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ABSTRACT

EFFECT OF CONCEPTUAL CHANGE ORIENTED INSTRUCTION ON
REMOVING MISCONCEPTIONS ABOUT PHASE CHANGES

CELEBI, Ozgiir
M.Sc., Department of Secondary Science and Mathematics Education

Supervisor: Prof. Dr. Omer Geban

September 2004, 89 pages

In this study, a comparison of the effectiveness of conceptual change
oriented instruction with traditionally designed chemistry instruction and an
investigation of the effect of gender difference were made on ninth grade students’
understanding of phases and phase changes concepts. In addition, the effects of
these instructional methods on students’ attitudes toward chemistry as a school

subject were compared.

In this study 56 ninth grade students from two classes of a chemistry course
instructed by the same teacher from Ankara Atatiirk Anatolian Lycee in 2003-2004
educational year’s first semester took part. The classes were randomly assigned as
control and experimental groups. The experimental group was instructed by
conceptual change oriented method with conceptual change texts supported by
demonstration, whereas the control group was instructed by traditionally designed
method over a period of three weeks. Both groups were administered to Phases and
Phase Changes Achievement Test as pretest and posttest in order to assess
students’ understanding of phases and phase changes concepts. Additionally,
Science Process Skills Test was given before the treatment to measure students’
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science process skills and Attitude Scale toward Chemistry as a School Subject was

given after the treatment to determine their attitudes.

The hypotheses were tested using analysis of covariance (ANCOVA),
paired samples t-test, and analysis of variance (ANOVA). Results of this study
indicated that conceptual change oriented instruction caused a significantly better
understanding of phases and phase changes concepts; that males had fewer
alternative conceptions than females on phases and phase changes; and that science
process skills were strong predictors of understanding in phases and phase changes
concepts. On the other hand, no significant difference between conceptual change
oriented instruction and traditionally designed chemistry instruction; and no effect
of gender difference on students’ attitudes toward chemistry as a school subject

were found.

Keywords: Misconception, Conceptual Change, Phase Changes, Science Process
Skills, Attitude toward Chemistry
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KAVRAMSAL DEGIiSiM YAKLASIMINA DAYALI OGRETIMIiN HAL
DEGISIKLIKLERIYLE iLGILi KAVRAM YANILGILARININ
GIDERILMESINE ETKIiSi

CELEBI, Ozgiir
Yuksek Lisans, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Bolimii

Tez Yoneticisi: Prof. Dr. Omer Geban

Eylul 2004, 89 sayfa

Bu calismada dokuzuncu smif 6grencilerinin maddenin halleri ve hal
degisiklikleri konusundaki kavramlar1 anlamalar1 bakimindan kavram degisimi
yaklasimma dayali 6gretim yontemi ile geleneksel kimya ogretim yonteminin
verimliliginin karsilastirilmasi yapilmis ve cinsiyet farkinin etkisi sorgulanmistir.
Ek olarak, bu Ogretim yontemlerinin G6grencilerin kimyaya bir ders olarak

tutumlarma etkileri de karsilastirilmistir.

Calismaya Ankara Atatlrk Anadolu Lisesi’nde 2003-2004 6gretim yilinin
ilk doneminde ayn1 6gretmen tarafindan kimya dersi verilen iki dokuzuncu siniftan
56 dgrenci katilmistir. Siniflar kontrol ve deney grubu olarak rasgele atanmistir. Ug
haftalik siirede deney grubuna kavram degisimi yaklasimina dayali ve gosteri
yontemiyle desteklenen kavramsal degisim metinleri uygulanirken kontrol grubuna
geleneksel kimya dgretim yontemi uygulanmustir. Ogrencilerin maddenin halleri ve
hal degisiklikleri kavramlarmi anlamalarini degerlendirmek i¢cin Maddenin Halleri
ve Hal Degisimi Kavram Testi Her iki gruba da 6n test ve son test biciminde

verilmistir. Bunun yaninda 6grencilerin bilimsel islem beceri seviyelerini 6lgmek

Vi
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icin Bilimsel Islem Beceri Testi uygulama dncesinde, tutumlarini belirlemek iginse

Kimya Tutum Olgegi uygulama sonrasinda verilmistir.

Aragtrmanin hipotezleri ortak degiskenli varyans analizi (ANCOVA),
bolinmiis 6rneklem t-testi ve degiskenli varyans analizi (ANOV A) kullanilarak test
edilmistir. Calismanin bulgular1 maddenin halleri ve hal degisiklikleri kavramlarmni
anlamada kavram degisimi yaklagimma dayali 6gretim yonteminin geleneksel
kimya 6gretim yonteminden daha etkili oldugunu, hal degisiklikleri konusunda
erkeklerin kizlardan daha az kavram yanilgisma sahip oldugunu ve bilimsel islem
becerilerinin bu kavramlar1 anlamada istatistiksel olarak anlamli katkist oldugunu
gostermistir. Ote yandan &grencilerin bir ders olarak kimyaya kars1 tutumlarim
etkileme konusunda kavram degisimine dayali 6gretim yontemiyle geleneksel

kimya 6gretim yontemi arasinda ve cinsiyetler arasinda bir fark bulunamamustir.

Anahtar Kelimeler: Kavram Yanilgisi, Kavramsal Degisim, Hal Degisiklikleri,

Bilimsel islem Becerileri, Kimyaya Kars1 Tutum
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CHAPTER 1

INTRODUCTION

People try to explain phenomena both for themselves and for others.
Because the unknown is always a challenge for human beings, we always seek for
the explanation of things that are unknown to us. To understand and further to
conceive, we usually charge a “causal-relational explanatory mechanism” and we
make them known. However, as it is expected, those understandings and
conceptions are mostly far from being the truth because the scientific method is not
the means for the discovery. That is to say, the causes and the relations we propose

are naive attempts to explain our world.

Those misapplied conceptions and untrue beliefs are commonly called as
alternative conceptions, or shortly, the misconceptions because; people mistake
their alternative explanations of the real world for the correct explanations.
However, the term “alternative conceptions” is recently preferred to the originally
dominant term misconception. According to Abimbola (1988), it refers to
experience based explanations constructed by a learner for natural phenomena and
objects. Additionally, it gives an impression that alternative conceptions are
contextually valid and can lead to more conceptions and thus it brings about
intellectual respect on the learner who holds those ideas. On the other hand,
misconception means a vague, imperfect, or mistaken understanding of something
and thus it may hold a wrong impression that such ideas have negative value on
researchers. Nonetheless, we will use the term “misconception” more dominantly
throughout the text because the ideas of students presented in this text in fact have
some negative attribution to the learning of the subject and construction of some

general ideas.
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Misconceptions are inevitable in education and formal instruction. Learners
come to class with a diverse set of alternative conceptions of real world (Pfundt &
Duit, 1985, 1988, 1991). Though those misconceptions seem as parallel
explanations of phenomena to the explanations by scientists and philosophers, they
are still not the truth. For the side of positive science, parallelism or probability are
not enough to take as explanation, or further as the “fact”. Therefore, removing

misconceptions is a challenging task to cope with.

Schools are indispensable places for the education whereas; they are not the
only ones. Whatever the personal characteristics and previous experiences of the
individuals are, the optimal, methodological and scientifically correct education
takes place there. Because, education, or more technically; instruction, needs to be
optimized in terms of the quantity of the learners, speed of learning, degree of
comprehension, response to instruction, being contemporary and finally the
concurrency of all these mentioned items. For the time being, schools seem to be
the best places for providing us with that, especially when concerning science and

the nature. Therefore, for the society formal instruction comes to be a requirement.

Science education is a part and an important aspect of formal instruction.
Because science stays on the basis of positive knowledge and of correct
explanations for nature and events, each individual should obtain science process
skills and scientific methods to understand and rule the nature. For that ideal case,
progress in technology and socioeconomic status will take place and the society
will live in prosperity. So, we can say that the main purpose of science education is
to provide individuals with required skills to live in nature and with aspects of

views to the events.

However, it is often argued that many concepts learned in science courses
are never generalized to the real world (Davis, 2003). Students take the science
course subjects that they do not encounter in their daily lives as if they are not
worth learning. At first look, this may seem meaningful. However, subjects and

research in science cannot be classified as useful or useless. All endeavors of
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scientists to explore and understand have their individual aims. For the part of
students, giving up segregating subjects in science for usability, observing first
hand, and participating directly in the scientific process would help them acquire

the mentioned skills to live and rule the nature.

Many common misconceptions that students bring with them to the
chemistry class have been identified. Even students in university level chemistry
courses hold for these (Banerjee, A. C. 1991; Chang, J.-Y., 1999). Those
misconceptions are related to concepts that involve proportional relationships, and
to concepts that require students to interpret observations of phenomena which
cannot be experienced directly. To illustrate, in secondary level and university level
most common topics that students have misconceptions about are density,

equilibrium, mole, atomic models and probabilistic models.

A phase is a specific state of matter and can be thought of as the physical
characteristics of a substance. The three general categories that all matter can be
divided into are solid, liquid, and gas. However, a phase is not a permanent
physical property of a substance and different phases of a particular substance can
be observed. For example, steam, water, and ice have the same chemical structure

but are in different physical states.

To obtain a different substance, one should be able to change the chemical
structure of it. However, changing physical structure without changing the
chemical structure does not mean changing the substance. Matter does not have to
maintain the same physical structure once it reaches one. When some conditions
are certain, it changes its physical structure. That is to say; matters change phase on

phase transition points.

The most frequently observed and well-known phase change is that of water
and it is familiar to every individual though they are unaware of the mechanism

(Stavy & Stachel, 1985). Nonetheless, they know that some change occurs.
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Phase changes now have been included in the regular secondary science
curricula for a long period and students are expected to have adequate knowledge
about phase changes. They are expected to know about the conditions for phase
changes, a bit of the mechanism, and results of phase changes. When asked about
phases and phase changes, most students tend to visualize phases of water.
However, that most familiar example itself defies some rules about phase changes

that students learn.

In particular, chemistry courses require students to develop understanding
at the molecular level. Now we know that for all ages and at all levels of schools
including university, misconceptions exist about molecular level interpretation of
even simple processes such as phase changes. Though the phenomenon of phase
changes is regarded as simple, it includes complex aspects of chemistry and is a

key to deep understanding of further chemical concepts.

Most may say that the process of phase change is simple but those probably
will have difficulties or mistakes in explaining it. That simple process involves
physical and chemical aspects that seems complex to students. Density, molecular
interactions, bonds, transfer of energy; especially heat, equilibrium, pressure
relationship, and solutions can be given as examples of those aspects and all these
topics mentioned are challenging for chemistry students. As it is the situation,
phases and phase changes are open to many alternative conceptions. Detecting and
removing those misconceptions will have valuable effect on understanding

chemical concepts and on improving learning of chemistry in schools.

Alternative conceptions are not ordinary obstacles of education to neglect.
Learning is a process like building blocks one on another. Thus, detection of a

misconception holds urgency to be removed.

The emerging research on alternative conceptions has brought about
valuable knowledge and findings (Gabel, 1994). If modified for use in the science

classroom, this potential will have observable impact on the quality of learning
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achieved in schools. Unfortunately, the large volume of the research, and the way
the findings are reported makes it unavailable to the classroom teacher. Thus we
hope that the results and the implications of this study give some insight to the

teacher about the feasibility of the newly acquired methods.

Recently, several conceptual procedures have been designed to deal with
the conceptions and misconceptions of students. The aim is to enhance the

effectiveness and quality of learning science topics.

Conceptual change is generally defined as learning that changes an existing
conception, belief, idea or way of thinking. Learning for conceptual change is not
just building up new facts or learning new skills. In conceptual change, an existing
conception is fundamentally changed, or even replaced with new ones such that
students use it to solve problems, explain phenomena, and function in their world.
This restructuring of existing knowledge is what distinguishes conceptual change

from other types of learning.

Traditional methods in science education do not focus on alternative
conceptions; traditional instruction even shows no awareness of their existence.
Because learners rely on their existing notions to function in their world, they
cannot easily discard their ideas. Thus, simply presenting a new concept or telling

them that their views are inaccurate will not result in conceptual change.

On the other hand, conceptual change instruction can help students
overcome misconceptions and learn difficult concepts in all subject areas. Besides
being relevant to teaching in the content areas, conceptual change is applicable to
the professional development of teachers and administrators. Teachers
reconceptualize the meaning of teaching. Teaching for conceptual change requires
a constructivist approach in which learners take an active role in restructuring their
knowledge and defining their own ways of learning. With that, teachers become
facilitators, that is, they change roles from “the wise giving blocks of information”

to “guide on the side of children to discover information”.
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Teachers must learn different instructional strategies to provide teaching for
conceptual change. Because conceptual change oriented instruction involves
uncovering students’ alternative conceptions about a particular phenomenon and

using various techniques to help students change their conceptual framework.

As a result, several misconceptions are encountered about phases and phase
changes, especially when the matter taken is water. In accordance with recent
studies (Osborne & Cosgrove, 1983; Stavy & Stachel, 1985), mainly water and
phases of water were taken into consideration and discussed in this study although
the topic of phases and phase changes of matter was not specialized in only water.
It is the representative substance when discussing the phase changes subject and

during classroom discussions and in the conceptual change text, water is focused.
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CHAPTER 2

LITERATURE REVIEW

This chapter is devoted to give relevant thinking and research preceding the
present research, to integrate the previous findings with those of the current
research, and to identify the ideas, results and inquiry on which this study was
established. Literature that is necessary to understand the underlying phenomena is

given.

In modern times, developments in science and technology bring about
enhancements in the economy and the morale of the nation. Though most
developments are outcomes of the endeavors of scientists and professionals,
science literacy is now a requirement for every citizen. Thus, a basic level
education about science takes place for each individual during elementary and
secondary education and curriculums are designed so that even the nonscience
major students have knowledge of basic scientific concepts. However, the key to

providing that is an optimum science education with proficient educators.

Learning is defined as change and reorganization of behaviors. Students
develop ideas even without teaching takes place. Whether learning of an individual
is a result of formal instruction or not, adding information to the cognitive structure
of the individual is not enough. During the learning process restructuring of

existing ideas and beliefs takes place.

There is no well defined and thus widely accepted learning theory as
physical science theories. However, two broad perspectives; behaviorism and
constructivism have shaped science education research. Behaviorism asserts that

there is no way to observe the mind directly; therefore it is best to describe learning
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in terms of stimuli that stimulates our senses and the observed responses to those
stimuli. Behaviorist theories take knowledge as having its own existence and the
job of teacher as getting the knowledge in the students’ minds. Teachers transmit
knowledge by providing the appropriate stimuli and conditioning the students to

respond (behave) appropriately.

On the other hand, constructivism asserts that knowledge is not passively
received or transmitted, but it is actively built (constructed) by the learner.
Constructivist approach claims that what the learner gets directly cannot be an idea
and that ideas cannot be transmitted from one person to another. A constructivist

view of learning emphasizes some basic aspects (Driver & Bell, 1986):

1. Learning outcomes depend not only on the learning environment but
also on the existing knowledge of the learner. Students’ existing
cognitive structure and knowledge influence the way they interact with
learning materials in various ways.

2. Learning involves construction of meanings; either in a manner it is
intended or not. Though, the construction of meaning is influenced to a
large extent by existing knowledge.

3. Construction of knowledge is a continuous and active process. Learners
are actively hypothesizing, checking and changing ideas as they interact
with phenomena and with others.

4. ldeas once constructed are evaluated and can be accepted or rejected.

5. Learners are responsible for their own learning. Learners are expected to
make sense of what they are experiencing.

6. Constructivist view is not necessarily assuming the inexistence of any
pattern; contrarily, there are patterns in the ideas that students construct
because of the shared experiences with the physical world and through

the natural language.

Constructivism is a theory of learning that draws from a variety of fields,

including psychology, philosophy, and science. On the other hand, conceptual
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change theory is one of the theories that have been built on constructivist
principles. It is based on the constructivist notion that all learning is a process of
personal construction. For both constructivism and conceptual change approach,
learner self-constructs new knowledge from existing knowledge, and teacher is the
facilitator and the guide for change in knowledge. Naturally, conceptual change

theory has developed over time, as an aspect of constructivist approach.

2.1  Conceptual Change Theory

Conceptual change is usually defined as learning that changes an existing
conception, i.e. beliefs, ideas, and sometimes ways of thinking are changed by
learning. The term names a family of theories, approaches, and research concerned

with evolution of knowledge systems as a result of formal and informal learning.

In the early 1980s, a group of science education researchers and science
philosophers developed a theory of conceptual change (Posner, Strike, Hewson, &
Gertzog, 1982). This theory is based on Piaget’s notions of accommodation and
disequilibration, and Thomas Kuhn’s description of scientific revolution (Kuhn,
1970). Kuhn named the paradigm-dominant research as “normal science”. In his
description, he claimed that scientific revolutions have followed a consistent
pattern. First, a scientific paradigm fails to provide solutions or explanations to
problems identified by the scientific community and falls into “state of crisis”.
Then, an alternative paradigm with the potential to solve those problems becomes
available. The existence of these conditions causes the adoption of a new

framework. This paradigm shift is analogous to conceptual change.

Posner et al. (1982) described the conceptual change in learning with
Piaget’s words; “assimilation” and ‘“accommodation” but those words were not
commitment to Piaget’s theories. When students use their existing concepts to deal
with new phenomena, it was called assimilation. However, a more often and a

radical case is the replacement or reorganization of an individual’s central concepts
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and that situation is called accommodation. Posner et al. derived the four

conditions of conceptual change:

1. There must be dissatisfaction with existing conceptions. Learners’
current concepts and idea must be unsatisfactory to make sense of a
phenomenon.

2. A new conception must be intelligible. Learning individual must be able
to grasp the alternative conception.

3. A new conception must appear initially plausible. Newly adopted
concept must have the capacity to solve the problems generated by its
predecessors.

4. A new concept should be fruitful for research. It should be extended and

it should open up new areas of inquiry.

If the current understanding and ideas of the learner seem to make sense of
the phenomenon, he or she will be less likely to accept a new concept. Moreover
learners must understand what alternative conception means and they may be able
to see how it can be applied in a given situation. And for the sense of fruitfulness,
alternative conception must be useful in a variety of new situations, rather than

solving the current problem.

Posner et al.’s theory of conceptual change has been the most widely
accepted and influential one. The central concepts of the theory were status and
conceptual ecology. The degree to which learners know and accept an idea is the
status of a conception (Hewson, Beeth, Thorley, 1998). Evaluating for the
conditions of conceptual change, the more intelligible, plausible and fruitful a
conception, the higher its status is. On the other hand, conceptual ecology is shortly
all the knowledge and beliefs of the learner. Those are existing conceptions,
relationships among conceptions, new knowledge about alternative conceptions,
and epistemological belief. The interaction of knowledge and beliefs determines

the status of specific conceptions. These interactions support some ideas and

10
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discourage others, that is; they raise and reduce the status respectively (Hewson et
al., 1998, p. 200).

Though Posner et al.’s theory is the basis and has guided numerous studies;
recently the original theory has faced criticisms and extensions from educational
researchers. Nonetheless, originating in the conceptual change theory and
constructivism, many instructional strategies were developed and adapted to
classrooms. Cognitive conflict, derived from Piaget’s constructivist view of
learning, has been the basis for developing those strategies and models. Though
those strategies and models are many in number, they share a similar structure to
the strategy proposed by Nussbaum and Novick (1982). The strategy suggested

four steps:

Determine and reveal the students’ misconceptions.
Discuss and evaluate those misconceptions.

Create conceptual conflict with those misconceptions.

> w0 N e

Encourage and guide conceptual restructuring.

2.2  Effects of Conceptual Change Approach

Several studies investigated the effectiveness of conceptual change oriented
instruction and it was compared with other instructional techniques. Hewson &
Hewson (1983) studied with 90 Form 2 (Grade 9 equivalent) students with ages
ranging from 13 to 20. They formed experimental and control groups from those 90
students of mixed abilities and various ethnic groups. With a pretest-posttest
strategy, Hewson & Hewson compared the conceptual change oriented instruction
with traditional way of instruction. Their results indicated that conceptual change
oriented instruction with special strategy and materials brought about higher
acquisition of scientific conceptions and better removal of alternative conceptions

than traditionally designed instruction.
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Niaz (2002) conducted an experimental study with 68 students registered to
chemistry course at a university. Both the experimental and control groups were
taught by the researcher and the conceptual change in freshman students’
understanding of electrochemistry was investigated. The control group was
instructed with traditional method and no extra activities were done, whereas
experimental group was exposed to teaching experiments so that they would be in
contact with situations and experiences of alternative conceptions. Niaz’s results
indicated that the improvement of conceptual change group was significant but that
of the control group was not. That is, instructional strategy facilitating conceptual

change was more effective than the traditional instruction.

Smith, Blakeslee, and Anderson (1993) examined the teaching strategies
associated with conceptual change model. The researchers worked with thirteen
science teachers teaching at 7" grade in their regular classes under conditions that
are conceptual change oriented or not. During instruction, conceptual change
teaching strategies were associated with use of special materials. Their findings
were that; students in classes provided with special instructional materials to
facilitate conceptual change performed better than those not provided with
materials; and the use of conceptual change strategies by teachers was associated
with higher student performance on tests designed to assess conceptual change

learning.

Uzuntiryaki (2003) conducted a study to investigate the effectiveness of
instruction based on constructivist approach and to compare its effectiveness on
removing misconceptions related to chemical bonding concepts with traditionally
designed instruction. She worked with 42 ninth grade students from two chemistry
classes instructed by the same teacher during one semester. Uzuntiryaki’s findings
showed that instruction based on constructivist approach resulted in better
understanding of chemical bonding concepts and better removal of misconceptions

related to chemical bonding when compared with traditionally designed method.
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Cetin (2003) investigated the effectiveness of conceptual change approach
on students’ understanding of ecology concepts. In the study, 82 ninth grade
biology students from a public high school aged 15 and 16 were enrolled. The
results indicated that conceptual change approach yielded significantly better
understanding of ecology concepts than traditional instruction.

Azizoglu (2004) worked with 100 tenth grade students that are enrolled in a
chemistry course and investigated the effectiveness of conceptual change oriented
instruction accompanied by demonstrations on their understanding of gases
concepts. Comparison of conceptual change oriented instruction with traditionally
designed chemistry instruction in understanding of gases concepts showed that
conceptual change oriented instruction caused a significantly better understanding

of gases concepts.

Research based on conceptual change approach has brought about a new
dimension to instructional strategies. Traditional instruction mostly does not
concern the process of students’ acquiring knowledge or their cognitive structures.
Common view about traditional instruction is that it is not effective enough to deal
with or remove students’ misconceptions. This has directed researchers and
instructors to investigate the effects of conceptual change oriented strategies on
understanding scientific concepts. As conceptual change oriented methods
primarily concerns the conceptions of learners, misconceptions are now an

important aspect of educational research.

2.3  Misconceptions and Research-Based Findings

Students mostly come to science class with alternative conceptions
concerning natural objects and events (Gabel, 1994, p. 181). They may each have
their own and distinct assortments of alternative conceptions. However, this
diversity does not mean the infinity of the set. On the contrary, most researchers

believe that the set of alternative conceptions for a given topic is relatively small.
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Those misconceptions have their origins in personal experiences, direct
observation and perception, peer culture and language, teaching explanations, and
instructional materials (Gabel, 1994, p. 188). Those origins are difficult to
document because the evidences for them are often inferential. Nevertheless, a
number of studies give us some useful insight about those origins.

Several researchers have suggested that many intuitive concepts of children
are results of repeated interactions between children and objects or events they
encounter in their environments of direct contact (Driver & Bell, 1986; Pope &
Gilbert, 1983). With the origins mentioned being the diverse parameters, students
may have early ideas about simple phenomena in both physical and biological

domains, but one cannot expect advanced theorizing about what lies beneath.

Besides these initial characteristics, alternative conceptions play an
organizational role in constructing new knowledge and students’ interpretation of
new information. Their prior knowledge interacts with knowledge presented in
formal instruction and that results in a diverse set of unintended and undesired
learning outcomes. Learners often misinterpret the knowledge presented by their
teachers and use them to support their alternative conceptions on a scientific basis
(Gabel, 1994, p. 190).

The alternative conceptions that students bring to the classroom cut across
age, ability, gender, and cultural boundaries (Gabel, 1994, p. 185). We encounter
remarkable findings in literature that students’ conceptions are robust with respect
to such factors as age, ability, gender, culture. Regardless of age, gender, ability or
nationality, the naive explanatory system of students shows similarity and
consistency (Aron, Francek, Nelson, & Bisard, 1994).

Misconceptions are widespread and highly resistant to extinction by

conventional teaching strategies (Gabel, 1994, p. 186). Although resistance to

change has been noted several times in literature of alternative conceptions
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research and in a variety of knowledge domains, we should clearly note that

learning is itself a process of changing. So, resistance will retard the learning.

The worse side for education is that, teachers and candidate teachers often
subscribe to the same alternative conceptions as their students (Ameh & Gunstone,
1985; Banerjee, A. C., 1991; Chang, J.-Y. 1999; Lawrenz, F., 1986). A study of
Schoon (1995) with 122 preservice elementary teachers, suggested that many
misconceptions originate in classroom. Also, he found that those preservice
teachers have many of the same misconceptions with their future students.
Similarly, in a study of Shymansky, Woodworth, Norman, Dunkhase, Matthews
and Liu (1993), it was found that in-service teachers, like their students, held a
variety of erroneous ideas about science topics and they were tending to hold those
ideas. However, Shymansky et al. suggested that teacher understanding of a
science topic can be enhanced when students’ ideas about the topic and ways to

examine those ideas are used to focus during instruction.

Accepting alternative conceptions as the reality of learning, science
education eventually acquired new diversions of research and teaching methods.
There has been a dramatic increase in the volume of research on alternative
conceptions in the last 20 years. Examining three editions of the bibliography of
research on the field, Pfundt and Duit (1985, 1988, and 1991) listed 700 references
in the first, 1400 in the second, and 2000 in the latest. Since the latest version cited,

a much greater number is reached.

Though later editions of the bibliography were being prepared by Reinders
Duit again with the name of Pfundt and Duit, they were not published yet. For
example, the fourth edition was to be prepared in 1994 with 3600 references. For
all versions of the bibliography of Pfundt and Duit, main focus was on the students’
conceptions of science topics. Later on, Duit has changed the name, and thus the
focus of the bibliography. As it was shown that teachers are also vulnerable to
same misconceptions as their students, now research on teachers’ alternative

conceptions is also included in the work of Duit. A compilation by Duit now has
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the name Bibliography — STCSE (Students’ and Teachers’ Conceptions and

Science Education, http://www.ipn.uni-kiel.de/aktuell/stcse/) and currently holds

around 6300 items.

In a recent compilation study, Henriques (2002) reviewed literature about
misconceptions. Main topic was the weather; however, she discovered that most of
the misconceptions fell under the category of physical sciences, not Earth science.
Although the focus was on weather, Henriques classified the misconceptions she
compiled into headings: properties of water, phase changes, water cycle, cloud

formation, atmosphere, and gases.

2.4  Research on Misconceptions about Phases and Phase Changes

Osborne and Cosgrove (1983) conducted interviews and a written test to
explore children’s conceptions of boiling, evaporating, condensation, and melting
using the water as sample substance. From coeducational and single sex schools of
New Zealand, 43 students between the ages of 8-17 were interviewed and 725
students of the age range 12-17 were given the paper and pencil test. Interviewees
between the ages 8 and 15 were studying integrated science, whereas 16- and 17-
year-old are chemistry, physics and biology students. On the other hand, students
of ages 12-14 were studying integrated science, 15-year-old ones were studying
science (physics, chemistry and biology) and 16- and 17-year-old students were
studying chemistry only.

Osborne et al. (1983) detected many views of children about phase changes
of water. Most of those views were results of the misconceptions that children
hold; however, some were due to the lack of explanation and missing of the
mechanism. For example, one of the views encountered in the interviews is water’s
going into the air and its coming back as rain. Examining those views, Osborne and
Cosgrove concluded that students’ understandings of scientific terms are frequently
superficial and that they had no sound scientific concepts supporting the labels of

terms. The researchers also found that children of all ages hold views about
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commonly observed phenomena, but older ones can have similar views to younger
ones despite the exposure to considerable science teaching. Though the popularities
of certain misconceptions change with the age, some misconceptions are more
popular among older children. The final finding was that scientific models that
teachers use to teach are rather abstract to students and not relatable to their daily

lives.

Bar and Travis (1991) used an open-ended oral individual test, an open-
ended written test, and a multichoice test to investigate the conceptual development
of grade 1 to grade 9 Israeli students about phase changes between liquid and gas.
The students assigned to each test were of the same background; however, groups
were at age ranges 6-12, 10-14, and 11-15. Development of ideas from concrete to
abstract was followed and evaluation of Osborne et al.’s (1983) conclusions was
aimed. Also, some concepts and contexts not included in Osborne et al.’s research
such as the permanent existence of vapor in the air were included. The main
findings of Bar et al. (1991) were: (1) 6- to 12-year-old students’ development of
the views concerning the concepts of evaporation and the nature of the matter
inside the bubbles coming from the boiling water followed certain attainment
stages; (2) understanding of boiling precedes that of evaporation; and (3) the
format of the testing has significant effect on the distribution of the results.
Moreover, the researchers defined some possible sources of misconceptions. The
claimed sources were the tendency of young children to give concrete explanations,
difficulty of applying learned information into a specific situation, and observing

energy as matter.

In another study of Bar (1989), views of children between the ages 5 to 15
about water cycle and phase changes were described. Three hundred participants of
about equal ratio of girls and boys were given clinical interviews to test the
hypotheses: a) explanations of water cycle can be ordered into stages and b) each
stage is dependent on the level of understanding of the concepts concerning phase
changes. Here, the order of stages means each of them is typical to a given age

range. Bar then concluded that there exist structured schemes as stages of
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development and those structured schemes are persistent and resist contradiction.
That is, at each stage of the explanations concerning the water cycle the intuitive

notions that the child has can be attributed to a structured scheme.

Bar and Galili (1994) used clinical interview, open-ended investigation and
multiple-choice written tests to explore children’s conceptions of evaporation at the
age range 5-14. Participants of the tests were 735 lIsraeli children and results
showed that their development related to evaporation concept involved four
interpretations; water disappeared; water was absorbed by floor or ground; water
evaporated meaning become unseen and transferred to another location; and water
changed to vapor. Moreover, Bar and Galili determined an obvious relation

between the change in evaporation concept and students’ cognitive development.

Chang (1999) conducted a study with 364 students from a teachers college
in Taiwan. Those teacher college students’ conceptions about boiling, evaporation
and condensation were investigated using an open-ended written test accompanied
by demonstration. Because the participants of the study had different scientific
learning backgrounds and some were from nonscience majors such as Language
Arts and Literature Education, Music Education, and Special Education, they were
divided into groups but the task were all the same for each group. Interviews were
also conducted regarding the result of the test because Chang believed students
might have alternative conceptions that they did not reflect.

Study of Chang (1999) is worthwhile in regard that the participants were
candidate teachers, even some of them were from science education major. In
accordance with the research-based claim, teachers or candidate teachers
subscribed to the same alternative conceptions as students despite the considerable
science education both at the secondary level and at university level. Nonetheless,
findings of the study were helpful with respect to understanding students’

conceptions of evaporation, condensation, and boiling:
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1. Science major students had higher level of achievement on these
concepts than the nonscience major students. Nevertheless, science
major students’ learning of condensation and boiling concepts still
needs to be enhanced.

2. Most students had no clear or sufficient understanding of water vapor.
They could not imagine the existence of water vapor and/or its status in
the air or their ideas about the existence of water vapor in the air were
ambiguous.

3. Most students did not understand the concept of saturated vapor.

4. Learning difficulties on the concepts of evaporation, condensation, and
boiling could be a result of the rough understanding of vapor form of the

water.

To determine and reveal the ideas of children about solids and liquids,
Stavy and Stachel (1985) conducted a study with 200 students in the ages 5 to 13.
They aimed to question the criteria of children for discrimination between the
concepts solid and liquid, and the age that children start to discriminate between
solids and liquids. Moreover, the age that children are capable of discriminating
between specific properties of a material and general properties of solids and
liquids was also investigated. The findings were worth a lot in regard for phase
concepts and conceptual development of the children. Stavy and Stachel concluded
that children of all ages know the characteristic behavior of solids and liquids;
however, they recognize similarity between two liquids better and at an earlier age
than they recognize that between two solids. Also they found that the definitions of
children for solid and liquid related only to the physical behavior of the materials,
not related to the particulate theory. But a remarkable finding is that water serves as
the exemplar for liquids where there is no similar exemplar for solids. To further
illustrate the conceptions of children, a misconception existing at all ages detected

by Stavy et al. can be given here: “All liquids are like water.”

Stavy (1990) conducted interviews independently with 120 children from
fourth grade (age 9-10) to ninth grade (ages 14-15) to examine their conceptions of
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changes in the state of matter from liquid or solid to gas. She also tried to
investigate students’ understanding of the reversibility of those processes. The
materials were demonstrated to the children during interviews and effect of visual
properties on their understanding of conservation and reversibility was
investigated. As demonstrations, the first task was a change from liquid to an
invisible gas in a closed system using acetone, and the second was a change from
solid to a visible gas in a closed system using iodine. Main findings of Stavy
(1990) were as follows: (1) matter is grasped as a concrete and solid object; (2)
children believe that matter is made up of material core and nonmaterial properties
such as color, smell, or weight; (3) children accept the existence of matter
depending on the existence of its perceptual evidence; (4) weight is not seen as
intrinsic property of matter. She reported that children believe in the existence of
weightless matter, or the possibility that weight can change with the state of matter.
Moreover, children believe that nonmaterial properties can be dissociated from the
material especially when the matter undergoes a change. Stavy, also mentioned the
results in terms of conservation and reversibility. Children who recognized weight
conservation in one task did not necessarily recognize the same in the second task.
Moreover, students recognizing weight conservation were not always aware of the

reversibility of the processes.

Dibar Ure and Colinvaux (1989) worked with a class of about 15 adult
students aged 15 to 27 years to examine the misconceptions of changes of physical
state in water and to examine the evolution of phase change concepts within the
dynamics of classroom situation. They used a methodology consisting of simple
experiments, group work, and discussion with the teacher and the class. Subjects of
the sessions focused on boiling and condensation. The results of the study showed
that, students thought water can turn into air, and air can turn into water; or air and
water in the form of air is the same thing. Moreover, they found that it was difficult
for the students to leave their alternative conceptions that are close explanations to

the reality.
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2.5  Science Process Skills and Attitudes toward Chemistry

Science contributes its unique skills with emphasis on hypothesizing,
manipulating the physical environment and reasoning from data. The terms
scientific thinking, scientific method, and critical thinking have been used at
various times and situations. Recently, “science process skills” has become the
commonly used term for those unique skills of science. Science process skills are
divided into two functional groups; basic and integrated. Basic science process
skills include observing, measuring, inferring, classifying, predicting and
communicating. On the other hand, integrated science process skills involve
controlling variables, defining operationally, formulating hypotheses, interpreting

data, experimenting, and formulating models (Padilla, 1986).

Science process skills have a central role in learning with understanding.
Therefore, they are important in the construction and development of ideas that
must make sense of the scientific aspects of the world (Wynne, 1999). In practice,
science process skills are inseparable from learning and applications of science. So,

science process skills and their development should be a part of formal education.

In a study investigating the relationships between the level of science
process skills and the degree of acquiring new science knowledge, Flehinger
(1971) worked with a sample consisting of 257 preservice teachers. She determined
the existence of a positive correlation between level of process skills and level of
knowledge acquisition. Students with high level of science process skills performed

significantly better in acquiring new science knowledge.

In studies of Uzuntiryaki (2003) and Azizoglu (2004) effect of students’
science process skills on their understanding of chemical concepts were also
investigated besides the effect of instructional method. Both Uzuntiryaki (2003)
and Azizoglu (2004) individually found that science process skills contribute to
students understanding of chemical concepts significantly. That is, science process

skills are important predictors of understanding chemistry concepts.
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Attitudes have long been taken as important predictors of achievement and
individual differences in education. Science educators have given importance to
attitudinal dimensions of their subjects (Koballa, 1988). As a consequence,
researchers have diverted to the investigation of attitudes towards science during

childhood and adolescence

There have been numerous studies in science education investigating the
effect of various types of instruction on attitudes toward science and science
achievement. However, much of the research has concerned attitudes as outcomes,
rather than examining the effect of attitude on achievement. Various studies found
positive correlations between attitudes and achievement (Cukrowska, Staskun,
Schoeman, 1999).

In study of Cukrowska et al. (1999) with students from freshmen chemistry
courses of two universities of South Africa, a substantial positive relationship
between attitudes of students and their achievement in first-year chemistry course
was detected. Cukrowska et al. suggested that attitudes are not easily changed and
therefore it increases the importance of development of a positive attitude toward

chemistry in secondary schools.

Main factors influencing students’ attitudes toward science are gender,
curricula, teachers, cultural background, classroom environment and physical
conditions. Of these the crucial ones are gender and quality of teaching (Osborne,
Simon, Collins, 2003). The kind of classroom environment, various instructional
methods and activities might raise students’ interest in studying science at school,

and consequently might bring about better attitudes of them toward science.

To summarize, misconceptions are inevitable in science education and are
highly widespread. They are obstacles to scientific understanding and learning
science. Even educators are affected by that situation and new instructional

strategies have been developed to cope with misconceptions because the traditional
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methods do not seem effective enough. Instructional approaches that facilitate
conceptual change can be effective classroom tools in improving understanding of
scientific concepts and removing related misconceptions. Phases and phase
changes concepts are familiar to everyone and process seems simple. However,
fundamental aspects of chemistry such as the structure of matter, chemical bonding
and molecular interactions, energy transfer, and equilibrium are involved in the
processes. Consequently, many misconceptions related to phases and phase
changes have been detected. This study is focusing on phases and phase changes
concepts and findings of this study are expected to give some insight to researchers

and teachers.
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CHAPTER 3

PROBLEMS AND HYPOTHESES

In this chapter, the main problems, related subproblems and hypotheses are

presented.
3.1  The Main Problems and Subproblems
3.1.1 The Main Problems

The first purpose of this study is to compare the effectiveness of conceptual
change oriented instruction (CCOI) over traditionally designed chemistry
instruction (TDCI) on 9™ grade students’ understanding of phases and phase
changes in regard for removing related misconceptions, and on their attitudes

toward chemistry as a school subject.

The second purpose of this study is to identify the role of sex, and the
interaction between sex and treatment on secondary school students’ understanding

of phases and phase changes of matter.
3.1.2 The Subproblems

1) Is there a significant difference between the effects of conceptual
change oriented instruction and traditionally designed chemistry
instruction on students’ understanding of phases and phase changes
concepts, when the effects of students’ science process skills are

controlled as a covariate?
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3.2

2)

3)

4)

5)

6)

7)

8)

9)

What is the effect of gender difference on students’ understanding of
phases and phase changes concepts, when the effects of students’
science process skills are controlled as a covariate?

What is the effect of interaction between gender difference and
treatment on students’ understanding of phases and phase changes
concepts?

What is the effect of students’ science process skills on their
understanding of phases and phase changes concepts?

What is the effect of CCOI on students’ understanding of phases and
phase changes concepts?

What is the effect of TDCI on students’ understanding of phases and
phase changes concepts?

Is there a significant difference between CCOI and TDCI on students’
attitudes toward chemistry as a school subject?

What is the effect of gender difference on students’ attitudes toward
chemistry as a school subject?

What is the effect of interaction between gender difference and

treatment on students’ attitude toward chemistry as a school subject?

Hypotheses

1)

2)

3)

Ho : There is no significant difference between posttest mean scores of
the students taught with CCOI and those taught with TDCI with respect
to their understanding of phases and phase changes concepts when the
students’ science process skills are controlled.

Ho : There is no significant difference between posttest mean scores of
males and females with respect to their understanding of phases and
phase changes concepts when their science process skills are controlled.
Ho : There is no significant effect of interaction between gender
difference and treatment on students’ understanding of phases and phase

changes concepts.
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4)

5)

6)

7)

8)

9)

Ho : There is no significant contribution of students’ science process
skills to their understanding of phases and phase changes concepts.

Ho : There is no significant effect of Conceptual Change Oriented
Instruction (CCOI) on improvement of students’ understanding of
phases and phase changes concepts.

Ho : There is no significant effect of Traditionally Designed Chemistry
Instruction (TDCI) on improvement of students’ understanding of
phases and phase changes concepts.

Ho : There is no significant difference between posttest mean scores of
students acquiring CCOI and those acquiring TDCI with respect to
attitudes toward chemistry as a school subject.

Ho : There is no significant difference between the posttest mean scores
of males and females with respect to students’ attitudes toward
chemistry as a school subject.

Ho : There is no significant effect of interaction between gender
difference and treatment on students’ attitudes toward chemistry as a

school subject.
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CHAPTER 4

DESIGN OF THE STUDY

In this chapter, experimental design, subjects, variables, instruments,

treatment, assumptions, and limitations are discussed.

4.1  The Experimental Design

To collect data in this study, the nonequivalent control group design was
used (Gay, 1987).

Table 4.1 Research design of the study

Groups Pretest Treatment Posttest
PPCCT PPCCT
EG CCOl
SPST ASTC
PPCCT PPCCT
CG TDCI
SPST ASTC

In the table, EG represents the experimental group, which is instructed with
conceptual change oriented method. Control group is represented with the symbol
CG and the students in that group are instructed with traditionally designed
method. PPCCT is the Phases and Phase Changes Concept Test. ASTC is the
Attitude Scale towards Chemistry as a School Subject test and SPST is the Science
Process Skills Test. For the side of treatment, CCOI represents the Conceptual
Change Oriented Instruction method and TDCI represents the Traditionally

Designed Chemistry Instruction method.
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To examine the effect of treatment on the dependent variables and to
control students’ previous learning in phases and phase changes subject and to
estimate their scientific processing powers, the two instruments; PPCCT and SPST

were respectively given to both of the groups as pre-testing.

4.2  Subjects of the Study

The subjects of this study consisted of 56 ninth grade students from two
classes of a chemistry course taught by the same teacher in Atatirk Anatolian
Lycee in first semester of 2003-2004 educational year. Groups to be assigned to
either of the methods were selected randomly. In the experimental group, which
was exposed to conceptual change oriented instruction, 29 students (14 female and
15 male) participated, whereas in the control group, which was instructed with
traditional methods, the number of the participants was 27 (12 female and 15

male).

4.3 Variables

4.3.1 Independent Variables

The first independent variable was the type of the treatment. The two
different types of the treatment, which are Conceptual Change Oriented Instruction
and Traditionally Designed Chemistry Instruction, were the defining values of this
variable. Second independent variable was the gender. Also, the science process
skills of the students were controlled by the results of the third independent
variable; SPST.

4.3.2 Dependent Variables

Students’ understanding of phases and phase changes concepts measured by
PPCCT and their attitudes toward chemistry as a school subject measured by

ASTC were the dependent variables in this study.
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4.4 Instruments
4.4.1 Phases and Phase Changes Concept Test (PPCCT)

This test was developed by the researchers. The test consisted of 20
multiple choice questions, each having five choices such that one was the correct
answer and the remaining four were the distracters. The items used in the test were
related to the phases and phase changes of matter concepts. Originally, the test was
prepared in English because the materials obtained from the books and the
literature were in that language and it is an accepted language for publishing.
However, the test was translated to Turkish carefully and given that way in order to
minimize the effects of lingual problems of students in this research. Moreover, as
the teacher’s preference, Turkish was used during chemistry lessons for 9™ graders
she was teaching instead of English. Thus, the test is ready to be examined by

researchers in both languages (See the Turkish version in Appendix B).

Most of the distracters were common misconceptions encountered in the
literature about the topic and they were adapted and applied to the cases of the
questions in the test. The remaining distracters were not encountered yet but they
were expected to be some possible misconceptions. The items in the questions of
the test were selected from the literature related to students’ alternative conceptions
with respect to phases and phase changes concepts. Based on those misconceptions,

a taxonomy was constructed (see Table 4.2).

Table 4.2 Distribution of students’ misconceptions over test items

Misconceptions Items

When water boils and bubbles come up, the bubbles are air. 1-A

The bubbles coming up from the boiling water are oxygen and | 1-D
hydrogen.

The bubbles coming up from the boiling water are oxygen. 1-E
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Table 4.2 (continued)

Misconceptions Items

The bubbles coming up from the boiling water are oxygen and | 1-E

carbon dioxide.

The bubbles coming up from the boiling water are heat. 1-B

The white substance coming from the boiling water is smoke. 2-C

The white substance coming from the boiling water is water vapor. 2-A

The white substance coming from the boiling water is precipitate of | 2-D

impurities.

Hydrogen and oxygen separates during boiling and then recombine | 2-E

to form water in the air.

Water changes into gas by the process of boiling but water left in an | 3-B

open container does not boil, thus, disappears.

Water in an open container is absorbed by the container. 3-A
4-C

Water penetrated into solid objects during drying of the object. 3-E
4-C

Water left in an open container changes into air or disappears and | 3-C

turns into air.

The water dries up but not as steam, just dries up and goes into the | 3-B

air. 3-C

Condensation is when air turns into a liquid. 5-C
6-A

Condensation occurring after a while on the outside surface of a | 6-B

dried container which has cold water or ice in it is the water coming

through the walls of the container.

The cold surface of the closed container and dry air react to form | 6-C

water via the combination of hydrogen and oxygen on the surface.

When the hand is held above boiling water it gets wet with the water | 7-B

vapor.

Weight can change with the state of matter. 16-D
16-E

Evaporation is limited to water and water solutions, it would not | 15-A

occur in other solutions or liquids. 15-B
15-C
15-D
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Table 4.2 (continued)

Misconceptions Items
The concept of vapor pressure is confused with that of atmosphere. 18-A
18-C

Evaporation only relates to atmosphere, it has nothing to do with the | 18-E
vapor pressure of solution.

When the water vapor is evaporating, the solute particles come out | 11-A
with the solvent particles. 12-A

There is not a well-defined relationship between temperature and | 10-C
molecular kinetic energy. 10-D

Temperature of the boiling liquid would keep rising upon continued | 10-A
heating. 10-B

Evaporation in a closed system is not different from that in an open | 9-B
system. 9-C

For the evaporation in an open system, water will gradually diminish | 4-B
or disappear due to evapotranspiration.

When placed over a cup of just-boiled water, tiny water droplets | 5-A
form under the glass because water vapor is blocked by the glass and
cannot get out.

During evaporation and condensation in a closed system, tiny water | 8-A
droplets form on the inner surface of the container because the water
vapor inside the container encounters coldness.

During evaporation and condensation in a closed system, tiny water | 8-B
droplets form on the inner surface of the container because water
vapor adheres to the inner surface of the container.

During evaporation and condensation in a closed system, tiny water | 8-D
droplets form on the inner surface of the container because of the
temperature difference from outside and inside the container.

During evaporation and condensation in a closed system, tiny water | 8-E
droplets form on the inner surface of the container because of the
pressure difference from outside and inside the container.

The set of misconceptions mentioned in Table 4.2 is only a subdomain of
misconceptions about the phases and phase changes subject. Including all is a
highly challenging task and it is not feasible. Those misconceptions used in the

PPCCT are selected as representative distracters from the most common ones.
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The test was examined by a group of experts in chemistry, physics, and
science, by the course teacher, by the researchers for the appropriateness for
measuring a representative sample of the domain of tasks with respect to “matter,
phases and phase changes of matter” unit of 9" grade chemistry course and for

checking the validity of the test.

The reliability of the test was found to be 0.63. This test was given to
students in both groups as a pretest to control students’ understanding of phases
and phase changes subject at the beginning of the instruction. After the treatment, it
was again given to both groups as posttest to compare the effects of two types of
instructions (CCOI vs. TDCI) on understanding of phases and phase changes

concepts.
4.4.2 Attitude Scale toward Chemistry (ASTC)

To measure students’ attitudes toward chemistry as a school subject, a
previously developed scale (Geban, Ertepmar, Yilmaz, Altin, & Sahbaz, 1994) was
used. The scale consisted of 15 items in 5-point likert type scale. Each item was a
proposition sentence about the attitudes toward chemistry and the scale to measure
the agreement of students was such that it had choices “Totally Agree”, “Agree”,
“Undecided”, “Partially Agree”, and “Totally Disagree”. The attitude scale was
given to students in both the experimental and control groups after the treatment.

The reliability of the scale was found to be 0.83 (See Appendix C).
4.4.3 Science Process Skills Test (SPST)

This test was originally developed by Okey, Wise, and Burns (1982). It was
translated and adapted into Turkish by Geban, Askar, and Ozkan (1992). SPST
consisted of 36 multiple-choice questions with four alternatives for each. The test
measured intellectual abilities of students related to identifying variables, stating

and identifying hypotheses, operationally defining and designing investigations,

32


http://support.leadtools.com/ltordermain.asp?ProdClass=EPRT1

and graphing and interpreting of data (See Appendix D). The reliability of the test
was found to be 0.85.

45  Treatment (CCOI vs. TDCI)

This study was conducted over three weeks in the first semester of 2003-
2004 educational year at Ankara Atatiirk Anatolian Lycee. 56 students from two 9"

grade chemistry classes of the same teacher were enrolled in the study.

The number of students in the experimental group was nearly balanced with
that of the control group. Before the treatment, both of the groups were
administered PPCCT and SPST as pretests in order to determine whether there

would be a significant difference between the groups after the treatment.

During the treatment, the chemistry subject related to matter and phases was
covered as part of the regular classroom curriculum in the Chemistry | course,
which is an introductory course for science and mathematics division of 9" graders.
Classroom instructions of the groups were held as three 45-minute sessions per

week during three weeks.

In the control group, students were instructed with traditionally designed
chemistry texts, in accordance with the curriculum in use. During the sessions,
lecture and discussion methods were used to teach concepts about matter and
phases of matter. However, lecturing was the dominant method and the best
practice of the subject was solving some representative questions about the subject
using the textbook and some supplementary test books. Nonetheless sufficient
discussion took place from time to time when appropriate conditions and
questioning aroused. For most of the sessions a strict following of the subjects from
the textbook and solving some problems and exercises at the end were common.
Moreover, most of the discussion came into being on the exercises and was not

synchronous with the introduction of the subject matter.
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Students in the experimental group worked with the conceptual change texts
supported with demonstration of the mentioned materials in the texts (See
Appendix A). The text did not directly inform the students on the subject but stated
common misconceptions about phases and phase changes of the matter. The topic
of matter and phase changes of matter is dissociated into sub-topics such as

evaporation, condensation, melting, freezing, open systems, and closed systems.

For each sub-topic, a suggestive and divergent question was asked and
students were expected to note down their answers. The purposes of the initial
questions were to arouse the interest on the subject and to analyze the students’
conceptions on the subject. Most of the discussion was on the judgment of
students’ written alternative conceptions. Where appropriate, some supplementary
material was demonstrated to help visualization, and to remind some previous
experiences of the students. For example, boiling some water or exhibiting the
water droplets in a closed bottle were empowering tools for visualization of the
situations they are familiar with. In the task of boiling, water was boiled in a
transparent beaker during the discussion of the subject and let the students to
observe the process. Moreover, for the task of evaporation and condensation in a
closed system, a transparent bottle half-filled with drinking water and set for rest
for 24 hours for the equilibrium to be reached, was exhibited to the students. For
the rest, demonstration was not necessary because students observed them
repetitively in such cases as drying of dishes or the laundry. Thus, all students

seemed adequate.

In the main part of each sub-topic, some common misconceptions picked
from the literature were stated. Students compared their conceptions revealed in
their answers with those misconceptions for a matching. Discussions took place
and below each stated misconception there were some guidance. The texts
followed a conceptual change with refutation method. Here, Nussbaum and
Novick’s (1982) steps (determining misconceptions, discussing and evaluation,
creating conceptual conflict, and guiding restructuring) were followed. The

guidance part was on why the conception mentioned could be wrong and therefore
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it refuted the students’ supporting bases on alternative conceptions. By this
refutation and some information given on the guidance part conceptual conflicts
were tried to be created. Blocks of information were given directly only when
necessary and after the final discussion on the misconceptions was over in order to

help restructuring of concepts.

At the end of each sub-topic, scientifically accepted concept was given to
the students and then with the help of questions and extra discussion the teacher
tried to determine whether the conceptual change has occurred or not. If not, the

student is suggested to go over the section again.

After the treatment is over, both the control group and the experimental
group were given PPCCT again. This time PPCCT is the posttest to determine
students’ understanding of phases and phase changes of matter concepts. Finally,
ASTC was given to both groups so that effect of the treatment on students’

attitudes toward chemistry lessons can be observed and investigated.

4.6  Analysis of Data

Statistical techniques used in this study to analyze the data gathered from
the tools described in order to determine the effectiveness of two different
instructional methods (CCOI and TDCI) on students’ understanding related to
phases and phase changes of matter concepts and on their attitudes toward
chemistry as a school subject were Analysis of Covariance (ANCOVA), Analysis

of Variance (ANOVA), independent samples t-test, and paired samples t-test.

At the beginning, to check the existence of differences between groups in
terms of previous understanding of phases and phase changes concepts and in
terms of science process skills independent samples t-test was used. For testing the
hypotheses 1, 2, 3 and 4, ANCOVA was used with SPST scores as the covariate.
Next two hypotheses; 5 and 6 were tested by using paired samples t-test. Finally,

the remaining three hypotheses of this study; 7, 8 and 9 were tested using ANOVA.
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4.7  Assumptions and Limitations
4.7.1 Assumptions

e Students in one group did not interact with the students in the other
group.

e The teacher was not biased during the treatments.

e The tests were administered under standard conditions.

e All subjects in this study responded to the questions in the instruments

sincerely.
4.7.2 Limitations

e This study was limited to 9" grade students from Ankara Atatiirk
Anadolu Lisesi during 2003-2004 academic year’s first semester.

e This study is limited to only 56 students.

e This study is limited to only the unit of phases and phase changes of

matter.
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CHAPTER 5

RESULTS AND CONCLUSIONS

51 Results

This chapter presents the results of the analyses of hypotheses stated earlier.
All hypotheses were tested at a significance level of 0.05. Statistical analyses were
carried out by using the SPSS/PC (Statistical Package for Social Sciences for
Personal Computers) packet program and Analysis of Covariance (ANCOVA),
Analysis of Variance (ANOVA), independent samples t-test and paired samples t-
test were used as statistical methods to test the hypotheses.

At the beginning of the treatment, there was no significant difference
between the effects of conceptual change oriented instruction (CCOI) and
traditionally designed chemistry instruction with respect to students’ previous
learning and understanding in phases and phase changes concepts (t = 0.846, p >
0.05). Also, no significant difference was found between CCOI students and TDCI
students with respect to their science process skills (t = 1.976, p > 0.05).

Hypothesis 1

To answer the question posed by Hypothesis 1 stating that there is no
significant difference between posttest mean scores of the students taught with
CCOIl and those taught with TDCI with respect to their understanding of phases
and phase changes concepts when science process skills are controlled as a
covariate, analysis of covariance (ANCOVA) was used. The summary of measures

obtained is presented in Table 5.1.

37


http://support.leadtools.com/ltordermain.asp?ProdClass=EPRT1

Table 5.1 ANCOVA summary of PPCCT

Source Sum of df Mean F Sig. Observed
Squares Square Power

SPST (Covariate) 15.237 1 15.237 6.727 012 721
GROUP (Treatment) 9.797 1 9.797  4.326 .043 532
GENDER 48.898 1 48.898 21.589 .000 995
GROUP * GENDER .550 1 550 243 624 077
Error 115,510 51 2.265

The result showed that there was a significant difference between the
posttest mean scores of the students taught with CCOI and those taught with TDCI
with respect to their understanding of phases and phase changes concepts when

science process skills are controlled as a covariate.

Table 5.2 Descriptive statistics for the effects of treatment and gender

GROUP GENDER Mean Std. Deviation |N
1(EG) 1(F) 15.6429 1.33631 14

2 (M) 17.7333 1.70992 15

Total 16.7241 1.84964 29

2(CG) 1(P 14.8333 1.94625 12

2 (M) 16.2667 1.33452 15

Total 15.6296 1.75736 27

Total 1(F) 15.2692 1.66271 26

2 (M) 17.0000 1.68154 30

Total 16.1964 1.87248 56

The CCOI group scored significantly higher than TDCI group ( Xccor =
16.72, Xtpci = 15.63). For descriptive statistics for the effects of treatment, refer to
Table 5.2.

The proportions of correct responses distributed to questions in the posttest
for both groups are shown in Figure 5.1. As can be seen in the figure, there were
differences of responses to the items between two groups. Only for few of the
questions, proportions of correct responses of two groups are close to each other.

For the rest, dramatic differences are observed. Though that may be due to the
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small size of the sample of the study, students in both groups tended to score
poorer in some items. However, the CCOIl group seems better even in poorly

scored items.

1.00
0.90 ~
0.80 ~
0.70 ~ M
0.60 ~
0.50 ~
0.40 ~
0.30 ~
0.20 ~
0.10 +
0.00 —

O CcCoOl
H TDCI

Proportion of correct response

12 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20

Question

Figure 5.1 Comparison of CCOI group with TDCI group with respect to

correct responses to the items in the posttest

Questions 11 and 20 were the most significant ones of the poorly scored
items. Question 11 was about the shift of transition points when impurities or
solutes are added, whereas question 20 was about the constancy of the temperature
in transition points. The proportions of correct responses of CCOIl and TDCI
groups for question 11 were 17% and 10% respectively. Students were expected to
respond in favor of intermolecular forces to explain the shift in transition points.
But, they mostly explained it with an analog view with the arithmetic mean. One of
the distracters was stating that different substances have different transition points
and according to the concentration of the solute, a new common transition point
occurs. That misconception is the most dominant one for both groups in question
11. However, regarding the difference, it can be said that CCOl seems more

effective in students’ understanding of intermolecular forces and their outcomes.
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For a similar situation, the proportions of correct responses of CCOI and
TDCI groups for question 20 were 40% and 10% respectively. There, students
were asked to explain the energy consideration of the constancy of temperature
during a phase transition. Similar to question 11, question 20 concerns molecular
level phenomena and that seems rather abstract to students. Students were expected
to explain the phenomenon with the transfer of heat in order to restrict or loosen the
vibrations of molecules rather than increase or decrease the temperature. Two ideas
were prevalent in both of the groups; transfer of heat causes the phase transition of
the molecule itself within the substance and transfer of heat causes shortening or
loosening of the intramolecular bonds. Both misconceptions have a similar point of
view; phase change occurs within the molecule. But, explanations in favor of
changes within the molecule are wrong and that point of view brings about some
misconceptions placed in the distracters of question 20. Nonetheless, the CCOI

group seems to perform better in the question.

However, the question that is most worth to mention is the second one.
Situation stated in question 2 was an ordinary boiling in an open system and
students were asked to define the white foggy substance coming out. None of the
students in TDCI group gave the correct response though it is a widely observed
situation. Students in the TDCI group claimed without an exception that the white
foggy substance was water vapor. On the other hand, 70 % of the students in the
CCOIl group were able to pick the right explanation, which is a great proportion
when taking the other group into consideration. Though, the rest of the CCOI group
was all holding the same misconception as the TDCI group. This situation of TDCI
group may be a result of the fact that traditionally designed instruction does not
concern misconceptions or preconceptions. So, we can conclude that CCOI is
significantly more effective in students understanding of phases and phase changes

concepts and in removing misconceptions related.

Besides these, for three of the items; questions 4, 9 and 10, the proportion of

correct responses for CCOI group are 1.00, i.e. all students in the CCOI group were
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able to give correct answers to those questions. On the other hand, in any of the

questions TDCI group was not able to do this after the treatment.

As a result, the students in the experimental group, which were instructed
with CCOI, understood phases and phase changes of matter concept better than the

students in the control group, which were instructed with TDCI.

Hypothesis 2

To answer the question posed by Hypothesis 2 stating that there is no
significant difference between the posttest mean scores of males and females with
respect to their understanding of phases and phase changes concepts when science
process skills are controlled as a covariate, again the ANCOVA summary

presented in Table 5.1 is referred.

The result showed that there was a significant difference between the
posttest mean scores of males and females with respect to their understanding of
phases and phase changes concepts when science process skills are controlled as a

covariate.

Males performed significantly higher than females in the posttest ( Xates =
17.00, Xremaies = 15.27). For descriptive statistics for the effects of gender, refer to
Table 5.2.

As a result, there is significant difference between the posttest mean scores
of males and females with respect to their understanding of phases and phase

changes concepts when science process skills are controlled as a covariate.

Hypothesis 3

To answer the question posed by Hypothesis 3 stating that there is no

significant effect of interaction between gender difference and treatment on
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students’ understanding of phases and phase changes concepts, again the

ANCOVA summary presented in Table 5.1 is referred.

The result showed that there is no significant effect of interaction between
gender difference and treatment on students’ understanding of phases and phase

changes concepts.

As a result, interaction between gender difference and treatment has no

significant effect on students’ understanding of phases and phase changes concepts.

Hypothesis 4

To answer the question posed by Hypothesis 4 stating that there is no
significant contribution of students’ science process skills to their understanding of
phases and phase changes concepts, again the ANCOVA summary presented in
Table 5.1 is referred.

The result showed that there is significant contribution of students’ science

process skills to their understanding of phases and phase changes concepts.

As a result, students’ science process skills have a significant contribution

to their understanding of phases and phase changes concepts.

Hypothesis 5

To answer the question posed by Hypothesis 5 stating that there is no
significant effect of Conceptual Change Oriented Instruction (CCOI) on
improvement of students’ understanding of phases and phase changes concepts,
paired samples t-test is used as the statistic. Table 5.3 gives the paired samples test

statistics for the CCOI group.
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Table 5.3 Paired samples test for CCOI group

Paired Differences
95% Confidence _
std.  Istd. Error Interval of the t df | Sig.

Mean Deviation| Mean Difference

Lower | Upper

PREACH - POSTACH [-4.0345| 1.95453 | .36295 | -4.7779 |-3.2910f-11.116] 28 | .000

The figures show that the difference between pretest and posttest mean
scores of the CCOI group is significant. To test the existence of an improvement,

Table 5.3 can be referred.

For the CCOI group, pretest mean scores and posttest mean scores have a

significant difference and mean scores are as Xpre = 12.690 and Xpos; = 16.724.

Table 5.4 Paired samples statistics for CCOI group

Mean N Std. Deviation [Std. Error Mean
Pair 1 PREACH 12.6897 29 2.57881 47887
POSTACH 16.7241 29 1.84964 34347

To examine the within group changes of CCOI group before and after the
treatment, Figure 5.2 can be referred. The figure represents the proportions of
correct responses to the items in the pretest and posttest. As it is seen in the figure,
an improvement in students’ correct responses can be observed for almost every

item in the test and some of those increases are drastic.
As a result, CCOI has a significant effect on improvement of students’
understanding of phases and phase changes concepts. Moreover, improvement has

been observed from pretest to posttest for the CCOI group.
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Figure 5.2 Comparison between pretest and posttest scores of CCOI group

with respect to correct responses to the items in the test

Hypothesis 6

To answer the question posed by Hypothesis 6 stating that there is no

significant effect of Traditionally Designed Chemistry Instruction (TDCI) on

improvement of students’ understanding of phases and phase changes concepts,

paired samples t-test is used as the statistic. Table 5.5 gives the paired samples test

statistics for the TDCI group.

Table 5.5 Paired samples test for TDCI group

Paired Differences

95% Confidence
Mean Std. |Std. Error| Interval of the t df | Sig
Deviation| Mean Difference
Lower | Upper
PREACH - POSTACH|-3.4815] 1.96841 | .37882 | -4.2602 |-2.7028]-9.190| 26 |.000

The figures show that the difference between pretest and posttest mean

scores of the TDCI group is significant. To test the existence of an improvement,

Table 5.6 can be referred.
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Table 5.6 Paired samples statistics for TDCI group

Mean N Std. Deviation | Std. Error Mean
Pair 1 PREACH 12.1481 27 2.17863 141928
POSTACH 15.6296 27 1.75736 .33820

For the TDCI group, pretest mean scores and posttest mean scores have a

significant difference and mean scores are as Xpre = 12.148 and Xpos; = 15.630.

To examine the within group changes of TDCI group before and after the

treatment, Figure 5.3 can be referred. The figure represents the proportions of

correct responses to the items in the pretest and posttest.
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Figure 5.3 Comparison between pretest and posttest scores of TDCI group

with respect to correct responses to the items in the test

As it is seen in the figure, an improvement in students’ correct responses

can be observed for items in the test.
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As a result, TDCI has a significant effect on improvement of students’
understanding of phases and phase changes concepts. Moreover, improvement has

been observed from pretest to posttest for the TDCI group.

Hypothesis 7

To answer the question posed by Hypothesis 7 stating that there is no
significant difference between posttest mean scores of the students acquiring CCOI
and those acquiring TDCI with respect to attitudes toward chemistry as a school
subject, analysis of variance (ANOVA) was used. The summary of measures

obtained is presented in Table 5.7.

Table 5.7 ANOVA summary of ASTC

Source Sum of df Mean F Sig. Observed

Squares Square Power
GROUP 64322 1 64.322 .628 432 122
GENDER 64322 1 64.322 .628 432 .122
GROUP * GENDER 42.636 1 42.636 .416 522 .097
Error 5328.362 52 102.468

The result showed that there was no significant difference between the
posttest mean scores of the students acquiring CCOI and those acquiring TDCI

with respect to attitudes toward chemistry as a school subject.

As a result, there is not enough evidence about a significant difference
between posttest mean scores of students acquiring CCOI and those acquiring

TDCI with respect to their attitudes toward chemistry as a school subject.

Hypothesis 8

To answer the question posed by Hypothesis 8 stating that there is no

significant difference between the posttest mean scores of males and females with
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respect to students’ attitudes toward chemistry as a school subject, again the

ANOVA summary presented in Table 5.7 is referred.

The result showed that there was no significant difference between the
posttest mean scores of males and females with respect to attitudes toward

chemistry as a school subject.

As a result, there is not enough evidence about a significant difference
between posttest mean scores of males and females with respect to their attitudes

toward chemistry as a school subject.

Hypothesis 9

To answer the question posed by Hypothesis 9 stating that there is no
significant effect of interaction between gender difference and treatment on
students’ attitudes toward chemistry as a school subject, again the ANOVA

summary presented in Table 5.7 is referred.

The result showed that there is no significant effect of interaction between
gender difference and treatment on students’ attitudes toward chemistry as a school
subject.

As a result, there is not enough evidence about a significant effect of the
interaction between gender difference and treatment on students’ attitudes toward
chemistry as a school subject.

5.2 Conclusions

From the results of the hypotheses tested, the following conclusions can be
deduced:
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. The CCOI caused a significantly better understanding and acquisition of
concepts related to phases and phase changes of matter and better
elimination of alternative conceptions than TDCI.

. The effect of gender difference on students’ understanding of phases
and phase changes concepts was significant. Males scored better in both
the CCOI and TDCI groups and in total.

. The interaction between gender difference and type of the treatment had
no significant effect on students’ understanding of phases and phase
changes concepts. Treatment is independent of gender difference with
respect to students’ understanding of phases and phase changes concepts
and gender difference is independent of treatment with respect to
students’ understanding of phases and phase changes concepts.

Science process skills were strong predictors for the understanding
related to phases and phase changes concepts.

Students acquiring CCOI showed improvement in understanding and
acquisition of concepts related to phases and phase changes.

Students acquiring TDCI showed improvement in understanding and
acquisition of concepts related to phases and phase changes.

. The difference between posttest mean scores of students acquiring
CCOl and those acquiring TDCI was not significant with respect to their
attitudes toward chemistry as a school subject. The type of the treatment
did not significantly affect students’ attitudes toward chemistry as a
school subject.

. The difference between posttest mean scores of males and females was
not significant with respect to their attitudes toward chemistry as a
school subject. Gender difference did not significantly affect students’
attitudes toward chemistry as a school subject.

. The effect of the interaction between gender difference and treatment
was not significant on students’ attitudes toward chemistry as a school
subject. Treatment is independent of gender difference with respect to

students’ attitudes toward chemistry as a school subject and gender
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difference is independent of treatment with respect to students’ attitudes

toward chemistry as a school subject.
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CHAPTER 6

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

6.1 Discussion

The main purpose of this study was to compare the effectiveness of
conceptual change oriented instruction with that of traditionally designed chemistry
instruction on 9" grade students’ understandings of phases and phase changes

concepts and on their attitudes toward chemistry as a school subject and.

Regarding the analyses results given in Chapter 5, it can be concluded that
conceptual change oriented instruction caused a better understanding of phases and
phase changes concepts and a better elimination of related misconceptions than
traditionally designed chemistry instruction. This finding is in accordance with
findings of previous research about the effectiveness of instruction based on
conceptual change model (Hewson & Hewson, 1983; Niaz, 2002; Smith et al.
1993).

The conceptual change text used in this study as the treatment to the
experimental group, used a strategy of detection and conceptual change by
refutation. The text was supported with demonstration of available tasks and
discussion of students’ ideas. Instead of giving blocks of information to the
students and expecting them to process, the text focused on the alternative
conceptions of the students and gave small bits of information when necessary to
create a conflict and refute the bases of student misconceptions. This methodology
of the text is in accordance with Nussbaum & Novick’s (1982) suggested steps. For
each task, students noted down their ideas of given situation, a comparison of those

ideas with the existent common misconceptions in the text was done, with the
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explanations matching the misconceptions some conflicts created, and finally with

the class discussion conceptual change was tried to be guided.

For all the tasks in the text, water was used as the sample substance to
investigating phases and phase changes. The purpose for doing that is to eliminate
some discrepancies coming from students understanding of the structure of
different substances. Besides, water is the exemplar (Stavy & Stachel, 1985) and
everyone is somehow familiar with its behaviors. However, water itself defies

some rules that students know about phase changes.

By the results of this study, it is clear that science process skills of students
are strong predictors for their understanding of phases and phase changes concepts.
This result shows similarity with previous findings (Azizoglu, 2004; Flehinger,
1971; Uzuntiryaki, 2003). As science process skills facilitates understanding of
phases and phase changes concepts like understanding of many other topics, those
skills should not be taken as separate phenomena from learning (Wynne, 1999).
Therefore, when the instructional methods that are used during this research were
compared taking the scores of science process skills test as covariate, conceptual

change oriented instruction yielded significantly better scores.

Regarding the three figures 5.1, 5.2 and 5.3 the comparison and the effects
of the methods would be much clearer. A common feature observed in all three
figures is the poorly scored items Question 2, Question 11 and Question 20, as
stated earlier. Nonetheless, in all the three items, CCOIl group seems better.
Question 2 was about defining the white foggy substance coming out during
boiling of water. This is a well-known phenomenon and it is mentioned even in
elementary school science courses. However, most students could not realize the
gaseous form of the water. Water vapor is an invisible gas and it exists in the air.
On the other hand, the white foggy substance is named steam and is an
intermediate form. That intermediate form of water also exists in the air beside
water vapor. This complexity may make the children confuse their concepts of

vapor and the steam. Students accepting the invisibility of water vapor may define
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the steam as gaseous water. For the case of this study, the proportions of correct
responses to Question 2 were both zero in CCOI and TDCI groups. After the
treatment the proportion became 70% for the CCOI group and stayed zero for the
TDCI group (Figure 5.2 and Figure 5.3) and this increase is drastic. That is; for the
case of a common misconception, TDCI showed no effect in understanding the
concept of steam or in removing the misconceptions. All students in TDCI group
still picked the distracter according to their existing misconception and claimed that

the white foggy substance was water vapor.

In Question 11, both groups exhibited an increase of 10 points; correct
responses of CCOI group rose from 7% to 17% and those of TDCI group rose from

0 to 10%. But, the responses can still be classified as poor.

Moreover, there has been an obvious decline in correct responses to
Question 20 for the TDCI group. For CCOI group, the proportion stayed constant
before and after the treatment (40%). The question was about the constancy of the
temperature during phase transitions despite the continuing energy transfer and in
the pretest, 38 % of the students from TDCI group picked the right answer.
Unfortunately, in the posttest the proportion of correct response fell to almost one
fourth of that of the pretest; 10%. There was no student who did not pick the right
answer in the pretest but picked up the right answer after TDCI. Most of the
students those picked the right answer in the pretest but picked a wrong one in the
posttest revealed a new misconception; they believe that molecule itself changes its

phase.

That invokes a suspicion about traditionally designed method. Besides not
concerning and not addressing misconceptions, traditionally designed instruction
may retard learning and bring about more alternative conceptions. If that is the
case, traditional methods can be said to have a major flaw in constructing new
knowledge and alternative methods should be assigned in order to prevent

undesired outcomes in such cases as Question 20.
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Another point to mention is the items of fully correct responses. For three of
the items, all students in the CCOI group were able to pick the right answer after
the treatment but for one of the items which gained fully correct response in pretest
showed a little decrease after the treatment (Figure 5.2). On the other hand, the two
items of fully correct response in pretest showed decreases in the posttest, though;
none of the items gained fully correct response from the TDCI group in the posttest
(Figure 5.3).

Effect of gender on understanding of phases and phase changes concepts
was also investigated in this study. From the results, we can conclude that males
performed better in understanding phases and phase changes concepts and in
removing misconceptions related to phases and phase changes (Table 5.2). Within
both groups and overall, males exhibited higher mean scores than females. This
finding is in accordance with the research based claim of Gabel (1994, p. 185) on
effect of age, ability, gender, and cultural boundaries. For studies concerning
alternative conceptions among males and females, the results that Gabel mentioned
suggests that males have fewer alternative conceptions than females. Yet, those and
the results of this study concerning the effect of gender difference could be a subtle
result of focus and design. Though numbers of females and males are close to each
other in this study, the sample is still small and thus, a generalization about the
effect of gender difference on students’ understanding of phases and phase changes

concepts does not seem feasible.

The results obtained from this study also indicate that the type of the
treatment did not affect students’ attitudes toward chemistry as a school subject. In
accordance with the case Koballa (1988) stated, this study also investigated the
effect of conceptual change oriented instruction on students’ attitudes toward
chemistry as a school subject when compared with that traditionally designed
instruction rather than investigating a relation between attitudes and achievement.
However, there was no significant difference between attitudes of CCOI and TDCI

groups toward chemistry as a school subject at the end of the treatment.
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This situation may be a result of the claim that attitudes are not easily
changed (Cukrowska et al., 1999). Because the three-week duration of the study is
short to observe changes in the attitudes of students’ toward chemistry, the
treatment type may have not affected the attitudes of students toward chemistry

lessons differently.

Gender type also did not affect students’ attitudes toward chemistry as a
school subject differently. This, again, may be due to the observation of no
significant change in student’ attitudes toward chemistry as a school subject.
Though, it is not evidence that gender difference has no effect on students’
attitudes. Further and longitudinal studies are suggested to be made in order to let

the changes occur and obtain evidence.

To conclude, conceptual change oriented instruction seems to bring about
better understanding of phases and phase change concepts than traditional methods
of instruction. Moreover, the findings in literature that; males have less alternative
conceptions than females and that; science process skills are predictors of
understanding of concepts were again supported with the findings of this study. On
the other hand, no significant effect of conceptual change oriented instruction was
observed on students’ attitudes toward chemistry as a school subject when

compared with the traditionally designed instruction.

6.2  Implications

Science teachers should be aware of students’ prior knowledge and existing
alternative conceptions. They should understand how students learn scientific
concepts. Moreover, teachers should be aware of instructional techniques and
situations that are open to yield more alternative conceptions or techniques not
concerning students’ cognitive structure and alternative conceptions. Also, teachers
should use effective instructional strategies to identify and remove alternative

conceptions.
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Conceptual change oriented instruction, when enriched with diverse
activities and methods; could be an effective classroom tool. Students are
responsible of changing their conceptions, thus the role of the teacher should be
guiding students to explore their own conceptions.

Traditional instruction methods with limited activities are known to neglect
misconceptions and the way students construct knowledge. Thus, curriculum
programmers should give more emphasis on constructivist approach and

instructional materials including the textbooks should be improved in that sense.

Attitude is shown to have strong positive correlation with achievement,
thus, teachers should be aware of their students’ attitudes toward science and try to

enhance students’ positive attitudes.

Teachers and candidate teachers subscribe to the same alternative
conceptions as their students. Therefore, teacher education programs should be

revised and constructivist approach should be paid more importance.

6.3 Recommendations

Based on the findings of this study, the following are recommended:

This study can be extended in terms of the sample size, grade levels, and
school. A larger sample will result in more accurate and diversified findings
because the discrepancies resulting from small sample size would be reduced or
eliminated. Phases and phase changes of matter is included in elementary school
and tenth grade curricula and diversification of sample will result in detection of
alternative conceptions at different age levels. Moreover, selecting more and

different schools will help generalization of results to countrywide.
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Research about the material development regarding the different aspects of
learning and different instructional strategies can be conducted to improve the
quality of learning. Within this perspective, computers and computer aided

instruction can be investigated.

Students’ attitudes toward chemistry and other science courses can be
investigated in regard for their effect on understanding of concepts rather than
investigating the effect of instructional strategy on attitudes. On the other hand,
duration of this study can also be extended in order to assign sufficient time for the

changes in attitudes to occur, if it occurs.
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APPENDIX A

CONCEPTUAL CHANGE TEXTS SAMPLE

GOREV 1: Kaynama

Soru: Suyu kaynarken izlediginizde bir¢ok biiyiik
baloncuk goriirsiiniiz. Baloncuklarin i¢cinde ne S
vardir? O
O
o @

Kaynamayla Ilgili Kavram Yanilgilar:

Kavram Yamdgist 1:  Bir kaba su koyup kaynayana kadar
wsitilir ve kaynayan suyun iginde

baloncuklar goriiliir. Bazilar1 bu

baloncuklarm i¢inde hava oldugunu

diistiniir.

Bu yanilg1 onceki kisisel gozlemlerden veya havayr olusturan ve suda
¢oziinen maddelerle ilgili eksik bilgiden kaynaklanabilir. Eger daha once plastik

balon sigirdiyseniz, balonu sigsirmeye yarayan esas maddenin hava oldugunu
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bilirsiniz. Bu yiizden de sisirdiginiz balonlarla kaynayan sudaki baloncuklar
arasinda benzerlik kurarak balon olusturmak i¢in hava gerektigini diisiinebilirsiniz.
Balonunuzun veya baloncuklarin i¢inde gaz oldugu dogrudur ama hava tek basmna
bir gaz degildir, bazi gazlarin karigimindan ve c¢ok kiigiik kati ve sivi
parcaciklardan olusan bir maddedir. Kaynayan sudaki baloncuklarin igindeki bir

cesit gaz midir, hava midir yoksa bagka bir karigim midir?

Size ilkogretimde havayla ilgili 6gretilen temel bilgileri hatirlaym. Havanin
% 78’1 Nitrojen (Azot), % 21’1 Oksijen ve kalan % 1’1 de Karbondioksit, diger baz1
gazlar ve kirletici kat1 ve siv1 parcaciklardan olusmaktadir. Suyun yapisindaysa
hidrojen ve oksijen bulunmaktadir. Kaynamayla suyun havaya doniistiigiinii ve
baloncuklar1 olusturdugunu diisiiniiyorsaniz aslinda suda bulunmayan azot, karbon
vb. maddeler nereden gelmektedir? Havanin suya girdigini diisiiniiyorsaniz
baloncuklarin dogrudan ylizeyde olugmasi gerekmez mi? Oysa dikkatli izleyin,
dipten yukar1 dogru yiikselirler. Bunlara bakarak diyebiliriz ki baloncuklar hava
baloncugu degillerdir, baloncuklarmn i¢inde hava oldugunu diistinmek yanlistir.
Bunlarla birlikte bir de havadaki gazlarm da suda ¢oziinebildiklerini biliyoruz,
ancak bu ¢Ozunen miktar ¢ok azdwr. Suya 1s1 verip kaynatmaya devam edin.
Coziinen hava ¢ikip bittikten sonra kaynama duracak midir yoksa tiim su bitene
kadar devam edecek midir? Eger denerseniz goreceksiniz ki 1sitmaya devam ederek
yeterince beklerseniz kaptaki suyun tamami kaybolacaktir. Su hava degildir, hava
da su degildir. Bunlar birbirlerine déniisemezler. Oyleyse kaynayan sudaki

baloncuklarin i¢gindeki madde hava degildir.

Baloncuklar su buharindan olusurlar ve su buhar1 da suyun gaz halidir. Bir
gazin dzelliklerini tasir ve baloncuk olusturabilir. Ustelik, baloncuklar olusmaya
dipten baslarlar ¢iinkii alttan 1sittigimizdan 1s1yla 6nce dipteki su karsilasir ve once

dibe yakin su gaz haline gecer ve buhar olusur.
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Kavram Yanigist 2:  Kaynayan sudaki biiyiik baloncuklari
goriince bazilar1 bu baloncuklarin
hidrojen ve oksijenden olustugunu,
bazilar1 sadece oksijenden olustugunu,
bazilar1 ise oksijen ve karbondioksitten
olustugunu diisiinmektedirler. Bu kisiler
baloncuklarin suyun yiizeyine ulaginca
patladigini ¢iinkii i¢cinde gaz oldugunu ve
stvidan kurtulunca gazin havaya
karistigin1 ve goriinmez oldugunu
sOylemektedir ve bunlar dogrudur. Ancak
baloncuklarm i¢indeki gazlar yukarida

sayilanlardan olusur demektedirler.

Tabii ki baloncuklarin i¢inde en az bir ¢esit gaz olmalidir. Baloncuklar bu
yiizden olusurlar ve biz de gézlemleriz. Ancak bu gazin veya gazlarin hidrojen ve

oksijen veya sadece oksijen veya oksijen ve karbondioksit oldugu siiphelidir.

Simdi dikkatle diisiinelim. Bir su molekiilii iki hidrojen ve bir oksijen
atomunun kimyasal bilesiminden olusmustur. Yani halihazirda oksijen ve hidrojen
vardir. Ustelik su saf degilse saflig1 bozacak sekilde karbondioksit de olabilir. Bu
yuzden bahsedilen tim elementler elimizdeki suda var kabul edilebilir. Ancak daha
derin diigsiinmek gereklidir. Karbondioksitle baglarsak, suyu kaynatmaya devam
ederseniz tamamimin belli bir siire sonunda buharlasip kaybolacagini biliyoruz.
Peki bu degisim su molekiillerinin karbondioksit molekiillerine doniismesi midir?
Bu sadece 1sitmayla miimkiin miidiir? Bu yOntemle molekiiliin kimyasal yapisi
degisir mi yada bir elementin atomlar1 baska bir elementin atomlarina doniisebilir
mi? Gordiigliniiz gibi bu pek olanakli degildir. Her seyden once hal degisiklikleri
fiziksel degisikliklerdir ve maddenin kimyasal bilesimini veya molekiil yapisini
degistirmezler. Bu yiizden, suyu kaynatarak molekiil yapilarin1 degistiremeyiz ve
molekiilii olusturan oksijen veya hidrojen gibi bazi maddelerin agiga ¢ikmasini

saglayamayiz. Ustelik degisim kimyasal olmadig1 i¢in normalde suda bulunmayan
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bazi maddeler olusmamalidir. Bagka bir deyisle, suda karbon atomlar1 yoktur veya
¢ok azdir ve baloncuklarda oldugu iddia edilen karbon atomlar1 oksijen veya
hidrojenden olusturulamaz. Bununla birlikte, daha 6nce de degindigimiz gibi, eger
su saf degilse ortamda biraz karbondioksit bulunabilir ancak bu suyla
karsilastirildiginda ¢ok kiiclik bir miktardir. Suyu kaynatirsaniz karbondioksit
baloncuklarla ¢ikabilir fakat bunlar ancak kiigiik baloncuklar olusturmaya yeter.

Coziinen tiim karbondioksit serbest kalinca kaynama devam etmeyecek midir?

Karbondioksitin bitecegini, kimyasal degisim olmadig1 i¢in oksijenin veya
hidrojenin de etrafa salinamayacagmi biliyoruz. Oyleyse baloncuklarm iginde ne

olabilir?

Evet, dogru. Baloncuklarm ic¢indeki bir gazdir. Su molekiilleri kimyasal
degisime ugramadigindan ve suyun baz1 fiziksel oOzellikleri degistiginden
baloncuklarin icindeki suyun bagka bir hali olmalhdir. (Bu degisen fiziksel
Ozellikleri neler olabilir?) Sonu¢ olarak baloncuklarin i¢inde suyun gaz hali vardir
ve kimyasal yapist hala iki hidrojen ve bir oksijenden olusan molekiildiir (H,O),
baska bir sey degil. Suyun bu gaz haline buhar diyoruz ve buhar bir gazin tiim

Ozelliklerini tasir.

Kavram Yanilgisi 3: Bazilar1 kaynama sirasinda suda
gordiigliniiz baloncuklarin 1sidan

olustugunu diisiinmektedir.

Su bir maddedir fakat 1s1 bir enerji ¢esididir. Bir enerji oldugundan 1sinin
kiitlesi olamaz ve daha Otesi suda baloncuk olusturacak hacmi olamaz. Kiitlesi ve
hacmi olmayan bir sey, bir kiitleye ve hacme sahip olan baloncuklar1 olusturabilir
mi? Bu yilizden diyoruz ki baloncuklarin i¢indeki sey 1s1 degil yine gaz halindeki

sudur.
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APPENDIX B

PHASES AND PHASE CHANGES CONCEPT TEST

LUTFEN ASAGIDAKI SORULARI DIKKATLICE OKUYUNUZ VE DOGRU
SIKKI SOLUNDAKI HARFI YUVARLAK ICINE ALARAK ISARETLEYINiZ.
HER SORUNUN SADECE BIiR TANE DOGRU CEVABI VARDIR. BIRDEN
FAZLA ISARETLEME YAPMAYIN.

1) Bir gaydanlikta veya baska bir kapta kaynayan su izlendiginde suda biiyiik

balonlar goriiliir. Bu balonlar neden olusmaktadir?

A) Hava

B) Is1

C) Buhar

D) Oksijen ve Hidrojen

E) Oksijen ve Karbondioksit

2) Bir c¢aydanlikta veya kettle’da kaynayan yada heniiz kaynatilmis suya
bakildiginda kaplarin agzindan ¢ikan sise benzer bir maddenin yiikseldigi

gordlir. Bu sise benzeyen madde nedir?

A) Su buhari
B) Cok kiigiik su damlalar1
C) Duman

D) Safligi bozan maddelerin kalintilari

E) Sicak hava
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3) Bir tabagi yikayip yas haliyle ve normal sekilde mutfak tezgahinin istiine
koyarsaniz bir siire sonra kurudugunu goriirsiiniiz. Tabagin iizerindeki suya ne

olduguyla ilgili dogru agiklama asagidakilerden hangisidir?

A) Su emilmeyle tabagin igine ¢ekilir

B) Su kurur ve bir seye donilismez

C) Su havaya Oksijen ve Hidrojen olarak karigir
D) Su ¢ok kii¢iik pargaciklar halinde havaya karisir

E) Sutabagin i¢cinden gegerek tezgaha ulasir ve orada yayilarak kaybolur

4) Bir odada yariya kadar dolu plastik bir sise vardir. Sisenin kapagi ag¢ilip

gilinlerce ellenmeden Oylece birakilir. Giinler gectikce sisedeki suya ne

olacaktir?

A) Su buharlagsmayla azalacak ve kaybolacaktir

B) Su buharlagma-terleme dengesiyle azalacak ve kaybolacaktir
C) Su siseden difiizyon (yayilma) ile azalacak ve kaybolacaktir
D) Su havadaki buharin yogunlasmasiyla artacaktir

E) Higbir degisiklik olmayacaktir

5) Bir parga cami heniiz kaynamis, sicak suyun iizerine kapatmadan tuttugunuzda
bir ka¢ dakika i¢inde camin alt yiizeyinde su damlaciklar1 olustugunu

gOrirsiinuz. Bu damlaciklar nasil olusur?

A) Su buhar1 cam tarafindan bloke edilip bir yere kacamazlar
B) Suyun yiizeyindeki molekiiller hava tarafindan cama taginir
C) Sicak hava soguk havayla karsilasip yogunlasir

D) Su buhar1 soguk camla karsilasir ve yogunlagir

E) Su buhar1 sicak suyla cam arasinda doyuma ulasinca yogunlagsir
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6) lyice sogumus bir sise buzdolabindan ¢ikarilir. Kisa bir siire i¢inde sisenin dis
ylizeyinde kiiciik belirgin su damlaciklar1 olusur. Bu kii¢iik damlaciklar

nereden gelmektedir?

A) Sisenin etrafindaki hava sogutulunca ortaya ¢ikarlar

B) Igecekteki su molekiilleri sisenin duvarlarindan gegerek disar1 ulasir

C) Sisenin soguk yiizeyi ve hava oksijen ve hidrojeni birlestirmek igin
tepkimeye girerler

D) icecekteki soguk su 1s1 alinca buharlasir ve yiizeye ulasir

E) Havadaki su buhar1 sogutulunca yogunlagir

7) Bir ¢aydanliga su koyup elinizi su kaynarken ¢aydanligin {izerine tutarsaniz

elinizin 1slandigin1 fark edersiniz. Eliniz neden 1slanir?

A) El sicakliktan dolayi terler

B) Su buhari elinizle ¢arpisir

C) Su buhari elinizde yogunlagir

D) Sicak havayla yiikselen su pargaciklari elinize ulasir

E) Nem isinmadan dolay: yiikselir ve elinize ulasir

8. ve 9. sorulan asagida belirtilen duruma gore cevaplayimz:

I¢ine bir miktar su konulmus ve agzi sikica kapatilmis bir plastik sise birkac
giin boyunca hi¢ ellenmeden dinlenmeye birakiliyor. Bu siire sonunda sisenin i¢
yiizeyinin suyun olmadig1 bos kisimlarinda ¢ok kiiciik su damlaciklar1 olustugu

goOzleniyor.
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8) Sisenin i¢ ylizeyinde su damlaciklarinin olusma sebebi nedir?

A) Su buhari sisenin duvarlarmim sogukluguyla karsilasinca yogunlasir
B) Su buhari sisenin i¢ yilizeyine yapisir

C) Sisenin igindeki su buhar1 doyuma ulasir ve yogunlagir

D) Su buhar1 disarinin ve igerinin sicaklik farkindan dolay1 yogunlasir

E) Su buhar1 disarmin ve igerinin basing farkindan dolay1 yogunlasir
9) Sisenin agirlig1 nasil degisir?

A) Kapak agilmadig siirece sabit kalir

B) Buharlagsmadan ortaya ¢ikan kayip yiiziinden azalir
C) Iceride fazladan olusan su yiiziinden artar

D) ic¢ten disa buharlasma-terleme dengesiyle azalir

E) Distan ige buharlagsma-terleme dengesiyle artar
10) Saf bir madde i¢in konusursak hal degisimi sirasinda sicaklik nasil degisir?

A) Kaynama sirasinda gittik¢e yiikselir ve donma sirasinda gittikce diiser
B) Kaynama sirasinda hafifce diiser ve donma sirasinda hafifge yiikselir
C) Etrafin sicakligina gore diiser veya yiikselir

D) Cevresel basinca gore diiser veya yiikselir

E) Hal degisimi tamamlanana kadar degismez

11) Bir maddenin i¢inde baska bir madde ¢6zerek safligini bozdugunuzda hal

degisimi noktalarinda goriilen kaymalarin sebebi nedir?

A) Saflig1 bozan maddeleri 6rnegimizle birlikte kaynatmak veya eritmek igin

fazladan gereken 1s1

B) Ornegimizin molekiilleriyle saflig1  bozan maddenin molekiilleri

arasindaki etkilesimi agmak i¢in fazladan gereken 1s1
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C) Farkli maddelerin farkli hal degisim noktalar1 olur ve ¢dziinen maddenin
derisimine gore yeni bir ortak degisim noktasi ortaya ¢ikar

D) Safligi bozan maddeyle girilen tepkime farkli bir kimyasal yap1 ortaya
cikarir

E) Higbiri dogru degildir

12) Sofra tuzuyla doyurulmus su Ornegini siirekli 1sitirsaniz hangisinin olmasini

beklersiniz?

A) Tiim ¢ozelti buharlasir ve kabi bos birakir
B) Su buharlasir ve tuz kristalleri olusur

C) Su buharlasir ve sivi halde tuz kapta kalir
D) Coziinen tuz buharlasir ve suyu saflastirir

E) Bu kosullarda ¢6zelti kaynamaz

13)ikisi de 0 °C’de ayni miktardaki siv1 halde su ile buzun hangi 6zellikleri

birbirinin aynisidir?

A) Hacimleri

B) Molekiiller aras1 ¢ekim kuvvetleri
C) Molekdllerinin potansiyel enerjileri
D) Molekiil sayilari

E) Isikapasiteleri

14) Asagidakilerden hangisi 6rnek bir sivinin kaynama noktasini etkilemez?

A) Atmosfer basinci

B) Sivinin tiirii

C) Sivinin saflik derecesi

D) Yiizeye uygulanan basing

E) Sivinin miktar
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15)Belirli  kosullarda yeterince 1s1  verildiginde kaynayamayan madde

asagidakilerden hangisidir?

A) Su

B) Demir
C) Bakir
D) Etil alkol
E) Higbiri

16) Belirli bir miktar buz alinip kapali bir sistemde siirekli 1sitiliyor. Once buz
eriyor sonra da su kaynatiliyor. Bu islem boyunca maddemiz iki hal degisimi
noktasindan geciyor: erime ve kaynama noktalari. Suyun yogunlugu ve agirligi

bu hal degisimi noktalarinda nasil degisir?

A) Yogunluk erime noktasinda artar ve kaynama noktasinda azalir fakat
agirlhik her iki noktada da sabit kalir

B) Yogunluk her iki noktada da azalir fakat agirlik her iki noktada da sabit
kalir

C) Yogunluk her iki noktada da artar fakat agirlik her iki noktada da sabit
kalir

D) Yogunluk ve agirlik erime ve kaynama noktalarinin ikisinde de azalir

E) Yogunluk ve agirlik erime ve kaynama noktalarinin ikisinde de artar

17) Kuru buz (kat1 CO,) yavasea 1sitildiginda gaz halindeki bir madde agiga ¢ikarir
ve kaybolmaya baglar. Bu siire¢ siiblimlesme olarak adlandirilir.

Asagidakilerden hangisi bu siiblimlesmeyi agiklamaktadir?

A) Kuru buzun erimesi
B) Kuru buzun yogunlagmasi
C) Kuru buzun buharlagsmasi

D) Kuru buzun yanmasi

E) Higbiri
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18) Su deniz seviyesindeyken 100 °C’ta kaynar fakat, deniz seviyesinden
yiikseklere c¢ikildikca kaynama sicakliklarini not ederseniz 100 °C’tan daha
disiik sicakliklarda kaynadigmi ve yiikseldikce daha da distiigiini

goreceksiniz. Bu diisiisii nasil a¢iklarsiniz?

A) Yiikseklik arttik¢a buhar basmnci diiser

B) Yiikseklik arttik¢a atmosfer basinci diiser
C) Yiikseklik arttik¢a buhar basinci artar

D) Yikseklik arttikca atmosfer basinci artar

E) Yiikseklik arttik¢a buhar basinci da, atmosfer basinci da artar

19) Kapali bir kaptaki sivinin buhar basincini asagidakilerden hangisi etkiler?

A) Atmosfer basinci
B) Kabin hacmi

C) Kabin sekli

D) Sistemin sicaklig1

E) Kaptaki sivi miktar1

20) Hal degisimi noktalarinda 1sitma yada sogutma devam etse de tiim madde hal
degisimini tamamlayana kadar sicaklik sabit kalir. Sisteme fazladan verilen

veya sistemden fazladan alinan bu 1s1y1 ve sicakligin sabit kalmasiyla iligkisini

nasil agiklarsmiz?

A) Fazladan alinan veya verilen 1s1 sicakligi artirip azaltmak yerine
molekiillerin titresimini sinirlamak veya serbestlestirmek i¢in harcanir

B) Fazladan alinan veya verilen 1s1 sicakligi artirip azaltmak yerine
molekiillerin halini degistirmeye harcanir

C) Fazladan alinan veya verilen 1s1 sicaklig1 artirip azaltmak yerine molekiil

ici baglar1 kisaltip uzatmaya harcanir
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D) Fazladan alinan veya verilen 1s1 sicakligi artirip azaltmak yerine
molekiilleri olusturmaya veya parcalamaya harcanir
E) Fazladan alman veya verilen 1s1 sicakligl artirip azaltmak yerine

molekiillerin kimyasal tepkimeleri yliriitmesi saglamaya harcanir
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APPENDIX C

KiMYA DERSIi TUTUM OLCEGI

ACIKLAMA: Bu ol¢ekte, Kimya dersine iligkin tutum ciimleleri ile her ciimlenin
karsisinda “Tamamen Katiliyorum”, “Katiliyorum”, “Kararsizim”, “Katilmiyorum” ve
“Hi¢ Katilmiyorum” olmak {izere bes segenek verilmistir. Her climleyi dikkatle okuduktan
sonra kendinize uygun secenegi isaretleyiniz.

10.

11.

12.

13.

14.

15.

s
E S
S =
Kimya ¢ok sevdigim bir alander ..., .
Kimya ile ilgili kitaplar1 okumaktan hoglanirom ... {:}
Kimyanin giinliik yasantida ¢ok 6nemli yeri yoktur ...... )
Kimya ile ilgili ders problemlerini ¢cozmekten ... )
hoslanirim
Kimya konulariyla ilgili daha ¢ok sey 6grenmek ... O
isterim
Kimya dersine girerken sikint1 duyarrm ... )
Kimya derslerine zevkle girerim ... &
Kimya derslerine ayrilan ders saatinin daha fazla  ...... .
olmasini isterim
Kimya dersini ¢caligirken canim sikilr ... .
Kimya konularini ilgilendiren giinliik olaylar ... {:}
hakkinda daha fazla bilgi edinmek isterim
Diisiince sistemimizi gelistirmede Kimya 6grenimi ...... )
onemlidir
Kimya, cevremizdeki dogal olaylarin dahaiyi ... .
anlasilmasinda 6nemlidir
Dersler iginde Kimya dersi sevimsiz gelir ... O
Kimya konulariyla ilgili tartismaya katilmak bana ...... {:}
cazip gelmez
Calisma zamanimin 6nemli bir kismin1 Kimya ... )

dersine ayirmak isterim

Katiliyorum

Kararsizim

Katilmiyorum

Hig

Katilmiyorum
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APPENDIX D

BILIMSEL ISLEM BECERI TESTI

ACIKLAMA: Bu test, 6zellikle Fen ve Matematik derslerinizde ve ilerde
tiniversite smnavlarinda karginiza ¢ikabilecek karmagik gibi goriinen problemleri
analiz edebilme kabiliyetinizi ortaya ¢ikarabilmesi acisindan ¢ok faydalidir. Bu test
icinde, problemdeki degiskenleri tanimlayabilme, hipotez kurma ve tanimlama,
islemsel agiklamalar getirebilme, problemin ¢6ziimii i¢in gerekli incelemelerin
tasarlanmasi, grafik ¢izme ve verileri yorumlayabilme kabiliyetlerini 6lcebilen
sorular bulunmaktadir. Her soruyu okuduktan sonra kendinizce uygun segenegi

yalnizca cevap kagidina isaretleyiniz.

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

Prof. Dr. Petek Askar ve Prof. Dr. Omer Geban tarafindan yapilmistur.

1. Bir basketbol antrendrii, oyuncularin gii¢siiz olmasimndan dolayr maglari
kaybettiklerini diisiinmektedir. Gliglerini 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. Gunliik agirlik kaldirma ¢aligmalarinin miktarini.

c. Gunluk antrenman stiresini.

d. Yukaridakilerin hepsini.

2. Arabalarin verimliligini inceleyen bir arastirma yapilmaktadir. Sinanan hipotez,
benzine katilan bir katki maddesinin arabalarin verimliligini artirdigi yolundadir.
Ayni tip bes arabaya ayni1 miktarda benzin fakat farkli miktarlarda katki maddesi

konur. Arabalar benzinleri bitinceye kadar ayni yol iizerinde giderler. Daha sonra
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her arabanin aldigi mesafe kaydedilir. Bu ¢alismada arabalarin verimliligi nasil
Olcilur?

a. Arabalarin benzinleri bitinceye kadar gegen siire ile.

b. Her arabanin gittigi mesafe ile.

c. Kullanilan benzin miktari ile.

d. Kullanilan katki maddesinin miktar ile.

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

a. Arabanin agirhigi.

b. Motorun hacmi.

C. Arabanin rengi

d.aveb.

4. Ali Bey, evini 1sitmak icin komsularindan daha cok para 6denmesinin
sebeplerini merak etmektedir. Isinma giderlerini etkileyen faktorleri arastirmak igin
bir hipotez kurar. Asagidakilerden hangisi bu arastirmada smanmaya uygun bir
hipotez degildir?
a. Evin cevresindeki agag sayisi ne kadar az ise 1sinma gideri o kadar fazladir.
b. Evde ne kadar ¢ok pencere ve kapi varsa, 1sinma gideri de o kadar fazla olur.
c. Biiyiik evlerin 1sinma giderleri fazladir.

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

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

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

Deney odasinin sicakligi (°C), Bakteri kolonilerinin sayisi
5
10
15
25 1
50
70

RONONO
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Asagidaki grafiklerden hangisi bu verileri dogru olarak gostermektedir?

d.
11
8
12
Kolonilerin 6
sayisi
2
0
C.

Sicaklik(°C)30

70
60
50

40

20
10

0

0 5 10 15 25 50 70
Sicaklik(°C)

0 3 6 9 12 15 18

Kolonilerin sayisi

Kolonilerin 6
sayisl
4

2

0 10 20 30 40 50 60 70
Sicaklik(°C)

70
50
25
15
Sicaklik(°C)10
5

0

>
>

0 3 6 9 12 15 18
Kolonilerin sayisi

6. Bir polis sefi, arabalarm hizinin azaltilmasi ile ugragmaktadir. Arabalarin hizini

etkileyebilecek bazi faktorler oldugunu diisiinmektedir. Siiriiciilerin ne kadar hizli

araba kullandiklarini asagidaki hipotezlerin hangisiyle sinayabilir?

a. Daha geng siiriiciilerin daha hizli araba kullanma olasilig1 ytiksektir.

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

olasilig1 o kadar azdir.

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

d. Arabalar eskidikce kaza yapma olasiliklar artar.
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7. Bir fen sinifinda, tekerlek yiizeyi genisliginin tekerlegin daha kolay
yuvarlanmasi lizerine etkisi arastirilmaktadir. Bir oyuncak arabaya genis yiizeyli
tekerlekler takilir, 6nce bir rampadan (egik diizlem) asag1 birakilir ve daha sonra
diiz bir zemin iizerinde gitmesi saglanir. Deney, ayni arabaya daha dar yiizeyli
tekerlekler takilarak tekrarlanir. Hangi tip tekerlegin daha kolay yuvarlandigi nasil
olcilur?

a. Her deneyde arabanin gittigi toplam mesafe dlciiliir.

b. Rampanin (egik diizlem) egim agis1 &lgiliir.

c. Her iki deneyde kullanilan tekerlek tiplerinin yiizey genislikleri dlgiiliir.

d. Her iki deneyin sonunda arabanim agirliklari 6lgiiliir.

8. Bir ¢iftgi daha ¢ok musir iiretebilmenin yollarmi aramaktadir. Misirlarin
miktarin1  etkileyen faktorleri arastirmayr tasarlar. Bu amacla asagidaki
hipotezlerden hangisini sinayabilir?

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

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

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

d. Misir tiretimi arttikga, liretim maliyeti de artar.

9. Bir odanim tabandan itibaren degisik yiizeylerdeki sicakliklarla ilgili bir ¢aligma
yapilmig ve elde edilen veriler asagidaki grafikte gdosterilmistir. Degiskenler

arasmdaki iliski nedir?

28
26
Hava Sicakhgr 24
(°C)
22 .
20

50 100 150 200 250 300
Yukseklik(cm)
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a. Yiikseklik arttik¢a sicaklik azalir.
b. Yiikseklik arttik¢a sicaklik artar.
c. Sicaklik arttik¢a yiikseklik azalir.
d. Yiikseklik ile sicaklik artigi arasinda bir iligki yoktur.

10. Ahmet, basketbol topunun i¢indeki hava arttikca, topun daha yiiksege
sigrayacagini diistinmektedir. Bu hipotezi arastirmak i¢in, birkag basketbol topu alir
ve i¢lerine farkli miktarda hava pompalar. Ahmet hipotezini nasil smnamalidir?

a. Toplar1 ayn1 yiikseklikten fakat degisik hizlarla yere vurur.

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

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

vurur.
d. Iclerinde aym miktarlarda hava olan toplari, farkli yiiksekliklerden yere

birakir.

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

bulgular asagidaki grafikte gosterilmistir.

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

5 10 15 20 25 30 35
Hortumlarin ¢gapi (mm)

Asagidakilerden hangisi degiskenler arasindaki iliskiyi agiklamaktadir?
a. Hortumun ¢ap1 genisledik¢e dakikada pompalanan benzin miktar1 da artar.
b. Dakikada pompalanan benzin miktar1 arttikga, daha fazla zaman gerekir.
. Hortumun ¢ap1 kiigiildiik¢e dakikada pompalanan benzin miktar1 da artar.

d. Pompalanan benzin miktar1 azaldik¢a, hortumun ¢ap1 genisler.
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Once asagidaki agiklamay1 okuyunuz ve daha sonra 12, 13, 14 ve 15 inci

sorular1 agiklama kismindan sonra verilen paragrafi okuyarak cevaplayiniz.

Aciklama: Bir arastrmada, bagimli degisken birtakim faktorlere bagimli
olarak gelisim gosteren degiskendir. Bagimsiz degiskenler ise bagimli degiskene
etki eden faktorlerdir. Ornegin, aragtirmanin amacina gore kimya basaris1 bagiml
bir degisken olarak almabilir ve ona etki edebilecek faktor veya faktorler de

bagimsiz degiskenler olurlar.

Ayse, glinesin karalar1 ve denizleri ayn1 derecede 1sitip 1sitmadigint merak
etmektedir. Bir arastirma yapmaya karar verir ve ayni biyiikliikte iki kova alir.
Bunlardan birini toprakla, digerini de su ile doldurur ve ayn1 miktarda giines 1s1s1
alacak sekilde bir yere koyar. 8.00 - 18.00 saatleri arasinda, her saat basi

sicakliklarmi dlger.

12. Arastirmada asagidaki hipotezlerden hangisi sinanmistir?
a. Toprak ve su ne kadar ¢ok giines 15181 alirlarsa, o kadar isinirlar.
b. Toprak ve su giines altinda ne kadar fazla kalirlarsa, o kadar ¢ok 1smirlar.
C. Giines farkli maddeleri farkli derecelerde 1sitir.

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

13. Arastirmada asagidaki degiskenlerden hangisi kontrol edilmistir?
a. Kovadaki suyun cinsi.
b. Toprak ve suyun sicaklig1.
c. Kovalara koyulan maddenin tar(.

d. Herbir kovanin giines altinda kalma siiresi.

14. Arastirmada bagimli degisken hangisidir?
a. Kovadaki suyun cinsi.
b. Toprak ve suyun sicaklig1.
c. Kovalara koyulan maddenin tar(.

d. Herbir kovanin giines altinda kalma siiresi.
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15. Arastirmada bagimsiz degisken hangisidir?
a. Kovadaki suyun cinsi.
b. Toprak ve suyun sicaklig1.
c. Kovalara koyulan maddenin tar(.

d. Herbir kovanin giines altinda kalma siiresi.

16. Can, yedi ayr1 bahgedeki ¢imenleri bigmektedir. Cim bigme makinesiyle her
hafta bir bahcedeki cimenleri bicer. Cimenlerin boyu bahcelere gore farkli olup
bazilarinda uzun bazilarinda kisadir. Cimenlerin boylar1 ile ilgili hipotezler
kurmaya baslar. Asagidakilerden hangisi smnanmaya uygun bir hipotezdir?

a. Hava sicakken ¢im bigmek zordur.

b. Bahgeye atilan giibrenin miktar1 nemlidir.

c. Daha c¢ok sulanan bahgedeki ¢cimenler daha uzun olur.

d. Bahce ne kadar engebeliyse ¢cimenleri kesmek de o kadar zor olur.

17, 18, 19 ve 20 nci sorular1 asagida verilen paragrafi okuyarak

cevaplayniz.

Murat, suyun sicakliginin, su i¢cinde ¢oziinebilecek seker miktarmi etkileyip
etkilemedigini aragtirmak ister. Birbirinin ayni dort bardagm herbirine 50 ser
mililitre su koyar. Bardaklardan birisine 0 °C de, digerine de sirayla 50 °C, 75 °C
ve 95 °C sicaklikta su koyar. Daha sonra herbir bardaga ¢oziinebilecegi kadar seker

koyar ve karistirir.

17. Bu arastirmada sianan hipotez hangisidir?
a. Seker ne kadar ¢ok suda karistirilirsa o kadar ¢ok ¢oziiniir.
b. Ne kadar ¢ok seker ¢dziiniirse, su o kadar tath olur.
c. Sicaklik ne kadar yiiksek olursa, ¢oziinen sekerin miktar1 0 kadar fazla olur.

d. Kullanilan suyun miktar1 arttik¢a sicaklig1 da artar.
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18. Bu arastirmada kontrol edilebilen degisken hangisidir?
a. Her bardakta ¢ozilinen seker miktari.
b. Her bardaga konulan su miktar:.
c. Bardaklarin sayis1.

d. Suyun sicakligi.

19. Arastirmanin bagiml degiskeni hangisidir?
a. Her bardakta ¢oziinen seker miktari.
b. Her bardaga konulan su miktari.
c. Bardaklarin sayisi.

d. Suyun sicaklig:.

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

d. Suyun sicaklig1.

21. Bir bahg¢ivan domates iiretimini artirmak istemektedir. Degisik birka¢ alana
domates tohumu eker. Hipotezi, tohumlar ne kadar ¢ok sulanirsa, o kadar ¢abuk
filizlenecegidir. Bu hipotezi nasil siar?

a. Farkli miktarlarda sulanan tohumlarin kag¢ giinde filizlenecegine bakar.

b. Her sulamadan bir glin sonra domates bitkisinin boyunu olcer.

c. Farkli alanlardaki bitkilere verilen su miktarini 6lger.

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 sdyler. Tarim
uzmanlar1 ise “Acar” adli spreyin daha etkili oldugunu sdylemektedir. Bahgivan
alt1 tane kabak bitkisi secer. Ug tanesini tozla, ii¢ tanesini de spreyle ilaglar. Bir
hafta sonra her bitkinin {izerinde kalan canli bitleri sayar. Bu ¢alismada bocek

ilaclarinin etkinligi nasil 6l¢tliir?
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a. Kullanilan toz ya da spreyin miktar1 6l¢iiliir.
b. Toz ya da spreyle ilaglandiktan sonra bitkilerin durumlar1 tespit edilir.
c. Her fidede olusan kabagin agirhig1 olciiliir.

d. Bitkilerin {izerinde kalan bitler sayilir.

23. Ebru, bir alevin belli bir zaman siiresi icinde meydana getirecegi 1s1 enerjisi
miktarini 6lgmek ister. Bir kabin i¢ine bir litre soguk su koyar ve 10 dakika siireyle
wsitir. Ebru, alevin meydana getirdigi 1s1 enerjisini nasil 0lger?

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

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

c. 10 dakika sonra alevin sicakligini dlger.

d. Bir litre suyun kaynamasi i¢in gegen zamani dlger.

24. Ahmet, buz parcaciklarinin erime siiresini etkileyen faktorleri merak
etmektedir. Buz parcalarinin biiylikliigii, odanin sicakligi ve buz pargalarmin sekli
gibi faktorlerin erime siiresini etkileyebilecegini diisiiniir. Daha sonra su hipotezi
smamaya karar verir: Buz pargalarinin sekli erime siiresini etkiler. Ahmet bu
hipotezi sinamak i¢in agagidaki deney tasarimlarinin hangisini uygulamalidir?

a. Herbiri farkli sekil ve agirlikta bes buz pargasi alinir. Bunlar ayni sicaklikta
benzer bes kabin icine ayr1 ayr1 konur ve erime siireleri izlenir.

b. Herbiri ayn1 sekilde fakat farkli agirlikta bes buz pargasi alinir. Bunlar ayn1
sicaklikta benzer bes kabin igine ayr1 ayr1 konur ve erime siireleri izlenir.

C. Herbiri aynmi agirhikta fakat farkli sekillerde bes buz parcasi alinir. Bunlar
ayni sicaklikta benzer bes kabin igine ayr1 ayr1 konur ve erime siireleri
izlenir.

d. Herbiri ayn1 agirhikta fakat farkli sekillerde bes buz parcasi alnir. Bunlar
farkl sicaklikta benzer bes kabin icine ayr1 ayri konur ve erime siireleri

izlenir.
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25. Bir arastirmaci yeni bir giibreyi denemektedir. Caligmalarini ayn1 biyiikliikte
bes tarlada yapar. Her tarlaya yeni giibresinden degisik miktarlarda karistirir. Bir ay

sonra, her tarlada yetisen ¢imenin ortalama boyunu &lger. Olgiim sonuglari

asagidaki tabloda verilmistir.

Gubre miktari Cimenlerin ortalama boyu
(kg) (cm)
10 7
30 10
50 12
80 14
100 12

Tablodaki verilerin grafigi asagidakilerden hangisidir?

a. b.
R A
Cimenlerin .
ortalama Gybre
boyu miktari
Gubre miktari Cimenlerin ortalama boyu
C d.
Gubre

Cimenlerin miktar
ortalama
boyu

Cimenlerin ortalama boyu

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

a. Farelerin hizin1 dlger.

b. Farelerin, gunlik uyumadan durabildikleri stireyi dlger.

c. Hergn fareleri tartar.

d. Hergiin farelerin yiyecegi vitaminleri tartar.

27. Ogrenciler, sekerin suda c¢oziinme siiresini etkileyebilecek degiskenleri
diistinmektedirler. Suyun sicakligini, sekerin ve suyun miktarlarini degisken olarak
saptarlar. Ogrenciler, sekerin suda ¢dziinme siiresini asagidaki hipotezlerden
hangisiyle smayabilir?

a. Daha fazla sekeri ¢c6zmek i¢in daha fazla su gereklidir.

b. Su sogudukgea, sekeri ¢6zebilmek i¢in daha fazla karistirmak gerekir.

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

d. Su isindik¢a seker daha uzun siirede ¢oziiniir.

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

Olcer. Elde edilen sonuglarin grafigi asagidaki gibidir:

30 °
Litre basina
alinan mesafe 25
(km)
20
15
e [}
10
1 2 3 4 5

Motor hacmi
(litre)

Asagidakilerden hangisi degiskenler arasindaki iligskiyi gosterir?

85


http://support.leadtools.com/ltordermain.asp?ProdClass=EPRT1

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

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

C. Motor kii¢iildiik¢e, arabanin bir litre benzinle gidilen mesafe artar.

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

kadar biytk demektir.

29, 30, 31 ve 32 nci sorular1 asagida verilen paragrafi okuyarak

cevaplaymiz.

Topraga karistirilan yapraklarin domates tiretimine etkisi arastirilmaktadir.
Arastirmada dort biiyiik saksiya ayni1 miktarda ve tipte toprak konulmustur. Fakat
birinci saksidaki toraga 15 kg., ikinciye 10 kg., iiciinciiye ise 5 kg. ciirlimiis yaprak
karigtirilmistir.  Dordiincli  saksidaki  topraga ise hi¢ ¢lirlimiis yaprak
karistirilmamastir.

Daha sonra bu saksilara domates ekilmistir. Biitiin saksilar giinese konmus
ve ayni miktarda sulanmistir. Her saksidan eled edilen domates tartilmis ve

kaydedilmistir.

29. Bu aragtirmada 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, iclerindeki yapraklar o kadar ¢abuk ¢iirtir.
d. Topraga ne kadar ¢ok ciiriik yaprak karistirilirsa, 0 kadar fazla domates elde
edilir.

30. Bu aragtirmada kontrol edilen degisken hangisidir?
a. Her saksidan elde edilen domates miktari.
b. Saksilara karistirilan yaprak miktari.
c. Saksilardaki toprak miktar.

d. Clirimiis yaprak karistirilan saks1 sayisi.
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31. Arastirmadaki bagimli degisken hangisidir?
a. Her saksidan elde edilen domates miktar1
b. Saksilara karistirilan yaprak miktari.
c. Saksilardaki toprak miktari.

d. Ciiriimiis yaprak karistirilan saks1 sayisi.

32. Arastirmadaki bagimsiz degisken hangisidir?
a. Her saksidan elde edilen domates miktar1.
b. Saksilara karistirilan yaprak miktari.
c. Saksilardaki toprak miktari.

d. Clrtimis yapak karistirilan saksi sayisi.

33. Bir Ogrenci miknatislarin kaldirma yeteneklerini arastirmaktadir. Cesitli
boylarda ve sekillerde birkag miknatis alir ve her miknatisin ¢ektigi demir tozlarini
tartar. Bu calismada miknatisin kaldirma yetenegi nasil tanimlanir?

a. Kullanilan miknatisin biiyiikliigi ile.

b. Demir tozlarini ¢geken miknatisin agirligi ile.

c. Kullanilan miknatisin sekli ile.

d. Cekilen demir tozlarinin agirhgi 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

Asagidaki grafiklerden hangisi verilen bu verileri en iyi sekilde yansitir?
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a. b.
A 1001
25
: Hedefe olan 50
Hedefi bulan uzaklik (m)
atis sayisi 20 25
( ]
15 15
10 5
5
20 40 60 80 100 2 5 10. 15 25
Hedefe olan uzaklik (m Hedefi bulan
uzaklik (m) atis sayisi
C. d. A
10¢ 25
Hedefi
Hedefe olan 80 bulan 20
uzaklik (m) atis sayisi
60 15
40 0 *
20 5
5 10 15 20 25 20 40 60 80 106
Hedefi bulan Hedefe olan uzaklik
atis sayIsl (m)

35. Sibel, akvaryumdaki baliklarin bazen ¢ok hareketli bazen ise durgun

Baliklarm merak

olduklarin1  gozler. hareketliligini  etkileyen  faktorleri
eder.Baliklari hareketliligini etkileyen faktorleri hangi hipotezle sinayabilir?
a. Baliklara ne kadar ¢cok yem verilirse, o kadar ¢ok yeme ihtiyaglar1 vardir.
b. Baliklar ne kadar hareketli olursa o kadar ¢ok yeme ihtiyaglar1 vardir.
C. Suda ne kadar cok oksijen varsa, baliklar o kadar iri olur.

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

36. Murat Bey’in evinde bircok elektrikli alet vardir. Fazla gelen elektrik faturalar
dikkatini ¢ceker. Kullanilan elektrik miktarim etkileyen faktorleri arastirmaya karar
verir. Asagidaki degiskenlerden hangisi kullanilan elektrik enerjisi miktarmi

etkileyebilir?
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a. TV’nin agik kaldigz siire.
b. Elektrik sayacinin yeri.
. Camasir makinesinin kullanma siklig1.

d.avec.
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