CONCEPTUAL CHANGE ORIENTED INSTRUCTION AND STUDENTS
MISCONCEPTIONS IN GASES

A THESISSUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

NURSEN AZYZOPLU

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR
THE DEGREE OF DOCTOR OF PHILOSOPHY

IN

SECONDARY SCIENCE AND MATHEMATICS EDUCATION

JULY 2004



Approval of the Graduate School of Natural and Applied Sciences

Prof. Dr. Canan Ozgen
Director

| certify that this thesis satisfies all the requirements as a thesis for the degree of
Doctor of Philosophy.

Prof. Dr. Omer Geban
Head of Department

This is to certify that we have read this thesis and that in our opinion it is fully
adequate, in scope and quality, as a thesis for the degree of Doctor of Philosophy.

Prof. Dr. Omer Geban
Supervisor

Examining Committee Members

Prof. Dr. Hamide Ertepjnar (METU, ELE)

Prof. Dr. Omer Geban (METU, SSME)

Assoc. Prof. Dr. Ayhan Yjlmaz (H. U., SSME)

Assoc. Prof. Dr. Ceren Tekkaya (METU, ELE)

Assist. Prof. Dr. Esen Uzuntiryaki (METU, SSME)




| hereby declare that al information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. | also declare
that, as required by these rules and conduct, | have fully cited and referenced all

material and results that are not original to this work.

Name, Last name: NURSEN AZYZOPLU

Signature



ABSTRACT

CONCEPTUAL CHANGE ORIENTED INSTRUCTION AND STUDENTS

MISCONCEPTIONS IN GASES

Azizodlu, Nursen

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

Supervisor: Prof. Dr. Omer Geban

July 2004, 167 pages

The purpose of this study was to investigate the effects of conceptual change
oriented instruction accompanied by demonstrations and gender on tenth grade
students understanding of gases concepts, and attitudes toward chemistry.
Hundred tenth grade students from two classes taught by the same teacher in a
public high school were enrolled in the study in the Fall semester of 2003-2004.
Control group students were taught by traditionally designed chemistry instruction

(T1), while experimental group students were instructed by conceptual change



oriented instruction accompanied by demonstrations (CCID). Gases Concept Test
and Attitude Scale toward Chemistry were administered to both groups as a pre-
test and post-test to assess the students understanding of gases concepts and
students’ attitudes toward chemistry, respectively. Science Process Skills Test was
given at the beginning of the study to determine students science process sKkills.
Learning Style Inventory was also given to all students to determine their learning
styles. After treatment, interviews were conducted with the teacher and several
students from the two groups. The hypotheses were tested by using analysis of
covariance (ANCOVA) and two-way analysis of variance (ANOVA). The results
showed that CCID caused significantly better acquisition of the scientific
conceptions related to gases than Tl. There was no significant effect of the
treatment on the students attitudes toward chemistry. No significant effect of
gender difference on students understanding the concepts about gases and
students attitudes toward chemistry was found. Science process skill was

determined as a strong predictor in understanding the concepts related to gases.

Keywords: Conceptual Change Approach, Gases, Demonstration, Misconception,

Attitude toward Chemistry, Science Process Skills



0z

KAVRAMSAL DEPYPYM YAKLAZ2IMINA DAYALI OPRETYM VE

OPRENC/LERYN GAZLAR KONUSUNDAKY KAVRAM YANILGILARI

Azizodlu, Nursen
Doktora, Ortabdretim Fen ve Matematik Alanlary Editimi BOlUmU

Tez Yoneticisi: Prof. Dr. Omer Geban

Temmuz 2004, 167 sayfa

Bu caljymanyn amacy demonstrasyon destekli kavramsal dedi®im yaklahymjna
dayalj &dretimin onuncu gnyf Gdrencilerinin  gazlarla ilgili  kavramlarny
anlamaarjna ve kimya dersine yonelik tutumlaryna etkilerini incelemektir.
Cdjhmaya 2003-2004 Gz doéneminde bir devlet okulundaki ayry kimya
odretmeninin ki ayry onuncu gnyfyndaki yiz &6drenci katjlmptyr. Kontrol
grubunda geleneksel yontem kullarylyrken deney grubunda demonstrasyon
destekli kavramsal dedi’im yaklayymyna dayaly 6dretim yontemi kullarylmyhtyr.
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Odrencilerin gazlarla ilgili kavramlary anlama diizeylerini belirlemek icin Gazlar
Kavram Testi her iki gruba 6n-test ve son-test olarak uygulanmyptyr. Her iki
gruptaki @rencilere kimya dersine yonelik tutumlarynj belirlemek icin Kimya
Dersi Tutum Olgedi On-test ve son-test olarak verilmictir. Bilimsal i°lem
becerilerini belirlemek icin caljp manjn bapynda Bilimsel Yhlem Beceri Testi her iki
grubun @rencilerine uygulanmiptjr. Ayrjca, Odrenme Stilleri Envanteri her iki
gruptaki 6drencilere 6drenme stillerini  belirlemek amacjyla uygulanmyhtyr.
Caljh manyn sonunda &retmen ile ve her iki gruptan baz 6drencilerle ayry ayry
gori°meler yapjlmy tyr. Ara®tjrmanyn hipotezleri ortak dedikenli varyans analizi
(ANCOVA) ve iki yonli varyans andizi (ANOVA) kullanjlarak sjnanmiptyr.
Sonuclar demonstrasyon destekli kavramsal dedi®im yaklahymyna dayaly 6dretimin
gazlarla ilgili kavramlaryn anlajlmasinda daha etkili oldwWunu gbstermictir.
Demonstrasyon destekli kavramsal dedi®im yaklahymyna dayaly 6dretimin kimya
dersine yonelik tutuma anlamly bir etkisinin olmadydy saptanmyptjyr. Cinsiyet
farkjnyn gazlar konusunu anlamada etkili olmadjdj ve kimya dersine yonelik
tutuma da anlamly bir etkisinin olmadjdy belirlenmi®tir. Bilimsel °lem becerisinin
odrencilerin gazlarla ilgili kavramlary anlamaarjna istatistiksel olarak anlamly

katkjsj oldudu belirlenmictir.

Anahtar Kelimeler: Kavramsal Dedi®im Yaklayymy, Gazlar, Demonstrasyon,

Kavram Y anjlgjs/, Kimyaya Y 6nelik Tutum, Bilimsel Yplem Becerisi
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CHAPTER |

INTRODUCTION

Learning is widely accepted as a dynamic process in which the new
information interacts with existing knowledge of the learner. The cognitive
structure of the preexisting knowledge of learners affects the way of interpretation
of new knowledge. For this reason, Ausubel (1968) states that “If | had to reduce
all of educational psychology to one principle, | would say this: the most
important single factor influencing learning is what the learner already knows.
Ascertain this and teach him accordingly”. Moreover, Ausubel emphasizes that it
IS necessary to distinguish between meaningful learning and rote learning.
Meaningful learning occurs when the learner's appropriate existing knowledge
interacts with the new learning in a nonarbitrary and substantive way. Rote
learning or memorization occurs when no such interaction takes place. The
criteria for learning material to be meaningful are described as its logical
structure; and the extent to which it is appropriate for assimilation in the cognitive
structure of the learner’s preexisting knowledge. If the material to be learned lacks
logical meaning, the learner has no the relevant ideas in his own cognitive

structure, and lacks a meaningful learning set (a disposition to link new concepts,
1



propositions, and examples, to prior knowledge and experience) rote learning

occurs (Ausubel and Robinson, 1969).

Some studies point out that the students are successful in solving
algorithmic problems (Nakleh and Mitchell, 1993; Nurrenbern and Pickering,
1987), memorizing the formula (Lin, Cheng and Lawrenz, 2000), but are unable
to integrate facts and formula (Yager, 1991) and fall to solve conceptua
problems. From this aspect, one of the main aims of science education and
perhaps the most important is to develop in learners a rich and full understanding
of the key concepts and principles of life sciences, physical science, and earth and

Space sciences.

Students do not enter classrooms as empty vessels waiting to be filled with
knowledge. Students' minds are full of notions about everyday and scientific
phenomena before they are introduced to them through formal instruction. Rather,
students enter classsooms with  well-established notions, beliefs and
interpretations about scientific phenomena. The research literature which
identifies the students' informal ideas about everyday and scientific phenomenais
extensive and has been reviewed by a number of researchers (Driver and Eadley,
1978; Osborne, Bell and Gilbert, 1983; Driver, Guesne and Tiberghien, 1985;
Eylon and Lynn, 1988; Wandersee, Mintzes, and Novak, 1994). This body of
research proposes that students develop some informal ideas which make sense of
the world around them. In different studies these informal ideas have been
described and named in different ways as preconceptions, misconceptions,

dternative frameworks (Driver and Eadley, 1978), spontaneous reasoning
2



(Viennot, 1979), children’s science (Gilbert, Osborne, and Fensham, 1982),
intuitive beliefs (McCloskey, 1983), naive beliefs (Caramazza, McCloskey, and
Green, 1981), and alternative conceptions (Hewson and Hewson, 1989). Students’
aternative conceptions are considered as quite different from scientific
conceptions. These alternative conceptions affect how the scientific knowledge is
learned and have been found to hinder learning and meaningful understanding of

scientific concepts taught in school (Hewson and Hewson, 1983; Shuell, 1987).

The research literature on sources of students incorrect conceptions show
that the variety of students interactions with the physical and socia world
(Strauss, 1981), textbooks (Cho, Kahle, and Nordland, 1985; Sanger and
Greenbowe, 1999), everyday knowledge (Prieto, Blanco, and Rodriguez, 1989)
and interactions with teachers (Gilbert and Zylberstgjn, 1985) can lead to
nonscientific conceptions. Hesse and Anderson (1992) pointed to students
preference for commonsense thinking in place of scientific concepts. They
observed that the students use analogies to everyday events for their explanations
and even the acquired scientific vocabulary students use nonscientific words
(“fancy words’). Schmidt (1997) emphasized how some definitions as well as
some labels of chemical concepts, for example redox reaction and neutralization,

led the students to develop concepts deviating from those accepted as scientific.

Chemistry is a science that involves many abstract concepts that can be
incorrectly interpreted and learned by the students. The fact that students can not
view what happen at molecular level makes the interpretation of the chemical

phenomena difficult. In chemistry, many studies focused on identifying students
3



misconceptions related to the particulate nature of the matter (Novick and
Nussbaum, 1981, Osborne and Cosgrove, 1983; Griffiths and Preston, 1992),
chemical equilibrium (Wheeler and Kass, 1978; Quilez-Pardo and Solaz-Portoles,
1995, Gussarsky and Gorodetsky, 1990), chemica and physical changes
(Stavridou and Solomonidou, 1989; Hesse and Anderson, 1992) and chemical
bonding (Peterson, Treagust and Garnett, 1989; Nicoll, 2001; Taber, 2003). Gases
is another abstract topic where students have difficulties. Understanding gases
requires understanding the matter at molecular level. To understand gases and
their properties it is important to understand that the quantity and mass are
conserved in all transformations that gas undergoes. Understanding behavior of
gases at molecular level is essential in order to comprehend and interpret the gas
laws, how air moves and produces pressure, and chemical reactions involving

gases.

Misconceptions held by students have many common features. One and
most important is that the misconceptions are strongly resistant to traditional
teaching (Driver and Easley, 1978). Consequently, in many studies it has been
investigated how students change their aternative conceptions to scientific
conceptions (Clement, 1982; Lee, Eichinger, Anderson, Berkheimer, and
Blakedlee, 1993; Nussbaum and Novick, 1982). If the aim of science education is
to develop in learners full understanding of the scientific concepts then, there
should be effective instructional approaches eliciting meaningful acquisition of
the scientific knowledge. This kind of instruction should facilitate the
transformation of the preexisting incorrect knowledge to scientific one. From this

aspect, learning can be viewed as conceptua change and constructivist teaching
4



approaches seem to be effective in providing learning environments in which
students use actively the knowledge, construct their views about science, and

develop critical thinking.

In 1978-1979 Posner et al.(1982) developed a model of conceptual change.
This model is based on constructivist theory in which the new knowledge is
constructed through activities aimed at creating conceptual conflict within each
learner. According to Posner et a. (1982) conceptual change can be accomplished
only if the students are aware of the difficulties that their old conceptions hold,
and that new and plausible conceptions which resolve these difficulties are
available. The integration of the new knowledge with alternative conceptions is a
complex process which undergoes if the four conditions of the conceptua change
are met:

1. Dissatisfaction with the existing conceptions

N

Intelligibility of the new conception

w

Plausibility

4. Fruitfulness of the new conception

The conceptual change can be promoted by conceptual change discussions
that alow students to exchange their ideas with their classmates and the teacher.
Research studies showed that oral discussions develop students' critical thinking
and understanding of the concepts (Hogan, Nastasi, and Pressley, 2000).
Nussbaum and Novick (1982) in their teaching strategy based on the Piagetian
notion of accommodation, used discussion and debating as means of initiating

students alternative conceptions and make students aware of their thinking.
5



Conceptual change discussion was also found as effective means of reducing the

students' misconceptions (Eryjlmaz, 2002).

An effective way to promote the students understanding of abstract
concepts is aso to perform demonstrations. The use of demonstrations in class
help students understand the theories (Walton, 2002) and keep their interest
during the lecture. The conceptual change oriented instruction accompanied by
demonstrations used in this study was to enhance the students understanding and

reduce the misconceptions related to gases concepts.

Many research studies showed that the type of instruction affected
students’ attitudes toward science as a school subject and that the students
attitudes had potential to affect students motivation, interest, and achievement in
science (Rennie and Punch, 1991; Parker, 2000; Chambers and Andre, 1997;
Greenfield, 1996). In this study, the effect of treatment on students attitudes

toward chemistry was also investigated.

This study also investigated the contribution of science process skills to
students' understanding of gases concepts. Science process skills were described
as terminal skills for solving problems or doing experiments (Beaumont-Walters
and Soyibo, 2001). Science process skills involve identifying variables,
identifying and stating hypotheses, operationaly defining, designing
investigations, graphing and interpreting data, explaining results and deducing

conclusions. Low performance in using science process skills can be considered



as important indicator of serious instructional problems (Mestre and Lochhead,

1990).

Literature focusing on improving strategies in conceptual change provides
guidelines for designing curricula and teaching strategies taking account of
students aternative conceptions and changing alternative conceptions to
scientific conceptions. In this study, the conceptual change oriented instruction
accompanied by demonstrations was used to correct misconceptions related to
gases. Also, the effects of gender differences and science process skills were
investigated with respect to students understanding of gases concepts. The effect

of instruction on students' attitudes was also determined.



CHAPTER II

RELATED LITERATURE

Research on students conceptions in science is based on the idea that the
cognitive structure of the learner considerably influences the learning process and
the idea that students construct their knowledge actively. Many research studies
investigated students conceptions before instruction, as well as the change of
these conceptions during instruction. Conceptions prior to instruction were called
as preconceptions, while misconceptions were identified as conceptions formed
by instruction itself. Studies on students conceptions are important from two
aspects. Firstly, the researchers to develop their general theories investigate
students conceptions. Secondly, the science educators interested in guiding
students to science investigate students conceptions with the aim of improving
science learning (Duit, 1991). Successful instruction would be that which creates
learning environments providing students with opportunities to change their
incorrect conceptions to scientific conceptions. Learning scientific concepts
meaningfully is the main goal of science education. Particularly in chemistry the
major obstacle in learning the concepts is their abstract nature. Discussions help

teachers to recognize students ideas about the concepts and also help students to
8



become aware of ther thinking. Demonstrations embedded within the
instructional sequence are useful tools for introducing the abstract concepts in a
concrete form. Constructivist view of learning emphasizes the importance of the
affective domain. Instruction based on conceptual change approach, which is
rooted in constructivist frameworks, may help teachers to affect the students
atitudes toward or interests in science. On this ground, the literature were
examined with respect to students conceptions, misconceptions in gases,
conceptual change approach, discussion, demonstrations, and student’s attitude

and its relation with achievement.

2.1 Students’ Conceptionsin Science

The research literature which identifies the students’ informal ideas about
everyday and scientific phenomena is extensive and has been reviewed by a
number of researchers (Driver and Easley, 1978; Osborne, Bell and Gilbert, 1983;
Driver, Guesne and Tiberghien, 1985; Eylon and Lynn, 1988; Wandersee,
Mintzes, and Novak, 1994). This body of research proposes that students develop
some informal ideas which make sense of the world around them. In different
studies these informal ideas have been described and named in different ways as
preconceptions, misconceptions, alternative frameworks (Driver and Eadey,
1978), spontaneous reasoning (Viennot, 1979), children's science (Gilbert,
Osborne, and Fensham, 1982), intuitive beliefs (McCloskey, 1983), naive beliefs
(Caramaza, McCloskey, and Green, 1981), and alternative conceptions (Hewson
and Hewson, 1989). Do all these terms indicate different things or imply same

things?



It is well established that, during everyday life, children develop their own
ideas that they use to make sense of the natural phenomena they experience in the
world around them (Anderson, 1986). Conception is an individual interpretation
of the outside world and of the behavior within it. Preconceptions indicate the

conceptions formed before formal instruction.

Children’s science term also indicate children’s idea formed prior to
formal science teaching. Children have beliefs about how things happen or have
clear meanings for words which are used in everyday language and science
(Gilbert, Osborne, and Fensham, 1982). The views which children bring with
them to science classes are, to them logical and coherent. But these views
influence how and what children learn from their classroom experiences. Gilbert
et a. (1982) delineated three ways of interactions of student ideas with classroom
instruction. Their first assumption is that students enter classroom with little or no
knowledge relevant to the content of instruction. The second assumption supposes
that the ideas held by students can be easily displaced by effective instruction. The
third assumption recognizes that the students' ideas are resistant to change. The
interaction between these stable conceptions and instruction may yield several
different outcomes: the students retain their idea intact; the students retrieve both
their conceptions and school science knowledge or students may hold a form of
synthesis between the two. Of course, the desired situation is students to gain a

perspective which resembles that of school science.

Driver and Easley (1978) proposed the term alternative framework to

indicate the interpretations that arise from pupils’ personal experience of natural
10



events and their attempt to make sense of them for themselves, prior to
instruction. Later Driver (1981) used alternate frameworks to indicate the pupils
beliefs which differ from the currently accepted view and from the intended
outcome of learning experiences. Schmidt (1997) described the term alternative
framework as opposed to the alternative conception as a set of students' ideas that

can be seen as a meaningful and logical coherent alternative to a science concept.

Driver and Erickson (1983) defined conceptual framework as the mental
organization imposed by an individual on sensory inputs as indicated by
regularities in an individual’s responses to particular problem settings. They
suggested that it would be redlistic to plan learning programs over months and
years, not hours and days. Also, they concluded that longitudinal studies of
students’ scientific conceptualizations both during and after formal instruction

would make contribution to our understanding of conceptual change.

The term aternative conception (Hewson and Hewson, 1989) is used to
describe a conception that in some aspects is contradictory to or inconsistent with
the concept. Such inconsistencies usually appear in one or more relations of the
conception with other conceptions. Alternative conception often involves more

than one concept.

The word misconception has distinguished from the alternative framework
on the basis of the source of misunderstanding. The misconception refers to ideas
formed as a result of incorrectly assimilation of forma models or theories (Driver

and Eadley, 1978). In other words, misconceptions are students' ideas which differ
11



from those accepted by experts (Gabel and Bunce, 1994; Nakleh, 1992).
Ausubel’s theory puts forward an explanatory device to interpret the incorrect
assimilation of knowledge. During learning process, it is suggested that pupils are
relating new knowledge to existing knowledge. If the cognitive structure holds
incorrect conceptions, these incorrect conceptions interfere with subsequent
learning. Because of the wrong connections new knowledge can not be connected
to pupil’s existing structure and misunderstanding of the concept occurs (Nakleh,

1992).

Champagne, Gunstone, and Klopfer (1983), West and Pines (1985), and
Oshorne and Wittrock (1983, 1985) have summarized findings from the research
on children’ s ideas as following:

1. Children have ideas and views concerning many science topics, even at

ayoung age and before any formal education on the subject.

2. These naive descriptive and explanatory preconceptions are often
different in significant ways from scientists views, but are sensible
and useful to the children who hold them.

3. Children’s preconceptions often show remarkable consistency across
diverse populations. They influence children’s understanding of the
scientific conceptions presented by their teachers, who are frequently
unaware of the existence of such views.

4. Preconceptions are remarkably resistant to change by traditiona
instructional methods. These student views may remain uninfluenced,

or be influenced in unexpected ways, by science teaching.

12



Students' ideas, no matter how they are named, appear to be students

difficulties in understanding science concepts. The studies on students

conceptions have some consequences for further research on science teaching and

learning. Duit (1991) summarizes these as following:

1.

To change the aims of science teaching — Science instruction has to
convince students that both their everyday conceptions and the science
conceptions are conceptions in their own right which are valid in
specific contexts only. But Duit’s radical proposal is to let students
stay with their everyday conceptions which are undoubtedly of value
in most everyday situations.

To change the content structure of instruction — To change the setup of

content to avoid misunderstandings or to challenge conceptions.

New teaching aids, for example computer, may help to overcome
difficulties
To change teaching strategies — There is need of teaching strategies to

guide students from their preconceptions to science conceptions. These
strategies should aim conceptual change and aso consider students
needs.

To employ strategies of meta-learning — Meta-learning strategies may
help to overcome difficulties in learning science. These are strategies
for promoting students insight into their learning processes and
enhancing them.

To teach teachers constructivistic ideas — “Constructivistic ideas can
only work in school practice if teachers are familiar with them and are

convinced of their value.”
13



If the goal of science education is to provide a learner with a coherent
scientific perspective which he understands, appreciates, and can relate to the
environment in which he lives and works then, students should be encouraged to
express their views and teachers need to listen to, be interested in, understand and
value the views that pupils bring with them to science lessons (Gilbert, Osborne,
and Fensham, 1982). Students should be given opportunities to explore new
phenomena and ideas; to listen to and appreciate alternative points of view
without loosing their self-confidence to comprehend and to act; and to construct
their own knowledge (Driver and Erickson, 1983). Only in this way the educators

can decide what to do and how to do it.

2.2 Students Misconceptionsin Gases

Gases cause difficulties for children since they are invisible. Children’s
naive belief of matter is derived from the “seeing is believing” principle. If
particles can not be “seen” they do not need to exist. Stavy (1988) puts forward
that this invisibility prevents children from forming a concept of gas

spontaneoudly.

In their study, Novick and Nussbaum (1978) interviewed 13-14 years old
students to identify their ideas about gases after teaching. The findings showed
that 60 % of the students consistently used particle ideas. Another idea that was
difficult to be realized was the random motion of particles. Students aged 16 and

above seem to understand that gas particles are uniformly distributed in a vessel
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(Novick and Nussbaum, 1981), but when asked, “Why do not the particles fall to

the bottom?’ only around half thought that the particles were in constant motion.

Novick and Nussbaum (1978) asked 13-14 years old students to draw a
picture to represent air in a partially evacuated flask. A significant proportion
drew air around the sides of the flask, or in a mass at the bottom. Students
showing the air composed of tiny particles drew the particles in clumps or
occupying only part of the flask. The students explained their reasoning by saying
that there are attractive forces that hold particles in place. Their 1981 study
revedled that about 20 % of students aged above 16 think “repulsive forces
between the particles’ prevent particles falling to the bottom of the flask. The
ideas of attractive and repulsive forces imply static particles, confirming that

particle movement in a gas is difficult to grasp.

Novick and Nussbaum (1978, 1981) investigated students' answers to the
guestion “What is there between the particles?’. Sample consisted of 13-14 years
old Isragli and 10-20 years old American students. Results showed that students
have considerable difficulties on the notion that empty space exists between
particles. Students arguing that there is something between the particles answered
that there is dust and other particles, other gases such as oxygen and nitrogen, air,
dirt, germs, may be a liquid, unknown vapors,... Students arguing that there is no

space explained that the particles are closely packed or no place is completely

empty.
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Novick and Nussbaum (1981) report that about 40 % of 16 years old
students think increased particle motion is the result of heating a gas. Some part of
students aged 16 explain that “particles are forced apart” while another used the
idea of repulsive forces. Decreasing in particle motion on cooling seems to be
harder than the notion of increased particle motion on heating. Less that 30 % of
students aged between 16-18 years yielded correct responses and only 20 % of
university students. Approximately 50 % of students at any age responded by
saying that particles are able to “shrink”, “condense’, “sink” or “settle’. The idea
that cooling of a gas leads to liquefaction was drawn by students pictorialy as air
accumulating around the sides or at the bottom of the vessel. Approximately 70 %
of the students from age 13 to university level used such drawings, pointing that
misconceptions about liquefaction are widespread. The possible reason of those
misconceptions was explained as students efforts to explain the decrease in
volume of a gas on cooling not by decreasing particle motion but by increased

attractive forces.

Sometimes those students who successfully describe that matter consists
of particles assign bulk properties to particles themselves. These kinds of
conceptions were revealed in a study carried out with 30 grade-12 Canadian
students drawn from 10 high schools (Griffiths and Preston, 1992). Data were
collected using interviews. The interview guide consisted of two parts, one related
to molecules and the other to atoms. Questions in the first part were about the
structure, composition, size, shape, weight, bonding, and energy of water
molecules. The second part questions were about the structure, shape, size,

weight, and perceived animism of atoms. Subjects were grouped as Academic-
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Science, Academic-Nonscience, and Nonacademic-Nonscience according to their
academic average and science courses (chemistry, biology, or physics) completed
or on completing. Each group consisted of 10 students. At the end of the research,
52 misconceptions were identified. Misconceptions related to gaseous state of
water were as following:

= Waer molecules from the gaseous phase (steam) are the

smallest/largest.
=  Water molecules from the gaseous state are the lightest.
= Matter exists between atoms.

= Collisions may result in a change of atomic size.

Nurrenbern and Pickering (1987) examined students' abilities to solve the
conceptual problems related to gases. They conducted the study in the genera
chemistry program at two universities, on different classes ranging in size from 14
to 99 students. As part of routine class examinations students were asked to do
both a traditional problem on gases (either Boyle's law, Charles's law, or the
combined gas law) and aso to do a multiple-choice question that had no
mathematical content but asked for a purely conceptual understanding of gases.
The results of the study revealed that students were more successful in solving the
traditional type questions. The researchers clamed that teaching students to solve
problems about chemistry is not equivalent to teaching them about the nature of
matter. Students can be able to solve problems about gases without knowing

anything about the nature of a gas.
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De Berg (1995) also studied students performances on solving qualitative
and quantitative tasks. Paper and pencil test was administered to 101 students (17-
and 18-year-olds). Students were supposed to solve tasks related to Boyle's law
which did not require the use of a mathematical equation for its solution.
Questions showed different states of compression of air in a sealed syringe. The
results showed that 34 % and 38 % of students did not understand the concepts of
volume and mass, respectively, of a gas under such conditions. Students
performance on an inverse ratio (2:1) task was found to be gender dependent.
Students answering correctly to the qualitative tasks also answered correctly the
guantitative tasks. The researcher suggests that the use of tasks requiting

qualitative solutions have potential to reduce the dependence on agorithms.

Sanger, Phelps, and Fienhold (2000) developed an instructional approach
to improve students conceptual understanding of the molecular processes
occurring when a can containing water is heated, sealed, and cooled. Two groups,
control and experimental were taught by different kinds of instruction. The control
group consisted of 70 students received instruction using static chalkboard
drawings and overhead transparencies. The experimental group, 86 students,
received the similar instruction including the use of a computer animation of this
process at the molecular level. The can-crushing demonstration in which a soda
can containing small amount of water was heated on a hot plate to boil the water,
removed from the heat and sealed by inverting over a container of cold water was
shown to all students. The students in the experimental group in addition, viewed
the computer animation. The students were asked to predict what happen to the

can and to explain what happen a molecular level. The students in the
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experimental group were more likely to predict that can would collapse and were
less likely to quote memorized mathematical relationships. The students in the
control group quoted gas laws in their predictions. Some of the misconceptions
identified among control group students are as follows:
» The gas molecules when heated are expanded and when they cool they
shrink back not taking up as much space as before.
=  The gas molecules take the shape and volume of the container they are
in.
= The water vapor inside it would continue to press out against the can
due to Charles law, and the can would possibly explode if the pressure

was large enough.

Lee et a. (1993) conducted study to examine students conceptual
frameworks that students use to explain the nature of matter and molecules, and to
assess the effectiveness of two alternative curriculum units in promoting students’
scientific understanding. The study involved 15 sixth-grade science classes taught
by 12 teachers. Data were collected through paper-and-pencil tests and clinical
interviews for two consecutive years. The clinical interview included eight major
tasks, each with several subtasks, concerning the nature of matter, three states of
matter, expansion and compression of gases, thermal expansion, dissolving,
melting and freezing, boiling and evaporation, and condensation. The interviews
were administered to 24 target students before and after instruction each year. The
results revedled that students tended to attribute observable properties to
molecules themselves. For example, students argue that the ice molecules would

be colder than the ones in the water. Also, students believe that air flows like
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water from one place to another, and thus, is unevenly distributed. On question
why gases are compressible and liquids are not students focused on observable
differences between air and water. Some students said that they were unable to
compress water in a syringe because water is “harder” or “heavier” than air. On a
task that required to predict what would happen to a baloon on top of a cold
bottle when the bottle warmed up most of the students predicted that the balloon
blow up or get larger because of hot air or heat, rather than thermal expansion.
Thus, students believed that air in the bottle moved from the bottom to the top,
and therefore, there was hot air at the top and cold air at the bottom. Another
misconception was that when a substance evaporates it no longer exists. About the
second part of the study the results showed that the students taught by the revised
unit in Year2 performed significantly better than the students taught by the

origina commercia curriculum unit in Yearl.

Case and Fraser (1999) investigated students understanding of the mole
concept. The subjects were selected among first year chemical engineering
students formally taught about mole concept. Interviews were conducted with 15
students to reveal their misconceptions related to mole concept. Although the
study explored misconceptions related to mole concept misconceptions realted to
gases were also identified. According to the studens explanations the volume of a
gas was not proportional to its amount. This difficulty increased when students
were presented with a system containing mixture of gases. The students tended to
think that the mixture contained more molecules since it was made of different

kinds of gases.
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Hesse and Anderson (1992) investigated students' conceptions of chemical
change. Subjects of the study consisted of 100 high school juniors and seniors in
beginning chemistry class. All 100 students were administered a written test at the
end of the six-week unit on chemical change. The unit included both laboratory
activities and class discussions. From the 100 students, 11 were chosen for clinical
interviews. The interview questions were on the students answers given to the
guestions in the previously administered written test. The results showed that
students consistently ignored both the existence and the substantive nature of
gaseous products or reactants. Researchers discussed that the naive conceptions
form the basis of explanations which focus upon analogies to everyday events and
that the textbook authors should also help teachers become aware of the common
naive conceptions students bring to chemistry classrooms. The results of the study
also showed that traditional teaching methods are ineffective in helping students
learn this topic. In addition, it was emphasized that there is a need of teaching
methods and materials that can address specific naive conceptions and permit
students to investigate their effectiveness. Furthermore, Hesse and Anderson put
forward that schools of education need to include conceptual change teaching

techniques as part of their method courses for prospective science teachers.

Stavy (1988) conducted study to find out how the concept gas developsin
Israeli students. The sample consisted of students from the fourth grade to the
ninth grade. Seventh grade students were tested after they had studied the topic
The Structure of Matter. Each age group included 20 students. Each student was
interviewed independently while being shown materials and processes. Two

identical tasks were shown to students. First task was gas escaping from a CO;
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cartridge and gas escaping from soda water. After each task the students were
asked about the weight of the cartridge or soda water before and after the gas
escaped. The second task was a question about what the term gas means. The
students in the fourth to sixth grade answered incorrectly except seventh graders,
most probably as a consequence of learning the topic. The incorrect answers to the
guestion were:

= The weight does not change after the release of gas (because of the

students’ idea that gas is weightless).
= The weight of the water rises after the gas is releasing from it (because

of the students ideathat gasis light or gas adds lightness).

In another study Stavy (1990) examined Isradli children’s (ages 9-15)
conceptions of changes in the state of matter from liquid or solid to gas, as well as
their understanding of the reversibility of this process. Each student was
interviewed while being shown the materials and the processes. First task was
related to the evaporation of acetone. The subjects were presented with two
identical closed test tubes, each containing one drop of acetone. The acetone in
one tube was heated until it completely evaporated. The students were asked about
the conservation of matter and conservation of properties of matter such as smell.
Also the conservation of weight and reversibility of the process were asked. The
second task was related to the sublimation of iodine. The subjects were presented
with two identical closed test tubes, each containing an iodine crystal of identical
size. The iodine in one tube was heated, upon which it turned completely to a
purple gas filling the entire volume of the test tube. The students were asked about

the conservation of matter and conservation of properties of matter such as smell.
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Also the conservation of weight and reversibility of the process were asked. It was
found that the students who recognize the conservation of mass in one of the tasks
did not necessarily recognize the conservation of mass in the second task.
Students’ beliefs were:

» Gasislighter than the same materia in its liquid or solid state.

= Gas has no weight.
Students who perceived the conservation of matter, properties, and weight in their
explanations focused on the facts that “the tube was closed” and “the material
only changed its state or form”. Common incorrect explanations about
reversibility were that the matter was no longer present and therefore it was not

possible to retrieve it or simply that gas cannot be changed back into liquid.

The conservation of mass seems to be a difficult for understanding when it
also should be applied to reaction involving reactants or products in gaseous state.
Based on the “genetic epistemology” hypothesis that students scientific
conceptions resemble the historical development of the science Furio Mas, Perez,
and Harris (1987) conducted a study at 12 schools with 1198 students in age from
12 years to 17-18 years. They prepared a smple test consisting of two
guestionnaires of four questions. Questionnaire 1 included four items about an
experiment involving the complete vaporization of a liquid in a hermetically
sealed container. They asked about conservation of substance, of weight, and of
mass. Questionnaire 2 aso included four items which asked students to predict
what would happen to the weight of various substances in a number of chemical

processes, which included the apparent disappearance of material due to the
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involvement of gases. The test was administered to all students. The results
showed that students apply conservation of mass to substances while they ignore
this law for weight and mass conservation. Also, the results showed that, in every
age group, there is a significant difference in the proportion of students holding
conception that gases are substances without weight, and the proportion of correct
answers increases with age. The researchers, in addition, suggested the use of
conceptual change strategies to enhance the students understanding of

phenomena involving gases.

Benson, Wittrock, and Baur (1993) investigated students preconceptions
in gases. The study included 1098 students from second grade to university.
Demonstration was performed for the elementary, junior high and senior high
students, while high school and university students were given a piece of paper
that outlines two flasks in the demonstration. Demonstration began by showing
two identica airtight flasks. Both flasks were opened to the ar in the room and
then closed. The first flask was I€ft in this condition. The air in the second flask
was removed by using a large syringe connected to the rubber tubing. The
participants were told to look at the two flasks with “magic magnifying
spectacles’ and to draw what they see. The students drawings revealed the
following misconceptions:

= Air isacontinuous (nonparticulate) substance.

= Gas behavior issimilar to liquid behavior.

= Thereisrelatively little space between gas particles.
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Séré (1986) investigated the ideas 11 years olds have about gases prior to
teaching. She found that children associate gases with the use and function of
objects, like footballs, tires and suction pads. Children’s ideas like “hot air rises’
and “air is everywhere” were often expressed. Also, air was frequently described
as being alive, for example, “air always wants to expand everywhere’. These
ideas may arise through experience of draughts and wind as well as using air

around the home.

Paik et a. (2004) investigated students conceptions of state change and
conditions of state chages. Subjects were selected among kindergarteners, second
grade, fourth grade, sixth grade, and eighth grade studenrs. Five students from
each level, total of 25 students, were interviewed on tasks related to boiling,
condensation, melting and solidification. Second grade students tended to explain
that vapor changes to gas, air, steam, or wind. The upper grade students had some
conceptions of the invisble gas state but few of them could explaine the

conditions of state changes.

Lonning (1993) conducted a study in which he examined the effectiveness
of cooperative learning strategies on students’ verbal interactions and achievement
in tenth grade general science. Subjects consisted of 36 tenth grade students. Test
of conceptual understanding was used to measure the students achievement in
understanding the concepts presented during instruction. The test was consisted of
five open-ended questions about the particulate nature of matter. Also Verbal

Interaction Scheme was used to categorize verbalizations that took place while
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students worked in groups. Some naive conceptions related to air were identified
as follows:
* |n compressed air the particles are compacted like a solid and do not
move.
» Particlesof air are surrounded by air.
= Air particles are very far apart.
= Cookie smell is made of particles but air is not. The smell is carried
out through the air.
=  Whentheair is compressed, the particles stick together.

= \Warm air is thicker cool air is thinner.

Lin and Cheng (2000) investigated students and chemistry teachers
understanding of gas laws. The subjects were 119 11™" grade students and 36 high
school chemistry teachers. The researchers used a 4-item open-ended pencil-and-
paper test asking to predict the results of a demonstration or to explain or draw a
diagram. Two items were related to Boyl€'s law, one about Charles's law and one
requiring drawing the molecular behavior after heating a gas mixture. All of the
guestions were qualitative, that is, did not required arithmetic calculations. The
analysis of the students and teachers answers revealed that students misuse
PV=nRT formula;, they can not apply the Boyle's law to explan qualitative
guestion; subjects failed to distinguish between “system” and “surrounding”. Also
the study revealed three major misconceptions of kinetic theory:

= Moleculeswere pushed down by the atmospheric pressure.

* Molecules stay away from hest.

= Molecules expand when they are heated.
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She (2002) examined the process of conceptual change in respect of air
pressure and buoyancy as result of instructing with the Dual Situated Learning
Model. Twenty 9" grade Taiwanese middle schol students partiipated in the studly.
Some of the students perceptions related to air pressure in a syringe before
treatment were as followings:

= Syringe cannot be pressed because air pressure exists inside the

syringe.

= The syringe cannot be pressed because air occupies space.

Reseracher used interview-about-events technique to dicit students
understanding about concepts before demonstrations. After exposing students to
demonstrations the students were asked to “think aloud” in order to understand the
process of conceptual change. Results demonstrated that the notion of buoyancy
required more dual situated learning events for conceptual change to occur than

that for air pressure.

2.3 Conceptual Change Teaching Strategies

Constructivist approaches emphasize the idea that knowledge can be
constructed and the learner is the active builder of his’her knowledge. According
to constructivist view of learning the connection of the new knowledge to the
existing knowledge is important in order to promote meaningful learning.
Teachers should take into consideration the students' prior knowledge because it
is the most important factor effecting the meaningful acquisition of the concepts.
The answer of the question, “How the prior knowledge can be connected with the

new knowledge?’ isrelated to conceptua change.
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Conceptual change can be accomplished through three kinds of
instructional strategies. (1) the induction of cognitive conflict through anomalous
data; (2) the use of anaogies to guide students change; and (3) cooperative and

shared learning to promote collective discussion of ideas.

Nussbaum and Novick (1981) presented a design for learning activities
which embodies a cognitive conflict strategy: students are expected to restructure
their conceptions in order to accommodate results that present discrepancies when
compared to predictions and explanations derived from their own ideas. This
sequence occurs in the following order:

1. The teacher creates a Situation which requires students to invoke their

frameworks in order to interpret it.

2. The teacher encourages the students to describe verbaly and
pictorialy their ideas.

3. The teacher assists them, non-evaluatively, to state their ideas clearly
and concisely.

4. Students debate the pros and cons of the different explanations that
have been put forward. This will create cognitive conflict within many
of those participating.

5. The teacher supports the search for the most highly generalisable
solution and encourages signs of forthcoming accommodation in

students.
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Rowel and Dawson (1979) introduced three form of resolution that may
occur between pairwise conflicts. First form, the logical force of one of the
alternatives may be obvious to an individua student. Second form, the student
may consider an analogous situation to the one under consideration and see one
aternative as more effective there. Third form, neither of the alternatives seems

entirely appropriate, so unifying ideas is constructed.

In a study on students concepts of temperature, Stavy and Berkovitz
(1980) designed exercises which would try to bring the children’s qualitative-
verbal, representation system into conflict with their quantitative-numerical,
representation system. The researchers expected that the instructional materials
would yield resolution of this conflict and result in both representation systems

predicting similar final temperatures in water-mixing experiments.

Posner et a. (1982) established a theory that attempted to explain how
“people’s central, organizing concepts change from one set of concepts to another
set, incompatible with the first” (p. 211). They explained two types of conceptual
change, assimilation and accommodation. The first type, that is assimilation,
occurs when “students use existing concepts to deal with new phenomena’. The
second form of conceptual change, that is, accomodation occurs when “the
student must replace or reorganize his central concepts’. In their study they have
focused on the second type of conceptual change and described four conditions
that must be fulfilled before this type of change to occur:

1. There must be dissatisfaction with existing conceptions. The individual

must realize that the existing conceptions create difficulties or do not
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work before considering a new one. The maor source of
dissatisfaction is the anomaly. An anomaly exists when one is unable
to assimilate something.

2. A new conception must be intelligible. The individual must be able to
grasp how experience can be structured by a new concept sufficiently
to explore the possibilities inherent in it. Finding theories intelligible
requires more than just knowing what the words and symbols mean.
Yntelligibility aso requires constructing or identifying a coherent
representation of what a passage or theory is saying. Analogies and
metaphors can make the new ides intelligible.

3. A new conception must be plausible. That is, the learner should believe
that the conception is true and consistent with other knowledge.

4. A new concept must be fruitful. The learner should be able to solve

new problems by using the new conception.

These conditions do not define directly what teachers or students should
do in the classrooms. Teachers must help students to meet each of the conditions

to achieve conceptual change.

Hewson and Hewson (1983) suggested teachers to ensure that students
find new content intelligible, plausible, and fruitful by taking account of prior
knowledge. Because a conception presented by the teacher can be plausible to one
student but not to another. Based on this ideas they proposed a new approach to
conceptual change including new teaching strategies as integration,

differentiation, exchange and conceptual bringing. These teaching strategies were
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applied to 90 9" grade students to teach density, mass and volume concepts. The
results of the study indicated that the instructional strategy used in the
experimental group was responsible for the acquisition of a significantly greater

number of scientific conceptions of density, mass, and volume.

One of the common techniques to help students to change their old and
inappropriate idea to scientific ones was to use of refutational texts (Guzzetti et
al., 1993). But some of the educators argue that telling students how the world
work in a text cannot be as effective as having students experience scientific
notions of the world through experimentation (Lloyd, 1990; Newport, 1990;

Osborne, Jones, and Stein, 1985).

Demonstration when combined with other techniques was also found to be
effective (Swafford, 1989; Hynd, Alvermann, and Qian, 1997). Hynd et al. (1997)
investigated changes in preservice elementary school teachers' conceptions about
projectile motion. The teachers (n=73) were randomly assigned to groups where
the concepts were the lessons were carried out using combinations of text and
demonstration techniques. Demo-text condition was found effective in short-term
assessment while only text condition was found to be effective in producing long-

term change.

Cosgrove and Osborne (1985) reviewed severa instructional models and
proposed a generative learning model of teaching which suggests:
1. The teacher needs to understand the scientist views, the children views

and his or her own views in relation to the topic begin taught.
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2. Children must have opportunity to explore the context of the concept
within areal situation and needed to engage to clarify their own views
as clearly asin the learning process.

3. Students debate their ideas with each other and teacher introduces the
science view where it is necessary. This requires the teacher to make
the concept intelligible and plausble by experimentation,
demonstration or reference to analogy.

4. Teacher should provide opportunities for application of new ideas

based on commonplace.

Discussion was aso found to be an effective means of eliciting conceptual

change (Guzzetti et al., 1993; Eryjlmaz, 2002; Nussbaum and Novick; 1982).

Driver and Oldham (1986) proposed a teaching sequence for promoting

conceptual change from a constructivist point of view:

1. Orientation: a context for the instruction is presented and relevance of
the topic to the students established.

2. Elicitation: students are given opportunities to make their personal
conceptions explicit to other students, the teacher, and most
importantly, to themselves.

3. Restructuring, modification, and extension: involves activities
designed to allow students to exchange ideas with peers and construct
and evaluate new idess.

4. Application: provides opportunities for students to try out their newly

constructed concepts in familiar and new contexts.
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Conceptua change for students and teachers is viewed not just as a process of
replacement of old ideas but also as a process of learning to relate ideas to

appropriate contexts.

2.4 Discussions. Tools for Conceptual Change

The role of discussion in learning is widely acknowledged and its function
is interpreted within a number of theoretical perspectives. While Piagetian
perspective points out the personal construction of the knowledge, Vygotsky’
emphasizes the construction of knowledge as a social process. The talk with peers
and the teacher is a the center of students conceptual understanding. The
exchange of ideas in science classes can occur by different means as lectures,
recitations, guided-discussions, student-generated inquiry discussions, and small
group interactions. In science classes teachers frequently direct questions that ask
“what students believe and why” (van Zee et a., 2001; van Zee and Minstrell,

1997b; Roth, 1996).

During a lecture the teacher is the active person and makes efforts to
transmit knowledge to students. The content of such knowledge generally consists
of facts. Students responsibilities during lectures are to listen and remember.
Recitations are similar to lectures. As with lectures the knowledge typicaly
consists of facts and procedures. The teacher is responsible for judging the
students' answers, while students are responsible for giving answers that agree

with those intended by the teacher.
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Student-generated inquiry discussion differs from previous two kinds of
discussion in terms of knowledge constructed by the students. The knowledge
involves more than memorizing. Students ask questions one another and explain
their understandings.  Students question frequently and spontaneously. The
students are responsible for creative woks and inventing their own ways of

thinking.

Small group-interactions with the teacher present are similar to guided
discussions, while in small interactions, without the teacher present, the students
construct their knowledge by asking one another questions. Additionally students
explain their understanding and do tasks that provide a necessary link for their
asking and explaining. Small group discussions were found to be effective in
providing students the opportunity to develop learning skills and increasing their
reasoning (Alexopoulo and Driver, 1996; Gayford, 1993). Also, Weaver (1998)
emphasized that the students favored laboratory or hands-on activities and this
kind of activities could promote conceptual change when combined with

discussion and reflection.

Guided discussions often evolve from small group interactions. During a
guided discussion, a teacher helps students to construct knowledge by interpreting
and asking questions to develop their understanding of a concept. In such
discussions, the teacher is responsible for eliciting the students thinking and
facilitating the students expressing their own ideas, especialy when these are
different from the teacher’s expectations. One of the most important properties of

the guided discussions is that teacher basically asks conceptua questions to elicit
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student thinking. In guided discussions the teacher primarily direct questions such

as “Do you think so? Tell me why?’ (van Zee et a., 2001; Settlage, 1995).

Van Zee et d. (2001) emphasized that the key aspect of asking questions
that develop conceptual understanding is €liciting students experiences. The
second important is diagnosing and refining student ideas. In their study, guided
discussions were assisted by demonstrations to initiate reasoning and reveal what
students find confusing. During discussion of the activities the teacher frequently
asked questions, such as “what is your evidence for that idea? What might you
infer from that observation?”. They suggested that the teachers who guide

discussions firstly “must decide how to respond to the students’ thinking”.

As a part of the process of exploring and comprehending information
presented, discussions were used as tools of improving scientific or other kind of

understanding (Solomon, 1992).

Considering that discussion makes students aware of their understanding
discussions were integrated in teaching strategies dealing with remedying students
misconceptions (Nussbaum and Novick, 1982, Eryjlmaz, 2002). Nussbaum and
Novick (1982) developed a teaching strategy based on the Piagetian notion of
accommodation in which used discussion and debating as means of initiating
students alternative conceptions about the particulate nature of matter and make
students aware of their thinking. Eryjlmaz (2002) also showed that conceptual
change discussion is an effective method of reducing students misconceptions
about force and motion.

35



Solomon (1992) aso put forward that discussion can be an appropriate

way to enhance students understanding of “controversial issues’.

In this study, teacher guided discussions were used as a part of the
conceptual change instruction to initiate students aternative conceptions, clarify

where the students are wrong and develop their understanding of gases concepts.

2.5 Demonstrations

The traditional approach to teaching chemistry includes the use of the
symbolic representation of matter. This approach points out the use of chemical
and mathematical symbols and equations (Johnstone, 1991). Many research
studies showed that students are successful in solving algorithmic problems using
formula without understanding the underlying chemistry concepts (Bunce, Gabel,
and Samuel, 1991; Nurrenbern and Pickering, 1987). Teaching chemistry using
demonstrations or real world examples helps to introduce chemistry topics at
macroscopic level. The word macroscopic refers to something that is large enough
to be seen with naked eyes (Johnstone, 1991). Demonstrations are one of the

macroscopic approaches serving to teach chemistry.

Chemistry to be understood fully needs to be experienced either visually
or cognitively. Teaching chemistry concepts through demonstrations can benefit
students at the time of the demonstrations or later on. Demonstrations help teacher
to attract students' attention to the subject, makes students more interested and

focused on what may happen. Thus, students become more enthusiastic about
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spending time studying the topic comprehensively. Teaching accompanied by
demonstrations helps strengthen students understanding of scientific phenomena.
Demonstrations have become important cognitive aids that reflect real-life

scientific concepts and laws.

Glasson (1989) investigated the effectiveness of teaching with hands-on
and teacher demonstration laboratory methods on declarative (factua and
conceptual) and procedural knowledge (problem-soling) achievement. Students
enrolled in hands-on laboratory method class worked on the apparatus, collected
data and made calculations, while in demonstration class the teacher worked on
the apparatus and collected data, and students did some calculations on the data.
He found that although there was no difference between with respect to
declarative knowledge, there was a gignificant difference with respect to
procedural knowledge. The students taught with hands-on laboratory method were
able to link related ideas that they experienced, and construct integrated

knowledge.

Hugo (1993) expressed that students will be more interested and open-
minded if the demonstration addresses an issue that students perceive as being
important in their lives. Additionally, if teacher is able to use the demonstration
continuoudy as a pathway to future learning then the value of such a

demonstration will be further enhanced.

A demonstration by a professionally trained chemistry teacher can show

exciting effects and properties, also such a demonstration help to promote and
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maintain interest in chemistry (Iddon, 1986). Gunstone and Champagne (1990)
argued that laboratory work could successfully be used to promote conceptual
change if small qualitative laboratory tasks are used and accompanied with

discussion and reflection.

To teach chemistry topics a university level Miller (1993) used
demonstration-exploration-discussion method (D-E-D). Miller states that although
the process is linear-lesson begin with demonstration then go to exploration and
finally, to discussion-in practice it is much dynamic. Miller compared
achievement chemistry courses of students taught by D-E-D and students taught
by traditional lectures. The results showed that the D-E-D method had no effect
and students showed about the same achievement. But Miller argued that teaching
with D-E-D method fosters active student participation and creativity, and
facilitates learning chemistry. D-E-D method was defended as method replacing
the teacher as the source of knowledge and the center of activity. Learning to
respect diversity, to work cooperatively, to ask questions, to explore, and to invent

were explained as positive outcomes of the D-E-D method.

Demongtrations are useful tools in order to foster conceptual
understanding but they must be carefully selected. If a series of demonstrations is
to be used, then the demonstrations should deal with a single concept. In contrary,
conceptual confusion may occur. Extraneous variables, which can distract
children from constructing the intended meaning, should not be observable to
children. Demonstrations should be performed in place which is visible for all

children. Demonstrations should be supported by additional activities in order to
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enable students to test their conceptual understanding they construct as a result of

observing demonstration (Shepardson, Moje, and Kennard-McCelland, 1994).

Benson et al. (1993) suggested that smple, visible, and believable
demonstrations that stimulate cognitive conflict might prove to be an effective
technique for promoting the desired conceptual changes. Baker (1999) also put
forward that a good lecture-demonstration should include reliable and

reproducible demonstrations.

2.6 Attitude and Achievement: |s There a Relationship?

Attitude toward science is another possible factor affecting the students
science achievement as well as students alternative conceptions or
misconceptions. Many research studies focused on the relationship among
instruction, achievement and attitude and results provided evidence that there is a
relationship among instruction, achievement and attitude (Duit, 1991; Francis and
Greer, 1999; Greenfield, 1996; George, 2000; Koballa and Crawley, 1985; Rennie

and Punch, 1991).

Francis and Greer (1999) investigated secondary school pupils attitudes
toward science. Sample consisted of 2129 students in the third, fifth and lower
sixth years of Protestant and Catholic grammar schools in Northern Ireland.
Results demonstrated males have more positive attitude toward science than
females and that younger pupils have more positive attitude toward science than

older students.
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George (2000) examined the change in the students attitudes toward
science over the middle and high school years using data from the Longitudinal
Study of American Y outh. The results of the study showed that students attitudes
toward science generally decreased over the middle and high school years.
Teacher encouragement of science and peer attitudes were aso found as
significant predictors of students' attitudes, while the effects of parents were
found to be quite small and statistically non-significant, with the exception of the

seventh grade in the study.

Uzuntiryaki (2003) investigated the effect of constructivist teaching
approach on students understanding of chemical bonding concepts and attitudes
toward chemistry as a school subject. The results of the study indicated that the
instruction based on constructivist approach had a positive effect on students
understanding of chemica bonding concepts and produced significantly higher
positive attitudes toward chemistry as a school subject than the traditionally

designed chemistry instruction.

Cetin (2003) examined the effect of conceptual change based instruction
on ninth grade students achievement and understanding levels of ecology,
attitudes towards biology, and attitudes towards environment. She found that the
conceptual change texts oriented instruction accompanied by demonstrations in
small groups had a significant effect on students' understandings of ecological
concepts. Her study results also showed that the treatment had no significant

effect on the attitudes towards biology and attitudes towards environment.

40



However, there are some studies that did not support the positive
relationship among instruction, achievement, and attitude. Kesamang and Taiwo
(2002) studied the relationship between Botswana junior secondary school
students' attitudes toward science and their science achievement. They found that
there was significant negative relationship between students' attitudes towards

science and their science achievement.

The extensive research on students' conceptions shows that students have
misconceptions that influence their understanding of the science concepts during
and even after instruction. Chemistry is one of the difficult science subjects.
Especialy, students have difficulties in understanding concepts which can not be
visualized. Gases concepts because of their abstract nature are difficult to be
learned. Incorrect interpretations of daily experiences about gases also add some
incorrect conceptions to the students' minds. Conceptual change based teaching
methods seem to be effective in remedying students misconceptions. For this
reason, in this study, we examined the effectiveness of the conceptual change
oriented instruction accompanied by demonstrations on students' understanding of
gases concepts and their attitudes toward chemistry as a schools subject when

students’ science process skills were controlled.
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CHAPTER 11

PROBLEMSAND HYPOTHESES

3.1 The Main Problem and Sub-problems

3.1.1 TheMain Problem

The main problem of this study is:

What are the effects of conceptua change oriented instruction
accompanied by demonstrations and gender on tenth grade students
understanding of concepts related to gases, and attitudes toward chemistry as a

school subject?

3.1.2 The Sub-problems

In this study the following sub-problems have been stated:

1. Isthere asignificant mean difference between the effects of conceptual
change oriented instruction and traditionaly designed chemistry
instruction on students' understanding of concepts related to gases
when the effect of science process skills test is controlled as a

covariate?
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2. Is there a significant difference between females and males in their
understanding of concepts related to gases concepts when the effect of
science process skillstest is controlled as a covariate?

3. Isthere asignificant effect of interaction between treatment and gender
with respect to students' understanding of concepts related to gases
concepts when the effect of science process skills test is controlled as a
covariate?

4. What is the contribution of students science process skills to their
understanding of concepts related to gases?

5. Is there a significant mean difference between students taught trough
conceptual change oriented instruction and traditionally designed
chemistry instruction with respect to their attitudes toward chemistry
as school subject?

6. Isthere a significant mean difference between males and females with

respect to their attitudes toward chemistry as a school subject?

3.2 Null Hypotheses

Hol: There is no significant difference between the post-test mean scores
of the students taught with conceptual change oriented instruction and students
taught with traditionally designed chemistry instruction in terms of concepts
related to gases when the effect of science process skills is controlled as a

covariate.
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Ho2: There is no significant difference between the post-test mean scores
of females and males with respect to understanding of concepts related to gases

when the effect of science process skillsis controlled as a covariate.

Ho3: There is no significant effect of interaction between treatment and
gender on students understanding of concepts related to gases when the effect of

science process skillsis controlled as a covariate.

Ho4: There is no significant contribution of students science process skills

to understanding of concepts related to gases.

Ho5: There is no significant mean difference between students taught with
conceptual change oriented instruction and traditionally designed chemistry

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

Ho6: There is no significant difference between post-attitude mean scores

of females and males.



CHAPTER IV

DESIGN OF THE STUDY

4.1 The Experimental Design
In this study the Non Equivaent Control group design as a type of Quasi-
Experimental design was used (Gay, 1987). The research design of the study is

presented in Table 4.1.

Table 4.1 Research Design of the Study

Group Before Treatment Treatment After Treatment
GCT GCT
EG ASTC, LS CCID ASTC
SPST
GCT GCT
CG ASTC, LS Tl ASTC
SPST

45



In table 4.1, EG represents the experimental group instructed by the
conceptual change oriented instruction accompanied by demonstrations (CCID).
CG represents the control group instructed by the traditiona instruction (TI).
While the control group was instructed by TI that involved lecturing, the
experimental group was instructed by conceptual change oriented instruction

accompanied by demonstrations.

GCT is the Gases Concept Test, ASTC is the Attitude Scale toward
Chemistry, SPST is the Science Process Skills Test, and LSl is the Learning Style
Inventory. To investigate the effect of the treatment on students' achievement and
understanding levels of gases, attitudes towards chemistry, the GCT and ASTC
were administered to all subjects as pre- and post-tests. Additionally, the SPST

and LS| were given to all subjects only before the treatment.

Two teaching methods were randomly assigned to the classes. The
equivalence of the groups with regard to initial level of understanding of gases
concepts and their attitude toward chemistry was ascertained from the pre-tests
(ASTC, GCT). Experimental and control groups were trained by the same teacher.
She has 19 years previous teaching experience of high school chemistry. Each
group instruction was three 45-minute sessions per week and the topic was
addressed over a 6-week period. Before the treatment, the teacher was informed
what the conceptual change oriented instruction accompanied by demonstrations
was and how it could be used. The control group received traditional instruction
based on lecturing and discussion in class. Although the experimental group was

taught by conceptual change oriented instruction accompanied by demonstrations,
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both of the groups got the lessons in their classrooms. Experimental and control
groups were assigned the same homework questions and used the same textbook.

The teacher allowed the researcher to observe the groups during the treatment.

Prior to the treatment, pilot test of Gases Concept Test was conducted. The
sample of GCT was chosen according to stratified sampling. The pilot GCT was
administered to 175 tenth grade students from two high schools in the Fall

Semester of 2003-2004.

4.2 Population and Sample

The target population of the sample is all tenth grade high school students
enrolled in a chemistry course in Turkey. The accessible population includes all
tenth grade school students in science classes at a public high school in Ankara,
Turkey. The results of the study would be generalized to the accessible population

and the target population.

The subjects of this study included 100 tenth grade students from two
randomly selected science classes taught by the same teacher. The study was

carried out during the Fall Semester of 2003-2004.

The classes were chosen among four science classes at a public high
school by a random sampling. Two teaching methods were randomly assigned to
the classes. The experimental group consisted of 49 students while the group
instructed by the traditional instruction consisted of 51 students. There were 27

female and 22 male students in the experimental group. Students' ages ranged
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from 15 to 17 years. In the experimenta group dominant learning style was
assimilating learning style. Twenty-one students showed preference in
assimilating learning style. Ten of the experimental group students were
divergers. Students prefering converging and accommodating learning styles were
in equal proportions. Nine students showed converging learning style and nine
students showed accommaodating learning style. In the control group there were 25
female and 26 mae students whose ages ranged from 14 to 17 years. In the
control group as in the experimental group, assimilating learning style was
dominant with 28 students. The second one was converging learning style with 11
students. Divergerging learning style was prefered by 7 students, while

accommodating learning style was prefered by 5 students.

4.3 Variables

4.3.1 Independent variables

The independent variables of this study were two different types of
instruction  (conceptual change oriented instruction accompanied by
demonstrations and traditional instruction), gender, science process skills test
scores (SPST), and learning style inventory scores. SPST was considered as
continuous variable and was measured on interval scale. Instruction type or
treatment, gender, and learning styles were considered as categorical variables and
were measured on nominal scale. Treatment was coded as 1 for the experimental
group and 2 for the control group. Students' gender was coded as 1 for female and
2 for male students. Scores obtained from learning style inventory (LSI) were
used in categorizing students according to the four learning styles as diverger,

assimilator, converger, and accommodator.
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4.3.2 Dependent variables

The dependent variables in this study were students conceptua
understanding of gases concepts measured by post-GCT and students' chemistry
attitude scores measured by post-ASTC. Post-GCT and post-ASTC were
measured by the Gases Concept Test (GCT) and the Attitude Scale toward

Chemistry (ASTC), respectively.

4.4 Instruments

There were five tools used to collect data used in addressing the research
questions of the present study. These were the Gases Concept Test (GCT),
Attitude Scale toward Chemistry (ASTC), Science Process Skills Test (SPST),
and Learning Style Inventory (LSI). Additionally, interviews were conducted with
the students from experimental and control groups. Structured interview was
conducted with the teacher to take her opinion about the effectiveness of the
conceptual change oriented instruction accompanied by demonstrations. Non-
systematic classroom observations were carried out in the experimental and

control groups by the researcher.

The conceptual change oriented instruction, which was introduced to the
students in the experimental group, was accompanied by demonstrations that were
prepared as result of a careful examination of the literature, and variety of

chemistry textbooks.
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4.4.1 The Gases Concept Test

The test was developed by the researcher. Prior to the selection and
development of the test items, the instructional objectives of the Gases unit were
stated (See Appendix A). Tenth grade chemistry textbooks, chemistry questions
asked in the University Entrance Exam, and questions used previoudy in the
studies related to students misconceptions regarding gases were used in
constructing the Gases Concept Test (GCT). The test was examined by three
experts in chemistry education and by the chemistry teacher for the

appropriateness of the questions to the instructional objectives.

Prior to the treatment, pilot test of Gases Concept Test was conducted. The
sample of GCT was chosen according to stratified sampling. The pilot GCT was
administered to 175 tenth grade students from two high schools in the Fall
Semester of 2003-2004. Students' GCT scores ranged from O to 40. The alpha

reliability of the test was found to be 0.78.

The test consisted of 40 five-alternative multiple-choice items: while 29 of
them were qualitative questions, 11 of 40 were quantitative questions (See
Appendix B). Each item has one correct answer and four distracters. The
gualitative questions tested the students conceptions with respect to the given gas
concept. Because the students conceptions might be misconceptions the
distracters of the qualitative questions involved these misconceptions. The
guantitative questions required arithmetical calculations based on gas laws

formula. The classification of the students’ misconceptions was constructed as a
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result of the examination of the literature related to the gas concepts (see Table

4.2).

Table 4.2 Classification of Students' Misconceptions Probed by GCT

Misconceptions [tem
Conservation of matter applies to solids and liquids, but may be ignored 13
for gaseous reactants and products.

Molecules increase in size with change of state from solid to liquid to gas. 1
Gases have no mass. 13,18
The decrease in volume as a gas cools is due to increased attractive forces 8
between particles, rather than decreased molecular motion.

The energy gradually dies, so the gas motion stops and balloon deflates. 6
Matter exists between atoms. 9
Coallisions may result in a change of atomic size. 6
The particles in agas are unevenly scattered in any enclosed space. 15
Heated air weighs more than cold air. 19
Hot air weighs less than cold air. 19
Air neither has mass nor can it occupy space. 19
An evacuated can or deflated bike tire has less pressure inside than out. 17
Pressure acts downward only. 22
In compressed air the particles are compacted like a solid and do not 4
move.

When heated the molecules expand, when cooled they shrink.

When the air is compressed, the particles stick together.

The air particles are al pushed to the end of the syringe. 4
Misuse of Boyl€'s law 14
Misuse of Charles's law 16
Gas behavior is similar to liquid behavior. 20
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4.4.2 Attitude Scale toward Chemistry (ASTC)

The previously developed scale (Geban et a., 1994) was used to measure
students’ attitudes toward chemistry as a school subject. This scale consisted of 15
items in 5-point likert type scale: fully agree, agree, undecided, disagree, and fully
disagree. The reliability was found to be 0.83. This test was given to students in
both groups before and after the treatment (See Appendix C). It covered both
positive and negative statements. Total possible ASTC scores range is from 15 to
75. While lower scores show negative attitudes toward chemistry, higher scores

show positive attitudes toward chemistry.

4.4.3 Science Process Skills Test

The test was originally developed by Okey, Wise and Burns (1982). It was
translated and adopted into Turkish by Geban, A%ar, and Ozkan (1992). This test
contained 36 four-alternative multiple-choice questions. The reliability of the test
was found to be 0.85. This test measured intellectual abilities of students related
to identifying variables, identifying and stating hypotheses, operationally
defining, designing investigations, and graphing and interpreting data (See
Appendix D). Total possible score of the SPST was 36. The test was given to all

students in the study.

4.4.4 Learning Style Inventory
All students were administered the revised Learning Style Inventory
originally developed by Kolb (1985). The test was translated and adopted into

Turkish by A°kar and Akkoyunlu (1993) (See Appendix E).
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The Learning style inventory is a 12-item self-reporting instrument in
which individuas try to describe their learning styles. The 12 items consist of
short statements concerning learning situations and each of the items asks
respondents to rank four sentence endings that correspond to the four learning
modes — Concrete Experience (CE), Reflective Observation (RO), Abstract
Conceptualization (AC), and Active Experimentation (AE). The scores for each of
the four learning modes range from 12 to 48. To find the dominant learning style
of an individua the scores from four learning modes are combined and subtracted.
The combination scores of AC-CE and AE-RO are plotted on the learning style
grid (see Figure 4.1) and the dominant learning style of the individua is

determined as diverging, assimilating, converging or accommodating.
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Figure 4.1 Learning-style type grid.
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4.4.5 TheInterview Scales
When the treatment ended and the post-tests were administered to al of
the students the teacher and some of the students from the experimental and

control groups were interviewed.

The interview with the teacher was conducted in a semi-structured format.
The main aim was to bring more information about the effectiveness of the
conceptual change oriented instruction accompanied by demonstrations. The
interview questions focused on the teacher’s opinions about the applicability of
the conceptual change oriented instruction accompanied by demonstrations. Also,
the teacher responded about her preference in using the new instruction.
Additionally, the students’ interests in the two types of the instruction were asked.
The interview session took nearly one hour. A tape recorder was used to record

the conversation.

The interviews with the students were conducted in a structured form.
Interview questions were prepared on the basis of the common misconceptions
found in the literature related to the gas concepts. The questions focused on 1)
defining gas 2) explaining differences between a rea and an ided gas, 3) the
behavior and characteristics of atoms or molecules of a compressed gas, 4)
properties of hot and cold air, 5) conservation of mass in chemical reactions
involving at least one compound in gaseous state, 6) diffusion of gases, and 7) last
guestion was asked to take students opinions about the conceptual change
oriented instruction accompanied by demonstrations. Six students from the

experimental and six students from the control groups were interviewed. Each
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interview with a student took approximately 40 minutes and interviews were

recorded on a tape recorder.

4.4.6 The Classroom Observations

The observations during the treatment process in the experimental and
control groups helped researcher to ensure the non-biased presentation of the
topic. Additionally, the researcher observed the interactions between the teacher
and the students in the groups and took notes describing the learning climate in

the classes.

4.5 Treatment

Treatment duration was six weeks during the Fall Semester of 2003-2004.
Two teaching methods were randomly assigned to the classes. Experimental and
control groups were instructed by the same teacher. She has 19 years previous
teaching experience of high school chemistry. During the treatment, the gases
topic was covered as part of the regular classroom curriculum in the chemistry
course. Each group instruction was three 45-minute sessions per week. The topics
covered were kinetic molecular theory, pressure (the barometer, manometer),
properties of gases (indefinite shape and volume, low density, compressibility,
condensation, diffusion), the gas laws (Boyl€e's law, Charles law, Gay-LussaC's
law, kinetic theory and Avogadro’s principle, combined gas law, ideal gas law),
Dalton’'s law of partial pressures, diffusion of gases (Graham's law), chemical

equations and gas law calculations.
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At the beginning of the instruction, both groups were administered GCT to
determine whether there was any difference between two groups with regard to
understanding of gases concepts prior to instruction. LSl was given to identify
students' learning styles. Also, ASTC was given to measure students attitudes
toward chemistry as a school subject. Additionaly, SPST was distributed to all

students in the groups to assess their science process skills.

The control group received traditional instruction based on lecturing and
discussion in class. Although the experimental group was taught by conceptual
change oriented instruction accompanied by demonstrations, both of the groups
took the lessons in their classrooms. Experimental and control groups were

assigned the same homework questions and used the same textbook.

In the traditionally designed chemistry instruction, the teacher used
lecturing, questioning and discussion in class. Teaching strategy was based on
teacher exploration. The teacher frequently used chalkboard and wrote the main
ideas, formula or solutions of the problems. The students listened to the teacher
and took notes. Sometimes some of the students asked questions. The teacher
answered the questions and directed new questions to explore whether the concept
was understood. The teacher made explanations without considering the students
misconceptions. The teacher frequently assigned quantitative questions. While the
students were solving the questions the teacher roomed the room and gave some
clues when needed. When students were ready to listen to, the teacher wrote the
correct solution on the board. Then, students compared their solutions with the

correct one. At the end of the lesson the teacher assigned homework questions.
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The experimental group was taught under the conceptual change
conditions. Before the treatment, the teacher was informed what the conceptual
change oriented instruction accompanied by demonstrations is and how it can be
used. The instruction was based on conditions under which the students
misconceptions were activated and could be replaced with scientific conceptions

and new conceptions could be incorporated with existing conceptions.

The lessons in the experimental class began with questions asked by the
teacher (see Appendix F for an example lesson). In this way the teacher promoted
discussion on a concept related to gases. For example, the teacher began the
lesson by asking whether all gases have the same diffusion rate. The am was to
activate the students' prior conceptions (misconceptions) about the concept.
Discussion continued by showing to the students an experimental setting designed
to demonstrate that different gases have different diffusion rates. While the
students looked at the setting the teacher asked new question, where on the glass
tube do you expect NHz and HCI join? A new discussion guided by the teacher
began. When the students' got aware of their disagreement on the answer the
teacher performed the demonstration. In this way, the teacher provided
environment in which the students notice their misconceptions and see the
actually correct answer (dissatisfaction). So, the students had opportunity to
contrast their misconceptions with the scientifically correct conceptions. To
advance the acquisition of the scientifically correct response the teacher asked
new questions. For example, why the expansion of the volume causes the lower

pressure or in another lesson, she asked why different gases have different
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diffusion rates. The teacher waited for some answers and she started to explain the
phenomena on the basis of the gas laws and theory. Also, she distributed
worksheets on which students studied individualy or in pairs. The worksheets
included questions on the related concept. The students read the questions and
tried to find the correct answer. Then, the teacher explained each question. While
explaining the concepts, the teacher emphasized on students’ preconceptions and
misconceptions and why they were wrong. The lesson continued by presenting
students with new situations and examples to enhance understanding of the
concepts (plausibility). The teacher tried to give examples from daily life
dgtuations as much as possible to improve understanding. For example, she
explained why in different seasons, summer and winter, the pressure of the tires
need adjustment. At the end of the lesson teacher assigned homework
(fruitfulness). Some of them were: Explain how hot-air balloon rises? Why the
pressure in the automobile tires measured after a long drive is higher than the

pressure measured before?

At the end of the treatment, al students were administered GCT as post-

test. They were also given ASTC.

4.6 Demonstrations

Demonstrations used within conceptual change oriented instruction aimed
to cause conceptual conflict and dissatisfaction with the existing but incorrect
conceptions in the students minds. The demonstrations were presented in such
way that students could see that they are wrong in their reasoning. Additionaly,

each of the demonstrations was designed to overcome particular misconceptions.
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Demonstrations were presented in the accordance with the sequence of the
topics. Following demonstrations were performed in the experimental group:

1. Compressibility of gases (see Appendix G)

2. A gas expands to fill the container (see Appendix H)

3. Gas volume changes with temperature (see Appendix 1)

4. What happen to the balloons filled with H, and N2: A matter of density

(see Appendix J)
5. The relationship between temperature and pressure (see Appendix K)
6. The relationship between pressure and amount (see Appendix L)

7. Diffusion of gases (NHz and HCI) (see Appendix M)

For the first demonstration, the aim was to demonstrate students that the
gases can be compressed while the solids and liquids resist significant changes in
volume. Also, the teacher’s purpose was to overcome the common misconception
that “intermolecular distance in gases is not much greater than in liquids and
solids’. Additionally, during the demonstration teacher discussed the questions:
What happened at molecular level that led to change in the volume of the gas? Are
there changes in the molecular properties such as molecule shape and molecule

size? Why we could not compress the solid (sugar) and the liquid (water)?

The purpose of the second demonstration was to show that gases fill the
gpace available in the container and after the evacuation of some amount of the
gas using a syringe the distribution of the gas does not change. This demonstration

was performed to show that after evacuation of some gas the holes do not occur
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and that the entire mass of gas is not pulled towards the opening as argued by
students enrolled in the study conducted by Novick and Nussbaum (1978). Also,
the teacher discussed some questions related to the students ideas about the
constant and random motion of the gas molecules: How the gas molecules fill the
container? Why we can not see any hole in the gas after evacuation some amount
of it? Why the gas molecules do not collide at the bottom of the container after a

while?

The third demonstration was performed to show the relationship between
volume and temperature. Also, the teacher discussed the incorrectness of the
students’ idea that when gases expand or contract the result is uneven distribution
of gas. Some of the questions discussed were: What happen to the gas molecules
after heating? Is there any change in the molecule size and shape? What can you
say about the distances between gas molecules before and after heating? What is
the reason of the volume expansion? How kinetic molecular theory explains the

volume-temperature relationship?

The fourth demonstration was performed to show that there are different
forces acting on a gas such as gravity and the atmospheric pressure or the buoyant
force of the air. The teacher discussed why the balloon filled with nitrogen (N2)
fell down on the ground while the balloon filled with hydrogen (H) rose. She
focused on the fact that gases have density and the density differ from gas to ges.
Additionally, she attempted to correct the students idea that the atmosphere

exerts pressure from up to down.,
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The aim of the fifth demonstration was to show the relationship between
pressure and temperature. For this purpose the teacher heated the manometer and
showed the difference between the mercury levels. Then she asked questions to
discuss the factors that led to an increase in the pressure: What happened to the
molecules after heating? Which properties of the molecules changed after
heating? Compare the frequency of the molecule collisions on the mercury surface

before and after heating?

The sixth demonstration was designed to show the relationship between
pressure and amount. This was accomplished by changing the amount of the air in
the manometer and observing the difference in the mercury levels. The air was
added in and removed from the manometer by using a syringe. At each step
teacher asked questions. What happened at molecular level that led to an
increase/decrease in the pressure? What changed on the mercury surface that led
to the pressure changes? The questions revealed students' incorrect conceptions
about the phenomenon. Then, she tried to correct the misconceptions by

explaining and discussing the correct situation.

The aim of the last demonstration was to show that different gases have
different diffusion rates. Before performing the demonstration the teacher asked
students where on the glass tube do you expect the gases (NHs; and HCI) meet?
After activating the students misconceptions the teacher carried out the
demonstration. Then, she asked whether the students expectations satisfied.

Additional questions that helped to discuss the diffusion concept were: Why the
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meeting point is close to HCI? Why different gases have different diffusion rates?

How the kinetic molecular theory explains the different diffusion rates?

All of the demonstrations were easy to do. Few and common chemicals
were used in the demonstrations. Hp, 12, NH3, and HCI. There was no dangerous

demonstration.

4.7 Data Analysis

4.7.1 Descriptive and I nferential Statistics Analyses

For the data obtained from the subjects in the experimental and control
groups mean, standard deviation, skewness, kurtosis, range, minimum and
maximum values, and charts were performed as descriptive statistics analyses. As
inferential statistics Analysis of Covariance (ANCOVA) and Analysis of Variance

(ANOVA) were performed to address the research questions of the study.

ANCOVA was used to determine effectiveness of two different
instructional methods related to gases concepts by controlling the effect of
students’ science process skills as a covariate. Additionally, this analysis reveaed
the contribution of science process skills to the variation in students
understanding. To test the effect of treatment and gender difference on students

attitudes toward chemistry as a school subject two-way ANOV A was used.

4.7.2 Missing Data Analysis
Before the analysis of the data, missing data analysis was performed.

Although the total of the students included in the treatment was 109 the final
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sample included in the data analysis consisted of 100 students. Five students from

the experimental and four students from the control group were excluded from the

study because they were not present on the date of the post-GCT. There were five

missing data related to students gases concept post-test scores and students

attitudes toward chemistry pre-ASTC scores. There were four missing data related

to the science process skills test scores (SPST). The percentage of missing data of

the pre-tests was 4.6 %. Science it was less than 5 % of the whole data, the series

mean of the entire subjects (SMEAN) was used to replace the missing data

(Cohen and Cohen, 1983).

4.8 Assumptions of the Study

1.

2.

There was no interaction between groups.

The teacher followed the researcher’s instructions and was not biased
during the treatment.

The GCT, ASTC, LSI, and the SPST were administered under
standard conditions.

The classroom observations were performed under standard
conditions.

Interviews with the teacher and the students were conducted under
standard conditions.

The subjects answered the questions of the tests and the questions of
the interview sincerely.

The teacher answered the interview questions sincerely.
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4.9 Limitations of the Study
1. This study was limited to the unit of gases.
2. This study was limited to 100 tenth grade students at a public high

school in Ankara during the Fall Semester of 2003-2004.



CHAPTER YV

RESULTS AND CONCLUSIONS

This chapter presents the results of the study under five headings: the
classroom observations, the results of the descriptive statistics related to the Gases
Concept Test, Attitude Scale toward Chemistry, Learning Style Inventory and
students’ learning styles, the results related to the inferential statistics of testing 6
null hypotheses, the results of interviews with teacher and students, and

conclusions.

5.1 The Classroom Observations

In this study, the observations were performed to ensure the non-biased
implementation of the treatment in the control and experimental groups.
Additionally, the researcher observed the students' responses to the treatment in

the experimental group.

The treatment was conducted over six weeks in two classes at a public
high school in Ankara. The researcher observed twelve 45-min sessions for the

experimental group and eight 45-min sessions for the control group during the
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treatment. The researcher only took some notes; she was inactive and silent during

the observations.

The conceptual change oriented instruction was implemented in the
experimental group, while the traditional approach was conducted in the control
group. The teacher used lecturing in the control group, while she used conceptual
change approach and performed demonstrations related to the gas properties and
gas laws in the experimental group. At the beginning of the application of the
conceptual change oriented instruction the teacher had some difficulties with
classroom control. The difficulties originated because the class was crowded (54
students) and there was noise when the students were discussing the questions
asked by the teacher. In the following lessons, the students were familiar with the
instructional approach and did not make noise when they were discussing and
watching the demonstrations. All of the students were willing to discuss on the
demonstrations but the limited time and the crowdedness of the class did not
allowed the participation of al of the students. The teacher guided discussions
successfully in the experimental group while the discussions in the control group

were ineffective.

Students in the control group were unwilling to discuss and there were few
students participating in the discussions. Lecturing and solving questions bored
students so that they started talk each other and made noise. The control group
was also crowded (55 students) and the teacher made more effort to control the

students. The students were less active and they easily lost their motivation even
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though the teacher made attempts to gain their attention on the topic by giving

interesting examples from everyday life.

As aresult, the observations in the two groups revealed that the conceptual
change oriented instruction accompanied by demonstrations was more effective in
keeping the students’ interest in the topic, motivating them to discuss and making

them active learners than the traditional instruction in the control class.

5.2 Descriptive statistics

Descriptive statistics related to the students' gases concept pre- and post-
test scores, chemistry attitudes pre- and post-test scores, and science process skills
test scores in the control and experimental groups were conducted. The results

were shown in Table 5.1.

Students' gases concept test scores range from O to 40. The higher scores
mean the greater success and more understanding in gases. In table 5.1, the mean
of the pre-GCT is 10.65 and the post-GCT is 20.39 in the experimenta group,
while the mean of the pre-GCT is 9.24 and the post-GCT is 12.43 in the control
group. The mean score increase of 9.73 in the experimental group is higher than
the mean score increase of 3.19 in the control group. The students in the
experimental group were more successful and acquired more understanding in

gases than students in the control group.

Students’ attitudes scale toward chemistry scores range from 15 to 75 with

higher scores mean more positive attitudes toward chemistry. In Table 5.1, the
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mean of the pre-ASTC is 52.04 and the post-ASTC is 57.32 in the experimental
group with mean score increase of 5.28. In the control group, the mean of the pre-

ASTC is55.73 and the post-ASTC is 54.80 with mean score decrease of .93.

Students’ science process skills test scores range from O to 36 and greater
scores indicate higher abilities in solving science problems. As shown in Table
5.1, the mean of SPST is 19.09 in the experimental group and 14.45 in the control

group.

The Table 5.1 aso shows some other descriptive statistics as range,
minimum, maximum, standard deviation, skewness, and kurtosis values. The
skewness of the pre-GCT was .167 and the post-GCT was -.160 in the
experimental group, while the skewness of the pre-GCT was 1.324 and the post-
GCT was 2.030 in the control group. The skewness values of the pre-and post-
ASTC were -.505 and -.032 in the experimenta group, and -.693 and -.512 in the
control group, respectively. The kurtosis values are also shown in Table 5.1. The
skewness and kurtosis values near to O indicate the normal distribution of the

variables. In this study, the distribution of the variables can be accepted as normal.
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Students' learning styles were determined by Learning Style Inventory. In
the experimental and control group the distribution of the learning styles among
students was similar. Figure 5.1 shows the students’ learning style preferences in
the experimental group. The students' learning style preferences in the control
group were given in Figure 5.2. It can be seen that the dominant learning style in
both groups is assimilating learning style and that the minority of the students

possesses accommodating learning style.

Accommodator 18.37% Diverger 20.41%

Converger 18.37% |

Assimilator 42.86%

Figure 5.1 Learning style preferences in the experimental group.

In the experimental group 42.9 % of the students showed preference in
assmilating learning style. The proportion of assimilating learning style was 54.9
% in the control group. Divergers were 20.4 % of the students in the experimental

group, while in the control group the proportion was 13.7 %.

70



Accommodator 9.30%

Diverger 13.73%

Converger 21.57% o

Assimilator 54.90%

Figure 5.2 Learning style preferences in the control group.

Converging learning style showed approximately similar distribution in
the experimental group (18.4 %) and the control group (21.6 %). Accommodators
were 18.4 % of the students in the experimenta group. In the control group 9.8 %

of the students had accommodating learning style.

5.3 Inferential Statistics

This section presents the results of analyses of 6 null hypotheses stated in
chapter I11. The hypotheses were tested at a significance level of .05. Analysis of
covariance (ANCOVA) and analysis of variance (ANOVA) were used to test the
hypotheses. Statistical analyses were carried out by using the SPSS/PC (Statistical

Package for Social Sciences for Personal Computers).

The results of independent samples t-test analyses showed that there was
no significant difference at the beginning of the treatment between the CCID
group and TI group in terms of students understanding of gases concepts
measured by pre-GCT (t (98) = 1.907, p = .059), and students attitudes toward

chemistry measured by pre-ASTC (t (98) = -1.814, p = .073). Significant
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difference was found between the two groups with respect to science process

skills (t (98) = 4.782, p < 0.001).

5.3.1 Null Hypothesis 1

The first hypothesis stated that there is no significant difference between

the post-test mean scores of the students taught with conceptual change oriented

instruction and students taught with traditionally designed chemistry instruction

with respect to understanding gases concepts when science process skills is

controlled as a covariate. To test hypothesis 1 analysis of covariance (ANCOVA)

was conducted. The results are summarized in Table 5.2.

Table5.2 ANCOVA Summary (Understanding)

Source df SS MS F p
Covariate 1 129.895 129.895 7.078 .009
(Science Process Skills)

Treatment 1 919.716 919.716  50.115 .000
Gender 1 7.565 7.565 412 522
Treatment* Gender 1 46.883 46.883 2.555 113
Error 95 1743.458 18.352

The result showed that there was a significant difference between post-test

mean scores of the students taught by CCID and those taught by TI with respect to

the understanding of gases concepts, F (1, 95) = 50.115, MSE = 18.352, p < .001.
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The CCID group scored significantly higher than Tl group (E (CCID) = 20.39,

C(TI) = 12.43).

Figure 5.3 shows the proportions of correct responses to the questions in
the post-GCT for two groups. As seen in the Figure 5.3 there was a difference in
the proportion of correct responses between the two groups to the questions in the
GCT. Remarkable differences were observed in the students answers to the

guestions 1, 4, 6, 8, 9, 14, 20, 22, and 40.

In question 1, students were asked to select the property of a molecule
which changes with state change from solid to liquid to gas. After treatment, in
the experimental group 87.8 % of the students answered question correctly by
choosing the aternative indicating that distance between the molecules and
kinetic energy change. In the control group, 52.9 % of the students answered the
guestion correctly. As expected, the misconception held by the students in both

groups was that molecules increase in size with state change.

73



100 l L I control group

90 n B experimental

60 - group

70 [ |

60 ]

so0{ | B

40 1

% of correct responses

30 A ] n

20 A *

10 A

0

01234567 8910111213141516 17181920212223 242526272829 303132 33343536 37383940

Question number

Figure 5.3 Comparison between post-GCT scores of the CCID group and the Ti

group.

Question 4 tested the students' idea about what happen to the molecules of
air compressed in a syringe. The mgority of the students in both groups gave
correct answer to the question. In the control group, 68.6 % of the students
answered correctly, while in the experimental group 89.8 % of the students
showed higher achievement for this question. In the control group, the common
misconception was that after compressing the molecules stop moving (15.7 %).
Among experimental group students the common misconception was that

molecules get smaller after compressing (6.1%).

Remarkable difference was observed in the proportion of students correct
answers to the question 6 in two groups after treatment. Question 6 was related to

effusion of gases. In the question it was explained that an inflated balloon after
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some days deflated and asked what happened to the balloon. Before treatment, the
first common misconception was that the weather became colder and molecules
clustered. This misconception was observed either in the experimental group (32.7
%) or the control group (66.7 %). Similarly, the second common misconception
that the atmospheric pressure rose and made balloon small was observed in the
experimental and the control groups as 36.7 % and 11.8 %, respectively. After
trestment, the proportion of the correct answer that balloon had a pore increased
from 2.0 % to 7.8 % in the control group. In the experimental group, the
proportion of the correct response increased from 2.0 % to 57.1 %. Although the
students in the experimental group showed higher achievement, the results
showed that students in the experimental and control groups still possess the two
predetermined misconceptions with equal percentages of 14.3.The misconceptions
that this item measured and percentages of experimental and control group

students' answers are given below:
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Table 5.3 Percentages of Selected Alternatives for Question 6

Question 6: A rubber balloon is filled with hydrogen gas and the  Percentage of students’
opening is tightly tied. Few days later the balloon deflates. Which responses (%)

of the following explain why the balloon deflated?
Experimental  Control

l. p— Group Group

The energy of molecules gradually died and the molecules stopped 6.1 0.0

Alternative A

moving.

AlternativeB”
Balloon had a pore. 57.1 7.8

" Correct alternative

Alternative C

14.3 54.9
Weather became colder and molecules clustered.
Alternative D
o 4.1 11.8
Molecules got smaller asaresult of collisions.
Alternative E
14.3 255

The atmospheric pressure rose and made balloon small.

Question 9 asked what there is between the gas molecules. Before
trestment, the dominant idea was that there is air between the gas molecules. This
aternative conception was observed not only in the control group (45.1 %) but
also in the experimental group (32.7 %). After treatment, the proportion of correct
answer that there is space between the gas molecules increased from 19.6 % to
23.5 % in the control group, while the increase was from 32.7 % to 67.3 % in the
experimental group. Considerable part of the students in the experimental group

(28.6 %) possessed the given misconception even after the treatment.

A similar difference between CCID group and TI group was aso observed
for question 14. This question asked application of the Boyle's law to an

experimental setting. There was an Erlenmeyer flask tightly closed by a rubber
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stopper containing a funnel. The question was why the addition of water becomes
difficult after the water level reaches the foot of the funnel. When the water
reached the food of the funnel a closed system was created. So, the continuing
addition of the water decreases the volume of the air inside the flask. Considering
the Boyle's law, the decrease in the volume will increase the pressure and this
make harder the water to enter. Before treatment, the proportion of correct
students answers was 54.9 % in the control group, while in the experimental
group was 59.2 %. After treatment, there was no remarkable change in the
proportion of correct answers in the control group (58.8 %), while the proportion
of correct answers in the experimental was 85.7 %. After treatment, the results
showed that both experimenta group and control group students had
misconception that states that there is an upward pushing force exerted by the
water in the flask, which prevents the water in the funnel from entering. The
percentage of having the given misconception was 8.2 % in the experimental

group and 25.5 % in the control group.

Question 20 dealt with the students’ ideas about the properties of gases.
Almost all of the students (93.9 %) in the experimental group were successful in
answering the question by selecting the idea that gases behave similarly to liquids
when they are poured into a container as non-property of gases. Achievement in
the control group was 66.7 %. Before treatment, the proportion of students
answering correctly was 71.4 % for the experimental group. In the control group
there was an interesting situation: before treatment the proportion of students

answering correctly (76.5 %) was higher than that after the treatment.
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In question 22, students were asked to explain the direction of the
atmospheric pressure. Confusing results, similarly to question 20, were obtained.
Before treatment, the 39.2 % of the students in the control group answered
correctly by selecting the choice that atmospheric pressure acts from all
directions. This proportion showed dlight decrease (35.3 %) after the treatment.
The dominant misconception in the control group was that the atmospheric
pressure acts downward with dight increase from 15.7 % to 23.5 %, after the
treatment. In the CCID group, 59.2 % of the students answered correctly after the
treatment, while before treatment this proportion was 44.9 %. In the experimental
group, there was aso an increase from 6.1 % to 16.3 % for the same

misconception as in the control group.

For question 40, 49.0 % of the students in the experimental group defined
correctly the conditions (high temperature and low pressure) under which a rea
gas approaches the ideal behavior. Before treatment, in CCID group only 8.2 % of
the students were able to state the conditions. In the control group, the percentage
of correct answer increased from 13.7 % to 21.6 % after the treatment. The
common misconception in the Tl group was that there are no such conditions
(29.4 %). The common misconception in the CCID group was that a real gas

approaches ideal behavior under high pressure and low temperature (14.3 %).

As a result, after instruction the students in the experimental group was
more successful that students in the control group. Additionally, the CCID group
students completed the treatment with fewer misconceptions than students in the

control group.
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5.3.2 Null Hypothesis 2

To answer the question posed by hypothesis 2 which states that there is no
significant difference between post-test mean scores of females and males with
respect to understanding of gases concepts when the effect of students science
process skills is controlled, analysis of covariance was used. Table 5.2 aso gives
the effect of gender difference on students’ understanding of gases concepts. The
results revealed that there was no significant mean difference between female and
mal e students with respect to understanding gases concepts, F (1, 95) = .412, MSE
= 18.352, p = .522. The mean post-test scores were 21.29 for females and 19.27

for males.

5.3.3 Null Hypothesis 3

To test hypothesis 3 stating that there is no significant effect of interaction
between treatment and gender on students’ understanding of gases concepts when
the effect of science process skills is controlled as a covariate, analysis of
covariance (ANCOVA) was run. Table 5.2 also gives the interaction effect on
understanding of gases concepts. The findings showed that there was no
significant interaction effect between gender and treatment on students

understanding of gases concepts, F (1, 95) = 2.555, MSE = 18.352, p = .113.
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5.3.4 Null Hypothesis 4

To test hypothesis 4 which states that there is no significant contribution of

students’ science process skills to understanding of gases concepts, analyses of

covariance (ANCOVA) was used. The results indicated that there was a

significant contribution of science process skills on students understanding of

gases concepts, F(1, 95) = 7.078, MSE = 18.352, p = .009.

5.3.5 Null Hypothesis 5

The null hypothesis 5 stated that there is no significant mean difference

between students taught with conceptual change oriented instruction and

traditionally designed chemistry instruction with respect to their attitudes toward

chemistry as a school subject. In order to test the hypothesis two-way analysis of

variance (ANOVA) was performed. Table 5.4 summarizes the results of this

anaysis.

Table5.4 ANOVA Summary (Attitude)

Source af SS MS F p
Treatment 1 162.526 162.526 1.788 184
Gender 1 80.600 80.600 .887 .349
Treatment* Gender 1 81.962 81.962 901 .345
Error 96 8728.079 90.917

The results showed that there was no significant mean difference between

students taught through conceptual change oriented instruction and traditionally
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designed chemistry instruction with respect to attitudes toward chemistry as a

school subject, F (1, 96) =1.788, p = .184.

5.3.6 Null Hypothesis 6

In order to test the hypothesis 6 stating that there is no significant
difference between post-attitude mean scores of females and males, two-way
analyisis of variance (ANOVA) was carried out. Table 5.4 shows the effect of
gender difference on students' attitudes. The results indicated that there was no
significant mean difference between femae and male students with respect to

their attitudes toward chemistry as a school subject, F (1, 96) = .887, p = .349.

5.4 Thelnterviews
Interview sessions were conducted with two teachers and several students

from the experimental and the control groups.

5.4.1 Interview with the Teacher

In this study, the teacher was interviewed to take her opinion about the
effectiveness of the conceptual change oriented instruction accompanied by
demonstrations. The examples of the excerpts from the interview conducted with

the teacher are presented below:

Q1. What is the opinion of the teacher about the applicability and
effectiveness of the conceptual change oriented instruction?
Interviewer: What do you think about teaching gases with conceptual

change oriented instruction accompanied by demonstrations?
81



Teacher: It was an interesting experience for me. | need to confess that the
method was difficult for me... directing discussions in the experimental group
needed more efforts than in the control group. Also, demonstrations needed more
attention. This method was new not only for me but also for the students. Until
they grasped the aim of the discussions they made noise. When they understood
that each discussion had a purpose they became more silent and were in
accordance with me. During the demonstrations they were attentive and watched
carefully to see the results. Especially in gases, it is difficult to show the behavior
of the gases on a chalkboard. The demonstrations in the experimental group
helped students to visualize all explained in their textbooks via pictures and lot of
words. | think it was amazing for the students too learning by demonstrations and
discussion. Demonstrations and discussions are the neglected parts of our
teaching methods. Learning occurs when student discusses the concepts. We are
saying students to imagine the gases, to imagine the behavior of gas molecules,
etc. Instead of this, we must do demonstrations or made students do experiments.
Of course, making demonstrations requires preparation but students will start to

discuss what they see. So, they will improve their ability to interpret the events.

Interviewer: What do you think about the effectiveness of the new

instruction?

Teacher: | wish | taught the concepts by using demonstrations, discussions
or whatever that makes teaching process student-centered. We spent 1.5 months
or six weeks for teaching gases. Unfortunately, in the control group we taught
some formula and how the students may solve gas problems by using these

formulas. In the experimental group, the students began to discuss, to interpret
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what they see and the most important they realized that all they learn isrelated to
their everyday life. | think that they never forget the performed demonstrations.
Discussions motivated the students. They learned how to interpret the qualitative

guestions as well as the quantitative questions.

Interviewer: Do you think there are difficulties in applying the new

method?

Teacher: First of all, the 10" grade chemistry curriculum is very loaded.
Important topics such as gases, equilibrium, and kinetics follow each other.
Secondly, we want to take students to laboratories but the physical opportunities
of the labs are limited. Thirdly, the students want to get higher grades and to
achieve in the university entrance exam. S0, it is impossible to use laboratories
for each lesson because demonstrations are time consuming. Also, there is a
curriculum that should be followed. Especially in our school the classes are very
crowded. There are high schools with size of 20 students per class while our
school has classes with size of 55 students. Guiding discussion in a crowded class
is very difficult and time consuming. Additionally, because of the crowded class

students may not benefit fairly from the demonstrations.

Q2: Which kind of the instruction the teacher would prefer in future: using

the traditional instruction or conceptual change oriented instruction?

Interviewer: Which teaching method, traditional or conceptual change

oriented would you prefer in future?

Teacher: | liked very much the new method but it is time consuming.

Additionally, | spent time to learn how this new method can be applied, while
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teaching traditionally does not requires extra preparation.. The curriculum is
loaded and | have to complete the determined program on time. Our classes are
very crowded. | am confused...the new method is more effective, student is
engaged actively in learning process, but time consuming; the traditional
instruction is less effective, teacher centered and does not contribute to students
in improving their understanding. Moreover, all of the chemistry topics are not
appropriate to teach with demonstrations but the discussion and conceptual

change approach can be applied.

Q3: Is there a difference with respect to students interest in the

instruction between the experimental and control group?

Interviewer: Could you compare the students’ interest in the topic during

the instruction with the new and the traditional method?

Teacher: Although teaching by demonstrations and discussion was a new
method for the studentsit attracted their attention. Demonstrations helped them to
visualize from many aspects the properties of gases and gas laws. The
experimental settings also attracted their attention and led them to be more
attentive while waiting for the results of the demo. Unfortunately, the students in
the control group could not see the demonstrations. The students in the control
group lost their attention after a short period of time. They were bored and
unwilling to listen to. Control group students made noise by talking each other,
while experimental group students competed with each other to begin to speak
after a posed question. | can say that the students in the experimental group were

mor e interested in the topic than the students in the control group.



The teacher liked teaching with conceptua change oriented instruction
accompanied by demonstrations. She explained that there were difficulties in
implementing the method but its effectiveness on students understanding and

interest in the topic was considerable.

5.4.2 The Students I nterviews

In this study, the students were interviewed on questions related to 1)
defining gas 2) explaining differences between a rea and an idea gas, 3) the
behavior and characteristics of atoms or molecules of a compressed gas, 4)
properties of hot and cold air, 5) conservation of mass in chemica reactions
involving at least one compound in gaseous state 6) diffusion of gases, and last
guestion was asked to take students opinions about the conceptual change
oriented instruction accompanied by demonstrations. During transcription,
students were given numbers to prevent any confusion. Students with odd
numbers were experimental group students, while the students with even number
were control group students. The examples of the excerpts from the interviews

conducted with the students are presented below:

Q1: Could you explain “ gas’ to a person who does not know what a gasis
in such a way to imagine it?

Sudentl: Sate of matter in which the space between particles is the
greatest with respect to other states of the matter. A gas can fill the container in
which is present and takes shape of the container. hmmm... a gas can smell or

not... there are colorful and colorless gases.
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Sudent3: A gas has no definite shape and volume...the molecules of a gas
move faster and the kinetic energy of a gasis greater than that of other states of
the matter. There are collisions between gas molecules.

Sudent5: A gas has mass...the interaction between gas molecules is

least...a gas can be compressed, because there is space between the molecules.

Students in the experimental group explained different properties of a gas.
They were successful in defining a gas based on the macroscopic and microscopic

properties of a matter.

Sudent2: The particles in a gas are disordered. The particles are not
uniformly distributed. The particles of a solid are more stable and ordered. We
can see solids and liquids but we can not see gases.

Sudent 4: A matter that fills all space around usis gas... we do not have
to see the gas, we can feel it. They may have color or not.

Sudent6: A gas has properties such pressure and temperature. The
molecules of a gas can go from one place to other. The particles can stay at their

places at the same time they can move...

Students in the control group have partiad understanding of a gas as a
matter. They mentioned little about the properties at molecular level. They did not
mention about the space between the molecules of a gas. Also, they did not say
anything about whether there are some interactions between the gas molecules or

not.
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Q2: what is the difference between an ideal and a real gas?

Sudentl: the molecules of an ideal gas have less volume than that of a
real gas.

Student5: Ideal gas is an assumption. There is no such gas on the world.
But compared with real gases it is assumed to have negligible molecule volume,
elastic collisions and no interactions between the molecules.

Sudent2: There are some conditions under which a real gas can behave
as an ideal gas. If the molecular mass is small, the temperature is high and the

pressureislow then a gasisideal.

Both students in the experimental and control group showed understanding

of the ideal and real gas.

Q3: You see the syringe. There is air in the syringe. How would the air
mol ecul es be affected when the plunger is pushed?

Sudent6: Molecules get smaller.

Sudent2: Molecules get smaller in size, hence the volume of the air
decreases.

Sudentl: The distance between the molecules decreases. The collisions
between the molecules increase. So, the pressure increases.

Sudent3: The kinetic energy of the molecules decreases... because the
distance between the molecul es decreases the molecules move less. So the kinetic

energy decreases.
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Some of the students in the experimental group still possess
misconceptions. Although the students in the experimental group do not possess
ideas that molecules can change in size when they are compressed as students in
the control group they have misconceptions related to different properties. For
example, they believed that the kinetic energy is related to the space that
molecules move. The students thought that compression lead to decrease in the

molecular speeds. They used the expression that relates the average kinetic energy

|_\

and root-mean square speed (Ek :E _2) and deduced that if molecular speed

decreases the kinetic energy decreases too. When those students were remembered

the formulae of the root-mean square speed (U, = \F%T) then they realized that

speed depends on the temperature.

Interviewer: Could you explain why the plunger backs out?

Sudentl: The pressure in the syringe increased because of the
compression. The plunger will move until the pressure inside the syringe becomes
egual to the outside pressure, that is atmospheric pressure.

Sudent7: Plunger moves because the molecules try to come to their state
before compressing. The molecules try to reach the distance that is normal for a
gas.

Sudent8: Gases have a kinetic energy. By compressing the molecules
become closer. When we stop compressing due to this energy the molecules will
push each other. To reach their movement prior to the compressing, the molecules

react to pushing.
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While the responses of the experimental group students reflect the sound
understanding of the concept, the explanations of the students in the control group
indicated their incorrect reasoning. They explained the behavior of the molecules
as the behavior of something alive that can react to pushing and have an idea

about the “normal distance” between the molecules of a gas.

Q4: Suppose that you have two identical balloons filled with air. The
balloons have the same volume, only one of them is filled with hot air and other
balloon is filled with cold air. The balloons are at the same height from the
ground.

Problem 1. What will happen when you release the balloons at the same
time?

Sudent10: The hot balloon rises, while the cold balloon falls on the
ground. The molecules in the hot air are lighter. The temperature changes the
weight of the molecules.

Sudent12: Temperature is inversely proportional to the altitude. Increase
in the elevation results in decrease in the temperature. The high altitudes are
cold...So, the balloon with cold air rises. The molecules in the hot balloon are
mor e active, they will push the balloon to the ground.

Sudent3: Hot balloon will fall more slowly than the cold balloon. For
example, the hot air balloons because of the difference in the density of the air
they rise up.

Sudent7: Hmmm... the balloon with high density of air will fall faster than

the balloon with low density of air.
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Sudent5: They will fall at the same time...why? | have no idea...

The students' incorrect answers were due to the common misconception
that “hot air weights less than cold air”. The students had partial understanding
about the buoyant force exerted on the balloon by the surrounding air. The

students also could not relate the density and the buoyant force.

Problem 2. Is there a difference between the pressures of the balloons?

Sudent5: The movement of molecules increases with temperature. So, the
number of collisions per unit of area at unit of time increases... the pressure of
the hot balloon is greater than the pressure of the cold balloon.

Sudent8: The pressures are different...the pressure in the hot balloon is
higher than the pressure in the cold air. Pressure and temperature are directly

proportional.

The students both in experimental and the control group grasped the
relationship between temperature and pressure. While students in the control
group were able to explain the relationship based on the formulae, the students in

the experimental group were able to explain the phenomenon at molecular level.

Q5: You have a cup of soda water and you see the releasing gas bubbles.
Explain is there a difference in the weight of the soda water before and after the
gas escaped?

Sudentl: The weight of the soda water decreases after gas escaped. The

gas has mass. The decrease in the mass will be as the mass of the escaping gas.
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Sudent8: The weight does not change. The gas has no effect on the weight
of the soda water.
Sudent12: | think that the weight increases after the gas is released from

soda water. The gas makes soda water lighter.

The students’ incorrect reasoning that the weight does not change was due
to the common misconception that gases have no mass or weight. The students
argued that the weight rises after releasing the gas based on the common

misconception that gas makes things lighter.

Q6: When your mother is baking cookies in the kitchen you can smell the
smell of fresh baked cookies although you are in the family room. How does the
smell get from the kitchen to the family room?

Sudent8: ...because of the gases' diffusion property.

Sudent10: The smell isa gas. Gases spread. The smell also spreads.

Sudent9: The smell is carried through the air. Smell attaches to the gas
molecules.

Sudent7: Smell is the property of a gas. When a gas spreads, the smell

also spread because the smell isits property.

Although students in the experimental group were able to explain the
diffusion of gases they confused when the diffusion of the smell was asked.
Experimental group students answered correctly to the questionl asking the

properties of a gas and even they explained that gases may had smell or not some
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of the students thought the smell as something behind the gas molecule or

attached to the gas molecule.

Q7: What do you think about learning the gases with the new method?

Sudentl: | hate memorizing formula. | like interpreting and | learn better
when | apply theory to practice. | think that all events have a reason to occur.
Discussing is important for me because this is an opportunity to share ideas with
others. When discuss | feel free to say all that | think. The worst was the noise
during discussions. | wish all topics to be instructed in this way. Demonstrations
helped me to understand the relationships between variables such as P, T, V, and
n without memorizing the gas laws' formula.

Sudent9: | liked demonstrations...l think that we can forget all that we
discussed but not what we saw. All demonstrations that were performed are in my
mind. The demonstrations were interesting but | can not see properly the setting
because | was at the end of the classroom and some of the students were not
sitting down. Sometimes we make experiments in the laboratory. Watching
demonstrations is more enjoyable than making experiments.

Sudent3: | do not like chemistry so much. By this new method the topic
became attractive. | can not imagine things written on the chalkboard or in the
textbooks. Demonstrations were very useful and helped me to understand better

the texts in the chemistry textbook.

Most students liked the method but they complained about the
crowdedness of the class and noise during the demonstrations. The most liked part

of the instruction was performing the demonstrations. Additionaly, students
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expressed that they liked discussing because they felt comfortable to share all

ideas that they thing.

5.5 Conclusions

In the light of the findings obtained by the statistical anayses, the

followings can be deduced:

1. The conceptual change oriented instruction accompanied by
demonstrations caused a significantly better acquisition of scientific
conceptions related to gases and elimination of misconceptions than
traditionally designed chemistry instruction.

2. Science process skills had a contribution to the students' understanding
of gases concepts.

3. There was no dignificant effect of gender on the students
understanding of gases concepts and their attitudes toward chemistry
as aschool subject.

4. The conceptual change oriented instruction accompanied by
demonstrations and traditionally designed chemistry instruction
produced statistically the same attitudes toward chemistry as a school

subject.
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CHAPTER VI

DISCUSSION, IMPLICATIONS, AND RECOMMENDATIONS

6.1 Discussion

The purpose of this study was to investigate the effectiveness of
conceptual change oriented instruction accompanied by demonstrations on tenth
grade students understanding of gases concepts and attitude toward chemistry as

aschool subject.

Based on the statistical analyses results given in Chapter V, it can be
concluded that the conceptual change oriented instruction accompanied by
demonstrations caused a significantly better acquisition of scientific conceptions
related to gases and remediation of misconceptions than traditionally designed
chemistry instruction. However, both gender and treatment did not cause any

statistically significant increase in students' attitudes toward chemistry.

In this study, gases topic is studied, which includes concepts difficult to be
grasped because of their invisible nature (Stavy, 1988; Stavy, 1990; Benson et a.,

1993). This topic aso requires well-grounded knowledge related to the particulate
9



nature of matter topic which includes atoms, physical and chemical properties of
matter, and states of matter. Most students think that there is air between
molecules of a gas. Also, they hold the misconception that in chemical reactions
in which gases are involved mass is not conserved. The science teachers should
consider the fact that students have some ideas about scientific phenomena prior
to instruction and arrange the instructional sequence in such a way to make
students be aware of their thinking. Also, students should be given opportunity to
express their ideas, discuss them either with the teacher or a peer, and realize that
his’her ideas are incorrect. Then, the teacher has to provide more evidences to
show that the students ideas are incorrect. At the same time the teacher should
introduce the correct conception by making the concept concrete and

understandable for the students.

Constructivist teaching strategies and strategies based on the conceptual
change approach are powerful tools to achieve this goal (Novick and Nussbaum,
1982; Posner et al., 1982; Hewson and Hewson, 1983; Y ager, 1991). This study
produced similar findings with other research studies arguing that the conceptual
change approach is an effective tool improving students understanding of
scientific concepts. Novick and Nussbaum (1982) used conceptual change
discussion method to remedy students misconceptions related to the particulate
nature of the matter. The results showed that the method was effective in
improving students' understandings. Furthermore, Eryjlmaz (2002) showed that
the conceptua change discussion was effective in remedying the students
misconception in force and motion. Sonmez (2002) also found that the students

taught with refutational texts supported with discusson web had better
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understanding of concepts related to electric current and fewer misconceptions
than did the students taught by traditional methods. Similarly, Bayyr (2000)
demonstrated that conceptual change text instruction in chemical change and
conservation of mass concepts was effective on students understanding of the
concepts. Bayjr (2000) also showed that there was no statistically significant
difference between male and female students with respect to achievement related
to chemical change and conservation of mass concepts after the treatment. Niaz
(2002) used a teaching startegy that could facilitate conceptual change in
freshman students’ understanding of electrochemistry. Teaching experiments were
used as sSituations creating conceptual conflicts. The results of the study showed

that teaching experiments enhanced students' understanding of el ectrochemistry.

The students in the experimental group were taught by the conceptua
change oriented instruction accompanied by demonstrations. Firstly, the teacher
initiated the students aternative conceptions by asking questions. Then, the
teacher gave some students opportunity to express their ideas. Discussion guided
by the teacher went on until students became aware of the fact that they possess
different ideas. Instruction continued with performing a demonstration to give
students opportunity to contrast the alternative conceptions with scientifically
correct conception. This step (dissatisfaction) was important because the students
noticed that their existing ideas (alternative conceptions) were not useful in
explaining the demonstrated scientific phenomenon. Both discussions and
demonstrations helped students to criticize their thinking. To advance the
acquisition of the scientifically correct response the teacher asked new questions

and gave examples from daily life situations as much as possible to improve
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understanding. The teacher focused on students incorrect ideas and
misconceptions and discussed why they were wrong. The students were satisfied
when realized that new conceptions were more effective in explaining the
situations (plausibility). The lesson finished with a question requiring further
investigation on the newly learned concept (fruitfulness). In the experimenta
group both teacher and students were actively involved in teaching-learning

process.

In the control group where traditionally designed chemistry instruction
was used, the teacher made efforts to transmit the knowledge to the students. The
teacher used lecturing method and the knowledge generally consisted of facts. The
students were passive; they listened to their teacher and took notes. The teacher
directed questions, later explained the correct answers but did not consider the
students’ prior knowledge and did not make efforts to correct the misconceptions.
However, the students in the control group were not aware of their conceptions,
neither scientific nor misconceptions. A reason for the better concept acquisition
in the experimental group can be the continuous process of exchange and
differentiation of the existing concepts and the integration of new conceptions
with existing conceptions. Whereas, the control group students added the
scientific conceptions to their conceptual framework which was full of alternative

conceptions.

Another purpose of the present study was to investigate whether there was
a significant mean difference between mae and female students with respect to

understanding gases concepts. The results indicated that there was no significant
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mean difference between male and female students. Also, the interaction between
gender and treatment had no significant effect on students understanding of gases
concepts. Gender arises as an important factor effecting achievement especially in
physics. Male students' interest in and their previous experiences with mechanical
devices such as electrical circuits facilitates the acquisition of the physics concepts
(Chambers and Andre, 1997). Chemistry is a fair science with respect to females
and maes daily experiences related to the concepts about gases and gas laws.
This situation might be the reason of no significant difference between female and
male students with respect to their understanding of concepts related to gases.
Cakjr et a. (2002) also pointed that gender difference was not effective in
students' achievement in chemistry concepts. However, Bunce and Gabel (2002)
showed that females and males achievement in the same chemistry topic could be
different when they were taught by different methods. Bunce and Gabel (2002)
found that females taught the particulate representations were successful as well
as males, whereas females who were not taught the particulate representations

achieved significantly lower than males.

This study supported the findings of the previous literature and showed
that the conceptual change oriented instruction was effective than the traditionally
designed instruction. However, the conceptual change instruction did not increase
significantly students attitudes toward chemistry. Attitude was defined as a
mental state that pre-disposes a learner to choose to behave in a certain way
(Gagné, 1985). Situations in which the learner is actively involved can influence
deeply held beliefs and attitudes. The conceptual change oriented instruction

accompanied by demonstrations provided students learning environment in which
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they had opportunity to exchange ideas and to discuss the conceptions.
Additionally, the interviews revealed that students liked this method, especially
the part of carrying out demonstrations. The students expressed the difficulties of
imagine the things written on the chalkboard and the contributions of the
demonstrations to visualize gas phenomena. Since the treatment was effective in
enhancing the students' understanding of gases concepts and increased students
interest there should be another reason of no change in attitude. Duration of the
treatment was six weeks. Although it is noticeably long time for teaching a topic it

can be concluded that more time is needed for changing students' attitudes.

Also, gender difference was not effective in students' attitudes toward
chemistry. Similar results were reported by Unlii (2000). She investigated the
effectiveness of conceptual change approach on students achievement of atom,
molecule, and matter concepts. While the treatment was effective aone in
increasing students achievement, both treatment and gender were found no
effective in changing students’ attitudes toward science significantly. Cakyjr (2002)
found that the case-based instruction did not improve students attitudes toward
biology and gender did not differentiate students with respect to performance
skills, attitudes toward biology, higher order thinking skills, and academic
knowledge. Also, Yavuz (1998) reported that the conceptual change oriented
instruction accompanied with laboratory activities was effective on students
understanding of acid-base concepts but no effective in increasing attitudes
toward science. On the contrary, Jones, Howe, and Rua (2000) found a significant
gender difference with respect to science experiences, attitudes, perceptions of

science courses, and careers.
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However, there are some studies demonstrating the effectiveness of the
conceptual change oriented instruction on the students' attitudes toward science
(Sungur and Tekkaya, 2003; Gedik, 2001). Gedik (2001) examined the
effectiveness of demonstration method based on conceptual change approach on
students understanding of electrochemistry concepts. Demonstration method
based on conceptual change approach was found to produce higher positive

attitudes toward chemistry than the traditionally designed chemistry instruction.

In this study Kolb’'s Learning Style Inventory was used to determine
students’ learning style preferences as diverging, assimilating, converging, and
accommodating. The results showed that the majority of both experimental group
and control group students preferred assimilating learning style. Kolb (1985)
described the learning ways of individuals with diverging, assimilating,
converging and accommodating learning style. Divergers were described as
people best at viewing concrete situations from many different points of view.
Individuals with diverging learning style are interested in people, tend to be
imaginative and emotional, and tend to specialize in the arts. In formal learning
situations, divergers prefer to work in groups, listening with open mind and
receiving personaized feedback. Assimilators are less focused on people and
more interested in ideas and abstract thinking. In forma learning situations,
individuals with assimilating learning style prefer readings, lectures, exploring
analytical methods, and having time to think things through. Convergers have the
ability to solve problems and make decisons based on finding solutions to

guestons or problems. People with converging learning style prefer to deal with
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technical tasks and problems. In formal learning situations, individuals with this
style prefer to experiment with new ideas, simulations, laboratory assignments,
and practical applications. Accommodaors are described as individuals who have
the ability to learn from hands-on experience and perform well in situations where
they must addopt to new circumstances. In formal learning Stuations,
accommodators prefer to work with others to get assignments done, to set goals,
to do field work, and to test out different approaches to completing a project
(Kolb, 1985). Past research showed that teaching according to students' learning
style increases students' achievement (Shaughnessy, 1998; Dunn and Stevenson,
1997). Also Cano-Garcia and Hewitt Hughes (2000) investigated whether the
students' academic achievement can be predicted by their learning styles. The
results indicated that those students showing a style of learning directly related to
concrete experience obtained higher academic achievement. Dawn Farkas (2003)
investigated the effects of teaching through traditional versus learning-style
instructional methods on 7" grade students achievement, attitudes, empathic
tendencies, and transfer skills. The results of the study showed that teaching
through learning-style instructional method had significant effects on students
achievement and attitudes, and produced statistically significant high scores on
empathy scale and high performance on task transfer with large effect sizes. Also,
Burke and Dunn (2003) reported similar results. In the present study, students
were taught by the conceptual change oriented instruction accompanied by
demonstrations. But the majority of the students in the experimental group were
students with assimilating learning style who prefer to learn through lectures or
readings. Based on these findings we may explain the nonsignificant effect of the

treatment on students attitudes toward chemistry as a school subject. The
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majority of the experimental group students were assimilators and they are
interested in abstract thinking, whereas the convergers who are interested in
experimentations and practical applications were in minority with 9 students.
Teaching through demonstrations is appropriate way to instruct students with
converging learning style not students with assimilating learning style. Because of
this, even the treatment was successful in enhancing acquisiton of concepts related
to gases it seemed to be ineffective in producing significant differences between

experimental and control group students' attitudes toward chemistry.

Furthermore, in this study, the science process skills test was given to all
students who participated in the study in order to determine whether there was a
significant difference between the two groups with respect to students' science
process skills. The results showed that the groups are significantly different in
terms of science process skills. Therefore, this variable was controlled as a

covariate.

As a result, the current study showed that students had difficulties in
understanding gases concepts and held misconceptions. The conceptual change
approach promotes students' understanding of scientific concept. Well-intended
guestions activate existing knowledge, help to integrate existing and new

conceptions and enhance meaningful learning.

6.2 Implications
In the light of the findings of the present study the following implications

could be offered:
102



1.

If a goal of instruction is to enhance meaningful acquisition of
scientific concepts, one of the powerful strategies would be the
conceptual change approach. This approach facilitates the integration
of the previous and new knowledge. The integration would result in
meaningful learning if the cognitive structure of the learner’s
preexisting knowledge has relevant ideas. If there is no relevant ideas
the students would try to make the new conception meaningful by
interpreting it from their own point of view. This would lead to
formation of the alternative conceptions and misconceptions. Changing
the old and useless conceptions to new and plausible conceptions
would be the matter of a well-designed conceptual change based
instruction.

The results of the post-GCT showed that the students possess the same
misconceptions with those previously found in different research
studies. No matter where on the world students live or they are taught,
they have misconceptions. Students should be aware of their
preexisting knowledge whether it functions or not. Conceptual change
based instruction makes students aware of their preexisting knowledge.
Especially, discussions provide environment in which students freely
express their ideas. This is important from the teacher aspect because
in this way s/he could identify the problematic concepts and design the
instruction to deal with those concepts. During teacher guided
discussions the teacher has opportunity to reveal students thoughts

and also direct them toward scientifically correct ideas by asking
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guestions. Some teachers may argue that discussions are time
consuming. However, the benefits of the discussions become superior.
In the conceptual change oriented instruction accompanied with
demonstrations, the demonstrations serve as main tools of creating
cognitive conflict. The cognitive conflict is important because makes
students realize the difficulties which old conceptions hold and that the
new conceptions are plausble and resolve these difficulties.
Demonstrations aso make visual the gas behavior and the
relationships between variables such as pressure, volume, temperature,
and amount. Additionally, demonstrations help the teacher to attract
students’ attention to the topic.

. Chemistry textbooks, as a main source of the knowledge, could be
revised and designed to introduce the topics based on the conceptual
change conditions.

. Sometimes the teachers have troubles with designing effective
demonstrations both to attract students’ attention and teach particular
concept. Because of this, a guide book including efficient
demonstrations related to different chemistry topics might be designed.
. The teachers can identify students misconceptions by different tools
such as open-ended questions, misconception tests, and interviews
before and after instruction. Identifying misconceptions before
instruction helps teacher to decide on the concepts to be emphasized,
the sequence of the instruction, and skills to be improved. Identifying

the misconceptions after instruction reveal the concepts that need extra
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emphasis. Also, the teacher can rearrange the instructional sequence to
increase the students' understanding of the problematic concepts.
Chemistry curriculum should be designed on conceptual change
conditions.

Because the teachers are faced with the challenge of changing
students' aternative conceptions or misconceptions to scientific
conceptions, teacher education should place an emphasis on teaching
strategies based on conceptual change approach.

Teachers should be sensitive to the students attitudes. They must
realize that attitudes affect the students' achievement and try to make
students possess positive attitudes toward chemistry as a school

subject.

6.3 Recommendations

Based on the results of the study the followings can be offered:

1.

2.

3.

Similar research studies can be conducted with a larger sample size
and in different high schools to provide generaization to a bigger
population.

The conceptual change oriented instruction accompanied with
demonstrations can be carried out for different grade levels.

The conceptual change oriented instruction accompanied with
demonstrations can be used to teach different chemistry topics.

Further research can be conducted to evaluate students' motivation,
interest in demonstrations, reasoning abilities, and learning styles

effect on students' performance in chemistry topics.
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. Conceptual change oriented instruction can be accompanied with
videotaped demonstrations instead of actual demonstrations in class.
This may save the time of making preparations related to the
experiments.

. Different instruments such as worksheets including pictoridl
presentations and conceptual problems, and conceptual assignments to
enrich the instruction of gases topic.

. Further research studies can be conducted to investigate the
effectiveness of the conceptual change oriented instruction
accompanied by demonstrations on retention of the concepts related to
gases.

. In this study teacher guided whole class discussion was used. Future
studies can be conducted to assess the effectiveness of the conceptual
change oriented instruction supported by demonstrations and
discussion in small-groups.

. Further studies can be conducted using the conceptual change
approach with different teaching strategies such as hand-on activities
and problem-based learning in remediation of students

misconceptions and increasing students' understanding in gases.
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APPENDIX A

INSTRUCTIONAL OBJECTIVES

1. Todigtinguish characteristics of a solid, liquid and gas at molecular level.

2. To select the non-characteristics of gases among the characteristics.

3. To explain on the basis of kinetic molecular theory what happen to the gas
molecules when the gas is compressed in a syringe.

4. To explain pressure on the basis of kinetic theory.

5. Toinfer the relation between kinetic molecular theory and gas laws.

6. To describe diffusion.

7. To predict for a gas the unchangeable physical properties when temperature
changes at constant volume.

8. To explain cooling of agas a molecular level.

9. To describe the space between gas molecules.

10. To describe the conservation of mass for reactions involving compounds in
gaseous state.

11. To predict the results of change in variables of a gas for a given experimental
setting.

12. To draw the best representation of scattering of gases in an enclosed space.

13. To explain differences between hot air and cold air on the basis of kinetic

molecular theory.
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14. To put in order the pressure in deflated and inflated balloons, and atmospheric
pressure.

15. To describe the conditions under which the solubility of a gas increases.

16. To describe direction of the atmospheric pressure.

17. To use Avogadro’'s law to predict the volume of a gas under given conditions.

18. To use Ideal gas law to solve a problem.

19. To arrange Ideal gas law equation to calculate the molecular formula of a gas.

20. To use Charles law to solve a problem.

21. To use Graham’s law to predict the composition of a mixture.

22. To arrange ldeal gas law to calculate the mass of a gas molecule.

23. To explain the factors affecting the pressure measured by a manometer.

24. To identify factors affecting distance between the gas molecules.

25. To draw the best representation of partial pressure of a gasin a mixture.

26. To use Dalton’s law to calculate the partial pressure of any gasin a mixture.

27. To arrange Ideal gas law equation to compute the density of a gas under
specified conditions.

28. To use Graham's law to calculate the molecular formula of a gas.

29. To arrange ldeal gas law equation to compute the pressure of a gas in a
manometer.

30. To convert information given in a graphical form to statement.

31. To identify the conditions of P and T under which a real gas most closely

approximate ideal gas behavior.
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APENDIX B

GAZLAR KAVRAM TESTY

Y Oner ge: Bu test sizin Gazlar konusundaki kavramlary ne derecede 6drendidinizi
dederlendirmek icin hazgrlanmyp tjr. Testte toplam kyrk (40) tane coktan segmeli
soru vardjr. Her bir sorunun be® tane segenedi ancak sadece bir tane dodru cevaby
vardyr. Sorulary cevaplarken dikkatli olmarjz ve cevaplary cevap anahtaryna
i%retlemeniz gerekmektedir!

1) Bir maddenin katydan sjwya, gvjdan gaz haline gegtikce molekdillerinin ePadyda
verilen 6zelliklerinden hangisi ya da hangileri dedi®ir?

l. Kinetik enerjileri

Il.  Buyukludi

I"i. Molekiller arasjndaki mesafe

a Yanjzl b)YanjzIll c)YyadnjzIlll d)lvelll el, 1l velll

2) Gazlarlailgili verilen ifadelerden hangisi yanlyhtjr?

a) Ayrny sjcaklykta bitiin gazlaryn ortalama kinetik enerjileri ve yayjlma hjzlary
aynjdjr.

b) Gaz basjncj, gazjn moleklllerinin icerdioi atom sayjs/na ve cinsine badlydjr.

c) Tanecikli yapjya sahiptir.

d) Gaz basjncj, birim hacimdeki tanecik sayjs/na badlydjr.

€) Gazlar, bulunduklary kabyn her tarafyna yayylyrlar.

3) 2ekilde verilen sistemin pistonu a”adjya dodru itilirse X gazjryn

niceliklerinden hangis dedi®ir?
X gazi

a) Sjcakljoy

b) (PxV) dederi

c) Ortalama molekll hzj

d) Birim zamanda birim yiizeye ¢arpan molekil sayjsy
€e) Molekillerin ortalamakinetik enerjisi
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4) Havaile dolu bir pyrynganyn ucu kapatylmakta ve pyringarnyn pistonu havayy
gkih tyracak ©ekilde itilmektedir. Bu gkyhtjrma sonucunda havayj oluCturan
molekillere ne olur?

3

a) Molekillerin heps pyryngarnyn ucuna toplarnr.

b) Molekiller birbirine yapyjpyr.

c) Molekiller kugultrler.

d) Skiptyrylan molekdillerin hareketi durur.

€) Molekiller arasjndaki mesafe azaljr.

5) Kinetik teorinin éadjda verilen varsayymlaryndan hangisi ideal gaz kanununun
gercek gazlara uygulanabilmesini mimkin kylar?

a) Slrekli ve rasgele parcacjk (atom veya molekil) hareketi.
b) Sjcakljkla orantjly olarak dedi®en ortalama kinetik enerji.
c) Parcaciklar arasindaihmal edilebilir cekim kuvvetleri.

d) Parcacjklar arasinda esnek carpyh malar.

€ Yhmal edilebilir parcacjk hacmi.

6) Kaucuk bir balon Hidrojen gazj ile doldurulduktan sonra adz sjkjca badlanyr.
Ancak birkag giin sonra balonun sondidi gorulmektedir. Aadydakilerden hangisi
bu durumu en iyi agjklamaktadir.

LY —

a) Zamanla molekullerin enerjisi tukenir ve hareketleri durur.
b) Baon deliktir.

¢) Havasodumultur ve molekdller bir araya kimelenmi®tir.
d) Molekiller carpjpa carpjpa kictulmuielerdir.

€) Db bagin¢ artmyh ve balonu kigultmi®tor.

7) Bir miktar Ne gaz/ hacmi sabit tutularak ysjtyldjoynda ePadydaki niceliklerden
hangis dedi®mez?

a8 Baging

b) Kinetik enerji

c) Yodunluk

d) Molekillerin ortalama hzj

€) Molekullerin carpyh ma gklyoy

8) Bir gaz 6rnedinin hacmi sabit tutularak sjicakljéyry di°urmek gaz oluturan
atomlarjn/molekillerin Uzerinde nagjl bir etki ol Pturur?

a) Atomlaryn/molekillerin enerjis ve hjzj azalyr.

b) Atomlar/molekiller yodunlapyr.

c) Atomlar/molekiller cokelirler.

d) Atomlar/molekiller blzllur ve kugultrler.

€) Atomlar/molekiller arasjndaki ¢ekim kuvveti artar.
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9) Bir gag olu°turan atomlaryn/molekiillerin arasynda ne vardjr?
a) hava

b) su buhary

c) baPkagazlar

d) higbir®ey yoktur

€) yabancy maddeler (toz, kir gibi)

Takip eden 10, 11, ve 12. sor ulary a®adjda verilen acjklamaya gére
cevaplandjrynyz

Havaiceren kapaly bir kap °ekilde gosterildidi gibi su banyosunun icine
yerleftiriimi®tir ve bilgisayara badlanmyptjr. Sjcaklyk dedi®imleri kaba yerleltirilen
termometre ile takip edilmektedir. Ayryca kap bagncy dlcen bir alete de
badlanmhtjr ve basjnc bilgisayarda okunabilmektedir. Su banyosunun gcaklyoy 25
°C ve bas/ng 1 atm’ dir.

10) 25 °C’ de havayj oluCturan parcacjklaryn kap icindeki dadylymyry en iyi
gosteren °ekil hangisidir?

a) h) c) d) e)

11) Su banyosuna buz ilave edilerek kaptaki sicakljk 0 °C’ye kadar
dieurilmektedir. Sjcaklyk dedi®iminin havayy ol uPturan parcacjklary etkileyecek
kadar bekledikten sonra pargacjklaryn kap icindeki dadylymyny en iyi gosteren °ekil

hangisidir?
h) c) d) €)

a)

12) Igtjcy yardymyyla su banyosundaki su ysjtylarak gaz iceren kabyn sjcaklydy
60 °C’ye yuksdltilmektedir. Bu durumda pargaciklaryn kap icindeki dadyljmjry en
Iyi gosteren °ekil hangisidir?

a) h) c) d) e)
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13) A°adyda verilen °ekilde Durum 1’ de bir parca kadjt cam fanusun icine
konmaktadjr. Durum 2’ de kagjt yakjlmakta ve Durum 3'te killer oluPmaktadyr. 1,
2 ve 3 durumlarynda herCey tartjldjdjna gore, sonug a®adydakilerden hangisinde

dodru verilmictir.
ht.-.lljlu : E ] KL

(3
a) Durum 1 daha blyik adjrljoa sahip.
b) Durum 2 dahabtytk adjrlyda sahip.
¢) Durum 3 daha buyk adjrljda sahip.
d) 1ve?2aynjadjrlyda sahip ve 3'ten daha adjrdyr.
€) Heps de ayry adyrljda sahip.

aekilde gosterildidi gibi cam bir kap huni ile birle®trilmi® bir
kapakla sikyca kapatylmaktadjr. Huni yardjmyyla kaba su ilave
edilmektedir. Ancak su seviyesi huninin ayadyny gectikten sonra su
ilaves zorla®maktadjr. Bu zorludun nedeni a®adydaki durumlardan
hangisinde dodru verilmictir.

a) Suilaves ile kabjn icindeki hava sjkypjr ve i¢ basjnc artar. OlwPan basin¢ su
giriini engeller.

b) Kaptaki su giri°i kapatmaktadyr ve su giremez.

c) Kaptaki su yukarjyadodru itme kuvveti uygulamaktadyjr ve su giremez.

d) Kaptaki suyun kaldjrma kuvveti daha fazla su ilavesini kaldjramaz duruma
gelmictir.

€) Kap dahabiiyik olsaydy daha fazla su aljrdy.

15) Havaile dolu bir kaba °ekilde gosterildidi gibi bir balon badlanmaktadjr. Daha
sonra aradaki musluk agylarak kap ysjtjlmakta ve balon °i°mektedir. Balon
°i°tikten sonra kaptaki ve balondaki havaryn dadylymynj en iyi agjklayan ©ekil

O RE

by c)

[1 .~ musluk

é\
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16) 2ekilde verilen sistemde cam borunun icinde bir damla civa bulunmaktadyr.
Kabyn icindeki gicakljk ve bas/n¢ dedicimine badly olarak civa damlas) sada ya da
sola hareket etmektedir. Eder diizenek, sjcakljdj 26 °C olan bir odadan sjcakljdj
5°C olan ba’ka bir odaya gétuirtl irse civa damlacjdjnjn hareket yoniini ve bu
hareketin nedenini tahmin ediniz.

a) Sabit kalyr, ¢clinkil baging sabittir.

b) Sabit kaljr, civaryn sady da solu (kabyn ici) da aynj sjcaklykta.
c) Sola, gcakljk diPlince kabyn icindeki basyn¢ da dier.

d) Sada, gcakljk dieunce kabyn icindeki basjn¢ azaljr ve hacim artar.
€) Sada, gcakljk diPlince hacim azaljr ve basjnc artar.

17) Atmosfer basjncjnjn Pym oldudu bir ortamda havaile dolu bir balonun bagncy
Paoiu Olarak olcllmektedir. Balonun ad zj agyjljp sonmesi beklenmektedir ve sonmi°©
bal onun basjncy Pssnmie Olarak olctilmektedir. A°adydakilerden hangisinde Pam,
Pdolu V€ Pssnmiie Dasinclaryryn ili°kisi dodru olarak verilmictir.

a) Psb'nmi]o <Patm <|Ddolu

B) Pam=Pssnmie, Pam<Pdalu

C) Pam =Pdaov= Pssnmie

d) Pam >Poolu, Pssrmie=0

€) Pam <Puolu, Pssnmi-=0

18) Maden suyu elde etmenin yolu suda CO, (karbon dioksit) gazj cozmektir.
Sudan ve karbon dioksitten oluPan ¢ozelti icin hangis dodrudur?

a) Cozdtinin kitlesi, suyun ve CO;’in kitleleri toplamyndan fazladjr.

b) Cozeltinin kitlesi, suyun ve CO;’in kiitleleri toplamyjna €ittir.

c) Cozeltinin kitlesi suyun kitlesine eittir, gazjn bir etkis yoktur.

d) Cozeltinin kitlesi, suyun ve CO;’in kitleleri toplamjndan azdjr.

e) Hichiri.

19) Soduk ve gcak havanyn ozellikleri ileilgili verilen yarglardan hangisi
dodrudur?

a) Sjcak havaile soduk hava farklj hacimlere fakat ayny kitleye sahiptirler.
b) Istylan hava soduk havadan daha adyrdyr.

c) Sjcak hava soduk havadan hafiftir.

d) Havaryn kiitles de hacmi de yoktur, sjcak ya da soduk farketmez.

€) Sjcak havaryn molekilleri genlePirler, soduk havanynkiler ise bizdlUr.

20) Gazlaryn 6zellikleri ileilgili aadjdaki yargjlardan hangis yanlj tjr?

a) Gaz atomlarj/molekilleri stirekli hareket halindedir.

b) Gaz atomlarj/molekiilleri arasjndaki badlar yok denecek kadar zayyftjr.
c) Bir kabakonulduklarynda sjvjlar gibi kabjn dibinde bulunurlar.

d) Gaz atomlary/molekilleri rasgele hareket ederler, belli bir hareket dizeni

yoktur.
e) Gazlar gvylattyrylabilirler.
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21) Aadydaki etkilerden hangis ya da hangileri uygulanjrsa bir gazjyn sudaki
¢cOzUndrlGou artar?

I.  Suyun sjcaklydyny artyrmak

I1. Gazn bagncyry artjrmak

[11. Suyun miktaryny artjrmak

IV. Ortanyn gicaklyoyry artyrmak

a) Yanjzl b) YanjzIl ¢ Il velll dlilvelvV e Yadnzlll

22) Havada ag/ly duran bir cisme atmosfer basjncynyn etki edip etmedidini
gorebilseydiniz basincyn yonu hakkynda ne derdiniz?

a) A°djdodru

b) Yukary dodru

c) Her yonden: afady, yukary,sad ve sol

d) Yki yonde: acadj ve yukary

e) Etkis yoktur

23) Ug balon ui¢ farklj gazla O,, Cl, ve H, ile doldurulmaktadyr. Oda °artlarjndaki
gazlardan 0.1’ er mol kullarjlmaktadjr. Gazlarla ®i®irilen balonlarjn hacimlerini
kjyaslayynjz. (O:16, Cl: 35.5, H:1)

a) En blylk klor gaz icerenin olur, kitlesi daha biiyUk.

b) En biytk hidrojen gaz icerenin olur, ¢linkl en hafif gaz.

¢) Hacmi hesaplamak icin sjcakljk ve basjncy bilmek gerekir.

d) Uc balon daayny biiyiiklukte olur.

€) Odaartlaryndaki basjncy bilmek gerekir.

24) 27 °C sjcakljkta ve 4.1 atm basjncta 0.100 mol hidrojen gaz 600 mL hacim
kaplamaktadyjr. Hacmin sabit kaldjdyna gore, —3 °C' ta kadar sodutulan gazjn
bas/ncj nedir?

a) 3.1am b) 3.7 atm c) 4.0 atm d) 4.6 atm €) 5.1 am

25) 16 gram X gagnyn 273 K’ de basjn¢-hacim ¢arpymy (PV) 5.60 L.atm dir. Bu X
gazj a”adydakilerden hangisi olabilir? (H: 1, O: 16, S: 32)
a) SOz b) O, C)H.S d) O3 e) SO,

26) Hacimleri e®it iki balonda e°it gcakljkta X ve Y gazlary bulunmaktadir.
I. X gagnynadyrljoy Y ninkinin 4 katydyr.

I1. X in molekdl adyrlydy Y ninkinin yarysidyr.

Buna gore X baonundaki basjn¢, Y balonundakinin ka¢ katydjr?

a) 14 b)1/2 )2 d) 4 €) 8
27) Bir miktar metan (CH,) gazj 1 atm basjncgtave 7 °C'ta 5.6 L hacim

kaplamaktadjr. 27 °C’tave 1 atm bas/ncta gazyn kapladjdj hacim nedir?
ab2L b) 6.0L C)6.8L d)7.6L €) 224 L
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28) 2ekildeki A ve B kaplary bir mudukla birletirilmi®lerdir. Her iki kabjn da
bag/incy 1 atm dir. A kabyj kikurt dioksit (- ), carbon dioksit () ve azot (O)
karpymy ile doludur. B kaby ise sadece azot icermektedir.

Musluk agyldjktan 1 saat sonra karjpym homojen hale gelmektedir. A°adjdaki
%ekillerden hangisi molekillerin musluk agjldjktan 30 dak sonraki olag bir
dagylymyny gostermektedir?

T B o = 2 B =

®
A B A B A B
a) b) )
OolLI'o.o .°.L-[l°.°o
ece , °s ® °o ,0°
c°..r-|- ° o ° o .r‘I .oo'o
A B A B
d) e)

29) A°adydaki °ekil 20 °C ve 3 atm basjncta hidrojen gaz ile dolu silindir
%eklindeki ¢elik bir tankyn enine kesitidir. Noktalar, tanktaki bitin hidrojen
molekillerinin dadylymyry temsil etmektedirler.

Sjcaklik —5 °C’ ta dueurtl dudiinde afadjdaki ekillerden hangisi kapal celik
tanktaki hidrojen molekillerinin muhtemel dadylymyry gostermektedir?

30) Bir gazin 0 °C'de ve 1 atm basjn¢ altynda 11.2 L’si 14 gramdjr. Bu gazn bir
mol ekl indn kitles kag gramdyr?

a) 14/6.02x10%

b) 28x6.02x10%

c) 7x6.02x10%

d) 7/6.02x10%

e 28/6.02x10%
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31) 2ekildeki manometre ile kapalj kaptaki gazin =
basjngj 6lctilmek isteniyor. A°adjdakilerden @-ﬂ I
hangisi bulunacak dederi etkilemez?

a) Bulunulan enlem
b) Ortamyn gcaklydy
c) U-borusunun c¢apyj
d) Deniz yuzeyinden yukseklik
e) Kullanjlan sjvynyn 6zk(tlesi

32) Gaz halinde belli bir miktar maddeye,
I. sabit hacimde gcaklydyn artjrjlmasj
I1. sabit sjcaklykta basjncyn artyrylmasy
[1l. tamamynyn gvyleltyrylmasy
i°lemlerinden hangileri uygulandydynda, o maddenin molekiller aras) uzakljyéynyn
azalmag beklenir?
a) Yanjzl b) YanjzIl c¢)Yanjzlll d)lvell e Il velll

33) Hacmi 200 mL olan kapaly bir kap 15 °C'ta °ekilde gosterildidi gibi oksijen
(¥) ve helyumdan (l)olu®an bir karjpym icermektedir.

en.%
g "
- -

Acadydakilerden hangisi oksijen gazinjn kysmi basyncinj gostermektedir?

"o " o m® ° °°° @ 8 ® &

. 8 °° Os °°°° & P

P =mo o® oo o © g ® ® 8 o
a) b) ©) d) e)

34) Sabit hacimli bir kapta bulunan m gram Q’in bagncy P dir. Bu kaba ayry
gcakljkta m gram SO, gaz ilave edilmektedir. Gaz ilavesinden sonra oksijenin
kysmi basjncy ne olur? (O2: 32; SO,: 64)

a) 2P b) P c)32P d) 2/3P e) /2P

35) C4Hs gazynjn 0 °C ve 0.25 atmosfer baging dtyndaki ozkitlesi kag g/L’dir?

a) 0.625 b) 0.75 c) 1.00 d) 1.25 e) 1.40
36) 2ekildeki kapta 0 °C'ta 1.5 gram GHg gazj vardjr. Kabjn

hacmi 056 L ve djp basing 76 cmHg oldwuna gdre h
yukseklidi kagc cm'dir? (C:12, H:1)

a) 19 b) 28 c) 38 d) 57 e) 76
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37) 2ekildeki sistemde sjcakljklary aynj olan X ve'Y gazlary ayry anda musluklar
agylarak byrakyldydynda O noktasinda kanylayyorlar. X ve Y gazlarj a®adydakilerin
hangisinde dodru olarak verilmi°tir? (H:1, He: 4, O:16, C:12, S: 32)

O
X %\ 5 % Y
gaz1 | : gazi
a0 a— A0em —
X Y
a) CHy4 SO,
b) CHgy He
) Ho He
d) (o)) SO3
e) 02 CH4
38) 2ekildeki sistem djp basjncyn 72 cmHg oldwu P =72 cmHg
ortamdadjr. Manometrede civa ve X vy J'

bulunmaktadjr. (d ¢va =13.6 g/cnt; d x= 3.4 g/cnT)

Buna goére He gazjn/n basjncj kagc cmHg' djr?

a 75 b) 78 )80 d) 95 e) 100
39) Yandaki grafik bir mol ideal gazn hacim gcakljk Hacira (L)
dedicimini gostermektedir. I
Bu grafikle ilgili aadydaki acjklamalardan hangisi I
yanly tyr?
ﬁ-: Si;:‘llﬂik
a) |l. deneydeki hacim, |. deneydekinden buyutktir.
b) A noktasj mutlak syfjr noktasidyr.
c) Sjcakljk birimi °C’dir.
d) A noktasj—273 °C'dir.
€) Il. deneydeki V/T oran, |. deneydeki V/T oranjna e®ittir.

40) Bir gercek gazn ideal gaz davranypy gosterebilecedi Pve T Cartlary nelerdir?

a)
b)
c)
d)
€)

Y Uksek P ve dieuk T
Dueuk Pvedieuk T
Du°dk P ve yiksek T
Y Uksek P ve yuksek T
Higbiri
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Table B.1 Gazlar Kavram Testinin Cevap Anahtary

1-d 9-d 17-b 25—-e 33-d
2-b 10-d 18-b 26—¢e 34-b
3-d 11-d 19-a 27-b 35-a
4—e 12 -d 20—c 28—-d 36-e
5-c 13-e 21-b 29-a 37-b
6-b 14-a 22—-c 30-e 38-c
7-cC 15-a 23—-d 3l-c 39-e
8-a 16—-c 24—-Db 32-¢e 40-c
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APPENDIX C

KYMYA DERSY TUTUM OL CEDBY

ACIKLAMA: Bu 6lcek, Kimya dersine ili°kin tutum cimleleri ile her cimlenin
karhysjnda Tamamen Katyjljyorum, Katjljyorum, Kararsjzjm, Katjl mjyorum ve Hig¢ Katjl mjyorum
olmak Uzere be® segcenek verilmi®tir. Her cimleyi dikkatle okuduktan sonra kendinize uygun
segenedi iaretleyiniz.

K
a
t
y
T |
a y
moy
a o
m r H
e u i
n m ¢
1. Kimya cok sevdidimbir alandjr............ccoevveeeriiennn.n. O
2. Kimyaileilgili kitaplary okumaktan ho®lanjrym............. O
3. Kimyanyn guinltik ya®antjda cok énemli yeri yoktur......... O
4. Kimya ile ilgili ders problemlerini (;('jzmekten
hoClanjrym... e
5. Kimya konulawyla |Ie |Ig||| daha (;ok °ey oarenmek 0
isterim.

6. Ki mya derS| ne g| rerken sykynty duyan/m. . .. .. ..
7. Kimyaderslerine zevkle girerim..............ccoo v vieennnn,

O

8. Kimya derslerine ayrjlan ders saatinin daha fazla olmasjny
isterim... .

9. Klmyader5| ni (;alybyrken canym sykylyr

10. Kimya konularyny ilgilendiren ginlik olaylar hakkynda
dahafazlabilgi edinmek isterim... .

11. Di°lnce sistemimizi geI|°t|rmede Klmya oéren|m|
ONEMIIdIr... ...

12. Kimya cevremizdeki dodal olaylajn daha iyi
anlabjlmasynda énemlidir ... ..

13. Dersler icinde KlmyaderS| sevimsiz gellr .

14. Kimya konularyyla |Ig||| tartyh maya katylmak bana ca2|p
gelmez...

®

OO 0O O O OO0 OO O OO0OO0O0 3c-ocacoucnrnn
OO0 0O O O OO0 00 O 0000 s5cncv-n-ns
OO0 0 OO0 00O 0000 3c-0<<3i-<-nx
OO0 O O OO0 OO0 O 0000 5. 0us—ueosn

oo 0O o O OO0

15. Caljpma zamanjmyn énemli bir Ksmjny Kimya dersine
ayyrmak ISterML.. ... e e e e

@)
@)
@)
O
@)
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APPENDIX D

BYLYM SEL YPLEM BECERY TESTY

ACIKLAMA: Bu test, Ozellikle Fen ve Matematik derderinizde ve ilerde
Universite gnavlaynda karhynyza gkabilecek karmapyk gibi gorinen problemleri
analiz edebilme kabiliyetinizi ortaya gkarabilmes agjsjndan cok faydalydjr. Bu
test icinde, problemdeki dedi®kenleri tarymlayabilme, hipotez kurma ve
tanymlama, i°lemsel acjklamalar getirebilme, problemin ¢dzUml icin gerekli
incelemelerin tasarlanmag, grafik ¢cizme ve verileri yorumlayabilme kabiliyelerini
Olgebilen sorular bulunmaktadyr. Her soruyu okuduktan sonra kendinizce uygun

secenedi yalnjzca cevap kadydyna i%aretleyiniz.

Bu testin orijinai James R. Okey, Kevin C. Wise ve Joseph C. Burns
tarafyndan geliCtirilmi°tir. Tirkceye cevris ve uyarlamas ise Prof. Dr. Ylker
Ozkan, Prof. Dr. Petek A%%ar ve Prof. Dr. Omer Geban tarafjndan yapjlmyhtyr.

1. Bir basketbol antrendrii, oyuncularyn glcsiiz olmasjndan dolayy maclary
kaybettiklerini di°Unmektedir. Guglerini etkileyen faktorleri araltjrmaya karar
verir. Antrendr, oyuncularyn gucuni etkileyip etkilemedidini 6lcmek icin
aPadydaki dedi’kenlerden hangisini incelemelidir?

a. Her oyuncunun aimjp oldudu gunlik vitamin miktaryry.

b. Gunltk agjrlyk kaldyrma caljp malaryryn miktaryny.

c. Gunltk antreman stresini.

d. Y ukarydakilerin hepsini.
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2. Arabalaryn verimlilidini inceleyen bir araltjrma yapylmaktadjr. Sinanan hipotez,
benzine katylan bir katkj maddesinin arabalaryn verimlilidini artydjdy yolundadyr.
Ayny tip be? arabaya ayny miktarda benzin fakat farklj miktarlarda katky maddesi
konur. Arabaar benzinleri bitinceye kadar ayny yol tzerinde giderler. Daha sonra
her arabaryn ddyjdy mesafe kaydedilir. Bu caljp mada arabalaryn verimlilidi nagl
olgular?

a. Arabalaryn benzinleri bitinceye kadar gecen siire ile.

b. Her araban/n gittidi mesafe ile.

c. Kullarylan benzin miktary ile.

d. Kullanjlan katky maddesinin miktary ile.

3. Bir araba Ureticisi daha ekonomik arabalar yapmak istemektedir. Aratjrmacylar
arabanyn litre baiyna aabilecedi mesafeyi etkileyebilecek dedi®kenleri
araltymaktadjriar. ACadydaki dedi®kenlerden hangisi arabaryn litre bapyna
alabilecedi mesafeyi etkileyebilir?

a. Arabanyn adyrydy.

b. Motorun hacmi.

c. Arabanyn rengi

d. aveb.

4. Ali Bey, evini yjgtmak icin komPularyndan daha cok para 6denmesinin
sebeblerini merak etmektedir. Isjnma giderlerini etkileyen faktorleri araltjrmak
icin bir hipotez kurar. A°adydakilerden hangisi bu araftjrmada gnanmaya uygun
bir hipotez dedildir?

a. BEvin cevresindeki ada¢ sayjsj ne kadar az ise ysjnma gideri o kadar fazladjr.

b. Evde ne kadar ¢cok pencere ve kapj varsa, ysjnma gideri de o kadar fazla olur.

c. Blyuk evlerin ysinma giderleri fazladjr.

d. Isjnma giderleri arttjkca ailenin daha ucuza ysjnma yollary aramas) gerekir.
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5. Fen synyfyndan bir 6drenci sjicaklydyn bakterilerin geli°mesi Uzerindeki etkilerini

araPtyrmaktadyr. Y aptjdy deney sonucunda, 6drenci aladjdaki verileri elde etmi°tir:

Deney odasynyn sycaklydy (°C)

Bakteri kolonilerinin sayysy

5

10
15
25
50
70

0

=
R ONON

A°adjdaki grafiklerden hangisi bu verileri dodru olarak gostermektedir?

12

Kolonilerin 6
sayysy

0 5 10 15 25 50
Sycaklyk(°C)

70

C. A d.
70

60
50
40
Sycakiyk(°C)30)
20

10

0

v

0 3 6 9 12 15
Kolonilerin sayysy

18
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6. Bir polis®efi, arabalaryn hzynyn azaltjlmasj ile wra®maktadyjr. Arabalaryn hzjry
etkileyebilecek bazj faktorler oldudunu diPinmektedir. Surtcllerin ne kadar hyzly
araba kullandyklarynj efadjdaki hipotezlerin hangisiyle sjnayabilir?

a. Daha genc sirtctlerin daha hjzly araba kullanma olag/lydy yiksektir.

b. Kaza yapan arabalar ne kadar biyukse, icindeki insanlaryn yaralanma olag/ljdj o
kadar azdyr.

c. Yollarde ne kadar ¢ok polis ekibi olursa, kaza sayjsj o kadar az olur.

d. Arabalar eskidikce kaza yapma olasjljklary artar.

7. Bir fen gjnyfynda, tekerlek yilzeyi geni®lidginin tekerledin daha kolay
yuvarlanmas) Uzerine etkisi areftjrjlmaktadyjr. Bir oyuncak arabaya geni® ylzeyli
tekerlekler takylyr, once bir rampadan (edik dizlem) &ady bjrakjljr ve daha sonra
diz bir zemin Uzerinde gitmes sadlanjr. Deney, ayry arabaya daha dar yUzeyli
tekerlekler takjlarak tekrarlanjr. Hangi tip tekerledin daha kolay yuvarlandjdy nasyl
olculur?

a. Her deneyde arabaryn gittioi toplam mesafe 6l¢ul Ur.

b. Rampanyn (edik diizlem) edim agysy ol cul Ur.

c. Her iki deneyde kullarylan tekerlek tiplerinin yizey geni®likleri 6l¢ulur.

d. Her iki deneyin sonunda arabanyn adyrljklary 6l¢ll Ur.

8. Bir ciftci daha cok mygjr Uretebilmenin yollarynj aramaktadjr. Mysjrlaryn
miktaryny etkileyen faktorleri araltjrmayy tasarlar. Bu amacla aPadjdaki
hipotezlerden hangisini s/nayabilir?

a. Tarlaya ne kadar cok gubre atyljrsa, o kadar cok mysjr elde edilir.

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

c. Yadmur ne kadar cok yadarsa, gubrenin etkisi o kadar cok olur.

d. Mygr Uretimi arttjkca, Uretim maliyeti de artar.
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9. Bir odaryn tabandan itibaren dediik ylizeylerdeki sicakljklarlailgili bir caljp ma
yapjlmjp ve elde edilen veriler aPadydaki grafikte gosterilmictir. Dedi®kenler
aras/ndaki ili°ki nedir?

A

28
26
Hava Sycaklydy 24
(0
22
[ ]
20

50 100 150 200 250 300
Yukseklik(cm)

a. YUkseklik arttykca sjcakljk azaljr.

b. Y Ukseklik arttjkca sjcakljk artar.

c. Sicaklyk arttyjkca yukseklik azalyr.

d. Yikseklik ile sicakljk artjpyarasynda bir ili°ki yoktur.

10. Ahmet, basketbol topunun icindeki hava arttjkca, topun daha yiksede
sicrayacadyny dicunmektedir. Bu hipotezi araltjrmak icin, birka¢ basketbol topu
aljr ve iclerine farkly miktarda hava pompalar. Ahmet hipotezini nagl sjnamalydyr?
a. Toplary ayny yukseklikten fakat dedicik hzlarla yere vurur.

b. Yclerinde farkly miktarlarda hava olan toplary, aynj yikseklikten yere bjrakyr.

c. Yclerinde aynj miktarlarda hava olan toplarj, zeminle farkly acjlardan yere vurur.

d. Yclerinde aynj miktarlarda hava olan toplary, farkly yiksekliklerden yere byrakir.
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11. Bir tankerden benzin almak icin farkly geni®likte 5 hortum kullarylmaktadyr.
Her hortum icgin aynj pompa kullanjlyr. Yapjlan caljhma sonunda elde edilen
bulgular a®adydaki grafikte gosterilmictir.

A

15

Dakikada 12
pompalanan
benzin miktary 9
(litre)
6

3 .

v

5 10 15 20 25 30 35
Hortumlaryn ¢apy (mm)

Acadydakilerden hangisi dedi®kenler aragndaki ili°kiyi agyklamaktadjr?

a. Hortumun capj geni®ledikce dakikada pompal anan benzin miktary da artar.
b. Dakikada pompalanan benzin miktary arttjkca, daha fazla zaman gerekir.
¢. Hortumun c¢apy kuctildikce dakikada pompalanan benzin miktary da artar.
d. Pompalanan benzin miktary azal djk¢a, hortumun capy geni®ler.

Once aPadjdaki agjklamayy okuyunuz ve daha sonra 12, 13, 14 ve 15 inci sorulary
agyklama kjsmyjndan sonra verilen paragrafj okuyarak cevaplayjnjz

Agiklama: Bir aretjyrmada, badymly dedi®ken birtakym fakttrlere badymly olarak
gdi®im gosteren dedikendir. Badymsjz dedikenler ise badymly dedi®kene etki
eden faktorlerdir. Ornedin, ara’tjrmanjn amacjna gore kimya baCarjsj badjmly bir
dedi®ken olarak aljnabilir ve ona etki edebilecek faktor veya faktorler de badymsjz

dedi®kenler olurlar.

AyPe, gline®in karalary ve denizleri ayry derecede ygjtyp ysjitmadydyny merak
etmektedir. Bir ara®tjrma yapmaya karar verir ve ayry biyuklikte iki kova alyr.
Bunlardan birini toprakla, diderini de su ile doldurur ve aynj miktarda gune® ysjsy
alacak °ekilde bir yere koyar. 8.00 - 18.00 saatleri arasjnda, her saat baby
gicakljklaryny olcer.
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12. ArePtjrmada aladydaki hipotezlerden hangis sjnanmiptyr?

a. Toprak ve su ne kadar ¢cok giine® jhydy alyrlarsa, o kadar ysynyrlar.

b. Toprak ve su giine® atynda ne kadar fazla kaljrlarsa, o kadar cok ysynjriar.
c. Gine® farkly maddeleri farkly derecelerde ysytyr.

d. GUnun farkly saatlerinde gline®in ygjs da farkly olur.

13. ArePtjrmada a®adydaki dedi°kenlerden hangisi kontrol edilmi°tir?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun gicakljay.

c. Kovalara koyulan maddenin tard.

d. Herbir kovaryn gine® altynda kalma slresi.

14. AraPtjrmada badymly dedi°ken hangisidir?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun gcaklyady.

c. Kovalara koyulan maddenin trQ.

d. Herbir kovaryn gine® altynda kalma slresi.

15. AraPtjrmada badymsjz dedi®ken hangisidir?
a. Kovadaki suyun cinsl.

b. Toprak ve suyun gcakljdy.

c. Kovalara koyulan maddenin tard.

d. Herbir kovaryn giine® altjnda kalma siiresi.

16. Can, yedi ayry bahcedeki cimenleri bicmektedir. Cim bicme makinasjyla her
hafta bir bahcedeki cimenleri bicer. Cimenlerin boyu bahcgelere gére farkly olup
bazjlarynda uzun bazjlarynda kysadjr. Cimenlerin boylary ile ilgili hipotezler
kurmayabePlar. A%adydakilerden hangisi gnanmaya uygun bir hipotezdir?
a. Hava sjicakken ¢im bicmek zordur.
b. Bahgeye atjlan gubrenin miktary dnemlidir.
c. Daha cok sulanan bahgedeki cimenler daha uzun olur.
d. Bahcge ne kadar engebeliyse cimenleri kesmek de o kadar zor olur.
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17, 18, 19 ve 20 nci sorulary a”adyda verilen paragrafj okuyarak cevaplayjnjz.

Murat, suyun gicaklydynyn, su icinde c¢Ozinebilecek ©eker miktaryry
etkileyip etkilemedidini araltjrmak ister. Birbirinin ayry dort bardadjn herbirine
50 %r mililitre su koyar. Bardaklardan birisine 0 °C de, diderine de sjrayla 50 °C,
75 °C ve 95 °C gcakljkta su koyar. Daha sonra herbir bardada ¢oziinebilecedi
kadar °eker koyar ve karjhtyryr.

17. Bu ar&’tyrmada gnanan hipotez hangisidir?

a. 2eker ne kadar ¢ok suda karyptjryljrsa o kadar ¢ok ¢ozindr.

b. Ne kadar ¢ok °eker ¢ozlinlrse, su o kadar tatly olur.

c. Sicaklyk ne kadar yiksek olursa, ¢coztinen °ekerin miktary o kadar fazla olur.
d. Kullarylan suyun miktary arttjkca sjcaklydy da artar.

18. Bu ara’tyrmada kontrol edilebilen dedi®ken hangisidir?
a. Her bardakta ¢coziinen °eker miktary.

b. Her bardada konulan su miktary.

c. Bardaklaryn sayys).

d. Suyun sjcakljay.

19. AraPtymanyn badymly dedi®keni hangisidir?
a. Her bardakta ¢ctziinen °eker miktary.

b. Her bardada konulan su miktary.

c. Bardaklaryn sayys.

d. Suyun sjcakljay.

20. ArePtfrmadaki badymsjz dediken hangisidir?
a. Her bardakta ¢ctziinen °eker miktary.
b. Her bardada konulan su miktary.
c. Bardaklaryn sayys).
d. Suyun sjcakljay.
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21. Bir bah¢jvan domates Uretimini artjrmak istemektedir. Dediik birkagc aana
domates tohumu eker. Hipotezi, tohumlar ne kadar cok sulanjrsa, o kadar ¢abuk
filizlenecedidir. Bu hipotezi nasjl gnar?

a. Farkly miktarlarda sulanan tohumlaryn kag giinde filizlenecedine bakar.

b. Her sulamadan bir giin sonra domates bitkisinin boyunu 6l cer.

c. Farklj danlardaki bitkilere verilen su miktaryry olcer.

d. Her alana ektidi tohum sayysjna bakar.

22. Bir bahgjvan tarlasindaki kabaklarda yaprak bitleri gorir. Bu bitleri yok etmek
gereklidir. Karde®i “Kling” adly tozun en iyi bocek ilag oldudunu sdyler. Tarym
uzmanlary ise “Acar” adly spreyin daha etkili oldwunu sdylemektedir. Bahgyvan
aty tane kabak bitkis secer. Ug tanesini tozla, U¢ tanesini de spreyle ilaglar. Bir
hafta sonra her bitkinin Uzerinde kalan canly bitleri sayar. Bu caljp mada bocek
ilaclarynyn etkinlioi nagl olcultr?

a. Kullarjlan toz ya da spreyin miktary 6lculUr.

b. Toz ya da spreyle ilaglandjktan sonra bitkilerin durumlary tespit edilir.

c. Her fidede olutan kabadyn adyrlyoy 6lcll Or.

d. Bitkilerin Gzerinde kalan bitler sayjlyr.

23. Ebru, bir alevin belli bir zaman siiresi icinde meydana getirecedi ysj enerjisi
miktarynj 6lgmek ister. Bir kabjn icine bir litre soduk su koyar ve 10 dakika
siireyle yg/tyr. Ebru, alevin meydana getirdidi ys/ enerjisini nasjl dicer?

a. 10 dakika sonra suyun sicaklydynda meydana gelen dedi°®meyi kaydeder.

b. 10 dakika sonra suyun hacminde meydana gelen dedi®meyi Olger.

c. 10 dakika sonra aevin gjicaklyoyry olcer.

d. Bir litre suyun kaynamasy icin gecen zamary olcer.
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24. Ahmet, buz parcacjklarynjn erime siresini etkileyen faktorleri merak
etmektedir. Buz parcalarynjn biyUkltdd, odanyn gicakljoy ve buz parcalarynyn °ekli
gibi faktorlerin erime sliresini etkileyebilecedini di°lnur. Daha sonra °u hipotezi
gnamaya karar verir: Buz parcaarynyn °ekli erime siresini etkiler. Ahmet bu
hipotezi sjnamak icin aPadydaki deney tasarymlarynjn hangisini uygulamaljdjr?

a. Herbiri farkly °ekil ve &jrljkta be® buz pargas) alynjr. Bunlar ayry sicakljkta
benzer beP kabyn icine ayry ayry konur ve erime stireleri izlenir.

b. Herbiri aynj °ekilde fakat farkly adjrljkta be® buz parcasj alynjr. Bunlar ayny
gicakljkta benzer beP kabyn icine ayry ayry konur ve erime streleri izlenir.

c. Herbiri ayny adjrijkta fakat farkly °ekillerde be® buz pargasy aljryr. Bunlar ayny
gicakljkta benzer be® kabyn icine ayry ayry konur ve erime sreleri izlenir.

d. Herbiri ayny adyrlykta fakat farkly °ekillerde be® buz parcasy aljnyr. Bunlar farkly

gicaklykta benzer beP kabyn icine ayry ayry konur ve erime streleri izlenir.
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25. Bir ara’tyrmacy yeni bir gubreyi denemektedir. Caljp maaryry ayny blyiklikte

be® tarlada yapar. Her tarlaya yeni gibresinden dedi®ik miktarlarda karjptjrjr. Bir

ay sonra, her tarlada yeti®en ¢imenin ortalama boyunu 6lger. Olglim sonuclary

aPadydaki tabloda verilmictir.

Gibre miktary Cimenlerin ortalama boyu
(kg) (cm)
10 7
30 10
50 12
80 14
100 12

Tablodaki verilerin grafidi aladydakilerden hangisidir?

a. b.
A
Cimenlerin
ortalama
boyu
Gibre miktary
c d.

~

Cimenlerin
ortalama
boyu

v

Gubre miktary
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26. Bir biyolog °u hipotezi test etmek ister: Farelere ne kadar ¢ok vitamin verilirse
o kadar hzly buyurler. Biyolog farelerin blyime hyzjny nasjl 6lcebilir?

a. Farelerin hjzjny dlcer.

b. Farelerin, ginlik uyumadan durabildikleri siireyi 6lcer.

c. Herguin fareleri tartar.

d. Herguin farelerin yiyecedi vitaminleri tartar.

27. Odrenciler, °ekerin suda ¢oziinme siresini etkileyebilecek dedikenleri
ductnmektedirler. Suyun sjcakljoyny, °ekerin ve suyun miktarlarynj dedi®ken
olarak saptarlar. Odrenciler, ©ekerin suda c¢Oziinme silresini  aPadjdaki
hipotezlerden hangisiyle synayabilir?

a. Daha fazla °ekeri ¢ozmek icin daha fazla su gereklidir.

b. Su sodudukga, ekeri ¢ozebilmek icin daha fazla karjptjrmak gerekir.

c. Sunekadar sjcaksa, o kadar cok °eker coziinecektir.

d. Su ysjndjkca °eker daha uzun slirede ¢cozinar.

146



28. Bir ara’tyma grubu, dedi®ik hacimli motorlary olan arabalajryn randymanlaryry

Olcer. Elde edilen sonuclaryn garfidi aadydaki gibidir:

r N

30 .
Litre ba%na
alynan mesafe 25
(km)

20

15

[ )
[ ]
10
1 2 3 4 5

Motor hacmi
(litre)

A°adjdakilerden hangisi dedi®kenler aragndaki ili°kiyi gosterir?
a. Motor ne kadar blytkse, bir litre benzinle gidilen mesafe de o kadar uzun olur.
b. Bir litre benzinle gidilen mesafe ne kadar az olursa, arabaryn motoru o kadar

kigUk demektir.
c. Motor kuguldikce, arabaryn bir litre benzinle gidilen mesafe artar.

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

buyuk demektir.

29, 30, 31 ve 32 nci sorulary aadyda verilen paragrafy okuyarak cevaplayyjnjz.

Toprada kanp tyrylan yapraklaryn domates Uretimine etkisi ara®tjrjlmaktadyr.
ArgPtyrmada dort blyik saksjya aynj miktarda ve tipte toprak konulmu°tur. Fakat
birinci saksjdaki torada 15 kg, ikinciye 10 kg., Uc¢lnclye ise 5 kg. ¢lrimi®
yaprak karjptyrylmyptyr. Dordincl saksjdaki toprada ise hi¢ ¢lrimi® yaprak
karjp tyrylmamyptyr.

Daha sonra bu saksjlara domates ekilmi°tir. Bitiin sakg/lar giine®e konmuwP ve ayry
miktarda sulanmiptyr. Her sakgdan eled edilen domates tarfjlmjh ve
kaydedilmictir.
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29. Bu aré’tyrmada gnanan hipotez hangisidir?

a. Bitkiler giine®ten ne kadar ¢ok ypik aljrlarsa, o kadar fazla domates verirler.

b. Saksjlar ne kadar blyuk olursa, kanp tyrylan yaprak miktary o kadar fazla olur.

c. Sakgjlar ne kadar ¢ok sulanjrsa, iclerindeki yapraklar o kadar cabuk ¢urdr.

d. Toprada ne kadar ¢ok cirtk yaprak karjhtyrylyrrsa, o kadar fazla domates elde
edilir.

30. Bu arePtyrmada kontrol edilen dedi®ken hangisidir?
a. Her sakgdan elde edilen domates miktary.

b. Saksjlara karjhtjrylan yaprak miktary.

c. Sakgjlardaki toprak miktary.

d. CUrima® yaprak karjp tyrjlan saksy sayjsy.

31. ArePtyrmadaki badymly dedi®ken hangisidir?
a. Her sakgdan elde edilen domates miktary

b. Saksjlara karjptjrjlan yaprak miktary.

c. Sakgjlardaki toprak miktary.

d. CUrima® yaprak karjp tyrjlan saksy sayjsy.

32. ArePtyrmadaki badymsjz dedi®ken hangisidir?
a. Her sakgdan elde edilen domates miktary.

b. Saksjlara karjptjrjlan yaprak miktary.

c. Sakgjlardaki toprak miktary.

d. CUrimi° yapak karjptjrjlan saksj sayysy.

33. Bir 6drenci myknatydaryn kadjrma yeteneklerini argltjrmaktadyr. CePitli
boylarda ve °ekillerde birkag mjknatys aljr ve her myknatysin cektidi demir
tozlaryny tartar. Bu caljh mada myknatysin kaldyrma yetenedi nag/l tarymlanyr?
a. Kullarjlan myknatjs/n biyukltdu ile.
b. Demir tozalarjny ceken myknatjs/n adyrljdy ile.
c. Kullarylan myknatjs/n °ekli ile.
d. Cekilen demir tozlaryrnyn adyrlydy ile.
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34. Bir hedefe celitli mesafelerden 25 er atyh yapyljr. Her mesafeden yapyjlan 25
atjh tan hedefe isabet edenler aadydaki tabloda gosterilmi©tir.

Mesafe(m) Hedefe vuran aty® sayysy
5 25
15 10
25 10
50 5
100 2

A°agdjdaki grafiklerden hangisi verilen bu verileri en iyi °ekilde yansjtjr?

a.

25
Hedefi bulan
aty® sayysy 20
15
10

5

v

20 40 60 80 100
Hedefe olan uzaklyk

(m)

100 ¢4

Hedefeolan 80

uzaklyk (m)
60
40

20

b.

5

10 15 20
Hedefi bulan

aty° sayysy

25
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15
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4

25
Hedefi bulan
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15
10
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2 5 10 15 25
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v
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35. Sibel, akvaryumdaki baljklarjn bazen c¢ok hareketli bazen ise durgun
olduklaryry gozler. Baljklaryn hareketlilidini  etkileyen faktorleri  merak
eder.Baljklaryn hareketlilidini etkileyen faktorleri hangi hipotezle synayabilir?

a. Baljklara ne kadar ¢cok yem verilirse, o kadar cok yeme ihtiyaglary vardyr.

b. Baljklar ne kadar hareketli olursa o kadar cok yeme ihtiyaclary vardjr.

c. Sudane kadar ok oksijen varsa, baljklar o kadar iri olur.

d. Akvaryum ne kadar ¢ok ypik alyrsa, baljklar o kadar hareketli olur.

36. Murat Bey'in evinde bircok elektrikli aet vardjr. Fazla gelen elektrik
faturalary dikkatini ceker. Kullarjlan elektrik miktarjry etkileyen faktorleri
areltyrmaya karar verir. ACadjdaki dedi°kenlerden hangisi kullarylan elektrik
enerjis miktaryny etkileyebilir?

a. TV nin agjk kaldyay sire.

b. Elektrik sayacjnyn yeri.

c¢. Camapyr makinesinin kullanma gklyady.

d. avec.
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APPENDIX E

OPRENME STYLLERY ENVANTERY

Y 6ner ge: Bu envanterin amacy 6drenme stilinizi belirlemektir. A°adyda her birinde
dorder cimle bulunan on iki tane durum verilmektedir. Her durum icin size en
uygun ciimleyi 4, ikinci uygun olary 3, Gc¢lnci uygun olary 2, en az uygun olary ise
1 olarak ilgili cimlenin bayynda bjrakylan boPluda yaznjz. TePekkir ederim.

Ornek: Hatyrlamanyz icin:
Odrenirken _4 _mutluyum. 4 —enuygun olan
_1 hyzlyyym. 3 —ikinci uygun olan
2 mantyklyyym. 2 — Ui¢lincl uygun olan
3 dikkatliyim. 1 —en az uygun olan
1. Odrenirken 7. Eniyi

--- duygularjmy gz 6niine almaktan ho®lanjrjm.
--- izlemekten ve dinlemekten ho®lanjrym.

--- fikirler Gizerine diPlinmekten ho®lanjrym.

--- birceyler yapmaktan ho®lanjrjm.

--- ki%sel ili°kilerden 6drenirim.

--- gbzlemlerden Gdrenirim.

--- akjlcy kuramlardan 6drenirim.

--- uygulamave denemel erden 6drenirim.

2. Eniyi

--- duygularjmave 6nsezil erime giivendidimde 6drenirim.
--- dikkatlicedinledidim ve izledidimde 6drenirim.

--- mantjksal diPinmeyi temel aldjdymda 6drenirim.

--- bir%yler elde etmek i¢in ¢ok caljp tydymda ddrenirim.

8.  Odrenirken

--- ki®sel olarak o i®inbir pargasy olurum.

--- i°leri yapmak icin acele etmem.

--- kuram ve fikirlerden ho®lanjrjm.

--- ¢aljp mamdaki sonuclary gérmekten hoClanjrym.

3. Odrenirken

--- guicl i duygu vetepkilerle dolu olurum.
--- sessiz ve gekingen olurum.

--- sonuglary bulmayayoénelirim.

--- yapjlanlardan sorumlu olurum.

9. Eniyi

--- duygularyjmadayandyjdym zaman ddrenirim.
--- gbzlemlerime dayandydjm zaman 6drenirim.
--- fikirlerime dayandyjdjm zaman 6drenirim.

--- 60rendiklerimi uyguladjdjm zaman 6drenirim.

4. Odrenirken
--- duygularymla édrenirim.

10. Odrenirken
--- kabul eden biriyim.

--- izleyerek ddrenirim. --- gekingen biriyim.
--- diPUinerek 6drenirim. --- akylcy biriyim.

--- yaparak ddrenirim. --- sorumlu biriyim.
5. Odrenirken 11.  Odrenirken

--- yeni deneyimlere agk olurum.
--- konunun her yoniine bakarjm.

--- analiz etmekten ve onlary parcal araay jrmaktan hoClanjrjm.

--- denemekten ho®lanjrjm.

--- katyljrjm.

--- gozlemekten ho®lanjrjm.
--- dederlendiririm.

--- aktif olmaktan ho®lanjrjm.

6. Odrenirken
--- sezgisel biriyim.
--- gozleyen biriyim.
--- mantjkly biriyim.
--- hareketli biriyim

12. Eniyi

--- akjlcy ve agik fikirli oldudum zaman édrenirim.
--- dikkatli olduéum zaman 6drenirim.

--- fikirleri analiz ettidim zaman Gdrenirim.

--- pratik oldudum zaman 6drenirim.
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APPENDIX F

AN EXAMPLE OF A LESSON ON RELATIONSHIP OF VOLUME AND

TEMPERATURE

Introduction

Teacher: Last lesson you learned the properties of gases such as no definite
volume and shape, also their property to fill completely the space in the container
in which they are present because of their intrinsic and continuous motion. You
also learned that gas particles, when compared with those of liquids and solids, are
relatively far apart from one another. You learned P-V relationship and you had
an assignment to investigate: Is there a relationship between breathing and
Boyle's law?

(Students explained what they learned regarding the assignment question. At the
end of the discussion teacher explained the answer of the question and continued
to the lesson.)

In this lesson you will learn about the redtionship between volume and

temperature.
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Dissatisfaction

Teacher: You know that the matter can exist in three states: solid, liquid and gas
state. For example ice, water and vapor. You know that you can obtain water by
heating ice. If you continue heating, the water evaporates and passes to vapor
form. Now, consider what would happen to gas if you continued heating?

(Some students explained that gas molecules expand, other students explained that

molecules stay away from the heat and go far to the heat source.)

Teacher: Okay, you have different answers and you do not aggree on an idea. Let
you see the flask connected with a balloon. Observe carrefully what happens to
the balloon when the flask is heated?

(The teacher performed demonstration. Students saw that the balloon expanded.)

Teacher again asked: What happened to the gas molecules after heating? Is there
any change in the molecule size or shape?
Some students again claimed that the molecules got bigger and because of this the

balloon expanded.

Teacher: You know, the human body is also made of atoms and molecules. If
your argument is correct than we should shrink or get smaler when the weather
gets colder, and we should expand or get bigger when the weather gets hotter.
Atoms and molecules do not change their size or shape with temperature, volume,
and pressure changes. Okay, how say me what is the reason of volume expansion?
(The teacher guided discussion until students realized that there may be change in

the distance between gas molecules.)
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Teacher: You know the fact that gases distribute evenly even after evacuation of
some gas from the flask. The reason of the balloon expansion is the even
distribution of gas molecules. In the present experiment the balloon had space to
be filled by gas molecules. After heating gas molecules filled the balloon and
balloon inflated. Could you compare the distance between gas molecules before
and after heating?

(Students stated that molecules after heating went far from one another.)

Teacher: Okay, the distance between molecules increased. However, it is not clear
why after heating the intermolecular distance increased. Could you explain why
molecules went away from each other?

(The discussion continued until students stated that heating the gas increased the
energy of the molecules. Then the teacher started to explain the relationship
between volume and temperature on the basis of kinetic molecular theory

postul ates.)

Intelligibility

Teacher: Charles law describes the direct relationship of temperature and volume
of a gas. Increasing temperature causes increase in the volume. To explain why
this happens, let’s explore temperature and volume in terms of kinetic molecular
theory. The molecules move in different directions at different speeds and they
have an average amount of energy. This average amount of energy is the
temperature of the gas. Increasing temperature increases the energy of the gas

molecules, the molecules start to move faster and the frequency of collisions
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among molecules and between molecules and container increases. The gas
molecules will move until they impact another molecule or the container. Increase
in molecular motion causes the molecules to hit the sides of the container more
often and with more force making the balloon expand. The volume of the balloon
will expand until pressure inside the container become equal to the outside
pressure. Cooling the gas would have the inverse effect, making the balloon
smaller.

(The teacher also solved quantitative questions requiring the application of

. \ R
Charles law equation of —L =—2)
L P

Plausibility
The teacher continued by giving examples from daily life situations, which
indicated the volume and temperature relationship. In this way the teacher

advanced the acquisition of the V-T relationship.

Teacher: You can see the volume and temperature relationship in the reactions in
which gases are produced suddenly with accompanying release of energy. In such
reactions explosions occur. This explains how gunpowder propels bullets, and it
explains the force produced by rocked fuel. For example, a typical rocked reaction
isas:

2N 2Hg() + N204(g) ® 4H Zo(g) + 3N2(g)

In such reactions large amounts of gas are produced. Notice the relatively large
number of moles of gas produced. Considering volume and temperature

relationship you also can explain why deodorant container should not be left in the
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sun. Is there anyone who wants to explain the danger of leaving the deodorant
container in the sun?

The teacher gave students opportunity to express their ideas related to the answer
of the question. In this way the teacher provided opportunity students to test the

usefulness of the new conception.

Fruitfulness
At the end of the lesson teacher assigned homework which requires the

application of the new conceptions to the new situations.

Teacher: Okay, | think that you are ready to investigate a new problem: explain
how a hot-air balloon rises? This is your homework. We will discuss your answers

on this assignment next lesson.
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APPENDIX G

COMPRESSIBILITY OF GASES

Figure G.1 Syringe filled with air before compression.

Figure G.2 Syringe filled with air after compression.

Figure G.3 Incompressibility of a solid.
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APPENDIX H

A GASEXPANDSTO FILL THE CONTAINER

Figure H.1 Flask with solid iodine before heating.

Figure H.2 When iodine was heated it passed to gaseous form and filled flask.
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APPENDIX |

GASVOLUME CHANGESWITH TEMPERATURE

Figurel.l Flask filled with air before Figurel.2 Flask filled with air aft
hesting. heating: the balloon inflated.
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APPENDIX J

WHAT HAPPENSTO THE BALLOONSFILLED WITH Hz AND N,?
A MATTER OF DENSITY

‘

Figure J.1 Balloon filled with hydrogen rose when balloon filled with nitrogen
fell to the floor.
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APPENDIX K

RELATION BETWEEN TEMPERATURE AND PRESSURE

FigureK.1 Mercury levels of the manometer are equal before heating.
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FigureK.2 Mercury levels of the manometer are not equal after heating.
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APPENDIX L

RELATION BETWEEN PRESSURE AND AMOUNT

FigureL.1 Mercury levels of the manometer are equal before adding air.
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FigureL.2 Mercury levels of the manometer are not equal after evacuating some

amount of air.
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FigureL.3 Mercury levels of the manometer are not equal after adding some

amount of air.
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APPENDIX M

DIFFUSION OF GASES

Figure M .1 Before connecting flasks filled with NH3; and HCI.

Figure M.2 At the beginning of the connection of the flasks filled with NHz and
HCI.

Figure M .3 NH3 and HCI gases diffused with different rates and reaction occured
close to the gas with higher molecular weight.
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