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ABSTRACT

CONCEPTUAL CHANGE TEXT ORIENTED INSTRUCTION TO
FACILITATE CONCEPTUAL CHANGE IN RATE OF REACTION
CONCEPTS

BALCI, Ceyda
M.S., Department of Secondary Science and Mathematics Education

Supervisor : Yrd.Do¢.Dr.Yezdan BOZ

October 2006, 128 pages

The aim of this study is to investigate the effectiveness of conceptual change text
oriented instruction accompanied with analogies over traditionally designed
chemistry instruction on overcoming 10" grade students’ misconceptions, their
understanding of rate of reaction concepts and their attitude towards chemistry as a

school subject.

42 tenth grade students from two classes of a chemistry course taught by the same
teacher at a public high school in Canakkale involved in the study. The study was
carried out in Spring Semester of 2005-2006 Education Year.

Two groups of students participated in the study. One group was called
Experimental Group and instructed with conceptual change texts oriented instruction
accompanied with analogies and the other group was called Control Group and was
instructed with traditionally designed chemistry instruction over a period of four

weeks.

v



To investigate the effectiveness of the treatment, Rate of Reaction Concepts Test and
Attitude Scale Towards Chemistry as a school subject were administered to both
groups of students at the beginning and at the end of the treatment period. To
evaluate students’ science process skills, Science Process Skills Test was

administered to both groups of students before the treatment.

MANCOVA was used to test the hypothesis of the study. The results of the study
indicated that students instructed with conceptual change texts oriented instruction
accompanied with analogies gained higher average scores in Rate of Reaction
Concepts Test than the students instructed with traditionally designed chemistry

instruction.

Results and strategies that were developed for the present study may be used by
science teachers to reduce and eliminate students’ misconceptions about rate of

reaction concepts.

KEYWORDS: Conceptual Change Texts Oriented Instruction Accompanied with
Analogies, Traditionally Designed Chemistry Instruction, Misconception, Attitude

Towards Chemistry as a school subject, Science Process Skills.



0z

REAKSIYON HIZI KONUSUNDA KAVRAMSAL DEGIiSiMi
KOLAYLASTIRMAK iCIN KAVRAMSAL DEGIiSiM METINLERINE
DAYALI OGRETIM

BALCI, Ceyda
Yiiksek Lisans, Orta Ogretim Fen ve Matematik Alanlar1 Egitimi Boliimii

Tez Yoneticisi : Yrd.Dog. Dr. Yezdan BOZ

Ekim 2006, 128 sayfa

Bu calismanin amacit  benzetmelerle desteklenmis kavramsal degisim metinlerine
dayali 6gretimin lise 2. simif 6grencilerinin reaksiyon hizi konusunu anlamalarina,
kavram yanilgilarin1 azaltmalarima ve kimya dersine olan tutumlarina etkisini

incelemektir.

Calismada ayn1 kimya 6gretmeninin egitim verdigi 42 lise ikinci simif 6grencisi yer
almistir. Calisma Canakkale’de bir genel lisede 2005-2006 Egitim-Ogretim yili

ilkbahar doneminde gerceklestirilmistir.

Calisma icin 6grenciler iki gruba ayrilmistir. Deney grubunda reaksiyon hizi konusu

islenirken benzetmelerle desteklenmis kavramsal degisim metinleri kullanilmustir.
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Kontrol grubunda ise ayni konu islenirken geleneksel kimya 6gretim metodu
kullanilmistir. Ogrencilerin reaksiyon hizi konusunda basarilarini belirlemek icin
reaksiyon hizi basari testi, kimya dersine karsi tutumlarini belirlemek i¢in kimya
dersi tutum OSlgegi, bilimsel islem becerilerini 6l¢mek igin ise bilimsel islem beceri

testi uygulanmustir.

Calismanin hipotezlerini test etmek i¢in Cok Yonlii Varyans Analizi istatiksel analiz
yontemi kullanilmigtir.Analiz sonuglar1 benzetmelerle desteklenmis kavramsal
degisim metinlerini kullanan 06grencilerin reaksiyon hizi konusundaki basarilarinin
geleneksel kimya Ogretim metodunu kullanan Ggrencilere gore daha yiiksek

oldugunu gostermistir.

Bu c¢alisma i¢in gelistirilen yontemler ve elde edilen sonuglar dgretmenlerce tepkime

hiz1 konusundaki kavram yanilgilarini1 azaltmada ve gidermede kullanilabilir.

ANAHTAR SOZCUKLER: Benzetmelerle Desteklenmis Kavramsal Degisim
Metinleri, Geleneksel Kimya Ogretim Metodu, Kavram Yanilgisi, Kimya Dersi

Tutum Olgegi, Bilimsel islem Becerisi
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CHAPTER 1

INTRODUCTION

In the 1950’s, behaviorism was influential in describing how people learn.
According to behaviorism, learning is seen as a passive process. Behaviorists stated
that learning could happen by giving certain stimuli in order to produce the desired
response. In addition, behaviorists did not consider the learner’s prior ideas and
assumed the learners as empty vessels to be filled in with information. Therefore, the
only role of the teacher is to give the necessary explanations with giving a certain
stimuli according to this learning theory. However, at the time of early 1960’s, Jean
Piaget, genetic epistemologist, was interested in understanding how knowledge is
constructed and put forward that learners were actively involved in the learning
process and constructed knowledge through the interaction with their environment.
In addition, he explained the importance of prior ideas of learners in the learning

process (Schunk, 2000).

Afterwards, the cognitive psychologist Ausubel (1968) made the distinction
between rote and meaningful learning and he stated that meaningful learning was
related to previous knowledge and the new knowledge should be related to the
existing knowledge for the meaningful learning to occur. On the other hand, the new
knowledge exists as a piece of information in the rote learning. Since it is not linked
to any of the pre-existing knowledge, it is like memorization and forgotten after a
while. Ausubel (1968) stated: “If I had to reduce all educational psychology to just
one principle, I would say this: The most important factor influencing learning is
what the learner already knows. Ascertain this and teach him accordingly.” This

statement also indicates the importance of prior knowledge in the learning process.
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Many research studies had been conducted in order to understand how
knowledge was constructed in the learner’s mind after the second half of the 1980’s.
The view that students do not come to science classes as blank slates, rather with

some conceptions, was accepted.

When students’ conceptions do not match with the scientifically correct
knowledge, these are called as misconceptions (Novak, 1988). Different terms such
as alternative frameworks (Driver & Easley, 1978), alternative conceptions (Gilbert
& Swift, 1985), and children’s science (Gilbert & Osborne, 1985) are also used to
represent misconceptions in several research studies. In this study, the term,

misconception will be used.

There are different sources of misconceptions. One of them is the everyday
experience (Driver, 1985). Another source of the misconception is the everyday
language (Garnett, Garnett & Treagust, 1990; Nakhleh, 1992). In addition,
instruction and textbooks were found to cause misconceptions (Osborne &
Cosgrove, 1983; Cho, Kahle & Nordland, 1985; Blosser, 1987; Bar & Travis,
1991). Nieswantd (2000) stated that misconception limits students’ understanding
in science. Another feature of misconceptions is that they are often strongly
resistant to traditional teaching method (Driver & Easley, 1978; Nussbaum &
Novick, 1982; Novak, 1988).

Many research studies indicated that many students had many misconceptions
in chemistry concepts; such as, equilibrium (Bonarjee,1991; Demircioglu
et.al.,2000), phase changes (Bar &Travis, 1991; Celebi, 2004), chemical reactions
(Barker & Millar ,1999), gases (Benson et.al.,1993; Azizoglu, 2004), stoichiometry
(BouJaoude & Barakat,2000), atoms and molecules (Grifffiths & Preston, 1992),
acids and bases (Ross & Munby,1991; Nakhleh & Krajcik, 1993; Nakhleh, 1994),
and covalent bonding (Peterson et. al.,1986). In the context of rate of reaction

concepts, though there are very

few research studies conducted, they revealed that students had misconceptions in
this topic as well (Mortimer,1989; Chuephangam, 2000; Wheeler & Kass, 1978;
Bonarjee, 1991).



Since students’ misconceptions limit their understanding in science, it is
important to identify students’ misconceptions about certain science topics and
prepare a teaching scheme by taking these misconceptions into account (Griffiths &
Grant, 1985; O-Saki & Samiroden, 1990; BouJaoude, 1992). How teachers should
teach in order to prevent students’ misconceptions and promote their learning is a
difficult question to answer. However, it is certain that traditional view of teaching
will not be appropriate to deal with these misconceptions since it does not consider

students’ prior ideas.

Constructivism is a theory of learning that considers the view that students
come to science classes with some prior conceptions and these affect students’
learning. According to constructivism, pupils actively construct knowledge as they
interact with the environment and other people. This process is continuous. In
addition, pupils’ prior knowledge is influential in this construction. Another feature
of the constructivist view of learning is that pupils are responsible for their learning
(Driver & Bell, 1986). For this reason, the role of the teacher is to guide students

and create suitable environment where students would construct knowledge.

Based on the constructivism principles, a conceptual change model was
developed by Posner, Strike, Hewson and Gertzog (1982). Like constructivism,
according to the conceptual change model, learning involves the interaction of the
new ideas with the existing ideas (Strike & Posner, 1982). Hewson (1992) defined

conceptual change as both conceptual extension and conceptual exchange.

The conceptual change model suggests four conditions to be satisfied for

conceptual change (Posner, Strike, Hewson & Gertzog, 1982).These are;
1) There must be dissatisfaction with the existing conceptions.
2) A new conception must be intelligible.
3) A new conception must appear initially plausible.
4) A new concept should suggest the possibility of fruitful research program.

For the conceptual change to occur, these four conditions need to be

reflected in teachers’ teaching strategies. Several methods, such as, demonstration,



cooperative learning strategies, hands-on activities, concept maps, analogies and
refutational texts are used for conceptual change to occur. Conceptual change text
is one of these methods in order to provide conceptual change. It identifies and
analyses misconceptions, refutes these misconceptions that students have in their
mind, illustrates inconsistencies between the misconception sand scientific
knowledge (Kim & Van Dunsen,1998), and changes students’ misconceptions with
scientifically accepted ones (Chambers & Andre, 1997). Misconceptions are
contrasted with the scientifically accepted conceptions by providing examples and
explanations. In conceptual change texts students are asked explicitly to make
prediction about a given situation and then the misconceptions and explanations
about the given situation are presented. By this way, the four steps of the
conceptual change model are provided by the conceptual change texts. Several
research studies indicated that conceptual change texts promoted students’
understanding of scientific concepts and were influential in remedying their
misconceptions (Chambers and Andre, 1997; Mirjamaija, 2001; Sungur, et al,

2001; Uzuntiryaki & Geban, 2005).

Many chemistry concepts are difficult to learn due to their abstract nature.
However, analogies help students visualize the abstract concepts and make them
more understandable (Lawson, 1993). In addition, analogies help the link between
the unfamiliar concepts with the pre-existing conceptual structure; thereby support
the rapid learning of new information (Thiele & Treagust, 1991). When analogies
used with the appropriate teaching strategy, students’ understanding of scientific
concepts can be enhanced as well as students’ misconceptions could be reduced

(Duit, 1991;

Harrison & Treagust, 1994; Lin, Shiau, & Lawrenz, 1996; Harrison & Treagust,
2000). Therefore, the use of analogies in the conceptual change texts would hinder
students’ misconceptions in the rate of reaction concepts by linking the new

concept taught with students’ existing knowledge.

Research studies found that students’ attitudes were related to their learning

and appropriate teaching strategies can enhance students’ attitudes. For example,



providing supportive environment, constructivist approach to learning, group work
where students have the chance to discuss were among the teaching strategies that
could enhance students’ attitudes (Mulholland & Wallace, 1995; Weinburgh, 1995;
Bandele et al, 1998). In this study, the effect of conceptual change text oriented

instruction on students’ attitudes towards science will also be evaluated.

Based on this literature, the purpose of this study is to compare the effect of
conceptual change text oriented instruction accompanied with analogies over
traditionally designed chemistry instruction on students’ understanding of rate of
reaction concepts and their attitudes towards chemistry. Conceptual change texts are

used to activate students’ misconceptions related to rate of reaction.

1.1 Significance of This Study

There are many research studies concerning students’ misconceptions in
science education. And there are different conceptual change methodologies to
remove these misconceptions are mentioned in these researches; such as, conceptual
change texts, concept maps, conceptual assignments, and analogies. In this study,
conceptual change texts are allowed during the instruction, as these texts include
some common student misconceptions and correct scientific knowledge about these
misconceptions. Chambers and Andre (1997) stated that most of the conceptual
change approaches were most commonly suitable for small classrooms whereas use

of conceptual change texts can promote conceptual change even for a crowded class.

Students have some misconceptions in rate of reaction concepts and there is
little knowledge about these concepts in the literature. Thus, this study will provide
information about students’ misconceptions in rate of reaction concepts, and their

removal by conceptual change texts oriented instruction accompanied with analogies.

The results of this study will provide information to science teachers,
especially to chemistry teachers and curriculum developers, as the results may be
seen as an example study for the effectiveness of the conceptual change texts
oriented instruction on students’ achievement and understanding of rate of reaction
concepts in chemistry education. In addition, this study would help chemistry

5



teachers be aware of misconceptions students have about the rate of reaction

concepts and how conceptual change texts can be used in chemistry classes.



CHAPTER 2

REVIEW OF RELATED LITERATURE

It is important that we should be aware of reasons for teaching science since
it affects the way in which science is taught (DeBoer, 1991). Why teach science?
What is the purpose of science education? Some of the main purposes of science
teaching are to help students acquire scientific knowledge, develop their curiosity
about the world, enhance their scientific literacy, develop their problem-solving
and decision making skills and stimulate mental discipline (DeBoer, 1991; Millar
& Osborne, 1998). The second crucial question is “How can we teach science
effectively?” in order to fulfill these purposes of science education. For the

answer of this question, we should have an idea about how students learn.

Learning is an active process in which students play an active role and
construct their knowledge based on previous knowledge, ideas or experiences.
During the learning process, students create their own personal meanings and the
conceptual schemes are based on prior knowledge and experiences (Schunk,

2000).

Ausubel, Novak, and Hanesian (1978) stressed the importance of
meaningful learning and distinguished rote and meaningful learning. Rote
learning is like memorization and is not necessarily accompanied by any

understanding of the terms.

The new learned information remains as discrete piece of information without
linked to any previous knowledge in the mind. Therefore, students are unable to
apply information that is learned by rote. On the other hand, meaningful learning
is the learning that is related to previous knowledge, and it is understood well

enough to be manipulated, paraphrased, and applied to novel stuations (Ausubel,



1968). The famous statement of Ausubel (1968), which is “the most important
single factor influencing learning is what the learner already knows.” indicates

the importance of students’ previous knowledge.

The constructivist theory also considers the importance of students’ pre-
conceptions, which are deeply rooted in their cognitive structure on learning. In
addition, constructivism is based on the principle that the student must be an
active participant in the learning process, and employ meaningful learning

strategies.

2.1 MISCONCEPTIONS

Many students are not able to develop an appropriate understanding of
fundamental concepts despite instruction. One of the reasons is that students
construct some ideas about scientific concepts through their experiences with the
environment, the people they talk to or the media before instruction (Driver, 1985).
In most cases, these prior conceptions are different from the scientifically accepted
views and influence students’ learning. Nakhleh (1992) defined the term
"misconception" as "any concept that differs from the commonly-accepted scientific

understanding of the term".

There are five major types of misconceptions as preconceived notions, non-
scientific beliefs, conceptual misunderstandings, vernacular misconceptions and
factual misconceptions. Preconceived notions are popular conceptions rooted in
everyday experiences. For example, the thought that water in underground must flow
in streams may come from our daily expectations since people see the water flowing

in streams in everyday life.

Nonscientific beliefs include views learned by students from sources other
than scientific education, such as religious or mythical teachings. Conceptual
misunderstandings arise when scientific information is taught in a way that does not
challenge students’ prior knowledge and result in conflicting situations. As an
example for this type of misconception, students may know the definition of matter
but does not accept air as matter. Another example is that although students are

8



taught water cycle, they may not believe evaporated water exists in air, rather than
they think that evaporated water moves upwards the clouds since their mental model
was never challenged. Vernacular misconceptions arise from the use of words that
mean one thing in everyday life and another in a scientific context. For example, the
meaning of the term “work” in science classes is different from its meaning in

everyday life.

Factual misconceptions are falsities often learned at an early age and retained
unchallenged into adulthood. For example, “lightining never strikes twice in the
same place” is an idea which is embedded in one’s mind at an early age, but not

correct (National Research Council, 1997).

According to Vosniadou (2002), children begin to acquire knowledge by
organizing their sensory experiences under the influence of everyday culture and
language into narrow, but coherent, explanatory frameworks and these frameworks
may not be the same as currently accepted science. This indicates the importance of

children’s experiences, everyday culture and language in knowledge construction.

Misconceptions are created by different sources, some of which are everyday
experience, media and observation (Driver, 1985). Also, the perceptually dominated
thinking is another source of misconceptions (Driver, 1985; BouJaoude, 1991). For
example, when sugar dissolves in water, some students may think that sugar has
disappeared since they do not see sugar anymore. Therefore, they cannot reason that

sugar still exists in water.

In addition, diagrams or statements in textbooks (Blosser, 1987; Cho, Kahle
& Nordland, 1985); and teachers and instruction (Osborne&Cosgrove, 1983; Bar

&Travis, 1991) may be the reason for misconceptions.

Another common source of misconceptions is the everyday language. Some
scientific terms are used differently in our everyday language than its scientific
meaning. For example, the term “particle” is used in science classes in order to refer
the inner structure of a matter. However, this term refers to small visible pieces of
substances in everyday life. If this distinction is not made in science classes, students

may think particles as visible small pieces of matter rather than its inner structure.

9



Students continue to hold these misconceptions in spite of the given
instruction since students’ misconceptions affect their observations of an
experiment and even interpretations when they read a text or listen to the teachers’
explanations. Therefore, their preknowledge conflict with the new knowledge
taught and may not construct a relation between them. So the new conceptions may
be misunderstood by the students. Different labels as preconceptions (Anderson &
Smith, 1983), children’s science (Osborne, Bell & Gilbert, 1983), naive beliefs
(Caramazza, McCloskey & Green, 1981), and alternative frameworks (Driver &
Erickson, 1983) have also been used in the literature instead of the term
misconception. As mentioned before, conceptions which do not agree with
accepted scientific view are referred as misconceptions (Nussbaum& Novick,

1982; Nakleh, 1992; Grifith, 1994).

During the past two decades, researches about students’ preinstructional
knowledge, misconceptions (Driver & Eeasley, 1978), preconceptions (Driver &
Easley, 1978), alternative frameworks(Driver & Erickson, 1983) showed that these
notions limited students’ understanding in science and are often different from the

commonly accepted scientific concepts (Nieswantd, 2000).

In addition, a review of the research relating to students’ misconceptions of
science concepts reveals that misconceptions are often strongly resistant to

traditional

teaching method (Driver & Easley, 1978). If students’ misconceptions can not be
eliminated, they affect their further learning negatively. Therefore, it is necessary to

overcome these misconceptions with the help of different instructional methods.

Because students have relied on these existing notions to understand their
world, they may not easily discard their ideas and adapt a new way of thinking.
Thus, simply presenting a new concept or telling the students that their views are
inaccurate will not result in conceptual change. Teaching for conceptual change
requires a constructivist approach in which learners take an active role in
reorganizing their knowledge (Griffiths & Grant, 1985; O-Saki & Samiroden,
1990; BouJaoude, 1992).

10



2.1.1 Misconceptions in Rate of Reactions

It is known that chemistry is one of the most difficult subjects in secondary
and high school. Therefore, many of the students have difficulties in understanding
fundamental concepts (Kavanaugh & Moomav, 1981). Research on students’
understanding of chemistry concepts has revealed that students have many
misconceptions. The concepts examined include equilibrium (Bonarjee, 1991),
phase changes (Bar & Travis, 1991), chemical reaction (Barker & Millar, 1999),
gases (Benson et al., 1993), stoichiometry (BouJaoude & Barakat, 2000), atoms
and molecules (Griffiths & Preston, 1992), acids and bases (Ross & Munby, 1991),
and covalent bonding ( Peterson et al.,1986). There is very little research about the

students’ understanding about the rate of reaction concepts.

Chemical kinetics is a branch of science that deals with the relationship
between reaction rates and reaction mechanisms. It gives information about factors
affecting reaction rates, how fast is a reaction and in what ways a reaction proceeds
(Mortimer, 1989).

Justi and Ruas (1997) studied the influence of 16 years old Brazilian students’
views about the nature of matter on their learning kinetics; they searched students’
ideas
about the nature of matter, the concept of chemical reaction, and how a reaction
occurs, held before instruction in chemical kinetics. Then, during the formal teaching
of chemical kinetics, they investigated which ideas students used to explain why
chemical reactions take place at different rates. By this, Justi & Ruas (1997) tried to
identify how students’ prior ideas influenced their learning. It was found that most
students held continuous view of matter and similarly most students did not use the
particulate model to explain the concept of chemical reaction before instruction.
When students were asked to explain why different chemical reactions occur at
different rates, most students did not refer the particulate nature of matter. However,
when asked to explain the effect of concentration, temperature and catalyst on rate of

reaction, they could use the collision particle theory appropriately. Justi and Ruas
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(1997) concluded that having continuous view of matter could lead students have
initial difficulties in understanding the different rates of chemical reactions, however,
students overcame this difficulty during learning chemical kinetics since they could
correctly use the particulate model in explaining the factors affecting the rate of
reaction. Thus, Justi and Ruas (1997) claimed that teaching chemical kinetics can
help students overcome the counter-intutiveness of the particulate nature of matter.
The idea of collision was one of the focuses of chemical kinetics studies.
Cachapuz & Maskill (1987) investigated students’ ideas about collision by means of
word association tests. Firstly, students from two mixed ability classes were grouped
into three according to their performances in a chemistry test. It was found that
while the majority of the high achieving students associated words as ‘reaction’,
‘atom’, ‘speed’, and ‘molecule’ to the stimulus word ‘collision’, only 50% of the low
achieving students associated ‘molecule’ with ‘collision’. In the group of the low
achievers, the words associated mainly originated from everyday meanings:
‘accident’, ‘crash’, ‘bang’, and ‘car’. As a result, this study indicated that low
achievers could not understand the micro-level collision model, instead associated

the word collision with its use in everyday language.

In the study of Van Driel & De Vos (1989a), students performed experiments
about the effects of temperature and concentration on reaction rates. To explain the
effect of concentration, students most commonly reasoned that ‘less particles (per
unit of volume) would lead to less collisions (per unit of time)’. Other students
emphasised that in a dilute solution particles are at greater distances from each other.
To explain the increase of reaction rates at higher temperatures, most students related
‘faster moving particles’ with ‘more collisions’ or ‘a higher probability of collisions’.
However, another group of students reasoned that when particles that move very fast
collide with each other, it is very likely that these particles will ‘bounce back’
without reacting.

In a review of the literature on students’ alternative conceptions in chemistry,
Garnett, Garnett & Hackling (1995) identified the main conceptions of 17-19 years

old students concerning chemical kinetics:

12



-The forward reaction rate increases as the reaction 'gets going'.

-The forward reaction rate always equals the reverse reaction rate.

-The forward reaction is completed before the reverse reaction commences.

-A catalyst can affect the rates of the forward and reverse reactions differently and
hence leads to a different equilibrium yield.

It was concluded in the study that these ideas could have arisen from the chemistry
laboratory and from students’ everyday life experience.

Van Driel & De Vos (1989b) investigated how the concept of catalysis in
textbooks was introduced. The result of the study showed that the textbooks’
definitions of catalysis focus on the effect of a catalyst on the rate of a chemical
reaction and emphasise that a catalyst is not consumed during the chemical reaction,
thus remaining ‘unchanged’. Explanations of what a catalyst is and how it affects the
course of a chemical process were usually very brief and simplistic as, for instance, a
catalyst 'provides an easier way for particles to react' or 'increases the percentage of
effective collisions'. By the authors this result was concluded as these textbooks
could promote misconceptions because students might perceive a catalyst as a ‘magic
wand’.

In the study of Chuephangam (2000) carried out in Thailand, the students’
misconception about rate of reaction concepts were identified by using a test. The
results showed that students had some misconceptions about understanding the
meaning of a reaction rate, the explanation of factors affecting reaction rate, and its
reasons. In addition, Griffiths (1994) stated that most secondary school students did
not understand the meaning of a reaction rate and held the misconcetion “Rate of
reaction means the same as the extent of the reaction”.

Even, prospective teachers were found to hold some misconceptions about
rate of reaction concept. In the study of Nakiboglu et. al.,, (2002) the
misconceptions in chemical kinetics of candidates of chemistry teachers were
examined by using V-diagrams. The study showed that some candidate teachers
were not able to use collision theory in explaining the effect of concentration and
temperature on reaction rate. Similarly, they thought that the effect of temperature

on endotermic and exothermic reactions’ rate was different. Another misconception
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they held was the thought of incresing the concentration of all reactants increases
the reaction rate. They also thought that if the concentration increases, time of
reaction process increases. They also confused the reaction rate with the time of
reaction occurring.

In the study of Bozkoyun (2004) the effectiveness of conceptual change
texts oriented instruction accompanied with analogies over traditionally designed
chemistry instruction on overcoming 10th grade students’ misconceptions, their
understanding of rate of reaction concepts were investigated. The result of the
study showed that conceptual change texts oriented instruction accompanied with
analogies was more effective in elimination of misconceptions and better
acquisition of scientific conceptions than traditionally designed chemistry
instruction. However, nearly half of the students in both control and experimental
groups still had the misconception as “Reaction rate can be increased by increasing
the surface area of reactants”.

Some studies examining the misconceptions about chemical equilibrium
also indicated misconceptions about rate of reactions (Wheeler & Kass, 1978;
Bonarjee,

1991). They indicated that students often do not discriminate between reactions
that go to completion and reversible reactions; students may believe that the
forward reaction goes to completion before the reverse reaction commences;
students may fail to distinguish between rate (how fast) and extent (how far);
students often think that the rate of forward reaction increases with time from the
mixing of reactants until the equilibrium is established; students may believe that

mass and concentration mean the same thing for substances in equilibrium systems.

2.2 CONSTRUCTIVISM AND CONCEPTUAL CHANGE APPROACH

Chemistry is difficult for many students because chemistry concepts are
abstract and difficult to attach to real-world experience. When planning
instruction in chemistry, for more effective teaching, teachers need to consider a

broad range of issues which are (a) be aware of and take into consideration
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students’ prior knowledge, (b) the multiple ways in which chemistry phenomena
can be represented, (c) the meanings of the same and similar terms used in
chemistry and in everyday life, (d) the chemistry of everyday life. When students
are engaged in their own learning, they frequently have a better understanding of
chemistry and of the role of chemistry in their daily lives. Furthermore, the
lessons are more pleasing experiences both for teacher and students. In the study
of Treagust and Mann (2000) research had revealed that many difficulties in
learning and understanding chemistry appeared to be caused by a view of
chemistry instruction that was academic and not related to the chemistry of
everyday life. Smith et al. (1993) stated that science teaching needs to develop
conceptual understanding rather than rote memorization. In addititon, an
important goal of science teaching is to assist students as they come to understand
important scientific concepts and relationships (Fellow, 1994). Therefore rote
learning or simple addition of new knowledge to current knowledge is not enough

to promote meaningful learning of science.

Jean Piaget asserts that knowledge can not be transmitted intact from one
person to another; people must construct their own knowledge and their own
understanding. Constructivism theory also supports this view. It supports the view
that each child constructs his or her own meaning by combining prior information
with new information in ways that make personal meaning. Constructivists believe
that each learner must construct meaning for himself or herself. New learning must
be connected to the individual’s already existing knowledge. What children learn is
not a copy of what you teach or what they observe, but rather it is a result of how
they think about and process this information. Children begin their study of science
with ideas about the world already in place. Some of these ideas are in line with
currently accepted scientific understanding and some are not. Children have to
experience for themselves events that contradict their currently held beliefs. A
constructivist view of learning assumes that the student needs to construct meaning

by the means of the interaction with the physical world and with their peers.

The role of the teacher in constructivism is different from the traditional
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teacher. The traditional teacher does not consider students’ pre-existing knowledge
and only transmits knowledge to students by means of lecturing. On the other hand,
the constructivist teacher elicits students’ initial beliefs and ideas about the subject to
be studied and then sets up situations that will cause dissatisfaction with existing
ideas. Realizing that students' expectations affect their observations and that
multiple approaches to problem solving are beneficial, the teacher monitors students'
understandings, requests from them evidence and justification, provides constraints
for their thinking, and gives them opportunities to represent their knowledge in a
variety of ways. In sum, it can be said that the constructivist teacher guides, supports
students in the process of constructing meaning (Driver, 1995; Driver, Asoko, Leach,
Mortimer, & Scott, 1994; Duit, 1995; Fosnot, 1996; Lewin, 1995; Rubin, 1995;
Tobin & Tippins, 1993; Von Glasersfeld, 1995).

Based on the constructivism principles, the theory of conceptual change was
developed in the early 1980s, by a group of science education researchers and

science
philosophers (Posner, Strike, Hewson, & Gertzog, 1982). Before explaining how

conceptual change occurs, firstly it is necessary to define what conceptual change
means. What does conceptual change mean? Different researchers explained what
conceptual change meant differently. For example, Chi et al. (1994) assume that
concepts belong to one of three ontological categories: matter, processes or mental
states. Conceptual change occurs when a concept is reassigned from one ontological
category to another. While radical conceptual change takes place a cognitive shift
across different ontological categories, normal conceptual change occurs within
ontological categories. Di Sessa (1988) suggests alternative knowledge as fragmental
pieces resulting from primitive experiences. Di Sessa (2002) explains conceptual
change as organizing fragmented knowledge in mind. Vosniadou (2002) states that
conceptual change is a gradual process where students synthesize models in their
minds, beginning with their existing explanatory frameworks. Hewson (1992)
described the meaning of conceptual change by explaining what is meant by change.

The meaning of change may be different for different situations. One may use the
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word “change” for extinction of the former state. For example, if a princess kisses a
frog, the frog changes into prince. In that situation, the frog is no longer there and the

change means extinction.

One may understand the change as an exchange of one entity for another. For
example, there is an election for a principle. The former principle loses the election
and the new principle comes. There has been a change of principle. Both principles
continue to live in the same city but only one person is the principle. In other words,

the former principle loses status whereas the new principle gains status.

Finally, one may use the word “change” for extension. For example, there is a
four-roomed home and this home was extended by adding two more rooms. The

home is still the same home but extended.

For many people, conceptual change is the exchange of one entity for
another, without extinction. This is called “conceptual exchange” by Hewson (1981).
However, Hewson (1992) states that conceptual change would include both

conceptual extension as well conceptual exchange.

Therefore, it could be said that conceptual change is a model suggesting that
learning may involve changing a person’s conceptions in addition to adding new
knowledge to what is already there (Posner, Strike, Hewson, & Gertzog, 1982). It
involves the interaction between new and existing conceptions with the outcome

being dependent on the nature of the interaction (Hewson, 1992).

Cognitive studies of conceptual change have identified two basic forms of
learning that derive from the Piagetian concepts of assimilation and accommodation.
Learning proceeds without difficulty if the new conception is all intelligible,
plausible and fruitful. The learner understands it, accepts it, sees that it is useful. The
status of the new conception will have risen in such case.This process is called
assimilation by Posner et. al.(1982) and conceptual capture by Hewson (1981). If the
new conception is intelligible but not plausible to the learner, the existing and new
conceptions conflict, which causes the blockage of the new conception by the

existing conception. In order to achieve learning the status of the existing conception
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has to be lowered for increasing the status of the new conception.Then, the learner
accepts the new conception fully.This process is called accomodation by Posner et
al.(1982) and conceptual exchange by Hewson (1981). For example, Posner et al.
(1982) use the term "radical conceptual change" in the sense of a kind of "scientific
revolution" in a person's mind when speaking about the type of cognitive change that
Piaget calls accommodation. Correspondingly, assimilation-type change, i.e. the
mere addition of new information to an existing knowledge structure without
restructuring it, has been called, for example, "enrichment" (Vosniadou 1994).
According to Chi et al. (1994), radical conceptual change means a cognitive shift
across different ontological categories while "normal" conceptual change takes place

within ontological categories.

Learning for conceptual change is not merely accumulating new facts or
learning a new skill. In conceptual change, an existing conception is fundamentally
changed or even replaced, and becomes the conceptual framework that students use

to solve problems, explain phenomena, and function in their world (Taylor, 2001).

Four conditions are necessary for conceptual change. Posner et al., (1982)

listed these four conditions for the conceptual change:

1. There must be dissatisfaction with the existing conceptions. If the learner's
current understanding and ideas are satisfactory for making sense of a given
phenomenon, the learner will be less likely to accept a new conception. For
conceptual change to occur, they must become dissatisfied with their existing
understanding. This dissatisfaction can produce the cognitive dissonance
(uncomfortable thinking) that may be necessary for new learning to occur.
However, though dissatisfaction with existing conceptions is the first
necessary step, it is not sufficient for conceptual change. Conceptual change

will not occur if the new conception is not intelligible, plausible and fruitful.

2. A new conception must be intelligible. Learners must be able to understand

what the new conception means.
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3. A new conception must appear initially plausible. Even if the learners
understand the alternative conception, they may not be able to see how it can be

applied in a given situation or used to solve a particular problem.

4. A new concept should suggest the possibility of fruitful research program. It
should do more than potentially solve current problems or answer questions. It

must be useful in a variety of new situations.

The extent to which the conception meets these conditions is termed as the
status of a person’s conception which is also represented as the degree to which
learners know and accept an idea by Hewson, Beeth, and Thorley in 1998. Thus, the
more conditions that a conception meets, the higher its status is. In order to achieve
the conceptual change the status of the students’ naive conceptions must be lowered
and the status of the scientific conception must be raised (Strike & Posner, 1992).
Because learners' current conceptions or ideas help them to understand and function
in their world, they tend to give their current conceptions higher status than

alternative conceptions.

Conceptual ecology, an individual’s current concepts, is also important for the
conceptual change. After meeting the conditions in order for a person to experience
conceptual change, conceptual ecology provides the context in which the conceptual
change occurs, that influences the change, and gives it meaning (Hewson, 1992). The
conceptual ecology consists of many different kinds of knowledge, the most
important of which may be epistemological commitments, metaphysical beliefs
about the world, and analogies and metaphores that might serve to structure new

information (Hewson, 1992).

2.2.1 Implications of Conceptual Change for Science Education

A conceptual change view of learning science sees students taking an active
role in building their own knowledge by modifying their existing conceptions

through the process of conceptual change (Posner et al., 1982).

For the conceptual change to occur, teachers should plan in order to create
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classroom interactions that produce thes four conditions stated above. When
satistfying these four conditions, the conceptual change process occurs and this

process helps students to understand and use the concepts.

Conceptual change model has some implications for science teaching.
Posner et al. (1982) grouped the implications of conceptual change for science

education as; curricular objectives, content, teaching strategies and teacher role.

Curricular Objectives

In terms of the curricular objectives, it should be aimed at developing
students’ awareness of their own fundamental assumptions about the world and
their awareness of the epistemological and historical foundations of modern
science. Making new knowledge intelligible, plausible and fruitful to students

should be another curricular objective (Posner et al., 1982).
Content

The content of science courses should be such that it provides scientific
theory intelligible, plausible, and fruitful, and this requirement is achieved by

conditions,as,
-“retrospective anomalies” should be included,

-sufficient observational theory should be taught for students to understand

the anomalies employed,

-any available metaphores, models, and analogies should be used to make a

new conception more intelligible and plausible.
Teaching Strategies

To provide conceptual change, the teaching strategies mentioned below are

necessary:

-developing lectures, demonstrations, problems, and labs to create cognitive

conflicts in the students,
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Cognitive conflict strategies, derived from a Piagetian constructivist view of
learning, are effective tools in teaching for conceptual change (Duit, 1999). These
strategies involve creating situations where learners' existing conceptions about
particular phenomena or topics are made explicit and then directly challenged in
order to create a state of cognitive conflict or disequilibrium. Cognitive conflict
strategies are aligned with Posner et al.'s theory of conceptual change. That is,
learners must become dissatisfied with their current conceptions and this is the first
step for the conceptual change model. By recognizing the inadequacy of their
conceptions, students become more open to changing them. Other teaching strategies

required for conceptual change are listed below:
-organizing instruction in order to diagnose errors in student thinking,
-developing the kinds of strategies for dealing with student errors

-helping students make sense of science content by representing content in

multiple modes, from one mode to another (Clement,1977)

-developing evaluation techniques to help the teacher track the process of
conceptual change in students (Posner& Gertzog, 1982). For example, clinical
interviews or open-ended questions in class would help to obtain students’

thoughts about a specific concept.
Role of the teacher

Hewson (1992) stated that the teacher’s responsibility is to be aware of
students’ conceptions and to teach in ways that are likely to facilitate conceptual
change on students. The teacher should use diagnostic techniques to elicit
students’ existing conceptions and reasons why they are held. And the teacher
should use strategies to help students lower the status of existing problematic
knowledge, and raise the status of other competing ideas. While doing this, the
teacher should not be the presenter of the knowledge, however guide and coach

students towards the scientifically accepted view.
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2.2.2 Research Studies About Conceptual Change

There has been several research studies carried out in order to find out the
effect of conceptual change approach on students’ understanding of scientific
concepts. These studies showed that conceptual change approach provided a
better acquisition of scientific conceptions and removing alternative conceptions

(Dole &

Niederhauser, 1990; Hynd & Alverman, 1986; Guzetti et al., 1993; Basili &
Sanford,

1991; Ebenezer & Gaskell, 1995). For example, Hewson and Hewson (1983)
employed a conceptual change approach to promote conceptual change in
students regarding density, mass and volume concepts. That study showed that
the use of instructional strategies taking students’ misconceptions into account

results in better acquisition of scientific conceptions.

Suits (2000) studied conceptual change and chemistry achievement. In this
study, three qualitatively distinct achievement groups; rote learners, algorithm
memorizers, and conceptualizers were formed according to the results of a
chemistry achievement test. In addition, two-dimensional achievement model was
formed based on the chemistry achievement test. In the first stage, the memorize
line, students only accumulate knowledge. In the second stage, the conceptual
line is the stage where students were able to see connections between knowledge
fragments and restructure their knowledge. Results of this study indicated that the
rote learners were stuck in stage one. Algorithm memorizers showed a form of
weak restructuring ortuning. Conceptualizers, tended to possess a coherent set of
attributes that allowed them to create new knowledge structure. This indicated the

influence of conceptual change on achievement.

Eryilmaz (2002) investigated the effect of conceptual assignments and
conceptual change discussions on students’ achievement and misconceptions
about force and motion. Test was administered to 396 high school physics
students. It was administered as Force Misconceptions and Force Achievement

Test to the students as a pre-test. Five conceptual assignments about force and
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motion were given to students. In addition, students participated in the conceptual
change discussions. After the treatment period, the same test administerd to the
students. The result of the study showed that conceptual change discussion was

an effective means of reducing the number of misconceptions that students held.

Ayhan (2004) investigated the effect of conceptual change oriented
instruction accompanied with cooperative group work on 10™ grade students’
understanding of acid-base concepts. Result of the study showed that conceptual
change oriented instruction accompanied with cooperative group work was

effective to correct the students’ misconceptions of acids and bases.

Ceylan (2004) conducted a research study in order to compare the
effectiveness of the conceptual change oriented instruction through demonstration
and traditionally designed chemistry instruction on 10" grade students’
understanding of chemical reactions and energy concepts. His findings indicated
that demonstations based on conceptual change approach was effective in
decreasing students’ misconceptions regarding the chemical reactions and energy
concepts. Sanger and Greenbowe (2000) also found that conceptual change
instruction based on demonstrations was effective at dispelling student

misconceptions regarding electrochemistry topic.

Beeth (1993), in his study, described research conducted in a classroom
devoted to conceptual change instruction. By taking students’ comments about
conceptions, the teacher was able to assess his students’ scientific knowledge and
plan instructional activities with respect to conceptual change model. The
learning environment in his classroom, created by the interaction between
students” responses and planned instructional activities facilitated the

development of students’ conceptions.

The study of Niaz (2002) also indicated the effectiveness of conceptual
change approach on freshman students’ understanding of electrochemistry.
Students in the experimental group were instructed by teaching experiments
based on the conceptual change approach whereas students in the control group

were given traditional intruction. As a result, it was found that teaching
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experiments based on teaching experiments enhanced freshman students’

understanding of electrochemistry.

2.2.3 Conceptual Change Texts

There are various instructional strategies such as demonstration, computer
assisted instruction, cooperative teaching etc. used to provide conceptual change.

For

example, Wiser and Amin (2002) suggested the use of computer models coupled
with verbal interactions to promote conceptual change. Similarly, Mikkila-
Erdmann (2002) suggested the use of written questions and statements or text that
guides students to accepted conceptions. Conceptual change texts are also the
conceptual change strategies which are used to prevent students’ misconceptions
(Guzzetti et.al, 1993; Hynd, McWhorter, Phares & Suttles, 1994; Chambers &
Andre, 1997; Kim & Van Dunsen, 1998).

Conceptual change text is the text that identifies and analyses
misconceptions, and it refutes these misconceptions that students have in their
mind. It is designed according to conceptual change process. It illustrates
inconsistencies between the misconceptions and scientific knowledge (Kim &
Van Dunsen, 1998). Conceptual change text is the text that activates students’
preconceptions and warns them about possible misconceptions about the topic of
interest. Misconceptions are contrasted with the scientifically accepted
conceptions by providing examples and explanations. In conceptual change texts
students are asked explicitly to make predictions about a given situation and then
the misconceptions and explanations about the given situation are presented.
They are recommended to change students’ misconceptions with scientifically

accepted ones (Chambers & Andre, 1997)

Many studies have been done to explore effects of conceptual change text
on students’ conceptions in science courses. Some of these studies are explained

in the following:
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Chambers and Andre (1997) investigated the relationship between gender,
interest and experience in electricity, and conceptual change text manipulations
on learning electric circuit concept. The result of their study showed that
conceptual change text was more effective than the traditional text in conceptual
understanding of electric circuit concept.

Sungur et. al. (2001) used conceptual change texts in their study. They
investigated the contribution of conceptual change texts accompanied by concept
mapping instruction to 10" grade students’ understanding of the human
circulatory system. It was found that the conceptual change texts accompanied by
concept mapping instruction produced a positive effect on students’
understanding of concepts and the students in the experimental group taught by
conceptual change texts accompanied by concept mapping instruction performed
better with respect to the human circulatory system.

Cakir et. al. (2002) investigated the effect of conceptual change text-

oriented instruction over traditional instruction on 11%

grade students’
understanding of cellular respiration concepts and their attitudes toward biology
as a school subject. The results showed that the students in the experimental

group performed better with respect to cellular respiration concepts.

Alparslan et al. (2003) investigated the effect of conceptual change text
instruction on grade-11 students’ understanding of respiration. The result of the
study indicated that the conceptual change instruction, which explicitly dealt
with students’ misconceptions, produced significantly greater achievement in the

understanding of respiration concepts than traditional teaching methods.

Pabugcu (2004) investigated the effect of conceptual change text oriented
instruction accompanied with analogies over traditionally designed chemistry
instruction for 9" grade students’ understanding of chemical bonding concepts.
The result of the study showed that the conceptual change text and analogy were
the effective teaching strategies to dispel students’ misconceptions and enhance

understanding of chemical bonding concepts.

Similarly, the study of Celebi (2004) showed the effectiveness of the

conceptual change text oriented instruction on ninth grade students’understanding
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of phases and phase changes concepts. Celebi (2004) found that conceptual
change texts was effective in enhancing students’ understanding of concepts and

removal of their misconceptions.

Uzuntiryaki and Geban (2005) explored the effect of conceptual change
texts accompanied with concept mapping instruction on 8" grade students’
understanding of solution concepts. The results revealed that conceptual change
text accompanied with concept mapping instruction caused a significantly better

acquisition of scientific conceptions about the solution concept.

Gilinay (2005) investigated the effectiveness of conceptual change text
oriented instruction accompanied with analogies over traditionally designed
chemistry instruction on 10" grade students’ misconceptions, their understanding
of atoms and molecules concepts and attitudes towards chemistry as a school
sbject. The result of the study showed that the conceptual change text oriented
instruction accompanied with analogies provided better conceptual understanding
of atoms and molecules and gave more opportunities to eliminate the
misconceptions about the atoms and molecules concepts than the traditional

instruction in chemistry.

Seker (2006) in her study compared the effectiveness of conceptual change
text oriented instruction accompanied with analogies over traditionally designed
science instruction on 7" grade students’ understanding of atom, molecule, ion
and matter concepts and their attitudes toward science as a school subject. The
result of the study showed that the conceptual change text oriented instruction
accompanied with analogies provided better conceptual understanding of atom,
molecule, ion and the matter concepts than the traditional instruction in science.
The research also indicated that conceptual change text oriented instruction had a
significant importance as a teaching strategy to identify the misconceptions in

science concepts.

In sum, these research findings indicated that conceptual change texts

enhanced students’ acquisition of scientific conceptions. As well as conceptual
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change texts, analogies were also found to be effective tools to enhance students’

understanding (Duit, 1991).

2.3 ANALOGIES

An analogy refers to the comparisons of structures between domains. An
analogy can be seen as a process of identifiying similarities and differences
between two objects (Venville & Treagust, 1996)

An analogy is defined by three parts: the target, which is the new concept
being studied; the analog, which is the familiar concept to which the new concept is
compared; and mapping, which is the outlining of the relationships between the

target and analog (Harrison & Treagust, 1994).

Analogy plays a central role in conceptual change. Analogy supports the
rapid learning of new systems since it provides a link between pre-existing
conceptual structure and new problems and domains. Analogies are commonly
accepted as a supportive tool used to facilitate conceptual change and overcome
misconceptions to provide the conceptual understanding since they can build
meaningful relations between what they already know and the new knowledge they

will learn (Glynn, 1991; Thiele & Treagust, 1991; Venville & Treagust, 1997).

Analogies are believed to promote meaningful learning. Therefore, they are
used frequently by authors and teachers in order to explain scientific concepts to
students (Harrison & Treagust, 1993, 1994; Thiele & Treagust, 1994; Treagust,
Duit, Joslin, & Lindauer, 1992). Many of the researchers emphasized the power of
analogies in connecting information (Harrison & Treagust, 2000; Browns 1992;
Duit, 1991). For example, Brown and Clement (1989) found that the use of
analogies help students to develop their ideas and to serve as a reference point to
check on plausibility of their previous explanations. Analogies also make the new

concepts intelligible. Duit (1991)

supports the view that analogies are effective conceptual change agents because
they enhance understanding by making connections between scientific concepts

and the students' life-world experiences, and by helping students visualise abstract
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ideas. Analogies have been successfully used to teach difficult abstract concepts
(Brown, 1994; Clement, 1993; Lin, Shiau, & Lawrenz, 1996). Duit (1991) also
points out that analogies "provoke students' interest and may therefore motivate
them" . Wong (1993) states that analogies help to bridge the gap between what is

already understood and what is as yet unlearned.

In the study of Venville and Treagust (1996), four analogies used to teach
biology topics by four different teachers were analysed from different theoretical
perspectives to determine the key role they play in conceptual change process. As a
result of the study, the roles that a particular analogy can play in a given context are
listed as;

-a sense maker to transfer the basic structure of a concept from the analog domain
to the target domain in order to establish intelligibility of the new science material
being taught,

-a memory aid to help students recall a concept which is difficult to remember
within newly learned content area,

-a transformer which facilitates the change in ontological category to which the
concept belongs in the mind of the learner from “matter” to “process”, and

- a motivator to enhance the self-efficacy of students and give them confidence in

their ability to learn the science content.

There are different presentations of analogies. Analogies may be presented to
the learner as prepared elements of a lecture or they may be generated by the learners
themselves. Wong (1993) finds that "constructing one's own analogy serves to (a)
make new situations familiar, (b) represent the problem in the particulars of the
individual's prior knowledge, and (c) stimulate abstract thinking about underlying

structure or patterns" .

Some research studies have been carried out about the effectiveness of

analogies. For example, Savinainen et al. (2005) found that analogy based instruction

was effective in supporting conceptual change in the case of Newton’s third law.

Rigas and Valanides (2003) investigated the effectiveness of written

analogies on sixth-grade students’ performance on memory and inference questions,
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and whether they had better performance in creating their own analogies for a
scientific concept in biology. The results indicated that learning with analogies could
improve eleven-year old students’ performance on biology. The results support that
the use of written analogies in science teaching may influence better understanding

in science.

Rule and Furletti (2004) compared the use of form and function analogy
object boxes to more traditional lecture and worksheet instruction during a 10th-
grade unit on human body systems in their study. The study was conducted with
two classes (N = 32) of mixed ability students at a high-needs rural high school in
central New York State. This study showed that the use of form and function
analogy object boxes significantly improved student performance in learning how
human body systems work. Abstract concepts were presented in a more concrete
way, facilitating student understanding. Another study carried out by Glynn and
Takahashi (1998) showed that the analogies facilitated students’ recall of target
features both immediately after the study and 2 weeks late. Therefore, it could be
said that the effect was stable.

Though analogies are effective tools for removing students’
misconceptions, they can create misconceptions if used inappropriately. Therefore,
they are double-edged swords; that is, they can hinder as well as help learning
(Glynn, 1991). Presenting analogies with a planned teaching strategy has the
potential to enhance student understanding of science concepts while reducing the
incidence of misconceptions being formed. Glynn (1989) developed the teaching-
with-analogies (TWA) model to prevent student misconceptions and enhance
student understanding of analogies. Effective teaching using analogies appears to

contain these steps (Harrison & Treagust, 1994);

1. Introduce the target concept to be learned.

2. Cue the students’ memory of the analogous situation.

3. Identify the relevant features of the analog.
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4. Map out the similatirities between the analog and the target.
5. Indicate where the analogy breaks down.
6. Draw conclusions about the target concept.

Therefore, explaining the differences as well as similarities between the analog and
the target is necessary in order to prevent students’ misconceptions. The study of
Harrison and Treagust (2000) also supports this view by explaining that students
who socially negotiated the shared and unshared attributes of common analogical
models for atoms, molecules, and chemical bonds, used these models more

consistently in their explanations.

2.4 ATTITUDES AND SCIENCE PROCESS SKILLS

As well as cognitive variables, affective variables are also important in
influencing learning outcomes (Koballa, 1988). One of the affective factors
influencing students’ learning is the attitude. Students’ attitude towards any
subject has been described as a function of their beliefs about the subject and the

implicit evaluative responses with those beliefs (Fishbein & Ajzen, 1975).

There are several factors affecting students’ attitudes towards science.
These are; gender, age, educational level of parents, parents’ jobs, number of
students in the classroom, relationship with the teacher, the willingness about a
career in science, strategies used in the classroom etc. (Bilgin & Karaduman,
2005). Mordi (1991) in his study examined 2059 6" and 10™ grade students and
reported the factors affecting students’ attitudes towards science as, home
characteristics, student characteristics, teaching and learning variables, and
school factors. He found that these variables affected 70% of students’ attitudes
towards science. These proportions are reported as, 1 % home characteristics,
16% student characteristics, 11% school factors and 41% teaching and learning
factors. That study shows that teaching and learning factors are the most

important factors affecting students’ attitudes towards science.
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Young (1998) states that attitudes are relatively durable, attitudes are

learned and can therefore be taught and attitudes are related to behaviour.

It was found that students’ attitude had a significant influence on their
learning and teaching strategies teachers apply in the classroom has an influence
in students’ attitudes towards the subject positively or negatively (Brown &

Story, 1979; Fraser & Fisher, 1983; Weinburgh, 1995).

Simpson and Oliver (1985) stated that favorable attitude generally account
for between 20 %- 25 % of the variation in academic achievement. In their other
study it was found that students’ attitudes towards science are highly related to

their achievement in science (Simpson & Oliver, 1990).

In the study of Bandele et al. (1998) the effectiveness of a conceptual
change teaching strategy over the traditional method on 152 high school students’
attitudes towards learning some biology concepts were examined. There were
two groups in the study. The teacher used traditional method in the control group
whereas students in the experimental group were exposed to conceptual change
teaching strategy. At the end of the study, it was reported that there was a
significant difference in the attitude of students in the two classes after the
treatment. The study revealed a positive change in attitude in the group who
received conceptual change teaching model. This indicated the effectiveness of
the conceptual chance teaching strategies on enhancing students’ attitudes

towards biology.

Similarly, it was found that students using activity oriented techniques
exhibited more favourable attitudes towards science than those taught using
traditional method (Brown & Storey, 1979; May & McMillan, 1979). Mulholland
and Wallace (1995) stated the need of the supportive environment and
constructivist approach to teaching can help the enhancement of students’
attitudes towards the subject. In addition, teachers’ personality and their
relationships with students were very crucial in the attitude formation of students.
Haladyna, Olsen & Shaughnessy (1982) assert that teachers’ enthusiasm, support

for students are some the major factors in the improvement of students’ attitudes.
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Therefore, when teachers use more student centred approach and show more

enthusiasm, the attitude of students towards the subject could be developed.

2.4.1 Science Process Skills

Arena (1996) defined science process skills as “the sequence of events that
are engaged by researchers while taking part in scientific investigations” (p.34).
They may be classified as basic science process skills and integrated science
process skills. The basic science process skills are classified by Brotherton and
Preece (1995) as observation, classification, inferring, communication, recording,
using numbers, predicting, using space/ time relation, controlling variables,
collecting data, measuring, and scientific thinking. They classified integrated
science process skills as graphing, hypothesizing, interpreting data, formulating

models, experimenting, and defining operationally.

Research studies indicated that science process skills can be taught in
classroom by means of suitable teaching strategies. For example, in order to teach
observation skills, teachers can allow students enough time for detailed
observation. All students should be encouraged to name their observations. If a

student tells

his/her observation, the teacher should not regard it as a correct response since
other students will stop thinking in that case. Instead, the teacher should get

opinions of other students (Rapudi, 2004).

Wynne (1999) regarded science process skills as inseparable from learning
of science. Various researchers found that science process skills contribute to
students’ understanding of scientific concepts (Uzuntiryaki, 2003; Celebi, 2004;
Ceylan, 2004; Yavuz, 2005).

2.5 GENDER

It is seen from the literature that students’ interest and involvement in

science is not homogeneous; it varies according to the different factors, among
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which are science subjects, or specific science topics, science related activities and
gender. Gender, being a factor affecting students’ interest and involvement in

science can not be isolated from the other factors.

It was found from the study of Osborne and Collisions (2001) that both
girls and boys found physics and chemistry interesting if they involve concrete,
observable, and manipulable entities, and the activities that involve

experimentation and investigation.

Dawson (2000) in his study investigated the interest of 203 South
Australian Year 7 students concerning different science topics and activities taught

in school. He found that boys are more likely to be interested in science than girls.

Similarly, it was found from the studies of Joyce and Farenga (1999) and
Kahle and Lakes (1983) that boys tend to be more willing to participate in physical

science activities.

Tamir (1991) studied a sample of 544 10th grade students in different types
of schools in Israel, and Joyce and Farenga (1999) examined 111 American
students aged 9-13 using questionnaires with Likert-type questions concerning
science related attitudes, informal experiences, and interest. In both studies it was
concluded that school physics is the least appealing subject to girls, who exhibit a

marked preference to biology.

Jones et al. (2000) studied the interests , attitudes, and experiences related
to science in 437 6th grade American students from different areas and socio-
cultural backgrouds with a questionnaire survey. The students were asked to report
on the frequency of their involvement in science-related experiences, and whether
or not they are interested in different science topics. The result of the study showed
that males are appealed by topics such as atomic bombs, atoms, computers, and
technology, and they often report using tools and instruments, whereas females
are mainly interested in topics related to biology, or in topics with an aesthetic

dimension.

Christidou (2006) in his study explored Greek students’ science-related
interests and experiences with respect to gender differences and correlations. The
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result of the study showed that, girls are more interested in topics related to human
biology, health, and fitness, and are more familiar with using instruments and
devices , seeking information about nature, while boys are interested in science,
technology, and their social dimension, and the threatening aspects of science and

technology, and tend to engage more in manual work and computer use.

As a summary of the related literature; it was found that students have
difficulties in understanding reaction rate concepts, and misconceptions of
students about these concepts are resistant to change. Also, if these
misconceptions could not be eliminated, they affect further learning negatively.
Therefore, teachers, curriculum developers and textbook writers must be aware of
students’ misconceptions about reaction rate concepts and try to prevent them
from occurring. For this reason, in the present study, we were concerned with
students’ misconceptions and with instructional strategies (analogies and

conceptual change texts) to improve the

understanding of reaction rate concept. In addition, research studies indicated that
conceptual change approach enhanced students’ attitudes towards the subject.
Therefore, in this study, the effect of conceptual change text oriented instruction

on students’ attitudes towards chemistry was also evaluated.
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CHAPTER 3

PROBLEMS AND HYPOTHESES

3.1 The Main Problems and Sub-problems

3.1.1 The Main Problems

The main problems of this study:
1. Is there a significant difference between the effects of traditionally designed
chemistry instruction (TDCI) and conceptual change texts oriented instruction
accompanied with analogies (CCTIA) on students’ understanding of rate of reaction
concepts and their attitudes towards chemistry as a school subject when the effect of
students’ science process skills are controlled as a covariate ?
2. Is there a significant difference between the performance of males and females
with respect to understanding of rate of reaction concepts and their attitudes towards
chemistry as a school subject when the effect of students’ science process skills are
controlled as a covariate ?
3. Is there a significant effect of interaction between gender difference and treatment
with respect to students’ understanding of rate of reaction concepts and their attitudes

towards chemistry when students’ science process skills are controlled?

3.1.2 The Sub-problems

1. Is there a significant difference between the effects of traditionally designed

chemistry instruction (TDCI) and conceptual change texts oriented instruction
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accompanied with analogies (CCTIA) on students’ understanding of rate of reaction
concepts when the effect of students’ science process skills are controlled as a

covariate ?

2. Is there a significant difference between the performance of males and females
with respect to understanding of rate of reaction concepts when the effect of

students’ science process skills are controlled as a covariate?

3. Is there a significant effect of interaction between gender difference and treatment
with respect to students’ understanding of rate of reaction concepts when students’

science process skills are controlled?

4. Is there a significant difference between the effects of traditionally designed
chemistry instruction (TDCI) and conceptual change texts oriented instruction
accompanied with analogies (CCTIA) on students’ attitudes towards chemistry when

the effect of students’ science process skills are controlled as a covariate ?

5. Is there a significant difference between the performance of males and females
with respect to their attitudes towards chemistry when the effect of students’ science

process skills are controlled as a covariate?

6. Is there a significant effect of interaction between gender difference and treatment
with respect to students’ attitudes towards chemistry when students’ science process

skills are controlled?

3.2 Hypotheses

H_1: There is no significant difference between post-test mean scores of the

students taught with conceptual change texts oriented instruction accompanied with
analogies (CCTIA) and those taught with traditionally designed chemistry instruction

(TDCI) with respect to understanding of rate of reaction concepts and attitudes
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towards chemistry as a school subject when students’ science process skills are

controlled as a covariate.

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

males and those of females with respect to their understanding of rate of reaction
concepts and their attitudes towards chemistry when students’ science process skills

are controlled as a covariate.

H 3: There is no significant effect of interaction between gender difference

and treatment with respect to understanding of rate of reaction concepts and students’
attitudes towards chemistry when students’ science process skills are controlled as a

covariate.

H 4: There is no significant difference between post-test mean scores of the

students taught with conceptual change texts oriented instruction accompanied with
analogies (CCTIA) and those taught with traditionally designed chemistry instruction
(TDCI) with respect to understanding of rate of reactions concepts when students’

science process skills are controlled as a covariate.

H S: There is no significant difference between post-test mean scores of

males and those of females with respect to their understanding of rate of reaction

concepts when students’ science process skills are controlled as a covariate.

H_6: There is no significant effect of interaction between gender difference

and treatment with respect to understanding of rate of reaction concepts when

students’ science process skills are controlled as a covariate.

H_7: There is no significant difference between post-test mean scores of the

students taught with conceptual change texts oriented instruction accompanied with

analogies (CCTIA) and those taught with traditionally designed chemistry instruction
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(TDCI) with respect to students’ attitudes towards chemistry as a school subject

when students’ science process skills are controlled as a covariate.

H 8: There is no significant difference between post-test mean scores of

males and those of females with respect to their attitudes towards chemistry when

students’ science process skills are controlled as a covariate.

H_9: There is no significant effect of interaction between gender difference

and treatment with respect to students’ attitudes towards chemistry when students’

science process skills are controlled as a covariate.
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CHAPTER 4

DESIGN OF THE STUDY

4.1 The Experimental Design

Non-equivalent control group design was used in this study (Gay, 1987).

Table 4.1 Research Design Of The Study

Groups Pre-test  Treatment  Post-test

Experimental Group ~ RRCT CCTIA RRCT
ASTC ASTC
SPST

Control Group RRCT TDCI RRCT
ASTC ASTC
SPST

RRCT represents Rate of Reaction Concept Test. CCTIA is Conceptual
Change Oriented Instruction accompanied with Analogies whereas TDCI represents
the Traditionally Designed Chemistry Instruction. SPST represents Science Process
Skill Test. ASTC is Attitude Scale toward Chemistry.

As Table 4.1 indicates, experimental group received conceptual change text
oriented instruction whereas the control group was taught traditionally. Both

experimental and control groups received RRCT, ASTC and SPST as pre-tests in
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order to control students’ previous knowledge in rate of reaction concepts, their
attitudes towards chemistry and science process skills and examine the effect of

treatment. After treatment, RRCT and ASTC were administered to both groups.

4.2 Subjects of the Study

In this study, 42 tenth grade students (22 male and 20 female) were used from
two classes of a chemistry course from a public school in Canakkale taught by the
same teacher in the 2005-2006 Spring semester. This sample was chosen by a
convenience sampling method. Two instruction methods used in the study were
randomly assigned to groups. The experimental group who received Conceptual
Change Text Oriented Instruction Accompanied with Analogies contained 21
students while the control group receiving the Traditionally Designed Chemistry

Instruction had 21 students.

4.3 Variables
This study involved both independent and dependent variables.

4.3.1 Independent Variables
The independent variables of this study were; treatment (conceptual change
text oriented instruction accompanied with analogies) and traditionally designed

chemistry instruction, gender and science process skills.

4.3.2 Dependent Variables
The dependent variables in this study were; students’ understanding of rate of

reaction concepts and their attitudes toward chemistry as a school subject.
4.4 Instruments

Rate of Reaction Concept Test, Attitude Scale Toward Chemistry, Science

Process Skill Test were the instruments of this study.
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4.4.1 Rate of Reaction Concept Test (RRCT)

This test was developed by the researcher to measure the students’
understanding of rate of reaction concepts. The Turkish version of the test was
prepared because the language of instruction in chemistry course was in Turkish at
the schhool. This test was composed of 20 multiple choice questions. There were five
alternatives for each of the questions. Distractors which represent the misconceptions
were also available among the five alternatives for each question. The content was
determined by examining textbooks, instructional objectives for rate of reactions
concepts and related literature (Griffiths, 1994; Chuephangam, 2000; Nakiboglu
et.al, 2002).

The concepts used in the test were:
1. Rate of reaction and its measurement
2. Collision theory
3. Activation energy
4. Factors affecting reaction rate
1. Effect of concentration
i1. Effect of temperature
iii. Effect of catalyst
iv. Effect of surface area

5. Reaction mechanism, rate law, order of reactions.

During the construction period of the test, content of rate of reaction concepts
was examined and then instructional objectives were stated. Firstly, students’
misconceptions were searched from chemistry education literature and then Internet
sources. In addition, talks with chemistry teachers helped the researcher understand
students’ misconceptions in this topic. Then, questions of the test were developed
according to these misconceptions and the previously determined instructional

objectives.
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Table4.2: A classification of students’ misconceptions and related items

MISCONCEPTIONS ITEMS

Reaction Rate:
-Rate of a chemical reaction equals to the 3,12
multiplication of reactants’ concentration.
-Reaction rate is the time that reactants turn into
products.

-Reaction rate in a chemical reaction means the 7,13
process of reactants to form products.
-Reaction rate is an amount of substance that 7,13
turns into product in a certain temperature and
concentration.

13

-All reactions occur at the same rate

Reaction Rate-Concentration:

-In chemical reactions, reaction rate increases if 11.12.17
9 9

one of the reactant concentration increases.

-If concentration increases then the time of

. : 15
reaction process increases
Reaction Rate-Temperature:
-In exothermic reactions increasing the 8.19
b
temperature decreases the rate of reactions.
-In only endothermic reactions, increasing the
temperature increases the rate of reactions. 8
Activation Energy:
-Activation energy does not affect the rate of a 6.15
b
reaction.
-Activation energy is the highest point in energy
6

graph.
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Other factors effecting reaction rate:

-Catalyst affects the reaction rate; catalyst does
not take part in the reaction.

- When catalyst is added to a reaction, only
pathway with lower activation energy is
available.

-Catalyst can not decrease the rate of a reaction.
-In order to activate a reaction a catalyst is
needed.

-Any reaction rate can be increased by increasing
the surface area of reactants.

-All molecular collisions can result in a chemical

reaction

1,9

9,10

4,18

14

Reaction Mechanism:

-Students may have difficulties in understanding
that slow step determines the rate of a reaction.
-Fast step determines the rate of a reaction.
-Students may confuse the reaction intermediate

and catalyst in a reaction mechanism.

13, 15,16,17,20
13, 15,16,17,20

1,16,20

To examine content validity and appropriateness, the items were evaluated by two

chemistry teachers in a public school in Canakkale and a chemistry educator.

Reliability of the test was found 0.72.

Rate of reaction concepts test was administered before the treatment as a pre-

test to control the students’ understanding of rate of reaction concepts and after the

treatment as a post-test to compare the effectiveness of the treatment.
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4.4.2 Attitude Scale Toward Chemistry (ASTC)

Attitude Scale Toward Chemisty, which was developed by Geban et al.
(1994), measured students’ attitudes toward chemistry as a school subject. This scale
involved 15 items in a 5 point likert type scale (fully agree, agree, undecided,
partially agree, fully disagree). The reliability of this scale was found as 0, 88. This
test was given to students in both groups as a pre-test and post-test (see Appendix C).
Higher score in this scale showed higher attitude students have towards chemistry;

on the other hand, lower score on this scale indicated the lower attitude.

4.4.3 Science Process Skill Test

The test was originally developed by Okey, Wise and Burns (1982). It was
translated and adapted into Turkish by Geban, Askar and Ozkan (1992). The Science
Process Skill Test was administered to all students to determine and control their
scientific process skills before the treatment. Science Process Skill Test contained 36
four-alternative multiple choice questions with five sub-scales: identifying variables,
identifying and stating hypothesis, operationally defining, designing investigations,

and r graphing and interpreting data. The reliability of the test was found to be 0, 70.

4.5 Conceptual Change Texts

Conceptual change texts in the study identified the misconceptions about
rate of reaction concepts and corrected them by giving analogies, examples, figures
and scientific explanations. Totally ten texts were distributed to students before their
lectures. The texts included the topics of; what rate of a reaction was, successful
collisions, activation energy and its effect to the rate of a reaction, the position of
activation energy in the energy graph, different rate of different reactions, steps of
reactions, the role of a catalyst in a reaction, the effect of catalyst on a reaction, how
a reaction can be faster, and how temperature affects a rate of reaction. In these texts
in the beginning parts with a question students were expected to be dissatisfied with
the existing conceptions, then corrected them by analogies, figures and examples.

Analogies, figures and examples were selected and created in a way that they
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focused on the target misconception in order to change the misconception to the
scientific conception. Some of the analogies in the texts were prepared by the
researcher concerning the literature and internet resources and some of them were

directly taken from the internet resources and adapted to the conceptual change texts.

4.6 Treatment

This study was carried out about four weeks during the 2005-2006 spring
semester. 42 tenth grade students from two science classes of the same teacher were
the participants in the study. In the study two different instructional methods were
used. In the control group traditionally designed chemistry instruction was used and
in the experimental group conceptual change texts oriented instruction accompanied
by analogies was used. Each group instruction was three 45-minute sessions per
week. The topics covered were rate of reaction and its measurement, collision theory,
activation energy, factors affecting rate of reaction, reaction mechanism, rate law and
order of reactions.

Before the treatment both groups were administered RRCT in order to
determine if they have any difference in understanding the reaction rate concepts.
ASTC was distributed to both classes to measure the students’ attitudes towards
chemistry as a school subject. Also, SPST was given to both classes to assess the
students’ science process skills.

The control group received traditional instruction based on mainly lecturing.
The experimental group was taught by conceptual change texts oriented instruction
accompanied by analogies. Both groups had the lessons in their classrooms.
Experimental and control group used the same textbook.

In the control group the teacher used lecturing, questioning and discussion
methods in the classroom. The teacher usually used the board in order to write the
main aspects of the concepts and to state the formulas. The students listened to the
teacher and took notes. Sometimes she asked questions to explore whether the
concepts were understood by the students. And sometimes students asked questions.

The teacher made explanations without considering the students’ misconceptions.
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In the experimental group, the instruction was carried out considering the
conceptual change conditions. Before the instruction, the teacher was informed what
the conceptual change texts oriented instruction accompanied by analogies was and
how it could be used during the instruction. Each text was given to students before
the instruction period. Students were asked to read the text before the class hour and
bring them to the class. At the beginning of the lessons the texts were read by the
teacher .By stating the questions stated at the beginning of the conceptual change
texts, the teacher promoted discussion on the concept and the students’ prior
conceptions were activated about the concept. While answering the questions
students got aware of their disagreement on the answers. Using the coming
explanation of the question from the conceptual change text students noticed their
misconceptions and saw the actually correct answer (dissatisfaction). Then students
were directed to read the rest of the texts and reading the analogies and examples,
and seeing the figures students saw scientifically correct explanations of the
phenomena, focused on the target misconception in order to change the
misconception to the scientific conception. After reading the texts, with a classroom
discussion of the analogies students learned the concepts deeply and made
connections with the real world situations and their prior knowledge. Then, with the
help of the teacher they were encouraged to give real word examples of the new
conception expressed in each text. The teacher was informed about the conceptual
change texts and analogies before the treatment. Then, during the treatment both
control and experimental groups were visited by the researcher to see the progress of
the study. In addition to classroom visits, the researcher met with the teacher to solve
the problems faced during the instruction with conceptual change texts.

To enhance students’ understanding of the correct scientific knowledge the
researcher gave big importance to the analogies. For example, while explaining
whether a collision results in a reaction or not, the similarities between the
colliding molecules and puzzle pieces, and wrestling bodies were introduced; the fact
that in order to achieve a successful collision the colliding molecules should collide
with a correct direction is similar to the completing puzzle pieces. Also, the wrestling

bodies must contact each other in order to wrest, this is similar to the molecules
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colliding each other to result in a reaction that in order to achieve a reaction the

molecules must contact each other like wrestling bodies. In this step the conditions of
intelligibility and plausibility were tried to accomplish by stressing on the students’
preconceptions, making relationship between the students’ conceptions and scientific
knowledge and giving examples. Finally, in order to achieve the fruitfulness of the
knowledge, students were suggested to apply newly learned concepts to other
situations. And with classroom discussions students were encouraged to use the
newly learned information in explaining other situations. Before presenting each
concept the instructor asked some questions to activate students’ prior conceptions.
Some questions were: Do all collisions result in a reaction? Does activation energy
affect the rate of a reaction? How does temperature affect the rate of a reaction? How
can a reaction proceed faster? Does a catalyst included in a reaction? Do reactions
proceed in one step? Do all reactions proceed with the same reaction rate?

Conceptual change texts were presented in Appendix C.

4.7 Analysis of Data

At the beginning of the treatment, in order to check the differences of two
groups in terms of their previous knowledge about rate of reaction concepts, attitudes
and science process skills, independent sample t-tests were used. In order to
determine the effect of two different instructional methods and gender on
understanding of rate of reaction concepts and students’ attitudes by controlling the
effect of students’ science process skills as a covariate, the multivariate analysis of
covariance (MANCOVA) model was used. Since there were two dependent
variables; students’ understanding of rate of reaction concepts and their attitudes
toward chemistry as a school subject, in this study, MANCOVA was preferred
(Fraenkel and Wallen, 1996).

4.8 Assumptions of the Study
In the study, the researcher has assumed the followings:
1. No interaction took place between the students in the control and

experimental groups.
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2. All the tests were administered under standard conditions.
3. All the students answered the tests sincerely.
4. The teacher followed the researcher’s instructions and was not biased

during the treatment.

4.9 Limitations of the Study
In this study, the following limitations were taken into consideration:
1. This study was limited to 42 tenth grade students at a public high school in
Canakkale during the Spring Semester of 2005-2006.
2. This study was limited to the unit of “Rate of Reaction”.
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CHAPTER S

RESULTS AND CONCLUSION

SPSS (Statistical Package for Social Sciences) was used in the analysis of
data. As mentioned in the Chapter IV, the multivariate analysis of covariance
(MANCOVA) model was used in order to answer the problem and sub-problems of
this study. The significance level of 0.05 was used for MANCOVA analysis.

5.1 Results

In order to check the equality of the experimental and control groups in terms
of prior knowledge about rate of reaction concepts, prior attitudes towards chemistry
as a school subject and science process skills, independent sample t-tests were
conducted. The results of independent sample t-tests indicated that experimental and
control groups were not significantly different with respect to prior understanding of
rate of reaction concepts (t=-0.596, p>0.05) and attitudes towards chemistry (t=-
0.809, p>0.05). These two groups were significantly different in terms of science
process skills (t=2.049, p<0.05). For this reason, science process skill scores were

taken as a covariate.

Descriptive Statistics

Table 5.1 gives descriptive information about achievement and attitude scores for
both control and experimental groups. Similarly, descriptive statistics for
achievement and attitude scores for both male and female students was explained in

Table 5.2.
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Table 5.1: Descriptive Statistics for Achievement and Attitude scores for

both Control and Experimental Groups

Groups Dependent Skewness Kurtosis Mean Std.
variables Deviation

Control Pre-achievement  0.217 -0.866 3.57 2.15
Postachievement  -0.626 -0.784 11.19 1.54
Pre-attitude -1.646 4.175 61.23 7.8
Post-attitude 0.872 1.756 61.66 2.36

Experimental Pre-achievement  0.609 0.013 4.09 3.26
Post-achievement  -1.146 0.953 12.62 241
Pre-attitude -0.559 -0.557 63.23 8.21
Post-attitude -1.045 0.92 64.90 7.32

As seen from Table 5.1, for the control group, mean of the pre-achievement scores
for rate of reaction test is 3.57 whereas post-achievement scores for this group is
11.19. This indicates a mean score increase of 7.62. For the experimental group,
mean of the pre-achievement scores is 4.09 and post-achievement scores is 12.62
indicating an increase of 8.53. This shows that mean score increase in the
experimental group is higher than the one in the control group.

In terms of attitude scores, mean score of pre-attitude towards chemistry for
the control group is 61.23 and mean of the post-attitude scores is 61.66, with the
increase of 0.43 in the mean score. For the experimental group, mean of the pre-
attitude and post-attitude scores are 63.23 and 64.90 respectively. Therefore, after
treatment, attitude scores increased with 1. 67 for the experimental group.

For males and females, information about descriptive statistics was explained
in Table 5.2. For males, mean of the pre-achievement score is slightly higher than
females, which is 3.86 for males and 3.80 for females. However, mean of the post-
achievement score for males is 12.73 and it is 11.00 for females. Mean of the pre-

attitude score for females is slightly higher than the one for males; it is 61.86 for

50



males; 62.65 for females. Mean of the post-attitude scores for males is 63.50 and for

females it is, 63.05.

Table 5.2: Descriptive Statistics for Achievement and Attitude Scores for

Male and Female

Gender Dependent Skewness Kurtosis Mean Std.
variables Deviation

Male Pre-achievement  0.88 0.93 3.86 2.99
Post-achievement  -1.10 1.364 12.73 1.93
Pre-attitude -0.3 -0.034 61.86 6.86
Post-attitude -0.083 -0.938 63.50 6.22

Female Pre-achievement  (.182 -0.858 3.80 2.70
Post-achievement  -0.132 -0.325 11.00 2.00
Pre-attitude -1.374 2.215 62.65 9.22
Post-attitude -1.130 1.244 63.05 8.74

Assumptions of the Multivariate Analysis of Covariance (MANCOVA)

Before conducting MANCOVA, firstly, assumptions of MANCOVA were
checked. The first assumption of the MANCOVA is the multivariate normality. In
order to check multivariate normality, skewness and Kurtosis values were found for
dependent variables for both experimental and control groups. Table 5.1 and Table
5.2 indicate skewness and kurtosis values for post-achievement and post-attitude
scores. These values vary between +2 and -2 indicating the approximate normality of
the data.

For the second assumption, homogeneity of covariance matrices, Box’s test
was conducted. As seen from Table 5.3, Box’s test revealed that this assumption was

also met (F=1.347, p>0.05)
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Table 5.3: Box's Test of Equality of Covariance Matrices

Box's M 13,430

F 1,347
dfl 9

df2 13498,307
Sig. 206

As well as homogeneity of covariance matrices, Levene’s Test of Equality of Error
Variances was run. As Table 5.4 shows, this assumption was also validated since p
values were higher than 0.05; F=0.344, p>0.05 for post attitude and F=1.430, p>0.05

for post-achievement.

Table 5.4 Levene's Test of Equality of Error Variances(a)

F dfL df2 Sig.
POSTATT 344 3 38 793
POSTACH 1 430 3 38 249

Before conducting MANCOVA, the homogeneity of slopes assumption was checked.
This assumption checks whether or not slopes relating the covariate to the dependent
variable are equal. Table 5.5 indicates that there is no significant effect of
interactions of fixed factors and covariate for the post-achievement scores
F(1,35)=0.045, p>0.05 and likewise for the post-attitude scores F(1,35)=0.986,

p>0.05. Therefore, this assumption is also validated.

Table 5.5 Evaluation of the Homogeneity of Slopes Assumption

Type Il
Dependent Sum of Mean
Source Variable Squares df Square F Sig.
Corrected Model POSTATT 298,458(a) 6 49,743 ,884 ,517
POSTACH 87,999(b) 6 14,667 5,258 ,001
Intercept POSTATT 5467,858 1 5467,858 97,139  ,000
POSTACH 71,396 1 71,396 25,598 ,000
TREATMEN POSTATT 27,748 1 27,748 ,493 487
POSTACH ,386 1 ,386 ,139 712
GENDER POSTATT 14,439 1 14,439 ,257 ,616
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POSTACH 2,842 1 2,842 1,019 320
SPST POSTATT 1,481 1 1,481 026 872
POSTACH 28,813 1 28,813 10,331 003
GENDER * POSTATT 15,249 1 15,249 271 606
SPST POSTACH 912 1 912 327 571
TREATMEN  * POSTATT 50,335 1 50,335 894 351
SPST POSTACH 2,896 1 2,896 1,038 315
TREATMEN ~ * POSTATT 55,512 1 55,512 986 327
SESNTD ER POSTACH 125 1 125 045 834
Error POSTATT 1970,114 35 56,289
POSTACH 97,620 35 2,789
Total POSTATT 17048200 ,
0
POSTACH 6138,000 42
Corrected Total POSTATT 2268,571 41
POSTACH
185,619 41

a R Squared =,132 (Adjusted R Squared = -,017)
b R Squared =,474 (Adjusted R Squared = ,384)

The last assumption, independency of observations was also met since all
students completed the instruments themselves.

After checking the assumptions, MANCOVA was carried out in order to test
the hypotheses posed in Chapter III. All hypotheses were checked at the significance
level of 0.05.

Results of Testing Null Hypotheses

Hypothesis 1
The first hypothesis was “There is no significant difference between post-test
mean scores of the students taught with conceptual change texts oriented instruction
accompanied with analogies (CCTIA) and those taught with traditionally designed
chemistry instruction (TDCI) with respect to understanding of rate of reaction
concepts and attitudes towards chemistry as a school subject when students’ science
process skills are controlled as a covariate.”
MANCOVA was conducted in order to analyze the effect of treatment on
students’ understanding of rate of reaction concepts and their attitudes by assigning

the science process skills as covariate. As seen from Table 5.6, this analysis indicated
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the rejection of the first null hypothesis Wilks 3= 0.731, (F(2,36)= 6.608, p<0.05.
Significant differences were found between the conceptual change text oriented
instruction and traditional instruction on students’ understanding of rate of reaction
concepts and their attitudes towards chemistry. The multivariate eta-squared with the
value of .269 indicates that about 27% of multivariate variance of dependent

variables was associated with treatment.

Table 5.6: Results of the MANCOVA

Partial
Hypothesi Eta
Effect Value F s df Error df Sig. Squared
Intercept Wilks' Lambda ,246 55,253 2,000 36,000 ,000 , 754
SPST Wilks' Lambda , 793 4,702 2,000 36,000 ,015 ,207
Treatment Wilks' Lambda , 731 6,608 2,000 36,000 ,004 ,269
Gender Wilks' Lambda  ,830 3,699 2,000 36,000 ,035 ,170
Treatment*Gen  Wilks' Lambda
,952 0,912 2,000 36,000 ,411 ,048

der

Hypothesis 2

The second hypothesis was “There is no significant difference between post-
test mean scores of males and those of females with respect to their understanding of
rate of reaction concepts and their attitudes towards chemistry when students’
science process skills are controlled as a covariate.”

As seen from Table 5.3, significant difference was found between post-test
mean scores of males and those of females with respect to their understanding of rate
of reaction concepts and their attitudes towards chemistry when students’ science
process skills are controlled as a covariate; Wilks’s= 0.83, (F(2,36)= 3.70, p<0.05.
The multivariate eta-squared with the value of .17 indicates that 17% of multivariate
variance of dependent variables was associated with gender.

Hypothesis 3

The third hypothesis was “There is no significant effect of interaction
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between gender difference and treatment with respect to understanding of rate of
reaction concepts and students’ attitudes towards chemistry when students’ science
process skills are controlled as a covariate.”” MANCOVA analysis indicated that
there was no significant effect of interaction between gender difference and treatment
with respect to understanding of rate of reaction concepts and students’ attitudes
towards chemistry when students’ science process skills are controlled as a covariate;

Wilks”3= 0.952, (F(2,36)= 0.912, p>0.05.

Table 5.7: Results of ANCOVA as follow-up MANCOVA

Type |lI Partial

Dependent Sum  of Mean Eta
Source Variable Squares  df Square F Sig. Squared
Corrected POSTATT 215,394 4 53,849 ,970 ,435 ,095
Model POSTACH 72,776 4 18,194 5,966 001 ,392
Intercept POSTATT 4907,174 1 4907,174 88,431 ,000 ,705

POSTACH 72,516 1 72,516 23,777 ,000 ,391
SPST POSTATT 13,795 1 13,795 ,249 ,621 ,007

POSTACH 28,577 1 28,577 9,370 ,004 ,202
TREATMEN POSTATT 127,763 1 127,763 2,302 ,138 ,059

POSTACH 33,946 1 33,946 11,130 ,002 231
GENDER POSTATT 4,313 1 4,313 ,078 ,782 ,002

POSTACH 22,880 1 22,880 7,502 ,009 ,169
TREATMEN * POSTATT 95,078 1 95,078 1,713 ,199 ,044
GENDER POSTACH 540 1 540 177 676,005
Error POSTATT 2053,177 37 55,491

POSTACH 112,843 37 3,050
Total POSTATT 170482,0

00 42

POSTACH 6138,000 42
Corrected Total POSTATT 2268,571 41

POSTACH 185,619 41

Hypothesis 4

In order to test the 4th hypothesis, which was “There is no significant
difference between post-test mean scores of the students taught with conceptual
change texts oriented instruction accompanied with analogies (CCTIA) and those
taught with traditionally designed chemistry instruction (TDCI) with respect to

understanding of rate of reactions concepts when students’ science process skills are
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controlled as a covariate.” To test this hypothesis, analysis of covariance (ANCOVA)
was conducted as a follow-up test to the MANCOVA. Table 5.7 shows the results of
the ANCOVA. As seen from Table 5.7, this analysis indicated that there was a
significant effect of treatment on students’ understanding of rate of reaction
concepts; F (1,37)= 11.13, p<0.05, n°=0.23. Comparing mean scores of reaction rate
test for both groups indicates that students taught with conceptual change text
oriented instruction had significantly higher scores than the ones taught traditionally
(M= 12,62 for CCTIA; M=11,19 for TDCI).

Figure 1 shows correct responses for pre-test scores of rate of reaction test for both
groups. On the other hand, Figure 2 shows correct responses of post-test scores for

both groups.

treatmen
I TDCI
Il ccol

0,48=

0,36

o
N
N

o
B
N

Percentage of Correct Responses

0,00
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Questions

Figure 1: Comparison of the pre-test scores of CCTAI and TDCI with respect to the

correct responses given to the questions
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Figure 2: Comparison of the post-test scores of CCTAI and TDCI with respect to the

correct responses given to the questions

Figure 2 showed that there was an observable difference between group
TDCI and group CCTIA students’ responses for the questions 9, 10, 14, 15 and 16.
For instance; for question 9, which was about the effect of catalyst on reaction rate,
10% of the TDCI and 15% of CCTIA gave the correct response before treatment.
After treatment, this percentage remained nearly the same for TDCI, however
increased to 30% for CCTIA. Question 9 is one of the poorly scored item.

For the 10" question, 4.8 % of the TDCI replied this question correctly
whereas 9.5% of CCTIA gave the correct response to this question before treatment.
However after the treatment, 80% of CCTIA group students replied correctly
question 10, only half of the TDCI group students replied it correctly. This question
was asked to assess students’ understanding about the effect of a catalyst on rate of a
reaction. That result showed that half of the students in TDCI group still had
misconceptions for this question. However, most CCTIA students gave correct
responses.

For question 14, before treatment, about 10% of TDCI replied this question
correctly whereas this percent was about 25 % for CCTIA. In question 14, it was

tried to investigate the misconception about the meaning of an activated complex.
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75% of students in CCTIA group replied this question correctly, while 40% of
students in TDCI group replied it correctly.

Similar result can be obtained in question 15, which is about reaction
mechanism misconceptions, before the treatment about 15 % of TDCI replied this
question correctly whereas 25% of CCTIA gave the correct response to the question.
After the treatment 70% of students in group CCTIA replied this question correctly,
while 45% of students in TDCI group replied it correctly.

Question 16 was about graph analysis according to the misconceptions of
activated complex and reaction intermediate. Before treatment, about 20% of TDCI
group gave the correct answer for this question; on the other hand, about 30%
CCTIA group replied this question correctly. However, after treatment, all of the
students in CCTIA group replied the question correctly, while 60 % of students in
TDCI group replied it correctly. This indicated that CCTIA was effective in removal
of misconceptions for these questions.

For questions 2, 3, 8, 13 and 18, there is a slight difference between the
responses of CCTIA group students and TDCI group students in favour of CCTIA
group. In question 2, 48% of TDCI and 37% of CCTIA replied correctly before
treatment. After treatment, 90%of TDCI group replied the question correctly, while
95 % of CCTIA group replied correctly. This indicated larger increase for CCTIA.
Question 3 was a quantitative question about rate law. Before treatment, only 10% of
TDCI gave the correct response whereas none of the CCTIA students answered this
question correctly. However, 75% of TDCI group replied correctly and 85% of
CCTIA group replied correctly. Question 8 was about the effect of temperature on
rate of a reaction. 30% of TDCI and 33% of CCTIA gave the correct responses
before treatment. On the other hand, 60% of CCTOI group replied question 8
correctly, while 45 % of TDCI group replied it correctly. This indicated CCTIA was
effective in removal of misconceptions. Similarly, for the question 13, about 30% of
TDCI and 33% of CCTIA gave the correct response before treatment. After
treatment, this increased to about 37% and 42% for TDCI and CCTIA respectively.

For questions 1, 4, 7, 17 and 19 both groups replied correctly at almost equal

proportions. In question 1, students were asked to determine the catalyst in a
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reaction, and its commitment to the reaction. Before the treatment, 14% of CCTIA
group and 29 % of TDCI group replied the question correctly. After the treatment
90% of CCTIA and the same percent of TDCI replied it correctly. Question 4 was
about reaction rates of different reactions and before the treatment 18% of TDCI and
about 24 % of CCTIA group replied it correctly. After the treatment, 65 % of TDCI
and 65 % of CCTIA answered it correctly. Questions 7 and 17 are among the poorly
scored items by both groups. For Question 7, it was aimed to assess students’
understanding about the graph representation of reaction rate with respect to time.
Before and after the treatment the percentage of correct responses in each group was
about 14 %. Students had difficulties in graph representation in both groups.
Question 17 was about the order of a reaction and factors affecting rate of reaction,
before the treatment none of the students in TDCI gave correct response to it,
whereas 4% of students in CCTIA gave correct responses. After the treatment about
30% in both groups gave correct response to the question. Question 19 was about the
effect of temperature on reaction rate, although instructed with a conceptual change
text students in both groups were equal in terms of correct responses which was
about 75%.

However, in questions 5, 6, 11, 12, and 20, the correct responses of TDCI
group students were a bit higher than the correct responses of CCTIA group students.
Question 5 was about the effect of catalyst on a reaction, question 6 was about
activation energy, question 11 was about fast and slow reactions, question 12 was
about writing rate equation of a given reaction with respect to changes observed in
concentrations of reactants, and question 20 was about fast and slow reactions. The
results showed that the concept of reaction mechanism and quantitative question
about writing reaction rate were understood better by traditionally instructed
students. This may be due to the structure of the textbook questions presented during

the traditional instruction.

Hypothesis 5
Similarly, analysis of covariance (ANCOVA) was run in order to test the 5t

hypothesis: “There is no significant difference between post-test mean scores of
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males and those of females with respect to their understanding of rate of reaction
concepts when students’ science process skills are controlled as a covariate.” This
analysis revealed that there was a significant effect of gender on students’
understanding of rate of reaction concepts; F (1,37)= 7.50, p<0.05, n2=0.17 (See
Table 5.7). Males had significantly higher achievement scores regarding the rate of

reaction concepts than females; M=12.73 for male, M=11 .00 for female students.

Hypothesis 6

To test this hypothesis; “There is no significant effect of interaction between
gender difference and treatment with respect to understanding of rate of reaction
concepts when students’ science process skills are controlled as a covariate.”,
ANCOVA as follow-up test to MANCOVA was used. This analysis indicated that
there was not a significant effect of interaction between gender and treatment: F

(1,37)=0.177 p>0.05 (See Table 5.7).

Hypothesis 7

For this hypothesis, stating that there is no significant difference between
post-test mean scores of the students taught with conceptual change texts oriented
instruction accompanied with analogies (CCTIA) and those taught with traditionally
designed chemistry instruction (TDCI) with respect to students’ attitudes towards
chemistry as a school subject when students’ science process skills are controlled as
a covariate, ANCOVA was used. As seen from Table 5.7, this analysis indicated that
there was not a significant effect of treatment on students’ attitudes towards

chemistry: F (1,37)=2.30, p>0.05.

Hypothesis 8
To answer the question posed by Hypothesis VIII stating that there is no significant
difference between post-test mean scores of males and those of females with respect
to their attitudes towards chemistry when students’ science process skills are
controlled as a covariate, analysis of covariance (ANCOVA) was used. The result

showed that there was not a significant difference between the posttest mean scores
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of males and those of females with respect to their attitudes towards chemistry when

students’ science process skills are controlled as a covariate F (1,37) = 0.078, p>0.05.

Hypothesis 9

Similarly, ANCOVA analysis revealed that there was not any significant
effect of interaction between gender and treatment (F (1,37)= 1.713, p>0.05, for this
hypothesis, which is “There is no significant effect of interaction between gender
difference and treatment with respect to students’ attitudes towards chemistry when

students’ science process skills are controlled as a covariate.” (See Table 5.7).

5.2 Conclusions

As a summary, MANCOVA analysis yielded the below conclusions:

1. The CCTIA caused a significantly better understanding and elimination of
alternative conceptions related to rate of reaction concepts than TDCI.

2. There was not a significant effect of treatment (CCTIA and TDCI) on students’
attitudes towards chemistry.

3. The effect of gender difference on students’ understanding of rate of reaction
concepts was significant. Males had significantly better scores with respect to
understanding the rate of reaction concepts when compared to the females.

4. There was not any significant effect of gender on students’ attitudes towards
chemistry.

5. There was no significant effect of the interaction between gender and treatment on
students’ understanding of rate of reaction concepts

6. There was no significant effect of the interaction between gender and treatment on

students’ attitudes towards chemistry
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CHAPTER 6

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

This chapter presents the discussion of the results examined in the previous

chapter and gives implications and recommendations for further research.

6.1 Discussion

The main purpose of this study was to compare the effectiveness of
Conceptual Change Texts Oriented Instruction accompanied with analogies and
Traditionally Designed Chemistry Instruction on 10™ grade students’ understanding

of rate of reaction concepts and attitude toward chemistry as a school subject.

As mentioned in Chapter IV, there were two classes (groups) instructed by
the same teacher. The first group (control group) received traditional teaching
whereas students in the experimental group were taught by considering conceptual
change texts accompanied with analogies. These texts were prepared according to the
Posner et al.’s (1982) conceptual change model. At the beginning of the study, rate of
reaction concepts test, attitude scale towards chemistry and science process skills
tests were administered to both experimental and control groups as pre-tests. The
result of this administration indicated that there was no significant difference
between the scores of both groups with respect to understanding the concepts of
reaction rate and attitudes towards chemistry as a subject before treatment. However,
two groups were significantly different in terms of science process skills before
treatment. For this reason, science process skill scores were taken as a covariate.

Science process skills test measured students’ ability of identifying variables,

62



identifying and stating hypothesis, operationally defining, designing investigations,

and graphing and interpreting data.

Both rate of reaction concept test and attitude scale towards chemistry as a
school subject were distributed to both groups after treatment in order to assess the
effect of treatment (conceptual change text oriented instruction accompanied with
analogies and traditional teaching) on students’ understanding of rate of reaction
concepts and their attitudes towards chemistry. It was found that there was a
significant effect of treatment on students’ understanding of rate of reaction
concepts. The comparison of post-test scores showed that students in experimental
group got higher scores than the students in control group. Therefore, it can be
concluded that conceptual change texts oriented instruction accompanied with
analogies was more effective in learning scientific knowledge and in understanding
the phenomena conceptually than traditionally designed chemistry instruction. When
compared according to the elimination of misconceptions, the conceptual change
texts oriented instruction accompanied with analogies also was more effective for
most of the questions in this study. These results are supported by the studies of
Cakir, Uzuntiryaki,and Geban (2002); Yiiriik and Geban (2001), and Andre and
Chambers (1997) which indicated that conceptual change text instruction was more

effective to get better understanding of scientific conceptions.

There may be several reasons for the effectiveness of conceptual change text
oriented instruction. Firstly, conceptual change texts were designed by considering
students’ misconceptions about rate of reaction concepts. Ausubel (1968) stated
that “the most important single factor influencing learning is what the learner
already knows”, which indicates importance of students’ previous knowledge.
Similarly, students in experimental group had the chance of actively involvement
to the instruction period with the help of conceptual change texts. With conceptual
change texts accompanied with analogies, students were able to compare their
intuitive ideas and scientific knowledge that caused dissatisfaction in their mind.
This dissatisfaction resulted in the restructuring of knowledge and

misunderstanding to scientifically accepted ones. But in control group students did
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not actively participate in the instruction. Teacher explanations reflected the
traditionally designed chemistry instruction. As stated before, conceptual change
texts accompanied with analogies were the main component of the treatment in the
experimental group. In these texts in order to activate the students’ intuitive ideas a
question was stated at the beginning of each text. After discussing this question, the
correct scientific knowledge was given by analogies. So that students were able to
get dissatisfied with their existing knowledge and grasp scientifically correct
explanation of the phenomena. Niaz, Aguilera, Maza and Liendo (2002) have
stressed the importance of giving students the opportunity to argue and discuss
their ideas for conceptual change. In conceptual texts used in this study, when the
question was introduced, enough time was given in the classroom. During this
period students activated their prior conceptions. Then, a discussion environment
was created with the help of teacher and students stated their answers to the
questions. As students became aware of their own conceptions through
presentation to others and by evaluation of those of their peers, students became
dissatisfied with their own ideas; conceptual conflict begins to build. By
recognizing the inadequacy of their conceptions, students became more open to
changing them. Several researchers stated the importance of dissatisfaction of
students’ ideas for conceptual change (Hewson, 1992; Duit, 1999; Davis, 2001).
The teacher gave feedback to some students about common misconceptions about
the concepts. With these activities, students had the chance of active involvement
in the learning period and had the chance of seeing some common misconceptions
in their mind. Then through the remaining parts of the texts the explanation of the
correct scientific knowledge was given, again the teacher explained these
explanations after some time was allowed for students to read these parts. With the
help of conceptual change texts accompanied with analogies students firstly got
dissatisfied with the existing knowledge and then restructured it to scientifically

correct phenomena, so the misconceptions about the concept were eliminated.

However, when compared with the conceptual change texts oriented
instruction, the students in the control group were passive listeners during the

instruction period. The teacher herself explained some important points of the
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concepts without considering the misconceptions students held in their mind.
Traditional chemistry textbook was used as an instructional material, and there was a
little interaction between the teacher and students. Some students asked questions
during the instruction and the teacher answered these questions without conceptual
understanding of the phenomena. After finishing the factual information about the
concept the teacher allowed some time for students to answer the textbook questions
which were mostly quantitative and not include conceptual understanding of the

concepts.

Another purpose of this study was to find out the effect of treatment on
students’ attitude towards chemistry. Attitude scale towards chemistry as a school
subject was used to investigate the effect of treatment on students’ attitude towards
chemistry. It was administered to both groups at the beginning of the treatment and
the results showed that the experimental and control groups were not significantly
different with respect to attitudes towards chemistry. The same test again
administered at the end of the treatment and when the post attitude results were
examined it was found that there was not a significant effect of treatment on
students’ attitude towards chemistry. Similar results were reported by Unlii (2000),
Cakir et al. (2002), Azizoglu (2004) and Pabuccu (2004). In these studies
conceptual change approach was effective in increasing achievement in the
experimental group, but the treatment was not effective in increasing students’
attitude towards science significantly in the experimental group. For example, in
the study of Cakir et al. (2002), conceptual change text oriented instruction had a
significant effect on students’ understanding of cellular respiration concepts,
whereas it did not make a significant difference in students’ attitude towards
biology as a school subject. Both groups in the study showed statistically the
similar attitudes towards biology. It was discussed that the use of text-based
information did not cause a significant change for the students, and the reason
reported as these conceptual change texts may have not created difference in
students’ attitude towards biology as a school sbject. In the present study it was
also seen that conceptual change oriented instruction was more effective than the

traditionally designed chemistry instruction, but conceptual change instruction did
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not increase significantly the students’ attitude towards chemistry. Several reasons
may be accounted for that result. One reason may be considered as the duration of
the treatment was four weeks and this period may be seen short to change the
students’ attitudes towards chemistry, as mentioned by Koballa (1988) and
Fishbein and Ajzen (1975), that long duration of new teaching strategies is needed
to change students’ attitude towards science, limited time for the application of new
teaching strategy to only one unit may be short to change students’ attitudes
towards science. Another reason may be considered as the teacher factor. The
teacher had positive attitudes towards her students in both groups before the
treatment and during the treatment and most students reported their interest for her

chemistry lessons before the treatment.

Another issue addressed in this study was to find out whether or not there
were significant differences between the post-test mean scores of males and those of
females with respect to their understanding of rate of reaction concepts. It was found
that there was a significant effect of gender on students’ understanding rate of
reaction concepts. The results showed that boys performed better in understanding
rate of reaction concepts. Males exhibited higher mean scores than females. This
result is also in accordance with Gabel (1994) and Celebi (2004)’s research which
showed that males had fewer alternative conceptions. The reason might be the fact
that boys are more likely to be interested in science than girls (Dawson, 2000) and
males are appealed by topics related to science and technology, whereas females are
mainly interested in topics related to biology (Jones et al., 2000). However, the
present study indicated that there was not any significant effect of gender on

students’ attitudes towards chemistry.

In summary, the present study tried to show the effectiveness of conceptual
change oriented instruction accompanied with analogies over traditionally designed
chemistry instruction on rate of reaction concepts. It showed that the conceptual
change oriented instruction accompanied with analogies provided better conceptual
understanding of rate of reaction concepts than the traditionally designed chemistry

instruction in chemistry.
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6.2 Internal and External Validity of the Study

In this study, a convenience sampling was used to choose the high school and
the classes for the treatment. Therefore, possible internal threads were considered as
the subject characteristics, history, location, mortality, data collector, data collector
bias, and implementation effects. These threads were desired to control during the

treatment.

Data were collected in shorter time periods and at the same time in both
groups to prevent the effect of history variables. The treatment lasted four weeks so
that the subjects in the study were not tired and bored. With this, maturation thread
was prevented. In order to prevent the effect of pre-test results to post-test results
four weeks’ time was enough to eliminate the contamination of students’
performance on the latter test by the pre-test. The subjects in comparison groups
were functionally equivalent at the beginning of the study. Also, science process
skills were taken as a covariate so that the results of the study were not biased. There
were no drop-outs during the treatment in both groups so that the mortality thread
was prevented. The size and setting of both classes were the same and this created
similar conditions for both groups. The same teacher instructed both groups and
before the instruction, she was informed about the misconceptions, conceptual
change approach, conceptual change texts, their application in the classroom, and
data collection. Data were collected by the same teacher under the same conditions in

both groups to prevent the data collection bias.

Two types of external validity were considered in this study as population
validity and ecological validity. Population validity is about the generalizability of
the results of the study. In this study accessible population was all tenth grade
students at a public high school in Canakkale and the sample of the study was 42
tenth grade students of the same chemistry teacher from the same public high school.
The subjects were not randomly chosen to the groups, and that limited the
generalizability of this study, but the students in the sample were from the middle
socio-economic status families living in Canakkale. Thus, the conclusions obtained

from this study may be generalized to similar public high schools in Canakkale and
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Turkey. A study has higher ecological validity it it generalizes beyond the laboratory
to more realistic field settings. In this study, both control and experimental groups
were instructed in the same classroom conditions. Therefore, the findings may be

generalized to similar classroom settings at similar public high schools in Turkey.

6.3 Implications

1. The teachers must be aware of the difference of rote learning and
meaningful learning, and must design their instruction to promote meaningful

learning.

2. Students may have some misconceptions about rate of reaction concepts
and chemistry teachers should be informed about the misconceptions and their

sources before the instruction.

3. Traditionally designed chemistry instruction is not enough to eliminate
students’ misconceptions. The teacher should consider the students’ misconceptions

and pre-existing knowledge when planning the instruction.

4. Conceptual change texts oriented instruction provides better conceptual
understanding of the concepts. Therefore, chemistry teachers should know how to

apply conceptual change texts in the classroom.

5. Chemistry teachers should be informed about the conceptual change theory
and its application strategies in the instruction and should be encouraged to use these

strategies during their instructions.
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6. Conceptual change texts prepared with analogies can provide better
understanding of the scientific concepts. Analogies may provide better grasping of

knowledge during the instruction.

7. The teacher must pay attention to the materials used during the instruction.
The examples, figures, textbooks should be designed according to conceptual

understanding of the phenomena.

8. Teachers should provide active involvement of students through the use of

conceptual change texts and some other strategies.

9. The teacher must create a positive environment during the instruction and

must provide equal chance of involvement for each student during the instruction.

10. Curriculum developers should consider students’ misconceptions and
their effect to the gaining scientific knowledge. They should give more emphasis on
conceptual change approach and should change traditional programs when planning

the curriculum.

11. The textbooks should be revised and designed according to the conceptual

change approach.

6.4 Recommendations

Based on the result of this study, the researcher recommends that:

1. A study can be carried out for different grade levels and different science

courses.
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2. This study can be conducted with a large sample size to get more accurate

results and to generalize it for larger population.

3. The conceptual change texts oriented instruction accompanied with

analogies can be used during the instruction of other chemistry concepts.

4. During the instruction demonstrations and group works can be combined
with conceptual change texts accompanied with analogies in order to activate

students.

5. For further study, student interviews may be combined with conceptual

change texts to determine the students’ interest to the method.
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APPENDIX A

INSTRUCTIONAL OBJECTIVES

1. To understand the rate of reaction concepts.

2. To define reaction rate.

3. To discriminate the condition for a successful collision to ocur.

4. To understand the collision theory.

5. To define the activation energy.

6. To discriminate the position of an activation energy from the graph.

7. To find the rate law for a given reaction mechanism.

8. To find the order of a given reaction.

9. To understand the factors that affect the rate of reaction.

10. To comprehend the effect of concentration on reaction rate.

11. To comprehend the effect of temperature on reaction rate.

12. To comprehend the effect of surface area on reaction rate.
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13. To know the function of a catalyst in a reaction.

14. To understand the reactions that have mechanisms.

15. To discriminate the rate determining step in a given reaction mechanism.

16. To discriminate the reaction intermediate and a catalyst in a given reaction

mechanism.
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APPENDIX B

RATE OF REACTION CONCEPTS TEST

Bu test sizin kimya dersindeki reaksiyon hizi konusundaki bilgilerinizi
O0lcmek ve degerlendirmek igin gelistirilmistir. Coktan se¢meli 20 sorudan

olusmaktadir.

1. 0; + 2NO —» 2NO;,
2NO; + 2H; SO; 5, 2H,S04+ 2NO
tepkimesinde katalizor asagidakilerden hangisidir?

a) 02 b) N02 C)NO d) HQSO3 e) HQSO4

2.Asagidakilerden hangisi tepkime hizini etkilemez?
a)Maddelerin yapis1

b)Tepkimeye girenlerin derisimleri

c¢)Sicaklik

d)Carpisma ylizeyinin biiytitiilmesi

¢)Erime noktasi

33A+2B +C—————> AB +BC tepkimesinde derisim degismelerinin hiza

etkisi soyledir:

[A] [B] [C] Hiz

0,02 0,10 0,30 2,4.10"
0,04 0,30 0,20 6.4.10"
0,02 0,30 0,20 1,6.10"
0,04 0,10 0,20 6.4.10"
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Tepkimenin hiz bagintist nasildir?
ak. [A][BT[C]

bk.[A] [B]?

ok. [AT

dk. [A]*[B]

ek [A]*[C]

4.Aymi kosullarda asagidaki tepkimelerin hizlari goz oniine alintyor:

Ck)y+HO ———> CO®E + H( Vi
H" (suda) + OH (suda)——» H,0 (s) V,

2Ce ™ (suda) + Hg,"”? (suda) — >  2Ce"(suda) + 2Hg" (suda) Vs
Bu tepkimelerin hizlary (V;,V,, V3 ) arasindaki biiyiikliik iliskisi nasildr?
a) Vi =V, =V;
b)Vi; >V, >V,
c) V3>V, >V,
d) Vo>V >V;
e) V>V >V,
¢
5.A() +B(g —> D(g) + E(g) tepkimesinde C katalizor ise C’nin
tepkimeye etkisi nasildir?
a)Tanecikleri hizlandirir.
b)Aktiflesme enerjisi daha diisiik bir yol saglar
c)Taneciklerin tepkimeye girmesini saglar.
d) Uriin miktarin1 arttrir.

e)Taneciklerin yapisini degistirir.
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6.Aktiflesme enerjisiyle ilgili asagidaki ifadelerden hangisi dogrudur?

a)Tanecik sayisi-kinetik enerji grafigindeki en iist noktadir.

b)Bir ¢esit 1s1 enerjisidir.

c)Taneciklerin carpisarak iiriine doniismeleri i¢in gerekli kinetik enerjidir.
d)Tepkime hizini etkilemeyen bir enerjidir.

e) Biitiin tepkimelerde aktiflesme enerjisi aynidir.

7A+ B _____, C tepkimesi veriliyor. Buna gore asagidaki

grafiklerden hangisi tepkime hizinin zamanla degisimini gostermektedir?

a b), ¢) d) e)

8.Endotermik ve ekzotermik tepkimeler icin asagidaki ifadelerden hangisi

dogrudur?

a) Tiim endotermik tepkimeler yavas meydana gelir.

b) Sadece endotermik tepkimelerde sicaklik artisiyla hiz artar.

¢) Endotermik tepkimelerde tanecikleri harekete ge¢irmek zordur.
d)Ekzotermik tepkimlerde sicaklik arttik¢a hiz artar.
e)Ekzotermik tepkimelerde sicaklik arttik¢a hiz azalir.

9.Katalizor icin asagidakilerden hangisi dogrudur?

a)Her zaman kimyasal reaksiyonlar1 hizlandirir.

b)Katalizor reaksiyonda yer almaz

c)Reaksiyonu baslatmak icin katalizor gereklidir.

d) Katalizor diistik aktivasyon enerjili bir yol saglayarak reaksiyonlar1 hizlandirir.

e)Katalizor kullanildiginda yiiksek aktivasyon enerjisine sahip olan yol kaybolur.
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10. El E2 Sekilde bir tepkimeye ait taneciklerin enerji dagilim
Tan egrisi ve bu tepkimeye ait iki farkh esik(aktiflesme)

enerjisi gosteriliyor.E2 ‘den E1 ¢ e gecis i¢in

asagidakilerden hangisi yapilmstir?

Enerji

a)Pozitif katalizor kullanilmigtir.

b)Negatif katalizor kullanilmistir.

¢)Sicaklik diisiirtilmiistiir.

d)Tepkimeye giren maddelerin derisimleri arttirilmastir.

e)Tepkimeye giren tanecik sayist azaltilmistir.

11. A(g) +2B(g) » C(g + 2D (g (yavas)
2P (g) + C() > 2Q(g) (hazl)

Mekanizmasina sahip tepkimede asagidaki islemlerden hangisi tepkime hizini

degistirmez?

a) A derigimini arttirmak
b) Sicakligi arttirmak
c)Katalizor kullanmak
d)B derigimini arttirmak

e) C derisimini arttirmak
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12. 2A + B +C > 2D +E tepkimesi i¢in baglangi¢

derisimleri ve tepkime hiziyla ilgili su veriler elde ediliyor;

I.Girenlerin tiimiiniin derigimi ikiser katina ¢ikarilinca hiz 8 kat artiyor.

II. A’nin derisimi sabitken B ve C’nin derisimleri 3’er katina ¢ikarilinca hiz dokuz
kat artiyor.

II1. B’nin derisimi sabitken A ve C’nin derisimleri 2’ser katina ¢ikarilinca hiz yine
sekiz kat artiyor.

Tepkimenin hiz bagintist asagidakilerden hangisidir?

a) V=k[A][B][C]
b) V=k[A][B]’
¢) V=k[AT’[C]
d) V=k[A][CT?
e) V=k[C]*

13.Tepkime hiz1yla ilgili asagidaki ifadelerden hangisi dogrudur?

a)Tepkime hiz1 birim zamanda madde miktarindaki degismedir.

b)Tepkime hiz1 tepkimenin baslangicindan bitimine kadar gegen zaman siirecidir.
c)Biitiin tepkimeler ayn1 hizda gerceklesir

d)Tepkime mekanizmasindaki en hizli adim tepkime hizini belirleyen adimdir.

e)Tepkime hiz1 sadece girenlerle ifade edilir.

14. Aktiflesmis kompleksle ilgili olarak asagidaki ifadelerden hangisi yanhstir?

a) Potansiyel enerjinin en yiiksek diizeye ulastig1 tirtindiir.
b)Aktiflesmis kompleks kararsizdir.

c)Aktiflesmis kompleksteki taneciklerin tamamu iiriinlere doniisiir.
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d)Aktiflesmis komplekste tanecikler iirlinleri olusturacak sekilde diizenlenir.

e)Aktiflesmis kompleks potansiyel enerji grafiginde en yiiksek noktada yer alir.

15.Hx(g) + 12(g) —> 2HI(g) tepkimesinin mekanizmasi
asagidaki gibidir.
K
L@ — > 2 (hizly)
4—
k
21(g) +H2(g) — > 2HI(g) (yavas)

Buna gore asagidakilerden hangisi dogrudur?

a) Ilk adimi aktiflesme enerjisi daha yiiksektir.

b) H, nin tepkimeye girme hizi [, nin hizinin yarisidir.

¢) HI nin olugsma hizi , H, nin tepkimeye girme hizinin iki katidir.

d) H» nin derisimi iki katina ¢ikarilirsa tepkimenin olusma siiresi dort katina ¢ikar.

e)Tepkime hizini birinci adim belirler.

16.

»

Tepkimenin gidisi
Grafikte verilen tepkime i¢in asagidaki yargilardan hangisi dogrudur?
I. A—» C tepkimesi hiz1 belirleyen adimdir.

II. B ve D aktiflesmis komplekslerdir.

II1. C ara trindiir.
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IV. A >E tepkimesinin /\H s1 negatif isaretlidir.

a)lvell b) III ve IV c) Il ve Il d)ILII ve IV e) LIl ve IV

17.2A (g) + B(g) » 2C(g) tepkimesinin hiz bagintisi k[A]2 dir.Buna

gore

[.Tepkime birden fazla basamakta ger¢eklesmektedir.
II.Tepkime ikinci derecedendir.
I11. B(g) eklendiginde tepkime hizi artar.  ifadelerinden hangisi yada hangileri

dogrudur?
a) Yalmz I b) YalmzII o) LLII d) I, I e) [, IT ve III

18.Asagidaki tepkimelerden hangisi yada hangilerinde giren maddelerin

yiizeyinin arttirilmasi hizi arttirir?

[.Zn (k) + H,SO4(suda) ——» Zn SO4(suda) + Ha(g)
I1. 2Hy(g) + 2NO (g) > Ni(g) + 2H,0 (g)

[IL.Fe*(suda) + Cu'*(suda) — Fe“(suda) + Cu''(suda)
a)l b)II o)l d)I ve Il e)l ve III

19.Asagidaki ifadelerden hangisi sicakhigin tepkime hizina etkisi

diisiiniildiigiinde dogru olur?

a)Sicaklik arttirildiginda ekzotermik tepkimelerin hiz1 diier.

b)Sicaklik aktivasyon enerjisini diisiirerek tepkime hizin arttirir.

¢)Sicaklik tepkimeye 1s1 vererek tepkime hizini arttirir.

d)Sicakligin artmasiyla taneciklerin kinetik enerjileri artar ve boylece tepkime hizi

artar.
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e)Sicaklik tepkime mekanizmasini degistirir.

202Cu™ + 2 ——> 2Cu” +1I, (hizh)
Cu' + SZOg'2 — » CuSO4 + SO4'2 (yavas)

Cu'+ CuSO,/ > 2Cu™ + SO,% (hizh)

Yukaridaki mekanizmasi verilen tepkime icin asagidaki ifadelerden hangisi

yanhstir?

a)Hiz1 belirleyen adim ikincisidir.

b) S,0s%  derisimi iki katina ¢ikarilirsa hiz da iki katina ¢ikar.
¢) Cu" katalizordiir.

d) CuSO4" omrii ¢ok kisa olan bir ara iiriindiir.

e)Net tepkime tiriinleri SO4~ ve I, dir.
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APPENDIX C

CONCEPTUAL CHANGE TEXT SAMPLE

Biitiin tepkimeler ayn1 hizda m gerceklesir?

Sevgili  Ogrenciler, biitlin  tepkimelerin ayn1 hizda gerceklestigini
diistinebilirsiniz, ama bu bir kavram yanilgisidir.

Beden egitimi derslerinde O6gretmeniniz sizin Oniinlize bir engel koyup
atlamanizi isteyebilir. Sizce sinifinizdaki her 68renci ayni1 engeli asabilir mi? Tabi ki
hayir. Kiminiz uzun, kiminiz kisa, kiminiz sisman, kiminiz zayifsiniz ve bu engeli
asabilen Ogrenciler , kilolar1 ve boylar1 miisait olup yeterli enerjiye sahip 6grenciler
olacaktir. Fakat 0gretmeniniz bu engeli biraz daha kiigiiltiirse sinifinizda engeli
asacak Ogrenci sayisi artacaktir. Engel biiylidiilkce engeli asacak Ogrenci sayisi da

azalacaktir.

Tepkimeler de aynen boyle gergeklesir, degisik hizlara ve aktiflesme
enerjilerine sahiptir. Aktiflesme enerjisi kiiciik olan tepkimeler, engeli asacak tanecik
sayis1 fazla olacagindan hizli olur. Aktiflesme enerjisi biiylik olan tepkimeler engeli
asabilecek tanecik sayis1 az olacagindan yavas gerceklesir. Ornegin demirin

paslanmas1 ¢ok yavas gergeklesen kimyasal bir tepkimedir. Torenlerde zevkle
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izledigimiz havai figek gosterileri ne de cabuk biter degil mi?, ¢iinkii onlar patlama

ile gerceklesen , ¢cok kisa siiren kimyasal tepkimelerdir.

Tepkime hizi nedir?

Sevgili 6grenciler, tepkime hizi nedir sorusu size sorulunca bir¢ogunuzun aklina
gelen sey “tepkimeye giren maddelerin {iriin olusturma siirecidir” ifadesidir. Fakat
bircogunuzun diigiindiigii bu tanim bir kavram yanilgisidir, diisiiniilenin askine

tepkime hizi sadece girenlerin iiriin olusturma siireci degildir. Bunu soyle ifade

aciklayabiliriz;

Tepkime hiz1 bir fabrikadaki iiretim hizina benzer. Kimyasal bir tepkimeyi otomobil
fabrikasindaki iiretime benzetebiliriz. Demir, plastik, ve cam gibi ham maddeler
girenlerimiz ve otomobiller de fabrikanin sonunda montaj hattindaki tirtinlerimizdir.
Ham maddeler islenerek otomobili olustururlar. Biz de bu tepkimenin hizin1 6lgmek
istedigimizde giin basina iiretilen otomobillerin sayisini ya da giin basina tiiketilen
demir miktarin1 ele alabiliriz. iste fabrikada ham maddelerin islenerek otomobil
tiretim silirecinde yer almasindaki gibi, tepkime hiz1 dl¢limii sadece girenlerle ifade
edilmez.

Tepkime hizi birim zamanda girenlerin miktarindaki azalma yada iiriinlerin

miktarindaki artmadir.
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A(g) + Bgg — " C(g) + D(g) tepkimesini ele aldigimizda
A ve B’nin girenler ,C ve D’ nin de iiriinler oldugunu goriiyoruz.

Tepkime baslangicindan itibaren tepkimedeki madde miktarinda bir artma ve azalma
s6z konusu olacak, A ve B maddeleri baslangigta ortamda yalnizken , iiriinler
olustuk¢a miktarlar1 azalacak; C ve D maddeleri baslangigta yokken A ve B
maddelerinin tepkimeye girmesiyle olusacak ve miktarlar1 zamanla artacaktir.
Goriildiigi gibi tepkimenin olusum siirecinde girenlerin miktarinda bir azalma ve
tirtinlerin miktarinda bir artma olacaktir. Bu azalma veya artmanin zamanla degisimi

tepkime hizini ifade etmemize yardimei olur.

Madde derisimindeki degisme

Tepkime hiz1 = dir.

Zaman aralig
Yukaridaki tekimeyi ele aldigimizda tepkime hizin1 hem girenler hem de iiriinler

bazinda yazabiliriz.

TH(A) =[A]’ndeki azalma / At TH(B)= [B]’ndeki azalma / At

TH(C) =[C]’ndeki artma / At TH(D) =[D]’ndeki artma / At

Goriildiigi gibi tepkime hizi bazilarinizin diisiindiigii gibi sadece giren maddelerin
derigimleri ¢arpimina esit degildir, yada sadece bir iiriin olusturma siiresi degildir.
Sadece derisim yada bir siire ile ifade edilmez.

Tepkime hizi nedir sorusu karsisinda bir¢ogunuzun verdigi “belli sicaklik ve
derisimde birim zamanda iirliine doniisen madde miktaridir” ifadesi de sahip olunan
bir kavram yanilgisidir.

Kimyasal tepkimelerin bazilar1 kendiliginden olusur, bazilarinin gergeklesmesi igin
enerji gerekir. Bu enerji 1s1 enerjisi olabilir, 151k enerjisi olabilir, mekanik enerji
olabilir, elektrik enerjisi olabilir. Yani tepkime hizi her tepkime icin farkhidir ve
Olciim kriterleri de yine tepkime tiirline gore degisir, sicaklik ve derisimi belli bir
seviyede tutmak hizi1 bulmamizi saglamaz. Ornegin, fotosentezde 151k enerjisinin
yararli bir islevini goriiyoruz, dinamit gibi bir sarsint1 olana kadar giivenli olan
maddenin patlatilmasinda ise mekanik enerjinin islevine ihtiya¢ duyuldugunu

goruyoruz.
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Her molekiiler ¢arpisma kimyasal tepkimeyle mi sonu¢lanir?

Sevgili 6grenciler, bildiginiz gibi tepkimeler giren taneciklerin ¢arpismalari
neticesinde meydana gelir. Ancak  birgogunuzun diisiindiigiiniin aksine tiim
molekiiler carpismalar kimyasal tepkimeyle sonuclanmaz. ki tanecigin birbiriyle
carpismasi onlarin tam olarak tepkimeye girecekleri anlamina gelmez. Basarili bir
carpigsma gergeklesmesi i¢in taneciklerin uygun carpisma dogrultusunda ¢arpismalari

gerekir ki boylece belli atomlar bir araya gelerek iiriin olusturabilsin.

t \ ',
Bu olay tipk1 bir yapboz tamamlamaya benzer. Elimize aldigimiz bir parcay1 rasgele
yerlestirerek amacimiza ulasamayiz. Her parganin girintileri ¢ikintilariyla uyum
saglamasi gerektigi bir yeri vardir ve uygun oldugu yere yerlestirilmelidir.

A; (g) + Ba(g) ——» 2AB(g) tepkimesine gore A; (g) ve
B>(g) tanecikleri carpistiginda A, (g) ve Ba(g) tanecikleri arsindaki baglar zayiflar
ve kopar. Ancak AB(g) maddesi olusmasi i¢in uygun dogrultuda, yeterli hiz ve
enerjiyle carpigsmalari gerekir.

Carpigma teorisinin temeli taneciklerin tepkimeye girmeleri icin mutlaka

carpismalar gerektigidir. Bu olay1 giires miisabakalarina benzetebiliriz.

Iki giirescinin giiresebilmeleri i¢in birbiriyle temas etmeleri gerekmez mi?
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Tepkimeler tek bir basamakta mi gerceklesir?

Hemen hemen tepkimelerin c¢ogu tek bir adimda degil, birkac adimda
meydana gelir. Bir tepkimeyi olusturan bu adimlara tepkime mekanizmasi denir. Bir
tepkimenin mekanizmasi toplam tepkimeye bakarak anlasilamaz. Her bir adim en
cok iki tanecigin carpigsmasini igerir. Tepkime mekanizmasi deneylerle elde edilir.

Tepkime mekanizmasindaki adimlar aym1 hizda ger¢eklesmez,kimisi yavas kimisi

hizlidir.

Sevgili 6grenciler tepkime mekanizmasinda yavas basamagin tepkime hizini
belirledigi konusunda kavram yanilgilar1 tagimaktasiniz. Bu olay1 giinliik hayatimizla
sOyle iliskilendirebiliriz ,gece yatagimizda giizel bir sekilde uyuduktan sonra sabah
kalkar ve okula gideriz. Gece yatagimizda uyumamizi tepkimeye baslangi¢(girenler),
okula varmamizi da tepkimenin sonucu(iiriinler) olarak diisiinelim. Bu tepkimenin
baslangici ve sonucu arasinda hangi olaylar1 gerceklestiririz?

-uyaniriz

-banyoya girerek, yiiziimiizii yikar, dus aliriz

-okul iiniformamizi giyeriz

-kahvalt: ederiz

-yuriiyerek, anne-babamiz ya da bir arkadasimizla veya okul servisini
kullanarak okula varwriz. Sizce bu adimlar herkes i¢in ayni hizda mi1 gergeklesir?

Kimimiz banyoyu kullanma esnasinda yavas, kimimiz kahvalti esnasinda
yavag, kimimizse servise binip okula varirken yavas hareket ederiz. Yani tim
Ogrenciler i¢in mutlaka yavas gerceklesen bir adim vardir ve bu yavas adim okula
varma sliremizi belirler.  Bu yavas basamagi hizlandirmak, tepkime hizini
etkileyecek ve okula daha kisa siirede varmamizi saglayacaktir. Yine hizh
gerceklestirdigimiz bir basamagi diisiinelim, sizce okula varma siiremizde etken olur
mu? Tabi ki olmaz, hizl1 gerceklesen bir basamak tepkime hizinda etkili degildir.

H,O, + 2I' + 2H;,0° —» I, + 4H,O  tepkimesi ili¢ adimda

gergeklesmektedir.
HO, + T H,O + 10 (yavas)
00 +H;0'—, HIO + H0 (hizh)
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HIO +H;0" +I' —» 2H,0 + I, (hizl)

Tepkime ii¢ adimda gerceklesmektedir. Tepkime hizim1 belirleyen adim 1.
Adim yani yavas adimdir. Hizli adimlar tepkime hizin1 belirlemez.

Yine ayni tepkimeyi ele alarak bir¢ogunuzun sahip oldugu diger bir kavram
yanilgist reaksiyon intermediate (ara iirlinii)) degerlendirebiliriz. Katalizér ve
reaksiyon ara iriinii karistirilan iki kavramdir. Katalizor olabilecek bir tepkimeyi
harekete geciren, kimyasal tepkime olusumunu saglayan, fakat kendisi tepkime
sonunda degisime ugramayan maddedir. Reaksiyon ara iirlinii ise tepkimenin bir
basamaginda iiretilip diger bir basamaginda tiiketilen, toplam tepkimede yer almayan
madde, ya da maddelerdir. Yukaridaki tepkimede 10O I. Basamakta iiretilip II.
Basamakta kullanilmaktadir. HIO II. Basamakta olusup III. Basamakta

kullanilmaktadir. Her ikisi de toplam tepkimede goziikmemektedir.

Katalizor tepkimeye girer mi?
Sevgili 0grenciler birgogunuz katalizériin tepkimeye girmedigini disiiniir.
Ancak bu bir kavram yanilgisidir.
Katalizor olabilen bir tepkimeyi harekete geciren, kimyasal tepkime
olusumunu saglayan, fakat kendisi tepkime sonunda degisime ugramayan maddedir.
Katalizor gilinliik hayatimizda tipki diigiin térenlerindeki nikah memuru
gibidir. Nikahin gergeklesmesini saglayan, torenin hizini belirleyen, kendi yagaminda
bir degisiklik olmamasina ragmen evlenen ciftlerin hayatlarini tamamen degistiren
kisi degil midir nikah memuru?
@)%

=

&P
A

N

Baz1 katalizorler tepkimenin bir basamaginda tiiketilirler ve daha sonraki bir

basamaginda yeniden olusurlar.
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O, + 2NO ——*> 2NO,

2NO, +2H,SOs 5 2H,SO; + 2NO

Tepkimesini inceledigimizde NO’nun birinci basamakta tepkimeye girerek
kayboldugunu ve ikinci basamakta tekrar olustugunu goriiyoruz.

Sahip oldugunuz diger bir kavram yanilgis1 da tepkimenin baslamasi ig¢in
katalizor gerektigidir. Ancak katalizér olmayacak bir tepkimeyi gergeklestiremez.
Katalizor olabilen bir tepkimenin hizina etki eder.

Sanilanin aksine tiim katalizorler tepkime hizini artirmaz, tepkime hizini
artiran katalizorlerin yanisira yepkime hizini azaltan katalizorler de vardir. Bunlara
negatif katalizor veya inhibitér denir. Inhibitérler aktiflenme enerjisini artirarak
tepkime hizini azaltir.

Caddelerdeki alt ve list gegitler inhibitor, kopriiler ve tiineller ise aktivatorler

gibidir.
Katalizor tepkimeyi nasil etkiler?

Sevgili 6grenciler, bir ¢cogunuz, katalizor kullanildiginda yiiksek aktivasyon
enerjisine sahip olan yolun kayboldugunu diisiiniir. Bu bir kavram yanilgisidir.
Katalizoriin reaksiyona etkisini su drnekle agiklayabiliriz. Iki vadi ve bu iki vadiyi
birbirine baglayan yiiksek bir dag oldugunu diisiinelim, ve bu vadiler aras1 gecisin
tek yolu bu dag olsun. Bir vadiden digerine ancak en aktif kisiler gegebilir. Oysa bu
dagin altindan agilan bir tiinel ¢ok daha fazla kisinin bir vadiden digerine gegisini
saglayacaktir. Tiinel, dagin ytliksekligine bir etki yapmazken, kisilere geg¢is isin

alternatif bir yol saglayacaktir. Yani, tiinel agilmakla, dag kaybolmaz.

Iki vadi arasindaki gegiste yiiksek dag1 asarak gecmeye calisanlarin sayis1 ¢ok az
olacaktir. Bu da yiiksek bir aktivasyon enerjisi engelinden dolay1 , ¢ok az sayidaki

etkin ¢arpigsma sonucu ¢ok yavas ilerlemesine benzer.

Tiinel kullanarak ¢ok daha fazla kisinin bir vadiden digerine ge¢mesi ise katalizor
kullanildiginda reaksiyonun daha diisiik enerjili aktif kompleks i¢eren degisik bir
gidis yoluyla gerceklestigini gostermektedir.
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Oyleyse katalizor, reaksiyonun daha diisiik bir aktivasyon enerjisiyle alternatif bir

gidis yoluyla gergeklesmesini saglamaktadir.

Katalizor etkilenmesi tepkimenin aktivasyon enerjisini agacak tanecik sayisini ancak
daha diistiik bir aktivasyon enerjisiyle alternatif bir gidis yoluyla ger¢eklesmesini

saglayarak artirmakta ve bdylece tepkimeyi hizlandirmaktadir.

Aktiflesme enerjisi tepkime hizim etkiler mi?
Sevgili 6grenciler bircogunuz aktiflesme (esik) enerjisinin tepkime hizini

etkilemedigini diisliniiyor. Bu yanlis bir diisiincedir ki bu olay1 soyle agiklayabiliriz;

Sekildeki koyu renkli yol dagin solundaki vadiden (girenlerden) sagindaki vadiye
(lirtinlere) dogrudur.Baslangi¢ noktasinin tistiindeki tepe ise girenler ve iirlinler
arasindaki ge¢is halidir. Ve birgok kisi i¢in tepenin bir tarafindan diger tarafina gegme
istegi tepenin diger kisminin yokus asagi almasina bakmaksizin bu yolun uzunluguna

baghdir.
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Bir kimyasal tepkimenin gergeklesmesi de ayin sekildedir. Belirli bir kinetik enerjiye
sahip taneciklerin uygun dogrultuda etkin carpisma yaparak iiriinlere doniisebilmeleri
icin gerekli bir minimum enerji vardir. Esik enerjisi yada aktiflesme enerjisi denilen
bu enerji ne kadar kiigiik olursa, bu enerjiyi asip etkin ¢arpigsma yapabilen tanecik

sayist da o kadar fazla olur.

Sekilde de goriildiigii gibi yol ne kadar kisa olursa bir vadiden diger vadiye gitmeye

istekli insan sayist da o kadar fazla olur.

Oyleyse, aktijlesme (esik) enerjisi tepkime hizim etkiler.

Aktiflesme enerjisi enerji grafiginin en yiiksek yerinde midir?

Sevgili 6grenciler aktiflesme(esik) enerjisi hakkinda bircogunuzun sahip
oldugu diger bir kavram yanilgis1 aktivasyon enerjisinin enerji grafiginde en yiiksek
yer oldugu diisiincesidir.

Yeterli aktiflesme(esik) enerjisi eklendiginde, tepkimeye giren tanecikler
aktiflesmis kompleksi olusturmak icin birbirine daha yakin hareket ederler.
Aktiflesmis kompleks hali taneciklerin toplanma halidir ve potansiyel enerjisi hem
girenlerden hem de irlinlerden fazladir. Aktiflesmis kompleks hali tepkimenin

iiriinler olusacak sekilde ilerlemesinden énceki kararsiz , gegis halidir.

™~
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Itfaiyecinin 2. kattaki yangma miidahale etmesi igin merdiveniyle 2.kat hizasina
gelmesi yeterli midir? Birazcik daha tirmanarak daha yiiksek bir potansiyel enerjiye

sahip pencere esigini asmasi ve iceriye girmesi gerekmez mi? Gorevini
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tamamladiktan sonra da 2. kattan direkt zemine inemeyeceginden yine pencerenin
esigine kadar ¢ikip ondan sonra merdiveniyle inmesi gerckmez mi? Iste her iki
durumda da pencere esigi, aynen aktiflesmis kompleks gibi, olayin baslangicindan
sonuna ulasmak i¢in asilmast gereken belli yiiksek bir enerji durumunu
anlatmaktadir. Oyleyse enerji grafigindeki en yiiksek yer aktiflesme enerjisi degil,

kararsiz aktiflesmis kompleksin enerjisidir.

Tepkimeyi nasil hizlandirabiliriz?

Bazi kimyasal tepkimeler, 6rnegin havai fisek, dinamit gibi patlayicilarin
tepkimeleri, neredeyse anlik olaylardir. Demirin paslanmasi gibi tepkimeler ise ¢ok
yavas ilerler, dyle ki sonuc¢larin1 gormek yillar alabilir. Tepkimeler, ancak girenlerin
molekiillerinin birbiriyle temasta bulunmasiyla gerceklesebilir, bu nedenle birbiriyle
carpisan molekiil sayis1 artirildiginda tepkimenin hizi da artar.Carpisan molekiillerin
sayisini artirmanin yani tepkimeyi hizlandirmanin bir yolu yiizey alanini
genisletmektir, boylelikle daha fazla miktarda tepken tepkimeye girebilir, ancak
yiizey alan1 dendiginde bir¢ogunuzun sahip oldugu bir kavram yanilgisi da yiizey

alan1 artirmanin tim tepkimelerde hiz1 artiracaginin diisiiniilmesidir.

Mermer mutfak tezgahinin iizerine limon damlattigimizda tezgahta bir degisim
fark ederiz,kalsiyum karbonatin dogada bulunan bir bi¢imi olan mermer, asit ile
tepkimeye girer. Fakat bu hizli bir siire¢ degildir.Mermer ince toz haline getirilirse
ylizey alan1 biiyiikk Olgiide artar ve tepkime Oylesine hizlanir ki karbon dioksit
kabarciklar1 hizla meydana gelir.

Omekte de goriildiigii gibi tepkimeye giren maddelerin temas yiizeyinin
artirllmas1  heterojen yani reaktiflerin farkli fazlarda bulundugu tepkimelerde
molekiillerin ¢arpisma sayisini ve bdylece tepkime hizini artirir.

Tepkime ortami bir ¢ozelti ise, ¢ozeltinin derigimi, yani ¢oziliciideki bilesigin
molekiil sayis1 artirilarak ayni etki elde edilir, yani tepkime hizlanir. Sekildeki park

yerinde sadece iki araba vardir ve birbirleriyle ¢arpismalar1 ¢cok diisiik bir ihtimaldir.

110



& 2

Oysa, asagidaki sekilde arabalarin park esnasinda birbirleriyle ¢arpisma ihtimali ¢ok
yiiksektir.

Tepkimeler de aynen bu ornekteki gibi gerceklesir, tepkime hizi tepkimeye giren
maddelerin derigimleri ile orantilidir. Reaktantlarin yapilarindan baska, derisimleri de
o kimyasal reaksiyonun hizini 6nemli dlgiide etkiler. Reaksiyona girebilmeleri igin
taneciklerin carpigmalar1 gerekir. O halde reaksiyon ortaminda daha cok sayida
reaktant tanecigi bulunmasi, daha fazla sayida carpigmanin ger¢eklesmesine neden
olur. Boylece reaktantlarin derisimlerindeki artma c¢arpisma sayisini ve dolayisiyla

reaksiyon hizini artirir.

Oyleyse, reaktantlardan birinin derisiminin artmasi reaksiyon hizini artirir demek
yerine, bu olay1 ¢arpisma teorisiyle agiklamamiz gerekir. Reaksiyon ortaminda daha
¢ok sayida reaktant tanecigi bulunmasi, daha fazla sayida ¢arpismanin
gerceklesmesine neden olur ve boylece reaktantlarin derisimlerindeki artma garpisma

sayisini ve dolayisiyla reaksiyon hizini artirir demek daha agiklayici olur.

Diger bir yanilgi da derisimin artirilmasinin tepkime i¢in gecen siireyi artirmasi

seklinde algilanmasidir. Oysa artan siire degil, tepkimenin hizidir.
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Sicaklik tepkime hizimi nasil etkiler?

Sevgili 6grenciler annenizi yogurt yaparken izlemissinizdir, mayay1 siit
ilikken koyup, kabin iizerine de sicak tutmasi icin bir seylerle drter. Iste ortamin
sicakligini artirarak tepkimenin yani mayalanmanin daha kisa siirede
gerceklesmesini saglamis olur. Tepkime ortaminin 1sitilmasi pek ¢ok tepkimeyi
hizlandirabilir.Bu, molekiillerin daha hizli hareket ederek daha sik ¢arpismasini

saglar.

Tepkime ortaminin 1sitilmasi pek ¢ok tepkimeyi hizlandwrabilir. Bu, molekiillerin daha

hizli hareket ederek daha sik ¢arpismasini saglar.
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Sicakligin artirtlmasi taneciklerin kinetik enerjilerinin artmasina sebep olur .

Tepkimeye giren taneciklerin kinetik enerjilerinin artmasi, hizlarmmin artmasina
,daha sik ve etkin ¢carpismalar yapmalarina neden olur Boylece, aktiflesmis kompleks
olusturan tanecik sayisi ve tepkime hizi artar.

Eger reaksiyon kab1 1sitilarak ortamin sicakligr yiikseltilirse ¢arpigsmakta olan
molekiillerin ¢ok daha biiyiik bir kismi1 tanecikler arasi baglarin kirilmasina yetecek
enerjiye ulasir. Reaktantlarin sicakligini yiikseltmek, taneciklerin kinetik enerjilerini
ve dolayisiyla hizlarini artirir. Bu ise hem reaksiyona neden olabilecek etkin
carpigsma sayisint artirir, hem de carpisan taneciklere aktivasyon enerjisi engelini
asmaya yetecek kadar enerji kazandirir.

Ornegin yiyeceklerin bozulmasi ve eksimesi kimyasal bir olaydir. Yiyecekler sicakta
birakildiginda kisa siirede bozulur.
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Sicakligin tepkime hizina etkisi diisiiniildiigiinde sahip oldugunuz diger bir kavram
yanilgis1 da ekzotermik ve endotermik tepkimelere etkisinin farkli oldugu
diistincesidir. Sicakligin artirilmasi endotermik ve ekzotermik tepkimeleri hizlandirir.
Sicaklik artis1 tepkimeye giren taneciklerin aktivasyon enerjisini agmasi i¢in gerekli

kinetik enerjiyi saglar.
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APPENDIX D

BILIMSEL iSLEM BECERI TESTI

ACIKLAMA: Bu test, 6zellikle Fen ve Matematik derslerinizde ve ilerde liniversite
sinavlarinda karsmiza c¢ikabilecek karmasik gibi goriinen problemleri analiz
edebilme kabiliyetinizi ortaya ¢ikarabilmesi acisindan ¢ok faydalidir. Bu test i¢inde,
problemdeki degiskenleri tanimlayabilme, hipotez kurma ve tanimlama, islemsel
aciklamalar getirebilme, problemin ¢oziimii i¢in gerekli incelemelerin tasarlanmasi,
grafik ¢izme ve wverileri yorumlayabilme kabiliyetlerini d6lgebilen sorular

bulunmaktadir. Her soruyu okuduktan sonra kendinizce uygun segenegi isaretleyiniz.

1. Bir basketbol antrenorii, oyuncularin gii¢siiz olmasindan dolayr maglar
kaybettiklerini diigiinmektedir. Giiglerini etkileyen faktorleri arastirmaya karar verir.
Antrendr, oyuncularin giiciinii etkileyip etkilemedigini 6l¢mek i¢in asagidaki
degiskenlerden hangisini incelemelidir?

a. Her oyuncunun almis oldugu giinliik vitamin miktarini.

b. Giinliik agirlik kaldirma ¢alismalarinin miktarini.

c. Giinliik antrenman siiresini.

d. Yukaridakilerin hepsini.

2. Arabalarin verimliligini inceleyen bir arastirma yapilmaktadir. Sinanan hipotez,
benzine katilan bir katki maddesinin arabalarin verimliligini artirdii yolundadir.
Ayni tip bes arabaya ayn1 miktarda benzin fakat farkli miktarlarda katki maddesi
konur. Arabalar benzinleri bitinceye kadar ayni1 yol lizerinde giderler. Daha sonra her
arabanin aldig1 mesafe kaydedilir. Bu ¢alismada arabalarin verimliligi nasil 6lgiiliir?
a. Arabalarin benzinleri bitinceye kadar gecen siire ile.

b. Her arabanin gittigi mesafe ile.
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c. Kullanilan benzin miktari ile.

d. Kullanilan katki maddesinin miktari ile.

3. Bir araba iireticisi daha ekonomik arabalar yapmak istemektedir. Arastirmacilar
arabanin  litre bagsina alabilecegi mesafeyi etkileyebilecek  degiskenleri
arastirmaktadirlar. Asagidaki degiskenlerden hangisi arabanin litre basina 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 sebeplerini
merak etmektedir. Isinma giderlerini etkileyen faktorleri aragtirmak i¢in bir hipotez
kurar. Asagidakilerden hangisi bu aragtirmada sinanmaya uygun bir hipotez degildir?
a. Evin ¢evresindeki aga¢ sayis1 ne kadar az ise 1sinma gideri o kadar fazladir.

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

c. Biiyiik evlerin 1sinma giderleri fazladir.

d. Isinma giderleri arttik¢a ailenin daha ucuza 1sinma yollar1 aramasi gerekir.

5. Fen smifindan bir 6grenci sicakligin bakterilerin gelismesi iizerindeki etkilerini

arastirmaktadir. Yaptig1 deney sonucunda, 6grenci asagidaki verileri elde etmistir:

Deney odasinin sicakhigi (°C) | Bakteri kolonilerinin sayisi

5 0
10
15
25 1
50
70

— OMN®MN

Asagidaki grafiklerden hangisi bu verileri dogru olarak gostermektedir?
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6. Bir polis sefi, arabalarin hizinin azaltilmasi ile ugrasmaktadir. Arabalarin hizim
etkileyebilecek bazi faktorler oldugunu diisiinmektedir. Siiriictilerin ne kadar hizlh
araba kullandiklarin1 asagidaki hipotezlerin hangisiyle sinayabilir?

a. Daha geng siiriictilerin daha hizli araba kullanma olasilig1 yiiksektir.

b. Kaza yapan arabalar ne kadar biiyiikse, i¢indeki insanlarin yaralanma olasilig1 o
kadar azdir.

c. Yollarda ne kadar ¢ok polis ekibi olursa, kaza sayis1 o kadar az olur.

d. Arabalar eskidikg¢e kaza yapma olasiliklar: artar.

7. Bir fen smifinda, tekerlek yiizeyi genisliginin tekerlegin daha kolay yuvarlanmasi
tizerine etkisi arastirilmaktadir. Bir oyuncak arabaya genis yiizeyli tekerlekler takilir,
once bir rampadan (egik diizlem) agag1 birakilir ve daha sonra diiz bir zemin tizerinde
gitmesi saglanir. Deney, ayni arabaya daha dar yiizeyli tekerlekler takilarak

tekrarlanir. Hangi tip tekerlegin daha kolay yuvarlandigi nasil 6l¢iiliir?
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a. Her deneyde arabanin gittigi toplam mesafe ol¢iiliir.
b. Rampanin (egik diizlem) egim ag1s1 ol¢iiliir.
c. Her iki deneyde kullanilan tekerlek tiplerinin ylizey genislikleri 6l¢iiliir.

d. Her iki deneyin sonunda arabanin agirliklar 6l¢tiliir.

8. Bir ciftci daha ¢cok musir iiretebilmenin yollarini aramaktadir. Misirlarin miktarini
etkileyen faktorleri arastirmayi tasarlar. Bu amacla asagidaki hipotezlerden hangisini
siayabilir?

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

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

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

d. Misir tiretimi arttik¢a, liretim maliyeti de artar.

9. Bir odanin tabandan itibaren degisik ylizeylerdeki sicakliklarla ilgili bir ¢alisma
yapilmis ve elde edilen veriler asagidaki grafikte gosterilmistir. Degiskenler

arasindaki iliski nedir?

8

B

Hava Sicakhar |24
EOC} . -

2

=

E{} 50 100 150 200 250
Yikseklik(cm)

a. Yiikseklik arttik¢a sicaklik azalir.

b. Yiikseklik arttik¢a sicaklik artar.

c. Sicaklik arttikca yiikseklik azalir.

d. Yikseklik ile sicaklik artig1 arasinda bir iligki yoktur.

10. Ahmet, basketbol topunun i¢indeki hava arttikca, topun daha yiiksege
sigrayacagini diisiinmektedir. Bu hipotezi arastirmak i¢in, birkag¢ basketbol topu alir

ve i¢lerine farkli miktarda hava pompalar. Ahmet hipotezini nasil sitnamalidir?
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a. Toplar ayn1 yiikseklikten fakat degisik hizlarla yere vurur.
b. I¢lerinde farli miktarlarda hava olan toplari, ayni yiikseklikten yere birakir.
c. I¢lerinde ayn1 miktarlarda hava olan toplari, zeminle farkli agilardan yere vurur.

d. I¢lerinde ayni miktarlarda hava olan toplari, farkl1 yiiksekliklerden yere birakir.

11.Bir tankerden benzin almak i¢in farkli genislikte 5 hortum kullanilmaktadir. Her
hortum i¢in ayn1 pompa kullanilir. Yapilan ¢alisma sonunda elde edilen bulgular

asagidaki grafikte gosterilmistir.

15

Dakikada 12
pompalanan
benzin miktarr 9

(litre)
j :
3

v

5 10 15 20 25 30

Asagidakilerden hangisi degiskenler arasindaki iligkiyi agiklamaktadir?

a. Hortumun cap1 genisledik¢e dakikada pompalanan benzin miktar1 da artar.
b. Dakikada pompalanan benzin miktar1 arttik¢a, daha fazla zaman gerekir.
c¢. Hortumun capr kiigiildiikce dakikada pompalanan benzin miktar1 da artar.

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

Once asagidaki aciklamay1 okuyunuz ve daha sonra 12, 13, 14 ve 15 inci sorulari
aciklama kismindan sonra verilen paragrafi okuyarak cevaplayiniz.

Aciklama: Bir aragtirmada, bagimli degisken birtakim faktdrlere bagimli olarak
gelisim gosteren degiskendir. Bagimsiz degiskenler ise bagimli degiskene etki eden
faktorlerdir. Ornegin, arastirmanin amacina gore kimya basaris1 bagimli bir degisken
olarak alinabilir ve ona etki edebilecek faktor veya faktorler de bagimsiz degiskenler
olurlar.

Ayse, glinesin karalar1 ve denizleri ayni derecede 1sitip 1sitmadigini merak
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etmektedir. Bir aragtirma yapmaya karar verir ve ayni1 bliyiikliikte iki kova alir.
Bunlardan birini toprakla, digerini de su ile doldurur ve ayni miktarda giines 1s1s1
alacak sekilde bir yere koyar. 8.00 - 18.00 saatleri arasinda, her saat basi

sicakliklarini dlger.

12. Arastirmada asagidaki hipotezlerden hangisi sinanmigtir?

a. Toprak ve su ne kadar ¢ok giines 15181 alirlarsa, o kadar 1sinirlar.

b. Toprak ve su giines altinda ne kadar fazla kalirlarsa, o kadar ¢ok 1sinirlar.
c. Glines farkli maddeleri farkli derecelerde 1sitir.

d. Giiniin farkl saatlerinde gilinesin 1s1s1 da farkli olur.

13. Arastirmada asagidaki degiskenlerden hangisi kontrol edilmigtir?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicakligi.

c. Kovalara koyulan maddenin tiirii.

d. Her bir kovanin giines altinda kalma stiresi.

14. Arastirmada bagimli degisken hangisidir?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicakligi.

c. Kovalara koyulan maddenin tiirii.

d. Her bir kovanin giines altinda kalma siiresi.

15. Arastirmada bagimsiz degisken hangisidir?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicakligi.

c. Kovalara koyulan maddenin tiirii.

d. Her bir kovanin giines altinda kalma stiresi.
16. Can, yedi ayr1 bahgedeki ¢imenleri bigmektedir. Cim bigme makinesiyle her

hafta bir bah¢edeki ¢imenleri bicer. Cimenlerin boyu bahgelere gore farkli olup

bazilarinda uzun bazilarinda kisadir. Cimenlerin boylar ile ilgili hipotezler kurmaya
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baslar. Asagidakilerden hangisi sinanmaya uygun bir hipotezdir?
a. Hava sicakken ¢im bigmek zordur.

b. Bahgeye atilan giirenin miktar1 6nemlidir.

c. Daha ¢ok sulanan bahg¢edeki ¢imenler daha uzun olur.

d. Bahge ne kadar engebeliyse ¢imenleri kesmekte o kadar zor olur.

17, 18, 19 ve 20 inci sorular1 agagida verilen paragrafi okuyarak cevaplayiniz.
Murat, suyun sicakliginin, su i¢inde ¢oziinebilecek seker miktarini etkileyip
etkilemedigini aragtirmak ister. Birbirinin ayn1 dort bardagin her birine 50 ser
mililitre su koyar. Bardaklardan birisine 0 0C de, digerine de sirayla 50 0C, 75 0C ve
95 0C sicaklikta su koyar. Daha sonra her bir bardaga ¢6ziinebilecegi kadar seker

koyar ve karistirir.

17. Bu arastirmada sinanan hipotez hangisidir?

a. Seker ne kadar ¢ok suda karistirilirsa o kadar ¢cok ¢oziiniir.

b. Ne kadar ¢ok seker ¢dziiniirse, su o kadar tatli olur.

c. Sicaklik ne kadar yiiksek olursa, ¢oziinen sekerin miktar1 o kadar fazla olur.

d. Kullanilan suyun miktar arttik¢a sicakligi da artar.

18. Bu arastirmada kontrol edilebilen degisken hangisidir?
a. Her bardakta ¢6ziinen seker miktari.

b. Her bardaga konulan su miktari.

c. Bardaklarin say1si.

d. Suyun sicaklig.

19. Arastirmanin bagimli degiskeni hangisidir?
a. Her bardakta ¢oziinen seker miktari.

b. Her bardaga konulan su miktart.

c. Bardaklarin sayisi.

d. Suyun sicaklig1.

20. Arastirmadaki bagimsiz degisken hangisidir?
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a. Her bardakta ¢oziinen seker miktari.
b. Her bardaga konulan su miktari.
c. Bardaklarin sayisi.

d. Suyun sicaklig.

21. Bir bah¢ivan domates iiretimini artirmak istemektedir. Degisik birkag 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 olger.

c. Farkli alanlardaki bitkilere verilen su miktarini dlger.

d. Her alana ektigi tohum sayisina bakar.

22. Bir bah¢ivan tarlasindaki kabaklarda yaprak bitleri goriir. Bu bitleri yok etmek
gereklidir. Kardesi “Kling” adli tozun en iyi bocek ilact oldugunu soyler. Tarim
uzmanlari ise “Acar” adli spreyin daha etkili oldugunu séylemektedir. Bah¢ivan alti
tane kabak bitkisi seger. Ug tanesini tozla, ii¢ tanesini de spreyle ilaglar. Bir hafta
sonra her bitkinin iizerinde kalan canli bitleri sayar. Bu ¢alismada bocek ilaglarinin
etkinligi nasil 6l¢iiliir?

a. Kullanilan toz yada spreyin miktar1 dlgiiliir.

b. Toz yada spreyle ilaglandiktan sonra bitkilerin durumlari tespit edilir.

c. Her fidede olusan kabagin agirligi 6l¢tliir.

d. Bitkilerin iizerinde kalan bitler sayilir.

23. Ebru, bir alevin belli bir zaman siiresi i¢inde meydana getirecegi 1s1 enerjisi
miktarini 6lgmek ister. Bir kabin igine bir litre soguk su koyar ve 10 dakika stireyle
wsitir. Ebru, alevin meydana getirdigi 1s1 enerjisini nasil dlger?

a. 10 dakika sonra suyun sicakliginda meydana gelen degismeyi kaydeder.

b. 10 dakika sonra suyun hacminde meydana gelen degismeyi olger.

c. 10 dakika sonra alevin sicakligini dlger.

d. Bir litre suyun kaynamasi i¢in gegen zamani dlcer.
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24. Ahmet, buz parcaciklarinin erime siiresini etkileyen faktorleri merak etmektedir.
Buz parcalarinin biiyiikliigii, odanin sicaklig1 ve buz parcalarin sekli gibi
faktorlerin erime siiresini etkileyebilecegini diisiiniir. Daha sonra su hipotezi
sinamaya karar verir: Buz parcalarinin sekli erime siiresini etkiler.

Ahmet bu hipotezi sinamak i¢in asagidaki deney tasarimlarinin hangisini
uygulamalidir?

a. Her biri farkli sekil ve agirlikta bes buz pargasi alinir. Bunlar ayn sicaklikta
benzer bes kabin igine ayr1 ayr1 konur ve erime siireleri izlenir.

b. Her biri ayni sekilde fakat farkli agirlikta bes buz parcasi alinir. Bunlar ayn1
sicaklikta benzer bes kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.

c. Her biri ayn1 agirlikta fakat farkl sekillerde bes buz pargasi alinir. Bunlar ayni
sicaklikta benzer bes kabin igine ayr1 ayr1 konur ve erime siireleri izlenir.

d. Her biri ayn1 agirlikta fakat farkli sekillerde bes buz parcasi 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
tarlada yapar. Her tarlaya yeni giibresinden degisik miktarlarda karistirir. Bir ay
sonra, her tarlada yetisen ¢imenin ortalama boyunu dlger. Olgiim sonuglar1 asagidaki

tabloda verilmistir.

Gibre miktar (ka)  Cimenlerin ortalama boyu (em)

10 7
30 10
50 12
80 14
100 12

Tablodaki verilerin grafigi asagidakilerden hangisidir?
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a. b.

Gibre

Cimenlerip miktar
ortalama
bayu
C. . d. >
I . .
1 Gibre miktar: Gimenlerin ortalama
boyu
Cimenlerin Gibre miktar
ortalama
boyu

Glibre miktar : :
Cimenlerin ortalama

26. Bir biyolog su hipotezi test etmek ister: Farelere ne kadar ¢ok vitamin verilirse o
kadar hizli biiytirler. Biyolog farelerin biiylime hizini nasil 6l¢ebilir?

a. Farelerin hizin1 6lger.

b. Farelerin, giinliik uyumadan durabildikleri siireyi olger.

c. Her giin fareleri tartar.

d. Her giin farelerin yiyecegi vitaminleri tartar.

27. Ogrenciler, sekerin suda ¢oziinme siiresini etkileyebilecek degiskenleri
diistinmektedirler. Suyun sicakligini, sekerin ve suyun miktarlarin1 degisken olarak
saptarlar. Ogrenciler, sekerin suda ¢oziinme siiresini asagidaki hipotezlerden
hangisiyle sinayabilir?

a. Daha fazla sekeri ¢6zmek i¢in daha fazla su gereklidir.

b. Su sogudukca, sekeri ¢dzebilmek i¢in daha fazla karistirmak gerekir.

c. Su ne kadar sicaksa, o kadar ¢ok seker ¢oziinecektir.

d. Su 1sindikga seker daha uzun siirede ¢oziiniir.

28. Bir arastirma grubu, degisik hacimli motorlar1 olan arabalarin randimanlarini

Olcer. Elde edilen sonuclarin grafigi agagidaki gibidir:
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20 .
Litre basina
alinan mesafe 25
{km)
20 . .
15
10 A
1 2 3 4 5

Mator hacmi
{litre)

Asagidakilerden hangisi degiskenler arasindaki iligskiyi gosterir?

a. Motor ne kadar biiyiikse, bir litre benzinle gidilen mesafe de o kadar uzun olur.

b. Bir litre benzinle gidilen mesafe ne kadar az olursa, arabanin motoru o kadar
kiiciik demektir.

c. Motor kiigiildiik¢e, arabanin bir litre benzinle gidilen mesafe artar.

d. Bir litre benzinle gidilen mesafe ne kadar uzun olursa, arabanin motoru o kadar

biiylik demektir.

29, 30, 31 ve 32 inci sorular1 asagida verilen paragrafi okuyarak cevaplayiniz.

Topraga kanstirilan yapraklarin  domates {retimine etkisi aragtirilmaktadir.
Arastirmada dort biiylik saksiya ayni miktarda ve tipte toprak konulmustur. Fakat
birinci saksidaki toraga 15 kg., ikinciye 10 kg., tiglinciiye ise 5 kg. ¢iirlimiis yaprak
karistirllmistir.  Dordlinci  saksidaki  topraga ise hi¢  c¢lirlimiis  yaprak
karistirilmamistir.Daha sonra bu saksilara domates ekilmistir. Biitiin saksilar giinese
konmus ve ayni miktarda sulanmistir. Her saksidan elde edilen domates tartilmig ve

kaydedilmistir.

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 miktar1 o kadar fazla olur.
c. Saksilar ne kadar ¢ok sulanirsa, i¢lerindeki yapraklar o kadar ¢abuk ¢iirtir.

d. Topraga ne kadar cok ¢iiriik yaprak karigtirilirsa, o kadar fazla domates elde edilir.
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30. Bu arastirmada kontrol edilen degisken hangisidir?
a. Her saksidan elde edilen domates miktar1

b. Saksilara karistirilan yaprak miktari.

c. Saksilardaki torak miktari.

d. Cliriimiis yapak karigtirilan saks1 sayisi.

31. Arastirmadaki bagiml degisken hangisidir?
a. Her saksidan elde edilen domates miktari

b. Saksilara karistirilan yaprak miktari.

c. Saksilardaki torak miktari.

d. Ciirlimiis yapak karistirilan saks1 sayist.

32. Arastirmadaki bagimsiz degisken hangisidir?
a. Her saksidan elde edilen domates miktari

b. Saksilara karistirilan yaprak miktari.

c. Saksilardaki torak miktari.

d. Ciirimiis yapak karigtirilan saks1 sayist.

33. Bir 6grenci miknatislarin kaldirma yeteneklerini arastirmaktadir. Cesitli boylarda

ve sekillerde birka¢c miknatis alir ve her miknatisin ¢ektigi demir tozlarin tartar. Bu

calismada miknatisin kaldirma yetenegi nasil tanimlanir?

a. Kullanilan miknatisin biiytkligii ile.
b. Demir tozlarin1 ¢geken miknatisin agirlhigi ile.
c. Kullanilan miknatisin sekli ile.

d. Cekilen demir tozlarinin agirlig ile.

34. Bir hedefe cesitli mesafelerden 25 er atis yapilir. Her mesafeden yapilan 25

atistan hedefe isabet edenler asagidaki tabloda gosterilmistir.

Mesafe(m) Hedefe vuran atis sayisi
5 25
15 10
25 10
50 5
100 2
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Asagidaki grafiklerden hangisi verilen bu verileri en iyi sekilde yansitir?

a. h.

F 1|:|:| "

25

Hedefi bulan Hedefe clan 50

atig sayist 20 uzakhk (m)
25
18 .

15

10
5 -
5
20 40 /0 &0 100 2 5 10 15 25
Hedefe olan uzaklhik  (m) Hedefi bulan atis sayis
C. d.
100t o5t
Hedefi bulan
Hedefe olan 80 (I, atis say1s 20
uzaklik {m)
&0 15
L
40 10 .
L]
20 5 =
5 10 15 20 25 20 40 60 80 100
Hadefi bulan Hedefe olan uzakhk
atig sayisi (m)

35. Sibel, akvaryumdaki baliklarin bazen ¢ok hareketli bazen ise durgun olduklarinm
gozler. Baliklarin hareketliligini etkileyen faktorleri merak eder. Baliklarin
hareketliligini etkileyen faktorleri hangi hipotezle sinayabilir?

a. Baliklara ne kadar ¢cok yem verilirse, o kadar ¢ok yeme ihtiyacglar1 vardir.

b. Baliklar ne kadar hareketli olursa o kadar ¢ok yeme ihtiyaglar1 vardir.

c. Su da ne kadar ¢ok oksijen varsa, baliklar o kadar iri olur.

d. Akvaryum ne kadar ¢ok 151k alirsa, baliklar o kadar hareketli olur.

36. Murat Bey’in evinde bir¢ok elektrikli alet vardir. Fazla gelen elektrik faturalari
dikkatini ¢eker. Kullanilan elektrik miktarini etkileyen faktorleri arastirmaya karar

Verir.
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Asagidaki degiskenlerden hangisi kullanilan elektrik enerjisi miktarini etkileyebilir?
a. TV nin acik kaldigz siire.

b. Elektrik sayacinin yeri.

¢. Camasir makinesinin kullanma siklig1.

d.avec.
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APPENDIX E

KiMYA DERSI TUTUM OLCEGI

ACIKLAMA: bu olgekte, kimya dersine iligkin tutum cilimleleri ile her

climlenin karsisinda “Tamamen Katiliyorum”,

“Katiliyorum”,

“Karasizim”,

“Katilmiyorum” , “hi¢ Katilmiyorum” olmak iizere bes se¢enek verilmistir. Her

ctimleyi dikkatle okuduktan sonra kendinize uygun segenegi isaretleyiniz.

Tamamen

Katiliyorum

Katiliyorum

Kararsizim

Katilmiyorum

Hig
Katilmiyorum

1. Kimya ¢ok sevdigim bir alandir.

2 Kimya ile ilgili kitaplart okumaktan
hoslanirim.

3. Kimyanin giinliik yasantida ¢ok 6nemli
yeri yoktur.

4. Kimya ile ilgili ders problemlerini
cozmekten hoglanirim.

5. Kimya konulariyla ilgili daha c¢ok sey
Ogrenmek isterim.

6.Kimya dersine girerken sikinti duyarim.

7. Kimya derslerine zevkle girerim.

8. Kimya derslerine ayrilan ders saatinin daha
fazla olmasini isterim.

9. Kimya dersini ¢alisirken canim sikilir.

10. Kimya konularini ilgilendiren giinliik
olaylar hakkinda daha fazla bilgi edinmek
isterim.

11. Diisiince sistemimizi gelistirmede kimya
O0grenimi Onemlidir.

12. Kimya, cevremizdeki dogal olaylarin
daha iyi anlasilmasinda 6nemlidir.

13. Dersler i¢inde Kimya dersi sevimsiz gelir.

14. Kimya konulanyla ilgili tartigmaya
katilmak bana cazip gelmez.

15. Calisma zamanimin Oonemli bir kismini
kimya dersine ayirmak isterim.
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