak isteyecek ve sicaklig1 diigiirmek i¢in ¢okelmenin lehine
isleyecektir. Ciinkii ¢okelme sirasinda disaridan 1s1 alinmakta bu
da ortamin sicakligi diisiirmektedir. Kisacasi 1s1 alarak ¢6ziinen
maddeler sicaklik artiginda daha fazla ¢6ziiniirken, 1s1 vererek
¢oOziinen maddeler sicaklik artisinda daha az ¢ozlinecektir.

Asagidaki 6rnek bu konuyu daha iyi kavramamizda
yardimc1 olacaktir.

Giines enerjisi yardimi ile yol alan arabalarda giines
1sinlari arttikga daha fazla enerji elde edilmekte bu da daha fazla
yol katetmek anlamina gelmektedir. Bulutlu havalarda ise daha az
enerji elde edebildigi i¢in ¢ok uzun yol katedemez. Sizce bu
endotermik ¢oziinmelere mi yoksa ekzotemik ¢oziinmelere mi bir
ornektir?

Endotermik, ¢linkii endotermik ¢oziinmelerde sicaklik
arttik¢a ¢dziinme artmaktadir. Ornegimizde de giines 1sinlart
arttikca enerjimiz artmakta ve dolayisi ile aldigimiz yol

artmaktadir (¢Oziiniirlikk artmaktadir).

212



ACTIVITY 9

Doymamus ¢ozeltiler icin K¢ hesaplanabilir mi?

M. ...
Belki evet, belki de hayir!

Sonraki sayfada yazilanlari okumadan dnce asagida bos birakilan kisma cevabinizi

ve nedeninizi yaziniz.
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DIKKAT!!!

Doymamis
¢ozeltilerde K¢ ‘den
bahsedemeyiz.

Baz1 6grenciler doymamis ¢ozeltilerde de K¢ degerinin
hesaplanabilecegi yanilgisina diisiiyorlar. Bu yanilginin yegane
sebebi kimya kitaplarinda ¢oziiniirliikk dengesi ile ilgili sorularin
genelde problem ¢ozmeye ve islem becerilerine yonelik
olmasindan dolayidir. Ciinkii sorular genelde, belirli bir
sicakliktaki doymus c¢ozeltiler, baska bir deyisle katis1 ile
dengede olan ¢ozeltiler icin sorulmaktadir. Dolayisiyla bazi
arkadaglar bundan yanlis bir genellemeye varip K¢’nin tiim
durumlarda (doymus, doymamis) hesaplanabilecegi kanisina
varmaktadirlar.

Fakat sunu untmamaliyiz ki, K¢ BIR DENGE
SABITIDIR yani dengede olan bir ¢dzeltinin iyon derisimleri
carpimidir. Doymamig bir ¢ozeltide denge durumundan
bahsedebilir miyiz? Tabiki hayir. Cilinkii ¢dzebilecegi maksimum
¢Oziineni ¢ozmemistir, dolayisiyla da ¢oziinme ve ¢Okelme
hizlarinin  esitliginden  bahsedemeyiz. Ciinkii  doymamis
¢ozeltilerde ¢oziinme ¢okelmeden daha hizli gergeklesmektedir.

Sonug olarak eger ¢ozeltimiz doygun degilse denge durumundan

bahsedemeyiz. Bu nedenle de K¢ hesaplamasi yapamayiz.

O zaman doymamus ¢ozeltilerde biz
iyon derisimleri carpimiyla neyi

hesaphyoruz?

Neydi ya...

Iyon ¢arpmm (Q;) dedigimiz ve K¢ ile karsilastirarak
cokelmenin olup olmadigimi tayin edebildigimiz degeri

hesaplamis oluruz.
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Eger Q; = K¢ ise ¢ozelti doymustur; yani ¢okelme ve
¢Oziinme hizlar1 birbirine esittir ve ¢dzelti dengededir.

Eger Q; > K¢ ise ¢ozeltideki iyon derisimleri denge
derisiminden biiyiik oldugu i¢in Q; = K¢ olana kadar iyonlar
¢Okelti olusturur.

Eger Q; < K¢ ise ¢ozelti doymamustir. Iyon derisimleri
denge derisimlerinden kiiciik oldugu i¢in ¢okelme olmaz.
Cozeltide kat1 varsa Q; = K¢ esitligi saglanana kadar ¢oziiliir.

Sonug olarak suda az ¢dziinen bir tuzun herhangi bir anda
hesaplanan iyonlarin derisimleri c¢arpimi i¢in {i¢ durum
sozkonusu olabilir.

1. Cozelti doymustur ve katisi ile dengededir (Q; = K¢).

2. Cozelti doymamistir ve denge durumundan bahsedemeyiz (Q;
<Ko).

3. Cozeltide bir miktar tuz katis1 ile dengeye gelene kadar

cokelir (Eger Q; > Kg).
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ACTIVITY 10

Sekil 1’de katis1 ile dengede olan doymus ZnCOj; ¢ozeltisi goriilmektedir.

+2 2
ZnCO;3 ﬁZn uda) T CO3™ (suda)

S T Siirtiinmesiz
' piston
3V
2V
_______________________________ V
> ZnCO3(k)

Sekil 1

Sekil 1°de goriildiigii iizere kapta V hacminde katis
ile dengede olan ZnCO; ¢ozeltisi vardir. Bu c¢ozeltiye
3V’ye kadar su dolduruldugunda dipteki katinin bir
kisminin ¢éziinmedigi gozlemleniyor. Yeni durumda

ZnCQOs;iin ¢oziiniirliigii icin ne soyleyebiliriz?

Sonraki sayfada yazilanlari okumadan 6nce asagida bos birakilan kisma cevabinizi

ve nedeninizi yaziniz.
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LUTFEN
DIKKAT EDINN

Hacimin artmasi ve
iyon sayisinin da
artmasi, ayni
sicaklikta K¢ degeri
ayni oldugu igin,
iyon derigimini
degistirmeyecektir.
Bu nedenle de
¢Ozlniirlik
degismez.

Baz1 6grenciler suda az ¢oziinen tuzlarin ¢ozeltilerinin
dibinde, bir miktar katisindan kalmak kosulu ile hacminin
arttirilmast1  ya da azaltilmasinin o tuzun ¢oziniirligini
degistirdigini diisliniiyorlar. Boyle diisiinenler, hacmin degismesi
ile derisimin degisecegini, bunun da ¢oziiniirliigi etkileyecegini
disiinerek bdyle bir yanilgiya diismekteler. Oysa soruya
dikkatlice bakildiginda, ¢6zeltinin son durumda da dibinde bir
miktar kat1 oldugunu goriiriiz. Yani yeni durumda da (SICAKLIK
DEGISMEDIGI ICIN) K¢ aymdir. Cozeltimizin K¢ si ayni
oldugundan ¢oziiniirliik degismeyecektir. Peki ama neden?

Bir miktar daha su ekledigimizde c¢o6zeltinin hacmi
artacaktir. Fakat ayn1 zamanda o sicaklikta, ¢ozeltinin dibindeki
katinin bir kism1 daha iyonlagacaktir ve dolayisi ile iyon sayisi
artacaktir. Fakat ¢Ozlinen iyonlarin derisimi degismeyecektir
¢linkii, ¢ozlinen iyonlarin mol sayilar ile hacim artiginin orani
sabit kalacaktir. Sicaklik degismedigi igin, ¢ozeltini ¢cozebilecegi
maksimum madde miktar1 da degismeyecektir, bu da neden iyon
derisimlerinin degismedigini aciklamaktadir. Cozeltinin dibinde
son durumda da bir miktar kati olduguna gore, aym sicaklikta,
cozelti katisi ile yeniden dengeye gelecektir. Yani yeni durumda,
¢oziinme hiz1 ¢okelme hizina esit oldugunda denge tekrar
kurulacaktir.

Sonug olarak dibinde bir miktar kat1 kalmak kosulu ile
¢oOzeltiye ¢oOziici eklemek, aymi sicaklikta, kati tuzun

¢Oziiniirligiinii degistirmeyecektir.
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LUTFEN
DIKKAT EDINMI

Basing artisi,
katilarin
¢Oziiniirligiini
etkilemez.

Sekil 1’deki kabin basinci (Piston

asagiya dogru bastirilarak) arttirilirsa

ZnCQ; ‘iin ¢oziiniirliigii icin ne

soyleyebiliriz?

Kimi  Ogrenciler suda az  ¢Oziinen  tuzlarin
cOzlinlrligiiniin -~ basmmcin ~ degismesi ile degistigini
diigiiniiyorlar.Boyle diisiinmelerinin temel sebebi gazlarin
¢Oziinilirliigiinliin basinca bagli olarak degismesini hatirlayip
katilarin da ¢Oziliniirliigli basing ile degismeli gibi yanlis bir
yargiya varmalarindandir. Biliyoruz ki gazlar sikistirilma
Ozelligine sahip olduklarindan, uygulanan basingla orantili olarak
coOziiniirlikleri artmaktadir. Oysa ki katilarin ve sivilarin
sikistirilamadigint biliyoruz, degil mi? Dolayisiyla da basincin

artmasi katilarin (6rnegimizde ZnCQOs;) ¢oziiniirliiglinii etkilemez.
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ACTIVITY 11

Asagida aym sicaklikta ¢oziiniirliikk carpimlar
(Kc¢) verilen katilardan hangisi suda daha fazla

¢oziiniir?

Bir, yok yok iki, hayir Gg...

Sonraki sayfada yazilanlari okumadan 6nce asagida bos birakilan kisma cevabinizi

ve nedeninizi yaziniz.

219



DIKKATII!

XY, : K¢=3.2.10°

XY : K¢=5,2.107
X;Y : K¢=42.10"

Yandaki ifade
dogru mu?

Sadece K¢
degerlerine bakarak
tuzlarin
¢Ozlniirliiklerini
karsilagtiramayiz.

Kimi dgrenciler tuzlarin sudaki ¢éziiniirliigiinii sadece K¢
degerlerine bakarak karsilastirabileceklerini saniyorlar. Bu fikre
sahip olmalarinin temel nedeni ders kitaplarinda verilen
orneklerin genelde K¢ degerlerinin bu tiir bir kiyaslamaya uygun
veriligindendir. Peki K¢ degerleri verilen tuzlar farkli katsayilara
sahip iyonlar gseklinde ¢oziiniiyorsa yine de sudaki
cozlinlirliklerini K¢ degerlerine bakarak karsilastirabilirmiyiz?
Tabiki hayir. Oncelikle denge denklemi yazilmali ve ondan sonra
da K¢ ifadesi yazilmalidir. Daha sonra da iyon derisimleri
yardimi ile katinin ¢oziliniirliigiinii hesaplayabiliriz.

Sordugumuz sorudaki denge denklemi ve K¢ bagintilarini
yazalim.

XY =X (suda) T 2Y" (suda) Ke=[X"I[YT
S 2s K¢ =s. (25)* =45’

XY =X (suda) T Y (suda) Ke=[X"1[Y]

S § K¢ =s. s =5
X3Y 1 =X’ (suda) T Y (suda) Ke=[X'T[Y"]
3s § K¢=(3s)’.s=27s"

Bu tuzlarin ¢oziniirliklerini sadece K¢ degerlerine
bakarak siralasaydik XY >XY,> X3Y seklinde olacakti. Bu ifade
sizce dogru mudur?

Her bir denklem igin tuzlarin sudaki ¢oziniirligl (s)
olarak kabul edelim. Bu nedenle K¢ bagintilarindan yararlanarak
her bir katinin ¢oziiniirliigiinii bulabiliriz, degil mi?

I. Denklem icin 4s®=3,2.10° s=9,3.107
II. Denklem i¢in s*= 5,210 s=7,2.107
I11.Denkelem i¢in 27 s*=4,2.107 s=1,1.10~

Goriildiigii gibi siralama X;5Y> XY, >XY seklini ald1 ve
yukaridaki suralamadan farkli oldugunu gérmekteyiz. Bu nedenle
sadece K¢ degerlerine bakarak tuzlarin ¢oziiniirliklerini

kargilagtiramayiz.
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ACTIVITY 12

Sekil 1’de doymus AgCl ¢dzeltisine bir miktar, Ag” ve CI” iyonlar ile bilesik

olusturmayan, X tuzu ekleniyor.

X tuzu <« %

| AgCI(k)

Sekil 1

Doymus AgCl ¢ozeltisine bir miktar X tuzu

eklersek AgCI’nin ¢oziiniirliigii nasil degisir?

Sonraki sayfada yazilanlar1 okumadan 6nce asagida bos birakilan kisma cevabinizi

ve nedeninizi yaziniz.
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LUTFEN
DIKKAT
EDINIzZII

Kg ile ¢oziinme

hiz1 arasinda
dogrudan bir

iligki yoktur.

Kimi 6grenciler doygun bir ¢ozeltide baska bir kat1 tuzun
(cozeltideki iyonlar ile bilesik olusturmayan) ¢oziinmesi ile
¢Oziiniirliigiin degismeyecegini diisiiniiyorlar. Bu diisiincenin
temel nedeni ¢ozeltide bulunan iyonlar ile ilave edilen tuzdan
gelen iyonlarin bilesik olugturmamasi sebebi ile ¢oziiniirliiglin
degismeyecegini sanmalaridir. FAKAT gercekten de ¢oziiniirliik
degismemekte midir?

ASLINDA, yabanci1 iyonlar (6rnegimizde X tuzunun
¢oziinmesi ile olusan iyonlar) ¢dzeltinin iyon siddetini
yiikselterek (iyon sayisinin, ilave edilen tuzdan gelen iyonlar
nedeni ile artigini hatirlayalim) ¢6ziiniirliigli az olan madde
iyonlarinin o ¢oziiciideki ¢ozlinlirligiinii arttirmaktadir. Bunun da
temel sebebi ¢ozeltideki iyonlarin (eklenen yeni iyonlar
nedeniyle) elektrostatik gekme ve itme etkisinin artmasidir.

Dolayisi ile 6rnegimizde AgCl’nin ¢oziiniirliigii eklenen
X tuzu ile nasil degisecektir? Artar mi yoksa azalir mi1? Yukarida

belirtigimiz nedenden dolay1 AgCl’nin ¢oziiniirliigii artacaktir.

Bir katinin ¢éziinmesi ile olusan
cozeltiler icin K¢ degeri fazla olan daha

hizh ¢6ziiniir diyebilir miyiz? Neden?

Gok heyecanl.

Kimi 6grenciler K¢ degerinin biiyiikliigl arttikca katilarin
sivilar igerisinde daha hizli ¢oziindiigiinii diisliniiyorlar. Boyle
diisiinenler bu genellemeye daha ¢ok ¢oziindiigiine gore daha
hizli ¢6zlinmeli yaklasimi ile varmaktalar. Fakat K¢ sadece
¢Oziinmenin miktari ile ilgilidir daha dogrusu bir katinin bir
¢oziiciide nekadar ¢oziindiigiini belirtir. Oysaki ¢6ziinme hizi
sicakliga ve katinin ¢oziicli ile temas ettigi temas yiizeyine
baglidir. Bu nedenle K¢ ile ¢6ziinme hiz1 arasinda dogrudan bir

iligki yoktur.
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APPENDIX H

SAMPLE LESSON PLAN

Conceptual change texts were given to each student in experimental group before
each lesson. In other words, every student before the lesson received related conceptual
change texts. They were supposed to read these texts at home before they went through these
texts in the lessons. Moreover, students were reminded not to forget bringing these texts to
each lesson. When the lessons started the teacher asked several questions where conflicting
conditions were presented, related to topic of interest in order to activate students’
preconceptions and their ideas. Moreover, it was aimed students to realize that there is
something wrong with knowledge they already have. In other words, conflicting situations
were presented to make students realize that alternative conceptions they have do not work
anymore. This is in agreement with Posner et al’s (1982) first condition for conceptual
change. They indicated that in order to achieve conceptual change first of all there must be

dissatisfaction with existing conception since students do not easily accept new conceptions.

Teacher told students to read conceptual change texts individually. The teacher
waited until all the students finished reading and asked whether everybody understood what
is written in conceptual change texts. Then, groups were formed where each group was
containing 4 or 5 students. While forming groups students with same chemistry achievement
were placed in different groups. In other words, each group was containing students with
different chemistry achievement in order to prevent forming groups that are consisted of
students with all high ability or low ability. The groups were heterogeneous in chemistry
achievement. Therefore every group had an opportunity to realize different explanations to
the situations given. Each group went on conceptual change texts and discussed the
conflicting situation written in these texts. While the discussion the teacher encouraged each
student to participate discussions in group they belong in order to prevent domination of
discussions by one or few students. Therefore students in each group had an opportunity to

express their ideas and had a chance to realize the thoughts of their friends. In other words,
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each student in the group explained their ideas and thoughts related to conflicting situation.
Than, students would realize that every student has different explanations to same concept.
In addition, some of the students with low reading ability could not benefit much from
conceptual change texts. Therefore, within group discussions would help these students to
understand and comprehend what was written in conceptual change texts. After the
discussions each group was supposed to give a common answer to the teacher. This is in
agreement with Posner et al’s (1982) second condition for conceptual change. They have
indicated that a new conception must be intelligible. In other words, students should know
what the new conception means. Therefore, within group discussions could help students to

understand what the concept means and could explain it with their own words.

Each group explained their answers therefore; students in each group had an
opportunity to see the thoughts of other students. They have realized that there are several
explanations to the same situation. Then the teacher explained that some of these
explanations are inconsistent with scientific view. In addition, the teacher explained why
several students have misconceptions related to the subject of interest. The teacher presented
the scientific explanation of the concept. In addition, in order to make content more concrete
and easy to understand, the teacher used analogies. However, the analogies were presented
with care, that is, the difference between base and target domains in analogy was clarified. In
addition several examples were given by students and the teacher related to the concept. In
order to strengthen the scientific explanation the teacher presented several daily life
examples. These are in agreement with Posner et al’s (1982) third and fourth conditions for
conceptual change. They indicated that in order to achieve conceptual change the new
conception must appear initially plausible and should suggest the possibility of a fruitful
research program. Since the concept is explained as clearly as possible students could find it
plausible and the daily life examples could help students to realize that what is taught is
fruitful.

After that teacher told students to summarize what they have learned in the lesson in
order to see whether there is any point left unclear and realize whether students still hold
misconceptions. At the end of the lesson students were told to find daily life examples and

explain the relationship of these examples to the topic of interest.
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APPENDIX |

OBSERVATION CHECKLIST

GROUP P
DATE L

INSTRUCTOR :

This checklist is designed with the aim of guiding evaluator while evaluating the

treatment. The scale given can be used while evaluating items.
Scale: Excellent (5), Above Average (4), Average (3), Below Average (2), Poor (1)

N

S

©

10.
11.
12.
13.

14.
15.

The teacher asked questions to reflect misconceptions that
students hold about the solubility equilibrium.

Students discussed questions presented individually.
Students formed groups to discuss questions by using their
prior knowledge about solubility equilibrium.

The teacher did not interfere with students.

The teacher asked appropriate questions that caused
cognitive conflict.

Each group’s discussion results are listened, that is each
group presented their explanations of conflicting situation.
The teacher helped students to realize that some of the
conceptions they hold are not with agreement with that of
scientific explanation.

Students read CCTs individually.

The teacher asked whether students have alternative
explanations presented in CCTs.

The teacher adequately discussed why students’
misconceptions are wrong.

The teacher explained the scientific explanations of the
conflicting situation appropriately.

The teacher explained analogies presented in CCTs
effectively.

The teacher and students gave proper daily life examples.
The teacher behaved as a facilitator.

The teacher obeyed the lesson plan appropriately.
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APPENDIX J

KONTROL LiSTESI
SINIF L eeeeeeeerreeecneenraeenenasnraesnsensans
TARIH D eeereeeneeeereeeneeetaeeneneeesneenrans
KONU D eteeeeeeeeeeneneeneeesneerneseeneensnnes
Aciklama:

Bu 6l¢ekteki sorular Kimya dersinin islenisini degerlendirmek amaciyla hazirlanmstir.
Bu nedenle sorular1 dersin iglenisini g6z 6niinde bulundurarak degerlendiriniz. Her ciimlenin
karsisinda “Cok lyi, lyi, Orta, Zayif ve Cok Zayif” olmak iizere bes segenek verilmistir. Her
climleyi dikkatle okuduktan sonra kendinize uygun segenegi isaretleyiniz. Tesekkiirler......

=
. >
= o N
2 . £ %%
o= O N O
1. Ogrencilerin ¢dziiniirliik dengesi konusunda sahip olduklar OO 0O0O0O0
kavram yanilgilarin1 yansitan ve kavramsal celiskiye yol acan
sorular soruldu.
2. Ogrenciler sorulan sorular1 kendi baslarina incelemelerine izin
verildi. 00000
3. Ogrencilerin 6nceki bilgileri ile ¢ziiniirliik dengesi konusunda
sorulan sorular1 tartigtiklar1 gruplar olusturuldu. OCO0O00O0
4.  Herbir 6grencinin grup i¢i tartismalara katilimi saglandi. ONONONONO)
5. Anlasilmayan noktalar gerektiginde agikliga kavusturuldu. OO OO0
6.  Ogrencilerin grup igi tartismalar1 sirasinda, 6gretmen O O 0O0OO0O0
tartismalara miidahale etmedi.
7. Herbir grubun tartigma sonuglari1 dinlendi ve 6grencileringrup O O O O O
olarak kavramsal ¢eliskiye neden olan soru hakkindaki
aciklamalar1 dinlendi.
8. Ogrencilere, sahip olduklar1 baz1 kavramlarin agiklamalarinin OO OO0
bilim adamlarinin kabul ettigi agiklamalarla ters diistiigli
aciklandi.
9. Her bir 6grenci kavramsal degisim metinlerini okumaya firsat O O O O O
buldu.
10. Ogrencilerin kavramsal degisim metinlerinde yazan yanilgitlara O O O O O
sahip olup olmadiklar arastirildi.
11. Neden bazi kavramlarin yanlis 6grenildigi agiklandi. OO OO0
12. Belirtilen kavram yanilgilarinin bilimsel agiklamasi yapildi. OO OO0
13. Bilimsel agiklamalar1 daha somut ve anlasilir kilmak i¢in OONONONO)
benzetmelere yer verildi.
14. Verilen benzetmelerin, konu ile farklilik gosterdigi noktalar OO OO0
agiklandi.
15.  Ogrencilerin benzetmeleri anlayip anlamadiklari sorgulandi. ONOHONONO)
16. Ogrenciler ve 6gretmen konu ile ilgili uygun érnekler verdi. OO OO0
17. Konu, verilen ders planina uygun anlatildi. OO OO0
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APPENDIX K

Table K.1 Misconceptions Reflected by Post Test Items

Questions

Misconceptions

2,3,10, 11, 16, 18,
26

2,11,13,18, 25

9, 10, 16, 20, 24, 26

8, 16, 21

5921

13, 19, 22

23

5,21,24

25

8,21

Believing that at equilibrium there is no precipitation and

dissolution.

Believing that at equilibrium dissolution stops.

Believing that at equilibrium the concentrations of the ions

produced is equal to the concentration of the salt.

Believing that mass can be used instead of concentration in Ksp

calculations.

Believing that coefficients in solubility equilibrium equations have

no other meaning then equating the solubility reaction.

Believing that at a given temperature Ksp can change.

Believing that ion product (Qi) can be used interchangeably with

Ksp.

Believing that compounds in solid form should be included while

writing Ksp equations.

Believing that the rate of dissolving increases with time from

mixing the solid with solvent until equilibrium establishes.

Believing that amount (moles) can be used instead concentration

(molarity) in Ksp calculation.
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Table K.1 (continued)

13, 14, 19, 26 Believing that at a given temperature the value of Ksp changes

with the amount of solid or ions added.

27 Believing that the value of Ksp always decreases as temperature
decreases.

17,22, 27 Believing that temperature has no affect on solubility.

1,14,19 Believing that at equilibrium addition of salt affects the
equilibrium.

3,6,11,12, 14,19 Believing that at equilibrium the concentrations of ions will

remain constant although common ion is added.

7,28 Believing that solubility of sparingly soluble salts is effected by

change made in pressure and volume.

4 Believing that in all situations one can compare solubility of salts

at equilibrium by just looking at Ksp values.

13, 29 Believing that if system is at equilibrium no other solute that

doesn’t contain common ion can dissolve.

1,18, 25, 26 Believing that before the system reaches equilibrium there was no

precipitation reaction.

30 Believing that large Ksp implies very fest dissolution.

14,15 Believing that there is no relation between Ksp and solubility.
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APPENDIX L

Table L.1 Proportion of Correct Responses on Each Item

Percent Correct (%)

Question Control Group Experimental Group
1 31.3 44.8
2 19.4 48.3
3 14.9 72.4
4 31.3 46.6
5 89.6 86.2
6 10.4 48.3
7 6.0 345
8 59.7 60.3
9 46.3 55.2
10 19.4 345
11 41.8 67.2
12 11.9 36.2
13 224 32.8
14 35.8 70.7
15 76.1 91.4
16 13.4 75.9
17 47.8 60.3
18 53.7 81.0
19 14.9 51.7

20 31.3 67.2
21 49.3 53.4
22 44.8 56.9
23 53.7 56.9
24 19.4 86.2
25 19.4 81.0
26 9.0 31.0
27 40.3 44.8
28 34.3 41.4
29 34.3 55.2
30 224 69.0
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