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ABSTRACT

IMPLEMENTATION OF CONCEPTUAL CHANGE ORIENTED INSTRUCTION
USING HANDS ON ACTIVITIES ON TENTH GRADE STUDENTS’
UNDERSTANDING OF GASES CONCEPTS

Ipek, Inciser

M.S., Department of Secondary Science and Mathematics Education
Supervisor: Assist. Prof. Dr. Esen Uzuntiryaki
February 2007, 111 pages

The purpose of this study was to compare the effectiveness of the conceptual
change oriented instruction using hands-on activities and traditionally designed
chemistry instruction on 10™ grade students’ understanding of gases concept. Also,
the effect of instruction on students’ attitude toward chemistry as a school subject
was investigated. The sample of the study consisted of 59 tenth grade students from
two chemistry classes in a public high school. This study was conducted during the
2006-2007 fall semester. The classes were randomly assigned as control and
experimental groups. Students in the control group were instructed by traditionally
designed chemistry instruction whereas students in the experimental group were
instructed by the conceptual change oriented instruction accompanied with hands-on
activities. 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 to determine their attitudes toward chemistry,
respectively. Science Process Skills Test was given only at the beginning of the

instruction to determine students’ science process skills.

v



The hypotheses were tested by using multivariate analysis of variance
(MANOVA). The post-test results showed that conceptual change oriented
instruction using hands-on activities caused a significantly better acquisition of
scientific conceptions related to gases concept. But it was found that treatment has

no significant effect on students’ attitudes toward chemistry as a school subject.

Keywords: Conceptual Change Approach, Gases, Hands-on, Misconceptions,

Attitude toward Chemistry
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BASIT ARACLARLA OGRENMEYE DAYALI KAVRAMSAL DEGISIM
METODUNUN 10. SINIFTA GAZLAR KONUSUNDA UYGULANMASI

Ipek, Inciser

Yiiksek Lisans, Orta Ogretim Fen ve Matematik Alanlar1 Egitimi Boliimii
Tez Yoneticisi: Yard. Dog. Dr. Esen Uzuntiryaki
Subat 2007, 111 sayfa

Bu caligmanin amaci basit araglarla yaparak 6grenmeye dayali kavramsal
degisim metodunun onuncu sinif 6grencilerinin gazlarla ilgili kavramlari
anlamalarina etkisini geleneksel yontem ile karsilastirmaktir. Ayrica bu yontemin

ogrencilerin kimya dersine yonelik tutumlarina etkisi de arastirilmistir.

Caligsma, 2006-2007 giiz doneminde bir devlet lisesinde gergeklestirilmistir.
Calismaya ayn1 6gretmenin iki ayr1 onuncu sinifindaki 59 6grenci katilmistir.
Siiflar rasgele deney grubu ve kontrol grubu olarak se¢ilmis; deney grubunda basit
araclarla 6grenmeye dayali kavramsal degisim metodu, kontrol grubunda ise
geleneksel yontem ile ders islenmistir. Ogrencilerin gazlarla ilgili kavramlar1 anlama
diizeylerini belirlemek i¢in Gazlar Kavram Testi her iki gruba 6n-test ve son-test
olarak uygulanmistir. Ayrica 6grencilerin kimya dersine yonelik tutumlarini ve
bilimsel islem becerilerini belirlemek amactyla sirastyla Kimya Dersi Tutum Olgegi
ve Bilimsel iglem Beceri testi ¢aligmanin basinda her iki gruba da uygulanmustir.
Daha sonra kavramsal degisim metodunun 6grencilerin kimya dersine karsi
tutumlarina etkisini 6l¢gmek amaciyla Kimya dersi tutum 6lg¢egi her iki gruba da son-

test olarak verilmistir.
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Arastirmanin hipotezleri ¢ok degiskenli varyans analizi (MANOVA)
kullanilarak test edilmistir. Sonuglar basit araglarla 6grenmeye dayali kavramsal
degisim metodunun gazlarla ilgili kavramlarin anlagilmasinda daha etkili oldugunu
gostermistir. Ancak kavramsal degisim metodunun dgrencilerin kimya dersine

yonelik tutumlarina kars1 anlamli bir etkisi bulunmamustir.

Anahtar Kelimeler: Kavramsal Degisim metodu, Gazlar, basit araglarla yaparak

ogrenme, Kavram Yanilgisi, Kimyaya Yonelik Tutum
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CHAPTER 1

INTRODUCTION

In current educational system, students are coming to classes to be taught and
teachers to teach. However, learning occurs through the individual’s own
construction, it cannot be realized by a teacher (Nieswandt, 2001; Driscoll, 1994).
Within this constructivist perspective, learning is an active process in which
knowledge is constructed by a learner through the combination of new information
with existing ideas (Hewson & Hewson, 1984). Existing ideas are known as prior
knowledge of a learner (Teichert & Stacy, 2002). Ausubel in 1968 emphasized the
importance of prior knowledge by the words “The most important single factor
influencing learning is what the learner already knows. Ascertain this and teach

accordingly”.

When relating new knowledge with existing ideas, some students can shape
the knowledge differently in their minds from the scientific conceptions, although
the same teacher teaches all the students. Such conceptions that are inconsistent with

the accepted scientific conceptions are defined as misconceptions (Schmidt, 1997).

Students have several misconceptions in chemistry due to its highly abstract
and complex concepts (Nurrenbern & Pickering, 1987). Many researchers have
suggested that students have problems with understanding abstract, invisible and
higher hierarchical levels of science concepts (Brown, 1993; Murray, Schultz,
Brown & Clement, 1990; Gabel, Samuel & Hunn, 1987). Nakhleh (1992) concluded
that some students could not construct their own chemistry concepts at the beginning

of learning, for that reason they become unsuccessful. Moreover, even after the



formal instruction of chemistry concepts, they still hold some misconceptions

(Abraham, Grzybowsky, Renner & Marek, 1992).

The gases concept in chemistry is another abstract topic where students hold
misconceptions. Understanding gases concept scientifically will provide them to
understand the reasons of why everyday things behave as they do. For example how
we breathe, why automobile tire deflates in cold weathers, how hot air balloons flies,
how air bags save our lives etc. can be all explained by the behaviour of the gases.
Unfortunately most of the studies in science education show that students are unable
to understand behaviour of gases due to its invisibility and because it requires to
understand the concept in molecular level (Novick & Nussbaum, 1981; Benson,

Wittrock & Baur, 1993; Hwang, 1995 Brook, Briggs & Driver, 2003).

If the students build the knowledge in a wrong way then further learning will
be influenced negatively and meaningful understanding of scientific conceptions be
hindered (Nakhleh, 1992). This concern and the importance of gases in our lives
have encouraged the researcher to investigate students’ conceptual science
knowledge in behavior of gases. However, these misconceptions cannot be changed
into scientific phenomena by only presenting a new concept or telling the learners
that their views are inaccurate. Adding new knowledge will not change the students
existing wrong ideas. If a student does not resolve the contradiction between what he
believes and what the scientific concept says, then learning does not come true. Then

what should be done to change the existing wrong ideas?

According to Gabel, Sherwood and Enochs (1984) one way of helping
students to overcome their misconceptions in chemistry is that make them first
understand the chemical concepts qualitatively before they are presented
quantitatively. At this situation conceptual change instruction will remediate the ill
(having misconceptions) students. Conceptual change model, developed by Posner,
Strike, Hewson and Gertzog (1982) says that in order to change misconceptions to
scientific conceptions first student be dissatisfied about his wrong conceptions. Then

new phenomena should be present in a way that students give it a meaning by



connecting it with existing ideas, which Posner et al. (1982) called this stage as
intelligibility. Students will refuse to learn the knowledge if it does not make any
sense to his life. Teachers often hear “Why do I have to know this information and
how will I ever use it in the future” kind of questions from students at lessons.
Therefore, to settle down the new phenomena, student must satisfy by seeing the
plausibility of the knowledge and the new concept must be fruitful to be able to use it

for the further situations.

Hands-on activities are one of the effective conceptual change tools in
science education (Weaver, 1998). Students sometimes smothered in science content
that science lessons are highly theoretical and abstract. Therefore hands-on activities
may provide students’ bridge from the abstract to the concrete applicable science. In

this sense hands-on activities may help to student’s satisfaction (p. 16-18).

By this context, the main aim of the present study was to investigate the
effectiveness of conceptual change oriented instruction fostered by hands-on

activities over traditional instruction on gases concepts.



CHAPTER 11

REVIEW OF THE RELATED LITERATURE

Current chemistry instruction focuses on the subjects that are discrete
knowledge pieces without consistent integration across concepts. As a result in
instruction the emphasis is on the fragmented acquisition of knowledge and
algorithms rather than development of integrated knowledge (Claesgens, Scalise,
Draney, Wilson & Stacey, 2002). Also Harding and Donaldson (1986) criticised that
chemistry education was so idealized and abstract that it was divorced from reality.
As a result, if the goal of chemistry instruction is to have students both solve
conceptual and algorithmic problems then the approach for the chemistry instruction
must change (Phelps, 1996). According to Hesse and Anderson (1992), Driver et al.
(1994) and Bodner (1991) traditional chemistry instruction does not promote that

kind of conceptual understanding in most students.

On this base, this chapter consists of previous and current research studies
related to theoretical and empirical background of this study. Related current and
past studies that take place in this part are about misconceptions, misconceptions in
gases subject, constructivism and conceptual change approach, hands-on teaching

and students’ attitude and its relation with achievement.
2.1 Misconception
Knowledge is the result of a constructive activity and cannot simply be

transferred to a passive receiver. Knowledge has to be built up by each individual

and all knowledge must be socially constructed based on the learner’s existing



knowledge and experiences (von Glasersfeld, 1993). These existing knowledge or
prior conceptions may differ substantionally from the ideas to be taught and these
conceptions influence further learning which are resistant to change. Therefore,
many research studies have done to identify the students’ informal ideas about
scientific phenomena. Students’ conceptions that are inconsistent with the accepted

scientific concepts have been defined by various terms:

* alternative conceptions ( Hewson & Hewson,1989)

e alternative frameworks (Driver & Easley, 1978)

e children’ science (Gilbert, Osborne & Fensham, 1982)
* intuitive beliefs (McCloskey, 1983)

* spontaneous reasoning (Viennot ,1979),

* naive beliefs ( Caramazza, Mc Closkey & Green ,1981)
* preconceptions (Anderson & Smith ,1983)

* misconceptions (Nakhleh, 1992; Schmidt, 1997)

These terms all contain the common meaning that ideas that are inconsistent
with the scientific knowledge however they differ in some way. For example
children’s science indicates children’s informal beliefs about everyday world prior to
formal science instruction. Preconceptions also refer to ideas formed before formal
instruction but it need not be always non-scientific (Teichert & Stacy, 2002). As
similar, alternative frameworks express the informal ideas before instruction.
However it refers to the interpretations arising from students’ personal experience of
everyday world. Prior ideas before instruction have important role in learning
because students don’t enter science classes as empty vessels waiting to be filled
with knowledge. Rather, they enter school and science classes with well-established
ideas with how and why everyday things behave as they do (Posner et al., 1982;
Resnik, 1983; Palmer, 1999). On the other hand, misconceptions can be formed
during instruction. Misconceptions are defined as the ideas formed as a result of
incorrectly assimilation of formal models or theories (Driver & Easley, 1978). Later
Smith, diSessa and Roschelle (1993) describe misconceptions as “ students’ efforts

to extend existing useful conceptions to instructional contexts”.



The characteristics of misconceptions were identified by Champagne,
Gunstone and Klopfer (1983); West and Pines (1985) and Osborne and Wittrock
(1985) as following:

* Children have ideas and views concerning many science topics before formal
education.

* These naive and explanatory preconceptions are often different in significant
ways from scientists' views, but are sensible and useful to the children.

* Children's preconceptions often show remarkable consistency across diverse
population. They influence children's understanding of the scientific
conceptions presented by their teachers and who are frequently unaware of
the existence of such views.

* Preconceptions are remarkably resistant to change by traditional instructional
methods. These students' views may remain uninfluenced, or be influenced in

unexpected ways, by science teaching.

Children interact with their environment and they make sense of the world
around them by using their experiences. However, all experiences do not always lead
to scientific explanation about how things work which cause misconceptions. For
example, Herron (1996) argued that meanings of the same words are different in
chemistry and everyday life. In other words, chemistry languages have meaning only

in chemistry contexts; students cannot link the chemistry terms with real world.

Traditional instruction and teachers’ own misconceptions also result in
students’ misconceptions (Westbrook & Marek, 1992). In addition, some
problematic representations shown in textbooks are the other source of
misconceptions. For instance, when concrete scientific models are used for
explaining abstract concepts, students only learn the presented models but not the
concepts (Renner & Marek, 1988; Stepans, 1991). Research studies, which have
been done over the past 20 years, indicated that students’ ideas have been influenced
by

* daily experiences and observations



* everyday language

e textbooks

* traditional teaching methods

* using symbolic representations

* making analogies

* teachers’ explanations etc. which are the main sources of
misconceptions (Wandersee, Mintzes, & Novak, 1994; Prieto, Watson

& Dillon, 1992; Haidar & Abraham, 1991; Taber, 1995).

According to Chi and Roscoe (2002) preconceptions can be easily and readily
revised through instruction but misconceptions are highly resistant to change.
Research on misconceptions covers all grade level of students and even teachers.
Also, it was found that the age of the samples having misconceptions have ranged
from lower-level elementary students to university students (Nussbaum & Novak,
1976; Benson et al., 1993). Furthermore in their research Lin and Cheng (2000)
found that teachers and students hold similar misconceptions. These findings were
supported by Champagne et al. (1983) stating that misconceptions in science
instruction do not depend on the ages, ability, gender and cultural status. They claim
that the naive description and explanatory systems show remarkable consistency

across diverse populations, irrespective of age, ability, or nationality.

Students' misconceptions have been studied for many chemistry topics. In
chemistry instruction subjects must be instructed considering both the macroscopic
level (observable view of concept), and the microscopic level (the molecular view)
(Claesgens et al., 2002) since confusion of macroscopic and microscopic properties
are the main sources of the misconceptions in chemistry (Hesse & Anderson, 1992;
Griffiths & Preston 1992). Some of the chemistry topics that students have
misconceptions included heat and temperature (Erickson, 1979; Anderson, 1986;
Stavy & Avrams, 1990); structure of atom (Ben-Zvi, Eylon & Siberstein, 1986);
matter and its phases, the particle theory of matter (Haidar & Abraham, 1991;
Griffiths & Preston, 1992; Lee, Eichinger, Anderson, Berkheimer & Blakeslee,



1993; Fellows, 1994; Ginns & Walter, 1995). Gases subject in chemistry is another

abstract topic that students hold misconceptions.
2.2 Misconceptions about gases

At schools students learn the gases concept at primary, middle and high
school levels. For that reason this topic is an important issue throughout the school
curriculum. Furthermore gases are in all part of our lives. To inflate a bicycle or
automobile tire, to measure the barometric pressure, to fly the hot-air balloon even
breathing we need to understand the behaviour of the gases. However, in all levels
students encounter serious problems with the scientific understanding of the
behaviour of gases due to its invisibility compared to other concepts in chemistry
(Stavy, 1988). Similarly, many researches have suggested that students have
difficulty in developing abstract, invisible, process and higher hierarchical levels of

science concepts (Brown, 1993; She, 2002).

In order to understand how students develop gas concepts, Stavy (1988)
studied with students from 4™ grade (aged 9-10 years) to 9" grade (aged 14-15
years). Each group involved 20 students and all of them were interviewed
independently while being shown materials and processes such as gas escaping from
CO; cartridge and a cup of soda water. The concept of gas was introduced in the fifth
grade only at the level of evaporation of the liquid water and in the seventh grade;
three states of matter and the properties of gases such as volume, weight and the
particulate nature were taught. All students were asked whether the weight of the
system changed after gas escaping from a CO; cartridge and from a soda water. They
were also asked to define the term gas. The results showed that students hold
multiple views. Their ideas were not consistent and might change when the case
changed, until grade level seven. For example, they thought that gas has no weight
when CO; gas escaping from soda water but, they also thought the same gas has
weight but lighter when it was in a cartridge. He explained this inconsistency, as
young students tend to use irrelevant bits of knowledge. Students also could not

develop a general idea of gas prior to learning. After instruction about the states of



matter and the particulate theory of matter in seventh grade, they could only apply
this knowledge in the ninth grade.

Benson et al. (1993) also investigated common misconceptions related to the
nature of gases on 1098 students from elementary to university chemistry students
by using clinical interview technique and case study developed by Novick and
Nussbaum in 1978 and 1982. For the elementary, junior high, senior high students,
demonstration was performed to detect students’ pre-existing ideas. In the
demonstration two identical airtight flasks were used. One of them was filled with
room air (1 atm of pressure) and from the second flask half of the air had been
removed (0.5 atm of pressure) with a syringe. Then all the students were asked to
draw the sketches of the air in these flasks. The drawings with straight or wavy lines
were classified as continuous (a representation of visible liquid behaviour) and the
drawings that contained discrete dots, circles were included in the particulate
drawings. At the end of the research, misconceptions found related to nature of gas
were as follows:

- air is a continuous ( non particulate ) substance

- gas behaviour is similar to liquid behaviour ( unlike the idea that gases
expand to fill their containers)

- there is relatively little space between gas particles
After the chi-square analysis the researcher claimed that there is a negative

relationship between misconceptions and grade level.

It was found that even after instruction, the students might hold
misconceptions. Hwang (1995) investigated students’ understanding the concept of
gas volume of in junior high, senior high and university students. Students were
applied two tests related to volume of gas and particulate nature of gas respectively
after they had studied the topic of gas concept. Students thought that;

* volume of a gas is the size of a particle
* the volumes of different gases are proportional to their particle numbers in a
container

* two —liter gas can not be placed in one-liter container.



The researcher found that although the students had studied the gas volume concept,
they still have some misconceptions. Also, like Benson’s et al. study, as the students’

grade levels increased their misconceptions decreased.

Brook et al. (2003) studied students’ initial knowledge on gases concept at
the upper secondary school level (15 years old, 10" grade) by using both quantitative
and qualitative approach. As a quantitative approach 90 students were administered a
questionnaire before and after the instruction on gases. It was found that students had
such misconceptions:

- gas has a mass is not obvious for the students

- “gases occupies all the space ““ is not a part of the initial knowledge

- students use macroscopic level for representing gas, they draw gas like a

continuous whole. (e.g football)

The qualitative approach involves making a case study. To investigate the changes of
students’ knowledge, questionnaires and interviews were made on six students.
Before the instruction students thought that quantity and volume are the same thing.
They also thought that air did not exert the same pressure in different directions. At
the end of the instruction, they changed their ideas that quantity does not vary like

volume and air exerts the same pressure in all directions.

Another study related to students’ understanding of the gases concept was
done by de Berg in 1995. He examined the students understanding of the relation
between pressure and volume of compressed air in a syringe. The sample was 101,
17-18 year old college students. He asked about a diagram, which include a syringe
before and after compression. Most of the students answered correctly that after
compression the volume decreased. On the other hand, some of the students (% 25)
answered that volume did not change, because any air escaped. Séré (1985)
explained this situation, based on his study with 11-12 year old students that they

relate volume with the amount of gas.

Students also have problems with uniformity of gas mixtures. Cho, Park and

Choi, (2000) did their research on 11" grade high school students’ conceptions on

10



kinetic theory of gases. The data were collected through semi-structured and
participant observations on 3 male students by a case study and in depth interviews
with 12 students who are high, intermediate and low in achievement score in order to
determine the relationship between academic achievement of students and
conceptual change learning. The students were instructed by cooperative learning
method. Before the instruction students thought that
- the massive component will sink and lighter air will raise up in a sealed flask
- oxygen and nitrogen occupy different spaces in a flask because it has fixed
volume, but in a balloon gases mixed together because it is translatable freely
- gases occupy different spaces according to their molecular weights
- smaller molecular weight gases diffuse more slowly
- molecular motion of gases stop at an ending point in the diffusion
- pure substance approximates ideal gases more than compound does
- ratio of volume and molar number was proportional to each other for gases
mixture in vessel
After the instruction they still had misconceptions on the uniformity of gases
mixture, but they could explain the motion of gases with a kinetic energy and they
also realized that mixture of gases had a constant average kinetic energy. As a result,

the students confused experimental knowledge with scientific knowledge.

Another difficulty of students’ is related to conservation of mass. Mas, Perez
and Harris (1987) did their research at 12 schools to 1198 students whose ages
ranged from 12 years to 18 years. The students were applied two questionnaires
consisting of 4 questions each. Questionnaire 1 involves the experiment of total
vaporization of a liquid in a closed container. Students were asked about the
conservation of substances, of weight, of mass and the risen of gases. In
questionnaire 2 students were expected to predict the weights of various substances
in a chemical process in which disappearance of material due to the involvement of
gases exists. After the chi-square analysis the results indicate that although students
could perceive the idea of conservation of substances, they have problems with the
weight and mass conservation. Also students believed that liquids have lost mass

when they vaporized and this is the reason why gases rise. The results found in
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questionnaire 2 showed that the percentage of wrong answers become higher when
the amount of material transformed to gases increases. As a summary, three of four
adolescents do not accept the principle of conservation of mass when gases are

reagents or products.

As well as students, teachers may have misconceptions about gases concept.

For example, Lin et al. (2000) studied with both students and teachers. They focused
on the application of gas laws in practical situations instead of mathematical
calculations. He used 119, 11™ grade students and 36 high school chemistry teachers
in his research. A qualitative 4 item open-ended, pencil and paper test was applied to
both students and teachers. It was asked to predict the result of demonstrations and to
draw a diagram. Item 1 and 2 were related to Boyle’s law and item 3 was associated
with Charle’s law. For the last item, only students were asked to draw the molecular
behaviour of gas mixture after heated. The results showed that both students and
teachers had common misuse of PV=nRT formula and also students had failure in
distinguishing between “system” and “surrounding”. Furthermore, the study revealed
three major misconceptions of kinetic theory of gases:

- atmospheric pressure pushes gas molecules down

- gas molecules rise and stay away from heat

- molecules expands when they are heated.
Finally, analysis of the teachers’ responses revealed that teachers and students hold

similar conceptions of gases.

According to research studies, students perform better in algorithmic
problems compared to conceptual problems in gases concept. Sawyer (1990)
investigated if the ability to solve problems was equivalent to understanding the
molecular concepts. In addition, she studied student success on conceptual versus
numerical problems. She applied a test to freshman chemistry students taken general
chemistry course. The test questions consisted of stoichiometry problems (used as a
first examination) and gas law problems (used as a second examination). The
questions were appeared as a traditional and concept questions for both of the

subjects. As a result, she found that even the best numerical problem solvers

12



performed poorly on the concept questions. According to her, teachers should give
attention to both qualitative and quantitative nature of chemistry. Similarly, Nakhleh
and Mitchell (1993) also focused on students’ achievement in conceptual and
algorithmic problems on gas laws and found higher achievement in algorithmic

problems than conceptual problems.

The findings in the related literature indicate that because of more emphasis
has been placed on the quantitative knowledge compared to qualitative knowledge at
chemistry classes, misconceptions still exist after instruction even after becoming a
teacher. In addition, these misconceptions and students’ understanding have been
shown to be robust to typical science instruction (Driver, Guesne & Tiberghien,

1985).

As a result, many researches try to find a way to understand how students
change their misconceptions into scientific conceptions. Research studies have
shown that using traditional textbook and lecture method make students passive
receivers, also students are unable to integrate facts and formulas when they are
taught traditionally. For that reason, this kind of instruction does not promote
conceptual understanding in most students, so it is not the effective way to teach
(Dykstra, Boyle & Monarch, 1992; Yager, 1991). Therefore researches develop
different teaching strategies that provide scientific conceptual understanding in
students. These strategies are based on constructivist learning approach (Osborne &
Wittrock, 1983, 1985) and Ausubelian assimilation theory of learning (Ausubel,
Novak, & Hanesian, 1978; Novak, 1977; Novak & Gowin, 1984). In this study,
conceptual change model proposed by Posner et al. (1982), which is based on

constructivist approach, was used.
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2.3 Constructivism

How human beings learn about the events occuring around has fascinated
philosophers and educators and the term “constructivism” rises. Constructivist
approach proposes an explanation for the nature of knowledge and how human

beings learn (Richardson, 1997; Wu & Tsai, 2005).

Von Glasersfeld (1993) indicates that the source of knowledge is the real
world and we give viable and useful meanings to objects and events to explain the
real world. The cognition can be adaptable and enables learner to construct viable
explanations of experiences by making sense of the world outside in a subjective
way. So, the knowledge to be useful and viable, it need not be reflect the world as it
really is because the mind construct the knowledge rather than facsimile the reality

(Von Glasersfeld, 1995).

In learning, “students construct personal meaning of the subject matter
through their interactions with the physical and social world. It is the student who
must make sense out of the experinces” (Chiappetta & Koballa, 2002). Therefore
knowledge cannot be received passively but can be built up actively by the cognizing
subject (Von Glasersfeld, 1990). Piaget’s learning theory suggests that human beings
started from childhood as “active meaning-makers’ rather than passive “recipients”
of knowledge. In other words, knowledge cannot be transferred from teachers to the
head of the students, rather students construct their own meanings by making links
with existing ideas through senses such as seeing, hearing, touching, smelling, and

tasting (Pines & West, 1986; Tobin, 1990).

Therefore, learning is a process of knowledge construction and occurs by
changing and organizing cognitive structure. Learning may take place by changing
person's conceptions rather than simply adding new knowledge to what is already
there. In this sense, learning takes place when the learners’ existing ideas change
either by addition of new knowledge or reorganization of what is already known

(Von Glasersfeld, 1984). What is already there in learner’s mind is the key point in
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constructivist learning. Meaningful learning occurs when students make connection
between new ideas and relevant elements with their existing cognitive structures

(Chiappetta & Koballa, 2002).

In a contructivist view learners are active organisms seeking meaning.
Learner does not memorize teachers’ sentences or from textbooks. In other words,
learning is a seeking meaning by actively connecting the knowledge of real world
contexts with the experiences and existing ideas. “Hence, there is no knowledge
without a knower” (Osborne, 1996 p.57). Constructivist learning suggests that
learning occurs with both individual construction and social interaction by personal
experience (Ernest, 1995). In this sense knowledge can be constructed by an
individual through interactions with the physical world and social environment (Von
Glasersfeld, 1993). Interaction with objects and events situmulates the construction
of knowledge (Chiappetta & Koballa, 2002). Social construction of a knowledge
emphasis on discussions, collaboration, negotiation and sharing meanings (Ernest,

1995).

Although the individual construct the knowledge himself or herself according
to constructivist approach, teachers’ role in constructing knowledge is very
important. Constructivist teachers must consider students’ needs and interests
individually and lessons must be structured to develop students’ higher order
thinking skills such as problem solving, reasoning, critical thinking and active use of
knowledge which are the goals of constructivism (Brooks & Brooks, 1999). Then
they must guide students by organizing a theme, giving advice, hints or various
forms of helps. In this sense the teacher is a facilitator, coach or co-explorer

according to constructivism.

The other important role of the teachers’ is engaging students in instruction
by creating student-centred environment. In a student centred environment students
are active enough to ask questions freely, come to their own conclusion, perform

their own experiments, analyze, interpret or predict information.
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Teaching and learning process also requires interaction. These interactions
include social negotiations and making discussions. Negotiations take place between
the teacher and the student in a constructivist classroom. The learner takes
independent role negotiating with others. Discussions and negotiations enable
individuals to understand other students’ ideas and gain perspectives to individuals
when building new ideas (Driver, Asoko, Leach, Mortimer & Scott, 1994).
Therefore, teaching and learning roles are characterized by negotiation rather than

imposition (Cobb, 1988).

Jonassen (1991) summarized application of constructivism to the learning
environment as follows:
% Create real-world environments that employ the context in which

learning is relevant.

P

Focus on realistic approaches to solving real world problems.

P

The instructor is a coach and analyser of the strategies used to solve
these problems.
&% Stress conceptual interrelatedness, providing multiple representations

or perspectives on the content.

P

Instructional goals and objects should be negotiated and not imposed.
% Provide tools and environments that help learners interpret the
multiple perspectives of the world.

&% Learning should be internally controlled and mediated by the learner.

Studies showed that constructivist-teaching strategies were effective in
enhancing students’ understanding and achievement in science (Roth, 1990; Cheung
& Taylor, 1991; Vosniadou, 1991; Lorsbach & Tobin 1992; Vosniadou et al., 2001;
Liang & Gabel, 2005)

Uzuntiryaki and Geban (2004) investigated the effectiveness of constructivist
approach on ninth grade students’ understanding of chemical bonding concepts.
During the instruction first, students’ prior knowledge determined by questions and

students were allowed to discuss the concept. These discussions provided students
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to criticise their thinking and be aware of the concepts. Then, the new concept was
explained by the teacher using analogies. The results of the study indicated that

constructivist approach provide better understanding of the concepts.

In another study, Caprio (1994) examined the effectiveness of the
constructivist approach compared with the traditional lecture-lab method. He
concluded that students taught by constructivist approach had significantly better
exam grades and they felt more confident of their learning. Tynjala (1998) found
similar results with Caprio, on educational psychology students. Students, taught by
constructivist approach were given assignments related to transforming and
activating prior knowledge, comparing and criticizing theories. Results showed that
students taught by constructivist approach acquired an ability to apply knowledge

and developed their thinking and communication skills.

In the present study, the effectiveness of conceptual change model proposed

by Posner et al. (1982), which is based on constructivist approach, was examined.

2.4 Conceptual Change Method

Research studies show that traditional chemistry instruction does not promote
conceptual understanding in most students (Hesse, Anderson, 1992; Driver et al.,
1994; Bodner, 1991). In traditional chemistry teaching, presentation of a sequence of
equations and facts takes place (Bodner, 1991). Also students are taught only to get
the correct answers using algorithmic solutions (Nakhleh & Mitchell, 1993). Fellows
(1994) stated that students could pass their exams by memorizing facts and formulas
or using algorithms. However, they cannot describe, explain, and make
interpretations about real world phenomena because memorized facts and algorithms
do not make any use. In that kind of lecture oriented instruction, students’
perspective of chemistry will be only receiving knowledge. As a result students do
not try to understand ideas or concepts; they rather collect facts without making

judgments in traditional classrooms.
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On the other hand, meaningful learning requires links between new
knowledge and the existing ideas of students. Students’ misconceptions are resistant
to change as they rely on their existing notions when understanding their world.
They may not easily get rid of their ideas and adopt a new way of thinking. Simply
presenting a new concept or telling the learners that their views are inaccurate will
not result in a change in their conceptions. Therefore, students’ conceptions should
be starting point for instruction. Then, science teachers should try to change
students’ ideas, which are different from scientific explanations (Chiappetta &

Koballa, 2002).

As a result, learning science in a meaningful way requires the learner to
realign, reorganize, or replace existing misconceptions in order to accommodate new
ideas. This process of changing is called conceptual change (Smith, Blakeslee &
Anderson, 1993). Conceptual change model appeared in the science education scene
in 1982 with the article of “Accomodation of a Scientific Conception: Toward a
Theory of Conceptual Change” (Posner et al., 1982). This model is based on Piaget's
(1977) notions of assimilation and accommodation as well as Thomas Kuhn's

description of scientific revolution (Kuhn, 1970).

Piaget explained assimilation as the incorporation of experiences with own
mental structures. He thought that during concrete experience if the learner conflicts
between assimilated information and mental structures, assimilation cannot be
possible and disequilibrium occurs. Disequilibrium makes the learner seek for
equilibrium. Regaining equilibrium by changing cognitive structures in order to

accept new structures results in accommodation.

Posner et al. (1982) developed Piaget’s notions and applied Kuhn's ideas to
individual learning for bringing about conceptual change. On this base when
constructivism focuses on a general process of learning, conceptual change gives
importance to the specific conditions in which existing structures are replaced by
new information (Weaver, 1998). According to Posner et al. conceptual change has

two phases:
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* assimilation (students use existing concepts to deal with new phenomena)

* accommodation (students replace or reorganize their concepts)

They claimed that if existing conceptions are compatible enough to deal with new

phenomena, this expected change is called “assimilation” and if existing conceptions

are inadequate or incompatible to explain new phenomena then more fundamental

change is necessary which is called “accommodation”. They also argued that for a

learner to accommodate a new conception four conditions had to be met:

1.

Posner et al. (1982) developed the Piaget’s disequilibrium stage in the form
of dissatisfaction. It says that learner must be dissatisfied with existing
conceptions resulting in a failure to explain conflicting experiences. If the
learner satisfied with his ideas to give meaning to the phenomena, then the
learner may not accept the new conception.

Then suggested replacement conception must be intelligible. Learners must
be able to comprehend the meaning of alternative conception. That means the
learner must know what the concept means and able to construct the coherent
representation of it. Because students do not going to adopt a new conception

unless they can first represent it to themselves.

3. The new conception must be plausible. Even if the learner understands the

alternative conception, he may not be able to apply the new concept to a
given situation or solve a particular problem. Also the conception must be
consistent with other knowledge.

The alternative conception must be fruitful. The new conception should do
more than solving current problems and appliance of current situations. It
must be useful for different problems and variety of situations that means the

concept must open new areas of inquiry.

Posner et al, (1982) analysed the conceptual changes in elementary, high school and

university students as well as in science teachers.

After Posner et al. (1982), several different definitions were suggested about

conceptual change. For example Chi and Roscoe (2002) conceive conceptual change
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as a repair of misconceptions. He stated that misconceptions are miscategorizations
of concepts and conceptual change is the reassignment of concepts to correct those
categories. On the other hand according to diSessa (2002) conceptual change
requires organizing fragmented knowledge in mind which means diverse kinds of
naive knowledge reorganized into complex system in students’ minds. Other
researchers thought that conceptual change occurs when there are introduction of the
new knowledge, reinterpretation of existing misconceptions and exposure the new
models that do not require extinction of the old conception (Caravita & Hallden
1994). Although researches define conceptual change using different terms, they all
agree that creating links with prior knowledge is important to promote conceptual

change.

Conceptual change can occur if only a person realizes that his/her previous
observations and scientific ideas are inaccurate. According to the cognitive theory,
when students confront with conflicting data, they can prefer to refuse the data,
ignore it, or memorize it rather than posses conceptual change (McCloskey, 1983).
Hewson (1992) noted that because the existing ideas already has an advantage over
the new conception then the status of existing ideas should be lowered and the status
of new conception should be raised. That means the student must accept and
understand new conception and believe its usefulness. In addition Niaz, Aguilera,
Maza and Liendo (2002) have claimed that if students are given opportunity to argue
and express their ideas, their understanding can go beyond the explanation of

experimental detail as conceptual change strategy supports.

In conceptual change model teachers’ role changes from managing to
facilitator or guidance. The role of teacher when instructing conceptual change
model is not how a teacher do conceptual change instruction, it is rather what a
teacher should think when students are engaged in instruction for the intended

conceptual understanding (Beeth, 1995).

In order to see the effectiveness of conceptual change oriented instruction in

science classes several studies have done. For example, She (2002) developed a dual
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situated learning model for conceptual change related to air pressure and buoyancy.
He randomly selected 20 students (age 14-15) at ninth grade level from a Taiwanese
middle school. He first probed the students’ ontological view concerning the
concepts of air pressure and buoyancy using the interview -about-events technique.
The whole process was video-recorded for each student. He detected the students’
knowledge and misconceptions about compressibility of gases and direction of an air
pressure concerning students’ predictions. He reported most of the students thought
that the air couldn’t be compressed or exerts pressure. Also they believed that air
pressure has a direction. After demonstrations and the presentations of the actual
events students were asked to explain why the events were different from their
preconceptions to construct a conceptual change. Approximately most of the
students changed their ideas that air molecules could be compressed or there was a
space between the air molecules after applying the conceptual change teaching based
on the dual situated learning events. And they also began to think that air exerted
pressure on all sides which means air pressure has no direction after the conceptual

change instruction.

Another study related to conceptual change teaching was done by Rollnick
and Rutherford (1993). They examined the effectiveness of conceptual change model
when remediating misconceptions on air pressure and particles relating to gases.
They carried out the study on 145 students and teachers for about two weeks.
Conceptual change instruction was based on practical activities with materials, group
discussions and questions with blank spaces for the students to fill. At the beginning
concept map was used to show the students how the topics would be developed.
Then the problem “how we breathe” presented and a lung model, consisting rubber
diaphragm, of human breathing was given to students allowed to manipulate them.
On the lung model, they were asked how it works and changes in pressure were
explained in terms of space taken up by air. The effectiveness of the method was
assessed by students’ post-test scores of the concept test and found that conceptual
change model is significantly superior on remediating alternative conceptions on air

pressure.
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Azizoglu in 2004 investigated the effects of conceptual change oriented
instruction accompanied by demonstrations to overcome the misconceptions of tenth
grade chemistry students in gases concept. Forty-nine students were treated as
experimental group and fifty-one students formed the control group in a public
school in Turkey. Demonstrations were aimed to cause conceptual conflict and
dissatisfaction with the existing but incorrect conceptions in the students’ minds.
Also each of the demonstrations was designed to overcome particular
misconceptions and they were performed by the teacher. During demonstrations
concepts were discussed. Before the instruction students thought that molecules’ size
change when the state change. They also thought that when compressing the air in a
syringe, the motion of the molecules would stop. After the instruction she concluded
that conceptual change instruction is effective tool for improving students’
understanding in scientific concepts considering the students’ post-test scores of the

gases concept test.

Although taught by the same teacher, students may have different level of
conceptual change. According to Caillot and Chartrain (2001), the ways in which
students change their conceptions does not depend only the quality of teaching. He
found that students’ relation to knowledge is one possible factor that could explain

the different conceptual changes observed in class taught by the same teacher.

Another cognitive variable that affect students’ understanding of science is
their science process skills. Science process skills are defined as proficiency to find,
interpret and judge evidences under different conditions they encounter. Through
these skills, individuals can observe, predict, make inferences, analyze data,
formulate hypothesis and perform experiments (Harlen, 1999; Lazarowitz 2002). In
this sense there are positive relationships between students’ science process skills

and their achievements in science (Padilla, 2004; Walters & Soyibo, 2001)

On the other hand, conceptual change is not only influenced by cognitive

factors. Affective and social factors also contribute to conceptual change. Since it
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was found that students’ attitudes affect conceptual change process (Duit, 1999), it is

important to define the term “attitude” and explain some studies on it.

2.5 Attitude

In social science, attitude term is defined as the “posture of the mind”. In a
detailed way, it is a readiness to respond in a favourable or unfavourable manner to a
particular objects such as real-life situations, ideas, events or people. It includes
feelings (prefer, like-dislike, interest, confidense, value, and competence) towards
objects (Oskamp, 1977; Koballa, 1990). According to Fishbein and Ajzen (as cited
in Oskamp, 1977) attitude have three components that are cognitive, affective
(emotional) and behavioral. Cognitive component consist of the ideas and beliefs,
which the individual holds towards the attitute object. While affective component
refers to the feelings and emotions, behavioral component includes action tendencies
towards the attitude object. However, later these three components of attitudes are
distinguished and they suggest that the term “attitude” be reserved only for affective
dimension which states favorability toward an object. Cognitive dimension label as

“beliefs” and behavioral dimension label as “behavioral intensions”.

As a result, the attitude of an individual is his/her feelings towards the object.
In this study the attitude object is the science as a school subject. Attitude towards
science and scientific attitude has different meanings (Koballa, Crawley & Shrigley,
1990). While scientific attitude is cognitive and more related with student behavior
commonly associated with curiosity, scepticism and willingness, attitude toward
science is defined as a “learned response evaluating our feelings within the

environment related to science learning” (p. 369).

Attitudes form and change throughout people’s lives and many factors affect
the acquisition process. For that reason, it is very important to facilitate this process
for the humankind’s benefits (Koballa, 1992). Attitude is also effective in knowledge
construction, which determine the students’ academic achievement. Oliver and
Simpson (as cited in Koballa, 1990) in the longitudinal study tested the relationship

between students’ attitude toward science and science achievement on 3902 students.
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The concluded that positive changes in students’ attitudes results in improved

science achievement.

Krynowsky (as cited in Koballa, 1990) investigated the relationship between
learning environment and tenth grade students’ attitude toward science. Learning
environment changed toward the satisfaction with the work, interest in the class,
organization of teacher explanations and perceived usefulness of science knowledge.
Results showed that when the theoretical instruction changed students’ attitudes

changed positively toward science.

In science education, many research studies showed that the type of
instruction affected students’ attitudes toward science as a school subject (Chang,
2002; Parker, 2000). When students are active participants at lessons their attitudes
towards science affected positively and positive attitude influences students’ science

achievement in a positive direction. (Bristow, 2000; Freedman, 1997).

Uzuntiryaki and Geban (2004) investigated the effect of constructivist-based
instruction on students’ attitude toward chemistry. The study was applied on 42, 9™
grade chemistry students for the chemical bonding concepts. In the constructivist
group, students’ prior knowledge activated and student-student interaction promoted
during instruction. The results showed that constructivist based instruction produced
more positive attitudes toward chemistry than traditional instruction. They explained
this situation as active involvement of students in science activities and to have a
chance to use their prior knowledge produced favourable feelings toward science.
They concluded that attitude is an important variable for better understanding and

had a positive affect in students’ achievement.

Francis and Greer (1999) investigated secondary school students’ attitudes
toward science. They did their research on 2129 students in the third, fifth and sixth
grade levels in Northern Ireland. Results showed that males have more positive
attitude toward science than females and younger students have more positive

attitude toward science than older students. The same results were obtained by
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George (2000) from the longitudinal study in America. He examined how students’
attitudes change towards middle and high school years and found that as the grade

level increases students’ attitudes towards science decreases.

Papanastasiou and Papanastasiou (2004) investigated which factors affect
students’ attitudes towards science based on their TIMSS data. They did their
research on 8" grade students in Australia, Canada, Cyprus, and Korea. They found
that teaching has direct influence on students’ attitudes toward science in all
countries, which indicates that teachers have strong effect on their students. The
other factors effecting students attitudes are level of aspiration exerted by the
students, their families, and their peers. The study also implies that science activities
influence students’ attitudes, for that reason participation in science activities is very

important for gaining positive attitudes towards science.

To sum up, teaching with conceptual change strategy involves using various
techniques to help students change their conceptual framework. Scientists foster
conceptual change in students by several instructional methods such as conceptual
change texts, refutational texts, analogies, demonstrations, discussions, concept maps
(Novak & Gowin, 1984; Novak & Wandersee, 1990; Hynd et. al., 1997) and hands-

on activities (Glasson, 1989) etc. In the present study, hands-on activities were used.

2.6 Hands-on Teaching

Taking into consideration the process of learning, science instruction requires
that the students become active participants in the development of their own
theoretical frameworks. Only observing a demonstration or event, like in the
traditional classroom, is not enough to promote a conceptual change. For the learner
dissatisfy with the event he/she should examine his/her thinking about the event such
as “What I am thinking does not match with my experiences.” (Beeth, 1995). Hands-
on activities may help students to compare their thoughts with the experiences that

they gain with hands-on learning.
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“Hands-on” term is derived from the words “lab” and “experiment”. But
hands-on involves more than those terms. Hands-on learning means learning by
doing. It requires engaging with objects, materials or phenomena and inferring
meaning from those experiences (Haury & Rillero, 1994). Also hands-on activities
allow the student to handle, manipulate or observe a scientific process. On this
context, hands-on activities are material centered and manipulative activities (Doran,
1990). Manipulation of materials or engaging with materials provides them to
perceive concrete concepts and also experiencing and touching things will develop
their perceptual and psychomotor skills (Ross and Kurtz, 1993). According to Smith
(1990), when students engage in a process, they became convinced of the plausibility

of the knowledge and meaningful understanding occurred.

Tobin (1990) stated that learning by hands-on derived from constructivist
approach. Constructivism requires that students need to experience what they learn
in a direct way and they need time to think and to give meaning of what they are
learning. In this sense, hands-on activities allow students to learn in a meaningful

way and engage in a process of constructing knowledge as an individual (p. 405).

Many research studies have been done to indicate the effectiveness of hands-
on instruction. It has been shown that students who are instructed by hands-on
materials, achieve higher than those taught by traditional textbooks (Bredderman,

1982; Stohr-Hunt, 1996; Freedman, 1997; Hardal, 2003; Tiirk, 2005).

Handerhan and Janet (1994) implemented hands-on science curriculum for
chemistry topics to physical science students graduated from high school. The
curriculum units included introduction to chemistry (properties of matter, physical
and chemical changes, behaviour of gases), introduction to atomic structure (atom,
molecule, elements and compounds), chemical formulas and equations, common
chemical (acid and bases) supported with many hands-on activities. The activities
required only common materials readily available in kitchen and grocery stores.
Activities were presented to students with activity sheets including list of materials,

procedure, questions pertaining to activity, explanations and discussions of the
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events occurring during activities and they were performed by the students. The
activities were tested on 14 students during 72 hours and they showed considerable
improvement in post-test scores. Researchers concluded that hands-on science

helped students to increase their level of confidence in the area of chemistry.

In his study Stohr-Hunt (1996) analysed the relation between frequency of
hands-on experiences and standardized science achievement scores of eighth grade
students. He found that whom experience hands-on activities either everyday or once
a week score significantly higher than the students who experience hands-on

activities once a month or less than that or never.

In addition hands-on learning can improve students’ attitudes toward science
as a school subject (Kyle et al., 1988; Rowland, 1990; Jones et al., 2003) and
develop their science process skills (Hofstein & Lunetta, 2004; Walters & Soyibo,
2001). Bilgin (2006) investigate the effects of hands-on activities on eight grade
students’ science process skills and attitudes toward science. The study conducted
over 15 week period on 55 students in two different classes. Hands-on activities were
included different science contents such as mass and volume, temperature,
combustion, etc. Students in the experimental group discussed the open-ended
questions, reading content knowledge and doing hands-on activities cooperatively.
He found that hands-on activities help students developing their science process

skills and students’ attitudes toward science in a positive direction.

In the light of related literature, it can be said that students hold
misconceptions due to variety of reasons. Although many different teaching
strategies have been tried, students still hold misconceptions. For this reason this
study aimed to measure the effectiveness of conceptual change strategy fostered by
hands-on activities on students’ understanding of gases concept and their attitudes

towards chemistry subjects.
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CHAPTER III

PROBLEMS AND HYPOTHESES

3.1 The Main Problem and Sub problems
3.1.1 The Main Problem

The purpose of this study is to investigate the effects of conceptual change
oriented instruction using hands-on activities compared to the traditionally designed
chemistry instruction on 10™ grade students’ understanding of gases concepts and

their attitudes toward chemistry as a school subject.
3.1.2 The Sub-problems

1. Is there a significant effect of treatment (conceptual change oriented instruction
using hands-on activities versus traditional instruction) on collective dependent
variables of students’understanding gases concepts and their attitudes towards

chemistry?

2. Is there a significant mean difference between the effects of conceptual change
oriented instruction using hands-on activities and traditionally designed chemistry

instruction on students’ understanding gases concepts?
3. Is there a significant mean difference between students taught by conceptual

change oriented instruction using hands-on activities and traditional instruction with

respect to their attitudes toward chemistry as a school subject?
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3.2 Null Hypotheses

Hol: There is no significant effect of treatment (conceptual change oriented
instruction using hands-on activities versus traditional instruction) on the collective
dependent variables of students’understanding gases concepts and their attitudes

towards chemistry.

Ho2: There is no significant effect of treatment (conceptual change oriented
instruction using hands-on activities versus traditional instruction) on

students’understanding of gases concepts.
Ho3: There is no significant effect of treatment (conceptual change oriented

instruction using hands-on activities versus traditional instruction) on students’

attitudes toward chemistry.
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CHAPTER IV

DESIGN OF THE STUDY

4.1 The Experimental Design
This study was a kind of quasi-experimental study. The design used in this

study was non-equivalent control group design (Gay, 1987). The Table 4.1 presents
the research design of the study.

Table 4.1 Research Design of the Study

Groups Pre-test Treatment Post-test

Experimental Group GCT CCIH GCT
SPST ASTC
ASTC

Control group GCT TDCI GCT
SPST ASTC
ASTC

In this table,

*  GCT represents Gases Concept Test.
e CCIH is Conceptual Change Oriented Instruction using Hands-on Activities.

* TDCI refers to Traditionally Designed Chemistry Instruction.
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* SPST is Science Process Skill Test.
* ASTC represents Attitude Scale Toward Chemistry.

4.2 Participants

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 chemistry students at a public school in Mamak in Ankara, Turkey. The
results of the study would be generalized to the accessible population and the target

population.

The sample of this study was 10" grade chemistry students at Anatolian high
school in Mamak in Ankara. The sample contained 55 tenth grade students from two
randomly selected chemistry classes taught by the same teacher. The teacher has 14
years teaching experience in high school chemistry. She has a degree of master and
also she is student at a philosophy of doctorate programme for chemistry education.
Two teaching methods were randomly assigned to the classes. The experimental
group consisted of 27 students (9 male, 18 female) and instructed by the CCIH,
while the control group included 28 students (13 male, 15 female) and instructed
traditionally. The study was carried out during the fall semester of 2006-2007

academic year.

4.3 Variables

4.3.1 Independent Variables

The independent variables of this study were the treatment (conceptual change
oriented instruction using hands-on activities and traditional instruction) and science
process skills. Treatment was considered as categorical variable and measured on a
nominal scale. Science process skills test was considered as continuous variables and

measured on an interval scale.
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4.3.2 Dependent variables

Dependent variables in this study were students’ understanding of the gases concepts
and their attitudes towards chemistry. These dependent variables were measured by

post-gases concept test, and post-attitude scale toward chemistry, respectively.

4.4 Instruments

The Gases Concept Test, Science Process Skills Test and Attitude Scale

Toward Chemistry were used as instruments in the study.

4.4.1 Gases Concept Test (GCT)

This test included 20 multiple-choice questions. It was a kind of five item
alternative test. Each question had only one correct answer and four distracters. The
related concepts in the test were properties of gases, kinetic theory of gases,
diffusion of gases and gas laws. The questions were investigating students’

conceptual understanding.

The test was developed by the researcher. During the process of preparation,
first the content of the gases unit and instructional objectives were determined. Then
students’ misconceptions were identified from the related literature (Stavy, 1988;
Hwang 1995; de Berg 1995; Brook et al. 2003; Benson 1993; Mas, Perez & Harris
1987; Cho, Park & Choi, 2000; Lin, Cheng & Lawrenz 2000). See Table 4.2

32



Table 4.2 Classification of Students’ Misconceptions Probed by GCT

Misconceptions Item
1. The total pressure of gases is different than the pressure at a point in a 1
closed system.

2. When the altitude increases air pressure also increases. 2

3. Gas particles expand when heated, shrink when cooled. 3,16

4. Gas particles rise and stay away from heat. 4

5. Gas particles are unevenly scattered in any enclosed space. 4

6. Gases exert force in only one direction 5

7. Matter, especially air, exists between particles. 6

8. Diffusion rate of gases increases with increasing molecular weight. 7

9. Smaller molecular weight gases diffuse more slowly 7

10. The pressure of air inside the balloon is different from the pressure 8
outside.

11. Deflated bike tire or balloon has less pressure inside than outside 8

12. Gases weight can be ignorable. 9

13. Conservation of matter applicable to solids and liquids but may be 9
ignored for gaseous reactants or products

14. Conceptual calculations are not obvious for students. 10, 20

15. In a closed container the volume of a gas decreseas when the 11
temperature decreases.

16. The existance of the gas can be ignorable in a closed container when 12
there is some amount of liquid in it.

17. Gases don’t mix homogeneously in a closed system; oxygen and 13,15
nitrogen gases occupy different spaces in a flask.

18. When the air compressed air particles heaped up or shrivelled. 14

19. When the air compressed particles stick together. 14

20. When the air compressed air particles gather to the end of the syringe. 14

21. Gases occupy different spaces according to their molecular weights. 15

22. Heated air weighs less than cold air or vice versa. 16, 18

23. When the gases compressed, the gas motion gradually decreases. 17

24, Gas pressure depends on the kinds of gas. 18

25. Molecules increase in size with change of state from solid to liquid to 19

gas.
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The test was prepared benefited from university entrance exam questions,
questions from the chemistry textbooks and from the literature (Hwang, 1995;
Novick & Nussbaum, 1978, 1981; Mas, Perez & Harris, 1987; Zoller, Lubezky,
Nakhleh, Tessier & Dori, 1995; Lin et al., 2000; Lonning, 1993; Sér¢, 1986; Benson
et al., 1993; Sawrey, 1990; Azizoglu, 2004). The questions were aimed to test
students’ conceptions, whether they were misconceptions or scientific conceptions.
For content validity the text was examined by a group of experts in chemistry and
science education, and by the course instructors for the appropriateness of the
questions to the instructional objectives. The pilot study of the test was conducted to
62 tenth grade students at a college in Ankara in June 2006. Considering the data
obtained from the pilot study, the final test obtained.

The reliability of the test was found to be .711 using item analysis
programme. The test was applied to both groups first before instruction to determine
whether there is a significant mean difference between the two groups in terms of
understanding gases concept. It was also applied to both groups after the instruction

to compare the effectiveness of the treatment.

4.4.2 Attitude Scale toward Chemistry (ASTC)

The attitude scale, developed by Geban et al. (1994), was used to measure the
students’ attitudes toward chemistry as a school subject. It was likert type scale
containing 5 point (fully agree, agree, undecided, partially agree, fully disagree) and
consisted of 15 items. The reliability of the scale was 0.83. This test was given to
both groups before and after the treatment to see whether the treatment lead any

significant difference in their attitudes towards chemistry.
4.4.3 Science Process Skills Test
This test was developed by Okey, Wise and Burns (1982) and translated and

adopted into Turkish by Geban, Askar, and Ozkan (1992). It contained 36 four

alternative item multiple-choice questions. The reliability of the test was found to be
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0.85. The test was applied to both groups only prior the instruction to determine
whether there is a significant mean difference between the two groups in terms of
their intellectual abilities. Intellectual abilities refer to identifying variables,
identifying and stating hypotheses, operationally defining, designing investigations,

and graphing and interpreting data in the test.

4.5 Treatment

This study was conducted over a six-week period in the fall semester of 2006.

Two classes participated in the study; one of them was assigned as an experimental
group to be instructed by conceptual change oriented instruction using hands-on
activities and the other as a control group to be instructed through traditional
instruction. The two teaching methods randomly assigned to the classes. Both groups
were instructed by the same teacher throughout the application, covered the same
subject matter and used the same textbook. Instructional objectives were the same
for each class and all measuring materials were identical. Both classes took the same
reading assignments as homework. Before the treatment the teacher was informed
about the conceptual change oriented instruction using hands-on activities. During
the treatment, the gases concept topics were covered as a part of the regular
curriculum. The researcher observed both groups randomly. The classroom
instructions were two 40-minute sessions per week. The concepts instructed for both
groups were as follows:

* Properties of gases

*  Volume of gases

* Kinetic Theory of gases

* Diffusion of gases

* Pressure of gases

* Gas laws (Charles law, Boyle Marriott, Dalton, Avogadro, Gay Lussac)

* Ideal gas law

* Partial pressure of gases
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In the control group, traditionally designed instruction that was mainly
teacher- centered was applied. Instruction was guided mainly by lecturing method
supported by questions and discussions. During classroom instruction, the teacher
wrote the topic on the board and without revealing students’ prior conceptions she
explained the topic. Explanation was carried out by writing the main ideas, formulas
or solutions of the problems on the board. Students were passive as they only
listened and took some notes. To check the students’ understanding, the teacher
asked questions which students answered by using their memorized knowledge.
When the topics did not include algorithmic questions, topics were discussed in the
classroom and the teacher behaved as a facilitator to make them reached the correct
end. When the topics included quantitative questions students tried to solve the
algorithmic problems and teacher gave some clues when needed. At the end of the

lesson, the teacher assigned them homework questions.

The experimental group was instructed by conceptual change oriented
instruction using hands-on activities. This strategy was based on the Posner’s et al.
(1982) conceptual change theory, which is a constructivist approach. Before the
treatment the teacher was informed about the conceptual change strategy, hands-on
activities and how they could be applied. In addition, misconceptions that students
might have about gases concept were explained to the teacher. The instruction was
based on revealing students’ preconceptions and misconceptions, replacing these
misconceptions with scientific conceptions and relating their prior conceptions with

the new concepts.

The instruction started with conceptual questions. The students discussed the
questions by the control of the teacher (without forming groups) and disagreement
occurred between the students. The teacher only guided them without giving the
correct answer. By this way, students’ prior conceptions activated and their
misconceptions were determined. For example, the teacher began the instruction of
Boyle’s Law by asking what would happen to a gas if squeezed? Students’
explanations were varied such as gas particles get smaller, nothing changes, the

speed of particles increases etc. After obtaining students’ alternative conceptions, the
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students engaged with the hands-on activities concerning how pressure of the gas
affects volume, with small groups (5 or 6 students). The groups were formed
heterogeneously based on their previous semester chemistry grades. During the
activities, the students drew graphs showing the relation of pressure and volume with
regard to their data. The teacher continued asking conceptual questions and they
realized the actual reason of the situation. By this way dissatisfaction occurred at the
students. The lesson continued by scientific explanation of the concept
(intelligibility). For example teacher stated that the distance between gas particles
comprised the 99% of the volume. Increasing the pressure of a gas means decreasing
the distance between gas particles, as a result the volume decreases, but because
temperature is constant, the speed of the particles would not change. In addition,
during explanation teacher emphasized students’ misconceptions and why they were
wrong. To make the new concept plausible for the students, the topic was supported
with examples from daily life. For example, the teacher explained why it becomes
difficult after a while to fill bottles with colognes or oil by the help of funnel, or why
helium filled balloons inflate or burst when the altitude increases. At the end of the

lesson, the teacher assigned homework (fruitful) such as how we breathe. (See

Appendix F for sample lesson based on conceptual oriented instruction using hands-
on activities). The researcher observed the classes in both groups randomly (See

observation checklist in Appendix B).

At the end of the treatment, both groups were administered GCT as post-test
to compare the effectiveness of the conceptual change method. They were also given

ASTC to see if the new method made any change about their attitudes.

4.6 Hands-on Activities

Hands-on activities were performed by the students in the experimental group during
class hours. These activities were prepared by the researcher in the light of related
literature and using Internet resources (Orna, 1993; Herr & Cunningham, 1999;
Paradis & Spotz, 2006). Activities were presented in accordance with the sequence

of the topics. The activities performed in the experimental group were as follows:
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Diffusion of gases (Appendix G )

Diffusion rate of gases (Appendix G)

Direction of air pressure (Appendix H)

Magnitude of air pressure (Appendix H)

Relationship between volume and temperature (Appendix 1)
Is hot air lighter than cold air (Appendix I)

Pressure changes with volume (Appendix J)

Relationship between pressure and amount (Appendix K)

A S AR (e

Relationship between volume and amount (Appendix L )

—
=]

. Relationship between pressure and temperature (Appendix M)

The materials used in the activities were readily available at home or markets.
Activities were presented to students with activity sheets including list of materials,
procedure, and questions pertaining to activity. Additionally explanations and
discussions of the events occurred during activities to make students reach the

scientific reasoning.

Activities were designed to overcome particular misconceptions. They were
also aimed to dissatisfy students with their non-scientific ideas. While explanations
and discussions during the activities aimed to meet intelligibility condition of
conceptual change, pertaining questions in the activities aimed to fulfil plausibility

condition of conceptual change.
4.7 Analysis of Data

The data obtained from GCT and SPST and ASTC of the two groups were
analysed as descriptive and inferential statistics using the statistical program for
social science (SPSS) in the study.

As a descriptive statistics mean, standard deviation, skewness, kurtosis,

range, maximum, minimum values and histograms were analysed for two groups.
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The inferential statistic analyses were computed to test the hypotheses of the

study using one-way multivariate analyses of variance (MANOVA).

4.8 Assumptions of the Study

1. The participants of the study responded accurately and honestly to all
measurements used in this study.

2. The teacher was not biased during the treatment.

3. Reliability and validity issues of all measurements used in this study were
accurate enough to enable the researcher to make accurate assumptions.

4. The difference of implementer (researcher instead of the teacher) had no effect
on the results of the study.

5. The groups did not interact with each other.

4.9 Limitations of the study

1. The results of the study were limited to the 60 tenth grade students in a high

achievement public school.

2. The study was limited to the gases concept.
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CHAPTER V

RESULTS AND CONCLUSIONS

In this chapter results of the study are presented in three sections. In the first
section, descriptive statistics of the data obtained from tests stated in the
instrumentation part. Section two includes hypotheses testing as an inferential
statistics. The findings of the study take place in the third section as a conclusion

part.
5.1 Descriptive Statistics

Descriptive statistics of the gases concept pre- and post test scores, chemistry
attitudes pre- and post-test scores and science process skills test scores both for

control and experimental groups were conducted. The results were shown in Table

5.1.

Table 5.1 Descriptive Statistics Related to GCT, ASTC and SPST.

DESCRIPTIVE STATISTICS

N Range Min Max Mean Std.Dev. Std Err. Skew. Kurtos.

& Pre-GCT 27 6 3 9 5.67 1.69 325 .675 -.297
% Post-GCT 27 8 8 16 11.81 2.29 440 391 -.853
E Pre-ASTC 27 50 20 70  52.63 13.08 2.518 -.947 .675
E Post-

p= 27 41 32 73 56.26 11.20 2.156 =774 273
& ASTC

Ay

%5 SPST 27 8 18 26 2230 2.47 476 132 -1.111
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Table 5.1 Continued

N Range Min Max Mean Std.Dev. Std Err. Skew. Kurtos.

Pre-GCT 28 11 0 11 5.82 25.52 AT77 -.036 595

[a®)

8 Post-GCT 28 11 3 14 9.21 2.81 530 -.388 -.553
[

O  Pre-ASTC 28 44 27 71 52770 11.54 2.180 -.486 -.110
Q

2 Post-

[ 28 52 18 70 52 12.34 2332  -1.300 2.281
% ASTC

©  SPST 28 16 14 30 22.86 3.95 747 -.503 224

Gases concept test scores range from 0 to 20. The higher scores mean the
greater understanding in gases concept and consequently more achievement in gases
concept. According to Table 5.1, pre-test and post-test results of the gases concept
test indicates that the mean score increase is 6.18 in the experimental group while the
mean score increase is 3.45 in the control group. The students in the experimental
group were more successful and acquired more understanding in gases concept than

students in the control group.

Attitudes scale toward chemistry scores range from 15 to 75 and higher
scores means more positive attitudes toward chemistry. The mean scores of the
ASTC in experimental group increases 3.29 points and the mean scores of the ASTC
decreases of .64 point in control group when comparing the pretest and post test

scores of the students.

Science process skills test scores range from 0 to 36 and higher scores
indicate higher abilities in solving science problems. As shown in Table 5.1, the
mean of SPST is 22.43 in the experimental group and 22.86 in the control group

which means science process skills of the students are equal across groups.
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The Table 5.1 also shows some other descriptive statistics such as range,
minimum, maximum, standard deviation, skewness, and kurtosis values. According
to the kurtosis and skewness values shown in Table 5.1. it can be concluded that the

normality of the distribution of variables can be acceptable in the study.

5.2 Inferential Statistics

In this part, statistical analyses of the preliminary test scores, testing of the
MANOVA assumptions, statistical model of MANOVA and the analyses of the
hypotheses stated in chapter I1I are given. MANOVA was used to test the hypotheses

at a significance level of 0.05.

5.2.1 Statistical Analyses of Preliminary Test Scores

Before performing MANOVA analyses, independent samples t-test analyses
was performed to investigate whether there was a significant mean difference
between the two groups with respect to students’ understanding of gases concept
(GCT), their attitude towards chemistry as a school subjcet (ASTC) and science
process skills (SPST) before the treatment.

The results showed that there was no significant difference at the beginning
of the treatment between CCIH and TDCI in terms of students’ understanding gases
concepts (t=0.266, p>0.05). In addition, there was not significant mean difference
with respect to students’ science process skills (t= 0.622, p>0.05) between the two
groups. No significant difference was found with respect to students’ attitudes

toward chemistry, either (t= 0.021, p>0.05)
In addition, the correlations between SPST and dependent variables

(understanding and attitude) were investigated. Table 5.2 shows the correlation

results between dependent variables and science process skills.
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Table 5.2 Correlation Results of the Post- GCT and Post-ASTC with SPST

Post-GCT Post-ASTC
Pearson ) Pearson )
Sig. Sig.
Corr. Corr.
SPST .103 453 164 232

According to Table 5.2, SPST does not significantly correlate with the dependent
variables of post- GCT and Post- ASCT. As a result of these analyses, MANOVA

was run in order to test the hypotheses of this study.

5.2.2 Assumptions of one-way Multivariate Analysis of Variance

Before starting data analyses in the MANOVA, dependent variables were
tested for assumptions of MANOVA, which are multivariate normality distribution,

equality of covariances and variances, independency of observations.

Since there is no statistical analysis available for multivariate normality,
univariate normalities were checked for each of the dependent variables by skewness
and kurtosis values given in table 5.1. Skewness of the scores obtained from post-
GCT and post ASTC is between the range minus to plus twice of the standard error
value, which shows the skewness, and kurtosis values were approximetely in an

acceptable range for a normal distribution.

For the equality of covariance assumption, Box’s test of equality of
covariance matrices was conducted for dependent variables which are post-test
scores of the GCT and ASTC both for experimental and control group. As seen from
the Table 5.3, in this study the assumption of covariance equality has met because F
(3, 529248)=0.797, p>.05 which means groups have equal covariance according to
GCT and ASTC scores accross groups.
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Table 5.3 Box’s Test of Equality of Covariance Matrices

Box’s M 2.493
F 0.797
df1 3

df2 529248
Sig. 495

For the equality of variances assumption, Levene’s Test of Equality was
used. As indicated in Table 5.4, F (1, 53)= 1.546 and p> .05 for GCT and F (1,53)=
.037, p> .05 for ASTC which means the assumption of equality of variance is

provided for each dependent variables.

Table 5.4 Levene’s Test of Equality of Error Variances

F dfl  df2  Sig.
Post-GCT 1.546 1 53 219
Post-ASTC 037 1 53 848

The last assumption requires that independency of observation was examined.
To meet this assumption classroom observations were made by the researcher both in
experimental group and control group. It is assumed that participants did not influence

eachother.

As a result, all the assumptions of MANOVA were met.
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5.2.3 Multivariate Analysis of Variance Model
One-way MANOVA was used to test the hypotheses of this study. The

dependent variables are posttest scores of the GCT and ASTC; the independent
variable is the treatment. Table 5.5 shows the results of the MANOVA.

Table 5.5 MANOVA Test Results

Wilks’

Hypothesis  Error Sig. Eta-  Observed
Lambda F

df df (p) Squared Power

Intercept .035 710.917 2.000 52.000 .000 965 1.000
Treatment  .788 6.995 2.000 52.000 .002 212 912

5.2.4 Null Hpotheses Testing

Hypothesis 1:

The first hypothesis stated that there is no significant effect of treatment
(conceptual change oriented instruction using hands-on activities versus traditional
instruction) on the collective dependent variables of students’understanding gases

concepts and their attitudes towards chemistry.

Multivariate Analysis of Variance (MANOVA) was used to test the

Hypothesis 1.The results were summarized in Table 5.5.

As seen in the Table 5.5; Wilks’ Lambda = .788, p< .05, therefore the first

null hypotheses is rejected. The results showed that there was a significant difference

45



between conceptual change oriented instruction using hands-on activities and
traditional instruction on the collective dependent variables. The CCIH group scored
significantly higher than TDCI group (X (CCIH) = 11.81, X (TDCI)=9.21 Table
5.1). The multivariate >= .212 indicates that 21 % of multivariate variance of the

dependent variables is associated with the treatment factor.
Hypothesis 2:
The second hypothesis states that there is no significant effect of treatment
(conceptual change oriented instruction using hands-on activities versus traditional
instruction) on students’understanding of gases concepts.

To test the effect of independent variable (treatment) on certain dependent

variable (understanding gases concept) among groups’ follow-up ANOVA results

were checked. See Table 5.6.

Table 5.6 Follow-up ANOVA Summaries for Post-GCT

Source SS df MS F sig. (p) Eta Observed
Squared Power

Corrected 92.957 1 92.957  14.125 .000 210 958

Model

Intercept 6078.557 1 6078.557 923.665 .000 946 1.000

Treatment 92.957 1 92.957  14.125 .000 210 958

Error 348.788 53  6.581

Total 6495.000 55

Corrected Total 441.745 54
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As seen in the Table 5.6; F (1, 53)= 14.125, p<.05. Therefore the null
hypothesis is rejected. It is found that there is a significant mean difference between
the groups with respect to understanding of gases concepts in the favor of the
students taught with conceptual change oriented instruction using hands-on activities
(}EG= 11.81; }CG= 9.21). The multivariate n2= .210 indicates that % 21 of
multivariate variance of the dependent variables is associated with the treatment

factor.
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Figure 5.1 Comparison between post-GCT scores of the experimental and control

group.

As seen in the Figure 5.1 there are differences in the proportion of correct
responses between the two groups to the questions in the GCT. Remarkable
differences are observed in the students’ answers to the questions 6, 8, 10, 12, 13, 16,

18, and 19 in the favor of experimental group.
In question 6, students were asked about what there is between gas particles.

Common misconception for this question is that thinking “there is air between gas

particles” before the treatment (52 % of the control group and 33 % of the
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experimental group). But after the treatment all of the students in the experimental
group respond correctly (100 % of the students’) to the question in which the correct
answer is there is space between gas particles, but only 18 % of the students in
control group answered correctly and still 39 % of the control group students hold

the same misconception after treatment.

Question 8 revealed the misconception related to gas laws in which students
were asked to compare the pressures of the inflated balloon with the pressure of the
same balloon when it is deflated and also with the atmospheric pressure. Before
treatment 43 % of the students in the experimental group and 28 % of the students in
the control group thought that the pressure of the inflated balloon is greater than the
pressure of the deflated balloon. In addition 31 % of the students in the control group
thought that deflated balloon have no pressure also atmospheric pressure is the
greatest. After the treatment 18 % of the students in the control group answered
correctly that the pressure of the inflated balloon is equal to the pressure of the
deflated balloon and atmospheric pressure also equals them. In the experimental

roup 56 % of the students answered correctly to this question.
group y q

In question 10 conceptual stoichiometry promlem is presented. Students were
asked to quess diagrams of gas molecules from a chemical equation. Prior to
treatment 28 % of the students in control group and 10 % of the students in the
experimental group scored correctly. After treatment most of the students responsed
correctly in the experimental group (81 % of the students’), while the proportion of
the students in the control group did not change significantly (39 % of the students’)

compared to experimental group.

Another question related to gas laws is question 12, which asks the reason
why it becomes difficult to pour a liquid in a flask with a funnel after a while. This
question requires application of Boyle’s law. Before treatment some students
respond that the water in the flask closed the entrance of the funnel (17 % of
experimental group, 21 % of the control group); some others answered that the water

in the flask apply upward pushing force to the water coming from the funnel (20 %
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of experimental group, % 21 of the experimental group). After treatment most of the
students in the experimental group (78 % of the students’) changed their ideas that
the decrease in the volume of the air in the flask increases the air pressure inside the
flask preventing water entering from the funnel, which is the correct answer. On the
other hand the proportion of the correct responses in the control group did not
change significantly since 28 % of the students scored correctly before treatment and

after treatment there were 36 % correct responses.

Question 13 related to the homogeneous dispersion of mixture of gases.
Students were expected to quess the volumes of one-mole oxygen and one-mole
nitrogen gases in a 3-liter container. Before treatment students have common
misconception that gases occupy different volumes in the same container (41 % of
the control group and 40 % of the experimental group). Suprisingly although it is
given that the volume of container is 3-liter, most of the students scored that each gas
occupy 22.4-liter volume since they are 1-mole each before the treatment. After
treatment while the proportion of the correct responses decreased in the control
group (18 % of the students’), correct responses of the experimental group increased

to the (37 % of the students”).

Question 16 dealt with what happens to a gas when heating. Before treatment
38 % of the students in the control group and 23 % of the students in the
experimental group thought that the particles of the gas get bigger when heated and
cause the increase in pressure. After treatment most of the students in both groups
answered correctly to the question. In the control group the 68 % of the students
answered correctly while 78 % of the students answered correctly in the

experimental group.

The question 18 is related to the properties of gases. Before tretament
students hold the misconceptions that heated air weigh more than cold air (14 % of
the control group, 37 % of the experimental group), vice versa (21 % of the control
group, 20 % of the experimental group), the direction of air pressure is towards

downward (17 % of the control group, 10 % of the experimental group), gas pressure
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related to the type of gas (28 % of the control group, 10 % of the experimental
group). After treatment most of the students in the experimental group remediate
their misconceptions (78 % of the students’), but most of the students in the control
group still hold the same misconceptions after treatment since only 36 % of the

students scored correctly to this question.

Question 19 dealt with the particles when the matter changes state from solid
to liquid to gas. Prior to treatment most of the students in both groups answered
correctly to this question (45 % of the control group, 53 % of the experimental
group). But some students hold the misconception that when the matter change state
from solid to liquid to gas, the particles get bigger (28 % of the control group, 20 %
of the experimental group). After treatment experimental group show remarkable
achievement and 93 % of the students answered correctly to the question. In the
control group the proportion of correct responses did not change significantly after

treatment (54 % of the control group).

However, for the questions 5, 11 and 20 proportion of correct responses is
higher in the control group. For example, question 5 related with the direction of gas
pressure. Students were asked what would happen to a balloon in a closed container
if the piston pushed downward a little. 54 % of the students in the control group
answered correctly to this question by answering that the balloon will shrank in all
directions while most of the students in the experimental group answered that the
balloon will explode (70 % of the experimental group). For the question 20, students
were asked to write a chemical equation from the given diagrams of particles. While
61 % of the control group students answered correctly to this question, in the

experimental group 48 % of the students answered correctly after instruction.
As a result, after instruction the students in the experimental group gained the

more in terms of achievement in gases concept and removing the misconceptions

compare the students in the control group.
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Hypothesis 3

The hypothesis 3 stated that there is no significant effect of treatment (conceptual
change oriented instruction using hands-on activities versus traditional instruction)
on students’ attitudes toward chemistry as a school subject.

In order to determine the effect of the treatment on students’ attitudes
towards chemistry, follow-up ANOVA results were checked. Table 5.7 shows the

results.

Table 5.7 Follow-up ANOVA Summaries for Post-ASTC

Source SS df MS F sig. (p) Eta Observed
Squared Power

Corrected  249.360 1 249.360 1.792 .186 .033 .260
Model
Intercept 161097.651 1 161097.651 1157.690 .000 .946 1.000

Treatment  249.360 1 249.360 1.792 186 .033 260

Error 7375.185 53 139.154
Total 168545.000 55
Corrected  7624.545 54

Total

As indicated in the Table 5.7, (F (1, 53) =1.792, p> .05) the null hypothesis
failed to rejected. The multivariate n’= .033 indicates that 3 % of multivariate
variance of the dependent variables is associated with the treatment factor. It is found
that there was no significant mean difference between students taught by conceptual
change instruction using hands-on activities and traditionally designed chemistry

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

(} EG— 56.26; } CcCG™ 52)
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5.3 Conclusions

In the light of the findings obtained by the statistical analyses, the results can be
summarized as follows:

&% The students taught by conceptual change oriented instruction using hands-on
activities gained more understanding of gases concepts than the students
taught by traditional instruction.

% Conceptual change oriented instruction using hands-on activities is more
effective method than the traditional instruction in terms of eliminating
misconceptions related to gases concepts.

& The conceptual change oriented instruction using hands-on activities and
traditional instruction produced statistically the same attitudes toward
chemistry as a school subject which means CCIH has no effect on students’

attitudes toward chemistry.
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CHAPTER VI

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

6.1 Discussion

The purpose of this study was to investigate the effects of conceptual change
oriented instruction using hands-on activities compared to the traditionally designed
chemistry instruction on 10™ grade students’ understanding of gases concepts and
their attitudes toward chemistry as a school subject. In additon, the misconceptions

related to gases concepts were investigated in the study.

According to statistical analyses results given in Chapter V, it can be
concluded that the conceptual change oriented instruction using hands-on activities is
more efficient to improve students’ chemistry achievement and eliminate
misconceptions related to gases concepts than the traditional chemistry instruction.
However, the treatment did not have statistically significant effect on students’

attitudes toward chemistry as a school subject.

In the present study students’ understanding of gas concepts is studied.
Students have a lot of misconceptions about gases concepts due to its abstract and
invisible nature (Stavy, 1988; Benson et al., 1993; Brown, 1993; She, 2002). The
misconceptions about gases concepts identified in this study are similar to the
findings in the literature (e.g. Nakhleh & Mitchell, 1993; Hwang, 1995; Cho, Park &
Choi, 2000; Lin et al., 2000; Brook et al., 2003). For example students think that
particles that form the matter expand when the matter is heated and, the particles

shrink when cooled. The reason for this misconception may be that students perceive
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gases’ submicroscopic (particulate) view like its macroscopic view as they observe
in their daily lives (Brook, Briggs & Driver, 1988; Krnel & Watson 1994). Therefore
they tend to describe the properties of particles as in the observable substances
because they observe matter expands when heated and shrink when cooled; they
think that this occurance is valid for the particulate view. Some students also think
that there is matter among gas particles, especially air. Novick and Nussbaum (1981)
explained the underlying problem for this misconception as stating that students
relate vacuum concept with air and there is air between every objects. In addition
they may relate particles with dust or vapor and there is also air between them.
Another misconception that students hold is about gas laws. They cannot apply the
gas laws for real life situations. For example they think that the gas pressure inside
the balloon is bigger when the balloon is inflated but it is smaller when it is deflated.
They also think that hot air is heavier than the cold air or vice versa. Homogeneity of
gas mixtures is also unclear for some students. They think that gases contain
different volumes in the same container. The reason for all these misconceptions is
due to the fact that they may not relate what they have learnt in science lessons to the
real life situations. Students also have problems with the stoichiometry questions
when asked in a conceptual way. For instance, when the chemical reactions of gases
were asked using diagrams of the gas particles, they were unsuccessful. In addition

some students have problems with the direction of atmospheric pressure.

Constructivism approach suggests that knowledge is constructed by the
individual by making links with existing ideas through senses such as seeing,
hearing, touching, smelling, and tasting during interaction with the environment
(Von Glasersfeld, 1990). Therefore it can be said that students construct the concepts
of gases from its observable properties. Because the particles of matter could not

seen, students explain the behaviour of gases using the macroscopic nature of it.

The findings of this study indicate that the experimental group performed
better than the control group in terms of acquisition of gases concepts. Therefore,
conceptual change oriented instruction is effective in remediating students’

misconceptions and understanding of scientific concepts related to gas. This study
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produced similar findings with other research studies. For example, Rollnick and
Rutherford (1993) examined the effectiveness of conceptual change model on
remediating misconceptions on air pressure and particles relating to gases. They
concluded that conceptual change model is significantly superior on remediating
alternative conceptions. In addition, Hewson and Hewson (1984) showed that
conceptual change instruction causes better acquisition of scientific conceptions
related to properties of matter compared to traditional instruction. The same results
were supported by Fellow (1994) for nature of matter concepts. Although the
experimental group gained the most in understanding of gases concepts, however,
for the topics related to direction of air pressure and conceptual stoichiometry,
control group students performed better than the experimental group. The underlying

reasons may be revealed with an extensive study by making interviews.

The possible explanation for the effectiveness of this instruction may be that
in conceptual change instruction students’ preconceptions are revealed and their
misconceptions are taken into account. Then, conceptual conflict is created by
discussing and evaluating preconceptions of the students. In addition, students’ are
encouraged for conceptual restructuring in a conceptual change implemented
classroom. On the other hand, in traditional instruction explanation of the facts and
solving problems are presented without regarding students’ existing ideas (Bodner,

1991).

The other possible explanation for effectiveness of the instruction in
experimental group may be due to student-centered activities performed in the
classroom. In this study hands-on activities help students to make connections
between their experiences, which are macroscopic, and the topics’ submicroscopic
nature, which are scientific explanations. By this way abstract gas concepts become
concrete in their minds. The findings of this study are in agreement with literature
for the effectiveness of hands-on instruction (Bredderman, 1982; Kyle et al., 1982;
Shymansky et al., 1988; Handerhan & Janet, 1994; Hardal, 2003; Tiirk, 2005). They
found that students who are instructed by hands-on materials, achieve higher than

those taught by traditional instruction. In addition, Stohr-Hunt (1996) investigated
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that science achievement has a positive relationship with the frequency of hands-on
activities.

Although it is found that conceptual change oriented instruction is effective
method in students’ understanding as supported by previous literature, it did not
affect students’ attitudes towards chemistry in this study. Actually in conceptual
change method students are active partcipants as they have a chance to describe,
explain, and make interpretations about real world phenomena also in this method
student-student interaction and learning by activities is promoted which make
abstract concpets concrete. Therefore, some studies found that conceptual change
oriented instruction and hands-on activities are effective in promoting positive
attitudes towards science. For example Rowland (1990), Jones et al. (2003), and
Bilgin (2006) investigated the effects of hands-on activities on students’ attitudes
toward science and they all found that hands-on activities produce favourable
feelings towards science. In this study, the reason for finding that conceptual change
oriented instruction using hands-on activities have no effect on students’ attitudes
toward chemistry may be that students are unfamiliar with this type of instruction.
Up to time they were passive listeners, therefore the duration of instruction may be
insufficient to be accustomed to an active participant in lessons and for changing
their attitudes toward chemistry. In addition, according to Papanastasiou and
Papanastasiou (2004) many factors affect students’ attitudes towards science, besides
teaching method such as family’s educational background, aspiration, school climate
etc. Maybe these factors influence students’ attitudes towards science in a negative

way.

In summary, this study showed that students had difficulties in understanding
gases concepts and held several misconceptions. In order to promote conceptual
understanding and remediate misconceptions in gases, conceptual change oriented

instruction using hands-on activities is an effective method.
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6.2 Implications

This study implies the followings:

1. To promote meaningful learning, conceptual change method is an effective
tool, since it considers students’ prior knowledge and relates prior
konowledge with new concepts.

2. Science teachers’ sould be informed and encouraged to use conceptual
change method how to prepare hands-on activities.

3. Science teachers should become aware of the students’ misconceptions and
make students become dissatisfy with their misconceptions.

4. Teachers should consider how students’ conceptual understanding makes use
in practical situations.

5. Conceptual problems should be given importance at lessons.

6. In order to achieve effective teaching the teaching style at lessons should be
changed from "teacher-centered" to "student-centered".

7. The role of the teacher should be a facilitator and provide appropriate
guidance.

8. Teachers should make the students perform hands-on activities, by this way

students’ understanding become concrete.

6.3 Recommendations

Based on the results, the followings can be recommended:

1. This study can be replicated with larger sample size and different high
schools for a generalization to a bigger population.

2. Current study can be applied for different grade level of students and for
different chemistry subjects to investigate the effectiveness of conceptual
change method.

3. Conceptual change study can be carried out with small group discussions.
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Conceptual change instruction can be enriched with worksheet, conceptual
problems and conceptual assignments for the gases topic.

Behaviour of gases can be explained by making models of gas particles
with beans or similar things.

Further studies can be carried out using different teaching strategies such as
conceptual change texts, analogy to foster conceptual change method in
gases concept.

Further studies can be done for a longer time period, because longer time

may affect the students’ attitudes towards chemistry.
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APPENDIX A

INSTRUCTIONAL OBJECTIVES

To identify the differences between gases, liquids and solids considering both
their visible properties (macroscopic) and particles’ movement (molecular).
To understand the conservation of mass for reactions involving gas substance.
To explain the behaviour of gases in terms of kinetic molecular theory of gases,
including the relationships between molecular velocity and temperature.

To conclude that gases fill the enclosed space homogeneously.

To explain diffusion by giving examples from daily lives.

To explain pressure on the basis of kinetic theory.

To observe the effects of atmosferic pressure.

To discover direction of the atmospheric pressure.

To explore the relation ships between the pressure, volume, quantity and
temperature of a gas.

To use empirical gas laws to predict how a change in one of the properties of a

gas will affect the remaining properties.

. To relate how airbags work with gas laws.
12.
13.
14.
15.
16.

To relate how hot air balloons fly with Charles’s law.

To explain cooling of a gas at molecular level.

To make comparison between hot air and cold air.

To use the ideal gas equation to analyse gas behaviour.

To list deficiencies in the ideal gas model that will cause real gases to deviate
from behaviours predicted by the empirical gas laws.

To explain the concept of partial pressure in mixtures of gases.

To apply Dalton’s law of partial pressures.

To explain the factors affecting the pressure measured by a manometer.
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APPENDIX B

OBSERVATION CHECKLIST

Never
Sometimes
Always

Notes
Teacher makes students remember their previous

learnings when covering a new topic. O O O

Teacher engages the learner’s curiosity, or

challenges what the learners’ thinks. O O O
Students generate ideas. O O O

The teacher takes account students’

misconceptions. O O O

Teacher provides learners with support and

guidance to help the learner arrive at the correct O 0 O
answer.

The teacher emphasizes relationships between new

and old content. O O O
The teacher presents information in an organized

manner. O O O
Teacher relates the new content with real life

situations. O O O
DURING ACTIVITY

The teacher stresses the goals of the learning

activity. O O O
Students work in small groups O 0 O
Students are actively engaged in the activity. O 0 O
Students share relevant information. O 0 O
Teacher encourages student -student interaction O 0 O
Students arrive at the target conclusions. O O O
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APPENDIX C

GAZLAR KAVRAM TESTi

1. Kapah bir kapta, gaz hilde bulunan bir madde ile ilgili asagidakilerden
hangisi dogru degildir?

A) Birim zamanda kap yiizeyinin her santimetrekaresine ¢arpan tanecik sayisi
aynidir.

B) Gazin yaptig1 basing kabin ¢eperleinin her yerinde aynidir.

C) Kap i¢inde herhangi bir noktada dl¢iilen basing, bu gazin basincidir.

D) Kap i¢indeki gazin tabana yaptig1 basing yan yiizeylere yaptig1 basingtan daha
fazladir.

E) Taneciklerin birbirleriyle yaptiklar1 toplam ¢arpma sayisi ¢eperlere yaptiklari

toplam ¢arpma sayisina esittir.

2. Uflenerek biraz sisirilip agz1 iple baglanmis bir balon, bulundugu ortamdan
alinarak,
I. Ayni basingta, daha soguk
I. Ayni sicaklikta, yiikseltisi daha fazla
III. Ayn1 sicaklikta, havast bosaltilmig
ortamlardan hangisine ya da hangilerine konulursa balonun hacminin

artmasi beklenir?
A) Yalmz | B) YalmizIl  C) Yalniz III D)Ivell E) Il ve III
3. > Yandaki sekil hidrojen gazinn 25 °C ve 1 atm basingtaki
\ o dagilimidir. (Yuvarlaklar (,) hidrojen gazinin molekiillerini temsil

etmektedir.)
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A)

Asagidakilerden hangisi sicaklik -15 °C ye diisiiriildiigiinde gaz

molekiillerinin dagilimim gosterir?

D) E)

Hava ile dolu bir kaba sekildeki gibi bir balon baglanmaktadir. Aradaki muslugu

acip kabi 1sittigimizda balonun sistigi gozlemlenmektedir. Hangi sekil balon

sistikten sonra havayi olusturan molekiillerin dagilimini en iyi —
aciklar? (Noktalar (.) havay1 olusturan molekiilleri temsil /J. .,' \\’L
etmektedir.) / . ;. N }\
B) 0
VVVVVVVVVV D e AR
Ry [ I i“‘f )
/N T /A S\
/ \ /* A [t \
/ \\ // \\ // \
- : L R
D s Ey —
) Tl '@

Sekildeki pistonlu kapta azot gazi bulunmaktadir. Pistona g¢elik i

iple bagh elastik balonun i¢inde ise hidrojen gazi bulunmaktadir.

Elastik balon kabin hic¢bir yiizeyine degmeyecek sekilde, @
piston asag1 dogru bir miktar itilirse balonun seklinde ne

gibi bir degisiklik olur?
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A) Balonun iist kismi diizlesir.
B) Balon yanlardan biiziiliir.
C) Balonun alt kismi diizlesir.
D) Balon her yerden biiziiliir.

E) Balon patlar.

6. Bir gaz1 olusturan taneciklerin arasinda ne bulunur?
A) Hava

B) Su buhari

C) Higbirsey yoktur.

D) Bagka gazlar

E) Yabanci maddeler (toz, kir vs.)

o
7. 0

U M
’_"—‘

M 0J
Tt I

A B

Hacimeleri esit olan A ve B kaplar1 bir muslukla sekildeki gibi birbirlerinden
ayrilmistir. A kabinda He (1) gazi, CH4 ([) gaz1 ve Cl, ([]) gaz1 vardir. B kabi
ise bostur. Musluk agildiktan 1 saat sonra karisim her iki kapta homojen hale
gelmektedir.

Asagidakilerden hangisi gaz molekiillerinin 30 dakika sonraki olas:

dagilimim gosterir? (Mol Kiitleleri; He: 4, CH4: 16, Cly: 71)

0o o
A) T B) . T | ] C) HTH O
0 NN 0
N 0 0
0
A B A B ry 5
D o E n n
) 1.1 y 1.
0 1 M
0 - 0
M
HH 0 Am BH
A B
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8. Atmosfer basincinin Py, oldugu bir ortamda hava ile dolu bir balonun basinct
Pgonn olarak olglilmektedir. Balonun agzi acilip sénmesi beklenmektedir ve
sonmiis balonun basinct  Pgnmis  olarak  Olciilmektedir. Asagidakilerden
hangisinde P,m, Pdou Ve Psonmis basinclarmmin iliskisi dogru olarak

verilmistir?

A) Pssnmis < Patm < Pdolu

B) Pssnmiis = Patm » Paim < Paotu
C) Pam = Paolu = Psonmis

D) Pam > Paotu s Pssnmis=0
E) Pam<Pgon, Pssnmis=0

9. Asagida verilen sekillerde Durum I’de bir par¢a kagit cam fanusun igine
konulmaktadir. Durum II’de kagit yanmakta ve Durum III’de kiiller
olugmaktadir. Her {i¢ durumda da cam fanuslar tartilmistir. Buna gore

asagidakilerden hangisi dogrudur?

—»> —»>

f / \ % /\__t
ly I il
KADIT \/

A) Durum I en biiyiik agirliga sahiptir.

B) Durum II en biiyiik agirliga sahiptir.

C) Durum III en biiytik agirliga sahiptir.

D) I ve Il ayn1 agirliga sahiptir ve I1I’ten daha agirdir.
E) Hepsi de ayn1 agirhiga sahiptir.

10.  Kapali bir kapta bir miktar Siilfiir ([7) ve Oksijen ( op )
8 58ag
0o oo

gazinin karigimi sekildeki gibi gosterilmistir. Bu gazlar asagidaki 8
denkleme gore tepkimeye girmektedir. Hangi gosterim tepkime | 00O

sonucu olusan iiriine aittir?
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2S + 30202 SO;

A) OOEO]OBO B) |:|D|:| SD ) go&)
00
ao o, 8000088 P gogo
D) E)

P T
P @ pF

11. Sekildeki gibi i¢inde gaz bulunan erlen, cam tiipe bagh olan  bir tipa ile
kapatilmigtir. Cam tiipiin bir ucunda bir damla civa bulunmaktadir. Erlen 3 °C
soguk su bulunan behere konuldugunda civa sola hareket ediyor; 80 °C sicak su

bulunan behere konuldugunda civa saga dogru hareket ediyor.

Sekildeki diizene@in tamam 25 °C oda sicakhgindan 5 °C

sicakhi@indaki bir ortama gotiiriiliirse civamin hareketi ile

ilgili asagidakilerden hangisi dogru olur?

— m—

A) Hareketsiz kalir, ¢linkii agik hava basinci sabittir.

B) Once sola sonra saga hareket eder.

C) Sola hareket eder, sicaklik diisiince erlendeki basing da azalir.

D) Saga hareket eder, sicaklik diisiince kabin igindeki basing azalir ve hacim artar.

E) Saga hareket eder,sicaklik diisiince hacim azalir ve erlendeki basing da artar.

12. Sekilde erlen, huniye bagli bir tipa ile sikica kapatilmistir.
Huniye yavasca su doktiigiimiizde su kolayca erlene girmektedir.
Fakat erlendekii su seviyesi huninin alt kismina ulasinca erlene

su ilavesi zorlagmaktadir. Bunun sebebi asagidakilerden

hangisi olabilir?
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A) Erlendeki suyun girisi kapatmast

B) Suyun yerlesecek yer bulmasinin zaman almasi

C) Erlendeki suyun yukart dogru itme kuvveti uygulamasi

D) Erlendeki havanin basincinin artmasi

E) Erlendeki suyun kaldirma kuvvetinin daha fazla su ilavesini kaldiramaz duruma

gelmesi

13. Oda kosullarinda bulunan 1 mol oksijen ve 1 mol azot gazlarimin 3 litrelik
kapali bir kaptaki hacimleri nedir?

A) Her iki gaz da ikiser litredir.

B) Her iki gaz da birer litre hacim kaplar.

C) Her iki gaz da tiger litre hacim kaplar.

D) Karisim halinde bulunduklart i¢in gazlarin tek baglarina hacimlerinden
bahsedilemez.

E) Birer mol olduklar1 i¢in hacimleri 22.4 L “dir.
14. 1. durum gg <L
2. durum %g} Y

Sabit sicaklik ve basingta i¢inde hava bulunan sirmnganin pistonu bir miktar itilerek

icindeki hava sikistirilmaktadir. Sikistirma sonucunda havayr olusturan
tanecikler icin asagidaki ifadelerden hangisi dogrudur?

A) Tanecikler birbirine yapisir.

B) Taneciklerin hepsi siringanin ucuna toplanir.

C) Tanecikler kiigiiliir.

D) Tanecikler arasindaki mesafe azalir.

E) Tanecikler yiiksek basictan dolay1 patlar.

15. Normal kosullarda hacmi 2 litre olan kapali bir kaba 1 litre helyum ve 1 litre azot
gazlar1 konuldugunda, bu kaptaki helyum ve azot gazlarinin hacimleri
hakkinda asagidakilerden hangisi dogrudur? (Gazlar arasinda kimyasal

tepkime gerceklesmemektedir.)
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A) Her iki gazin hacmi de birer litredir.

B) Her iki gaz da ikiser litre hacim kaplar.

C) Gazlarin hacimleri kapta bulunan gazlarin taneciklerinin sayilari ile orantilidir.
D) Azotun molekiiler agirlig1 daha fazla oldugu icin azot daha ¢ok hacim kaplar.

E) Helyum ve azot gazlarinin kimyasal 6zelliklerine baglidir.

16. Gaz haldeki bir madde ile dolu kapal1 bir kap 1sitildiginda kap i¢indeki basincin
arttigl gozleniyor. Asagidakilerden hangisinde bu olayin sebebi en dogru
aciklanmstir?

A) Gaz haldeki maddenin taneciklerinin biiylimesi

B) Gaz haldeki maddenin taneciklerinin 1sindik¢a sayisinin artmast

C) Is1 alan gaz haldeki maddenin agirlagmasi

D) Is1 alan gaz haldeki maddenin taneciklerinin ¢arpma sayisinin artmasi

E) Is1 alan gaz haldeki maddenin taneciklerinin kabin ¢eperlerine yogunlagmasi

17. Pistonlu bir silindirde ideal davranistaki X gazi sabit sicaklikta, piston itilerek
sikigtiriliyor. Sikistirma islemi sonunda bu gaz ile ilgili asagidaki yargilardan
hangisi yanhstir?

A) Molekiillerin ortalama hiz1 azalir.

B) Molekiiller aras1 uzaklik azalir.

C) Birim hacimdeki molekiil sayis1 artar.

D) Molekiillerin sayis1 degismez.

E) Basinci artar.

18. Gazlarla ilgili asagidakilerden hangisi dogrudur?

A) Isitilan hava soguk havadan daha hafiftir.

B) Gaz basinci, gaz haldeki maddenin molekiillerinin igerdigi atom sayisina ve
cinsine baghdir.

C) Gazlar kapal1 bir kap i¢cinde homojen halde bulunurlar.

D) Hava basinct asagi dogrudur.

E) Isitilan hava soguk havadan daha agirdir.

81



19. Bir maddenin kati hélden sivi hile, sivi hilden gaz hile gectikce
taneciklerinin asagida verilen ozelliklerinden hangisi ya da hangileri
degisir?

I.  Kinetik enerjileri
II. Biyiikligi
II1. Molekiilleri arasindaki uzaklik

A) Yalnmz | B) Yalniz I C) Yalniz Il D) Ivelll E)[,Tvelll

20. Birinci sekilde X ([J) elementi ile Y ([J) elementinin olusturdugu karigim
tanecikli yapida gosterilmistir. Bu elementlerin tepkimesi sonucu ikinci sekildeki
durum olugmustur.

Buna gore tepkimenin denklemi asagidakilerden hangisinde dogru

gosterilmistir?

O OO

0O O
Op|— 830 o
OO O o ©

A) 8X +3Y) X ¢Y3 +2X
B) 3X+ 6Y{)X Y

C) X+2Y) X Y,

D) 3X+ 8Y( 3X Y, +2Y
E) X+4Y()XY,+2Y

Table B.1 Gazlar Kavram Testinin Cevap Anahtari

1 D 6 C 11 C 16 D
2 E 7 B 12 D 17 A
3 A 8 C 13 C 18 C
4 C 9 E 14 D 19 D
5D 10 E 15 B 20 D
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APPENDIX D

KiMYA DERSi TUTUM OLCEGI

ACIKLAMA: Bu 6l¢ek, Kimya dersine ilskin tutum ciimleleri ile her climlenin
karsisinda Tamamen Katiliyorum, Katiltyorum, Kararsizim, Katilmryorum ve Hig¢
Katilmiyorum olmak iizere bes secenek verilmistir. Her climleyi dikkatle okuduktan
sonra kendinize uygun segenegi isaretleyiniz.

T
5En0¢ 08~y dR

ggwow.\;_.\wmw

@) OOO O OOOOOO OOOOEC"!O%.Q;—A.\JFFNW

503030 A

0

1.Kimya ¢ok sevdigim bir alandir..................

2. Kimya ile ilgili kitaplar1 okumaktan hoslanirim
3.Kimyanin giinliik yasantida ¢ok 6nemli yeri yoktur
4. Kimya ile ilgili ders problemlerini ¢6zmekten
hoslanirim............ooooiiiiiii

5. Kimya konulartyla ile ilgili daha ¢ok sey
Ogrenmek isterim...........cooovviiiiiiiiiiiin...

6. Kimya dersine girerken sikint1 duyarim..............
7. Kimya derslerine zevkle girerim...............

8. Kimya derslerine ayrilan ders saatinin daha fazla
olmasint isterim.............c.ocooeiiien.,

9. Kimya dersini ¢alisirken canim sikilir.........

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

11. Diisilince sistemimizi gelistirmede Kimya
ogrenimi onemlidir..................ooiinn.

12. Kimya ¢evremizdeki dogal olaylarin daha iyi
anlagilmasinda onemlidir........................

13. Dersler i¢inde Kimya dersi sevimsiz gelir..........
14. Kimya konularyla ilgili tartismaya katilmak
bana cazip gelmez.................oooiiiiiiin
15.Calisma zamanimin 6nemli bir kismin1 Kimya
dersine ayirmak isterim.....................

O 00O O O O 000 O 0000 g vy, unpnsR

O OO0 O o O O oo0o0 O 00060

O OO0 O o O 0000 O 0000
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APPENDIX E

BiLIMSEL ISLEM BECERI TESTI

ACIKLAMA: Bu test, 6zellikle Fen ve Matematik derslerinizde ve ilerde {liniversite
smavlarinda karsimiza cikabilecek karmagik gibi goriinen problemleri analiz
edebilme kabiliyetinizi ortaya ¢ikarabilmesi agisindan ¢ok faydalidir. Bu test iginde,
problemdeki degiskenleri tanimlayabilme, hipotez kurma ve tanimlama, islemsel
aciklamalar getirebilme, problemin ¢oziimii i¢in gerekli incelemelerin tasarlanmast,
grafik ¢izme ve wverileri yorumlayabilme kabiliyelerini Olgebilen sorular
bulunmaktadir. Her soruyu okuduktan sonra kendinizce uygun secenegi yalnizca

cevap kagidina isaretleyiniz.

1. Bir basketbol antrendrii, oyuncularin gii¢siiz olmasindan dolayr maglari
kaybettklerini diistinmektedir. Giiclerini etkileyen faktorleri arastirmaya karar verir.
Antrendr, oyuncularin giiciinii etkileyip etkilemedigini 6lgmek i¢in asagidaki
degiskenlerden hangisini incelemelidir?

a. Her oyuncunun almis oldugu giinliik vitamin miktarini.

b. Giinliik agirlik kaldirma ¢aligmalarinin miktarini.

c. Giinliik antreman siiresini.

d. Yukaridakilerin hepsini.

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

b. Her arabnin gittigi mesafe ile.
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¢. Kullanilan benzin miktari ile.

d. Kullanilan katki maddesinin miktari ile.

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

a. Arabanin agirligi.

b. Motorun hacmi.

c. Arabanin rengi

d.aveb.

4. Ali Bey, evini 1sitmak i¢in komsularindan daha ¢ok para 6denmesinin sebeblerini
merak etmektedir. Isinma giderlerini etkileyen faktorleri aragtirmak icin bir hipotez
kurar. Asagidakilerden hangisi bu aragtirmada sinanmaya uygun bir hipotez degildir?
a. Evin ¢evresindeki aga¢ sayis1 ne kadar az ise 1sinma gideri o kadar fazladir.

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

c. Biiyiik evlerin 1sinma giderleri fazladir.

d. Isinma giderleri arttikca ailenin daha ucuza 1sinma yollar1 aramasi gerekir.

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

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

Deney odasinin sicakhilli (°C) | Bakteri kolonilerinin sayisi
5 0
10 2
15 6
25 12
50 8
70 1
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Asagidaki grafiklerden hangisi bu verileri dogru olarak gostermektedir?

a. b.
A A
1 12
8 10
12 8
Kolonilerin 6 Kolonilerin 6
sayisl sayisl
2 4
0 e 2
0 5 10 15 25 50 70 0 10 20 30 40 50 60 70
Sicaklik(°C) Sicaklik(°C)
c A d.
70’ 70t
60 50
50 25
40 15
Sicaklik(°C)30 Sicaklik(°C)10
(]
20 5
[ )
10 r 0
[ )
00 »
0 36 9 12 15 18 0 3 6 9 12 15 18
Kolonilerin sayisi Kolonilerin sayisi

6. Bir polis sefi, arabalarin hizinin azaltilmasi ile ugragmaktadir. Arabalarin hizini
etkileyebilecek bazi faktorler oldugunu diistinmektedir. Siiriiciilerin ne kadar hizli

araba kullandiklarini agagidaki hipotezlerin hangisiyle sinayabilir?

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

b. Kaza yapan arabalar ne kadar biiylikse, i¢cindeki insanlarin yaralanma olasiligi o
kadar azdir.

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

d. Arabalar eskidikce kaza yapma olasiliklar artar.

7. Bir fen smifinda, tekerlek yiizeyi genisliginin tekerlegin daha kolay yuvarlanmasi

izerine etkisi arastirilmaktadir. Br oyuncak arabaya genis ylizeyli tekerlekler takilir,
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once bir rampadan (egik diizlem) asagi birakilir ve daha sonra diiz bir zemin
iizerinde gitmesi saglanir. Deney, ayn1 arabaya daha dar yiizeyli tekerlekler takilarak
tekrarlanir. Hangi tip tekerlegin daha kolay yuvarlandigi nasil dl¢iliir?

a. Her deneyde arabanin gittigi toplam mesafe dl¢iiliir.

b. Rampanin (egik diizlem) egim ag1s1 6l¢iiliir.

c. Her iki deneyde kullanilan tekerlek tiplerinin yiizey genislkleri 6l¢iiliir.

d. Her iki deneyin sonunda arabanin agirliklar1 dl¢iiliir.

8. Bir cift¢i daha ¢cok misir iiretebilmenin yollarini aramaktadir. Misirlarin miktarini
etkileyen faktorleri arastirmayi tasarlar. Bu amagla asagidaki hipotezlerden hangisini
simayabilir?

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

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

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

d. Misir {iretimi arttikga, iiretim maliyeti de artar.

9. Bir odanin tabandan itibaren degisik yiizeylerdeki sicakliklarla ilgli bir ¢alisma
yapilmig ve elde edilen veriler asagidaki grafikte gosterilmistir. Degiskenler

arasindaki iliski nedir?

A
Hava Sicaklill 28
(°C)
26
24
22 .
20

50 100 150 200 250 3070
Yukseklik(cm)

a. Yikseklik arttikca sicaklik azalir.

b. Yiikseklik arttikca sicaklik artar.

c. Sicaklik arttikca yiikseklik azalir.

d. Yikseklik ile sicaklik artigi arasinda bir iliski yoktur.
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10. Ahmet, basketbol topunun i¢indeki hava arttik¢a, topun daha yiiksege si¢racagini
diistiinmektedir. Bu hipotezi arastirmak igin, birka¢ basketbol topu alir ve iclerine
farkli miktarda hava pompalar. Ahmet hipotezini nasil stnamalidir?

a. Toplar1 ayni yiikseklikten fakat degisik hizlarla yere vurur.

b. i¢lerinde farli miktarlarda hava olan toplari, aym yiikseklikten yere birakir.

¢. I¢lerinde ayn1 miktarlarda hava olan toplari, zeminle farkli agilardan yere vurur.

d. I¢lerinde ayn1 miktarlarda hava olan toplari, farkl1 yiiksekliklerden yere birakir.

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

asagidaki grafikte gosterilmistir.

151&
Dakikada 12
pompalanan
benzin miktari 9
(litre)
6 [)
3 [

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

Asagidakilerden hangisi degiskenler arasindaki iliskiyi agiklamaktadir?

a. Hortumun ¢ap1 genisledik¢e dakikada pompalanan benzin miktari da artar.
b. Dakikada pompalanan benzin miktar arttik¢a, daha fazla zaman gerekir.
¢. Hortumun capi kiigiildiik¢e dakikada pompalanan benzin miktari da artar.

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

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

aciklama kismindan sonra verilen paragrafi okuyarak cevaplayiniz.
Aciklama: Bir arastirmada, bagimli degisken birtakim faktorlere bagimli olarak

gelisim gosteren degiskendir. Bagimsiz degigkenler ise bagimli degiskene etki eden

faktorlerdir. Ornegin, arastirmanin amacina gore kimya basaris1 bagiml bir degisken
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olarak alinabilir ve ona etki edebilecek faktor veya faktorler de bagimsiz degiskenler

olurlar.

Ayse, gilinesin karalar1 ve denizleri ayn1 derecede 1sitip 1sitmadigini merak
etmektedir. Bir arastirma yapmaya karar verir ve ayni biiyiiklikte iki kova alir.
Bumlardan birini toprakla, digerini de su ile doldurur ve ayni miktarda giines 1sis1
alacak sekilde bir yere koyar. 8.00 - 18.00 saatleri arasinda, her saat basi

sicakliklarini dlger.

12. Aragtirmada asagidaki hipotezlerden hangisi stnanmigtir?

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

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

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

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

b. Toprak ve suyun sicakligi.

c. Kovalara koyulan maddenin tiiri.

d. Herbir kovanin giines altinda kalma stiresi.

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

b. Toprak ve suyun sicakligi.

c. Kovalara koyulan maddenin tiiri.

d. Herbir kovanin giines altinda kalma stiresi.

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

b. Toprak ve suyun sicakligi.

c. Kovalara koyulan maddenin tiiri.

d. Herbir kovanin giines altinda kalma stiresi.
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16. Can, yedi ayr1 bahgedeki ¢imenleri bigmektedir. Cim bigme makinasiyla her
hafta bir bahcedeki c¢imenleri bicer. Cimenlerin boyu bahgelere gore farkli olup
bazilarinda uzun bazilarinda kisadir. Cimenlerin boylari ile ilgili hipotezler kurmaya
nbaslar. Asagidakilerden hangisi sinanmaya uygun bir hipotezdir?

a. Hava sicakken ¢im bigmek zordur.

b. Bahgeye atilan giirenin miktar1 onemlidir.

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

d. Bahge ne kadar engebeliyse ¢imenleri kesmekte o kadar zor olur.
17, 18, 19 ve 20 nci sorular1 asagida verilen paragrafi okuyarak cevaplayimniz.

Murat, suyun sicakliginin, su i¢inde ¢oziinebilecek seker miktarini etkileyip
etkilemedigini arastirmak ister. Birbirinin aym1 dort bardagin herbirine 50 ser
mililitre su koyar. Bardaklardan birisine 0 °C de, digerine de sirayla 50 °C, 75 °C ve
95 °C sicaklikta su koyar. Daha sonra herbir bardaga ¢oziinebilecegi kadar seker

koyar ve karistirir.

17. Bu arastirmada sinanan hipotez hangisidir?

a. Seker ne kadar ¢ok suda karistirilirsa o kadar ¢ok ¢6ziiniir.

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

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

d. Kullanolan suyun miktar1 arttikca sicakligi da artar.

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

b. Her bardaga konulan su miktari.

c. Bardaklarin sayist.

d. Suyun sicaklig.
19. Arastimanin bagimli degiskeni hangisidir?

a. Her bardakta ¢6zlinen seker miktari.

b. Her bardaga konulan su miktari.
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c. Bardaklarin sayist.

d. Suyun sicaklig.

20. Arastirmadaki bagimsiz degisken hangisidir?
a. Her bardakta ¢6zlinen seker miktari.

b. Her bardaga konulan su miktari.

c. Bardaklarin sayisi.

d. Suyun sicaklig.

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

a. Farkli miktarlarda sulanan tohumlarin kag giinde filizlenecegine bakar.

b. Her sulamadan bir giin sonra domates bitkisinin boyunu dlger.

c. Farklr alnlardaki bitkilere verilen su miktarini dlger.

d. Her alana ektigi tohum sayisina bakar.

22. Bir bahgivan tarlasindaki kabaklarda yaprak bitleri goriir. Bu bitleri yok etmek
gereklidir. Kardesi “Kling” adli tozun en iyi bocek ilact oldugunu sdyler. Tarim
uzmanlari ise “Acar” adli spreyin daha etkili oldugunu sdylemektedir. Bah¢ivan alti
tane kabak bitkisi secer. Ug tanesini tozla, ii¢ tanesini de spreyle ilaglar. Bir hafta
sonra her bitkinin {izerinde kalan canli bitleri sayar. Bu ¢aligmada bocek ilaglarinin
etkinligi nasil dl¢tliir?

a. Kullanilan toz ya da spreyin miktar 6lgiiliir.

b. Toz ya da spreyle ilaglandiktan sonra bitkilerin durumlari tespit edilir.

c. Her fidede olusan kabagin agirlig: olgiiliir.

d. Bitkilerin tizerinde kalan bitler sayilir.

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

a. 10 dakika sonra suyun sicakliginda meydana gelen degismeyi kayeder.
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b. 10 dakika sonra suyun hacminde meydana gelen degismeyi dlger.
c. 10 dakika sonra alevin sicakligini dlger.

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

24. Ahmet, buz parcaciklarinin erime siiresini etkileyen faktorleri merak etmektedir.
Buz pargalarinin biiyiikliigli, odanin sicakligt ve buz pargalarinin sekli gibi
faktorlerin erime siiresini etkileyebilecegini diislinlir. Daha sonra su hipotezi
sinamaya karar verir: Buz parcalarinin sekli erime siiresini etkiler. Ahmet bu hipotezi
simamak icin asagidaki deney tasarimlarinin hangisini uygulamalidir?

a. Herbiri farkl sekil ve agirlikta bes buz pargasi alinir. Bunlar ayni sicaklikta benzer
bes kabin i¢ine ayr1 ayr1 konur ve erime stireleri izlenir.

b. Herbiri aymi sekilde fakat farkli agirlikta bes buz parcasi alinir. Bunlar aym
sicaklikta benzer bes kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.

c. Herbiri ayn1 agirlikta fakat farkli sekillerde bes buz pargasi alinir. Bunlar ayni
sicaklikta benzer bes kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.

d. Herbiri aym agirlikta fakat farkli sekillerde bes buz parcgast alinir. Bunlar farkli

sicaklikta benzer bes kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.

25. Bir arastirmaci yeni bir giibreyi denemektedir. Caligmalarin1 ayni biiytikliikte bes
tarlad yapar. Her tarlaya yeni giibresinden degisik miktarlarda karigtirir. Bir ay sonra,
her tarlada yetisen ¢imenin ortalama boyunu &lger. Olgiim sonuglar1 asagidaki

tabloda verilmistir.

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

Tablodaki verilerin grafigi asagidakilerden hangisidir?
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Gubre
. . miktar
Cimenlerin
ortalama
boyu
. . imenlerin ortalama
Gubre miktar ¢
bovu
C. d.

A A
Cimenlerin Gubre miktar
ortalama
boyu

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

a. Farelerin hizini dlger.

b. Farelerin, giinlilk uyumadan durabildikleri siireyi olger.

c. Hergiin fareleri tartar.

d. Hergiin farelerin yiyecegi vitaminleri tartar.

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

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

b. Su sogudukga, sekeri ¢ozebilmek i¢in daha fazl akaristirmak gerekir.

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

d. Su 1sindik¢a seker daha uzun siirede ¢oziiniir.
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28. Bir arastima grubu, degisik hacimli motorlar1 olan arabalain randimanlarini

Olger. Elde edilen sonuglarin garfigi asagidaki gibidir:

A
30
Litre ball na °
alinan mesafe 25
(km)
20
15 .
10 R
1 2 3 4 5
Motor hacmi
(litre)

Asagidakilerden hangisi degiskenler arasindaki iliskiyi gosterir?

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

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

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

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

biiylik demektir.

29, 30, 31 ve 32 nci sorular1 agsagida verilen paragrafi okuyarak cevaplayiniz.

Topraga karitirilan yapraklarin domates iiretimine etkisi arastirilmaktadir.
Arastirmada dort biiylik saksiya ayni miktarda ve tipte toprak konulmustur. Fakat
birinci saksidaki toraga 15 kg., ikinciye 10 kg., tiglinciiye ise 5 kg. ¢liriimiis yaprak
karistirllmistir.  Dordiincti saksidaki  topraga ise hi¢ ¢iirlimily yaprak
karigtirilmamustir.

Daha sonra bu saksilara domates ekilmistir. Biitiin saksilar glinese konmus ve ayni
miktarda sulanmistir. Her saksidan eled edilen domates tartilmis ve kaydedilmistir.
29. Bu arastirmada sinanan hipotez hangisidir?

a. Bitkiler giinesten ne kadar ¢ok 1s1k alirlarsa, o kadar fazla domates verirler.

b. Saksilar ne kadar biiyiik olursa, karistirilan yaprak miktari o kadar fazla olur.
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c. Saksilar ne kadar ¢ok sulanirsa, iclerindeki yapraklar o kadar ¢abuk ciirtir.

d. Topraga ne kadar ¢ok ciiriik yaprak karistirilirsa, o kadar fazla domates elde edilir.

30. Bu arastirmada kontrol edilen degisken hangisidir?
a. Her saksidan elde edilen domates miktar1

b. Saksilara karistirilan yaprak miktari.

c. Saksilardaki torak miktari.

d. Ciiriimiis yapak karistirilan saksi sayisi.

31. Arastirmadaki bagimli degisken hangisidir?
a. Her saksidan elde edilen domates miktar1

b. Saksilara karistirilan yaprak miktari.

c. Saksilardaki torak miktari.

d. Ciiriimiis yapak karistirilan saksi sayisi.

32. Arastirmadaki bagimsiz degisken hangisidir?
a. Her saksidan elde edilen domates miktar1

b. Saksilara karistirilan yaprak miktar:.

c. Saksilardaki torak miktari.

d. Ciiriimiis yapak karistirilan saksi sayisi.

33. Bir 6grenci minatislarin kaldirma yeteneklerini arastirmaktadir. Cesitli boylarda
ve sekillerde birkag miknatis alir ve her miknatisin ¢ektigi demir tozlarini tartar. Bu
calismada miknatisin kaldirma yetenegi nasil tanimlanir?

a. Kullanilan miknatisin biiytikliigii iile.

b. Demir tozalrin1 geken miknatisin agirlig ile.

¢. Kullanilan miknatisin sekli ile.

d. Cekilen demir tozlarinin agirlhig ile.

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

atistan hedefe isabet edenler asagidaki tabloda gosterilmistir.
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Mesafe(m) Hedefe vuran atill sayisi
5 25
15 10
25 10
50 5
100 2

Asagidaki grafiklerden hangisi verilen bu verileri en iyi sekilde yansitir?

a. b.
4 10Q
25
Hedefi bulan Hedefe olan 50
atill sayisi 20 uzaklik (m)
A 25
15
15
10
5
5
20 40 60 80 100 2 510 15 25
Hedefe olan uzaklik Hedefi bulan
(m) "
c. d. y
100 4 25 f
Hedefi bulan
Hedefe olan 80 atill sayisi 20
uzaklik (m)
60 15
(]
40 10
(J
[ )
20 5

10 15 20
Hedefi bulan
atill sayisi

25

20 40 60 80 100
Hedefe olan uzakhk

(m)

35. Sibel, akvaryumdaki baliklarin bazen ¢ok haraketli bazen ise durgun olduklarini

gozler.

Baliklarin  hareketliligini

etkileyen faktorleri

hareketliligini etkileyen faktorleri hangi hipotezle sinayabilir?

merak eder.Baliklarin

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

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

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

d. Akvaryum ne kadar ¢ok 1s1k alirsa, baliklar o kadar hareketli olur.
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36. Murat Bey’in evinde birgok electrikli alet vardir. Fazla gelen elektrik faturalar
dikkatini ¢eker. Kullanilan elektrik miktarini etkileyen faktorleri arastirmaya karar
verir. Asagidaki degiskenlerden hangisi kullanilan elektrik enerjisi miktarini
etkileyebilir?

a. TV nin acik kaldigi siire.

b. Elektrik sayacinin yeri.

¢. Camasir makinesinin kullanma siklig.

d.avec.
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APPENDIX F

SAMPLE LESSON BASED ON CONCEPTUAL CHANGE METHOD USING
HANDS-ON ACTIVITIES

Introduction
Teacher: Last lesson we have discussed the relation between volume and amount of
gas. You learned that when we increase the amount of gas then the volume of gas
increase if other variables are constant. So, you concluded that when we are blowing
the balloon the pressure inside does not change. Also you infer that the pressure
inside the inflated balloon is equal to the pressure inside the deflated balloon.

In this lesson we will discover the relation between pressure and temperature

of a gas known as Guy-Lussac’s gas law.

Dissatisfaction phase:

Teacher: What would happen to a gas in a closed container if we heat it?
(Some students thought in macroscopic level and said that if we were to heat liquid it

would evaporate but nothing would happen to a gas).

Teacher: Okey, you mean that the appearence of gas wouldn’t change, but what
would happen in a molecular level?

(A few students explained that the size of the gas particles would increase. Some
students claimed that the gas particles would rose up and gathered on the upper part

of the container. And some others said that the speed of particles would increase).

Teacher: Let’s test it with an activity and infer what would happen to a gas in a

molecular level.
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(The teacher created heterogeneous groups consisted of four or five students. And
each group started to prepare apparatus according to their activity sheets that was
given to them before. Students placed the empty bottle with narrow mouth, in a large
container and they put coin at the mouth of a bottle that closed the opening
completely. Then, the container filled with hot water. After a while students saw

that the coin was jumping).

Teacher: What do you think, what would cause the coin’s jumping?

(Some students again claimed that air particles in the bottle rose up and all of them
gathered on the mouth of the bottle. And a few others told that the size of the air
particles got bigger and they couldn’t fit into the bottle anymore and they hit the coin

which make it jump).

Teacher: If your argument is correct, then in summers the air in our rooms would
rise up to the ceiling and we couldn’t breath when sitting, could we? Or in winters
when our hetaing system is on, the same thing would happen. Okey, who will refute
that the particles size do not change when heating.

(Students remembered from preceding learnings and gave examples from related

activities such as Boyle’s law).

Teacher: If the temperature changes, causes the change in particles size, then the
volume of every object would get bigger or smaller dependent on the temperature.
Atoms and molecules or ions do not change their size or shape with temperature,
volume, and pressure changes.
Now tell me the exact reason of coin’s jumping? Answer this question with
considering the variables (temperature, pressure, amount and volume) that affects the
gases behaviour. Ion our activity which variables were constant and which variables
were changed?

(The groups discussed the reason for a while and the teacher guided them. And they
realized that the amount and the volume of gas were constant and the increase in
temperature speeded up the particles, which increased the pressure of air inside the

bottle, and this may cause the coin’s jumping. Then the teacher started to explain the
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relationship between pressure and temperature on the basis of kinetic molecular

theory).

Intelligibility phase:

Teacher: When the amount of a gas keeps constant, there is a direct relation ship
between the pressure and temperature of a gas in a closed container. This law is
known as Gay Lussac gas law. Let’s explore this relation on the basis of kinetic

molecular theory.

As you know the gas particles move in all directions at different speeds at the
same temperature and each particle has a different kinetic energy because of the
collisions. And their average amount of kinetic energy is the temperature of that gas.
Increasing temperature increases the kinetic energy of the gas particles. They start to
move faster and the particles collide with eachother, with the sides of the container
and with the coin more often. So we can say that frequency of collisions increases.
They also hit to the sides of the bottle and to the coin with more force causing the
coins jumping. Cooling the gas would have the inverse effect, making the pressure
inside the bottle decreased.

(The teacher also solved quantitative questions requiring the application of Gay

Lussac law).

Plausibility phase:

To test the students’ acquired knowledge is applicable enough for a given
situation, the teacher wanted them to do the related activity.

For the activity, students placed nylon bags over the mouths of two jars
respectively and tied them. One of the nylon bags was a little bit inside and the other
was a little bit outside.

Teacher: Try to get out the bag that is inside and, try to take in the bag that is
outside. Why aren’t we successful? When we change the tempereture of the air

inside the jars let’s see whether we succeed it.
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(Students placed the jar that had the bag inside, to the container containing hot water.

They placed the other jar to the container containing ice. And they were successful)

Teacher guided students to make them conclude as: “ When the air inside the
jar heated the pressure inside increases and the particles hit the nylon bag more often
with more force causing the bag go up. Likewise the pressure inside the jar would
decrease when cooled and because the outside pressure becomes greater compared to

the inside pressure, the outside pressure caused the nylon bag go inside.

To advance the acquisition of the pressure- temperature relation, teacher gave

examples from daily lives.

Teacher: Why the lid of teapots jump when the water in it boiling or when cooking
everybody witnessed to the jumping of the lid of saucepans. We can increase such
examples; why the basketballs jump less in cold weathers compared to the hot
weathers? These examples all can be explained by the pressure and temperature
relation of the gases.

(The teacher gave students opportunity to express their ideas related to the
explanations of the events. In this way the students have an opportunity to test the

plausibility of the new conception).

Fruitfulness phase:

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

of the new conceptions to the new situations.

Teacher: Explain why is it writing on deodorant containers as “ It should not be
thrown away on fire even it is empty” or “It should not be left in the sun”. What can
be the danger for these kinds of situations? We will discuss your answers on this

assignment the next lesson.
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APPENDIX G

HANDS-ON ACTIVITIES

DIFFUSION OF GASES

1. ETKINLIK
Amag: Gazlarda difiizyon olayim kesfetmek.

Arac ve gerec

Kokusu keskin olan parfiim, kolonya, sirke gibi maddeler

Bir parca bez
Bunlart Yapalim

L)

P o b P

P

Bezi, kolonya veya sirkeye batiralim.

Bezi siseden ¢ikarip kolonya veya sirke siselerinin agzinit hemen kapatalim.

Bezi bir siire sinifin tam ortasinda bekletelim.

Kokuyu alan 6grenciler parmak kaldirsin.

Her 6grenci icin kokuyu alincaya kadarki gegen siireyi ve 0grencilerin kokuya
olan uzakliklarini kaydedelim.

Kokunun her 6grenciye yayilma oranini, 6grencinin kokuya olan uzakligini

kokuyu alincaya kadarki gecen siireye bolerek hesaplayalim.

Sonuca Varalim

1.

Hangi 6grenciler kokuyu en dnce algiladi? Sizce hangi 6grenciler kokuyu daha
keskin algilar?

Kolonyanin veya sirkenin kokusunu nasil algiladik?

Daha sicak bir havada ayni1 deneyi gerceklestirseydik, kokuyu daha kisa siirede
mi yoksa daha uzun siirede mi algilardik? Neden?

Neden c¢iceklerin kokusunu sicak giinlerde soguk giinlere gore daha keskin

hissederiz?
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2. ETKINLIK

Amacg: Gaz haldeki maddelerin taneciklerinin ortalama hizlarini karsilastirmak.

Arag ve Gere¢

50 cm boyunda iki ucu agik cam boru, 2 adet deliksiz lastik tipa, 2 adet toplu igne,

cetvel, saat cami, derisik HCI ¢ozeltisi, derisik NH; ¢ozeltisi, pamuk

Bunlar1 Yapalhim
& Iki mesnet ile cam boruyu yere paralel olarak baglayalim.

% Saat camu lizerinde, kiiciik pamuk parcalarindan birine HCl, digerine NH;

¢ozeltilerinden 2-3 damla damlatalim.

% Pamuklari toplu igne ile lastik tipalara batirarak tutturalim. Her iki tipay1 ayni

anda borunun uglarina sikica takalim. Saatimize bakarak not edelim.

% Cam borunun igerisinde olugan beyaz renkli NH4Cl halkasinin meydana geldigi

an1 saate bakarak kaydedelim.

Sonuca Varalim
Olayin denklemi: HCI+NH; ¢ NH,ClI
gaz gaz kat1
% Olusan NH4Cl {in pamuklara olan mesafesini cetvel ile l¢erek yazalim.
% Hiz=yol/zaman esitligini kullanarak her bir gazin hizin1 hesaplayalim.
* Amonyum klortir bilesigi hangi uca daha yakin olustu? Neden?

* Neden amonyum kloriir, cam borunun tam ortasinda olugsmamastir?
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APPENDIX H

MAGNITUDE AND DIRECTION OF AIR PRESSURE

3. ETKINLIiK

Amag: Hava basincinin yoniinii kavramatk.

Arag ve Gereg

Su bardagy, su, kagit

Bunlar1 Yapalhim

e Bardag1 agzina kadar su ile dolduralim.

* Bardagin agzini kagit ile kapatalim ve bardagi hizlica ters ¢evirelim.
Sonuca Varalim

* Bardag: ters ¢evirdigimizde agzindaki kagit neden diismedi?

4. ETKINLIK
Amag: Hava basincumin biiyiikliigiinii kavramak
Aracg ve gere¢
Gazete, tahta cetvel
Bunlar Yapalim ve Sonuca Varalim
* Bir sayfa gazeteyi diiz bir siraya serelim.
* Cetveli % 1 siranin diginda kalacak sekilde gazetenin altina yerlestirelim.
* Cetvelin disarida kalan kismindan yavas yavas asagi dogru itelim.
Gazete kagidi kalkti m1? Neden?
* Cetveli eski konumuna getirelim.
* Gazeteyi diizlestirelim.
* Cetvelin disarida kalan kismina hizl bir sekilde yumruk vuralim.
Bu durumda gazete kagidi kalkti m1? Neden?

Gazete kagidini neden diizlestirdik?
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APPENDIX I

CHARLES’ LAW (V-T)

5. ETKINLIK

Amag: Gazlarin sicakliklari ile hacimleri arasindaki iliskiyi tanecik boyutunda
kavramak.

Arac ve gerec

500 mL’lik plastik sise, stvi deterjan, su, kagit veya plastik bardak,

buz, kase

Bunlar1 Yapalhim

Bir cay kagig1 sv1 deterjan ile iki cay kasig1 suyu kagit bardak icinde kangtirarak kopiik
elde edelim.

Plastik sisenin agzim hazirladiZimiz soliisyona daldiralim ve sisenin agzinda baloncuk

olusmasim saglayalim.(siseyi yavasca yana yatirarak soliisyona daldirahm.)

Siseyi sicak su bulunan kaseye yerlestirelim.

Bir siire sonra kdpiik nasil bir sekil ald1?

Daha sonra bu siseyi buz dolu kaseye yerlestirelim.

Bir siire sonra sisenin agzindaki kopiik nasil bir sekle sahip oldu?

Sonuca Varalim
Kopiigiin her iki durumda da seklinin degismesinin sebebi nedir?
Siseyi sicak su bulunan kaseye ya da buz dolu bir kaseye koydugumuzda sisedeki
havay1 olusturan taneciklerin biiyiikliigii hakkinda ne sdyleyebiliriz?
Sise sicak su bulunan kaseye ve buz bulunan kaseye konuldugunda sisedeki havay1
olusturan taneciklerin goriiniimiiniin nasil olacagin ¢izimle gosterelim.
Etkinlikte hangi degiskenlerin sabit kaldigini ve hangilerinin degistigini

olusturacagimiz bir ¢izelgede belirtelim.
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6. ETKINLIK

Amag: Sicak hava ile soguk soguk havnin kiitlelerini karsilastirmak

Arag ve Gereg

1 adet erlenmayer, hassas terazi, 1sitici

Bunlar1 yapalim ve Sonuca Varalim
* Bos bir erlenmayeri deliksiz bir tipayla sikica kapatalim.
» Ogrencilerden erlenmayerin icinde hava bulundugu bilgisi edinildikten sonra
erlenmayeri hassas bir terazi ile tartalim.
* Daha sonra ayni erleni tipasini ¢ikarmadan bir dakika kadar 1sitalim.
e Isittigimiz erlenin agirligt hakkinda ne soyleyebiliriz?
* Isittigimiz erleni tartalim. Erlenin ilk ve son durumdaki agirliklarini

karsilastiralim.
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APPENDIX J

BOYLE’S LAW (P-V)

8. ETKINLIK

Amag: Gazlarda, basing ve hacim arasindaki iligkiyi kesfetmektir.

Arac ve gereg

[gnesiz Siringa, bir kag adet kitap, oyun hamuru

Bunlar1 yapalim

* Siringaya hava ¢ekelim ve ucunu oyun hamuruyla kapatalim.

* Pistonun ucundaki degeri okuyalim ve bir ¢izelge olusturarak bu degeri ¢izelgeye
kaydedelim.

* Siringayi diiz bir zemine yerlestirelim. Pistonun iistiine bir kitap koyalim ve
siringadaki havanin son hacmini ¢izelgemize kaydedelim.

* Pistona bir kitap daha koyalim ve siringadaki havanin hacmini tekrar kaydedelim.

* Dogru sonug elde etmek i¢in deneyi bir kag kez tekrarlayalim.

* Elde ettigimiz sonuglarla basing —hacim grafigi ¢izelim.

* Kitaplar siringadan kaldirdigimizda siringadaki havanin hacmine ne olacagini
gozlemleyelim.

Sonuca varalim

* Etkinligimizdeki degiskenler nelerdir? Bu degiskenlerden hangileri degisti, hangileri
sabit kald1?

* @Grafikten elde ettigimiz sonuglara gore gazin basinci ve hacmi arasinda nasil bir
iligki bulunmaktadir?

* Etkinlikte gézlemledigimiz gaz basinci ve hacmi arasindaki iliskiyi tanecik
boyutunda agiklayalim.

* Kitaplari pistondan kaldirdigimizda, pistonu gekmememize ragmen siringadaki

havanin genisleme sebebini agiklayalim.

* Siringadaki havayi sikistirdigimizda taneciklerin hareketi hakkinda ne
sOyleyebiliriz?
* Siringadaki havayi sikistirdigimizda havayi olusturan taneciklere ne olur?
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APPENDIX K

DALTON’S LAW (P — n)

9. ETKINLIK

Amag: Gazlarda, basing ve miktar arasindaki iligkiyi kesfetmektir.
Aracg ve gere¢

Agz1 fermuarli plastik buzdolab1 poseti, pipet, kitap

Bunlar1 yapalim

Plastik posete sekildeki gibi pipeti

yarisina kadar yerlestirelim ve pOSCﬁn < —_— -

Qo

. e

o G - S—y
agzini kapatalim. e —— T | A
T r \

* Posetten hava kagmasini engellemek =0 A 0
._.‘ ~
&

icin pipetin yanlarina parmaklarimizla
bastiralim.
* Posetin istiine bir kitap yerlestirelim ve posete pipetle hava iifleyelim.
* Kitaba ne oldu? Iki kitap kaldirmay1 deneyin. Bu sekilde kag kitap

kaldirabileceginizi deneyin.
Sonuca varalim

* Etkinlikteki degiskenleri ve hangi degiskenlerin sabit kaldigini, hangilerinin
degistigini belirtelim. Kitaplar1 hangi kuvvet kaldirtyor olabilir?

* Posetteki havanin basinci ile gazin miktar1 arasinda nasil bir iligki
bulunmaktadir?

* Etkinlikte gerceklesen olay1 tanecik boyutunda agiklayalim.

108



APPENDIX L

AVOGADRO’S LAW (V, n)

10. ETKINLIK

Amag: Gazlarda hacim ve madde miktar: arasindaki iliskiyi kesfetmek.

Arag- Geregler

50 mL erlenmayer, elastik balon, su, mezura, etiiv

Bunlar1 Yapalhim

Erlene 50 mL su koyalim.

Balonun i¢indeki havayi elimizle bosaltalim ve erlenin agzina bu balonu
gecirelim.

Erleni alttan yavas yavas 1sitalim.

Birkas dakika sonra balonun ¢evresini Olgelim.

Sonuca Varalim

Su 1sindik¢a balonda ne gibi bir degisiklik gézlendi? Bunun sebebi ne
olabilir?

Balonun hacminin bir siire sonra artmasini tanecik boyutunda nasil agiklariz?
Erlendeki suyun tamami1 buharlasincaya kadar suyu 1sitsaydik balon
patlarmiydi? Neden?

Gazlarin tanecik sayisi ile hacimleri arasinda nasil bir ilski vardir?

109



APPENDIX M

GUY LUSSAC’S LAW (P-T)

11. ETKINLIK

Amag: Gazlarda, basing ve sicaklik arasindaki iligkiyi kesfetmektir.

Arag ve Gereg

Uzun boyunlu sise, madeni para, genis bir kap, sicak su

Bunlar1 yapalim

&% Genis bir kabin i¢ine uzun boyunlu bos bir sise yerlestirelim.

% Sisenin agzina ise deligi tiimiiyle kapatacak madeni bir para koyalim.

% Kabin i¢ini sicak suyla dolduralim.

Sonuca Varalim

&% Bir siire sonra paranin ziplama sebebini a¢iklayalim.

% Sisedeki havanin 1sinmasi sirasinda havayi olusturan taneciklerin biiytikliigii
hakkinda ne sdyleyebilirriz?

& icinde su kaynayan demligin kapag1, yada yemek piserken tencere kapaklari

neden ziplar?

110



12. ETKINLIK

Amag: Gazlarda, basing ve sicaklik arasindaki iligkiyi kesfetmektir.
Arag ve Gere¢

Iki adet biiyiik boy kavanoz, buzdolab1 poseti

Bunlar yapalim

% Kavanozlarin agizlarina buzdolabi poseti gecirelim.

% Kavanozlardan birisinin agzini, poset bir miktar igeride kalacak sekilde, diger
kavanozu da poset bir miktar digsarida kalacak sekilde sikica baglayalim.
(Posetleri hava kagirmayacak sekilde sikica baglayalim.)

&% Posetlerin baglarin1 ¢6zmeden, igeride olan poseti disar1 ¢ikarmaya, disarida olan

poseti de igeri sokmaya calisalim.

Sonuca Varalim

& Iceride olan poseti neden disar1 ¢cikaramadik? Disarida olan poseti neden igeri

sokamadik?

P

Posetleri iceride veya disarida tutan sebep nedir?
% Verilen durumu kavanozlarin sicakligini degistirerek gerceklestirebilir miyiz?

Neden?
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