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ABSTRACT

THE EFFECTS OF ARGUMENT-DRIVEN INQUIRY INSTRUCTIONAL
MODEL ON 10TH GRADE STUDENTS’ UNDERSTANDING OF GASES
CONCEPTS

Demirci Celep, Nilgiin
Ph.D., Department of Secondary Science and Mathematics Education

Supervisor: Prof. Dr. Omer Geban

January 2015, 224 pages

The main purpose of this study was to seek whether there is a significant effect of
Argument-Driven Inquiry (ADI) instructional model on 10™ grade high school
students’ conceptual understanding and attitudes toward chemistry as compared to
traditional chemistry instruction and to draw conclusion based on the evidence for
students’ conceptual understandings of gases concepts and attitude toward chemistry
between the experimental and traditional groups. The sample of this study consisted
of 157 tenth grade students from one public high school at Ankara. Six intact
classes of same teacher were participated in this study. The classes were
randomly assigned as experimental group and control group. The control groups
were instructed by using traditional chemistry instruction, while the experimental
groups were instructed by using ADI instructional model. The study was conducted
during seven weeks on gases concepts included in the states of matter unit. Gases
Concept Test-1 (GCT-I), a two tiered Gases Concept Test- II (GCT-II), and Attitude
Scale toward Chemistry (ASTC) was administered to all participant as pre-posttests.

Moreover, Argumentativeness Scale toward Argumentation (ASTA) was applied



only experimental group students before and after the treatment in order to measure a
person's tendency to pursue or avoid of argumentation in argumentative situations.
After the treatment, semi-structured interviews were applied to 8 students in order to
examine the students’ conceptual understanding and alternative conceptions in gases
concepts clearly. Further, MANCOVA was used to analyze the data and descriptive
and inferential statistics were obtained. The results indicated that, experimental
group students who were taught by ADI instructional model had statistically
significant higher scores than control group students in terms of understanding gas
concepts and also attitude toward chemistry. Similarly, the students from
experimental group showed less alternative conceptions according to the results of
two-tiered posttest after treatment. Students’ interview results supported the
inferential statistics. In addition, students’ who taught ADI instructional model

showed a significant increase of willingness to pursue of argumentation.

Keywords: Argument-Driven Inquiry Instructional Model, scientific argumentation,
chemistry education, attitude toward chemistry, gas concepts, conceptual

understanding, gender

Vi
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ARGUMANTASYONA DAYALI SORGULAYICI EGiTiM MODELININ 10.
SINIF OGRENCILERININ GAZ KAVRAMLARINI ANLAMALARINA ETKISi

Demirci Celep, Nilgiin
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boliimii

Tez Yoneticisi: Prof. Dr. Omer Geban

Ocak 2015, 224 sayfa

Bu calismanin amaci, onuncu simnif Ogrencilerinin gazlar konusundaki kavramsal
anlamalar1 ve kimyaya kars1 tutumlari {izerine Argiimantasyona Dayal1 Sorgulayici
egitim(ADSE) modelinin etkisini geleneksel yontemle karsilagtirarak incelemektir.
Bu calismanin Orneklemini Ankara’da bir devlet okulunda Ogrenim goren 157
onuncu smif 6grencisi olusturmaktadir. Bu caligmada aynm1 6gretmene ait alti farkli
sinif yer almaktadir. Siniflar deneysel ve kontrol grup olmak {iizere rastgele
atanmistir. Kontrol gruptaki 6grenciler geleneksel yontem ile egitim goriirken, deney
grubundaki ogrenciler ADSE modeli ile egitim gormiiglerdir. Calisma yaklasik yedi
hafta siirmiis, bu siirede tiim ogrencilere Gazlar Kavram Testi-1, iki asamali Gazlar
Kavram Testi-Il ve Kimyaya Karst Tutum Olcegi ilk test ve son test olarak
uygulanmistir. Bunun yani sira, deney grubu ogrencilerine uygulama oncesi ve
sonrasi argiimantasyon siirecine dahil olma veya kacinmaya yonelik egilimlerini
O0lcmek amaci ile Tartismact Anketi uygulanmistir. Uygulama sonrasi ise 8 dgrenci
ile gazlar konusundaki kavramsal anlamalarini ve kavram yanilgilarini derinlemesine

incelemek i¢in yari- yapilandirilmis miilakatlar yapilmistir. Toplanan verileri analiz

Vil



etmek icin ¢ok degiskenli kovaryans analizi (MANCOVA) kullanilmistir. Analiz
sonuclarina gore, ADSE ile egitim goren Ogrenciler gaz kavramlarini anlama ve
kimyaya karst tutumlart bakimindan kontrol grubu ogrencilerinden istatistiksel
anlaml olarak daha yiiksek sonuglar elde etmislerdir. Ayn1 zamanda, deney grubu
ogrencilerinin gaz kavramlarn ile ilgili daha az kavram yanilgisina sahip oldugu
saptanmustir. Ogrencilerin miilakat sonuclar1 bu bulgular1 desteklemektedir. Bunun
yam sira, ADSE modeli ile egitim goren Ogrencilerin tartismaya istekliliklerinde

anlaml bir artig gozlenmistir.

Anahtar Kelimeler: Argiimantasyona Dayali Sorgulayic1 Egitim Modeli, bilimsel

tartisma, kimya egitimi, kimyaya kars1 tutum, gaz kavramlari, anlama, cinsiyet
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CHAPTER 1

INTRODUCTION

Over the past few decades, science education has changed through seeing science
learning as construction and evaluation of scientific knowledge (Eskin & Bekiroglu,
2009). These changes have suggested giving opportunities to students to take
responsibility for their learning process by reasoning and reflecting metacognitively
on their own learning (Duschl & Osborne, 2002). Hence, science learning is
considered as construction and evaluation of scientific knowledge by using tools
which includes generation of knowledge about the real world. According to Driver,
Asoko, Leach, Mortimer and Scott (1994) learning science requires students’ active
participation through thinking, talking and writing by making sense of the scientific
phenomenon, experiments and explanations. In order to meet this requirement in the
learning context, the constructivist view of learning has emerged during the last two
decades (Ernest, 1993). Therefore, science educators have focused on designing
effective learning environments that student-centered inquiry practices into the
classroom (Simon, Erduran, & Osborne, 2006). More inquiry based instructions have
been suggested by the recent educational reforms in science classes (NRC, 2005;
Walker, Sampson, & Zimmerman, 2011). In brief, constructivist learning strategies
suggest to use inquiry based activities because inquiry based activities improve
students’ problem solving skills, critical thinking and understanding of concepts in
learning science (Chiappetta & Adams, 2004). Further, inquiry could be embedded in
various instructional methods such as learning cycle or conceptual change (Keys&

Bryan, 2000).

The new educational trend in the nature of classroom environment emphasizes the

construction of new knowledge on existing knowledge (Costu, Ayas, & Niaz, 2010).



When the students construct their own concepts, their constructions about a concept
or their pre-existing knowledge sometimes could not be consisted with the
conceptions that are scientifically accepted. These ideas are named as
misconceptions (Nakhleh, 1992), alternative conceptions (Niaz, 2001; Palmer, 2001;
Taber, 2001), naive beliefs (Pulmones, 2010; Schommer, 1990), children’s ideas
(Osborne & Wittrock, 1983), and preconceptions (Driver & Easley, 1978 as cited in
Nakhleh, 1992). These alternative conceptions have various sources such as students’
real life experiences, culture, and lack of knowledge from previous lessons or
courses, and language (Nakhleh, 1992). One of the reasons of existence of alternative
conceptions held by students is abstract nature of the concepts. Chemistry is one of
the subjects that students have difficulties since the difficulty in understanding of
meaning macroscopic and microscopic representation notions (Novick & Nussbaum,
1978). In this study, gases concept were examined which is an important topics of
chemistry since the students have various alternative conceptions and learning
difficulties on the topic (Azizoglu, 2004; Cetin,2009; Lin, Cheng & Lawrenz, 2000;
Niaz, 2000). One of the main reasons of students’ alternative conceptions about
“gases” topic is difficulty that students had visualization of particulate nature of
matter since the invisibility of gas particles and make connections between these
understanding with macroscopic level (Cetin, 2009). Since the “particulate nature of
matter” also includes the kinetic theory of particles, it is also important to learn this
subject to gain fundamental concepts of chemistry about atomic structure, chemical

reactions, and chemical equilibrium (Harrison & Tregaust, 2002).

In order to prevent students’ alternative conceptions, constructivist learning
strategies have been recommended for conceptual understanding and conceptual
change. Various studies have been emerged such as cooperative learning, conceptual
change, learning cycle and inquiry, and Science Writing Heuristic approach (Keys,
Hand, Prain, & Collins, 1999). These teaching methods are designed to create new
classroom environment by taking students’ existing conceptions or alternative
conceptions into account that will help students to promote the understanding of
scientific explanations. Besides these instructional models, most of the studies
emphasized the importance of scientific argumentation for the acquisition of

scientific knowledge in science education (Driver et al., 1994; Dushcl & Osborne,
2



2002; Mason, 1996). These studies emphasize that scientific argumentation plays an
important role in science learning and it should be supported and promoted in
learning environments (Jiménez-Aleixandre, Rodriguez, & Duschl, 2000; Kelly,
Druker & Chen, 1998). In addition, scientific argumentation has a similar manner
with social constructivist theories that seems learning as a social process. According
to these theories learning occurs through social activities by interacting with other
people and people internalize these processes and can use them independently
(Schunk, 2008). So, applications of the social constructivist theories in instructions
involve social interaction among peers and a guided teacher likewise scientific

argumentation process.

In this study, a new instructional model, Argument-Driven Inquiry (ADI)
instructional model was used as the combination of scientific argumentation and
inquiry (Walker, Sampson, Grooms, Zimmerman, & Anderson, 2012; Walker,
Sampson, & Zimmerman, 2011). The ADI instructional model is a laboratory based
model that includes inquiry and exploration in science education that contribute the
importance of argumentation in science (Osborne, Simon, Christodoulou, Howell-
Richardson, & Richardson, 2012; Walker et al., 2012). This model provides a wide
range perspective by combining argumentation in laboratory based instruction
(Walker & Sampson, 2013). The roots of ADI instructional model comes from social
constructivist theories because it promotes critical thinking and reasoning skills by
the inquiry based laboratory activities through collaborative group work (Walker &
Sampson, 2013). This instructional model provides students an opportunity to
develop a scientific method in order to collect data, design and conduct an
investigation and use data to find an answer for researchable question though the
process of learning concepts with inquiry, argumentation, and writing in science and
peer review (Sampson, Grooms, & Walker, 2011).The ADI process was defined as
follows (Sampson, Grooms, & Walker, 2009; Walker et al., 2011):

1) The identification of the task or a research question
2) The generation of data through systematic observation or experimentation

3) The production of tentative arguments

3



4) Argumentation session

5) The creation of a written investigation report
6) Double-blind peer-review

7) Revision of the report based on the peer review

The implementation of ADI starts with a major topic to be investigated by students.
Instructor gives a researchable question which is needed to answer. The students
work with collaborative group to develop an investigation method in order to answer
question provided by instructor (Walker et al., 2011). During investigation,
procedure being followed by students is uncertain. Because the uncertain nature of
procedure, students are taught to carry out an investigation to reach knowledge. In
other words students are expected to understand the way of scientist follow by doing
science through designing method, interpreting empirical data and evaluating new

explanations (Sampson & Grooms, 2008).

Although ADI was originated in undergraduate students, the uses of it have been
spread out many different grades. The implementation of ADI in undergraduate
began to in the 2009 (Walker et al., 2012). In middle and high schools, there is also a
growing interest in ADI; however few researches conducted on the use of ADI in
high school classrooms (Sampson, Enderlee, Grooms & Witte, 2013; Sampson et al.,
2014a, 2014b). So the researcher decided to conduct research on high school
students. The adaptation of ADI in high school chemistry laboratories looks like

valuable to enrich the lack of research in these areas.

Besides the cognitive variables, measuring affective variables is very important in
the context of education. In science education, as well as teaching strategies taking
students’ attitude towards science into account is also essential in order to improve
the quality when learning science (Koballa & Glynn, 2007). A growing body of
research on attitude in science offers moderate correlation between students’
achievement and attitudes towards science (Weinburgh, 1995; Simpson & Oliver,
1990; Osborne& Collins, 2000). The relationship between attitude and achievement
is affected from various factors such as gender, early childhood experiences, and the
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nature of classroom (Pintrich, Marx, & Boyle, 1993; Osborne, Simon, & Collins,
2003). On the other hand, attitude towards science in other words interest in science
can be improved by effective teaching methods, curriculum or the supportive
classroom environment (Walker, Sampson, & Zimmerman, 2011). One of the
focuses of this study was to examine the relationship between students’ attitudes

toward chemistry and method used to during study.
From the point of the researcher, the purpose of this study was specified as;

To seek whether there is a significant impact of Argument-Driven Inquiry (ADI)
instructional model when compared to traditional chemistry instruction on 10th grade

high school students’ conceptual understanding in the gases concepts.

To seek whether there is a significant impact of Argument-Driven Inquiry (ADI)
instructional model when compared to traditional chemistry instruction on 10th grade

high school students’ attitude toward chemistry.

1.1 Main Problems

The main problem of the study is that:

1. What is the effect of Argument-Driven Inquiry(ADI) instructional model and
gender on 10th grade students’ understanding in the gases concepts and
their attitude toward chemistry when compared to traditional chemistry

instruction at public high schools in Yenimahalle district of Ankara?
1.2 Sub-Problems

1. What is the main effect of treatment (Argument-Driven Inquiry instructional
model (ADI) and traditional chemistry instruction (TCI)) on the population
mean of collective dependent variables of 10th grade students’ posttest scores
of understanding of gases concepts and their attitude toward chemistry when

the effects of attitude toward chemistry pre-test scores are controlled?

2. What is the main effect of gender on the population mean of collective

dependent variables of 10th grade students’ posttest scores of understanding
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of gases concepts and their attitude toward chemistry when the effects of

attitude toward chemistry pre-test scores are controlled?

What is the effect of interaction between treatment (Argument-Driven Inquiry
instructional model (ADI) and traditional chemistry instruction (TCI)) and
gender on the population mean of collective dependent variables of 10th
grade students’ posttest scores of understanding of gases concepts and their
attitude toward chemistry when the effects of attitude toward chemistry pre-

test scores are controlled?

Is there a statistically significant mean difference between the effects of
Argument-Driven Inquiry instructional model (ADI) and traditional
chemistry instruction (TCI) on students’ posttest scores of understanding of
gases concepts when the effects of attitude toward chemistry pre-test scores

are controlled?

Is there a statistically significant mean difference between males and females
in students’ posttest scores of understanding of gases concepts when the

effects of attitude toward chemistry pre-test scores are controlled?

What is the effect of interaction between gender and treatment with respect to
students’ posttest scores of understanding of gases concepts when the effects

of attitude toward chemistry pre-test scores are controlled?

Is there a statistically significant mean difference between the effects of
Argument-Driven Inquiry instructional model (ADI) and traditional
chemistry instruction (TCI) on students’ posttest scores of attitudes toward
chemistry when the effects of attitude toward chemistry pre-test scores are

controlled?



8. Is there a statistically significant mean difference between males and females
with respect to students’ posttest scores of attitudes toward chemistry when

the effects of attitude toward chemistry pre-test scores are controlled?

9. What is the effect of interaction between gender and treatment with respect to
students’ posttest scores of attitude toward chemistry when the effects of

attitude toward chemistry pre-test scores are controlled?

10. Is there a statistically significant mean difference between the post-test scores
and pre-test scores of students taught by Argument-Driven Inquiry
instructional model (ADI) on the population means of tendency of

argumentation?

1.3 The Null Hypotheses
The problems listed above were checked with the hypotheses given below:

H_1: There is no statistically significant main effect of treatment (Argument-Driven

Inquiry instructional model (ADI) and traditional chemistry instruction (TCI)) on
the population mean of collective dependent variables of 10th grade students’
posttest scores of understanding of gases concepts and their attitude toward
chemistry when the effects of attitude toward chemistry pre-test scores are

controlled.

H 2: There is no statistically significant main effect of gender on the population
o]

mean of collective dependent variables of 10th grade students’ posttest scores of
understanding of gases concepts and their attitude toward chemistry when the effects

of attitude toward chemistry pre-test scores are controlled.

H 3: There is no statistically significant effect of interaction between treatment

(Argument-Driven Inquiry instructional model (ADI) and traditional chemistry
instruction (TCI)) and gender on the population mean of collective dependent

variables of 10th grade students’ posttest scores of understanding of gases concepts
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and their attitude toward chemistry when the effects of attitude toward chemistry pre-

test scores are controlled.

H 4: There is no statistically significant mean difference between the effects of

Argument-Driven Inquiry instructional model (ADI) and traditional chemistry
instruction (TCI) on students’ posttest scores of understanding of gases concepts

when the effects of attitude toward chemistry pre-test scores are controlled.

H 5: There is no statistically significant mean difference between males and females

in students’ posttest scores of understanding of gases concepts when the effects of

attitude toward chemistry pre-test scores are controlled.

H 6: There is no statistically significant effect of interaction between gender and

treatment with respect to students’ posttest scores of understanding of gases concepts

when the effects of attitude toward chemistry pre-test scores are controlled.

H_7: There is no statistically significant mean difference between the effects of

Argument-Driven Inquiry instructional model (ADI) and  traditional chemistry
instruction (TCI) on students’ posttest scores of attitudes toward chemistry when

the effects of attitude toward chemistry pre-test scores are controlled.

H 8: There is no statistically significant mean difference between males and females

with respect to students’ posttest scores of attitudes toward chemistry when the

effects of attitude toward chemistry pre-test scores are controlled

H 9: There is no statistically significant effect of interaction between gender and

treatment with respect to students’ posttest scores of attitude toward chemistry when

the effects of attitude toward chemistry pre-test scores are controlled.

Ho10: There is no statistically significant mean difference between the post-test
scores and pre-test scores of students taught by Argument-Driven Inquiry

instructional model (ADI) on the population means of tendency of argumentation.



1.4 Definitions of Important Terms

Main terms used in this study are described as following:

Scientific Argumentation: Scientific argumentation is a student- centered method in
which students make explanations, provide evidence, evaluate validity of
explanations with appropriate reasoning and consider different perspectives in order
to understand scientific phenomena (Nussbaum, Sinatra & Poliquin, 2008).
Teachers’ role is facilitator or a coach in teaching-learning process and avoids
directly transfer knowledge to students. Students try to construct an argument by

group or individually.

Argument- Driven Inquiry: Argument-Driven Inquiry is a scientific argumentation
model which includes inquiry based instruction during experimentation process. It
has seven steps in which students engage in collecting and analyzing data and testing
their explanations, generating their own arguments, and sharing their findings with

others as a social aspect of argumentation (Walker, 2011).

Traditional Instruction: It is a teacher-centered instruction in which teacher tries to
transfer knowledge directly to students. Students are passive in this instruction. After
making explanations about the current concepts, the teacher solves end-of-chapter

problems about the current topic.

Alternative conceptions: Any concept which is different from the commonly

accepted scientific meaning of the term.

Attitude toward Chemistry: Attitude is defined by Osborne et al.(2003) as, “The
feelings, beliefs and values held about an object that may be the enterprise of

science, school science, and the impact of science on society or scientists

themselves” (p.1053).
1.5 Significance of the Study

Science learning is considered as generation and evaluation of scientific knowledge
by using tools about the real world. At this point, argumentation serves as a critical

tool in the growth of scientific knowledge as a form scientific discourse. Over the
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last decade researchers take promoting argumentation into account in science
classrooms and support students to take responsibility in order to evaluate the
process and products of inquiry (Driver, Newton, & Osborne, 2000; Duschl &
Osborne, 2002). However, students have few opportunities to engage in
argumentation in the science context and it is still ambiguous how to integrate and
support argumentation in science classrooms for teachers (Newton, Driver, &
Osborne, 1999; Simon, Erduran, & Osborne, 2006). Therefore, this study is
important in terms of attempt to design an inquiry-based scientific argumentation
model which is called Argument-Driven Inquiry (ADI), and examine whether there
is a significant effect of Argument-Driven Inquiry (ADI) instructional model on
students’ conceptual understanding in chemistry. This present study provides a new
perspective to integrate the combination of scientific argumentation and inquiry into
chemistry classrooms by explaining implementation of ADI instructional model in

more detail.

ADI instructional model also provides to students a laboratory experiences which
promotes inquiry and improve students’ understanding of the scientific content. The
students are given an opportunity to conduct an investigation method that designed
by them in order to produce data or to test the questions. The instructional method
also helps teachers to design laboratory activities to change the nature of a traditional
laboratory instruction (Sampson, Groom, & Walker, 2010). On the contrary of
traditional laboratory courses which are designed as a “cookbook” that involves a
step-by-step procedure for analyzing the data, well designed ADI instructional model
supports meaningful learning for students during the development of an argument
process as a product of scientific inquiry (Sampson et al., 2013). Hence, this current
study is important in terms of providing well designed laboratory experiences which
promotes inquiry and generating scientific argumentation to improve development of

conceptual understanding of students in chemistry.

In addition to development of students’ conceptual understanding, ADI instructional
model also improves students’ attitudes toward science positively (Walker et al.,
2012). The main emphasis of this study, not only was to promote scientific

understanding of students but also improve of students’ attitudes toward chemistry.
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Students’ attitudes are also associated with their achievement and the development of
positive attitudes toward chemistry could motivate students to learn chemistry
(Osborne et al., 2003). In this study, since the students who have more positive
attitudes are more willing to involve in class activities, activities which are designed
to facilitate meaningful learning were also aimed to develop more positive attitudes

towards chemistry.

Although there are many studies in order to promote and support scientific
argumentation in teaching and learning with inquiry (Bybee, Trowbridge, & Powell,
2004; Carin, Bass, & Contant, 2005; Cavagnetto, 2010; Clark & Sampson, 2007;
Eisenkraft, 2003; Erduran, Simon, & Osborne, 2004; Kingir, Geban, & Giinel, 2012;
Marek & Cavallo, 1997; Sampson & Gleim, 2009; Sampson, Grooms, & Walker,
2009; Simon et al., 2006; Simonneaux, 2001; Walker & Zeidler, 2007), this study
has many contributions. In the literature, there are few studies combining
argumentation and inquiry to facilitate learning chemistry on high school students
(Kingir et al., 2012; Sampson et al., 2013; Sampson et al., 2014a; Sampson et al.,
2014b). In addition, the studies, in which ADI method followed, mostly focused on
undergraduate students. This study also makes contributions to implementation of
ADI instructional model in high school chemistry with the extensive sample
consisted of 157 students. The researcher did not encounter any study about the
implementation of ADI instructional model in Turkish chemistry education.
Therefore, outcomes of this study can contribute to Turkish chemistry education by

presenting the ADI instructional model.

The purpose of the study is to evaluate the effect of ADI instructional model
on students’ conceptual understanding and attitudes towards chemistry, and to draw
conclusion based on the evidence for students’ conceptual understandings of gases
concepts and attitude toward chemistry between the experimental and traditional
groups. In the light of this purpose, this study is expected to contribute to chemistry
education with regard to develop a conceptual understanding and promote students’

attitudes toward chemistry.
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CHAPTER 2

REVIEW OF THE RELATED LITERATURE

This chapter includes the information about alternative conceptions, alternative
conceptions in gases, constructivism, and argumentation, argumentation in science,

Argument-Driven Inquiry instructional model and attitude.

2.1 Alternative conceptions

In recent years, many of the research studies showed that students have difficulties
about science concepts (Gilbert & Watss, 1983). Hence science education
researchers have started to discuss the importance of these difficulties in learning
process nearly at the beginning of 70’s (Treagust, Duit, & Fraser, 1996; Driver,
1989). As a result of these difficulties, students tend to hold incorrect conceptions
about science that they come to science class with them. In brief, students come to
class with their own ideas, experiences, concepts and beliefs that may affect their
further learning (Chandrasegaran, Treagust, & Mocerino, 2007; Costu, Ayas & Niaz,
2010; Garnet, Garnet, & Hackling, 1995). Some of these ideas and explanations that
students had are different from the views of scientists. Hence, it is crucial to know
students come to class what prior knowledge in order to help them construct new
knowledge (Tsai, 2000a, 2000b). When the students construct their own concepts,
their constructions about a concept or their pre-existing knowledge sometimes could
be not consisted with scientifically accepted conceptions. These ideas are named as
misconceptions (Griffiths & Preston, 1992; Nakhleh, 1992), alternative conceptions
(Niaz, 2001; Palmer, 2001; Taber, 2001), alternative frameworks (Driver & Easley,
1978 as cited in Nakhleh, 1992) naive beliefs (Pulmones, 2010; Schommer, 1990),
children’s ideas (Osborne & Wittrock, 1983), and preconceptions (Driver &
Easley, 1978 as cited in Nakhleh, 1992). In this current study, the alternative
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conception term that means students’ inconsistent conceptions with the commonly

accepted scientific conceptions was used.

These alternative conceptions have various sources such as students’ real life
experiences, culture, and lack of knowledge from previous lessons or courses,
instruction, and language (Nakhleh, 1992; Duit & Treagust, 1995). According to
Fisher (1985) alternative conceptions meet the learners’ needs and resource of these
misleadings can be strong word association, confusion, conflict or lack of
knowledge. Taber (2001) claimed that most of the alternative conceptions in
chemistry resulted from the school experiences. According to Taber (2001), students’
alternative conceptions in chemistry came from formal learning environment such as
students' alternative conceptions in previous science lessons, and misleading

terminologies in the used language.

Further, alternate conceptions have some characteristics as follows;

e Alternate conceptions are in conflict with scientifically accepted ones (Cetin,
2009)

e Alternative conceptions tend to be shared by many different individuals.

e Sometimes alternative conceptions have their roots in historical background

and are passed on from one generation to another (Blosser, 1987).

In order to diagnose students’ alternative conceptions on a specific topic, many
different methods used such as interviews (Bell, 1995; Thompson & Logue, 2006 ),
concept maps (Tsai & Chou, 2002), open-ended questions(Calik & Ayas, 2005)
and multiple-choice questions (Halloun & Hestenes, 1985, Tamir, 1971 as cited in
Tregaust, 1986). All of these methods both have some advantages and disadvantages.
While multiple choice tests have advantage over interviews in terms of being applied
great number of students in short time and easy assessment, interviews are superior
to multiple choice tests in terms of providing deeply investigation of students’
answer (Pesman, 2005). To overcome limitations of these methods two-tier multiple
choice diagnostic test was suggested by Treagust to diagnose students ‘alternative

conceptions (Treagust, 1986, 1995).
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In a diagnostic two tier test; the first tier represents an ordinary multiple choice
question and second tier includes the reason for the answer of first tier in multiple-
choice format (Tan, Goh, Chia, & Treagust, 2002; Treagust & Chandrasegaran,
2007). The incorrect reasons in second tier include students’ alternate conceptions
related to a specific content area gathered from literature, interviews, or open-ended
questions. In the literature a considerable amount of diagnostic test have been
developed by researchers and have been used for diagnose alternate conceptions in
chemistry (Chou & Chiu, 2004; Costu et al.,2007; Kirbulut, Geban, & Beeth, 2010;
Odom & Barrow, 1995; Tan & Treagust, 1999; Treagust, 2006; Wang, 2004).

The use of diagnostic two-tier test not only provides to identify students’ alternative
conceptions but also probes the reasons behind the explanations of students (Tsai &
Chou, 2002). Moreover, a two-tier test has the ability to administer a great number of
students and allow teachers to analyze answers of students objectively. Therefore,
two tier tests have been used for diagnostic assessment in the literature for a

long time (Tsai & Chou,2002).

Chemistry is also one of the subjects that students have difficulties since the
difficulty in understanding of meaning macroscopic and microscopic representation
notions (Novick & Nussbaum, 1978). In chemistry, one of the reasons of alternate
conceptions held by students is abstract nature of the concepts. Studies have revealed
that students hold many misconceptions on a variety of topics in chemistry such as
chemical equilibrium (Bilgin & Geban, 2006; Canpolat, Pinarbas1 & So6zbilir, 2006;
Demirci, Yildiran & Geban, 2012; Ozdemir, Geban, & Uzuntiryaki, 2000; Ozmen,
2007; Thomas & Schwenz, 1998; Voska & Heikkinen, 2000); electrochemistry
(Karshi & Calik, 2012; Sanger & Greenbowe, 1999; Yiiriik, 2007) phase equilibrium
(Azizoglu, Alkan & Geban, 2006) , particulate nature of matter (Ayas, Ozmen &
Calik, 2010; Bektas, 2011; Griffiths & Preston, 1992; Horton, 2001) chemical
bonding (Birk & Kurtz, 1999; Ozmen, Demircioglu, & Demircioglu, 2009; Pabugcu
& Geban, 2012; Taber, 2003; Tan & Treagust, 1999); acids-bases (Cros, Chastrette
& Fayol, 1988; Cakir, Uzuntiryaki & Geban, 2002; Cetin-Dindar, 2012;
Demircioglu, Ayas & Demircioglu, 2005; Hand & Treagust, 1988; Ross & Munby,
1991; Schmidt, 1997; Sheppard, 1997), rate of reaction (Cakmakgi, 2010; Cakmakci,
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Leach & Donnelly, 2006; Calik, Kolomug, & Karagolge, 2010), thermochemistry
(Beall, 1994; Boo, 1998; Greenbowe & Meltzer, 2003), ionization energy (Tan et al.,
2006), chemical and physical change (Andersson, 1986; Kingir, 2011; Yegnidemir,
2000) and gases (e.g. Aslan & Demircioglu, 2014; Hwang, 1995; Hwang &Chiu ,
2004; Mas, Perez, & Harris, 1987; Mayer, 2011; Niaz, 2000; Novick & Nussbaum,
1978; Stavy, 1990).

In this study, gases concepts were examined which is an abstract and important
topics of chemistry since the students have various alternative conceptions and
learning difficulties on “gases” topic (Azizoglu, 2004; Cetin, 2009; Niaz, 2000;
Stavy, 1990).

2.2 Alternative conceptions in Gases

According to Johnstone (1993), chemistry can be taught at three levels namely,
macroscopic level, microscopic level, and symbolic level. Since the gases concepts
are required to understand the “microscopic level of matter”, students had great deal
of difficulty learning gas concepts (Stavy, 1990). One of the main reasons of
students’ alternative conceptions about gases topic is difficulty that students had
visualization of “particulate nature of matter” and make connections between these
understanding with macroscopic level (Cetin, 2009). Besides, it was concluded that
understanding chemistry at the submicroscopic level which refers particulate level

may reduce alternative conceptions in this area (Garnet et al., 1995).

Since the “particulate nature of matter” also includes the kinetic theory of particles, it
is also important to learn this subject to gain fundamental concepts of chemistry
about atomic structure, chemical reactions, and chemical equilibrium (Harrison &
Tregaust, 2002). In brief, “particulate nature of matter” serves as a keystone in the

development of the other some basic chemistry concepts (Johnson, 2005).

There are various studies with regard to examine students’ difficulties and alternative
conceptions in gases concepts. These studies are in the scope of determining and
eliminating students’ alternative conceptions at different grades, investigating the
relationship between students’ understanding of concepts and alternative

conceptions, examining the teachers’ and pre-service teachers’ alternative
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conceptions, and investigating the effectiveness of different teaching methods to
eliminate the alternative conceptions. These studies conducted in worldwide are

reviewed in detail.

Novick and Nussbaum (1978) conducted a study with 14 years old students for
exploring students’ conceptual understanding of the particulate nature of matter. In
the study, they asked students to draw chemical drawings, open-ended questions
and multiple-choice questions from given explanations or drawings. Their
findings revealed that students hold some alternative conceptions about gases, such
as gas is composed of invisible particles, gas particles are not evenly scattered in a
closed system, there are more particles (air, dirt etc.) between gas particles, when a
gas is composed, particles aggregate at the bottom. The researchers also documented
that when students were asked to draw representation of particles in air, they used all
the spaces in between the particles in their drawing since they thought matter as
continuous. After a few years same researchers made a study about properties of gas
particles with at different age levels. The researchers found that, students had similar
difficulties about the idea of empty space between particles and motion of particles

as intrinsic even they were at high school or college (Novick & Nussbaum 1981).

Séré (1986) searched for 11 year olds students’ ideas about gases before the
implementation of topic. The findings of her study showed that alternate conceptions
of students associate with function of objects, like footballs, tires etc. For example,
students thought that; “hot air rises”, or “air always wants to expand everywhere”.
Since the use of daily language causes the arousing of these alternative conceptions

(as cited in Barker, 2000).

Stavy (1990) made a study with children at different ages (9-15) and examined the
children’s understanding of changes in the state of matter and reversibility of this
process. In her study, she presented the change of state from liquid to invisible gas in
a closed container and from solid to visible gas. Then, students were interviewed and
they were asked about the conservation of matter, conservation of properties of
matter, conservation of weight and reversibility of this process. She found that many
students believed that the gases state of matter is lighter than other forms of matter,

and unfortunately around 30% of the students even assumed that gases had no
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weight. In her earlier work, she also suggested that, even if children learn intuitively
about solids and liquids, since the some gases were invisible children did not form
nay concept about gases spontaneously. In brief, students do not understand the
concrete idea of the “particulate nature of matter”, so they cannot understand the
microscopic level of matter and such as gases. The researcher also reported that
students may make a wrong comparison between the macroscopic and microscopic

levels of matter since the experiences in daily life.

Another similar study was conducted by Driver et al., (1994) about conservation of
mass related with gases with students aged from 9 to 13. The findings of this study
showed that students not only fail to understand conservation of mass but also some
students have developed a “negative weight” conception of gases. Researchers
emphasized that these ideas come from students' daily life experiences about gases
for instance; when balloons filled with helium float, they thought it is lighter or “to

weigh less”.

Hwang (1995) examined the middle, high school, and college students’ conceptions
of gas volume with 1029 students in Taiwan. According to this extensive study
results students hold some alternative conceptions about gases, such as volume of a
gas is the size of the particles, and gases have no volume. It was also revealed that,
although middle, high school, and college students have similar misconceptions,

when students’ grade level increased their alternative conceptions decreased.

Niaz (2000) examined the relationship between freshman students’ performance on
understanding of gases in the history of science. He asked a question that not requires
any calculations as algorithmic problem but rather conceptual understanding about
gases. The findings of study illustrated that students’ performance was quite low
since the problem required microscopic explanations. He also concluded that some
of the students’ alternative conceptions such as, attractive forces between gas
molecules increases by way of the temperature decreases were resistant to change.
This study also showed that solving simple algorithmic problems do not show a
success on microscopic level of science. Moreover, students held ideas that aroused
with the drawings about the distribution of gas particles were surprisingly similar

with those scientist held until about 1860.
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In a similar manner, Azizoglu (2004) investigate  tenth = grade  students’
alternative conceptions about gases concepts in Turkey. One hundred tenth grade
students were enrolled in the study and a concept test which includes 40 multiple-
choice questions was applied. The results of study revealed that students hold many

alternative conceptions about conceptions of gases that parallel with the literature.

Hwang and Chiu (2004) conducted a study in grade 5-8 in Taiwan and explored
students’ ideas about gases. Two alternative conceptions were addressed, which were
gas was not distributed homogeneously in the whole container, and is dependent on
the position of the bottle and two gases homogeneously mixed but not distributed in
the whole space. It was claimed that these alternative conceptions emerged from

ambiguous terminology of particulate theory.

The study conducted by Senocak, Taskesengil and Sozbilir (2007) examined the
effectiveness of Problem-Based Learning on pre-service teachers learning of gases
concepts. They used quasi-experimental method and administered a diagnostic test
that composed of 22 multiple choice questions as pre and posttest in order to
determine pre-service teachers’ alternative conceptions. At the end of the study,
researchers found that pre-service teachers have alternative conceptions however;

experimental group students had less alternative conceptions than those of control

group.

In another study, Chiu (2007) emphasized that secondary school students thought
about the behavior of gas particles instinctively. The students tend to use their real
life experiences in order to interpret particles behaviors in the submicroscopic level.
For instance, they thought that gas particles are lighter the other forms of matter and
they always float top of the container like lighter objects that could be observe with

naked eyes in the external life.

Mayer (2011) conducted a study with 63 students from three different high school
chemistry classes. The researcher used pre-posttest design about gases and gas laws
in order to identify students’ major misconceptions and administered a concept test
with seven questions. The findings of pretest showed that 86% of the students

believed gases weighted less than solid and 92% of students thought that water
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would decompose when evaporated. After pretest, researcher used a macroscopic
demonstration about water boiling and conducted an investigation about mass of gas.
After treatment, same test was used as posttest and results of posttest showed that
46% of the students correctly answered the mass of the gas iodine would remain
same. Besides, 48% percent of the students showed water vapor in a particulate level
correctly, but 52% of the students kept hold the misconception about decomposition
of water when evaporated. Moreover, researcher revealed that one surprising result
of the study was that percentages of students who thought the iron nail rust would
weigh the same as an iron nail increased while the percentages of students who
thoughts rust weighs more, decreased. It was concluded that students ignored
microscopic level of particles or atoms, rather they only incorrectly applied the

concepts argued in class.

Moreover, Liang, Chou and Chiu (2011) searched for students’ ideas about behavior
of gases with a six two-tier items in a diagnostic instrument and also examined
teachers’ prediction about students’ test performance. The participants of the study
were 102 eighth graders, 92 ninth graders, and 31physical science teachers in junior
high schools in Taiwan. The findings of study illustrated that only some of students
could answer the all of the questions correctly, and when students’ grade level
increased their alternative conceptions decreased. In addition, they found that if
orientation of the container changed, students also changed their thoughts about gas
behavior. It was concluded that students had not a consistent model to answer set of
six questions. Further, students have more difficulty especially questions about
change of gas pressure and teachers failed to guess correctly the students’

understanding of the behavior of gas particles since the pressure concept.

Aydeniz, Pabugcu, Cetin and Kaya (2012) made a study with 108 high school
students. They used quasi-experimental method and administered a diagnostic test
and collected data pre- and post-tests. They found that students hold many
misconceptions about behavior of gases. The results of study also showed that
students in the experimental group held fewer alternative conceptions after the
intervention than students in the control group. Although experimental group

students abandoned many of their alternative conceptions between pre- and post-test,
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the number of students who had alternative conception about the relationship
between the temperature, volume and pressure of a gas in a closed container
increased from 10 students to 14 students. On the other hand 15 students from the
control group also held the same alternative conception on the post-test. Many
alternative conceptions were addressed, which were temperature is a required value
for calculating a gas’ partial pressure; when the air is compressed all the air particles
are pushed to the end of syringe; heavy gases occupy more space than the lighter
ones and gas particles expand as the temperature. At the end of the research
researchers also claimed that 80 % of the experimental group students and about 50%
of the control group students changed their primary ideas on all of the 17 alternative

conceptions about behavior of gases.

In another study, Aslan and Demircioglu (2014) investigated the effect of video-
assisted conceptual change texts on 41, 12th grade students’ understanding and
alternative conceptions concerning the gas concept. They used a non-equivalent
pretest-posttest control group design with a true-false test which is consisted of 29
statements. At the end of the study, researcher found that although experimental
group students take treatment, many of students have still continued to hold the
alternative conceptions about gas concepts. For example, before the treatment, 84%
of students in experimental group and 68% of students in control group hold an
alternative conception that “Gases are hotter than liquids in the same setting”. After
the treatment, when 11% of the experimental group students continued to hold this
alternative conception, 41% percentage of control group students continued to hold
it. The researchers reported those alternative conceptions are resistant to change and

it is not easy to eliminate them.

Demircioglu and Yadigaroglu (2013) conducted a study with 107 pre-service
chemistry teachers, 141 pre-service science teachers and 40 high school students in
order to compare the understanding levels and alternative conceptions of high school
students and student teachers concerning the gas concept. They used a cross-
sectional and collected data a concept test about gases containing 16 questions, 10 of
questions are multiple-choice and 5 are two-tier questions and one question requiring

drawing was used. The results illustrated that the participants in all groups have a
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many alternative conceptions. In addition, pre-service chemistry and science teachers
have similar alternative conceptions with high school students. For example, when
they were asked the distribution of gas particles in different temperatures in question
16, many of the participants from each group have same alternative conception at -5
°C “particles stick to wall of the container” and showed a representation in which gas

particles accumulated at 80 °C.

2.3 Constructivism

Constructivism is a theory of learning which emphasizes that individuals construct
their own understandings or knowledge when they attempt to make sense of their
experiences through the interaction of existing understandings and immediate
learning environment (Cannella & Reiff, 1994, Richardson, 1997 as cited in Liu &
Matthews, 2005).

Constructivism is interested in how one constructs his knowledge from his
experiences, beliefs and mental structures which are used to interpret objects and
events. According to constructivist view there is no single reality and our world is
shaped by our mind by interpreting events, objects, and perceptions on the real world
and our interpretations are personal. So we conceive of the external world in terms of

our individual experiences.

The roots of constructivism in psychology and philosophy came from Jean Piaget,
Jerome Bruner, Lev Vygoysky, John Dewey, Nelson Goodman, Immanuel Kant and
von Glaserfield. Although those pioneers were shaped the early constructivism, they
contributed the different parts of the constructivist theory. For instance, when Piaget
emphasizes the importance of cognitive development with active mental processing
on the part of learner as a pioneer of cognitive constructivist, Bruner and Vygotsky
are the contributors of the social constructivism that gave importance of social
interaction by acquiring knowledge. von Glaserfield is also known as the pioneer of
radical constructivism which claims construction of mental structures and personal

meaning (Driscoll, 2005; Gredler, 2001).

All of those constructivist theories substantially stated that, learners are active when

they construct knowledge and improve understandings about the world. Moreover,
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constructivism not only emphasizes the constructive process, but also emphasizes to
be aware and control the construction process (Tsai, 2000b). More specifically,
social constructivism defines learning as a social process that begins with social
interaction with other people or environment and then knowledge is constructed
individually. Vygotksky seems social interaction as only way of learning and claims
that children learn in a social interaction in a social environment. Vygotksy’s theory
also emphasizes that every higher mental function was interpersonal or social before,
and then it became an intrapersonal mental function. Learners bring their own mental
structure to social interaction environment and construct meanings with their
experiences (Schunk, 2008). Moreover, Bandura’s Social-Cognitive Theory also
emphasizes the importance of observation and collaboration in learning. So,
applications of the social constructivist theories in instructions involve social
interaction among peers and a guided teacher. There are many educational
applications of social constructivist theories such as instructional scaffolding,
reciprocal teaching, peer collaboration, cooperative learning, problem-based
instruction, class discussion and apprenticeship are some of these applications
(Schunk, 2008). Peer collaboration is the notion of collective activity. When peers
come together to accomplish a task cooperatively, this social interaction can lead
learning. If each student has assigned the responsibility, researches showed that
cooperative work is most effective (Schunk, 2008). It is clear that, many teachers are
still using applications of social constructivist theories such as group works, class

discussion or guided discovery consciously or unconsciously.

In a constructivist manner, evaluating how learners construct knowledge is more
important than results of learning product (Duffy & Jonassen, 1992). So, when
students are acquiring knowledge, teachers encourage students to inquire, active
participation by thinking, talking and writing in learning process, and help to build
upon students’ interests and prior experiences. Moreover, both student and teacher
may evaluate how the students are progressing. According to Driver et al. (1994),
learning science requires students’ active participation by thinking, talking and
writing by interpreting and evaluating the scientific phenomenon, experiments and

explanations. Moreover, from the perspective of constructivist theories, construction
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of knowledge related to the interaction with environment also involves to engage

critical thinking and problem solving skills (Driver et al., 1994).

Since the constructivist view of learning in science classrooms leads to students to
gain and promote conceptual understanding about science through active
participation and develop an understanding of how scientific knowledge is
constructed, providing constructivist learning environments became main concern of
educators (Yal¢in-Celik et al., 2014). So, science educators have focused on
designing effective learning environments that student-centered inquiry practices into

the classroom (Simon, et al., 2002).

As a result of this development in the field, many instructional methods have been
emerged though the implication of constructivist theories such as, learning cycle
model (e.g. Cavallo, McNeely, & Marek, 2003, Bektas, 2011; Cetin-Dindar, 2012;
Pabuccu, 2008) conceptual change (e.g.Posner, Strike, Hewson, & Gertzog, 1982),
argumentation (e.g. Clark & Sampson; 2009; Cross, Taasoobshirazzi, Hendricks, &
Hickey, 2007; Demirci, 2008; Kaya, 2005; Niaz, Aguilera, Maza, & Liendo, 2002;
Osborne, Erduran, & Simon, 2004; Walton, 1999) cooperative learning (e.g.
Chiu,2004; Johnson & Johnson, 1992), concept mapping (e.g. Novak, 2002, Novak
& Caiias, 2008; Uzuntiryaki & Geban, 2005;) etc.

Following these trends in the field of science education, scientific argumentation
approach which is grounded in social constructivist theories that are based on the
idea that learning begins with social interaction with other people or environment is
used in this current study. Since the argumentation contributes the development of
conceptual understandings and provides an understanding of how scientific
knowledge is constructed (Duschl & Osborne, 2002; Jiménez-Aleixandre et al.,
2000; Osborne, 2005). It is clear that scientific argumentation also involves social
interaction among peers in learning context and also has similarities with social
constructivist theories in terms of explaining learning from social context to
individual context. Furthermore, scientific argumentation approaches has the
potential of determine and eliminate of alternative conceptions (Baker, 1999) since
argumentation has this potential thanks to its nature (Nussabaum & Sinetra, 2003). In

other words, argumentation leads to conceptual change (Baker 1999; Jonassen &
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Kim, 2010; Nussbaum & Sinatra 2003). When argumentation embedded in science
learning environments, it helps to develop scientific understanding and also helps to
improve scientific reasoning skills of students (Dusch & Osborne, 2002).Since one of
the concerns of this study is to examine students’ alternative conceptions, conceptual
change approach is taken into consideration as an implication of constructivist

theories.

2.4 Conceptual Change

Conceptual change approach comes from the idea of constructivism in science
education (Hewson & Thorley, 1989).Conceptual change approach basically
propounds the process that addressing alternative conceptions and exchanging these
existing concepts with new appropriate science concepts (Dole & Sinatra, 1998;

Liang & Gabel, 2005).

In the early 1980s, Posner, Strike, Hewson, & Gertzog (1982) propound a theory
which was inspired by Kuhn’s and Lakatos’s ideas and Piaget’s concepts of
assimilation and accommodation. According to Piaget’s theory which is based on
constructivism knowledge is an individual construct. The major principle of
instruction is to use methods that include prior knowledge and the techniques that
cause assimilation and accommodation. When an individual faced with new concepts
or experiences to integrate new conceptual matter with his existing schemata,
assimilation occurs. It means that putting more concepts into existing schemata. If an
individual can’t assimilate a new conceptual matter existing schemata because there
are no schemata which fits new conceptual matter, accommodation occurs and
individual creates a new schemata or modifies his old one. It means that one changes
his cognitive structure. Posner et al. (1982) suggested the conceptual change model
based upon Piaget’s key ideas. They stated that conceptual change has four cognitive
conditions that must be fulfilled in order to achieve conceptual change:

dissatisfaction, intelligible, plausible, and fruitfulness (Posner et al., 1982).

When learner met different conditions, if dissatisfaction occurs with existing
conceptions conceptual change starts. A new conception must be intelligible for

learners and they understand what it means. A new conception must be plausible and
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leaners perceive and believe their new conceptions to be true. Thus, new concept
should be consistent with existing ideas. Lastly, a new conception must be fruitful
and learner should find it useful. Beside, fruitful conception must cover a plausible

and intelligible conception (Harrison & Treagust, 2001).

According to Posner et al. (1982) and Hewson and Thorley (1989), conceptual
changes occur or not occur when the status of conceptions raise or lower. In brief, if
status of the conception raises and so the learner understands, accepts, and find it
useful. The first step of raising status is “intelligibility”. If a new conception is
intelligible, it becomes either “plausible” or “fruitful” for learner, and then its status
will have risen and can be integrated with pre-existing concepts. However, if the new
conception conflict with existing knowledge and is not intelligible for learner, it
cannot be established till the status of the existing conception is lowered. Moreover,
learner’s “conceptual ecology” have a vital role in order to determine the status of a
conception because, it provides the conditions in terms of which the learner decides
whether the new conception is intelligible, plausible and fruitful. In other words, the
learner’s conceptual ecology has an importance in terms of selection of a new

concept to be learned (Hewson & Hewson, 1983).

In science education, conceptual change learning strategies has emerged in the
1980s. As mentioned before, the roots of conceptual change come from the
foundations of constructivist learning strategies and this approach can be thought as
an implication of constructivist theories. According to conceptual change, knowledge
is personally and socially constructed and learners have responsibility for their
learning process by reasoning and reflecting metacognitively on their own learning
(Duschl & Osborne, 2002). The main aim of these conceptual change strategies is
also promoting students ‘conceptual understanding of science (Duit & Treagust,
2003). Moreover, conceptual change is one of the strongest theories in order to
diagnose and eliminate students’ alternative conceptions. Conceptual change
strategies in science education, take students’ existing conceptions or alternative
conceptions into account that will help students to promote the understanding of

scientific explanations. Posner et al. (1982) claimed that “teachers can spend a
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substantial portion of their time diagnosing errors in thinking and identifying
defensive moves used by students to resist accommodation” (p. 226). Therefore,
creating an environment for dissatisfaction with students’ alternative conceptions is
teachers’ responsibility for conceptual change. With the emergence of conceptual
change in the science area, many of teaching strategies were used as the implication
of conceptual change approach such as conceptual change texts (Chambers & Andre,
1997), SE learning model (Akar, 2005), analogies (e.g. Seker, 2006),concept
mapping (e.g. Uzuntiryaki &Geban, 2005; Yilmazoglu, 2004), argumentation (e.g.
Niaz, Aguilera, Maza, & Liendo, 2002), conducting experiments (diSessa &
Minstrell, 1998) etc. might be given as examples for conceptual change strategies.
Results of studies in science education showed that these strategies are effective in
promoting conceptual change than traditional approaches (Chambers & Andre, 1997;
Hewson & Hewson, 1983).Aforementioned, scientific argumentation has an
important role for the conceptual change (Baker, 1999) since argumentation has this
potential naturally (Nussabaum & Sinetra, 2003). In other words, argumentation has
the potential of determine and eliminate of alternative conceptions (Baker 1999;
Nussbaum & Sinatra 2003; Jonassen & Kim, 2010). When students argue for an
alternate opinion, the necessary processes for conceptual change are naturally
occurred (Nussbaum & Sinatra 2003). In other words, when crafting an argument,
students must consider in all parts of the issue, propound an explanation for the
problem that are inconsistent with their existing conception, and must evaluate the
differences between their opinions and the alternate ones. In this study, a scientific
argumentation method that promotes conceptual change was followed as a

conceptual change strategy.

2.5 Argumentation

The philosophical and cognitive basis of argumentation that used since around 500
B.C has been founded on Aristotle’s Topics (Billig, 1989). Aristotle suggested three
forms of arguments, namely analytic, dialectic and rhetoric arguments (Puvirajah,
2007). The analytic argument is linked between rationalistic paradigms. From the
perspective of this paradigm, there is an absolute truth or reality that is objective and

it can be found by any trained individual sooner or later.
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The dialectical argument that is form of argumentation is an exchange of ideas
through a dialogue. Dialectical argumentation mainly occurs when resolving
disagreements through logical discussion (Puvirajah, 2007). In this form of
argumentation, there are thesis and antithesis that two contradictory parties propose
their claims, and they discourse until they achieve an agreement that is synthesis. The
rhetoric form of argumentation aims to persuade the opponent to the validity of a
claim verbally. In this form of argumentation, since the aim is to persuade the
opponent by using evidences, witnesses, and documentation it is superior when
compared with other forms of argumentation (Jimenez-Aleixandre, Rodrigez, &
Duschl, 2000). Aristotle’s argumentation forms provide a base for the consideration
of argumentation in specific situations, such as judicial and parliamentary settings.
From the perspective of Aristotle, when individuals pose their claims with their
experiences, and social interactions, and inferences rather than universal principles in
daily life, it is difficult to always justify claims with universal truths, or to achieve an

agreement in every discourse.

The other argumentation theory is suggested by Toulmin (1958). Toulmin (1958), in
his book of The Uses of Argument, developed a model, identified the elements of a
persuasive argumentation and the relationships between them that help to analyze an

argument (Figure 2.1). The key components of this model are:

e Data: Facts or evidences, which support the claim.

e (Claim: A statement that includes information put forward for general
acceptance.

e Warrants: Reasons proposed to justify the link between data and claim. If the
warrant is not valid, the argument collapses.

e Backings: Basic supports, assumptions or justifications to back up the
warrant.

e (Qualifiers: Phrases that specify of limits to claim, warrant and backing

e Rebuttals: Situations under which the claim is refutable or undermined.
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Toulmin’s argumentation model is a very useful model for analyzing the validity of
an argument. According to Toulmin’s model, main components of an argument are
“claims”, “data”, “warrants”, “backings”, “qualifiers”, and “rebuttals”. The claims
are the conclusions or statements that include information; the data are the facts or
evidences that support the claim; the warrants are the reasons that link between the
data and the claim; and the backing is the theoretical assumptions to back up
warrants. Qualifiers simply establish the boundaries of the claim and rebuttals are
arguments that indicate situations under which the claim is refutable (Simon et al.,
2006). In Toulmin’s argumentation, claim is the essential element for all arguments.
Simon et al. (2006) made the definitions of argument and argumentation in order to
make a distinction between argument and argumentation. They stated that, while
arguments refers all components that contribute the process of discourse such as
claims, data, warrants, and backings, argumentation refers the whole process of

combining these components(Simon et al., 2006).

In order to generate good argument, the claim must be supported by providing a
warrant and a backing. However, Driver, Newton, and Osborne (2000) exhibit that

Toulmin’s argumentation has three limitations as following:

1. It only exhibits the structure of the arguments, but does not evaluate their
correctness.

2. It does not take into account the dialogic structure of the argumentation and
does not give interactional aspects of the argumentation.

3. Toulmin does not emphasize the situational context in his scheme (Driver et

al., 2000).
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Figure 2. 1 Toulmin’s argument pattern (Toulmin, 1958)

The third argumentation theory is identified by Walton (1996) who claims that
argumentation is a fundamental part of an interactive dialogue when two or more
people reasoning together. Walton (1996) indicated that argumentation schemes,
which are grounded on practical arguments that can occur in a dialogue, can be used
to evaluate everyday argumentation for presumptive reasoning. According to him,
the presumptive reasoning plays a crucial role in argumentation that commonly
occurs in everyday dialogues and it does not need to be inductive or deductive or

does not need to be proved to be true (Walton, 1996).

2.6 Argumentation in Science

Over the past few decades, argumentation has been gained a place in the science
context (Erduran, Simon, & Osborne, 2004). Research on argumentation in the
science context has emerged in the 1990s (e.g., Driver et al., 2000; Lemke, 1990).
The early researches were mostly related to Toulmin work (1958) (e.g., Osborne,
Erduran, Simon, & Monk, 2001; Zohar & Nemet, 2002). Toulmin’s definition for
argument was used as an instructional tool for the analysis of a wide range of school
subjects in different areas such as science (e.g. Jimenez et al, 2000; Zohar & Nemet,
2002) and history (Pontecorvo & Girardet, 1993). Particulary, in science education

increasing number of research focused on scientific argumentation in the form of
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scientific knowledge (e.g. Driver et al.,2000; Duschl & Osborne, 2002; Erduran et
al., 2004; Kelly & Duschl, 2002; Sampson & Grooms, 2009; Walker & Sampson,
2013; Zohar & Nemet, 2002).

In education, argumentation is defined as the evaluation of different perspectives to
construct a view within an individual or within a social group to reach agreement on
a claim or an action (Driver et al., 2000). In the context of science, basically,
scientific argumentation defined as the process that scientists follow to support their
claims with evidence that has been collected through observation or experimentation
on the basis of reasons to rationalize why that evidence supports their claims by
using logic (Sampson et al., 2010). Moreover, a scientific argument involves
evidence and data rather than belief or opinions to support a claim since evidence is
based on data gathered through an investigation that can be empirically verified,

whereas beliefs and opinions cannot be empirically verified.

In a research, Norris, Philips, and Osborne (2007) defined scientific argumentation as
“an effort to validate or rebut a claim on the basis of reasons that reflects the values
of the scientific community” (p.227). In another research, Sampson and Grooms
(2008) used a basic framework for the process of scientific argumentation around the
elements of claim, evidence and rationale. According to Sampson and Grooms
(2008), a scientific argumentation includes a claim that is a conclusion or an
explanation supported by evidence and other reasons (Sampson & Scheigh, 2013).
The term of “rationale” or “reason” refers “warrant” element in Toulmin’s model and
explains how the evidence supports the claim and also link between the evidence and
the claim for the scientific argument. The term “evidence” is proper for “data”
element in Toulmin’s argumentation model and describes ‘“measurements or
observations” collected by the students that are used to support the appropriateness
of the conclusion (Grooms, 2011). Briefly, students examine and evaluate data and
then rationalize its use as evidence for a claim in scientific argumentation process

(Walker & Sampson, 2013).

Argumentation have a vital role in the making explanations, constructing models and
theories as the language of science is a discourse and scientist use arguments to link

the evidence into explanations about related claims they attempt to reach (Driver et
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al.,, 2000). In literature, many of research in science education also reveals that
argumentation promotes scientific literacy and encourages students to talk and write
in the language of science as a way of knowing (Driver et al., 2000; Duschl &
Osborne, 2002; Osborne et al., 2004; Jimenez-Aleixandre, 2007; Krajcik &
Sutherland, 2010; Sampson & Walker, 2012; Walker & Sampson, 2013). Osborne
(2005) stated that argumentation in science classrooms leads to students to gain and
promote epistemological understanding about science through providing a
conceptual understanding and developing an understanding about the construction of
scientific knowledge. Gott and Duggan (2007) also claim that if students learn how
to link warrants, qualifiers and backings between claims, scientific literacy will be
easier. Hence, the capability to participate in productive scientific argumentation is
viewed as a sign of scientific literacy (Duschl & Osborne, 2002; Jimenez-Aleixandre
et al., 2000; Kuhn, 1993). In a study conducted by Walker and Sampson (2013), they
found that students’ oral argumentation and written argument scores significantly
increased when they participated many of investigations based on argumentation.
They also concluded that when students play a part in high quality collaborative
argumentation they also craft higher level arguments in the context of science. Thus,
students understand how scientific knowledge is constructed, justified, and evaluated
by scientists and they understand to use those knowledge as a way of scientific
literacy (Sampson &Clark, 2009; Walker & Sampson, 2013). According to Sampson
and Grooms (2010) writing is one the most important aspects of science and
scientists share the outcomes of their research and assess conclusions of others by
writing. In addition, they highlighted that writing helps students improve
metacognition and develop their understanding of the scientific content by thinking
on their own writing. Since the argumentation encourages students to talk and write
in the language of science as a way of knowing, designing learning environments to
encourage students for verbal-communication and writing skills improve their

conceptual understanding in science (Wallace, Hand, & Prain, 2004).

Scientific argumentation is also promotes critical thinking, whereas it also
contributes the development of social interaction among individuals and
communicative skills (Clark & Sampson, 2009; Driver et al., 2000) Also,

collaborative argumentation not only gives opportunities to students to share their
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opinions with others but also provide view different perspectives of others through

the process of an argument (Clark & Sampson, 2009).

In literature, there are many studies that reveals the benefits of collaborative
argumentation (Cross et al., 2007; Sampson & Clark, 2009; Nussbaum, Sinatra, &
Poliquin, 2008; Walker et al., 2012). To give an example, Sampson, and Clark
(2009) investigated the effect of collaboration during scientific argumentation,
studied with 168 high school chemistry students, who were randomly assigned to
either collaborative argumentation or individual argumentation. The study results
showed that the students, who worked in a group, generated high-quality arguments
than the students who worked individually. Sampson and Clark (2009) specified that
collaboration improved students’ learning by giving opportunity to students to share

their opinions and view different perspectives through the process of an argument.

Another study which investigate the role of argumentation in developing conceptual
understanding, was conducted by Cross, Taasoobshirazi, Hendricks, and Hickey
(2007). After 28 high school biology students engaged in collaborative learning of
biology concepts, students’ argumentation quality was evaluated by the help of pre-
tests and post-tests. The study results showed that collaborative group work by
engaging in arguments was improved students’ understanding and achievement in

science (Cross et al., 2007).

Nussbaum, Sinatra, and Poliquin (2008), designed a research, studied with 88 college
undergraduates, who worked pairs and discussed to gravity and air resistance topics
in physics in an online interface. First, students completed many surveys engaging in
argumentations and in terms of results of these surveys they were categorized as
relativists, multiplists, or evaluativists. Then, they read physic questions and
discussed online with the other member of group collaboratively. Their discussion
was analyzed whether claims are supported by facts, alternative theories are
considered, and the argument includes for all facts and searches about the topic.
Lastly, students’ misconceptions’ increase or decrease about new gaining physics
concepts were observed. The research results showed that students who worked
collaboratively achieve correct answers on physic concepts and generated high

quality arguments.
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In a different study, Walker et al. (2012), examined the effectiveness of ADI
instructional model compared with the traditional laboratory sections in terms of
undergraduate students’ conceptual understanding of chemistry and attitude toward
chemistry. During the study, students work worked collaboratively with others in
order to offer and set investigations and spent time on main notions and ideas in a
collaborative group. The study carried on 16 laboratory sections of introductory
college chemistry and data collected with pre-post-test design. The results of this
study indicated that students who worked collaboratively in the ADI sections showed
improvement in terms of abilities to link between evidence and reasoning in
argumentation process. On the other hand, it was found that there were no significant
differences in conceptual understanding between the students in ADI sections and

traditional sections.

Scientific argumentation is also promotes conceptual change. According to
Nussabaum and Sinetra (2003) the potential of determining and eliminating
alternative conceptions originates from nature of argumentation itself (Nussabaum &
Sinetra, 2003). When students argue for an alternate opinion, the necessary processes
for conceptual change are naturally occurred (Nussbaum & Sinatra 2003). when
crafting an argument, students must consider in all parts of the issue, propound an
explanation for the problem that are inconsistent with their existing conception, and
must evaluate the differences between their opinions and the alternate ones.
Consistent with the view of Smith, diSessa, and Roschelle (1993/1994) about
conceptual change, argumentation is a constructive process in which knowledge is

modified and reconstructed.

For example, Nussabaum and Sinatra (2003) conducted a study to investigate the
efficacy of a conceptual change intervention based on argumentation with 41
undergraduate students in an educational psychology course. The students were
randomly assigned as experimental and control groups. The experimental group
students were asked to find in favor of an alternative scientific explanation of a
physics problem and control group students who were only asked to answer the
problem without any argumentation. The results of study showed that experimental

group students display an improvement when reasoning on that problem than control
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group students. The results of study showed that the scientific argumentation was an
effective method in order to improve students ‘conceptual understanding, through
taking their attention on important parts of the problem. The researcher also revealed
that their results are consistent with other methods that support conceptual change

such as making investigations and explanations (diSessa & Minstrell, 1998).

In another study, Bell and Linn (2000) used a computer-based assessment and asked
students’ ‘How far does light travel?’’ for constructing arguments. Although students
did not require arguing the opposite side, their intervention resulted in conceptual
change since the case was there. Therefore, they suggest that increase the time of
instruction and number of problems in an argumentation process, endorses even

more substantial conceptual change.

In another research, Barry (2011) investigated middle school students’ conceptions
about global climate change and the change these conceptions based on Argument-
Driven Inquiry (ADI) model during an instructional unit. Students were implemented
by three separate lessons within the unit, and each of lessons includes creating
scientific explanations based upon evidence. In each lesson students were given data
about global climate change and expected to work collaboratively to develop an
explanation that accounted for the data. The students then evaluated the
appropriateness of others explanations to determine if their explanations could be
modified or not by peers. The data was collected by pre-unit, mid-unit, post-unit, and
delayed-post unit interviews, observer notes from the classroom, a written post-
assessment at the end of the unit and artifacts created by the students as individuals
and as members of a group. The results of study showed that each student achieved
some conceptual change regarding global climate change, although of varying
natures. Moreover, findings showed that the students' poor ability to provide
evidence in order to support their explanations was improved through the experience

in the argumentation unit.

Moreover, recent studies showed that while arguing students not only learn to
propound appropriate arguments but also learn science (e.g., von AufSchaniter et al.,
2008, Jime nez-Aleixandre & Pereiro-Munhoz, 2002). In addition, results of these

studies that were used pre/posttest design documented that students’ conceptual
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understanding increase when they are engaged in argumentation (Jimenez-

Aleixandre, Bugallo, & Duschl, 2000; Zohar & Nemet, 2002).

For example, Venville and Dawson (2010) made a study with 10th grade high school
students in order to seek the effectiveness of argumentation on students’ conceptual
understanding on “genetics” concepts. The study was conducted with 92 students,
who were randomly assigned to either experimental group or control group. The
study results showed that the students, who were taught based on argumentation had
scored performed significantly higher than the control group students on the post-test
scores in terms of conceptual understanding of the genetics topics and generated high

quality arguments.

The study conducted by Aydeniz et al. (2012) focused on the influence of
argumentation-based treatment on college students’ conceptual understanding of
properties and behaviors of gases. They used quasi experimental method and
collected data with pre-posttest design. The study was conducted with 52 students in
the control group and 56 students in the experimental group in same general
chemistry college course during six class sessions. The results of study indicated that
students who were instructed argumentation-based instruction developed better
conceptual understanding than those in the control group. Besides, students in control
group had more alternative conceptions about gases concepts than experimental

group students.

Further, von Aufschnaiter, Erduran, Osborne, and Simon (2008) conducted a study
with junior high school students to seek the argumentation processes and students’
scientific developments in socioscientific lessons. They recorded verbal
conservations for small group discussion and whole-class discussions and evaluate
the quality of students’ arguments, and students’ development in terms of using of
scientific knowledge by using Toulmin’s (1958) argumentation pattern. The research
results showed that prior knowledge has an important role for generating good
argument and students employ these knowledge and experiences at relatively high
levels of abstraction. The results also suggested that argumentation make an increase

abstraction of knowledge and enable students to evaluate their scientific
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understanding. Moreover, researchers stated that learning is a slow process and

argumentation lead to improve conceptual understanding in the long term.

In her dissertation, Kingir (2011) examined the effects of the SWH approach that is
known argumentation-based science inquiry approach, on students’ understanding
and misconceptions of chemical change and mixture concepts. The sample of this
study consisted of 122 ninth grade students and students were randomly assigned as
control or experimental groups. A concept test was used to measure students’
conceptual understanding and achievement about chemical changes and mixtures
units as pre-test at the beginning of the instruction and post-test at the end of the
instruction in both groups. The results of study illustrated that students who taught by
SWH showed better conceptual understanding and fewer misconceptions than
students who taught by traditional instruction. Moreover, it was concluded that

students in experimental group developed positive attitudes toward chemistry.

Kaya (2013) made a study in order to inspect the effect of argumentation on pre-
service teachers’ understanding of chemical equilibrium. One hundred pre-service
teachers enrolled in two classes in the study. One of the classes was randomly chosen
as control group and the other one as experimental group. In experimental group,
argumentation based instruction was taught during teaching chemical equilibrium
subject while control group was taught by traditional instruction. “The Chemical
Equilibrium Concept Test” and “Written Argumentation Survey” were applied to
students in order to evaluate their conceptual understanding and the quality of their
arguments. The results of research showed that argumentation enable to experimental
group students improve conceptual understanding when compared to the control
group students. The results also indicated that pre-service teachers who were taught
by argumentation based instruction generated more quality arguments than those in

the control group after the instruction.

As aforementioned, since the scientific argumentation has a big influence in the
development, evaluation, and validation of scientific knowledge, the current research
in science education suggests integrating argumentation in the teaching and learning
(e.g. Bell & Linn 2000; Driver et al., 1994; Duschl, 2000; Zohar & Nemet 2002). In

order to support teaching and learning of argumentation in science classrooms, one
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of the way is to design effective learning environments and evaluate the effectiveness
of instruction with appropriate tools. As a result, science educators have focused on
designing effective learning environments that includes promoting argumentation
practices into the classroom (Simon et al., 2002). Several studies revealed that the
use of scientific argumentation as an instructional strategy gives students an
opportunity to learn how to participate in the process of science firsthand (Driver et
al., 1994; Duschl, 2000), and to develop a better understanding of important content
knowledge (Bell & Linn 2000; Zohar & Nemet 2002). Furthermore, current research
showed that by engaging in argumentation as part of the inquiry process can improve
students’ investigative experiences (Sandoval & Reiser 2004; Tabak, Smith,

Sandoval & Agganis, 1996).

On the other hand, scientific inquiry refers to the varied ways in which scientists use
to investigate the real world and put forward explanations based on the evidence
derived from their investigations (NRC, 1999, 2000; Sampson & Scheigh, 2013).
Scientific inquiry reflects how scientists understand the world as well as the activities
that students engage in when they try to develop an understanding in science context
(NRC, 1999). Thus, in the process of learning with scientific inquiry, students learn
to conduct an investigation to answer an investigable question and collect evidence
from different of sources, and then try to reach an answer for their question to
develop an explanation which is based on data gathered through an investigation, and
defend their conclusions. From this aspect, scientific inquiry has a similar construct
with argumentation in science context inside the classroom (Sampson & Scheigh,

2013).

There are a number of strategies to integrate argumentation into the teaching and
learning of science with inquiry (Bybee et al., 2004; Carin et al., 2005; Cavagnetto,
2010; Clark & Sampson, 2007; Eisenkraft, 2003; Erduran et al., 2004; Kingir et al.,
2012; Marek & Cavallo, 1997; Sampson & Gleim, 2009; Sampson et al., 2009;
Simon et al., 2006; Simonneaux, 2001; Walker & Zeidler, 2007).These studies
emphasize that scientific argumentation plays an important role in science learning

(Duschl & Osborne, 2002; Jiménez-Aleixandre et al., 2000; Kelly, Druker, & Chen,
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1998) and more inquiry based instructions should be supported and promoted in

science classrooms (Walker et al., 2011).

In this study, Argument-Driven Inquiry (ADI) instructional model was used as the
combination of scientific argumentation and inquiry (Walker et al., 2012; Walker et

al., 2011).

2.7 The Argument —Driven Inquiry (ADI) Instructional Model

The ADI instructional model was originated in undergraduate students and
implementation of ADI in undergraduate began to in the 2009 (Walker et al., 2012).
This instructional model is a laboratory based model that includes inquiry and
exploration in science education that contribute the importance of argumentation in
science (Osborne et al., 2012; Walker et. al., 2012). This model provides a wide
range perspective by combining argumentation with laboratory based instruction
(Walker & Sampson, 2013). According to Sampson et al. (2013), the model is
developed to the aim of scientific inquiry as an attempt to craft an argument that
provides and supports an explanation for a researchable question (Sampson & Gleim,

2009).

The roots of ADI instructional model comes from social constructivist theories
because it promotes critical thinking and reasoning skills by the inquiry based
laboratory activities with collaborative group work (Walker & Sampson, 2013). Peer
collaboration is the notion of ADI instructional model. When peers come together to
accomplish a task cooperatively, this social interaction can lead learning. Therefore,
roots of ADI come from the social constructivist theories. The ADI instructional
model also encourages students to propound a scientific method to be followed
during an investigation in order to answer a research question though the process of
learning scientific concepts with inquiry, argumentation, and writing in science and
engage in peer review (Sampson, Grooms, & Walker, 2010; Sampson & Gleim,
2009).As part of this model, teachers can help provide learning environments that is
more educative and useful for students since the structure of the model serves as a
guide for teachers (Sampson et al., 2013). Moreover, this instructional model can

help teachers who want to help students develop a better understanding in science
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(Sampson & Gleim, 2009). The seven steps of ADI instructional model are propound
to associate the learning of scientific concepts with inquiry, argumentation and

writing (Walker & Sampson, 2013).

The ADI process was defined as follows (Sampson, Grooms, & Walker, 2009;
Walker, Sampson, & Zimmerman, 2011):

1) The identification of the task or a research question

2) The generation of data through systematic observation or experimentation
3) The production of tentative arguments

4) Argumentation session

5) The creation of a written investigation report

6) Double-blind peer-review

7) Revision of the report based on the peer review

The implementation of ADI starts with a major topic to be investigated by students.
Instructor gives a researchable question which is needed to answer. The students
work with collaborative group to develop a method in order to answer question
provided by instructor (Walker et al., 2011). During investigation, procedures being
followed by students are uncertain. Because the uncertain nature of procedure,
students are provided an opportunity about how to carry out an investigation to reach
knowledge. In other words students are expected to understand the way scientist
follow by doing science through designing method, interpret empirical data and

evaluate new explanations (Sampson & Grooms, 2008).

The first step of the ADI instructional model is “identification of task™ that was
designed to introduce the topic and take attention of students (Walker et al., 2012).
In this step, first the teacher introduces the major topic to be studied. The main aim
of this step is to take attention of students to the studied topic similar to the other
instructional models such as SE learning model (Carin & Bass, 2001) or Science
Writing Heuristic approach (Keys, Hand, Prain, & Collins, 1999). The students were
provided an activity sheet that includes information about the topic and a research
question to answer by using given material in the sheet during the laboratory

investigation. The activity sheet also included a material list that could be used
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during the investigation and some clues or recommendations to help the students
when starting the investigation (Sampson et al., 2011). Students were asked to
propose an appropriate investigation method to answer the research question. At this
point, the students were expected to make brainstorming about the solution of the
research question and they were asked to suggest a method for laboratory

investigation.

The second step of ADI model emphasizes the “generation and analysis of data”. At
this step, students work collaboratively to develop a method in order to find an
answer for research question (Walker et al., 2011; Walker & Sampson, 2013).
During this step, students are provided an opportunity to learn design and carry out
an investigation and how to use appropriate tools and collect data through the
empirical work. To be clear, teacher provides only research question and students are
expected to design the method to test question and find an explanation for this. Thus,
the nature of these investigations refers “guided inquiry”. Further, this step can
provide a firsthand experience for students who never have such an opportunity to
develop their own methods to answer a research question (Walker, 2011). Perhaps
the most difficult part is this part for students and teachers because students used to
follow step-by-step procedure in traditional laboratory courses and teachers used to
answer questions directly. So at this step, students needed more guidance as to

whether their investigation plans make sense.

The third step is the “production of a tentative argument”. At this step, students
construct an argument as a solution of research question that involves explanation in
other means claim supported by evidences and reasons based on their data and
observations. This step involves putting forward a claim about the natural world and
attempt to support this claim with appropriate reasons and evidences with collected
data, this is considered one of the most important element in science learning (Driver
et al., 2000). In other words, students need to understand the way of scientist follow
that they use theories laws or models to design new investigation in order to interpret
empirical data and support their claims with appropriate reasons and evidences. In
this step the focus is the importance of argumentation in the science context (Walker,

2011; Walker et al., 2011, 2012; Walker & Sampson, 2013). Moreover, this step
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allow to students to make ideas, evidence, and rationale clear for each other. Thus,
they can evaluate others’ explanations, claims, and data to decide which the most
acceptable alternative is or which are the inaccurate in terms of collected data in the

next stage of the instructional model (Walker, 2011).

The fourth step is named as “argumentation session”. This step gives students an
opportunity to evaluate others’ explanations, claims, and data to decide which is the
most acceptable. Each group share their answers, on the one hand students justify
their own claims; on the other hand they refute some elements of arguments claimed
by others that is inappropriate for them. By the help of argumentation session
students learn to critique the components of argumentation such as claims, evidences
etc. This step is also have importance since the current research indicates that
students often hold an alternative conceptions about a given phenomenon and most
of the students could not evaluate the appropriateness of others’ explanations by
using scientific perspective (Hand, Norton-Meier, Staker, & Bintz, 2009). The
argumentation session embedded in this instructional model allow to students learn
how to interpret scientific theories or laws to fit with data and eliminate inappropriate
ones that inconsistent with the available data. Students also have opportunity to
change or improve on their first ideas or methods. It also gives teachers a chance to
consider students’ ideas and to encourage them to think about concerns that may

have been ignored (Walker, 2011).

The fifth step of the ADI instructional model is the ‘“generating a written
investigation report” by individual student. Students are required produce an
investigation report based on ADI instructional model. The aim of this report is to
understand the goal of investigation and learn to write in science. According to
Wallace et al. (2004) the writing process encourages metacognition and improve
student understanding of the content and develop a conceptual understanding for

scientific inquiry.

The investigation report written in ADI format is dissimilar to the traditional
laboratory format in many ways. The ADI instructional method gives students
opportunities to participate in laboratory investigations as a part of process by

requiring them designing methods to address the given research question and conduct
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appropriate investigations. In the ADI instructional model, students propound claims
and support them with evidence and reasons. The ADI instructional model provides a
non-traditional report format because most students lack the content knowledge and
the skills needed to write well in science (Kelly et al., 2007). Thus, ADI report
format was designed to support students learn to write in science and to help them
better understand the content (Sampson, Walker, & Grooms, 2009). In order to
support students learn to write in science, ADI report is organized into six parts
around six essential questions: Which method did you follow during investigation?
What are your observations and data? What is your claim? What are your evidences
to support your claim? What is your reason to prove your claim? Which are your

changed ideas?

The sixth step of the ADI is called a “double-blind peer-review” that ensures the
quality of these reports. After students complete their investigation report, the teacher
randomly distribute the reports of other groups to each other group. With the aim of
engagement in the evaluation process inserted in the model, students assess the other
groups’ reports with a peer review sheet as a part of double blind peer review. The
groups review each report and then evaluate whether it needs to be revised with
regard to questions involved on the peer review sheet. The peer review sheet includes
a criterion list to evaluate quality of other groups’ laboratory reports and organized
around three questions: Did the group provide an appropriate claim based on
research question? Did the group provide an appropriate evidence to support their
claim? Did the group provide an appropriate reason to support their evidence? Each
group reviews the others’ report as a group and then decides whether it could be

valid or needs to be revised in the light of criterion list.

To be clear, this step involves an educative feedback for students. Students are
required to read, understand and evaluate the quality of science writing. In order to
meet this requirement they need to learn how to evaluate the quality of an argument
in science. Once they succeed it, they could develop metacognitive skills during this
process. Thus, they could decide validity or acceptability of a claim or evidence as a

part of investigation when criticizing each other’s writing.
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The seventh and final step of this model is the modification of the investigation
report with regard to the results of the peer-review (Walker, 2012). At this step, all
students are given opportunity to rephrase their reports based on the other groups’
critics of other groups. Students whose investigation report was not found
appropriate by their peers are required to revise their reports based on the classmates’
suggestions and feedbacks (Walker, 2011, 2012). Once completed, the final form of
the reports is submitted by the teacher. The major goal of this step is giving students
an opportunity to improve their writing, reasoning and to develop better
understanding in science through engaging writing process in the context of science

(Walker, 2011).

In summary, the ADI instructional model gives students an opportunity to engage in
science with many of activities such as inquiry, argumentation and writing. For
instance, engaging in inquiry, students conduct an experiment, make observations,
draw graphs etc. and collect data in order to make an explanation for a natural
phenomenon. In other respects, during scientific argumentation, students generate a
claim and support their claim with reasons and evidences that they gathered during
investigation. So, students could develop better scientific arguments supporting
explanations in regards to natural phenomena (Groom, 2011). Moreover,
argumentation session encourages students to interact with each other and make
contribution to improve their social interaction. In regard to science writing process,
students learn to put into words what they thought clearly and their thoughts could be
visible to each other (Walker et al., 2012). In this current study, the Argument-
Driven Inquiry (AD]I) instructional model that enhances opportunities for students to

engage in scientific argumentation and inquiry was used.

2.8 Previous Research on ADI

As aforementioned, the ADI instructional model was originated in undergraduate
students and implementation of ADI in undergraduate began to in the 2009 (Walker
et al., 2012). Since the ADI is a new instructional model in science, yet there are
limited studies in the literature. In addition, many of these studies were administered
in the USA. These studies are concerning the effectiveness of ADI instructional

model with respect to students’ conceptual understanding in science, investigating
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the effectiveness of ADI on students wiring skills, argument skills, and attitudes
toward science and examining nature of the arguments that students create during

laboratory activities. These studies conducted in worldwide are reviewed in detail.

In a study conducted by Sampson, Grooms and Walker (2010), the effect of the ADI
instructional model on students’ participation in scientific argumentation and the
quality of the arguments that they generated were examined. The study focused on
examining nature of the arguments that students create during laboratory activities.
Nineteen tenth grade students were enrolled in this exploratory study. The
researchers used a performance task in order to compare student performance on this
task before and after an intervention that involved 18 ADI laboratory sessions. The
results of study revealed that students’ ability to join a scientific argumentation
improved over the course of the intervention. Their analyses also suggest that the
students had better disciplinary engagement and all the groups were able to generate

higher quality written arguments after the intervention.

In another study, Enderle, Groom, and Sampson (2013) conducted a study with 256
high school students to compare the effectiveness of ADI approach over traditional
approach in terms of students’ content knowledge in biology. They used four
different assessments including Biology Content Knowledge Assessment, Science
Specific Argumentative Writing Assessment, Biology  Performance  Task
Assessment, and Student Understanding of Science and Scientific Inquiry instrument
in order to investigate the changes students’ performance on each assessment over
time at the beginning and end of the research. All of the assessments were
scored using rubrics developed by the researchers. The results of the study showed
that the students in both groups made statistically significant gains in terms of their
content knowledge. However, only the students who participated in ADI laboratories
made significant gains in terms of their scientific writing abilities and their
understanding of the development of nature of scientific knowledge. Further, the
results of this study suggest that the ADI instructional model has a potential to
improve students’ science proficiency and contributes to the research about

understanding the learning of critical thinking skills.
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The study conducted by Walker, Sampson and Zimmerman (2011) focused on the
introduction of ADI instructional model to use in undergraduate college chemistry
laboratory courses. The study indicates a detailed ‘“semester schedule” for general
chemistry I laboratories, “peer-review guides”, and “instructor scoring rubrics” for
undergraduate level. In another but similar article, Sampson, Groom and Walker

(2009) introduce the ADI in detail.

Sampson and Walker (2012) made a study to examine influence of ADI on students’
scientific writing. The study took place over a 15-week semester and involved six
laboratory activities. After each laboratory investigation based on ADI, students
write laboratory reports. Then, researchers examined the changes in these reports
with regard to students' writing skills over time for the undergraduates in science
context. Each researcher scored the students’ reports with a rubric developed by
them. The analysis of the reports showed that students improve their science writing
skills over the course of a semester. Moreover, they succeed evaluate the quality of

their peers' writing with high appropriateness.

In his dissertation, Walker (2011) investigated the developments of undergraduate
students’ crafted arguments and the scientific argumentation in a chemistry course
during a term. Students joined in two sections of “General Chemistry I laboratory” at
a community college and worked collaboratively in groups of three or four. The 23
students participated in each section. The students were given a variation of the same
performance task three times during the terms to assess the quality of generated
arguments. During the semester, five ADI investigations were implemented and
students write the laboratory reports for each and each report was scored by
researchers. Students were evaluated with regard to improvement in argumentation,
written argument and performance task over the course of the semester. Therefore,
groups were video recorded five times to evaluate arguments and group
argumentation was assessed with an instrument developed by researcher. The results
of the study indicated a significant growth for “performance-based assessment”,
“written argument” and “oral argumentation”. Moreover, the researchers suggest that
there was a significant correlation between written and oral arguments whereas oral

argumentation was a predictor of written argument (Walker & Sampson, 2013).
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In another study, Walker, Sampson, Zimmerman and Grooms (2011) developed a
performance-based valuation instrument to measure student conceptual
understanding about the role of reactants in chemical reactions to be used in ADI
instructional model. They prepared a laboratory investigation including a set of
balloon-covered flasks to mixture constant volumes of 1 M acetic acid with rising
quantities of sodium in balloons for students. Students mixed sodium bicarbonate
with acetic acid from the balloon into the flask and detected the color change of the
solution. Then, students were asked to write an assessment following the laboratory
investigation on limiting reactants in chemical reactions to measure conceptual
understanding. In the assessment tool, overall information about the reaction and
students were requested to find the limiting reactant in each flask, and provide
evidence and their reasoning for this conclusion. The students’ marks were ranged
from O to 26, in which zero scores shows lack of conceptual understanding on
limiting reactant. It was stated that with the help of this assessment tool, the student’s
capability to utilize evidence to support an argument or statement was measured.
Researchers also emphasized that this tool gives opportunities to students for group

discussion.

The study conducted by Grooms (2011), examined the comparison of ADI
instructional model with more traditional instruction in terms of their stance in the
context of a Socioscientific Issue. The researcher used quasi-experimental method
and collected data with pre-post-tests with the required time intervention. The study
was conducted with 73 students in the treatment group and 79 students in the control
group in same general chemistry laboratory course offered at neighboring
institutions. The study included eleven investigations for both the comparison group
and treatment group during a 15-week timeline. During the study, students were
presented different tasks in the form of a short narrative and two competing
television commercials. After the students read the narrative and watched the
commercials for each task they finalized a follow-up questionnaire. The students
completed these two tasks at start and at the end of the semester to decide if there
were any changes from before to after the intervention. The findings of study
indicated that students who took instruction based on ADI have better arguments

although they have less epistemological sophistication. On the contrary, the control
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group students experienced a reduction in the sophistication of their arguments.
Further, none of instructional strategy was effective to change students’
epistemological sophistication toward an evaluativist stance. In addition, the students
within the ADI treatment group became more scientifically literate, than those in the

traditional course.

In a study conducted by Walker, Sampson, Grooms, Anderson, and Zimmerman
(2012), researchers investigated the effectiveness of ADI instructional model
compared with the traditional laboratory sections in terms of the undergraduate
students’ conceptual understanding of chemistry and attitude toward chemistry. The
participants of study were 372 community college students. The study carried on 16
laboratory sections of introductory college chemistry and data collected with pre-
post-test design. Researchers measured students’ conceptual understanding with a
multiple choice concept test, used two different performance tasks for written
arguments and administered an instrument to measure students’ attitude toward
science during three semester in General Chemistry I laboratory lecture. The
outcomes of the study showed that students in the ADI sections presented
improvement in terms of abilities to utilize evidence and reasoning. On the other
hand, it was found that there were no substantial alterations in conceptual
understanding between the students in ADI sections and traditional sections.
Additionally, the female students in the ADI classes had more positive attitudes
headed for science at the end of the semester in comparison with the female students
in the traditional classes. One of the limitations of this study is that while the control
group students completed 11 laboratory investigations, the ADI group students were
participated six investigations because of the required time to complete all seven

steps of the model.

Sampson, Enderle, Grooms, and Witte (2013) conducted another study to investigate
the change middle school and high school students’ science-specific argumentative
writing skills and understanding of basic concepts altered during the semester. 294
students took part in this study from two middle and two high schools. Students
participated many of science laboratories designed based on Argument-Driven

Inquiry (ADI) instructional model. The study continued over two semesters and
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included minimum eight laboratory investigations in each lecture. Student education
acquisitions were measured using a science content assessment tool which is an
open-ended instrument to evaluate students’ understanding of basic scientific
concepts and a science-specific argumentative writing assessment that were applied
at the start, in the middle, and at the end of the term. The findings indicated that
students’ science-specific argumentative writing skills and their understanding of
basic concepts in science developed over time during course. Moreover, students
who participated more ADI activities in course showed a greater and more consistent

improvement in their writing.

2.9 Attitude and Gender

Besides the cognitive variables, measuring affective variables is very important in
the context of education. In the literature, it was demonstrated that affective variables
have a big influence on student achievement in science (Chandran, Tregaust, &
Tobin, 1987). Many of studies investigated the role of affective variables such as
attitudes, values, beliefs, feelings, and motivation, on students’ achievement in
science context (e.g. Bennett, 2001; Dindar, 2011, Hough & Piper, 1982; Marsh,
1992; Neathery, 1997; Oliver & Simpson, 1988; Talton & Simpson, 1987, Walker et
al., 2012).

One of the primary aims of science teaching is to support learners to improve more
positive attitudes towards science on the account of improving the students’
understandings of science. The meaning of the term “attitude” is examined as two
different constructs: scientific attitudes and attitudes toward science in the context of
science. The scientific attitude refers the behaviors related to ways of students’
thinking or a scientific method (Bennett & Hogarth, 2005), where attitude toward
science term defined as “a person’s positive or negative response to the enterprise of
science...whether a person likes or dislikes science” (Simpson, Koballa, Oliver, &
Crawley, 1994, p.213). In this current study, “attitude toward chemistry” which

refers to the feelings of students toward chemistry was examined.

In science education, as well as teaching strategies, it was recommended that

students’ attitudes towards science should be taken into account since it is also

49



essential in order to improve the quality of science education (Koballa &Glynn,
2007). It was concluded that students’ attitudes toward science has an important role
in order to develop a comprehensive conceptual understandings in science concepts
(Nieswandt, 2007). Moreover, students’ attitudes are also associated with their
achievement and the development of positive attitudes toward chemistry could

motivate students to learn chemistry (Osborne et al., 2003).

There are numerous research on attitude in science education that indicate
confirmation for the relationship between students’ attitudes in the direction of
school science and their academic achievement (e.g., Neathery, 1997; Osborne &
Collins, 2000; Simpson & Oliver, 1990). Many of these studies offer moderate
correlation between attitude towards science and achievement (Osborne& Collins,
2000; Simpson & Oliver, 1990; Weinburgh, 1995). For example, Weinburgh (1995)
conducted a meta-analysis research which suggests that there is a moderate
correlation among learners’ attitudes towards science and their academic success and
it was come up as 0.50 for boys and 0.55 for girls. In another study, Marsh (1992)
studied with eighth and tenth grade Australian schoolboys and showed the
correlation among attitude toward science and success in science as 0.70. Oliver and
Simpson (1988) obtained a strong relationship between students’ attitudes toward
science and their achievement in science in a longitudinal study. Neathery (1997)
investigated the correlations of students’ attitudes toward science with gender,
achievement, ability and ethnicity and found a significant relationship for

achievement, gender, and ability.

The teaching method in science classroom is one of important factors that have a big
influence on improving students’ attitudes toward science. Students who have an
effective teaching method and an effective learning environment have more positive
attitudes than the students who did not have (Germann, 1988). In literature, many of
studies reported positive outcomes of various teaching methods on students’ attitudes
toward science such as learning cycle (Aydemir, 2012; Ceylan, 2008), problem based
instruction (Serin, 2009; Senocak, Taskesengil & So6zbilir, 2007), conceptual change
approach (Ceylan & Geban, 2010; Kaya, 2011; Uzuntiryaki & Geban , 2005), and
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SWH approach (Giinel, Kabatas-Memis & Biiyiikkasap, 2010; Kabatas, Giinel,
Biiyiikkasap, Uzoglu, & Hand, 2008, Kingir, 2011).

Talton and Simpson (1987) highlighted the importance of correlation between the
learning setting and approaches headed for science. In their study, Koballa and
Gylnn (2007) stated the role of instruction on students’ positive attitudes toward
science. To be clear, they revealed that students who have more positive attitudes are
more willing to involve in class activities and would be more successful in science
classrooms (Koballa & Gylnn, 2007). Moreover, it was concluded that laboratory-
based instruction promotes students’ acquisition of scientific conceptions and
positive attitudes toward science (Erkol, Kisoglu, & Biiyiikkasap, 2010; Freedman,
1997). ADI instructional model is a way of creating new classroom environments
that enable students a first-hand laboratory investigations by enhancing active
learning with various activities and helps students understand how scientific concepts
related to nature of science. Therefore, ADI instructional model studies also point out
the impact of ADI on improving students’ attitudes toward science (Walker et al.,

2012).

There were limited studies using ADI instructional model to investigate its effect on
students’ attitudes toward science since the ADI instructional model is new in the
educational context, (Walker et. al., 2012). In a study conducted by Walker et al.
(2012) 372 community college students were participated. The study carried on 16
laboratory sections of introductory college chemistry and data collected with pre-
post-test design. Researchers administered an instrument to measure students’
attitude toward science during three semesters in General Chemistry I laboratory
course. The instrument was used to measure students’ attitudes toward science with
scale named as the “Attitude Toward Science In School Assessment” (ATSSA;
Germann, 1988) and researchers adapted the ATSSA to apply chemistry
laboratory. The instrument covered 15 questions and it was a 5-point Likert scale
ranges from 1 (strongly disagree) to 5 (strongly agree). The minimum score was 15,
and maximum score was 75 for the total attitude score. The reliability of the
instrument was measured by Cronbach’s alpha, and found as .91. The results of this

study indicated that students in the ADI sections (M = 58.00, SD = 8.42) showed
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more positive attitudes toward chemistry when compared students in traditional
chemistry instruction (M = 54.30, SD = 11.64) at the end of the term. More
specifically, the girls in the ADI class had more positive attitudes towards chemistry

at the end of the term than boys in the traditional classes.

The relationship between attitude and achievement is also affected from various
factors such as gender, early childhood experiences, classroom organization, teacher
authority and the nature of classroom (Pintrich, Marx, & Boyle, 1993; Osborne et al.,
2003). More specifically, gender is one of the most significant factor that influencing
students’ attitudes toward science (Osborne et al., 2003). Many studies report
differences in attitudes of both genders in favor of boys which mean boys have a
more positive attitude toward science than girls (Koballa & Gylnn, 2007, Simpson &
Oliver, 1985; Rani, 2000; Reiss, 2004; Weinburgh, 1995). To give an example,
Weinburgh (1995) carried out a meta-analysis of 18 studies including 6753 students
(3337 boys and 3416 girls) and found that male students consistently indicated more
positive attitude towards science. In a longitudinal study, Reiss (2004) examine the
effect of gender differences on attitudes toward science and concluded that male
students have a more positive attitude toward science than girls. In another
longitudinal study, Breakwell and Robertson (2001) explored the changes in
students’ attitude towards science during ten years. The findings of study showed
that male students had more positive attitudes and better performance in science than
female students. Similarly, Salta and Tzougraki (2004) conducted a research
including 576 high school students in Greece and showed that although there were
not any differences in terms of students’ gender in their attitudes as regards interest,
usefulness, and importance of chemistry, female students had more negative attitudes
with regard to the difficulty of chemistry course as compared to boys. However,
some of the studies reported that girls have more positive attitudes towards science
than boys (Akpinar, Yildiz, Tatar, & Ergen, 2009; Dhindsa & Chung, 2003; Walker
et. al., 2012).

In conclusion, attitude towards science in other words interest in science can be
improved by effective teaching methods, curriculum or the supportive classroom

environment (Walker et al., 2011). ADI instructional model is a way of creating new
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classroom environments to promote students’ conceptual understanding with various
activities. Therefore, one of the focuses of this study was to investigate the
relationship between students’ attitudes toward chemistry and method used to during

study by taking gender issue into account.
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CHAPTER 3

METHOD

In this chapter, design of the study, population and sample of the study, variables,
instruments, research design, data collection and analysis, procedure, treatment,
treatment verification, power analysis, internal validity, limitations and assumptions

of the study are explained briefly.

3.1 Design of the Study

In this study, non-equivalent control group design was used which is a type of quasi-
experimental design. Argument- Driven Inquiry (ADI) was implemented in the
experimental groups and traditional chemistry instruction (TCI) was implemented in
control groups. Moreover, classes were chosen randomly as experimental group and
control group. There were two 45-minute sessions per week for both of the groups
and the treatment was conducted over seven weeks. Table 3.1 shows the design of

the study.

Table 3. 1 Design of the study

Groups 0] X 0]
(Pretest) (Treatment) (Posttest)

EG GCT ADI GCT
ASTC ASTC
ASTA ASTA

CG GCT TCI GCT
ASTC ASTC
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The meanings of the abbreviations in Table 3.1 are given below:

EG: Experimental Group

CG: Control Group

ADI: Argument-Driven Inquiry

TCI: Traditional Chemistry Instruction

ASTC: Attitude Scale toward Chemistry

ASTA: Argumentativeness Scale toward Argumentation

GCT: Gases Concept Test

3.2 Population and Sample

The target population of the study contains all tenth grade high school students
registered in a chemistry course in Ankara which is the capital of Turkey. The
accessible population is all tenth grade students at public high schools in
Yenimahalle, Ankara. The sample of this study was determined by choosing a
public high school from the accessible population by using convenience
sampling approach. In this high school, six intact classes of a teacher were
participated in this study. Thus, the same teacher instructed both control and

experimental groups in the school. The teacher was male.

The sample of this study consisted of 157 tenth grade students from one public
high school. There were 82 students (46 males and 35 females) in the
experimental groups and there were 75 students (29 males and 46 females) in

the control groups. 51.9% of the participants were female and 48.1% were male.
3.3 Variables
There are eight variables in this study, three of them are determined as dependent and

five of them are determined as independent variables.

The dependent variables of the study are students’ understanding of gases concepts
measured by Gases Concept Test-II (PostGCT), students’ attitudes toward chemistry
measured by Attitude Scale toward Chemistry (PostASTC), and students’ tendency
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of argumentation measured by Argumentativeness Scale toward Argumentation
(PostASTA). All dependent variables are continuous variables and were measured in

interval scale.

The independent variables of the study are pretest scores on Gases Concept Test-I
(PreGCT), pre-test scores on Attitude Scale toward Chemistry (PreASTC), and pre-
test scores on Argumentativeness Scale toward Argumentation (PreASTA). These
independent variables have potential to become a covariates in order to control pre-
existing differences between groups. Pre-test scores of all scales were considered as
continuous variables and were measured in interval scale. The other independent
variables are treatment (Argument- Driven Inquiry and traditional chemistry
instruction) and gender (male and female). These are categorical variables and
measured on nominal scale. The characteristics of all variables are shown in Table

3.2.

Table 3. 2 Identification of variable

Name of Variable Type of variable Type of Value Type of Scale
Treatment Independent Categorical Nominal
Gender Independent Categorical Nominal
PreGCT Independent Continuous Interval
PreASTC Independent Continuous Interval
PreASTA Independent Continuous Interval
PostGCT Dependent Continuous Interval
PostASTC Dependent Continuous Interval
PostASTA Dependent Continuous Interval

3.4 Instruments

The instruments used in this study are Gases Concept Test-I(GCT-I) as pre-test,
two-tiered Gases Concept Test-II(GCT-II) as post-test, Argumentativeness Scale
toward Argumentation(ASTA), Attitude Scale toward Chemistry(ASTC), interview
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schedule, and classroom observation checklist. In the following section, instruments

are explained in detail.

3.4.1 Gases Concept Test-1

This test was developed by the researcher to assess students’ understanding of
general properties of gases, diffusion of gases, gas laws, and ideal gases in order to
control pre-existing differences between groups. In other words, this test was also

aimed to have opinion of equality of groups at the begging of the study.

According to new Turkish national curriculum, starting from the beginning of six

13

grade students are given formal instruction about “states of matter”, “particulate

nature of matter”, “change of state”, “properties of gases” and “pressure of gases” to
end of the middle school. It means tenth grade students had been taught about these
concepts during the first years of middle school as a part of science and technology
classes. Since the students had some pre-existing knowledge about these concepts
before the implementation, scores of this test were used to compare whether students
have difference for previous learning in means of conceptual understanding of gases
in ADI and TCI groups. So, the GCT was applied at the beginning of the study as a
pre-test. During the development process, first, national chemistry curriculum was
examined by taking into account instructional objectives of gases concepts. Then,
students’ alternative conceptions in gases concepts were determined by examining
related literature (Lin et al., 1996; Niaz, 2000; Azizoglu, 2004; Cetin, 2009).
Following this step, some of the questions were obtained from the literature and
some of them were developed by considering of the objectives of subject (Niaz,
2000; Cetin, 2009; Kingir, 2011; Sahin & Cepni, 2012). Finally, after some
revisions, the test items were constructed according to instructional objectives of
gases concepts. The test included 20 multiple choice items consisting of one correct
answer and four distracters. Distracters included possible alternative conceptions of
students on gases concepts. When scoring, each correct response was considered as
1, and each incorrect response was considered as 0. Therefore, the maximum score

that a student can take from this test was 20, and the minimum score was 0.
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The face and content validity of the test was examined by the 6 chemistry education
experts with regard to relationship between questions and instructional objectives by
using a table of specification checklist (see Appendix C). Also the test was controlled
in terms of its grammar and understandability. It provides an evidence for face
validity. Some distracters and items were improved by taking into consideration the

experts’ feedbacks.

Before the treatment, Gases Concept Test-1 was applied to 186 (52% females, 48%
males) tenth grade students from two high schools as a pilot test to evaluate
reliability aspects of this test scores during the fall semester of 2012-2013. The
Cronbach alpha reliability coefficient was computed as 0.67 for GCT-I1. Lastly, the

revised test was administered students beginning of the treatment (Appendix D).

3.4.2 Gases Concept Test-11

The GCT-II was a two-tier test developed by the researcher to measure students’
understandings of gases concepts and identifies their possible alternative
conceptions. In order to strengthen the multiple-choice tests, two-tier tests were

developed (Tan et al., 2002).

Although a multiple choice concept test was applied to students at the beginning of
the study, the researcher decided to use different but equivalent form of GCT-I to
obtain strong evidence of reliability with regard to consistency over time at the end
of the study. The equivalent- forms method is one of the best ways to obtain
reliability coefficient. Since the students take the same test more than once, they
could perform same and their answers could cause errors of measurement (Frankel &
Wallen, 2006). On the other hand some questions are same with the GCT-I, since the
time interval between two administrations is appropriate -6 weeks- the combining
test-retest and equivalent form methods increase the probability of obtaining strong
reliability evidence. So, the GCT-II was applied as a post test at the end of the study
(Appendix E).

In order to diagnose students’ alternative conceptions on a specific topic, many
different methods used such as interviews (Osborne & Gilbert, 1980; Thompson &

Logue, 2006), concept maps (Tsai & Chou, 2002), open-ended questions (Calik &
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Ayas, 2005), and multiple-choice questions (Halloun & Hestenes, 1985; Tamir,
1971 as cited in Tregaust, 1986). All of these methods both have some advantages
and disadvantages. While multiple choice tests have advantage over interviews in
terms of being applied great number of students in short time and easy assessment,
interviews are superior to multiple choice tests in terms of providing deeply
investigation of students’ answer (Pesman, 2005). To overcome limitations of these
methods two-tier multiple choice diagnostic test was suggested by Treagust to

diagnose students ‘alternative conceptions (Treagust, 1986; Treagust, 1995).

In a diagnostic two tier test; the first tier represents an ordinary multiple choice
question and second tier includes the reason for the answer of first tier in multiple-
choice format (Tan et al., 2002; Treagust & Chandrasegaran, 2007). The incorrect
reasons in second tier include students’ alternate conceptions related to a specific
content area gathered from literature, interviews, or open-ended questions. In the
literature a considerable amount of diagnostic test have been developed by
researchers and have been used for diagnose alternative conceptions in chemistry
(Chou & Chiu, 2004; Costu, Ayas, Niaz, Unal, & Calik, 2007; Kirbulut, Geban,
& Beeth, 2010; Odom & Barrow, 1995; Treagust, 2006; Wang, 2004).

The use of diagnostic two-tier test not only provides to identify students’ alternative
conceptions but also to probe the reasons behind the explanations of students (Tsai &
Chou, 2002). Moreover, a two-tier test has the ability to administer a great number of
students and allow teachers to analyze answers of students objectively. Therefore,
two tier tests have been used for diagnostic assessment in the literature for a long

time (Tsai & Chou, 2002).

Tregaust (1988, 1995) suggested three stage procedure to develop a valid and reliable
two-tier test. In stage 1, content area of the study is defined. In stage 2, students’
conceptions are identified based on literature by qualitative analysis. The Stage 3
includes the process of designing test items, and forming final version of test
(Chandrasegaran, Tregaust, & Mocerino, 2007). In this study, not exactly the same
but a similar way followed as suggested by Tregaust (1988, 1995) in order to develop
a diagnostic GCT-II instrument. At stage 1, since the national chemistry curriculum

was examined by taking into account instructional objectives (see Appendix A) of
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gases concepts for GCT-I, researcher decided to use this information for stage 1.
Based on the chemistry curriculum, 19 instructional objectives that were frequently
encountered by 10th grade students were identified. The subtopics introduced to
students in the chemistry syllabus were included in a list of subtopics, namely,
properties of gases, gas laws, ideal gas law, kinetic theory of gases, real gases, and
gas mixtures (see Appendix B). Moreover, a concept list related to the subject was
composed (see Appendix B). Two chemistry professors, one assistant professor,
three research assistants in chemistry education and one chemistry teacher reviewed
the instructional objectives, list of subtopics and concept list by taking general
perspective of gas concepts into account and decided that the covered content area

was appropriate and relevant to use for 10th grade students.

At stage 2, semi- structured interviews to determine alternative conceptions that not
included in the literature and outcomes of gases concept test as multiple choice test
format was used. Interviews were administered to 8 students from 11th grade based
on their knowledge level as low, medium and high. Students’ knowledge level was

determined with respect to their academic achievements in chemistry lesson.

Interview questions were prepared by researcher based on literature about high
school students’ difficulties about gases concepts in chemistry (see Appendix H for
interview questions). Same interview question was used to examine the 10th grade
students’ conceptual understanding in gases concepts and to clarify students’

alternative conceptions in experimental and control groups after the implementation.

Beside the related literature, pilot study results of the GCT-I were taken into
consideration in order to develop appropriate interview questions in terms of
examining students’ alternative questions about gases concepts. During the
interviews, responses of students on GCT-I were asked to give reasons in detail on
their answers as follow up questions. After analyzing interview responses of students
and GCT-I responses, in the development of the second-tier, detected alternative
conceptions in GCT-II were included in the alternatives of each item. The
second tier was consisted of a correct reason for first tier, and some alternative

conceptions derived from the interviews, GCT-I results and related literature. The
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collected data from first and second stage contributed to construction of first version

of GCT-II at the stage 3.

For the face and content validity, six experts in chemistry education analyze and
evaluated this test in terms of appropriateness of items in order to assess students’
conceptual understanding of gases concepts and to identify students’ misconceptions.
The experts’ suggestions were used to revise the test. Subsequently, 20 two-tiered
questions constructed; in the first tier, a multiple-choice question was asked related
to instructional objectives includes concepts of gases and in the second tier, the
reason of selecting that choice, derived from interviews and GCT-I results, was
asked in multiple-choice format. The first content tier had three, four or five choices
and the second content tier had five choices. Lastly, the final form of the test was
applied to students after the treatment as a part of this study. Table 3.3 presents the

alternative conceptions appeared in the test.

Table 3. 3 Alternative conceptions of students

Alternative conceptions Items

1. Hot air weighs less than cold air. 2.2.b

2. Heated air weighs more than cold air. 2.2.d,8.2.d

3. Pressure acts downward only. 1.2.b, 14.2.c

4. Heated gas weights less. 2.2.b

5. Gases behave ideally at room temperature 9.2.c

6. Misuse of Ideal Gas Law 9.2.a, 9.2.b, 10.2.e,
19.2e

7. Misuse of Charles’s law 9.2d, 19.2b

8. Misuse of Boyle’s law 4.2.b, 3.2.e, 14.2.a,
19.2a

9. Misuse of Avogadro’s law 11.2.d, 11.2.e,
15.2.b, 15.2.c, 19.2d

10. Ideal gases do not give any chemical reactions. 9.2.e

11. The conditions that gases behave ideally depend on | 17.2c
the nature of gases.
12. Gas molecules do not occupy all the space available | 10.2.d

in a vessel

13. When heated the molecules expand, when cooled | 2.2e, 1.2e, 6.2b, 8.2a,
they shrink. 82e

14.  Gas particles take the shape of container. 1.2.c,6.2.c

15.  Gases are lighter than liquids so the mass of the | 6.2.e
substance decreases with change of state from solid to
liquid to gas.
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Table 3.3 (continued)

16.  Molecules increase in size with change of state | 7.2.d, 6.2.a
from solid to liquid to gas.

17.  Gases have no mass. 7.2.b

18.  When the air is compressed temperature increases | 12.2.c
because kinetic energies of the particles increase.

19.  Gases behave ideally at low temperature and high | 17.2.d
pressure.

20.  Gases are light. The gases particles weigh very | 1.2.a
little and therefore rise.

21.  Ideal gases do not give any chemical reactions. 9.2e

22.  Volume of a gas is the size of the particles. 5.2.b

23.  The volumes of different gases are proportional to | 5.2.d
their particle numbers in a container

24.  Attractive forces between gas molecules increases | 17.2.d
as the temperature decreases.

25.  When the air is compressed size of the molecules | 12.2.b

decreases because of the decrease in volume.

26. Air pressure is greater at higher altitudes. 3.2b, 3.2c, 4.3¢c, 4.3d
27.  Air only exerts force or pressure when it is | 13.2.e
moving.
28.  Gases flow like liquids. This means that they can | 1.2.b
be unevenly distributed in a container.
29.  Gases are able to exert pressure because of the | 13.2.b
weight of the air above it - because of this air pressure
only act down.
30.  Molecules were pushed down by the atmospheric | 14.2.e

pressure.

31.  The diffusion rate of a gas is directly related to its
molecular weight.

16.2¢c, 18.2e, 20.2a

32.  The diffusion rate of a gas is directly related to its

volume.

16.2a, 16.2.e

33.  The diffusion rate of a gas is directly related to its
mole.

18.2d, 20.2¢c, 20.2¢

34.  Temperature is necessary to calculate a gas’ | 18.2.c
partial pressure.

35.  Heavy gases occupy more space than the lighter | 5.2.b
ones.

36. Gas particles have no movement at 0 atm | 17.2.e

pressure.

The answer of an item was considered to be correct and scored 1 if both first and
second tiers were correctly answered. The item was scored O if both or either of first

and second tiers was wrong (Akkus, 2011; Chandrasergan et. al., 2007). Totally,
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there were 20 items in PostGCT. Thus, the maximum score that a student can reach

was 20, while the minimum score was 0.

The pilot study was conducted with 92 high school students (45 females, 47 males)
to evaluate reliability aspects of this test. Cronbach’s alpha reliability of the pilot test
was computed as 0.718 for first tier scores and 0.746 for second tier scores. The data
give evidence for two-tier test is more reliable than one-tier test. The item analysis
was conducted for the GCT-II. The item analysis scores for GCT-II are shown in

Table 3.4.

Table 3. 4 The item analysis scores for GCT-II

Item analysis Scores for GCT-II (n=92)

N. of cases 92
N. of items 20
Cronbach alpha reliability 0.746
Mean 14.839
Median 14
Mode 14
Minimum 0
Maximum 20
N of items with difficulty
index(p)
.8<p 1
J1<p<.8 6
.b<p<.7 4
S<p<.6 2
A<p<.5 6
3<p<.4 0
p<2 1
N of items with discrimination
index(D)
7<D<.8 2
.6<D<.7 0
5<D<.6 8
4<D<.5 5
3<D< 4 4
2<D<3 1

Results of item analysis showed the discrimination indices which is the correlation
between correct and incorrect responses for each item ranged from 0,333 to 0,777
with an average of 0,563. Item discrimination index was acceptable since it is

greater than 0.3 (Lien, 1971 as cited in Chandrasegaran et al., 2007). Only item 15
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has lower index which was 0.248 than suggested ranges. Since the discrimination
indexes between 0.20 and 0.29 need revisions, item 15 was examined and revised in
GCT-1II based on results (Crocker & Algina, 1986, p.315). The difficulty indices of
the items ranged from 0.245 to 0.870 with an average of 0.549. These results point
out that the items were moderately difficult for the high school students and
54.9% of the students gave correct answers for the GCT-II. The final version of

GCT-II was administered to both control and experimental groups as post-test.

3.4.3 Attitude Scale toward Chemistry (ASTC)

The ASTC was developed by Geban, Ertepinar, Yilmaz, Altin and Sahbaz (1994) in
order to determine students’ attitudes toward chemistry as a school subject. This test
includes 15 items in which all items were scaled on a 5-point likert type scale from
strongly agree to strongly disagree. The Cronbach’s alpha reliability coefficient was
found to be 0.83 which is above desired value of 0.7, it can be concluded that the
reliability of instrument is relatively high. This test was applied to students in both
experimental and control groups to measure attitudes towards chemistry before and
after the treatment. The ASTC scale includes both positive and negative statements
which was included in Appendix F. The negative statements were reversed in the
coding process. Hence, ASTC scores were ranged from 15 to 75. The students who
have higher scores in ASTC mean he/she has more positive attitudes toward

chemistry.

3.4.4 Argumentativeness Scale toward Argumentation

In this study, the argumentativeness scale, developed by Infante and Rancer (1982)
was used to as a way of measuring a person's tendency to pursue or avoid of
argumentation in argumentative situations. This scale was adapted into Turkish by
Kaya (2005). The ASTA is a likert type instrument with five scales and includes 20
items (see Appendix G). The response categories were ‘“‘absolutely disagree”,
“disagree”, ‘“undecided”, ‘“‘agree”, and “absolutely agree”. Because the ASTA
includes both positive and negative statements, negatively formulated statements
were reversed in coding. The maximum score is 100 and the minimum score is 20 for
this scale. The reliability of the ASTA was analyzed as Cronbach’s alpha value and

found as 0.86 for statements pursue an argument and 0.91 for the statements include
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avoid an argument (Infante & Rancer, 1982, p.76). In this study, the Cronbach’s
alpha reliability coefficient was found to be 0.71 which is above the suggested alpha
value of 0.7 and preferably higher for educational studies (Fraenkel & Wallen, 2003,
p.168). The scale was applied only experimental group students before and after the

treatment because the implementation of argumentation.

3.4.5 Semi-Structured Interviews

Semi-structured interviews were applied to examine the students’ conceptual
understanding in gases concepts and to clarify students’ alternative conceptions
observed in gases concept test. Interviews were conducted with students individually.
The interview schedule was constructed by the researcher. The interview questions
were prepared according to literature review and common misconceptions found in
the literature related to the gases concepts and applied to the students in both
experimental (4 students) and control groups (4 students). Beside the related
literature, pilot study results of the GCT-I and GCT-II were taken into consideration
in order to develop appropriate interview questions. The 7 questions were related to
gas properties, distribution of gas particles at different temperatures, diffusion of
gases, gas laws, and ideal gases (see Appendix H). The purpose of these interviews
was to find out students’ ideas about gases concepts and examine students’

alternative conceptions.

The students who were interviewed selected purposively based on their knowledge
level and their knowledge level was determined with respect to their academic
achievements in chemistry lesson. Each interview took about 30 minutes and all of

them were audio-taped and transcribed.

3.4.6 Classroom Observation Checklist

The primary purpose of classroom observation was to monitor the application of
treatment in the experimental and control group in order to ensure treatment
verification. In order to check whether experimental groups took a treatment based
ADI instructional model and control group took a treatment based on traditional
chemistry instruction or not, an observation checklist designed by the researcher (see

Appendix I). The checklist was used for treatment verification.
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The researcher monitored all lectures in the experimental and control groups.
Moreover, some lessons were observed with two observers who filled the
observation checklist in order to avoid the bias of the researcher and obtain more
reliable data. During the observation the observation checklist used in this study

consisted of 19 items with 3 point likert type scale (yes - 3 / partially - 2/ no - 1).

3.5. Procedure

This part explains the procedure that followed in the current study from beginning to

end. Through the study, each step that followed was described below in detail;

¢ First, the main research problem was determined for this study, which was
studying on argumentation based instruction on students understanding of
gases concept and determining students’ attitudes toward chemistry.

e Key words are determined to be used in the literature review. Keywords used
in this study are ‘“argumentation”, ‘“‘scientific argumentation”, “Toulmin’s
argumentation pattern (TAP)”, “Argument-Driven Inquiry”, “guided
inquiry”, “science attitude”, “alternative conceptions” and “gases concepts’.

¢ During the literature review, the keywords were searched as variety of
combinations ERIC, Social Science Citation Index, Wiley InterScience,
ProQuest (UMI) Dissertations & Theses, Turkish Higher Education Council
National Dissertation Center, METU Library Theses and Dissertations, and
TUBITAK Ulakbim databases. While, the researcher reading all of the
obtained sources and examining results of the studies, a new instructional
model inspired her to study on argumentation-based inquiry which is called
Argument-Driven Inquiry. So, literature was reviewed again and main
problem of the study was revised after this inspiration. Because literature
review is an on-going process, it continued up to end of the study.

¢ Instruments were developed in order to use the current study (GCT-I, GCT-
II). The pilot study of the GCT-I and GCT-II was done before the treatment.
Necessary permissions were taken for other instruments (ASTC, ASTA).

e The needed materials for instruction were prepared by the researcher for

students and teachers.
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Required permissions were taken from the Ministry of National Education
from two regions Cankaya and Yenimahalle in Ankara to conduct the study
in high schools. The sample of this study formed by choosing a public
high school from the accessible population by using convenience
sampling approach. In this high school, six classes of same teacher
were participated in this study.

Pilot study was performed in the 2012-2013 fall semester (December,
January) to administer instruments. Two schools were used in Yenimahalle
and Cankaya for the administration of tests. Semi-structured
interviews were done before the implementation for developing GCT-II
instrument.

Pre-tests of GCT-I, ASTC and ASTA were applied to both experimental and
traditional groups on the same day one week before the study.

Main study was carried out in the 2012-2013 spring semester, in a two 45-
minute sessions per week for both of the groups and the treatment was
conducted over seven weeks (totally 14 sessions).

During the study, the topics related to gases were covered as a part of regular
classroom curriculum in chemistry course. Six intact classes of same teacher
in a public high school were participated in this study. The teacher’s three
classes were chosen as the experimental group and the other three classes
were chosen as the control group. There were totally six groups in this study:
three of the groups were experimental groups and the three of them were
control groups. The control groups were taught by using traditional chemistry
instruction (TCI), while the experimental groups were taught by using ADI
instructional model. After the implementation, posttests were applied at the
seventh week. Lastly, semi-structured interviews were conducted after two
weeks of treatment complementation.

Data gathered from the pre- posttests were entered to the SPSS. The
qualitative data gathered from -interviews were also transcribed.

Data analysis in terms of descriptive, inferential and confirmatory statistical
analysis was performed for the GCT-I, GCT-II, ASTC and ASTA.

Finally, the dissertation was completed in December 2014.
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3.6. Treatments

This study was conducted during seven weeks on gases concepts included in the
states of matter unit. Experimental and control groups were assigned to carry out this
quasi- experimental study. The control groups were taught by using traditional
chemistry instruction (TCI), while the experimental groups were instructed by using
ADI instructional method. Lesson plans and activities based on ADI approach was
created by taking objectives of the national chemistry curriculum into account by
researcher. Some revisions were done on lesson plans and activities based on two
professors in chemistry education and two chemistry teachers’ feedbacks. Before the
implementation, because the chemistry teacher in high school had no experience of
implementing ADI in classroom environment, researcher had several meetings with
teacher. Before the implementation process, during three weeks researcher inform
the teacher how he implement and follow the lesson plans (See Appendix K for
sample lesson plan). The researcher also provided the handout about ADI for
teachers, activity sheets, lesson plans and materials (such as burette, petri dish, pipe,
some chemicals etc.). The experimental group students who were instructed by using
ADI instructional model completed 5 investigations during the study. The
experimental group students were implemented into the chemistry laboratory. Beside
this, in order to make the treatment less novel for control groups, the teacher also

conducted chemistry lessons into the laboratory in the most of the weeks.

3.6.1 Treatment in Experimental Group

At beginning of the study, the teacher had no experience of implementing the ADI
instructional model. Before the study, during three weeks, the researcher had several
meetings with the teacher at school to give information of him about the
implementation of ADI. The teacher was given ADI information notes and
introduced the ADI instructional model with related activities. Moreover, teacher
was supplied a detailed handout that includes the steps of ADI (see Appendix J).The
next week teacher read the given materials, lesson plans and the researcher and
the teacher examined the activities and talked about the implementation of ADI.

Before the lessons, researcher assisted the teacher about the procedure to be followed
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in the current class during the treatment. The researcher participated in all class

sessions and took observation notes.

The experimental group students were implemented into the chemistry laboratory in
the most of the weeks. In order to make the treatment less novel, the teacher also
conducted most of the chemistry lessons into the laboratory for control groups. There
were six benches at the chemistry laboratory and so students formed six groups in

each of them for the classroom activities.

At the first week, students were informed about argumentation as a learning tool by
an activity named “Babysitter” (see Appendix L). For the babysitter activity, students
formed small groups and they were asked to read it individually and choose the most
suitable babysitter as a claim for their group, and support their answer with
appropriate reasons and evidences about the activity. Then, students shared their
claims and reasons to present their findings to classmates. After completing the task,
a student from each group wrote their group’s answer (the babysitter they choose) on
the white board and then each group tried to support their answer with appropriate
explanations to the entire class. This step gave students opportunity to evaluate the
others’ claims and explanations. At the end of the activity, the teacher explained the

process in detail from the beginning to the end.

The teacher gave information about the terms of claims, evidence and reasons. This
activity’s aim was to make students be aware of the process of argumentation, which
is a combination of claim, reason and evidence. The next five activities were
Diffusion of gases, Gay-Lussac’s Law, Charles’s Law, Ancient Coin Activity and
Boyle’s law that utilized all steps of the ADI model. Then the teacher introduced the
following week’s chemistry topic, diffusion of gases. Firstly, the teacher asked what
they know about the properties of gases to elicit students’ prior knowledge. The
teacher listen students’ responses and gave students following week’s activity which
is about diffusion of gases and want to think about research question in this activity
till the following week’s chemistry class and share their thoughts within their group,
and then offer a procedure within group for the next class. This part also reflects the

entrance of the regular steps of ADI instructional model. As a part of study, the ADI

70



instructional model with seven steps was implemented during the current study. The

steps were followed are below;

Step 1. This step was designed to introduce the topic and take attention of students
(Walker et al., 2012). The students were provided an activity sheet that includes
information about the topic and a research question to answer by using given
material in the sheet during the laboratory investigation (see Appendix M for activity
sheet). The activity sheet also included a material list that could be used during the
investigation and some clues or recommendations to help the students when starting
the investigation (Sampson et al., 2011). Students were asked to propose an
appropriate investigation method to answer the research question. In the first activity,
teacher distributed the activity sheet about diffusion of gases and made students to
form groups of 4-5. Then, he asked them to read the information and research
question about diffusion of gases on the sheet. According to given scenario in the
first activity, there were two characters called Selma and Metin who were given a
task to label bottles that contain unknown chemicals into the laboratory. In order to
complete the task they decided make an experiment by using some additional
information provided on the activity sheet. After reading the current research
question that is “Which bottled chemical is HCI and which bottled chemical is NH3?”
students were asked to develop a method in order to reach the answer of research
question by putting themselves in Selma and Metin’s place. At this point, the
students were expected to make brainstorming about the solution of the research

question and they were asked to suggest a method for laboratory investigation.

Step 2. In the following week, students came to the class with their experiment
procedure and wrote them on the white board. At first, students’ claims were written
on the board without a critical comment. Each group mentioned about the method in
order to solve the research question. Perhaps the most difficult part is the first part
for students and teachers because students used to follow step-by-step procedure in
traditional laboratory courses and teachers used to answer questions directly. So at
this step, students needed more guidance to design a method in order to conduct an
experiment. In order to provide guidance to high school students, the teacher and

whole class evaluated the relevance of each group method with research question and
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appropriateness for the laboratory investigation. The teacher helped students to think
the list of materials on activity sheet as a hint. For example, for the first activity,
teacher asked questions such as “Why do we need a glass pipe? What can be
measured by the ruler?” Additionally, teacher encouraged students to think about
issues they might not have considered. The method to follow for investigation was
discussed in the classroom during 15 minutes of the class session. After the
developed method was discussed, some revisions were done on some group’s
methods, and each group participated in the laboratory experiments to answer given
research question. During the experimentation, each student was encouraged in order

to record their data and observations.

At the beginning of the diffusion of gases laboratory investigation, the teacher wrote
the general equation for diffusion of gases (Graham’s law) on the board then made
some explanations similar with the information on activity sheet. Then, he answered
some questions about gases. So, the students understand that they must compare the
rate of diffusion of two gases based on their mass. During the process of inquiry in
laboratory, the teacher avoided to answer questions directly, instead, he responded
with, “Why are you considering that?” When the group suggested inappropriate
solutions to find the chemical for the bottles, he acted as a guide and asked different
questions. For example, when a group did not see the place of white smoke (NH4Cl),
he suggested them to conduct a new experiment and add more drop of chemicals. He
also advised some groups to wait more time for the preparation of NH4Cl. At this
point, the level of inquiry changed in terms of nature of investigation. At the end of
these processes, each group wrote their research questions, claims and evidences on

the board to share them to entire class.

Step 3. At this step, students constructed argument as a solution of research question
that involves explanation supported by evidences and reasons based on their data and
observations. At this step, students get started to put together their notes for
argumentation session. Each group tried to make an agreement on a claim with
appropriate evidences and reasons. Then, each group crafted a claim such as “Bottle
1 contains HCI” as an answer of research question and tried to support their claim

with appropriate evidence as empirical data that refers the measurements or
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observation during investigation process. After discussion in small groups, each
groups made an agreement on the answer of research question to share with others.
Students also were encouraged to fill the parts of 3, 4 and 5 namely; claim, data and

reasons as draft in their investigation reports.

Step 4. After the completion of Step 3, each group had opportunity to share their
arguments. They wrote their answers as claims, evidences and reasons on the board
and shared the groups’ argument with others. A student from each group wrote their
groups answer, data and evidence on the white board and explained the group’s idea.
The aim of this step is to make students’ claims, evidence, and reasons noticeable to

each other to evaluate each other’s arguments (Walker, 2011).

At this point, teacher played as a facilitator role. When groups ‘claims were not
supported any evidence, teacher tried to make students think and find explanations
by asking questions in order to link to their prior knowledge. For instance, when a
group only claimed “Bottle 1 contains HCI” and not provide enough support for
claim, the teacher asked the students “Why are you considering that” , “What is your
evidence?” ,“What is your collected data?”’ in order to prompt to support their
answer. Each group shared their answer for research question and evaluated the
validation of other groups’ explanations. It means this step gave students an
opportunity to evaluate others’ explanations, claims, and data to decide which is the

most acceptable.

After each group shared their answers, on the one hand students justified their own
claims; on the other hand they refuted some elements of arguments claimed by others
those are inappropriate for them. For example, at the diffusion of gases activity,
group3 claimed “Bottle 1 contains NHj3 because the white smoke, NH4Cl, is closer
the side of bottle 1 which contains NH3.” The other group, groupl claimed that their
answer is wrong because the mass of NHj is lighter than HCI, NH4Cl appears nearer
the HCI. So, they refuted the group 1’s answer and claimed that the bottle 1 contains
HCI. In other words, by the help of argumentation session students learned to critique
the components of argumentation such as claims, evidences etc. At the end of the

whole class discussion teacher made required explanations in order to make students

73



aware of the meaning of claim data and reason words by taking students’

explanations into account.

Step 5. In the fifth step of the ADI instructional model, the teacher, asked students
produce an investigation report based on ADI instructional model. The aim of this
report is to understand the goal of their investigation and learn to write in science. In
this study, ADI laboratory report begins with a scenario about gases and required
information about the current topic follows it. Namely, the research question,
material list and safety rules follows other parts. Actually, all the activity sheets
include laboratory report part based on ADI. This report is organized into six parts
around six essential questions: Which method did you follow during investigation?
What are your observations and data? What is your claim? What are your evidences
to support your claim? What is your reason to link between your claim and evidence?

Which are your changed ideas?

Aforementioned the first investigation report is about diffusion of gases and it was
given students at the beginning of the activity with the research question: Which
bottled chemical is HCI, which bottled chemical is NH3? The teacher explained in
detail parts of the report. Students were asked to fill given space under the questions
based on ADI instructional model on the activity sheets. They wrote developed
method to answer of research question, observations and data during experimentation
process such as place of NH4Cl, calculations of Graham’s Law equation, claims such
as “Bottle 1 includes HCI”, evidence includes their because statements “...because
the mass of NH3 is lighter than HCI, NH4Cl appears nearer the HCI” as their required
data, and reason to support evidence as “...the lighter molecule has the greater speed
than the heavier molecule. At the end of the report, students were also wanted to

write their changed ideas during the ADI process.

Step 6. At step 6, after completing their investigation report, the teacher randomly
distributed the reports of other groups to each other group. With the aim of
engagement in the evaluation practices surrounded in the model, students assessed
the other groups’ reports with a peer review sheet as a part of double blind peer
review. The groups reviewed each report and then evaluate whether it needs to be

rewrite based on the questions involved on the peer review sheet. The peer review
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sheet includes a criterion list to evaluate quality of other groups’ laboratory reports
around three questions: Did the group provide an appropriate claim based on
research question? Did the group provide an appropriate evidence to support their
claim? Did the group provide an appropriate reason to support their evidence? The
peer review sheet was constructed by researcher based on the studies Walker et al.,
2011,Walker et al., 2012, and Walker & Sampson, 2013 (see Appendix N for peer
review sheet) Each group reviewed the others’ report as a team and then decided
whether it could be valid or needs to be revised in the light of criterion list. Since the

lack of time, sometimes this step was not completed over the study.

Step 7. Lastly, all students were given opportunity to revise their reports based on the
comments of other groups. Then, the teacher asked the students bring their final
reports in the next week. Once completed, the final form of the reports was

submitted by the instructor (see Appendix O for sample student laboratory report).

The students joined to five more laboratory sessions about the gases. For each
session, the students followed the similar instructional method. While some lectures
completed in two hours, some of them completed more than two hours. Table 3.5

shows the timetable for data collection.

Table 3. 5 Data collection time table

Week | Activities Data Collected
1 Introduction of argumentation PreGCT
and ADI instructional model. PreASTC
Babysitter Activity PreASTA for experiment group
2 Diffusion of Gases Activity Lab. Reports, Observation
3 P-T Activity(Gay-Lussac’ Law) | Lab. Reports, Observation
4 V-T Activity(Charles’s Law) Lab. Reports, Observation
5 Ancient Coin Activity Lab. Reports, Observation
6 P-V Activity(Boyle’s Law) Lab. Reports, Observation
7 PostGCT
PostASTC
PostASTA for experiment group
Interviews

75



3.6.2 Treatment in the Control Group

In control group the traditional chemistry instruction that lectures are predominantly
teacher oriented was used. Teacher started the lesson by asking some questions about
general properties of gases in order to activate their prior knowledge. The students
followed step-by-step procedure for experiment in their book. They made

observations and gathered data to analyze without any argumentation process.

During the treatment, after question-answer session, the teacher usually explained the
topic, stressed the important points of subject, wrote the key concepts and formulas
on the board and students only took notes. When students asked the questions
because they did not understand the concept and so far from the real points, the
teacher guided them to go real point, made gave extra explanations and sometimes
directly gave correct answers. However, the teacher did not try to improve
conceptual understanding. The teacher followed the order of the book there is an
organization from simple to complex and classification. When the topic covered
algorithmic questions, teacher was solved first problems on board and asked similar
questions to control students’ understanding. In order to answer questions on white
board, students raised their hands and teacher call on students who solved problem
faster and raised hands. Students wrote the questions and answers to their notebooks.
Besides, control group students were also implemented into the chemistry laboratory

in order to make the treatment less novel in many weeks.

After the necessary explanations about the topic, teacher gave students the procedure
they follow and supplied the materials for them. These traditional chemistry
laboratory hours involved step-by-step procedure for analyzing the data. Students
made observations and gathered data to analyze without any argumentation process.
In addition, teachers asked students produce a laboratory report in their notebooks
that includes goal, procedure, materials, observations and related calculations of the
current experiment. Students brought their laboratory reports in their notebooks in

the next week.

For example, in the first week, the introduction of gas state of matter was started with

the teacher’s questions about compression and expansion of gases. Then teacher
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explained the concepts without any molecular representation. After that, teacher
asked students consider how to explain diffusion of cologne odor throughout the
room if a cologne bottle is opened. It was actually an example of daily life. After
some students gave answer and explained their ideas about what they know about
diffusion of gases on the teachers’ question, the teacher explained the kinetic theory

of gases and described the basic concepts in the theory.

Then, teacher wrote on the board the equation of Graham’s Law and gave the details
about Graham’s Law based on the kinetic theory beginning from equality of kinetic
energy of two different gases at the same temperature. After the necessary
explanations about the topic, teacher gave students the procedure they follow to
conduct an experiment about diffusion of gases and supplied the materials for them.
The first experiment was similar with experimental groups’ experiment and included
the diffusion of two gases; HCl and NH3 from opposite ends of a long tube. Students
observed when these two gases meet and react they produce ammonium chloride, a
white solid powder. Since students used to follow step-by-step procedure in
traditional laboratory courses, this part was easier for teacher and students when
compared ADI instructional model laboratory experience. When students asked
questions, teacher answered questions directly and sometimes helped their
experiments. After completion of experiments of each group, teacher want to
students to write the goal, procedure, materials, observations and related calculations
of the current experiment on their notebooks in the form of a laboratory report.

Students brought their laboratory reports in the next week.

3.7 Data Analysis

The software of SPSS was used for the data obtained through application of the
GCT-1, GCT-II, ASTC and ASTA as pretest and posttest. The gathered data from
pre-posttests of GCT-I, GCT-II, ASTC and ASTA were entered into Microsoft
Excel. Then, each student’s score from these tests were computed and then the scores

were converted to the SPSS.

Moreover, other variables which are students’ gender, class, and group membership

were also entered to this SPSS file. The descriptive statistics was conducted for each
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variable and presented as scores of experimental and control groups’ mean, standard

deviation, skewness, kurtosis, minimum, and maximum values.

For the inferential statistics, multivariate analysis of covariance (MANCOVA) was
conducted with two dependent variables, which were PostGCT and PostASTC; two
independent variables, which were treatment and gender; and one covariate, which
was PreASTC. Since the aim was to generalize results obtained from the sample to
the population, MANCOVA was also appropriate. Furthermore, because the ADI
instructional model was implemented only in experimental group students, paired
sample t-test was used to experimental groups’ scores on PreASTA and PostASTA.
Also, missing data was checked and variables and subjects were inspected in terms

of missing values.

Before conducting MANCOVA, all variables were checked for assumptions of
MANCOVA, which were normality, outliers, multicollinearity, homogeneity of
variances, homogeneity of regression, and independence of observations and all

assumptions was met.

3.8 Power Analysis

Effect size for this study was set to medium effect size of 0.15 measured by f*
(Cohen & Cohen, 1983) by taking into account the results of previous research.
Probability of making Type 1 error which refers probability of rejecting a true null
hypothesis, a was also set to .05 and probability of making Type 2 error which refers
probability of failing to reject a false null hypothesis, B was set to 0.2. Thus, the
power of the study (1- B), probability of rejecting a false null hypothesis, was set to
0.80 (Cohen, Cohen, West & Aiken, 2003).

In order to calculate the necessary sample size, the formula (n=L/f* + ka + kb + 1) for
Model 1 was used (Cohen et al., 2003, p.181). First, ka (number of covariates) and
kb (number of fixed factors -1) were determined. The value of ka is number of
covariates and it is 1 for this study (PreASTC). The kb value was found as 1 by
subtracting 1 from levels of fixed factors which is teaching method and it has two
levels (n) which are experimental and control groups.(kb = n-1=2-1=1). The “L”

value was read as 7.85 for a=0.05, power=0.80 from the L table (Cohen et al., 2003,
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p.651) for this study. Hence, the necessary sample size was calculated as 55

(7.85/0.15+1+1+1=55).

In this study data was gathered from with 157 students. Since the L value was
calculated as 23.1, the calculated power was greater than 0.99 in the L table (Cohen
et al., 2003, p.651).

3.9 Unit of Analysis

In this study, each individual indicates the unit of analysis. Although, it is supposed
that unit of analysis and experimental unit would be the same, this is not always
possible for experimental studies. Since, it was impossible to give treatment to the
individuals, experimental unit of the study was determined as each intact class to

which treatment was given for this study.

During the treatment, as it was expected, many interactions occurred among
individual students. So, it is difficult to claim independence of observations was met
during the treatment for this study. However, during the data collection procedure,
students were not allowed to interact with each other. Thus, the independence of

observation was met during the data collection process.

3.10 Treatment Fidelity and Verification

Treatment fidelity refers the methodological strategies used to monitor and enhance
the consistency of a behavioral intervention in order to check it is implemented as
planned (Smith, Daunic & Taylor, 2007). In order to enhance the treatment fidelity,
first the definitions of Argument-Driven Inquiry instructional model and traditional
chemistry instruction were done clearly in terms of literature review. Secondly,
instructional materials developed by the researcher were revised by three experts in
chemistry education and supervisor of the study to check whether they were
consistent with ADI or not. In the light of recommendations, some modifications
were done. Several meetings were done with the teacher at school to give
information about the implementation of ADI. Moreover, a teacher handout was
prepared to guide the implementation of ADI treatment during process of teacher

training.
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Treatment verification refers whether the treatment was implemented as planned
during the study. In this study, to ensure treatment verification, classroom
observation check list was used during implementation (see Appendix I). This
observation check list consisted of 19 items with 3 point likert type scale (yes - 3 /
partially - 2/ no - 1). The researcher monitored all lessons in the experimental and
control groups. Moreover, some lessons were observed with two observers who filled
the observation checklist in order to avoid the bias of the researcher and obtain more
reliable data. The observation check lists were rated by researcher and sometimes
observer for each lesson. When the rated checklists were compared, it was concluded
that implementation of ADI was appropriate and teacher followed each steps of ADIL
During the observation of implementation, researcher also took notes when find it
necessary. Moreover, researcher used student investigation reports and those notes
that she took in order to check experimental and control group’s implementation

process and decided treatment was implemented as intended during the study.

3.11 Assumptions and Limitations

The assumptions for the current study were stated below:

e The students responded all instruments honestly, independently and seriously.
e All the instruments were administered under standard conditions.
¢ The teacher was not biased towards any of instructions.

¢ Independence of observations was satisfied.
The limitations of the study were stated below:

e The study is limited to 157 10th grade public high school students in the
center of the city.

e The study is limited to the gases subject in chemistry curriculum.

¢ The treatment time was not sufficient for the ADI groups in some weeks.

e Multiple-choice tests were used to evaluate students’ conceptual

understanding in chemistry.
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CHAPTER 4

RESULTS

This chapter covers the results of the study with the following sections: missing data
analysis, descriptive statistics, inferential statistics, assumptions of MANCOVA,
results of MANCOVA and follow-up ANCOVA, results of students’ interviews,

results of the classroom observation checklist, and summary of the findings.

4.1 Missing Data Analysis

Prior to the descriptive statistics and inferential statistics, missing data analyses were
done. There were missing data in PreGCT, PreASTC and PreASTA, and PostGCT
and PostASTC and PostASTA. The students who were missing in at least two
dependent variables among PostGCT and PostASTC and PostASTA were excluded
from the data set. Thus, 6 students were excluded listwise and 157 students remained
for the further analyses. After excluding the students’ absent scores, the other

missing values of variables are presented in Table 4.1.

Table 4. 1 Missing data analysis after excluding listwise

PreGCT PostGCT PreASTC PostASTC PreASTA PostASTA

Valid 155 151 154 151 81 81
N Missing 2 6 3 6 1 1
Missing (%) 1,2 3.9 3,1 3.9 1,2 1,2

The percentages of missing values were range between 1-5% for all variables. Rates

of missing data are generally considered 1-5% manageable (Acuna & Rodrigez,
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2000). Since the missing values do not exceed 5% of the whole data, they were
replaced with the mean values and new data sheet was used during the statistical

analyses.

4.2. Descriptive Statistics

Table 4.2 shows the descriptive statistics with excluded scores about PreGCT,
PreASTC, PostGCT and PostASTC for experimental and control groups and
PreASTA and PostASTA for only experimental groups. The PreGCT and PreASTC
scores were almost the same for the both groups before implementation (see Table
4.2). The possible maximum score for PreGCT was 20, and highest score was 18 for
EG and 17 for CG. These scores seem to be high for a pre-test. However, this is
because students had been taught about the concepts of properties of gases and
fundamental gas laws from the first years of middle school as a part of science and
technology classes to the high school years. It means tenth grade students had some
pre-existing knowledge about these concepts before the implementation and they got
higher scores for this test. Aforementioned, scores of this test were used to compare
whether students have difference for previous learning in means of conceptual

understanding of gases in ADI and TCI groups.

Although, the mean scores of Experimental Group (EG) and Control Group (CG) in
pretests are almost the same in both PreGCT and PreASTC; PostGCT and
PostASTC indicates that the total mean scores of posttests (13,39 for PreGCT and
49,77 for PreASTC) are higher than the pretests scores (11,64 for PreGCT and 45,24
for PreASTC). While the mean scores of CG and EG in PostGCT(EG:14,26;
CG:12,52) and PostASTC(EG:51,5; CG:48,05) is higher than the ones in PreGCT
(EG:11,56; CG:11,72) and PreASTC(EG:45,45; CG:45,04) scores, the amount of
raise in EG is much higher than the CG. Whereas the mean of the EG in PreGCT is a
bit lower than the CG, the Table 4.2 shows that the mean of EG becomes higher than
the CG in PostGCT. That also shows us that the Argument-Driven Inquiry

instructional model works well for the benefit of the students.
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Table 4. 2 Descriptive Statistics for the variables

N Min Max Mean SD Skewness Kurtosis
PreGCT
CG 75 7 18 11,720 2,0896 -0,119 0,476
EG 81 7 17 11,561 2,325 -0,034 -0.316
Total 156 7 18 11,640 2,207 -0,076 0,080
PostGCT
CG 75 8 16 12,520 2,152 -0,388 -0,373
EG 81 8 19 14,268 2,244 -0,566 -0,273
Total 156 8 19 13,394 2,198 -0,477 -0,323
PreASTC
CG 75 21 65 45,040 10,003 -0,379 -0,209
EG 81 24 75 45,451 9,333 0,453 0,402
Total 156 21 75 45,245 9,668 0,271 0,537
PostASTC
CG 75 21 75 48,053 11,074 -0,220 0,084
EG 81 33 75 51,500 8,946 0,496 0,275
Total 156 21 75 49,776 10,010 0,138 0,179
Pre-Post
ASTA
PreASTA 81 40 82 59,703 9,892 0,267 0,529
PostASTA 81 43 95 71,925 12,235 0,228 0,555
Total 81 40 95 65,814 11,063 0,247 0,542

When the PostASTC scores of students examined, the difference between the scores
was found in favor of the experimental group since the mean score of EG(52.31) is

higher than CG ( 46.15) with regard to attitude toward chemistry(see Table 4.2) This
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result showed that experimental group students revealed more positive attitudes
toward chemistry than control group students. The possible maximum score of the
ASTC is 75 and the possible minimum score is 15. Although the maximum scores
did not change in ASTC of EG (75), the minimum score became higher (from 24 to
33) for ASTC scores of experimental group and therefore the average of the test gets

high.

In terms of ASTA scores which was applied only experimental group students
because the implementation of argumentation, there were significant differences
between the PreASTA and the PostASTA scores of experimental groups (see Table
4.2). There was an increase in students’ tendency to pursuit of argumentation from
PreASTA (59.703) to PostASTA (71.925) scores. In addition, the possible maximum
score of the ASTA is 100 and the possible minimum score is 20. The maximum
scores were increased from 82 to 95 for ASTC scores of EG after the
implementation. In other words experimental group students revealed higher
tendency to pursue of argumentation in the chemistry context when compared the

beginning of the study.

While the mean scores of PostGCT were examined it was seen from the Table 4.3
that the mean value of CG in first tier is 5.886. When the reason of selecting first tier
of the questions was asked in the second tier, the rate of correct response increased to
6.62. That is to say, it rises almost by 13% (0.73 points increase). This inferred that
students were able to give correct explanations when they were given appropriate
reasons as a result of first tier of the questions. On the other hand, the mean of the
EG in the first tier is 6.384, in the second tier it upswings to 7.884. Namely, its
growing rises nearly by 24% (1.5 points increase). The maximum score was 9 for
the experimental and 8 for the control group in terms of the first tier PostGCT.
The maximum score was 12 for the experimental and 10 for the control group in

terms of second tier of PostGCT.
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Table 4. 3 Descriptive statistics for one-tier and two-tier questions

PostGCT N Min Max  Mean SD Skewness Kurtosis
First-tier

CG 75 4 8 5,886 1,113 0,277 0,548
EG 82 3 9 6,381 1,320 0,266 0,526
Total 157 3 9 6,135 1,216 0,271 0,537
Second-tier

CG 75 3 10 6,620 1,423 0,277 0,528
EG 82 5 12 7,884 1,334 0,266 0,403
Total 157 5 12 7,252 1,378 0,543 0,465

The skewness and kurtosis values were in range between -2 and +2, it could be
concluded that the PreGCT, PreASTC, PreASTA, PostGCT, PostASTC and

PostASTA scores were normally distributed for the experimental and control groups.
4.3. Inferential Statistics

In this section, determination of covariates, assumptions of MANCOVA, results of
MANCOVA, and results of follow-up ANCOVA analysis are included.

4.3.1 Determination of Covariates

In order to find covariates first an independent sample t- test for possible covariates
PreGCT and PreASTC was performed. Then correlations among all variables were
computed.

Table 4. 4 Independent samples t-tests for PreGCT and PreASTC

Equal Levene's Test T-Test for Equality of Means
Variances F Sig. df Sig.(2 tailed)
PreGCT Assumed 1,243 0,267 155 0,654
Not-Assumed 154,954 0,652
PreASTC Assumed 0,265 0,608 155 0,79
Not-Assumed 151,19 0,791

Levene’s test was not significant for PreGCT and PreASTC (Table 4.4). So,

variances of scores for groups are equal. There was not found any significant mean
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difference (t(155)=-0.226, p>0.05) between the EG and CG in terms of students’
understandings of gases concepts and attitudes toward chemistry(t(155)=0.449,
p>0.05). Based upon this result, it was concluded that pre-tests scores are not

required to use as a covariate to control pre- existing differences.

Although there were no significant mean difference or PreGCT and PreASTC scores
according to Levene’s test, as a second step, to be sure correlations among all

variables were computed.

According to Table 4.5, the PreASTC has significant correlation with at least one of
the dependent variables. Table 4.5 shows the correlations among independent and
dependent variables. Hence, this independent variable (PreASTC) can be used as a

covariate for inferential statistics of the study.

Table 4. 5 Correlations among variables

PreGCT PostGCT PreASTC PostASTC
PreGCT 1 0,052 0,054 0,078
PostGCT 0,052 1 0,092 0,161°
PreASTC 0,054 0,092 1 0,693
PostASTC 0,078 0,161° 0,693 1

* Correlation is significant at the 0.05 level (2-tailed) **Correlation is significant at the 0.01

level (2-tailed)

4.3.2 Assumptions of MANCOVA

There are five assumptions in Multivariate Analysis of Covariance
(MANCOVA); these are independence of observations, normality, homogeneity
of variances, multicollinearity, and homogeneity of regression. These assumptions

were analyzed in the following sections.

4.3.2.1 Independence of Observations

In order to verify this assumption, the researcher observed all measurement sessions

during administration of instruments whether there were any interactions among
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individuals. It was ensured that the students accomplished the tests independently
and there was not any interaction between students during the administration of the
tests. Hence, it was concluded the independence of observation assumption was met

for this current study.

4.3.2.2 Normality

To check univariate normality assumption for these variables, Shapiro-Wilk test was
conducted. According to table 4.6 PreASTC, PostASTC and PreGCT scores of the
students are normally distributed (p>0.05). However, the null hypothesis was
rejected for PostGCT scores of students from EG and CG and PreGCT scores of
students from CG.

Table 4. 6 Results of Shapiro-Wilk’s test

Shapiro-Wilk

Statistic df Sig.
PostGCT CG 947 75 ,004
EG 930 82 ,000
PostASTC CG 978 75 212
EG 975 82 ,114
PreASTC CG 976 75 ,161
EG 977 82 ,137
PreGCT CG 961 75 ,020
EG 974 82 ,094

As a second step for normality assumption, skewness and kurtosis values were
checked. The skewness and kurtosis values of all tests fall between -2 and +2 which
are acceptable values for the univariate normality normal distribution (George &
Mallery, 2003, pp.98-99). So, it can be concluded that normality assumption was
satisfied (see Table 4.2).
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Although there are exceptions, this exceptions could be tolerated because the sample
size of study is considerably high(George & Mallery, 2003, pp.98-99).Moreover, as
an evidence of normal distribution; Figure 4.1 displays the histograms with normal
curves for the PreASTC, PostASTC and PreGCT and PostGCT for both the
experimental and control groups. Since the curves seem as normal, these histograms
can be used as an evidence for normal distribution. In addition, in order to test the
null hypothesis 10, a paired sample t-test will be used to experimental groups’ scores
on pre-post ASTA. All assumptions of paired sample t-test are included in
MANCOVA assumptions. In order to support the evidence of normal distribution for
pre and PostASTA, Figure 4.2 shows the histograms with normal curves for the

PreASTA and PostASTA for experimental groups.

Histogram — Normal

Histogram ~— Normel

Mean =59,70

ﬁtg 8[1&\/, =9,892 [ Mean = 71,93

Std. Dev. = 12,236
N=81

=g

107 12,57 SK

Frequency
3
S

i
Frequency
~

b
g

T T T T T 00~ y y T T y
40,00 50,00 60,00 70,00 80,00 40,00 50,00 60,00 70,00 80,00 90,00

PreASTA PostASTA

Figure 4. 2 The histograms with normal curves for the PreASTA and PostASTA for
experimental groups.

In addition, multivariate normality can be confirmed by using Box’s test. Since the p
value is smaller than 0.05, multivariate normality assumption was violated (see Table
4.7). Tabachinck and Fidell (2001) recommended Pillai’s Trace index, since Pillai’s
Trace index is more vigorous against violation of the homogeneity of covariance

assumption. Hence, Pillai’s Trace index was used to read the MANCOVA results.
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Table 4. 7 Box’s test of equality of covariance matrices

Box's M 21,518

F 2,331

df1 9

df2 155399,141
Sig. 0,013

Table 4. 8 Residuals statistics for multivariate normality

Minimum |Maximum | Mean ]S)téi\;iation N

Predicted Value 29,6264 135,2265 |79,0000 |17,00415 157
Std. Predicted Value -2,904 3,307 ,000 1,000 157
Standard Error of 3,447 11,999 5,580 1,816 157
Predicted Value

Adjusted Predicted 28,3171 135,6806 78,9683 |17,19247 157
Value

Residual -100,98122|85,47233 |,00000 [42,16664 157
Std. Residual -2,379 2,014 ,000 994 157
Stud. Residual -2,437 2,060 ,000 1,003 157
Deleted Residual -105,94900 | 89,44390 [,03174 |43,00650 157
Stud. Deleted Residual |-2,478 2,082 ,000 1,008 157
Mabhal. Distance ,036 11,477 1,987 2,111 157
Cook's Distance ,000 ,097 ,007 ,013 157
Centered Leverage ,000 ,074 ,013 014 157
Value

MANOVA is very sensitive to outliers. So, multivariate outliers were checked for

multivariate normality. Mahalanobis distance was used to check multivariate outliers.
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The maximum value of Mahalanobis distance was found as 11.47 (Table 4.8). Hence
It was smaller than critical value for two dependent variables (13.82), it was
concluded that there was not any multivariate outliers in the data (Tabanick & Fidell,

1996, p.67). Therefore, assumption of outlier was met.

4.3.2.3 Multicollinearity and Singularity

MANOVA gives best results when the dependent variables are moderately correlated
(Pallant, 2006). Multicollinearity is known as high correlation among dependent
variables. Correlations among dependent variables were examined to check this
assumption. As indicated in Table 4.2 all correlations between dependent variables

are less than 0.80. As a result, the assumption of multicollinearity is verified.

4.3.2.4 Homogeneity of variances

In order to check whether the error variances across groups are equal, Levene’s test
was used. Based upon the Table 4.9, ever since this test is not significant(p>0.05),

equality of variances assumption was satisfied.

Table 4. 9 Levene’s test of equality of error variances

F df1 a2 Sig
PostGCT 0,595 1 155 0441
PostASTC 0,512 1 155 0475

4.3.2.5 Homogeneity of regression

The assumption of homogeneity of regression was checked through the use of
MANCOVA in order to test the interactions between the covariates and independent

variables (Pallant, 2001, p.241).
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Table 4. 10 Multivariate tests for homogeneity of regression for the interaction

Effect F Hypothesis Sig. E?;Ual Obser\];ed
df Power
Squared
Pillai's Trace ,503*  2.000 ,606 009 131
Treatment Wilks' Lambda  ,503*  2.000 ,606 009 131
Gender Hotelling's Trace ,503" 2.000 ,606 ,009 ,131
ggz'ts Largest 5530 5 000 606,009 131
Pillai's Trace 1.698  16.000 048 106 921
Treatment * Wilks' Lambda 1,690 16.000 050 107 920
PreGCT Hotelling's Trace 1.682 16.000 051,107 918
ggz'ts Largest 5 1g7¢ 5.000 033,133 839
Pillai's Trace 7,631* 2.000 001,119 942
Treatment Wilks' Lambda 7,631 2.000 001,119 942
*PreASTC Hotelling's Trace 7,631* 2.000 ,001 119 ,942
ggzts Largest 6312 2,000 001,119 942
Pillai's Trace 912 16.000 556,060 615
Gender * Wilks' Lambda  ,917°  16.000 550,061 618
PreGCT Hotelling's Trace ,922  16.000 545,062 ,620
ggzts Largest ) 5660 .000 143099 672
Pillai's Trace ,653*  2.000 ,523 011 ,157
Gender * Wilks' Lambda  ,653*  2.000 523,011 157
Pre ASTC Hotelling's Trace ,653" 2.000 ,523 011 ,157
Roy's Largest (o305 000 523 011,157
Root
Pillai's Trace ,181%  2.000 834,003 078
Treatment * Wilks' Lambda , 181" 2.000 ,834  ,003 ,078
Gender * Hotelling's Trace ,181* 2.000 834,003 078
PreASTC ggzts Largest — 151¢ 2000 834 003 078
Pillai's Trace 998 14.000 456,058 623
Treatment * Wilks' Lambda 1,002* 14.000 452,058 ,625
Gender * Hotelling's Trace 1.006 14.000 448 059 628
Precet ggzts Largest 4 701¢ 7.000 116,095 674

The dependent variables (PostGCT and PostASTC) were placed in the dependent

variable box, the independent variables (Treatment and Gender) were placed in the
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fixed factors box, and the covariate (PreASTC) were placed in the covariates box.
After all, model and custom selections were functioned. Meanwhile, the all
significance values for the interactions were bigger than 0.05, the assumption of
homogeneity of regression was satisfied (see Table 4.10). However, the interaction
effect of treatment with PreASTC is found significant (p=0.001). Because of the
verification of assumption for the other dependent variables, it was concluded that it

is confident to continue with MANCOVA analysis.

4.4 Results of MANCOVA

The main problem of the study was to investigate the effects of Argument-Driven
Inquiry (ADI) instructional model in comparison to traditional chemistry instruction
(TCI) and gender on students’ understanding in the gases concepts and attitudes

towards chemistry.

In order to make explanation and support with evidence, the main problem and the

following null hypothesis of the study were tested.

4.4.1 Null Hypothesis 1

The first null hypothesis was “There is no statistically significant main effect of
treatment (Argument-Driven Inquiry instructional model (ADI) and  traditional
chemistry instruction (TCI)) on the population mean of collective dependent
variables of 10th grade students’ posttest scores of understanding of gases concepts
and their attitude toward chemistry when the effects of attitude toward chemistry pre-

test scores are controlled.”

In order to test this null hypothesis MANCOVA was conducted. The results of
MANCOVA are given in Table 4.11. In this table, MANCOVA analysis indicates
that there is a significant mean difference (Pillai’s Trace=0.165; F(2, 149)=14.774;
p=0.000) between Argument-Driven Inquiry instructional model and traditional
chemistry instruction on the collective dependent variables of the PostGCT and
PostASTC between groups when the PreASTC was controlled. Hence, the first
null hypothesis was rejected. In other words, there was a statistically significant
difference between ADI instructional model and TCI on the collective dependent

variable in favor of the experimental group. The value of the Partial eta square was
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found to be .165. In other words, %16, 5 of the multivariate variances in the
dependent variables is explained by the treatment. The effect size of the study

indicates a large effect size (Cohen, 1988).

Table 4. 11 Results of MANCOVA

Pillai's Hypothesis Error . Partial Noncent. Observed
Effect F Sig. Eta b

Trace df df Parameter Power

Squared
Intercept  ,392 48,023* 2.000 149.000 ,000 ,392 96.046 1.000
PreGCT ,009 ,656° 2.000 149.000 ,520 ,009 1.312 ,159
PreASTC ,481 69,166 2.000 149.000 ,000 ,481 138.332 1.000
Gender ,002 ,160° 2.000 149.000 ,852 ,002 ,321 ,074
Treatment ,165 14,774* 2.000 149.000 ,000 ,165 29.547 ,999
ES

Gender 19 1 444* 2,000 149.000 239 019  2.888 305
Treatment

Effect size was set to as a medium effect (0.15) for this study. As seen from the table,
the calculated effect size of the study is, 0.165 and this value are higher than
moderate effect size. The observed power of the study in terms of treatment is 0.999

and it is higher than the calculated power (0.80) at the beginning of the study.

4.4.2 Null Hypothesis 2

The second null hypothesis was: “There is no statistically significant main effect of
gender on the population mean of collective dependent variables of 10th grade
students’ posttest scores of understanding of gases concepts and their attitude toward
chemistry when the effects of attitude toward chemistry pre-test scores are

controlled”.

For the second hypothesis, MANCOVA results were also used to investigate whether
there is any statistically significant mean difference between females and males in
terms of PostGCT and PostASTC scores. MANCOVA analysis shows that there is
not any significant mean difference (Pillai’s Trace=0.002; F (2, 149) =0.160;
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p=0.852) between females and males in terms of PostGCT and PostASTC scores.
Therefore, second null hypothesis was accepted. This result showed that females and
males had equal understanding of gas concepts and attitude toward chemistry

regardless treatment.

4.4.3 Null Hypothesis 3

The third null hypothesis was: “There is no statistically significant effect of
interaction between treatment (Argument-Driven Inquiry instructional model (ADI)
and traditional chemistry instruction) and gender on the population mean of
collective dependent variables of 10th grade students’ posttest scores of
understanding of gases concepts and their attitude toward chemistry when the effects

of attitude toward chemistry pre-test scores are controlled”.

According to the results of MANOVA, as seen from Table 4.11, there was not
any statistically significant interaction between the treatment and gender on the
PostGCT and PostASTC scores (Pillai’s Trace =0.019, F(2,149)=1.444, p=0.
239). Therefore, the null hypothesis was accepted. This result indicates that ADI
model did not make any difference in males and females understanding of gas

concepts and attitude toward chemistry over traditional chemistry instruction.

4.4.4 Null Hypothesis 4

The fourth null hypothesis was: “There is no statistically significant mean difference
between the effects of Argument-Driven Inquiry instructional model (ADI) and
traditional chemistry instruction on students’ posttest scores of understanding of
gases concepts when the effects of attitude toward chemistry pre-test scores are
controlled”. A follow-up ANCOVA was conducted after MANCOVA in order to

determine the effect of treatment on each dependent variable.

Each hypothesis was tested at the p<0.025 level because of the performing test for

two different dependent variables.

As seen from Table 4.12, there is a statistically significant difference (F=24.67,
p=0.00) between posttest mean scores of tenth grade students who thought by ADI

model and those who thought by traditional chemistry instruction on the population
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means of the gas concepts posttest scores when the effects of gas concepts pretest

scores are controlled. Therefore, the fourth null hypothesis was rejected.

Table 4. 12 Follow-up ANCOVA for each dependent variable

\D/zﬁzrtl)(ll:nt Source Df F Sig. ]l;:ti;tl N I?:\i/zrr\éed
Squared

Corrected Model 4 6,420 ,000 ,145 ,989
Intercept 1 170,431 ,000  ,530 1,000

PostGCT Treatment 1 24,673 1,000  ,140 ,999
Gender 1 ,070 ,792  ,000 ,058
Treatment*Gender 1 ,203 ,653 ,001 ,073
Corrected Model 4 39,704 ,000  ,513 1,000
Intercept 1 39,558 ,000 ,208 1,000

PostASTC Treatment 1 6,401 ,012 ,041 ,710
Gender 1 ,242 ,623 1,002 ,078
Treatment*Gender 1 2,468 ,118 ,016 ,345

When the PostGCT scores of students examined, the difference between the scores is

in favor of the experimental group since the mean score of EG (14.27) is higher than

CG (12.52) with regard to understanding of gas concepts (see Table 4.13). The value

of the Partial eta square was found to be 0.14 for PostGCT. Eta squared was also

calculated as 0.14; which indicates a large effect size (Tabachnick & Fidell, 2001,

p-369). So, the treatment explains 14 % of the variability of students PostGCT

scores. The observed power in terms of treatment was found as 0.99.
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Table 4. 13 Estimated marginal means for the PostGCT scores in terms of treatment

95% Confidence Interval

Dependent Lower Higher
Variable Treatment Mean Std. Error Bound Bound
PostGCT EG 14.27 248 13.77 14.76

CG 12.52 .248 12.02 13.01
4.4.5 Null Hypothesis 5

The fifth null hypothesis was “There is no statistically significant mean difference
between males and females in students’ posttest scores of understanding of gases

concepts when the effects of attitude toward chemistry pre-test scores are

controlled.”

In the table 4.12, ANCOVA results indicated that mean PostGCT scores of females
and males do not differ significantly when the effects of students’ PreGCT scores are

controlled (F=0.070, p=0.792).

Table 4. 14 Estimated marginal means for the PostGCT scores in terms of gender

95% Confidence Interval

Dependent Lower Higher
Variable Gender Mean Std. Error Bound Bound
Mal 13.57 2 13.02 14.12
PostGCT ale 3.5 63 3.0
Female 13.31 274 12.78 13.83

As seen from the Table 4.14, PostGCT scores were calculated as 13.31 for females
and 13.57 for males. According to the results, the difference in these estimated mean

scores was not statistically significant, so the null hypothesis 5 was accepted.

4.4.6 Null Hypothesis 6

The sixth null hypothesis was “There is no statistically significant effect of

interaction between gender and treatment with respect to students’ posttest scores of
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understanding of gases concepts when the effects of attitude toward chemistry pre-

test scores are controlled”.

There was not found any significant interaction between treatment and gender on
students’ PostGCT scores (F=0.2031, p=0.653). Therefore, this null hypothesis was
accepted. Figure 4.3 shows an overview for PostGCT in terms of interaction between

gender and treatment.

Estimated Marginal Means of PostGCT

14,50 Treatment
— Control

o///O — Experimental

14,00
13,50
13,00

12,50 \

12,00

Estimated Marginal Means

Female Male

Gender

Covariates appearing in the model are evaluated at the following values: PreASTC = 45,2628

Figure 4. 3 Interaction between treatment and gender with regard to PostGCT

4.4.7 Null Hypothesis 7

The seventh null hypothesis was “There is no statistically significant mean difference
between the effects of Argument-Driven Inquiry instructional model (ADI) and
traditional chemistry instruction on students’ post-test scores of attitudes toward
chemistry when the effects of attitude toward chemistry pre-test scores are

controlled”.

As seen from Table 4.12, there is a statistically significant mean difference
(F=6.401, p=0.012) between posttest mean scores of tenth grade students who

thought by ADI model and those who thought by traditional instruction on the
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population means of the PostASTC scores when the effects of PreASTC scores are

controlled. Therefore, the seventh null hypothesis was rejected.

Table 4. 15 Estimated marginal means for the PostASTC scores in terms of treatment

95% Confidence Interval

Dependent Lower Higher

Variable Treatment Mean Std. Error Bound Bound
EG 52.31 987 49.53 53.46

PostASTC CG 46.15 1.278 45.50 50.60

When the PostASTC scores of students examined, the difference between the scores
was found in favor of the experimental group since the mean score of EG (52.31) is
significantly higher than CG (46.15) with regard to attitude toward chemistry (see
Table 4.15). This result implied that experimental group students seem to develop

more positive attitudes toward chemistry than control group students.

The value of the Partial eta square was found to be 0.041 for PostASTC. Eta squared
was also calculated as 0.022. So, the treatment explains 2.2 % of the variability of

students PostASTC scores. The observed power in terms of treatment was found as

0.71.

4.4.8 Null Hypothesis 8

The eighth null hypothesis was “There is no statistically significant mean difference
between males and females with respect to students’ posttest scores of attitudes
toward chemistry when the effects of attitude toward chemistry pre-test scores are

controlled”.

The conducted follow-up ANCOVA investigated this null hypothesis (Table 4.12).
There was not found significant mean difference (F=0.242, p=0.653) between
PostASTC scores of females and males when the effects of students’ PreASTC

scores are controlled. Therefore, this null hypothesis was accepted.

When the PostASTC scores of students were examined, the difference between the

scores was found in favor of the males since the mean score of males (50.07) is
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slightly higher than females (48.81) with regard to attitude toward chemistry (see
Table 4.16).

Table 4. 16 Estimated marginal means for the PostASTC scores in terms of treatment

95% Confidence Interval

Dependent Lower Higher
Variable Gender Mean Std. Error Bound Bound
PostASTC Male 50.07 1.14 48.68 52.26

Female 48.81 1.15 46.53 51.10
4.4.9 Null Hypothesis 9

The null hypothesis nine was “There is no statistically significant effect of
interaction between gender and treatment with respect to students’ posttest scores of
attitude toward chemistry when the effects of attitude toward chemistry pre-test

scores are controlled.”

There was not found any interaction between treatment and gender on students’
attitudes toward chemistry (F=2.468, p=0.118). Therefore, this null hypothesis was
accepted. Figure 4.4 gives an general idea for PostASTC in terms of interaction
between gender and treatment.

Estimated Marginal Means of PostASTC
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— Experimental
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52007 \
: ©

50,007

g

49,007

Estimated Marginal Means
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Covariates appearing in the model are evaluated at the following values: PreASTC = 45,2628

Figure 4. 4 Interaction between treatment and gender with regard to PostASTC
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4.4.10 Null hypothesis 10

The null hypothesis 10 was “There is no statistically significant mean difference
between the post-test scores and pre-test scores of students taught by Argument-
Driven Inquiry instructional model (ADI) on the population means of tendency of

argumentation.”

The paired-samples test was conducted to investigate the effect of ADI model on
students’ scores on the ASTA in terms of tendency of argumentation. There was a
statistically ~significant increase in students’ tendency of argumentation from
PreASTA(59.703) to PostASTA(71.925) scores (t(80)=11.826, p=0.000).Therefore,
the null hypothesis was rejected(see Table 4.17). This result implied that there is a
significant increase of students’ who taught ADI instructional willingness to pursue

of argumentation.

Moreover, effect size was calculated as 0.642; so it was concluded that there was a
large effect in terms of tendency of argumentation scores obtained from PreASTA
and PostASTA. According to this results, the treatment explains 64% of the

variability of difference between students Pre-PostASTA scores.

Table 4. 17 Results of paired samples t- Test

Std.

Mean Deviation df t p
PreASTA  59.703 9,89
80 11.83 .000
PostASTA  71.925 12,23

4.5 Results of Pre-Post GCT and Student Interviews

The PreGCT included 20 multiple choice items consisting of one correct answer and
four distracters. Beside this, PostGCT was a two-tiered questionnaire and consisted
of 20 two-tier questions. The first tier includes a multiple choice question the second
tier includes the reason of choosing that choice in the first tier in multiple-choice

format.
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PreGCT was applied before the implementation and after the implementation
PostGCT was carried out to students. Table 4.18 shows the percentages of the

students who gave correct responses on Pre- PostGCT questions.

Table 4. 18 The percentages of student correct responses on PreGCT and Post GCT

Item No PreGCT % PostGCT%
First Tier Second Tier
CG EG CG EG CG EG
Iteml 82 79 69 92 72 100
Item2 74 77 66 88 72 95
Item3 81 82 80 87 82 92
Item4 86 84 85 82 70 85
Item5 68 51 45 76 42 50
Item6 57 60 62 83 47 72
Item7 69 90 76 88 75 92
Item8 32 38 41 77 40 71
Item9 46 54 58 71 60 78
Item10 27 34 91 90 91 92
Iteml11 86 89 39 59 47 66
Item12 52 52 73 79 77 79
Item13 42 54 68 88 67 87
Item14 34 35 77 78 60 73
Item15 70 62 42 64 53 61
Item16 49 52 61 75 45 80
Item17 46 60 64 75 62 76
Item18 56 55 39 57 41 55
Item19 24 29 81 82 70 75
Item20 51 57 67 65 63 59
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In item 1, students were asked that what happen to the molecules of air compressed
in a syringe. According to pre-test results proportion of the correct responses were
82% for the control group and 79% for the experimental group. The alternate
conception ‘“‘gases molecules shrink after compressing” was the most common
alternative conception seen in the both of groups. The percentage of students having
this alternative conception was 14% in the experimental group, while it was only
17% in the control group for PreGCT. Moreover, 7% of the experimental group

thought that gas molecules stop moving after compression.

Moreover, proportions of students’ correct responses were under the 30% for the
items 8, 10 and 19 for both of the groups. The most significant difference between
the scores on the PreGCT for the experimental and control groups was on Item 7 in
which 21% of the experimental group students scored greater than the control group
students. Item7 was related to the distribution of gas particles in the flask and
students were asked the representation of gas particles at 25°C in particulate level.
Same question was asked students in a different format in the post test as first
question. The percentages of students hold the alternative conception” particles stick
to wall of the container” was 11% in the control group and % 6 in the experimental

group before the implementation.

In Item10, students were asked which alternative was wrong about the properties of
gases. The percentage of students having the correct response was 34% in the
experimental group, while it was only 27% in the control group for PreGCT. 45% of
the students in control group and 32% of the experimental group students choose the
same alternative conception that is “gas pressure depends on the kind and the number

of the atoms that gas includes”.

According to the PostGCT scores, percentages of students’ correct responses in the
experimental group were mostly greater than experimental group in terms of all
items. Item 3 and Item 10 were correctly responded by experimental and control
group students, with the percentages of correct responses above 80 for both of the

groups. Another remarkable result is that all of the experimental group students gave
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correct answer for second tier in Item 1, which refers to the reason of Item 7 in
PreGCT. In brief, all of them selected the correct reason that explains the
homogeneous distribution of gas particles at all temperatures. However, some control
group students keep on hold the alternative conception “particles stick to wall of the
container” with the percentage of 9% and they also explained the reason of first tier

as “gas particles takes the shape of container” with the percentages of 8%.

In item 2, students were asked represent the distribution of gas particles if the
temperature increases from 25 °C to 60 °C as a continuum of item 1. Before the
treatment most of the students; 44% for experimental group, 42% for control group;
hold an alternative conception and thought that gas particles collected at the top of
the container. After treatment, the students’ correct response percentage was 88% in
the experimental group, while it was 66% in the control group for first tier in
PostGCT. In terms of second tier for Item 2, 16% of control group students and 4%
experiment group students selected alternative conception that is “Heated gas
particles weighs more than cold particles and so gas particles collected at the top of
the container”. It shows a significant decrease in experiment group students’
alternative conceptions. Besides, the 9% percentages of students in control group
thought that attraction force between heated particles increase and gas particles
accumulated while only % 1 of the experimental group students thought similarly.
The alternative conceptions that this item measured and the percentages of
experimental and control group students who choose alternative conceptions in the

post-test are given below:

According to Table 4.18, the greater difference between the scores for the

experimental and the control group were in Items 6, 8, 13 and 16 on the PostGCT.
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Table 4. 19 The percentages of students’ responses for question 2 in PostGCT

Question 2.1
Consider a 3.00-L flask containing 1.0 mole of N is in a
room with a temperature of 25.0°C. If we increase the

Percentages of

students’
responses (%)

temperature from 25°C to 60 °C, Which picture below best
represents the distribution of gas particles in the flask at 60
°C?
A & .|
( 1] [ ]
(4
* " '
L 1L 111 IV. V.
II. I 20 11
1. 11T 66 38
IV.IV* 1 0
V. V 3 0
2.2.Because;
a. The attraction force between heated particles
. . 9 1
increase and gas particles accumulated.
b. Heated gas particles weighs more than cold particles
and so gas particles collected at the top of the 16 4
container.
c. Gas particles distribute homogeneously at all 79 95
temperature. *
d. When heated, mass of molecules increase and so gas
particles collected at the bottom of the container. 1 0
e. The gas molecules shrink and cluster. 2 0

*Correct Response

In Item 6 students were asked how properties of a matter which move to gas phase
from liquid phase changes in a closed container. After the implementation, the
percentage of students answered this item correctly was 83% in the experimental
group and 62% in the control group for first tier. 31% of the control group students’
and 11% of the experimental group students’ thought that when a substance goes
from liquid to gas state the size of the particles increase. While 17% of control group

students thought that the mass of matter changes when it goes from liquid to gas state
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in a closed container, the 9% percentage of experimental group students thought
similar way. In the second tier, 72% of the experimental group and only 47% control
group was correctly answered the reason of the content in Item 6. Most of the
students in control group thought that molecules expand when the matter goes from
liquid to gas and so distance between molecules increases with the percentage of
28% (Option B). It was a most common alternative conception among the students
since 11% of the experimental group students thought similar way. Moreover, the
percentage of students having another alternative conceptions that is” Gases are
lighter than liquids so the mass of the substance decreases.” response was 8% in the
experimental group, while it was 18% in the control group for in PostGCT. Table

4.20 shows the percentages of students’’ responses for sixth question.

Table 4. 20 The percentages of students’ responses for question 6 in PostGCT

Question 6.1 Percentages of
students’ responses
(%)
Which properties of a substance do change when it goes
S . = o
from liquid to gas state in a closed container? CG EG
I.  Size of particles 31 11
II. Distance between gas particles™ 62 83
II1. Mass 17 6
6.2. Because
a. Size of the particles change because of the more 4 7
collision during the change from liquid to gas
state.

b. Distance between gas particles increase due to

increase in the size of the particles. 28 1

c. Gas particles take the shape of container. 3 2

d. During phase change energy stay constant.
Distance between gas particles increases due to 47 72
taken energy.*

e. Gases are lighter than liquids so the mass of the

1
substance decreases. 8 8
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In Item8, students were given a figure which shows the distribution of particles of
Hydrogen gas in the flask at 20°C and 3 atm pressures. And then asked, if the
temperature decreases from 25°C to -5 °C, what happens to gas particles. The
proportion of students having the correct response was 71% in the experimental
group, while it was 40% in the control group for both of tiers in PostGCT. The
students who gave wrong answer in Item8 showed a common misconception similar

with Item6, and they thought that gas particles shrink when the matter is cooled.

In Item 13, students were asked to compare the pressure of three different occasions.
For the first tier when 88% of the students in the experimental group and 68% in the
control group correctly gave answer, in the second tier; 20% of the experimental
group students scored higher than the control group students. Item16 was related to
the diffusion of gases. The percentage of students choosing the correct response
was 75% in the experimental group, while it was 61% in the control group for first
tier. In terms of second tier for Item16, there was a decrease for control group since;

only 45% of control group students gave correct explanation.

Moreover, items 9 and 11 had also significant difference between the scores for the
experimental and the control group. Both of the items were about ideal gas law. In
Item9; while, %13 of the experimental group students scored higher for the first tier,
the difference of percentages became 18% in the second tier. Item11 was also scored
higher by experimental group students with the percentage of 19 for both of two

tiers.

In addition; the most interesting item in PostGCT was the Item4 which is about
effect of altitude changes on air pressure. Since, even 85% of the control group
students gave correct answer for the first tier which is higher than control group
students (82%), the two tier responses showed that the percentage of control group
students choosing the correct response was only 70%, so the control group did not
choose correct reasons for the question since the percentage of correct responses

decreased.
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4.5.1 Student Interviews

In the current study, interviews were conducted with eight students from both
experimental and control groups based on their knowledge level as low, medium and
high. Students’ knowledge level was determined with respect to their academic
achievements in chemistry lesson. The students were chosen in terms of their
PreGCT test results to be interviewed to obtain detailed information about their

understanding of gases concepts.

Table 4. 21 The percentages of the students’ responses to interview questions

Experimental Group Control Group
N A I PC C N A | PC C

Distribution of Gas 0 0 0 1 3 0 1 3 0 0
particles at 0 °C 0% 0% 0% 25% 75% (0% 25% 75% 0% 0%
Distribution of Gas 0 0 0 0 4 0 2 0 1 1
particles at 25 °C 0% 0% 0% 0% 100% [0% 50% 0% 25% 25%
Distribution of Gas 0 0 0 0 4 0 0 0 3 1
particles at 90 °C 0% 0% 0% 0% 100% [0% 0% 0% 75% 25%

Diffusion of Gases 0% 0% 0% 0% 100% |0% 0% 0% 25% 75%

Relationship among 0O 0 0 1 3 0 1 0 2 1
air pressure and altitude 0% 0% 0% 25% 75% |0% 25% 0% 50% 25%

Direction of air pressure 0 0o 005 0% 100% |0% 25% 0% 0% 15%

Definition of Ideal Gas 0% 0% 0% 0% 100% |0% 0% 0% 0% 100%

Definition of Real Gas 0% 0% 0% 25% 75% |0% 0% 0% 75% 25%

0o o0 3 1 0 0 2 2 0

. . 0
Using Ideal Gas Equation 0 o 00, 750 25% |0% 0% S0% S0% 0%
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The students determined in the experimental group were labeled as E1, E2, E3, and
E4 and the students determined in the control group were labeled as C1, C2, C3, and
C4.

The interviews helped to make clear students’ misconceptions monitored in gases
concept test. The responses of students for the interview questions were categorized
as “no response (N)”, “alternative conceptions (A)”, “incorrect (I)”, “partially correct
(PC)”, and “correct(C)”. The distributions of the number and percentages of the
students’ answers in both groups were given in Table 4.21, and sample sentences
were given in the following section. Interview results showed that students in ADI
groups had more conceptual understanding of chemistry concepts and held less

misconceptions compared to those in TCI groups.

The first and second questions in student interviews were about distribution of gas
particles in a closed container when the pressure is held constant. Students were
given a figure that shows the distribution gas particles at 25 °C. In the first question

they were asked to draw distribution of same particles if temperature decreases 0 °C.

Three interviewees in the experimental group correctly represented homogeneous
distribution of gas particles. On the other hand, three interviewees in the traditional
group represented all particles in a way that collected at the bottom of container at 0
°C and only one of them draw homogeneous distribution of particles in the container.
When the reason was asked students, they mentioned the movement of ability of
gases particles decreases with temperature decreases. For example, an interviewee,

C3, from the control group stated as the following:

If the temperature is decreased, the gas molecules have less speed, and so
they will move less and particles will slow down. So, gas molecules collect at

the bottom when the matter is cooled.

In addition, it was detected that one of the students from control group, C1; held the
misconception;” If the temperature decreases the gas particles shrink and collected in

the middle of the container. ”
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As a continuation of first question, in the second question, students were asked what
happened same particles if temperature increases 90 °C. All students from
experimental group made correct drawing with the appropriate explanation in the
third question. One of the students in the experimental group, E4, expressed as the

following for gases:

I think gases homogeneously distribute everywhere, and cover whole space in
the container. Similar with air. For example in this class, air is everywhere

both summer and winter.

However, control group students had difficulties when representing distribution of
gas particles at 90 °C. Although one of the interviewees from control group
mentioned about homogeneous distribution of gases, three of them did not mention
about it. For instance, one of the interviewees, C2, from the control group stated as

the following:

R: If we increase the temperature from 25°C to 90 °C, you think, what
happens to gas particles?

I  Molecules rise and move to the top of the container because of
temperature.

R: How can you explain rising of gas molecules?

I: Their weight decreases I think and they can rapidly move to the top.

R: You mean cold particles weights more than hot ones?

I: I am not sure but, we know “Hot air rises” in our daily life. So if we

increase temperature, particles rise.

The other interviewees from control group stated the similar responses for the third
question. It was detected that the students have difficulties since the abstract nature

of concept.

The question 3 was related to defining diffusion of gases. All of the students from
experimental group and three students from control group could define diffusion of
gases correctly. Then, students were asked to give example for diffusion of gases

from their daily life. During the interviews, all interviewees gave the same examples
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for diffusion of gases which were spreading of cologne or perfume odor in a room.
Two of the students from experimental group mentioned about HCl and NHj3
diffusion experiment and another student from control group added cigarette smoke

diffuses into the air.

The interviewees from experimental group were more confident in explaining
concept and giving examples for diffusion of gases and most of them remembered
and mentioned the experiment about diffusion they conducted in the laboratory.
However, the control group interviewees were less confident in explaining concept

and also two of them could give only one example for diffusion of gases.
The following excerpt belongs to a student, E2, from the experimental group:

R: What is the meaning of diffusion of gases?

I: All gases can mix into one another

R: How could it be?

I: Because of gas particles random movements.

R: OK. You said all gases mix into other gases. Is it a homogeneous or
heterogeneous mixture you think?

I: T think, if two gases mix, they form homogenous mixtures. Gas particles
always move random and so mix homogeneously.

R: Well, Can you give examples for diffusion of gases in your daily life?

I: Hmm... If we spray a perfume from here, someone from the other corner of
the room smells the perfume odor.

R: Is it shows gas particles diffuse into one another

I: Yes. For example, we made an experiment in laboratory. We mixed HCl
and NH3 gases in a tube and when they mixed we realized a white smoke.

They diffuse into each other.

In the fourth question students were shown four different situations such as a flying
bird or a blowing leaf and asked existence of air pressure in these situations. All of
the students from experimental group and three students from control group could
answer existence of air pressure in all situations. However, one of the students from

control group explained as the following: “There is air pressure only if there is wind.
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Since wind removes air and air transfer cause air pressure on the things.” When the
student was asked existence of air pressure when a cat is only standing in a road, the
student C1 just said “I think there is no pressure in that situation. Since the students
did not observe air pressure directly, they believe that there is no air pressure.
Moreover, since they see the effect of wind on things such as blowing leaf, they
believe that wind cause air pressure. In other words, abstraction of the concepts

might cause this kind of alternative conceptions.

The fifth question probed for students’ ideas on atmospheric pressure and what
students thought about the atmospheric pressure in different altitudes. First, students
were asked to explain the direction of the atmospheric pressure. All interviewees
answered correctly by explaining that atmospheric pressure acts from all directions.
Only one of the students in the control group had common misconception and stated:
“Atmospheric pressure acts downward.” When the reason was asked, the student C1
said “I know gravity. It pulls you down; it also pulls the pressure down.” The student
did not understand the concept pressure and kinetic theory of gases. Then, students
were asked whether air pressure is greater at sea level or on top of a mountain. Three
students from experimental group and one another from control group explained the
difference using relation between amount of the air and altitude. One of them, E2,

explained as following:

Air pressure increases when you climb high and decreases when you come
down. There was much air at the sea level and less air on the top of the
mountain. If you climb high, the less air affects you. I mean the pressure

affects you will be less because of amount of air.

Similar to E2’s opinion another interviewee C3 said at sea level there is more air
above us than top of the mountains. Another interviewee, El, stated air pressure
decreases when you climb high but could not explain why it could happen just said
he remembered that air pressure was less in a plane than here. The other interviewees
had difficulties when answering this question, since, instead of explaining
conceptually, they just tried to remember what they memorized before. Although the
other two students gave the correct answers, they were insufficient in terms of

explaining the phenomenon behind the concept of air pressure.
112



In question 6, students were asked to explain the ideal gas. All interviewees
mentioned about high temperature and the low pressure. Two of the students told that
ideal gas was an assumption and there was no such gas on the world. The latter
students were also asked whether they heard about real gas and two of them told that
they knew about the conditions in which a real gas behaves like ideal gas, but one of
them said ideal gas was an assumption to make easy calculations. One of the students

who supported this idea was E3, his explanation is given below:

Ideal gas and real gas... Ideal gas has more space between molecules and
interactions between molecules are zero. Besides, they have negligible
molecule volume. But, there was no ideal gas we learned before in the lesson.
But I know, If we increase temperature and decrease pressure, real gases
behave like ideal gases. But as I said there was no ideal gas in the world. We

only assume to use ideal gas formula.

While all of the students from experimental group talked about interaction between
gas molecules, none of the students from control group could mention about the

attraction between gas particles.
An excerpt from the interview with the interviewee, C4, is as follows:

R: What is an ideal gas?

S: Ideal gas... High temperature and low pressure... gases became ideal.

R: What are the properties of an ideal gas?

S: Only high temperature and low pressure comes to my mind.

R: OK. What happens to gas particles you think at high temperature and low
pressure?

S: Hmm... If temperature increases, gas particles would move faster and they
collide each other.

R: What about the interaction between gas molecules? Think about space
between gas particles.

S: Yes. There was more space between them but I know they have

interactions. I think I confused something...
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As seen from excerpt, when the question was asked under the which conditions gases
behave ideally, he could mention about the conditions in which a gas behave ideal
but not explain how the gas is affected temperature increase or pressure decrease.

Since he just made memorization, he was confused.

In the last question students were given a problem that there are 3 moles of gas at
273 K in a container with movable piston. When the students were asked if 1 mole
extra gas added and temperature increased, which properties of the gas change or not
change, students gave various responses. Two students from experimental group and
two students from control group stated that pressure would stay constant and volume
of the gas would increase. The other interviewee, E1, from the experimental group
explained that since this was not a closed container, if the amount of gas increase, the
volume of gas would increase and so pressure would not change. Two of the students
from control group could not notice how pressure of the gas is impressed in a
container with movable piston. Both of them could not make any reasonable
explanation for the situation. One of the students from experimental group, E2,

thought in terms of particulate level and stated as the following;

If the temperature increases, kinetic energy of the molecules increases...
because the distance between the molecules increases the molecules move

faster. So the volume increases.

Two of the interviewees from control group stated that both pressure and volume of
the gas would increase. Though they were warned about the movable piston in
system, the students could not give appropriate explanation for the situation. Since
ideal gas laws were known by most of the students, some of them could not construct

the correct relationship among the variables in the ideal gas equation.

4.6 Results of the Classroom Observation Checklist

In order to evaluate the classroom observation checklists, first scores of observers
were entered the SPSS program and then means of all items were calculated. After
conducting descriptive statistics, correlations between the two observers were found

for each group.
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There were 19 items in the checklist and the items related to the control group are
Items 3 and 17 that indicate the basic characteristics of traditional instruction
followed in this study. The items related to the common group are Items 1, 2, 7, 11,
15, 16, 18 and 19. These items are common for all treatments. The other items were
only appropriate for the treatment of experimental group and coded as NA in the
traditional group. The experimental groups and control groups were observed five

times by one observer and 3 times by both of two observers.

Table 4. 22 Results of classroom observation checklist

Item No Experimental Group Control Group
Mean S.D. Mean S.D.
1 24 0.3 2.3 0.5
2 23 0.5 2.6 0.5
3 3 0.0 1 0.0
4 1.0 0.0 3.0 0.0
5 1.0 0.0 2.6 0.5
6 1.0 0.0 3.0 0.0
7 1.9 0.5 2.3 0.5
8 1.0 0.0 2.6 0.5
9 1.0 0.0 3.0 0.0
10 1.0 0.0 2.8 0.0
11 3.0 0.0 2.5 0.7
12 1.0 0.0 2.5 0.5
13 1.0 0.0 23 0.5
14 1.0 0.0 3.0 0.0
15 1.6 0.8 2 0.0
16 1.6 0.5 3.0 0.0
17 2.8 0.0 1 0.5
18 2.0 0.3 24 0.5
19 1.3 0.5 2.8 0.5

Table 4.22 shows descriptive statistics of each item in the checklist. The items
belong to each group are represented with bold characters to analyze the data in the
table more easily. It is clear that the means of items related with the control group
were higher than those of the experimental group. The items 4, 5, 6, 8, 9, 10, 11, 12,
13 and 14 were related to ADI instructional model. It was estimated that
experimental group had higher means related these items than control group. As seen
from the table 4.22 the mean scores of those items for experimental group were

higher than mean scores in the control group.
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Table 4. 23 Correlations between two observers

Lectures 1 2 3 1 2 3
CG CG CG EG EG EG
r 0.84 0.72 0.82 0.86 0.81 0.89

In order to obtain reliable results from the observation checklist, three lectures from
control group and three lectures from experimental group were observed by two
observers. Table 4.23 shows the correlation coefficients between these two

observers. As seen from Table 4.23, the correlations between observers are high.

4.7 Summary of the Results
The summary of the results could be listed as following;

e The ADI instructional model resulted with significantly higher conceptual
understanding scores on the gases concepts when compared to the traditional

instruction.

¢ The students who received ADI instructional model developed better attitudes
towards chemistry when compared to the students those received traditional

instruction.

e The ADI instructional model caused a significant decrease in experiment

group students’ alternative conceptions more than control group students.

e There was no significant interaction effect between treatment and gender on
students’ conceptual understanding scores on the gases concepts and their

attitudes towards chemistry.

e Although the interaction effects are not significant, male students seem to
benefit more from ADI instructional model in terms of their attitudes towards

chemistry and their conceptual understanding on the gases concepts.

e Students who taught by Argument-Driven Inquiry instructional model
showed a significant increase in terms of willingness to pursue of

argumentation.

116



CHAPTER 5

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

This chapter covers five sections; these sections begin with a discussion of the
results. The internal and external validity are presented next. Finally, implication of

the results and recommendations for further research are followed.

5.1 Discussion of Results

The main purpose of this study was to seek whether there is a significant effect of
Argument-Driven Inquiry (ADI) instructional model on 10" grade high school
students’ conceptual understanding and attitudes toward chemistry as compared to
traditional chemistry instruction (TCI) and to draw conclusion based on the evidence
for students’ conceptual understandings of gases concepts and attitude toward
chemistry between the experimental and traditional groups. To be clear the focus of
study was to generate scientific argumentation in order to improve development of
conceptual understanding of students in chemistry and enable students to develop
more positive attitudes towards chemistry by using ADI instructional model. The
ADI instructional model provides a firsthand experience by inquiry process
embedded in argumentation for students who never have such an opportunity. Thus,
students might develop their own methods in a scientific investigation that facilitate
meaningful learning when compared to traditional instruction. The experimental
group students were implemented into the chemistry laboratory by ADI instructional
model based activities during the implementation process. Besides, control group
students were also implemented into the laboratory in order to make the treatment
less novel and they followed step-by-step procedure for investigations and solved
more algorithmic questions. The lectures in control group were predominantly

teacher oriented.
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As aforementioned, there are number of researchers interested in strategies to
integrate argumentation into the teaching and learning of science with inquiry (Bybee
et al.,, 2004; Carin et al.,, 2005; Cavagnetto, 2010; Clark & Sampson, 2007;
Eisenkraft, 2003; Erduran, et al., 2004; Kingir et al.,2012; Marek & Cavallo, 1997;
Sampson & Gleim, 2009; Sampson et al., 2009; Simon et al., 2006; Simonneaux,
2001; Walker & Zeidler, 2007). However, there are few studies about argumentation-
based inquiry particularly in Turkey (Akkus et al., 2007; Demirbag & Giinel, 2014;
Giinel et al., 2010; Kingir, 2011; Kingir et al., 2012). Moreover, there is not found
any study that aimed to design ADI instructional method in chemistry instruction in
Turkey. This study might be considered as one of the first attempt to design and
implement ADI instructional model in Turkish chemistry context for high school
students and evaluate the effectiveness of method with pre-posttest design. This
current study is also important in terms of introducing the ADI instructional model to

Turkish chemistry education.

Before the instruction, pretests assessing students’ conceptual understanding of
chemistry concepts and attitudes toward chemistry were aapplied to the students in
both groups in order to control pre-existing differences between groups. In other
words, those tests were also aimed to have opinion of equality of groups at the
begging of the study. The analyses of pre-tests indicated that mean scores on
PreGCT and PreASTC were equaled for experimental and control groups. The mean
scores on PreGCT and PreASTC were 11.72 and 45.04 in the control group, and
11,56 and 45,45 in the experimental group. Based on the minimum and maximum
values that can be obtained from PreGCT (min = 0, max = 20) and PreASTC (min =
0, max = 75), the mean scores of PreGCT that shows the level of students’ previous
knowledge in gas concepts was approximately medium level before the instruction.
Since students are given formal instruction about some gases concepts from the
beginning of sixth grade to end of the middle school. So, the main reason under these
medium level scores was students had some pre-existing knowledge about gases

concepts before the implementation.

According to result of t-test for equality of groups there were no significant mean

differences between experimental and control group students in terms of their
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understanding of gases concepts before the treatment. In other words, students in
both groups could be assumed to be equal in terms of their prior knowledge. Prior
knowledge is important to make connections with new incoming knowledge and
existing knowledge. According to Ausubel (1968), learning occurs when new
information is linked to what have already known. Therefore, prior knowledge is the
most significant factor to determine what new learning will occur. Similarly, Bruner
(1961) suggested that knowing something about learner’s prior knowledge is
essential in order to decide which representation is appropriate for learner when
organizing instruction (as cited in Driscoll, 2005). Hence, it is crucial to know what
existing knowledge students come with class to help them construct new knowledge
(Tsai, 2000a, 2000b). Von Aufschnaiter et al.(2008) reported that prior knowledge
has an important role for generating good argument and students employ these
knowledge and experiences at relatively high levels of abstraction. Since there was
no difference between the students in the experimental and control groups with
respect to their prior knowledge of gases concepts, there was no need to use pre-tests
scores as a covariate to control pre- existing differences in this study. More clearly,
since the groups are equal in terms of prior knowledge, the differences of students’
prior knowledge would not affect or confound the results of study with regard to

effectiveness of instructional methods.

Pre-tests analyses also showed that mean scores on PreASTC were equal for
experimental (45.45) and control groups (45.04), in terms of difference between the
students’ attitudes toward chemistry in both groups. As a second step, to be sure
correlations among all variables were computed. The results of correlations among
variables indicated that PreASTC have significant correlation with at least one of the
dependent variables. Hence, the correlation between pre and posttests of attitude
toward chemistry might affect the effectiveness of ADI instructional model, this
independent variable (PreASTC) was decided to be used as a covariate for

inferential statistics of the study.

After the over seven weeks treatment for both of the groups, posttests on students’
conceptual understanding on gases concepts (GCT-II) and students’ attitudes toward

chemistry (ASTC) were applied at the seventh week both of the groups. First, the
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descriptive statistics was conducted for each variable and then for the inferential
statistics, multivariate analysis of covariance (MANCOVA) was conducted with
two dependent variables, which were PostGCT and PostASTC; two independent
variables, which were teaching method and gender; and one covariate, which was
PreASTC. Before conducting MANCOVA, all variables were checked for
assumptions of MANCOVA.

Additionally, a paired-samples test was conducted to investigate the effect of ADI
instructional model on students’ scores on the ASTA in terms of a person's tendency
to pursue or avoid of argumentation in argumentative situations as pre-posttests. The
scale was applied only experimental group students before and after the treatment
because the implementation of argumentation. It was found that there was a
statistically significant increase in students’ tendency of argumentation from
PreASTA (59.703) to PostASTA (71.925) scores. In other words, students who
engaged ADI instructional model activities during treatment had higher scores at the
end of the instruction in terms of tendency of argumentation when compared at the
beginning of the instruction. This result is parallel with the Kaya’s study (2005) that
reports a significant increase of experimental group students’ willingness to pursue
of argumentation. Moreover, Kaya (2005) documented that there was a significant
correlation between students’ achievement and their tendency to pursuit of

argumentation.

The result of the study indicates that the experimental group students on the
PostGCT had statistically significantly higher scores than control group students in
terms of understanding gas concepts. Thus, all reported findings of this study come
together, it can be concluded that the ADI instructional model resulted in a
significantly better acquisition of the understanding of gas concepts when compared
with the traditional instruction. Although the PostGCT was a two-tiered diagnostic
test students in both groups increase correct answers, but the experimental group
students indicated more significant growth than the control group students.
According to the PostGCT scores, percentages of students’ correct responses in the
experimental group were mostly greater than experimental group in terms of all

items. Thus, based on the inferential statistic results, it can be concluded that
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students’ conceptual understanding of gas concepts was improved with the ADI
instructional model. The most significant difference between the scores on the
PostGCT for the experimental and control groups was on Item8 in which 71% of the
students gave correct answer in the experimental group, while it was 40% in the
control group. The question was about the general representation of distribution of
Hydrogen gas particles in the flask at 20°C and 3 atm pressures at particulate level.
And then students were asked if the temperature decreases from 25°C to -5 °C, what
happens to gas particles. The students who gave wrong answer in Item8 showed a
common alternative conception and thought that gas particles shrink when the matter
is cooled. Similar results were found to be for the representation of distribution of
gas particles at 60 °C in item2 in favor of the experimental group students. As a
result, it can be concluded that the ADI instructional model was more influent in
understanding of representation of substances at microscopic level when compared
the traditional chemistry instruction. These results are similar with studies in the
literature that investigate the effect of ADI instructional model on students’
conceptual understanding in science context (Sampson et al., 2010; Sampson et al.,
2013; Walker et al., 2013; Enderle et al., 2013). Moreover, a number of studies
focusing on the effects of argumentation based instruction using pre/posttest design
support this evidence and documented that students who were instructed
argumentation-based instruction developed better conceptual understanding than
those in the control group (Aydeniz et al., 2012; Jime nez-Aleixandre et al., 2000;
Jime nez-Aleixandre & PereiroMunhoz, 2002; Kaya, 2013; Kingir, 2011; Mason,
1996; Venville & Davson, 2010; Zohar & Nemet, 2002). In order to increase
conceptual understanding in scientific concepts and enhance the construction of
meaningful learning for students, it is effective for students to engage in
argumentation based instruction. Therefore, this current study is consisted with the

studies in the literature.

During the implementation in experimental group, students learn to propound a
scientific method to be followed during an investigation in order to answer a research
question though the process of learning scientific concepts with inquiry,
argumentation, and writing in science and engage in peer review (Sampson, Grooms,

& Walker, 2010; Sampson & Gleim, 2009). Hence, ADI instructional model might
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improve students’ understanding of the gas concepts by providing a firsthand science
experiences (Driver et al., 1994; Duschl, 2000) with inquiry based activities. The
activities used in this study, in particular; laboratory investigations probably
contributed to students’ success in experimental group. In all activities, students are
given an opportunity to conduct an investigation method that designed by them in
order to produce data or to test the questions. Moreover, chemical concepts were
taught as a part of laboratory activities. Students’ activity sheets include chemical
concepts related to the topic and a researchable question which is needed to answer.
Since the procedure being followed by students are uncertain in activities, students
were provided an opportunity to understand the way scientist follow by doing
science through designing method, interpret empirical data and evaluate new
explanations. Thus, students followed their own methods in a scientific investigation
as a meaningful way for themselves on the contrary of step-by-step procedure in their

traditional laboratory.

After the implementation, it was found that there were differences in the proportions
of correct responses of students in experimental and control group, in favor of the
experimental group and the some common alternative conceptions held by
experimental group students were fewer than control group students. For example,
31% of the control group students’ and 11% of the experimental group students’
thought that when a substance goes from liquid to gas state the size of the particles
increase. In another question, most of the students in control group thought that
molecules expand when the matter goes from liquid to gas and so distance between
molecules increases with the percentage of 28%. It was a most common alternative
conception among the students since 11% of the experimental group students thought
similar way. Moreover, the percentage of students having another alternative
conceptions that is “Gases are lighter than liquids so the mass of the substance
decreases.” response was 8% in the experimental group, while it was 18% in the
control group for in PostGCT. These results are consisted with the ideas that
emphasize the conceptual change is not an easy process and still there were
contradictions, resistances, and progressive conceptual change with considerable and

consistent improvement in the some items (Niaz et al., 2002).
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Most specifically, in Item 2, before the treatment most of the students; 44% for
experimental group, 42% for control group; hold an alternative conception and
thought that gas particles collected at the top of the container. After treatment,
students who have the correct response have the percentage of 88% in the
experimental group, while it was 66% in the control group for first tier in PostGCT.
In terms of second tier for Item 2, 16% of control group students and 4% experiment
group students selected alternative conception that is “Heated gas particles weighs
more than cold particles and so gas particles collected at the top of the container”. It
shows a significant decrease in experiment group students’ alternative conceptions.
A similar improvement was also observed for the common items in both of concept
test which are Item6, Item8, Item9, Iteml1, and Item13 for experimental group
students. Therefore it can be concluded that conceptual change might have occurred
by generating arguments since the high conceptual engagement in ADI
implementation for experimental groups. Students in such an argumentation process
based on inquiry (ADI), constructed their own explanation and created rebuttals
against the explanations that they did not agree with. Embedding argumentation in
science learning helps to make scientific reasoning visible (Duschl &Osborne, 2002).
It is possible that the opportunity to reflect on students’ experimentation and
explanation such an implementation that generally not provided in traditional
instruction may have elicited students’ alternative conceptions. Consequently it can
be concluded that ADI instructional model provides students to gain a deeper
conceptual understanding in gases concepts and minimize or eliminate alternative
conceptions that students hold. The findings of the studies focusing on the effects of
argument based instruction also support this result (Aydeniz et al., 2012; Kingir,

2011).

Besides the students’ improvement of conceptual understanding of gas concepts,
there are also increase students’ attitudes towards chemistry. When the PostASTC
scores of students examined, the experimental group students had significantly
higher scores than control group students with regard to attitude toward chemistry.
This result implied that experimental group students seem to develop more positive
attitudes toward chemistry than control group students. During the implementation of

ADI, laboratory activities provide students a firsthand experience doing science.
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Though the process of learning scientific concepts with ADI, students learn to
propound a scientific method to be followed during an investigation in order to
answer a research question. On the other hand, uncertain nature of activities used in
ADI aroused students’ curiosity. In other words, students felt involved in chemistry
like a scientists. Thus, experimental group students’ attitudes toward science
improved positively. The results consistent with the Walker et al.,(2012)’s study that
examines the effect of ADI instructional model on students’ attitudes toward science.
Students’ attitudes are also associated with their achievement and the development of
positive attitudes toward chemistry could motivate students to learn chemistry
(Osborne et al., 2003). In this study, since the students who have more positive

attitudes had more willingness to involve in ADI activities.

Many studies reported different results in terms of attitudes and gender in the
literature. In these studies, some of them concluded that boys have a more positive
attitude toward science than girls (Koballa & Gylnn, 2007; Simpson & Oliver, 1985;
Rani, 2000; Reiss, 2004; Weinburgh, 1995). However, many of other studies stated
that girls have more positive attitudes than boys (Akpinar et al., 2009; Dhindsa &
Chung, 2003; Walker et. al., 2012). When students science achievement is taken into
account, some studies reported that boys had better performance in science than girls
(Weinburgh, 1995), and some studies documented that the gender differences are in
favor of girls (Britner, 2008; Britner & Pajares, 2006). The results of current study
revealed that students’ conceptual understanding of gas concepts and attitudes
toward chemistry did not differ in terms of gender. In other words, ADI instructional
model of instruction did not lead to bias on gender. Moreover, treatment had equal
effect on males and females regardless conceptual understanding of gas concepts and

attitude toward chemistry.

The interviews helped to examine students’ alternative conceptions and it was found
that the alternative conceptions detected by PostGCT were consistent with results of
interviews. Most of the detected alternative conceptions during interviews were
similar with the studies in the literature (e.g. Aslan & Demircioglu, 2014; Hwang,
1995; Hwang & Chiu , 2004; Mas et al., 1987; Mayer, 2011; Niaz, 2000; Novick &
Nussbaum, 1978; Stavy, 1990) Many of the students in control group and some
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students in the experimental group could not support their explanation scientifically
with appropriate reasons in the representation of particulate level. For example,
students were given a figure that shows the distribution gas particles at 25 °C and
they were asked to draw distribution of same particles if temperature decreases 0 °C.
Three interviewees in the experimental group(75%) correctly represented
homogeneous distribution of gas particle while three interviewees in the traditional
group represented all particles in a way that collected at the bottom of container at 0
°C and only one of them draw homogeneous distribution of particles in the
container(25%). In addition, it was detected that one of the students from control
group held the alternative conception;” If the temperature decreases the gas particles
shrink and collected in the middle of the container. ” As a continuation of first and
second questions, in the next question, students were asked what happened same
particles if temperature increases 90 °C. All students from experimental group
(100%) made correct drawing with the appropriate explanation while only one of the
interviewees (25%) from control group mentioned about homogeneous distribution
of gases, three of them did not mention about it. These results are consistent with the
conclusion of Nakhleh (1994) who concluded that students had difficulties in
understanding of the particulate level of matter. In addition, it was found that the
students have difficulties in understanding the concepts which had abstract nature
and microscopic level of matter such as gas concepts. Briefly, it was detected that the
control group students have more difficulties since the abstract nature of concept and
“particulate nature of matter” did not much taken into consideration during the
treatment process. Since the control group students hold more alternative conceptions
when compared experimental groups at the end of the study, an improvement was
also observed for the control group students’ conceptual change. There may be two
possible reasons for the improvement performance of the control group students.
First, making experiments was a novel experience for control group students and it
could increase their curiosity, interest and hence causes interpret empirical data by
reasoning. Then, experimental and control group students could make an out of class

discussion.
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Consequently, results obtained in this study show that given the opportunity to argue
and discuss based on inquiry, students’ conceptual understanding could go beyond
the simple memorization of conceptions during experimentation. In addition,
providing students science laboratory experiences that are more authentic and
educative for with inquiry and argumentation might have been developed students’
conceptual understanding of gas concepts in the experimental group. Thus, as the
qualitative results illustrate, the ADI instructional model of instruction was effective
with regard to improve conceptual understanding of gas concepts than the traditional

instruction.

5.2 Internal validity

Internal validity refers to “observed differences on the dependent variable are
directly related to the independent variable and not due to some other unintended
variable” (Fraenkel & Wallen, 2003, p.178). There are some possible threats to
internal validity of a study. These are: subject characteristics, mortality, location,
testing, history, and instrumentation, and maturation, attitude of subjects, regression,
and implementation. In this section, the current study is analyzed with regards to

these possible treats to internal validity.

Subject characteristics: In this study, since the subject characteristics difference
between the groups could affect or explain the results of the study. The groups were
formed by random assignment. Moreover, many of the subject characteristics such as
gender, age, prior knowledge of gases concepts and attitudes toward chemistry could
affect the results of study. In order to eliminate or minimize the effects of subject
characteristics, students’ age, gender and prior knowledge of gases concepts were
investigated and found similar to each other in this current study. Further, in order to

equate groups, variables were assigned as covariates (PreASTC) using MANCOVA.

Mortality: Mortality threat refers the loss of subjects in a study. Because of some
reasons such as illness etc. some subject may not attend the study or some subjects
may be absent when collecting data. In this current study, students who were missing
in at least two dependent variables were excluded from the data set. Thus, 6 students

were excluded list wise. In addition, rates of missing data are generally considered 1-
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5% manageable (Acuna & Rodrigez, 2000).Since the missing values do not exceed
5% of the whole data, they were replaced with the mean values and new data sheet

was used during the statistical analyses in this current study.

Location: Location threat may affect the outcome of the study if there are different
conditions such as different classes, supplies etc. for groups. In this study,
experimental group students were implemented into the chemistry laboratory. Beside
this, make the treatment less novel for control groups, the teachers also conducted
chemistry lessons into the laboratory in the most of the weeks. In order to control this
treat, researcher obtained more information to eliminate the location threat for the

groups.

Instrumentation: This threat can be examined under three dimensions, which are
instrument decay, data collector characteristics, and data collector bias. Instrument
decay refers changing in instrument or scoring method. In this study, same
instruments were administered both of the groups. In other words, instruments were
same in terms of administration and scoring Thus, instrument decay was removed by
data collection and scoring. The characteristics of the data collectors such as
language, gender or age can also influence results of the study. This threat was
controlled by conducting treatment with same teacher for the experimental and
control groups and collecting data with same data collector. Lastly, data collector
bias was eliminated by training teacher to provide a standard process while collecting

data.

Testing: If the students take the same test more than once, they could perform same
and their answers could cause errors of measurement (Fraenkel & Wallen, 2006).
Therefore, students should be given sufficient time for the desensitization. In this
study, three different pre-tests were administered to the students. As a post test of
concept test different but equivalent form of PreGCT was used at the end of the
study. On the other hand, since the time interval between two administrations is
appropriate -6 weeks- for other pre-tests, pre-test effect on the post-test was

controlled.

127



History: During the implementation, unplanned external events can affect the results
of the study. The tests were applied to all groups approximately at the same time and,
any unplanned events did not occurred during the study. Thus, history threat was

controlled in this study.

Maturation: Maturation threat refers the changing the subjects in many ways due to
growing old and experience. Since the time of the study only seven weeks this treat

was not affect the outcomes of the study.

Attitude of subjects: Subjects knowledge about the study may influence on the
results of study. This threat can be examined under three sections, which are
Hawthorne effect, John Henry effect, and demoralization. Hawthorne effect is
positive effect on experimental group students since experimental group students can
improve their knowledge due to novelty of the treatment. John Henry effect is also
another effect that control group students may show an extra effort to make better
than experimental group students due to novel circumstances of experimental group
students. Demoralization effect explains that control group students may become
demoralized and perform poorly due to unfairness. In this current study, in order to
eliminate and minimize these threats teacher told students the instruction was not
different from each other and made similar activities and experiments in laboratory
in both groups. On the other hand, there might have been an interaction between the
students of experimental group and control group in terms of implementation of

instruction. Therefore, attitude of subjects might be a threat for this study.

Regression: This threat could be possible if low or high achievers selected from
groups. Therefore results might have been explained due to regression of extreme
groups. Since, the random assignment was used to choose the groups in this study;

therefore, this threat did not impact the results of the current study.

Implementation: Results of study could have been explained differences between
implementers or biases of implementer. In this study, the same teacher implemented
in both experimental and traditional groups and the teacher was taught before the

implementation. Moreover, implementation was observed during the study and

128



classroom observation checklists were used in order to eliminate or minimize this

threat. Thus, treatment verification was enabled.

5.3 External validity

The external validity refers to “applying results of a study that can be generalized
from a sample to a population” (Fraenkel & Wallen, 2003). One of the main goals of
this study is also generalize the results like most of experimental study. The
accessible population of this study was all tenth grade students at public high
schools in Yenimahalle, Ankara. There were 18 high schools and five Anatolian

high schools in the accessible population, one of them were included in this study.

The results of the study showed that there were significant differences on overall the
effect of treatments in terms of ADI instructional model and traditional chemistry
instruction on the population mean of the collective dependent variables of tenth
grade students’ post-test scores of gas concepts and attitude toward chemistry in
favor of ADI instructional model. The number of students joined in the study was
157 that exceed the 10% of the accessible population. Hence, the findings of the

current study might be generalized to the accessible population of the study.

5.4 Implications

The suggestions of this study are as the following:

¢ Since there is not encountered any study about the implementation of ADI
instructional model in chemistry education in Turkey, findings of the current
study can contribute to Turkish chemistry education by presenting the ADI
instructional model to chemistry education. The findings also help teachers as
a guide , textbook writers and curriculum developers in Turkey and other
countries when designing an effective lesson for gas concepts.

¢ ADI instructional model have a positive effect on students’ attitudes towards
chemistry So, ADI should be used in order to increase students’ attitudes
towards chemistry.

e The ADI instructional model has been found more effective than traditional

chemistry instruction in terms of students’ conceptual understanding on gas
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concepts. ADI instructional model should be used in order to improve
students’ conceptual understanding gas concepts.

e According to concept test results students hold many alternative conceptions
about gas concepts. Students’ existing knowledge should be taken into
consideration before the instruction.

e Many of the students have difficulties in understanding the particulate nature
of matter particularly gas concepts in high schools. So, teachers should
underline the basic concepts and their relation to each other and also should
take students’ alternative conceptions into account and design the instruction
based on these concepts.

e Laboratory based instruction that includes inquiry and exploration should be
designed to promote students’ critical thinking skills and reasoning in
science.

e Real world experiences that include natural phenomenon should be used in
instruction to promote positive student outcomes to learning.

e Two-tier test should be used to evaluate students’ conceptual understanding
and to determine alternative conceptions.

e Teachers should be informed about ADI instructional method and should be
supported about implementation about process.

e Representation of substances at microscopic level should be done effectively

for understanding of gas concepts.

5.5 Recommendations for Further Researches

According to the results of the study, the following recommendations can be

suggested:

e Similar studies can be conducted with a larger sample size and in different
types of high schools for the generalization of the findings to a larger
population.

e The ADI instructional model can be implemented for different grade levels.

e The ADI instructional model can be used when teaching different science

topics.
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This study covered one chemistry topic in short-term. The ADI approach
could be used at different grade levels and different chemistry topics as a
long-term study.

Further research can be conducted to seek the effect of ADI instructional
model on retention of the concepts.

Further research can be carried out in order to examine the effects of ADI
instructional model on students’ motivation, nature of science knowledge,
science process skills, problem solving skills, or epistemological beliefs,
besides the conceptual understanding and achievement.

In further studies, discourse analyses can be conducted for the classroom
interaction in ADI learning environment.

Further studies can use a video-record for ADI class sessions. So, the video

records can be used for the treatment verification.
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APPENDIX A

INSTRUCTIONAL OBJECTIVES OF THE GASES SUBJECT

Gazlar Konusundaki Kazanimlar

Gazlarin genel ozellikleri ile ilgili ogrenciler,
1. Gazlarin sikisma/genlesme siirecindeki davraniglarini sorgular, gercek gaz ideal
gaz ayirimi yapar.
2. Ideal gazin davramslarim aciklamada kullanilan temel varsayimlari irdeler.

e

Gaz basincini molekiil hareketleri temelinde aciklar.
4. Gazlarin betimlenmesinde kullanilan 6zelliklerini ve bunlarin 6l¢iilme
yontemlerini agiklar.
5. Gaz davranislarini kinetik teori ile agiklar.
6. Kinetik teorinin temel varsayimlari kullanilarak Graham difiizyon ve efiizyon
yasast tiiretilir.
Gaz kanunlar ile ilgili ogrenciler,
1. Belli miktarda gazin sabit sicaklikta basing- hacim iliskisini irdeler.(Boyle Yasasi)
2. Belli miktarda gazin basinci sabitken sicaklik — hacim; hacmi sabitken sicaklik-
basing iligkisini irdeler(Charles kanunu).
3. Belli sicaklikta bir gazin sabit basing altinda mol sayisi-hacim ve sabit hacimde
iken mol sayisi-basing iliskisini aciklar.(Avogadro kanunu)
4. Ideal gaz denklemini kullanarak bir gazin basinci kiitlesi, mol sayisi, hacmi,
yogunlugu ve sicakligr ile ilgili hesaplamalari yapar(ideal gaz).
5. Deneysel yoldan tiiretilmis gaz yasalari ile ideal gaz yasasi arasinda iliski kurar.
6. Boyle, Charles ve Avogadro yasalarindan yola cikilarak ideal gaz denklemi
tiiretilir.
7. Ideal gaz denklemi kullanilarak 6rnek hesaplamalar yapilir.
8. Normal sartlarda gaz hacimleri kiitle ve mol sayilartyla iliskilendirilir.
Gaz karisimlari ile ilgili 6grenciler,
1. Kismi basing ve kismi hacim kavramlarini aciklar.
2. Gaz karisgimlar ile ilgili hesaplamalar: yapar.
3. Gaz karisimlarinin kismi basinglarini giindelik hayattaki 6rnekleri tizerinden
aciklar.
Gergek gazlarla ilgili 6grenciler,
1. Ideal gaz kavraminin fiziksel gercekligini irdeler

2. Gergek gazlarin hangi durumlarda ideallikten saptig1 irdelenir.
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APPENDIX B

CONCEPT LIST AND LIST OF SUBTOPICS OF THE GASES SUBJECT

Unitedeki Konular

Kavram listesi

¢ Gazlarin genel ozellikleri
® Maddenin gaz hali
e Gazlarin sikisma ve genlesme
ozelligi
e Gazlarn kinetik teorisi
¢ Gazlarda basing, hacim, mol
sayist ve sicaklik iligkisi
e (az yasalan
¢ Boyle-Mariotte kanunu
¢ Charles kanunu
¢ Avogadro kanunu
o ideal gaz yasasi
¢ Gazlarda kinetik teori
¢ Difiizyon/efiizyon
e QGergek gazlar
¢ Buharlasma/yogusma
¢ Gaz karisimlari

¢ Kismui basing

® Basing
e Hacim
e Mol

® Avogadro sayisi

e Mutlak sicaklik

¢ Kinetik Teori

e Standart-normal sartlar
e Ideal gaz

e QGergek gaz

¢ Difiizyon

e Efiizyon

e Kismi basing

e Kismi hacim
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APPENDIX C

TABLE OF SPECIFICATION CHECKLIiST FOR EXPERTS
UZMAN DEGERLENDIRME FORMU

10. sinif kimya Ogretim programindaki ‘“Madenin Halleri” tinitesi kapsaminda, “Gazlar”
konusundaki 6grenci basarisini dlgmek i¢in bir test hazirlanmistir. Testin gelistirilmesinde
asagidaki hususlar dikkate alinmistir:

1.

S.

Mevcut kimya 6gretim programindaki kazanimlar ve beceriler miimkiin oldugunca i¢ ice
olacak sekilde tek bir soru ile Olclilmeye gayret edilmistir. Bunun yapilamadigi
durumlarda, kazanim ve beceriler boliinerek birden fazla soru olusturulmustur.

Ogretim programinda baz1 beceriler farkli kazanimlarda birka¢ kez yer almaktadir. Bu
durumda, s6z konusu becerilerin en az bir soru ile de olsa dl¢iilmesine ¢alisilmustir.
Sorular, 10. simif 6grencilerinin anlayabilecegi dil diizeyinde yazilmaya calisilmistir.

. Bu iinite kapsaminda kazanimlarin bazilarinda bulunan “Tutum ve Degerler” (TD)

becerileri bu test kapsami disindadir.

. Aciklama-sinirlama, aciklama-uyari kisimlar: birer kazanim gibi diisiiniilmiis ve sorularin

bircoguna yedirilmistir. Testteki 20 soru iki asamali olup ilk kisim sorunun cevabini
iceren coktan secmeli sorulardan olugmakta ikinci kisimda ise birinci agsamadaki cevabin
nedeni igceren yine ¢ok secmeli ikinci bir kisim icermektedir. Bu Form ile yalmzca
ogretim programinda 10. sinif Madenin Halleri” iinitesi kapsaminda, “Gazlar” konusunda
verilen kazanimlarin, bu testte sorulan sorularla 6l¢iiliip 6l¢iilmediginin degerlendirilmesi
yapilacaktir. Form 2 hazirlanirken;

. Ogretim programindaki sirasina gore once kazammlar (bilgi + beceri+ agiklama-

sinirlama, uyart) yazilmistir.

Kazanimlarla ilgili sorulan sorular, testteki soru numaralart aynen korunarak forma
yazilmustir.

Sorulan soru ile Olgiilen kazanimlar gerekli agiklamalarla beraber yazilmis, hemen
ardindan gelen tablo ile sizlerin degerlendirmesine sunulmustur. Testteki soru ile ilgili
kazanimin dl¢iildiigiinii diisiiniiyorsaniz ilgili alan1 (X) seklinde isaretlemeniz yeterlidir.

. Olciilmedigini diisiindiigiiniiz kazanimlar icin her tiirlii onerilerinizi ise tablonun sag

tarafinda verilen “Ag¢iklama” kismina yazmaniz istenmektedir.
Onerilerinizi size ayrilan bos satirlar disinda da size kolay gelen her sekilde verebilirsiniz.

Bizlere gerek telefonla gerekse e-posta yoluyla her zaman ulasabileceginizi hatirlatir, ilginiz
ve emekleriniz i¢in simdiden ¢ok tesekkiir ederiz.

Arag. Gor. Nilgiin DEMIRCI (Tel: 0505 505 99 29, (demirci.nilgun @ gmail.com)
Prof. Dr. Omer GEBAN (geban @ metu.edu.tr)
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UZMAN DEGERLENDIRME FORMU

Soru

Ilgili Kazanim

Olciilebilir

Olciilemez

Aciklama

Gazlarin genel 6zelliklerini kavrayabilme

2 Gazlarin genel 6zelliklerini kavrayabilme

3 Belli miktarda gazin sabit sicaklikta
basing- hacim iligkisini irdeler.

4 Belli miktarda gazin sabit sicaklikta
basing- hacim iliskisini irdeler.

5 Gazlarin sikisma/genlesme siirecindeki
davraniglarini sorgular,

6 Kati, S1v1 ve gaz fazlar1 molekiiller
ozellikleri temelinde kargilagtirir.

7 S1v1 ve gaz fazlar1 molekiiller 6zellikleri
temelinde karsilastirir.

8 Gazlarin sikigsma/genlesme siirecindeki
davraniglarini sorgular,

9 Belli miktarda gazin basinci sabitken
sicaklik — hacim iliskisini irdeler

10 Belli miktarda gazin hacmi sabitken
sicaklik — basing iligkisini irdeler.

11 Belli sicaklikta bir gazin sabit basing
altinda mol sayisi-hacim iligkisini agiklar.

12 Belli miktarda gazin sabit sicaklikta
basing- hacim iligkisini irdeler

13 Belli miktarda gazin sabit sicaklikta
basing- hacim iligkisini irdeler(Acik hava
basinci)

14 Belli miktarda gazin sabit sicaklikta
basing- hacim iliskisini irdeler.(Acik hava
basinci)

15 Belli miktarda gazin sabit sicaklikta
basing- hacim iligkisini irdeler(Acik hava
basinci)

16 Gazlarin genel 6zelliklerini
kavrayabilme(Difiizyon)

17 Gazlarin hangi hallerde ideallikten
uzaklastigim fark eder.

18 Belli sicaklikta bir gazin sabit hacim
altinda mol sayisi-basing iligkisini agiklar.

19 Ideal gaz denklemini kullanarak bir gazin
basinc kiitlesi, mol sayisi, hacmi,
yogunlugu ve sicaklig ile ilgili
hesaplamalari yapar.

20 Gaz kanunlarini kavrayabilme. Gazlarin

difiizyonu ile ilgili hesaplama yapar.
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a)
b)
c)
d)

APPENDIX D

GASES CONCEPT TEST-I
GAZLAR KAVRAM TESTI-I

Ad1 Soyadi:

Sinifi:

Asagida gazlar konusu ile ilgili 20 adet soru bulunmaktadir. Her bir soruyu okuyup
size en uygun olan secenegi isaretleyiniz. Bu test “gazlar ” konusu ile ilgili genel
bakis a¢inizi belirlemek amaciyla hazirlandigi icin her soruyu cevaplamaya calisiniz.

Hava ile dolu bir siringanin ucu kapatilmakta ve siringanin pistonu havayi
sikistiracak sekilde itilmektedir. Bu sikistirma sonucunda havayr olusturan
molekiillere ne olur?

Molekiiller birbirine yapisir.

Molekiiller arasindaki mesafe azalir.
Sikistirilan molekiillerin hareketi durur.
Molekiiller kiiciiliirler.

Molekiillerin hepsi siringanin ucunda toplanir.

Asagida verilen sekilde Durum 1°de bir par¢a kagit cam fanusun i¢ine konmaktadir.
Durum 2’de kagit yakilmakta ve Durum 3’te kiiller olugmaktadir. 1, 2 ve 3
durumlarinda her sey tartildigina gore, sonug asagidakilerden hangisinde dogru

verilmistir.
Kagit Kiil
1 2 3

Durum 1 daha biiyiik kiitleye sahiptir.
Durum 2 daha biiyiik kiitleye sahiptir.
Durum 3 daha biiyiik kiitleye sahiptir.

1 ve 2 ayni agirliga sahip ve 3’ten agirdir.
Hepsi aym kiitleye sahiptir.
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3. Kapali bir kapta s1vi halden de gaz hale gecen bir madde i¢in asagidaki dzelliklerden
hangisi degisir?
1. Taneciklerin boyutu

II.  Molekiiller arasi uzaklik
III.  Molekiillerin toplam kiitlesi
4. Asagidaki resimlerin hangisinde gaz basinci(agik hava basinci) vardir?

a)Yalnz I b)Yalmiz 11 ¢)Yalniz III I ve III  e)LII ve III

s o
NSNS
S

oD

QAq

=) ey
I. Kus uguyor. II. Kedi duruyor. III.Yel degirmeni doniiyor. IV.Yaprak
savruluyor.
a)Yalniz | b)Yalmz III o)l ve III d)I, IIT, ve IV e)Hepsi

5. Ozdes ii¢ esnek balona farkli miktarda hava iifleniyor. I. balona ¢ok az, ikinci balona
biraz daha fazla ve IIl. balona en fazla hava iifleniyor. Bu ii¢ balonun basinglarini
kiyaslayimiz.

:

Balon I % Balon II
a) Balon I> Balon II > Balon III
b) Balon III > Balon II > Balon I
¢) Balon III > Balon I > Balon II
d) Balon I = Balon II =Balon III
e) Balon II > BalonllIl >Balon I

Balon III

6. Sekildeki manometre ile gazin basinci 6l¢iilmek isteniyor. Asagidakilerden hangisi
bulunacak degeri etkilemez?
7. 25 °C deki bir kap icerisinde bulunan havay1 olusturan gaz taneciklerinin dagilimini

a) Bulunulan enlem

b) Ortamn sicaklig

¢) U-borusunun capi

d) Deniz seviyesinden yiikseklik
e) Acik hava basinci

168



ifade eden en uygun sekil agsagidakilerden hangisidir?

ey

a) b) c) d) e)

8. 25°Cdeki kap su banyosu yardimiyla isitilip, i¢erisindeki taneciklerin sicakliginin
60°C’a gelmesi saglaniyor.
60 °C de kap igerisinde havay1 olusturan gaz taneciklerinin dagilimini ifade eden en
uygun sekil asagidakilerden hangisidir?

a) b) c) d) e)

9. Uflenerek biraz sisirilip agz1 iple baglanmus elastik bir balon, bulundugu ortamdan
almarak

. Aym basingta daha soguk
II.  Aym sicaklikta, yiikseltisi fazla
III.  Aymi sicaklikta havasi bosaltilmis

ortamlardan hangilerine konuldugunda, balonun hacminin artmasi beklenir?
a) YalmzlI b) YalmzII ¢) YalnizIIl d) Ivell e) IIvelll

10. Gazlarin 6zellikleri ile ilgili asagidakilerden hangisi yanlistir?

a) Aymn sicaklikta biitliin gazlarin ortalama kinetik enerjileri aymdir.

b) Gaz basinci, gazin molekiillerinin icerdigi atom sayisina ve cinsine baglhdir.
¢) Gazlar tanecikli yapiya sahiptir.

d) Gaz basinci, birim hacimdeki tanecik sayisina baghdir.

e) Gazlar, bulunduklar1 kabin her tarafina yayilir.
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11. Asagidakilerden hangisi gazlarimin sikistirila bilirligine 6rnek degildir?

a) Deodorantlar

b) Bocek ilaglar

¢) Mutfak tiipii

d) Dis macunu

e) Yangin sondiirme tiipii

12. Oda kosullarinda asagidaki sistemde bulunan kaplar M muslugu ile birbirine

13.

a)
b)

9)

d)

baglanmustir. 1. kapta 1 L hacimde 1 mol He gazi, 2. kapta ise 1 L hacimde 1 mol O,
gaz1 bulunmaktadir. M muslugu acildiginda gaz karisiminin son halini gésteren en
uygun ¢izim asagidakilerden hangisidir?(O:16, He:4)

M

1,0 mol He 1.0 mol O,

Hacmi sabit olan kapali bir kapta bir miktar Oksijen gazi bulunmaktadir. Sabit
sicakliktaki bu kaptan bir miktar oksijen c¢ikis1 oldugunda asagidaki ag¢iklamalardan
hangisi dogru olur?

Kabin i¢indeki oksijen molekiilleri yavaslamistir.

Kabin i¢inde daha az molekiil kaldigi i¢in kabin duvarlarinda daha az ¢arpigsma
olacaktir.

Kapta kalan oksijen molekiillerinin her biri kabin duvarlarina daha az kuvvet
uygular.

Kapta daha az molekiil kaldig1 icin bu molekiiller kabin hacmini tamamen
dolduramaz.

Basing yalnizca sicaklik ve hacme baglidir. Sicaklik ve hacim sabit oldugu i¢in

basing degismez.
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14. Gazlarin basinci ile ilgili asagidakilerden hangisi dogrudur?

a) Gaz basinci gazlarin 1sitilmasi ile olusur.

b) Daha agir gazlar daha fazla basing uygular.

¢) Gaz basinci, birim hacimdeki tanecik sayisina baghdir.

d) Gaz basinci gazlarin iizerine uygulanan etkiye verdikleri tepkidir.
e) Gazlar bulunduklar1 kabin her yerine ayni basinci yaparlar.

15. Asagidaki seceneklerden hangisi H,O bilesiginin kat1 siv1 ve gaz halindeki
taneciklerinin birbirlerine gore biiyiikliigiinii en iyi sekilde gostermektedir?

RS
. 0 o O
0 O O
D O O

O
O
o () O O

16. Ug 6zdes elastik balondan biri X, biri Y, digeri ise Z gaz ile esit hacimli olacak

sekilde, oda kosullarinda doldurulmustur. Ayni ortamda, bir siire sonra, gazlarin
balon ¢eperlerinden sizmasi nedeniyle balonlarin hacimleri (V) degismis ve Vx < Vy

<Vz olmustur.

% : %

Buna gore balonlardaki gazlar icin asagidakilerden hangisi dogrudur?
a) Son durumda X in mol sayis1 Y den biiyiiktiir.
b) Yayilma(difiizyon) hiz1 en biiyiik olan X dir.
¢) Molekiil kiitlesi en biiyiik olan X dir.
d) Yayilma hizi(difiizyon) en biiyiik olan Z’dir.
e) Molekiil kiitlesi en biiyiik olan Y dir.
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17. Bir gaz1 olusturan taneciklerin arasinda ne vardir?

a) Su buhan

b) Hava

¢) Yabanci maddeler(toz, kir gibi)
d) Baska gazlar

e

~—'

Higbirsey yoktur.

18. Sekilde verilen sistemin pistonu sabit sicaklikta asagiya dogru itilirse X gazi ile
asagidakilerden hangisi dogrudur?

X gaz1

a) Gaz sikistirlip, birim zamanda birim yiizeye ¢arpan molekiil sayis1 (basing)
artacagindan molekiillerin hiz1 da artar.

b) Gaz molekiilleri birbirine yaklasip hacim azalacagindan molekiillerin biiyiikliigii
azalir.

¢) Hacim azaldigi icin basing azalir.

d) Gaz molekiilleri birbirine yaklasir, hacim azalir ve birim zamanda basing artar.

e) Gaz sikistirilinca hacim azalir ve ortalama molekiil hiz1 azalir.

19. Asagidaki sekil 20 °C ve 3 atm basingta Hidrojen gazi ile dolu silindirin enine
kesitidir. Noktalar, tanktaki biitiin Hidrojen molekiillerinin dagilimini temsil
etmektedir.

Sicaklik -5 C ye diisiiriildiigiinde asagidaki sekillerden hangisi kapali ¢elik tanktaki
Hidrojen molekiillerinin olas1 dagilimin1 géstermektedir?

a) b) c) d) e)
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20. Havaalanindan bir paket cips alan Deniz, u¢aga binip havalandiklarinda cips

b)

9)

d)

paketinin acmak iizere iken paketin siskinlestigini fark etmistir. Bunun nedeni
asagidakilerden hangisi olabilir?

Ucak yiikseldikce acik hava basinci artacagindan cips paketinin icindeki basing

azalir.
Ucak yiikseldikce agik hava basinci azalacagindan, i¢ basinci azaltmak igin cips

paketinin hacmi artar.
Ucak yiikseldikce agik hava basinci artacagindan, i¢ basinci azaltmak i¢in cips

paketinin hacmi azalir.
Ucak yiikseldikce agik hava basinci azalacagindan i¢ basinci azaltmak icin cips

paketinin hacmi azalir.

e) Ucak yiikseldikce cips paketinin i¢indeki taneciklerin sicakligi artar ve paketin
hacmi artar.
GCT-I Answer KEY
5 6 7 8 9 10
B E B E B C D D B B
11 12 13 14 15 16 17 18 19 20
D D B C D B E D A C
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APPENDIX E

GASES CONCEPT TEST-II
GAZLAR KAVRAM TESTI-II

Ad1 Soyadi:

Sinifi:

Asagida gazlar konusu ile ilgili 20 adet soru bulunmaktadir. Her bir soru iki
asamalidir. Her soruyu okuyup Once size en uygun cevap secenegini daha sonra o
secenegi secme nedeninizi isaretleyiniz.

Bu test gazlar konusu ile ilgili bakis agimizi belirlemek amagl oldugu igin her soruya
cevap vermeye ¢alisin.

1. 25 °C deki bir kap igerisinde bulunan havay1 olusturan gaz taneciklerinin dagilimini

ifade eden en uygun sekil asagidakilerden hangisidir?
|
|
oo &,
. X4
L IL. 111 V.

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde
aciklar?

a) Havayi olusturan gaz tanecikleri hafiftir ve kabin iist kistmlarinda toplanir.
b) Gaz tanecikleri sivilar gibi kabin alt kisimlarinda toplanur.

¢) Gaz tanecikleri kabin seklini alarak kabin ¢eperlerinde toplanir.

d) Gaz tanecikleri homojen olarak bulunduklari ortama yayilirlar.

e) Gaz tanecikleri biiziisiir ve bir araya toplanir.
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2.

25°C deki kap su banyosu yardimiyla 1sitilip, i¢erisindeki taneciklerin sicakliginin
60°C’a gelmesi saglaniyor.

60 °C de kap igerisinde havay1 olusturan gaz taneciklerinin dagilimini ifade eden en
uygun sekil asagidakilerden hangisidir?

L IL III. IV. V.

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde agiklar?

a)
b)

c)
d)

€)

Soguktan sicaga gecen gaz tanecikleri arasi ¢ekim kuvveti artar ve bir araya toplanir.
Sicaklik arttiginda gazlar gaz taneciklerinin kiitlesi azalir ve kabin {iist kistmlarinda
toplanir.

Gazlar her sicaklikta bulunduklart kaba homojen olarak dagilirlar.

Sicaklik arttiginda gaz taneciklerinin kiitlesi artar ve kabin alt kisimlarinda toplanir.

Her bir gaz taneciginin boyutu kiigiilerek, biiziisiir ve bir araya toplanir.

Yukaridaki Helyum dolu iki 6zdes esnek balonun hacmi 20 L’dir. Bu balonlar agik
havada serbest birakilmis ve bir siire sonra biri 3000 m yiiksege ¢ikarken digerinin
6000 m yiiksege ciktig1 gézlenmistir.

Ay sicakliktaki bu balonlardan hangisinin hacmi daha biiyiiktiir?

L. 3000 m’de ki balon

II. ~ 6000 m’de ki balon
III. ki balonda ayn1 hacimdedir.
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Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde
aciklar?

a) Balon yiikseldikce acik hava basinci azalacagindan i¢ basinci azaltmak icin hacim

artar.
b) Balon yiikseldikge a¢ik hava basinci artacagindan, i¢ basinci azaltmak icin hacim
azalir.

¢) Balon yiikseldikce acik hava basinci artacagindan i¢ basinci azaltmak icin hacim

artar.

d) I¢ basing daima dis basinca(acik hava basincina) esit oldugu icin her iki balonda ayni
hacimdedir.

e) Balon yiikseldikce acik hava basinci azalacagindan balonun i¢indeki hava basinci

azalir.

4. Havaalanindan bir paket cips alan Deniz, ugaga binip havalandiklarinda cips
paketinin agcmak iizere iken paketin hacmiyle ilgili ne gozlemlemis olabilir?

I Arttigin
II. Azaldigini
III.  Degismedigini

Asagidaki agiklamalardan hangisi cevabinizin nedenini en uygun sekilde agiklar?

a) Ucak yiikseldikce acik hava basinci azalacagindan, i¢ basinci azaltmak i¢in cips

paketinin hacmi artar.
b) Ucak yiikseldikge acik hava basinci azalacagindan cips paketinin i¢indeki basing
azalir.

c) Ucak yiikseldikce agik hava basinci artacagindan, i¢ basinci azaltmak i¢in cips

paketinin hacmi azalir.
d) Ucak yiikseldikce agik hava basinci artacagindan i¢ basinci azaltmak igin cips
paketinin hacmi azalir.

e) Ucak yikseldikce dis basing i¢ basing dengesi degismeyeceginden paketin hacmi
degismez.

5. Oda kosullarinda asagidaki sistemde bulunan kaplar M muslugu ile birbirine
baglanmustir. 1. kapta 1 L hacimde 1 mol He gazi, 2. kapta ise 1L hacimde 1 mol O,
gazi bulunmaktadir. M muslugu acildiginda gaz karisiminin son halini gosteren en
uygun ¢izim asagidakilerden hangisidir?(O:16, He:4)

1,0 mol He 1,0 mol O,
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b)
c)

d)

€)

II.

I1I.

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde
aciklar?

Gaz molekiilleri bulunduklar1 kaba homojen bir sekilde dagildiklar i¢in ikisi de birer
litre hacim kaplar.

Oksijenin mol kiitlesi biiyiik oldugundan daha cok yer kaplar.

Normal kosullar altinda 1 mol ideal gaz 22,4 L hacim kapladigindan her iki gaz 22,4
litre hacim kaplar.

Gaz molekiilleri bulunduklar: kaba homojen bir sekilde dagildiklari i¢in ikisi birlikte
iki litre hacim kaplar.

Helyum oksijenden 4 kat daha hizli hareket ettiginden, 4 kat fazla hacim kaplar.

Kapal1 bir kapta s1v1 halden de gaz hale gecen bir madde i¢in asagidaki 6zelliklerden
hangisi degisir?

I.  Taneciklerin boyutu
II.  Molekiiller arasi uzaklik
III.  Molekiillerin toplam kiitlesi

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde aciklar?

a)

b)
c)

d)
€)

Madde s1v1 halden gaz hale gecerken molekiilleri birbirine gelisigiizel ve daha ¢ok
carptigi i¢in gaz molekiillerinin boyutu degisir.

Gaz molekiilleri enerji aldig1 i¢in genisler ve molekiiller arasi uzaklik artar.

Gaz molekiilleri bulundugu kabin seklini aldigi icin molekiillerin sekli ve biiytikliigii
degisir.

Hal degisimi sirasinda sicaklik sabittir. Alinan enerji tanecikler arasi uzakligi arttirir.
Gaz tanecikleri s1v1 taneciklerinden daha hafif oldugu i¢cin molekiillerin toplam
kiitlesi azalir.
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7.

Asagidaki seceneklerden hangisi H,O bilesiginin kati s1v1 ve gaz halindeki
taneciklerinin birbirlerine gore biiyiikliigiinii en iyi sekilde gostermektedir? (Her
dairenin bir H,O molekiiliinii gosterdigi varsayilmistir.)

Kati Siv1 Gaz

L O O
I o O
i O O
W, O O

O
O
O

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde agiklar?

a)

b)

c)

d)

Gazlarda tanecikler arasi bosluk kat1 ve s1v1 halden ¢ok daha fazla oldugu i¢in gaz
taneciklerinin boyutu daha biiyiiktiir.

Gazlarin agirligi olmadig icin, gaz fazindan kati fazina gecildikce her bir tanecigin
biiyiikliigii artar.

Kat1 ve s1vi fazda molekiil biiyiikliigii ayn1 iken gaz fazda hacim biiyiik oldugu i¢in
tanecik boyutu da en biiyiiktiir.

Gazlar kat1 ve sivilardan hafiftir. Bu nedenle gaz fazinda tanecikler en kiigiik
haldedir.

Bir maddenin taneciklerinin boyutu kati s1vi ve gaz halinden bagimsizdir,
taneciklerin elektron ve proton sayisina gore atom ¢apina baglhdir.

Asagidaki sekil 20 °C ve 3 atm basingta Hidrojen gazi ile dolu silindir seklindeki
celik bir tankin enine kesitidir. Noktalar, tanktaki biitiin Hidrojen molekiillerinin
dagilimini temsil etmektedir.

Sicaklik -5 C ye diisiiriildiigiinde asagidaki sekillerden hangisi kapali celik
tanktaki Hidrojen molekiillerinin olas1 dagilimini1 gostermektedir? (Hidrojen
gazinin kaynama noktasi -243 C’ dir.)

L II. II1. IV.
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a)
b)

IL
III

d)

e)

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde
aciklar?

Sicaktan soguga gecen gaz tanecikleri biiziiserek bir araya toplanir.

Sicaklik azaldiginda gazlarin hareket 6zelligi azalir.

Gazlar her sicaklikta bulunduklar1 kaba homojen olarak dagilirlar.

Sicaklik azaldiginda gaz taneciklerinin kiitlesi artar ve kabin dibinde toplanirlar.
Her bir gaz taneciginin boyutu kii¢iilerek molekiiller aras1 mesafe azalir.

Bir balon 22 °C de, 760 mm Hg atmosfer basicinda 3 L Helyum ile dolduruluyor.
Hava sicakligimin 31 °C oldugu bir yaz giinii balon evin penceresinden ugup gidiyor.
Eger basing sabit kalirsa balonun hacmi ne olur?

.L69L IL.3,1L II. 3L IV29L V. Higbiri

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde
aciklar?

Ideal gaz denklemine gore basing ve hacim ters orantilidir.

Ideal gaz denklemine gore V-T ters orantidir. Sicaklik artarsa, basincin ve mol
sayisinin sabit oldugu durumda hacim azalir.

Gazlar yalnizca oda sicakliginda ideal davrandigindan ikinci durumdaki hacim
hakkinda bir sey sOylenemez.

Basincin sabit oldugu durumda, sicaklik artiginda taneciklerin kinetik enerjileri de
artar ve taneciklerin kapladig1 hacim artar.

Ideal gazlar kimyasal reaksiyona girmediginden hacim degismez.

. Hacmi sabit olan kapali bir kapta bir miktar Oksijen gazi bulunmaktadir. Sabit

sicakliktaki bu kaptan bir miktar oksijen ¢ikisi oldugunda kabin igindeki basing;

Azalir

Artar

Degismez

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde agiklar?

Kabin icindeki oksijen molekiilleri yavaslamustir.

Kabin icinde daha az molekiil kaldigi i¢in kabin duvarlarinda daha az ¢arpigsma
olacaktir.

Kapta kalan oksijen molekiillerinin her biri kabin duvarlarina daha az kuvvet
uygular.

Kapta daha az molekiil kaldig1 i¢in bu molekiiller kabin hacmini tamamen
dolduramaz.

Basing yalnizca sicaklik ve hacme baglidir. Sicaklik ve hacim sabit oldugu i¢in
basing degismez.
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IL
III.

IV.

11.

a)

Asagidaki sekilde hareketli pistonla ayrilmus bir silindir goriilmektedir. Pistonun her
iki bolmesinde de Azot gaz1 bulunmaktadir. [lk bolmedeki Azot gaz1 4 V hacim
kaplarken ikinci bolmedeki Azot gazi 2V hacim kaplamaktadir. Sicakligin sabit
oldugu kosullarda verilen bu bilgilerden yola ¢ikarak 2. bolmedeki Azot gazinin mol

€99 =

sayis1 “n” ise birinci bolmedeki azot gazinin mol sayist asagidakilerden hangidir?

4V 2V
. n
Azot gazi Azot I 2n
N, gazi
N, 0. n/2
IV.  Verilen bilgi yetersizdir.
L. bolme II. bolme

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde acgiklar?
Her iki bolmedeki gazlarin cinsi ayni oldugu i¢in mol sayilart aynidir.

b) Birinci bolmedeki gazin kapladig1 hacim biiyiik oldugundan sabit sicaklikta mol

c)

sayisi fazladir.
Her iki bolmedeki molekiillerin ortalama kinetik enerjileri esit oldugundan mol
sayilar1 aynidir.

d) Her iki bolmedeki gazin basinci hakkinda bilgi sahibi olmadan mol sayist hakkinda

e)

12.

yorum yapilamaz.
Ikinci bolmedeki gazin hacmi kiiciik oldugundan basinci fazladir. Dolayist ile birim
zamanda birim yiizeye ¢arpan tanecik sayisi fazladir.

Sekilde verilen sistemin pistonu sabit sicaklikta asagiya dogru itilirse X gazi ile ilgili
ozelliklerden hangisi degisir?

Birim zamanda birim yiizeye carpan molekiil sayisi

Ortalama molekiil hiz
Sicaklik

X gazi

Molekiillerin biiytikliigii

Asagidaki agiklamalardan hangisi cevabinizin nedenini en uygun sekilde agiklar?

Gaz sikistirilip basing artacagindan molekiillerin hizi da artar.

Gaz molekiilleri birbirine yaklasip hacim azalacagindan molekiillerin biiytikliigii
azalir.

Sicaklik artar ve boylece taneciklerin kinetik enerjisi artar.

Gaz molekiilleri birbirine yaklasir, hacim azalir ve birim zamanda birim yiizeye
carpan molekiil sayis1 artar.

Gaz sikistirilinca hacim azalir ve ortalama molekiil hiz1 azalir.
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Asagidaki sekilde agzi kapal1 genis bir kavanoz ve i¢ine yerlestirilmis iki elastik balon
goriilmektedir. Sisenin alt kismm elastik bir zarla kapatilmistir. Balonlar bir adet ince
boru ile atmosfere aciktir. Asagida verilen 13. 14. ve 15. sorular1 bu bilgileri g6z
oniinde bulundurarak cevaplayiniz.

13. Sekildeki durumda balonun icindeki hava basincini, sisenin icindeki hava basinci ve
atmosfer basinci ile kiyaslayiniz.

I.  Atmosfer basinci > Sisenin basinci > Balonun basinci
II.  Sisenin basinci = Atmosfer basinci = Balonun basinci
III.  Atmosfer basinci > Sisenin basinci = Balonun basinci

IV.  Sisenin basinc1 > Atmosfer basinci > Balonun basinci

AN

Elastik

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde
aciklar?

a) Daisaridan bir etki olmadig siirece, dengedeki bir sistemde i¢ basing daima atmosfer
basincina esit oldugundan ii¢iiniin basinci esittir.

b) Atmosferdeki hava molekiilleri cok daha fazla oldugu i¢in atmosfer basinci her
ikisinden de biiytiktiir.

¢) Atmosferdeki molekiillerin sayisi sisenin i¢indeki molekiil sayisindan, sisedekilerde
balondakilerden fazla oldugu i¢in basing¢larin biiyiikliigii de boyle siralanir.

d) Sise cam oldugu i¢indeki basing hem atmosfer basincindan hem de balonlarin
basincindan biiytiktiir.

e) Atmosferdeki hava molekiilleri yalnizca hareket halindeki cisimlere basing
uygulayacagindan birim hacimde sise ve balonun i¢indeki molekiillere gére daha az
basing uygular.

14. Sisenin alt kismindaki elastik zar sekildeki gibi asag1 dogru ¢ekildiginde ne

gozlemlemeyi beklersiniz?

I.  Balonlar siser.
II.  Balonlarin hacmi azalir.
III.  Hig bir degisiklik gézlenmez.
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Asagidaki ac¢iklamalardan hangisi cevabinizin nedenini en uygun sekilde
aciklar?

a) Hacim azaldigi icin sisenin i¢ basinc artar. Acik hava basinct -i¢ basing farkindan
dolay1 balonlarin hacmi de azalir.

b) Cam sise i¢cindeki basing ile A¢ik hava basinci dengelenecegi icin hicbir degisiklik
gbzlenmez.

¢) Yukaridan asagiya dogru etkiyen acik hava basinci balonlarin sismesine neden olur.

d) Hacim artti81 i¢in sisenin i¢ basinci azalir. A¢ik hava basinci-i¢ basing farkindan
dolay1 balonlara hava girisi olur, balonlar siser.

e) Atmosfer basinci gaz molekiilerini balonlarin i¢ine dogru iter ve balonlar siser.

15. Asagida belirtilen sartlarin hangisinde balon patlayabilir?

I.  Sistem atmosfer basincin daha yiiksek oldugu bir yere gotiiriiliirse
1L Sisenin icindeki hava tamamen bosaltilirsa
III. Sisenin icine hava eklenirse
IV.  Sisenin hava girisi kapatilip sistem 1sitilirsa

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde
aciklar?

a) Atmosfer basincinin yiliksek olmasi sige i¢indeki basinci da artirir ve balonlar
patlayabilir.

b) Sisedeki hava bosalirsa atmosfer yalnizca balona basing uygular, hacim artar ve
balonlar patlayabilir.

¢) Sisenin icine hava eklenirse i¢ basing artar. Balonlarin hacmi artar ve patlayabilir.

d) Sisenin icindeki hava cekilirse i¢ basing artar. Basing farkindan dolay1 balonlar
patlayabilir.

e) Sise icinde sicaklikla beraber basing artar. Balonlar elastik oldugundan 1sinan gaz
tanecikleri belli bir hacme kadar genisler sonrasinda balonlar patlayabilir.

16. Ug 6zdes elastik balondan biri X, biri Y, digeri ise Z gazi ile esit hacimli olacak
sekilde, oda kosullarinda doldurulmustur. Ayn1 ortamda, bir siire sonra, gazlarin
balon ¢eperlerinden sizmasi nedeniyle balonlarin hacimleri (V) degismis ve Vx < Vy
<Vz olmustur.

v e
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Buna gore balonlardaki gazlar icin asagidakilerden hangisi dogrudur?

I.  Son durumda X in mol sayist Y den biiyiiktiir.
II.  Yayilma hiz1 en biiyiik olan X dir.
III.  Molekiil kiitlesi en biiyiik olan X dir.
IV.  Yayilma hiz1 en biiyiik olan Z’dir.

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde
aciklar?

a) Son durumda hacmi en kiiciik olan X balonu ise X balonundaki taneciklerin mol
sayis1t Y den biiytiktiir.

b) Son durumda hacmi en biiyiik olan Z balonu ise, Z balonundaki taneciklerin yayilma
hiz1 daha biiyiiktiir.

¢) Gazlarin yayilma hizi molekiil kiitleleri ile dogru orantilt oldugundan mol kiitlesi en
biiylik olan X’dir.

d) Molekiil kiitlesi kii¢iik olan tanecikler, bilylik olanlara gdre daha hizli hareket
edeceginden X in yayilma hiz1 en biiyiiktiir.

e) Z balonunun hacmi en biiyiik oldugundan yayilma hiz1 en biiyiiktiir.

17. Asagidaki kaplarin iiciinde de bir gercek gaz olan H, bulunmaktadir. Bu
gazlardan hangisi ideale en yakindir?

P=1 atm P=0,1 atm
T=0 °C T=25 °C
L. II1. II1.

Asagidaki acgiklamalardan hangisi cevabinizin nedenini en uygun sekilde
aciklar?

a) Yiiksek sicaklik ve diisiik basincta kinetik enerjisi artan taneciklerin molekiiller arasi
cekim kuvveti azalir ve gaz ideale yaklasir.

b) Yiiksek basincta molekiiller birbirine yaklasir ve gercek gazlar ideal gaza benzer
davranis gosterir.

c) Bir gazin ideal gaz olmas1 o gazin cinsine baghidir.

d) Diisiik sicaklik ve yiiksek basingta kinetik enerjisi artan gaz molekiilleri birbirinden
uzaklasir ve ideale yaklasir.

e) 0 atm basinca en yakin gaz ideal davranir. Ciinkii bu basingta gaz tanecikleri hareket
etmez.
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18.

Asagidaki sekilde hacimleri esit olan kaplar M muslugu ile birbirine baglanmustir.

M
CH, T Bos
SO,
He
I kap IL. kap

1. kaptaki gazlarin mol sayilar esittir. Musluk kisa bir siire i¢in agilip

kapatiliyor. Buna gore asagidaki bilgilerden hangisi dogrudur?(He:4, CH4:16,
SO,: 64)

IL.
III.
Iv.

2. kaptaki miktari(mol say1s1) en fazla olan SO, dir.

1. kapta kiitlesi en fazla olan He dur.

1. kaptaki gazlarin kismi basin¢lart PHe<PCH,<PSO,
1. kaptaki gazlarin kismi basin¢lar1 PHe =PCH, =PSO,
Verilen bilgi yetersizdir.

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde

aciklar?

a)

b)

c)

d)

19.

Molekiil agirlig: kiiciik olan He gaz1 CH, ten, CH,4 gazi da SO, den hizli hareket
eder. Buna gore 1. kaptaki mol sayilart nHe<nCH4<nSO, olacagindan kismi
basinglar1 da PHe<PCH,<PSO, olur.

Gazlarin mol sayilar1 esit oldugundan son durumda 1. kaptaki kismi basing¢lari da
esittir.

Gaz taneciklerinin hareketi sicakliga bagli oldugundan sicakligi bilmeden gaz
taneciklerinin ikinci kaba gecip gecmeyecegi bilinemez.

Gazlarin yayilma hizi mol sayilari ile dogru orantili oldugundan SO, gazi ikinci
kapta daha fazladir.

Gazlarin yayilma hizi molekiil agirliklari ile dogru orantili oldugundan birinci
kaptaki He kiitlesi en fazladir.

Belirli bir gaza iliskin yapilan ii¢ deneyde basing-hacim grafigi
yandaki gibi bulunmustur.
Bu ii¢ deneyle ilgili verilen bilgilerden hangisi/leri dogrudur?

PA
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L.
IL
III
Iv.

Deneyler farkli sicaklikta yapilmis olabilir.

Deneylerde farkli miktarda gaz kullanilmis olabilir.
Deneylerde hem sicaklik hem de miktarlar farkli olabilir.
Hepsi dogrudur.

Asagidaki agiklamalardan hangisi cevabinizin nedenini en uygun sekilde agiklar?

a)
b)

c)

d)

Hacim-basing iligkisi mol sayis1 ve sicakliktan bagimsizdir.

Deneyler farkli sicaklikta yapildiginda kinetik enerjisi degisen taneciklerin
P-V degerleri degisir.

PV=k bagintisindaki “k “sabiti hem sicakliga hem de mol sayisina bagl
olarak degisir.

Yalnizca gazin miktar1 degistirilirse kabin ¢eperlerine uygulanan basing ve
dolayisi ile hacim degisir.

P-V degerlerinin degismesi hem sicakligin artmasi1 ayni zamanda da mol
sayisinin degismesi ile miimkiindiir.

20. SO; gazinin 40 saniyede gectigi borudan ayni kosullarda Ne gazi kag¢ saniyede
gecer?(S:32, 0:16, Ne:20)

L.
IL
III

40 sn’den fazla
40 sn
40 sn’den az

Asagidaki aciklamalardan hangisi cevabinizin nedenini en uygun sekilde agiklar?

a) Gazlarin yayilma hiz1 molekiil kiitleleri ile dogru orantilidir.
b) Molekiil kiitlesi kiigiik olan Ne gazi, biiyiik olan SO; gazina gére daha hizli
hareket eder.
¢) Mol sayilar ayni ise iki gazda ayni hiza sahiptir.
d) Molekiil kiitlesi biiyiik olan SO; gazi, kii¢iik olan Ne gazindan daha hizli
hareket eder.
e) Mol sayilar1 ayn1 ise SO; daha hizli hareket eder.
GCT-II Answer KEY
1 2 3 4 5 6 7 8 9 10
Iv-b |1v-C |1I-A |I-A |1IV-D |[II-D IV-E |I-C II-D I-B
11 12 13 14 15 16 17 18 19 20
II-B I-D II-A |I-D |IV-E |1I-D Im-A | 1II-A | 0I-C | III-B
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APPENDIX F

ATTITUDE SCALE TOWARD CHEMISTRY
KiMYA DERSi TUTUM OLCEGI

ACIKLAMA: Bu o6lgekte, Kimya dersine iliskin tutum ciimleleri ile her ciimlenin karsisinda
Tamamen Katiliyorum, Katiliyorum, Karasizum, Katilmiyorum, Hi¢ Katilmiyorum olmak
izere bes secenek verilmistir. Her climleyi dikkatle okuduktan sonra kendinize uygun olan

tek bir secenegi isaretleyiniz. Tesekkiir Ederim.

Ad1 Soyada:
Smifi/Numarasi:
g g

| E|=|&| £
23 s N 2 =
EX| = | | E =
EZ | = s = =
s < ] < ] 2R
== =~ =~ =~ =

1. Kimya ¢ok sevdigim bir alandir. o o

2. Kimya ile ilgili kitaplar1 okumaktan hoglanirim. o o

3. Kimyanin giinliik yasantida ¢ok ©nemli yeri 5 5

yoktur.

4. Kimya ile ilgili ders problemlerini ¢6zmekten 5 °

hoslanirim.

5. Kimya konulanyla ilgili daha ¢ok sey dgrenmek 5 °

isterim.

6. Kimya dersine girerken sikint1 duyarim. 0 0

7. Kimya derslerine zevkle girerim. 0 0

8. Kimya derslerine ayrilan ders saatinin daha fazla 5 °

olmasini isterim.

9. Kimya dersini ¢alisirken canim sikilir. 0 0

10. Kimya konularini ilgilendiren giinliik olaylar 5 5

hakkinda daha fazla bilgi edinmek isterim.

11. Disiinme sistemimizi gelistirmede Kimya 5 °

O0grenimi onemlidir.

12. Kimya cevremizdeki dogal olaylarin daha iyi

anlagilmasinda 6nemlidir. © °

13. Dersler icerisinde Kimya dersi sevimsiz gelir. o o

14.Kimya konulariyla ilgili tartigmalara katilmak o °

bana cazip gelmez.

15. Calisma zamanmimin Onemli bir kismi Kimya 5 5

dersine ayirmak isterim.
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APPENDIX G

ARGUMENTATIVENESS SCALE TOWARD ARGUMENTATION

TARTISMACI ANKETI

Bu anket sizlerin tartigmaya ne kadar istekli (yakin) ve uzak oldugunuzu belirlemek icin
olusturulmustur. Ankette 20 ciimle verilmistir. Her bir ciimleyi dikkatlice okuduktan sonra,
inandiginiz ya da diislindiigiiniiz yalnizca bir segenegi isaretleyiniz. Bu anketteki sorularin
dogru veya yanlis cevaplart yoktur. Ayrica anket sonuglarimiz okul idaresine,
ogretmenlerinize veya ailenize verilmeyecektir. Cevaplarimizda diiriist ve icten olmaniz,
calismanin amaci icin ¢ok Onemlidir. Bilimsel bir calismaya katkida bulundugunuz i¢in
tesekkiirler. (Kutulardan sadece bir tanesine X isareti koyabilirsiniz)

Anket Maddeleri

Her
zaman
Sik sik
Bazen
Nadiren
Hicbir
zaman

1 Bir tartismada, tartistigim kisinin
benim hakkimda olumsuz bir izlenime
kapilmasindan endise duyarim.

2 Cekismeli konularda tartigmak zekami
gelistirir.

3 Tartigmalardan uzak durmayi severim.

Bir konuyla ilgili tartisirken ¢ok istekli
olurum ve kendimi enerji dolu
hissederim.

5 Bir tartismay1 bitirdigim zaman, bir
daha bagka bir tartismaya
girmeyecegime kendi kendime soz
veririm.

6 Bir kisiyle tartismak, benim icin
coziimden cok problemler yaratir.

7 Bir tartismay1 kazandigim zaman,
giizel duygular hissederim.

8 Biriyle tartigmayi bitirdigim zaman,
kendimi sinirli ve lizgiin hissederim.
9 Cekismeli bir konu hakkinda iyi bir
tartisma yapmaktan hoslanirim.
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Anket Maddeleri

Her zaman

Sik sik

Bazen

Nadiren

Hicbir zaman

10

Bir tartigma igerisine girecegimi
anladigim zaman, hos olmayan
duygular hissederim.

11

Bir konu hakkinda fikrimi
savunmaktan zevk alirim.

12

Tartisma meydana getirecek bir olay1
engelledigim zaman mutlu olurum.

13

Cekismeli bir konuda tartigsma firsatini
kacirmak istemem.

14

Benimle ayn1 diisiincede olmayan
insanlarla bir arada olmay1 ¢ok
istemem.

15

Tartigmay1 heyecan verici, karsi
koyma ve zihinsel bir olay olarak
algilarim.

16

Bir tartisma sirasinda etkili fikirleri
kendi kendime iiretemem.

17

Cekismeli bir konuda tartistiktan sonra
kendimi yeniden canlanmis ve mutlu
hissederim.

18

Bir tartigsmay iyi bir sekilde yapacak
yetenege sahibim.

19

Bir tartigma igerisine ¢ekilmekten uzak
durmaya caligirim.

20

Bir konugmamin tartismaya
doniisecegini hissettigim zaman ¢ok
heyecanlanirim.
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APPENDIX H

SEMI-STRUCTURED INTERVIEW QUESTIONS
Oda sicakliginda (25 °C) balon i¢indeki gaz taneciklerinin dagilimi sekildeki

gibi ise;

Taneciklerin 0 °C deki goriintimii;

1. Buzlu suda(0 °C) deki su icinde gaz taneciklerinin goriiniimii nasil olabilir?
Neden? Gerektiginde ¢izerek gostermeleri istenir.

2. 90 °C deki su icinde gaz taneciklerinin goriiniimii nasildir? Neden?
Gerektiginde cizerek gostermeleri istenir.

3. Gazlarnn diftizyonu deyince ne anliyorsunuz? Giinliik hayattan 6rnek verebilir

misiniz?

4. Asagidaki resimlerin hangisinde agik hava basinci vardir? Neden?

- ¥ %&Z
= @ A &
:

I. Kus uguyor. II. Kedi duruyor. II1.Yel degirmeni doniiyor. IV.Yaprak

savruluyor
5. Acik hava basinci Everest’in tepesinde mi yoksa eteklerinde mi daha
yiiksektir? Neden?
6. Bir gazin ideal olmasi ne demektir? Havadaki oksijen ideal bir gaz midir?
Ideal gazin 6zellikleri nelerdir?(Cevap gelmemesi halinde ya da cevabi biraz

daha agmak icin) Peki gercek gaz deyince ne anliyorsunuz?
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7. Kapal bir kap icerisinde 3 mol gaz oldugunu diisiinelim. Bu kapali kap
hareketli bir piston sahip olsun. Kabin icine 1 mol daha ekstra gaz ekleyip

sicakligi da artirirsak ne gibi degisimler gozleriz?
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APPENDIX I

CLASSROOM OBSERVATION CHECKLIST

1/
Hayir

2/

Kismen

3/
Evet

1. Ogretmen dersin basinda herhangi bir giris etkinligi
(tartigsma, gosteri deneyi, vs.) yaptt mi1?

2. Ogretmen dgrencilerin 6n bilgilerini dikkate aldi mi?

3. Ogretmen dgrenciler igin uygun etkinlik/deney uyguladi
mi?

4. Ogrencilere verilen arastirma sorulari sinif ortaminda
tartisildn m1?

5. Ogrenciler gruplar halinde arastirma sorusunu ¢ézmek
i¢in uygun bir yontem belirledi mi?

6. Gruplar belirledikleri yontemi takip ederek arastirma
sorusunun cevabim arastirdilar m?

7. Ogrenciler deney sirasinda gozlemlerini kaydettiler mi?

8. Gruplar deney sonunda gozlemlerine ve verilerine dayali
olarak iddialar olusturdular mi1?

9. Gruplar iddialarini desteklemek icin deliller olusturdular
mi?

10.Her grup iddia ve delillerini diger gruplarla ve 6gretmenle
paylasti m1?

11.0grencilerden deney sonrasi rapor yazmalari istendi mi?

12.Gruplar deney sonrasi deney raporlarini uygun sekilde
doldurdu mu?

13.Her bir grubun deney raporlar farkli gruplara dagitilip
diger ogrenciler tarafindan incelendi mi?

14.Gruplara raporlarini tekrar diizenlemeleri icin firsat
verildi mi?

15.0grenciler soru sormaya tesvik edildi mi?

16.0gretmen, dgrencilere kavramsal sorular sordu mu?

17.0gretmen, kavramlar1 dogrudan dgrencilere vermeye
calisti m1?

18.0gretmen 6grencilere doniit verdi mi?

19.Biitiin 6grenciler aktif olarak derse katildilar m1?
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APPENDIX J

HANDOUT FOR TEACHERS
Argiimantasyona Dayali Sorgulayic1 Egitimin Basamaklari

1. Adim
Bu adim 6grencilerin dikkatini cekmek amaci ile tasarlanmistir. Ogrencilere verilen
calisma yapraklarinda yiiriitecekleri arastirma ile ilgili gerekli bilgi kisaca yer
almaktadir. Calisma yapraklar1 ayn1 zamanda dgrencilerin cevaplamalar1 gereken bir
arastirma sorusu ve bu arastirma sirasinda ihtiya¢ duyacaklar1 deney malzemelerinin
listesini icermektedir. Ogrencilerden ilk olarak arastirma sorusuna cevap bulabilmek
icin verilen malzemeleri kullanarak bir deney tasarlamalar istenir. Etkinlik
yapragindaki arastirma sorusuna cevap vermek i¢in nasil bir deney diizenegi
kuracaklarma grup olarak diisiiniip karar vermeleri icin yaklasik 15 dk verilir. Buna
alternatif olarak, etkinlik dgrencilere bir 6nceki dersin sonunda dagitilip takip eden
derse izleyecekleri yonteme karar verip gelmeleri beklenebilir. Her grup, grup olarak
hangi yontemi izleyecegine karar verip tahtaya ya da calisma yapraklarina yazar.

2. Adim
Bu adimda 6grencilerden izleyecekleri yonteme karar vermis olmalar1 ve bunu
tahtaya ya da calisma yapraklarina yazmalar1 beklenir. 11k olarak 6grenciler herhangi
bir elestiri ya da yonlendirme olmadan izleyecekleri yontemi yazarlar/bahsederler.
Her grup yonteminden bahsettikten sonra kisa bir sinif tartismasi ile gruplarin
yontemleri siif tarafindan degerlendirilir. Bu sirada 6gretmenin gorevi gerekli
yonlendirmelerle 6grencilere kilavuzluk etmektir. Gerekli durumlarda 6gretmen
caligma yapragindaki malzeme listesini 68rencilerin bir ipucu olarak kullanmasini
saglamalidir. Bu sinif tartismasina ayrilacak vakit en fazla 15 dk olarak
belirlenmistir. Ogrenci grubunun seviyesi dolayis1 6nerilen yontemler iizerinde ile
baz1 diizeltmeler ve yonlendirmelere gerek duyulabilir. Bu asamadan sonra
ogrenciler yontemleri ile arastirma sorusunu test etme asamasina gecerler. Deney
sirasinda dgrenciler, not tutmaya ve gozlemlerde bulunmaya yonlendirilir.
Ogrenciler asina olmadiklar1 bir yontemle karsilastiklarindan laboratuvar

arastirmalar1 sirasinda 6gretmene sikca gesitli sorular yonlendirebilir. Ogretmen bu
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sorulara dogrudan cevap vermekten kacinmali ve “Neden boyle diisiiniiyorsun?”,
gibi 6grenciyi diisiindiiriicii ipuclar: vermelidir. Gruplarin uygun olmayan ¢oziimler
tirettigi durumlarda 6gretmen yonlendirici sorularla 6grencileri arastirmanin farkl
yonlerini diisiinmeye sevk etmelidir. Ornegin 6gretmen dgrencilere yeni bir deney
yapmalarini veya daha fazla kimyasal kullanmalarini nerebilir. Bu adimin sonunda
ogrencilerin iddialarini ve kanitlarin1 yazmalar1 ve simif arkadaslar ile paylasmalari
beklenir(20-25 dk).

3. Adim

Bu adimda 6grenciler arastirma sorularina cevap niteligindeki argiimanlarini ortaya
koyarlar. Arastirma sorusuna verdikleri cevaplar, gozlemleri ve bulgularindan yola
cikarak ortaya koyduklari iddialari, kanitlar1 ve gerekgelerini icerir. Her grup kendi
icinde sorunun cevabini tartisarak ortak noktaya varmaya ¢alisir. Bu kiiciik grup
tartismasinin ardindan, her grubun ortak bir iddia ortaya koymalar1 ve bu iddiay1
uygun veri ve gerekgelerle agciklamalart beklenir. Bu asamada 6grenciler ¢alisma
yapraklarindaki rapor formatinda 3, 4 ve 5. kisimlar1 doldurmaya tesvik edilmelidir(5
dk).

4. Adim

Bir 6nceki adimin tamamlanmasindan sonra her gruba argiimanini siniftaki diger
arkadaslari ile paylagmak icin firsat verilir. Her grup, arastirma sorunun
cevabini(iddia), deney sonucu bulduklar1 ve gozlediklerinin sonunda ortaya
koyduklar1 iddianin kanitlarin1 ve iddia ile kanitlar1 baglayan gerekcelerini tahtaya
yazarak/soyleyerek sinifta paylasir. Bu adimin asil amaci 6grencilerin iddia gerekce
ve kanitlarinin siiftaki diger arkadaslar ile paylasmalar diger bir deyisle her
argiimanin diger gruplar tarafindan da goriilebilir olmasina imkan saglamaktir(5-10
dk).

Bu basamakta 6gretmenin rolii 6grencilere yardimei olmaktir. Ornegin bir grup iddia
ortaya koyup bunu herhangi bir kanit ile desteklemediginde, 6gretmen 6grencilere
sorular sorup onlar1 bir uygun bir aciklama yapmak icin yonlendirmelidir. Bir grup
yalnizca bir iddiada bulunup bunun i¢in herhangi bir kanit gosteremiyor ise,
ogretmen 6grencilere “Neden boyle diisiiniiyorsun?”, “Bu iddiay1 yaptigin deneyden
yola ¢ikarak nasil kanitlarsin?” gibi sorular sorarak onlart yonlendirmelidir. Bu adim

sonunda her grup diger grubun iddiasini, gerekcesini ve kanitin1 gorebilir. Bagka bir
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deyisle 0grencilerin digerlerinin argiimanlarini degerlendirmek i¢in firsat sahibi
olurlar ve hangisinin daha uygun olduguna karar verebilirler.
Gruplar tarafindan ortaya konan yanlis veya eksik argiimanlara diger 6grenciler ya da
onlar yetersiz ise 6gretmen tarafindan miidahale edilebilir. Tiim sinif tartismasi sona
erdikten sonra 6gretmen gerekli gordiigli aciklamalar1 yapar.

5. Adim
Bu adimda 6gretmen 6grencilerden ¢alisma yapraklarindaki deney raporundaki her
bir maddeyi doldurmalarini ister. Bu rapor formatinin amaci 6grencilerin
arastirmalar: sirasinda amaci anlamalart ve bilimsel yazma konusunda deneyim
kazanmalaridir. Argiimantasyona dayali sorgulayici egitim modeli deney formatinda
konu ile ilgili gerekli temel bilgi, arastirma sorusu, kullanilacak deney
malzemelerinin listesi ve giivenlik 6nlemleri yer alir(5-10 dk).
Ogretmen rapor formatinin ayrmtilarim dgrenciler igin aciklar. Ogrencilerden
calisma yapraklarindaki bos birakilan yerlere cevaplarin1 yazmalart istenir.
Ogrenciler, deney boyunca takip ettikleri yontemi, gozlemlerini, deneyden elde
ettikleri verileri, iddialarini, kanitlarini, gerekcelerini yazmalar1 beklenir. Raporun
sonunda degisen fikirler var ise bunlarin yazilmasi istenir.

6. Adim
Ogrenciler arastirma raporlarin1 tamamladiktan sonra, dgretmen her grubun
raporunu gelisigiizel diger gruplara dagitir. Ogrenciler diger gruplarin raporlarini
inceler ve grup degerlendirme 6lcegine gore degerlendir. Grup degerlendirme dlcegi,
“Grubun iddias1 eksik ya da dogru degildir; Grubun sundugu kanit eksik ya da dogru
degildir; Grubun gerekgesi eksik ya da dogru degildir.” seklinde ii¢ adet
degerlendirme ifadesi igerir. Her grup diger grubun raporunu degerlendirirken bu
ifadelerden faydalanarak raporun gecerli ya da gecgersiz olduguna karar verir. Zaman
yetersiz ise bu adim bazen atlanabilir(5-10 dk).
7. Adim
Bu adimda her gruba kendi raporlarin1 geri doniitler 1s181inda yeniden gézden gecirip
diizeltme sansi verilir. Raporun son hali bir sonraki derste getirilmek {izere
ogrencilerden istenir. Tamamlanan rapor 0gretmene teslim edilir. Zaman yetersiz ise

bu adim bazen atlanabilir.
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APPENDIX K

SAMPLE ADI LESSON PLAN
DERS PLANI 1

BOLUM 1

Dersin adi: Kimya

Sinifi:

Unite Adi: Maddenin Halleri
Konu: Gazlar

Onerilen Siire: 90 dk

BOLUM 2
Ilgili Kazanimlar:
e Ideal gazin davranislarini agiklamada kullanilan temel varsayimlari

irdeler(Kinetik Teori).
On Bilgiler

e Basing, sicaklik, hacim ve mol kavramlar1 daha 6nce 6grenilmis olmalidir.

BOLUM 3
Ogretme-Ogrenme Etkinlikleri

1. OGRENCILERIN ON BILGILERININ ORTAYA CIKARILMASI

Ogretmen 6grencilerin konu ile 6n bilgilerini ortaya cikarmak icin giinliik hayattan
ornekler kullanir. Oncelikle dgrencilere “Giinliik hayatta en sik karsiastiginiz gaz
maddeler nelerdir?” sorusu yoneltilir. Ogrencilerden gelen cevaplarla birlikte
“Solugumuz hava, evde ocaklar1 yakmak icin kullandigimiz tiip ya da dogal gaz, ,
LPG gibi cevremizde cokcga rastlayabilecegimiz maddeler gaz halindeki

maddelerdir.” gibi ornekler verilir.
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Gaz taneciklerinin davraniglarim agiklamak icin gelistirilen teoriye kinetik
teori denir.

Bilinen (gercek) gazlarin davranislarina iliskin uzun siiren gézlem ve ol¢timler
sonucunda bilim adamlar1 gazlarin davraniglarin1 anlamay1 kolaylastiran
kinetik teoriyi gelistirmislerdir.

Bu teoride 6ngoriilen kabuller asagida maddeler halinde verilmektedir.

1. Kinetik teoriye gore gaz tanecikleri birbiriyle etkilesmeyen, yani aralarinda
cekme ve itme olaylarinin soz konusu olmadigr bagimsiz parcaciklar olarak
kabul edilir. Bu ylizden gaz tanecikleri arasindaki uzaklik, taneciklerin kendi
biiyiikliiklerine oranla ¢ok fazladir. Bu olgu havada yol almanin sudakine gore
neden daha kolay oldugunu yeterince agiklamaktadir.

2. Gaz tanecikleri birbirleriyle veya bulunduklart kabin ceperleri ile
carpisincaya kadar her yonde ve ¢cok hizli dogrusal hareketler yaparlar. Bu
nedenle gaz tanecikleri bulunduklar1 kabin tamamina yayilir ve kabin bi¢cimini
alirlar

3. Gaz taneciklerinin yaptiklar: carpigmalar tiimiiyle esnek olup, carpismada
herhangi bir enerji kaybi yoktur. Boylece carpisan tanecikler 6nceki hizlari ile
bagska bir dogrultuda hareketlerini siirdiiriirler.

4. Gaz taneciklerinin kinetik enerjileri sicaklikla (T) degisir. Gaz isitildiginda
tanecikler cok daha hizli hareket ederken, sogutuldukca hizlart diiser. Teorik
olarak, belirli bir sicakliga inilebildiginde de tiim hareketler durur. Bu sicaklik
mutlak sifir olarak bilinir ve -273, 15° C ya da O K (Kelvin) degerindedir.

“Gazlar neden bulunduklar: kabin hacmini ve bigimini alirlar?” sorusu ile gazlarin

kinetik teorisine giris yapilir. Ogrencilerin diisiiniip fikir yiiriitmeleri istenir. Bu

noktada konuyu bilmedikleri varsayilarak 6grencilerden tam dogru cevap

beklenmemektedir. Tahminde bulunma ve ¢ikarim yapmalari istenmektedir. Sinif i¢i

yaklasik 5 dk’lik soru cevaplarla 6grencilerin 0n bilgileri aciga ¢ikarildiktan sonra

Gazlarin kinetik teorisi agiklanir.

Gaz Molekiillerinin Hareketleri




Daha sonra gazlarin yayilmasi ile ilgili 6n bilgilerini belirlemek amaciyla su soruyu
yonlendirilir:

Odanin bir ucunda sikilan parfiim ya da kolonya kokusunu odanin diger ucundan
alabiliriz. Bu durumun sebebi nedir? ya da agzi acik birakilan bir bardaktaki suyun

belli bir zaman sonra miktarimin azalmasimin sebebi nedir?

Ogrenciler giinliik hayatta karsilastiklar1 bu olaylar1 muhtemelen 6n bilgileri ile
birlestirip “gazlarin bulunduklar1 ortama yayilmas1” seklinde agiklayacaklardir.

Daha sonra 6grencilere kinetik teori ile ilgili etkinlik yapilacag: agiklanir.

2. ETKINLIiGIN UYGULANMASI- ARGUMANTASYONA DAYALI
SORGULAYICI EGIiTiMiN BASAMAKLARI

1. Adim

Bu adimda 6gretmen ogrencilere gazlarin difiizyonu ile ilgili calisma yapraklarini
dagitir. Ogrencilerden yaprak iizerinde yer alan bilgiyi ve gazlarin difiizyonu ile ilgili
arastirma sorusunu okumalari istenir. Etkinlikte verilen senaryoya gore Selma ve
Metin adl iki 6grenciden laboratuvarda karismis olan iki siseye dogru etiketi
yerlestirmeleri istenmektedir. Bu siselerden birinde NH; digerinde HCI oldugu
bilinmektedir. Verilen bu gorevi yerine getirmek icin 6grenciler bir deney yapmaya
karar verirler. Bu noktada, 6grencilerden kendilerini Selma ve Metin’in yerine
koyarak bir deney tasarlamalar1 ve hangi, sisede NH3 hangisinde HCI oldugunu
belirlemeleri istenir. Arastirma sorusu “Hangi sisede NH3 hangisinde HCI vardir?”

seklindedir. Bu asamada 6grencilerden yiiriitecekleri deney ile ilgili beyin firtinasi
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yapmalari ve uygun bir metot dnermeye calismalar1 beklenir. Etkinlik yapragindaki
arastirma sorusuna cevap vermek icin nasil bir deney diizenegi kuracaklarina grup
olarak diisiiniip karar vermeleri i¢in yaklasik 15 dk verilir. Buna alternatif olarak,
etkinlik 6grencilere bir 6nceki dersin sonunda dagitilip takip eden derse izleyecekleri
yonteme karar verip gelmeleri beklenebilir. Her grup, grup olarak hangi yontemi

izleyecegine karar verip tahtaya ya da caligma yapraklarina yazar.

Deneyin Amaci: Bu deneyde amag, dogrencilerin iki farkli gazin birbiri icerisinde

karistigini, baska bir ifade ile yayildigint ve yayilma hizlarim kavrayabilmeleridir.

Bilgi: Bu etkinlik gazlarin birbiri icinde nasil yayildigini ispatlamaktadir. Gazlarin
birbiri icerisinde karigmasi, gaz taneciklerinin gelisi giizel hareket ederken
birbirlerine ve kabin ceperlerine carpmalart ile aciklanir. Bu ¢carpismalar sirasinda
molekiiller arast kinetik enerji aktarumi olur. Tek bir tanecigin kinetik enerjisi
degisse bile, taneciklerin ortalama kinetik enerjisi degismez. Bir sistem icerisinde
farkli gazlar olsa bile ayni sicaklikta biitiin gaz molekiillerinin ortalama kinetik
enerjisi aymdir. Aynt sicaklikta iki farkli gaz birbiri ile karistirildiginda molekiillerin
ortalama kinetik enerjilerinin esitligi formiiliinden faydalanilarak Graham difiizyon
yasast ¢tkarilir.

Ortalama kinetik enerji sadece sicakliga baglidir. Ayni kapta bulunan iki gazin
ortalama kinetik enerjisi ayni ise;

Ex = Ex_ (A ve B nin kinetik
A B
enerjileri esittir.)

1 1
vi M
.._';_ = —B dan karekdk alirsak,
\'/ Mp
B
Vo M,

Aymi sicakliktaki gazlarin difiizyon hizlari, molekiil kiitleleri ile ters orantilidir. Diger
bir deyisle nasil zayif olan insanlar daha hizli kosabilirse, molekiil agirligt daha az
olan gazlarda agir gazlara gore daha hizl hareket ederler.
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Arastirma Sorusu: Hangi sisede HCI hangisinde NH; var?

Kullanmilacak Malzemeler
e Derisik HCI

e Derisik NH;
e Cam boru

®  Spor ve lastik
e C(Cetvel

®  Pamuk

Giivenlik Uyarilan
e Deneyinize baslamadan 6nce eldiven giyiniz.
e Derisik amonyak ve hidroklorik asit cildinizi tahrig edebilir dikkatli
kullaniniz.

2. Adim

Bu adimda 6grencilerden izleyecekleri yonteme karar vermis olmalar1 ve bunu
tahtaya ya da calisma yapraklarina yazmalar1 beklenir. Ilk olarak grenciler herhangi
bir elestiri ya da yonlendirme olmadan izleyecekleri yontemi yazarlar/bahsederler.
Her grup yonteminden bahsettikten sonra kisa bir sinif tartismasi ile gruplarin
yontemleri siif tarafindan degerlendirilir. Bu sirada 6gretmenin gorevi gerekli
yonlendirmelerle 6grencilere kilavuzluk etmektir. Gerekli durumlarda 6gretmen
calisma yapragindaki malzeme listesini 68rencilerin bir ipucu olarak kullanmasini
saglamalidir. Bu sinif tartismasina ayrilacak vakit en fazla 15 dk olarak
belirlenmistir. Ogrenci grubunun seviyesi dolayis1 6nerilen yontemler iizerinde ile
baz1 diizeltmeler ve yonlendirmelere gerek duyulabilir. Bu asamadan sonra
ogrenciler yontemleri ile arastirma sorusunu test etme asamasina gecerler. Deney
sirasinda ogrenciler, not tutmaya ve gozlemlerde bulunmaya yonlendirilir.
Bu etkinlikte 6grenciler kimyasallar1 yalnizca pamuklara siselerden damlatip test
etmek gibi yetersiz ve uygun olmayan yontemler 6nerebilirler. Burada 6gretmenin
yapmasi Onerilen sey, malzeme listesindeki diger malzemelerin ne i¢in gerekli
olabilecegini 6grencilerin diisiinmesini ve deneye katmalarini saglamaktir. Bu
deneyin basinda, 6gretmen Graham yasasini tahtaya yazar ve ¢calisma yapragindaki
bilgiyi iceren aciklamalarda bulunur. Ogrencilerden gelen sorular var ise cevaplanir.
Yapilan agiklamalar 1s181nda 6grencilerin iki gazin yayilma hizini karsilastirirken

gazlarn kiitlelerini goz oniinde bulundurmalar1 beklenir. Ogrenciler asina
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olmadiklar1 bir yontemle karsilastiklarindan laboratuvar arastirmalari sirasinda
ogretmene sikca cesitli sorular yonlendirebilir. Ogretmen bu sorulara dogrudan cevap
vermekten kaginmali ve “Neden boyle diisliniiyorsun?”, gibi 6grenciyi diisiindiiriicii
ipuglar1 vermelidir. Gruplarin uygun olmayan ¢oziimler iirettigi durumlarda
ogretmen yoOnlendirici sorularla 6grencileri aragtirmanin farkli yonlerini diisiinmeye
sevk etmelidir. Ornegin 6grenci grubu beyaz duman formatinda goziikecek olan
amonyum kloriirii (NH4Cl) goremiyorsa, 6gretmen 6grencilere yeni bir deney
yapmalarini1 veya daha fazla kimyasal kullanmalarini 6nerebilir. Bunlarin diginda,
amonyum kloriiriin olusumu zaman alacagindan gruplara biraz daha beklemeleri
Onerilebilir. Bu adimin sonunda dgrencilerin iddialarini ve kanitlarin1 yazmalar1 ve

sinif arkadaglari ile paylagmalar1 beklenir(20-25 dk).

HCIi pamuk MNH 510 pamuk

: "

Beyaz
tipa duman

Ogrencilerden sekildeki diizenege benzer bir diizenek kurmalar1 beklenir.

Ogrenciler HC1 ve NH3 gazlarinin karsilastiklar1 noktada beyaz halkanin(NH4Cl)
olusumunu gozlemlerler. Ogretmen gruplar aras1 dolasarak 6grencilere sorular
yonlendirir:

”Neden beyaz halka olustu?”,

“Hidroklorik asit ve amonyak pamuklara sivi olarak damlatildig1 halde nasil cam
borunun ortasinda tepkime gerceklesmis olabilir?”

“Beyaz halka hangi uca yakin? Neden HCl ye yakin bolgede olustu?”
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Ogrenciler, olusan beyaz halkanin NH; ve HCI uclarina uzakliklarini cetvel ile

Ol¢meleri icin yonlendirilebilir.

3. Adim

Bu adimda 6grenciler arastirma sorularina cevap niteligindeki argiimanlarini ortaya
koyarlar. Her grup kendi icinde sorunun cevabini tartisarak ortak noktaya varmaya
calisir. Bu kiigiik grup tartismasinin ardindan, her grubun “Birinci sisede HCI vardir”
seklinde ortak bir iddia ortaya koymalar1 ve bu iddiay1 uygun veri ve gerekgelerle
aciklamalari beklenir. Bu agsamada 6grenciler calisma yapraklarindaki rapor

formatinda 3, 4 ve 5. kistmlar1 doldurmaya tesvik edilmelidir(5 dk).

4. Adim

Bu basamakta 6gretmenin rolii 6grencilere yardimei olmaktir. Ornegin bir grup iddia
ortaya koyup bunu herhangi bir kanit ile desteklemediginde, 6gretmen 6grencilere
sorular sorup onlar1 bir uygun bir aciklama yapmak icin yonlendirmelidir. Bir grup
yalnizca “birinci sise HCl icerir.” iddiasinda bulunup bunun ic¢in herhangi bir kanit
gosteremiyor ise, Ogretmen 6grencilere “Neden boyle diisiiniiyorsun?”, “Bu iddiay1
yaptigin deneyden yola ¢ikarak nasil kanitlarsin?”” gibi sorular sorarak onlari
yonlendirmelidir. Bu adim sonunda her grup diger grubun iddiasini, gerekg¢esini ve
kanitim1 gorebilir. Bagka bir deyisle 6grencilerin digerlerinin argiimanlarin
degerlendirmek i¢in firsat sahibi olurlar ve hangisinin daha uygun olduguna karar
verebilirler.

Ogrencilerden deney ait bulgularin1 yorumlamalar1 sirasinda iddia ileri siirmeleri ve

buna kanit gostermeleri istenir. Ornegin;

Iddia: Birinci sise HCI icerir.

Kanit: Olusan beyaz halka birinci siseye ¢cok daha yakin mesafede
olusmustur.(borunun birinci siseden damlatilan kimyasalin oldugu ucundan 18 cm
uzakta).Ikinci sisedeki kimyasalin kullanildig1 diger ucundan ise yaklasik 32 cm
uzakta olugsmustur. Molekiil kiitlesi kiiciik olan NH3; daha hizli hareket ederek daha
fazla yol almistir.

Gerekce: Molekiil kiitlesi kiiciik olan tanecikler daha hizli hareket eder.
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Gruplar tarafindan ortaya konan yanlis veya eksik argiimanlara diger 6grenciler ya da
onlar yetersiz ise 6gretmen tarafindan miidahale edilebilir.

Iddia: Birinci sise NH3 icerir.

Kanit: Ciinkii beyaz duman yani NH4Cl birinci siseden damlatilan kimyasala daha

yakinda olugmustur.
Seklinde yanlis bir agiklama var ise;

Ciiriitme: Amonyak hidroklorik asitten daha hafif oldugu i¢in beyaz dumanin yakin
oldugu yer hidroklorik asite daha yakin olmalidir. Ciinkii daha hafif olan molekiilii

digerine gore aym siire icinde daha ¢ok yol almistir. Birinci sisede HCI vardir.

Birden fazla argiimanin yer aldig1 bir a¢iklama ile dogru yanit verilebilir. Boylelikle
ogrenciler digerlerinin fikirlerini kritik etmeyi 6grenmis olurlar. Tiim sinif tartigsmasi

sona erdikten sonra 0gretmen gerekli gordiigii aciklamalar1 yapar.

5. Adim

Bu adimda 6gretmen 6grencilerden c¢alisma yapraklarindaki deney raporundaki her
bir maddeyi doldurmalarini ister.

Ogretmen rapor formatimin ayrintilarini  6grenciler igin agiklar. Ogrencilerden
calisma yapraklarindaki bos birakilan yerlere cevaplarin1 yazmalar: istenir.
Ogrenciler, deney boyunca takip ettikleri yontemi, gozlemlerini, deneyden elde
ettikleri verileri, iddialarini, kanitlarini, gerekcelerini yazmalar1 beklenir. Raporun

sonunda degisen fikirler var ise bunlarin yazilmasi istenir(5-10 dk).

6. Adim:

Ogrenciler arastirma raporlarin1 tamamladiktan sonra, 6gretmen her grubun raporunu
gelisigiizel diger gruplara dagitir. Ogrenciler diger gruplarin raporlarini inceler ve
grup degerlendirme 6l¢cegine gore degerlendir. Grup degerlendirme 6lcegi, “Grubun
iddias1 eksik ya da dogru degildir; Grubun sundugu kanit eksik ya da dogru degildir;
Grubun gerekgesi eksik ya da dogru degildir.” seklinde ii¢ adet degerlendirme ifadesi

icerir. Her grup diger grubun raporunu degerlendirirken bu ifadelerden faydalanarak
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raporun gecerli ya da gecersiz olduguna karar verir. Zaman yetersiz ise bu adim

bazen atlanabilir(5-10 dk).

7. Adim

Bu adimda her gruba kendi raporlarini geri doniitler 15181inda yeniden gozden gecirip
diizeltme sansi verilir. Raporun son hali bir sonraki derste getirilmek iizere
ogrencilerden istenir. Tamamlanan rapor 6gretmene teslim edilir. Zaman yetersiz ise

bu adim bazen atlanabilir.

3. ETKINLIK SONRASI YAPILACAKLAR

Etkinligin sonunda 6gretmen gerekli gordiigii durumda konuyu 6zetler.

Bu etkinlik gazlarin birbiri igcinde nasil yayildigint ispatlamaktadir. Gazlarin birbiri
icerisinde karismasi, gaz taneciklerinin geligi giizel hareket ederken birbirlerine ve
kabin gceperlerine carpmalart ile agiklanir. Bu carpismalar sirasinda molekiiller
arasi kinetik enerji aktarunt olur. Tek bir tanecigin kinetik enerjisi degisse bile,
taneciklerin ortalama kinetik enerjisi degismez. Bir sistem icerisinde farkli gazlar
olsa bile ayni sicaklikta biitiin gaz molekiillerinin ortalama kinetik enerjisi aynidir.
Aymi sicaklikta iki farkli gaz birbiri ile karistirlldiginda molekiillerin ortalama
kinetik enerjilerinin esitligi formiiliinden faydalanilarak Graham difiizyon yasast

ctkarilir.

Ortalama kinetik enerji sadece sicakliga baglidir. Ayn1 kapta bulunan iki gazin

ortalama kinetik enerjisi ayni ise;

207



Ex. = Ex_ (A ve B nin kinetik
A B
enerjileri egittir.)

1 1
rE MA'VA2= > MB'V32
VZ
—A ~ B dan karekok alirsak,
v M,
B
v, e Atg)
—_— —_— B{g}
Vg M,

A ve B gazian ayni kapta oldugundan yogduniuk-
lan molekdll agirikianyla dogru orantiiciir,

Va _ (Mg [dg
Vo M, ~{d,

Ayni sicakliktaki gazlarin diftizyon hizlari, molekiil kiitleleri ile ters orantilidir.
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APPENDIX L

BABYSITTER ACTIVITY
Bebek Bakicisi

Arzu Hanim’1n ii¢ ¢cocuguna bakacak bir bebek bakicisina ihtiyaci var. Arzu
hanimin, 9 yasinda bir erkek, 6 yasinda bir kiz, ve {i¢ yasinda bir erkek ¢ocugu
vardir. Arzu Hanim cumartesi giinii sabah 11° den gece yarisina kadar ¢alisacaktir.
Bakic1 6gle yemegi ve aksam yemegini hazirlamali, ¢ocuklara giin boyunca bakmali
ve gece uyutmalidir. Arzu Hanim’in asagidaki 4 gengten birini bu is i¢in se¢mesi
gerekmektedir. Hangisini se¢sin?

Her secenegi tartisin. Her grup bir bebek bakicis1 secerek, diger gruplara
neden o kisiyi sectiklerini agiklamali.

Sevgi .... Ailenin 4iincii ve en kiiciik cocugu. Evde bircok kiz ve erkek kardesi var.
Cocuklarla giizel oyunlar oynayabilir. Yemek yapmay1 sevmez. Uyuma zamani ve
diger kurallarda da ¢ok sikidir.

Aml .... spor yapmay1 ve erkek cocuklartyla oynamay1 sever. Arkadas canlist ve
anlayishdir, cocuklarla hi¢ kavga etmez. TV seyretmeyi ¢ok sever. Annesi eve
dondiigiinde onun yiiziinden evi hep dagimik bulur.

Suna .... Kardeslerinin en biiyiigli. Telefonda konusmay1 cok sevdigi bir erkek
arkadas1 var. Cok iyi yemek yapar ama mutfagr daginik birakir. Cocuklari oyun
oynamalar1 icin serbest birakir, onlarla oynamayir ya da onlara kitap okumay1
sevmez. Ik yardim egitimi almistir. Daha 6nce Arzu Hanim igin bebek bakicilig
yapmustir ve eger gerekirse yatili olarak kalabilir.

Firat .... Evde tek cocuktur. Okulda ¢ok basarilidir. Okumay1 ¢ok sever ve
kitaplarin1 hep yaninda tasir. Eger istenirse ¢ocuklara kitap okuyabilir. Yemek
yapmayi bilmez fakat deneyebilir. Cok kibardir fakat konusmay1 pek sevmez. Arzu
Hanimla ayn1 mahallede oturuyor ve her hangi bir problem durumunda ailesini
arayabilir.
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APPENDIX M

ADI ACTIVITY SHEET
CALISMA YAPRAGI-1

Grubun Adx:

Hangi sisede HCI hangisinde NH; var?

Selma ve Metin, Kimya Laboratuvarinda 6gretmenlerinin verdigi deneyi yapmak
tizere derisik HCI ve NHj ¢ozeltilerini damlalikli siselere koyup etiketlemek iizere
gorevlendirilirler. Cozeltileri siselere koyup etiketleme kismina geldiklerinde hangi
sisede hangi ¢ozelti oldugunu karistirirlar. Siselerdeki ¢ozeltileri bulmak igin bir
deney tasarlamaya karar verirler.

Selma ve Metin bu deneyi tasarlarken su bilgiden faydalanirlar. “HCI ve NH3
gazlar1 tam karsilastiklar1 zaman olusan NH4Cl beyaz bir halka seklinde
gozlemlenebilmektedir.”

Kendinizi Selma ve Metin’in yerine koyarak tasarladiginiz deney sonucuna gore

siselerin etiketlerini yerlestirin.

Bilgi: Bu etkinlik gazlarin birbiri i¢inde nasil yayildigini ispatlamaktadir. Gazlarin
birbiri i¢erisinde karismasi, gaz taneciklerinin gelisi giizel hareket ederken
birbirlerine ve kabin ¢eperlerine ¢carpmalari ile aciklanir. Bu ¢arpigmalar sirasinda
molekiiller arasi kinetik enerji aktarimi olur. Tek bir tanecigin kinetik enerjisi degisse
bile, taneciklerin ortalama kinetik enerjisi degismez. Bir sistem icerisinde farkl
gazlar olsa bile ayn sicaklikta biitiin gaz molekiillerinin ortalama kinetik enerjisi
aynidir. Ayni sicaklikta iki farkli gaz birbiri ile karistirildiginda molekiillerin
ortalama kinetik enerjilerinin esitligi formiiliinden faydalanilarak Graham difiizyon

yasasi ¢ikarilir.
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Ortalama kinetik enerji sadece sicakliga baghdir. Aym kapta bulunan iki gazin

ortalama kinetik enerjisi ayni ise;

Ex = Ex_ (A ve B nin kinetik
A B
enerjileri esittir.)

1 1
vi M
.._';_ = —B dan karekdk alirsak,
\'/ Mp
B
Vo M,

Ayni sicakliktaki gazlarin diftizyon hizlari, molekiil kiitleleri ile ters orantilidir.
Diger bir deyisle nasil zayif olan insanlar daha hizli kosabilirse, molekiil agirlig

daha az olan gazlarda agir gazlara gore daha hizli hareket ederler.

Arastirma Sorusu: Hangi sisede HCI hangisinde NH; var?

Kullanilacak Malzemeler
e Derisik HCI1
e Derisik NH;
e Cam boru
e Spor ve lastik
e Cetvel

e Pamuk

Giivenlik Uyarilari
¢ Deneyinize baslamadan 6nce eldiven giyiniz.
e Derisik amonyak ve hidroklorik asit cildinizi tahris edebilir dikkatli

kullaniniz.
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1-Deney Tasarlama:
Arastirma sorusuna cevap bulmak i¢in nasil bir yol izledim?

2-Gozlemler ve bulgular:
Yaptiklarim sonucunda neler buldum?(Gozlemlerim, bulduklarim neler?)

3-Iddialar:
Gozlemlerim bulgularim sonucu ne iddia ediyorum?(Deney sonunda ulastigim genel
fikir, Ornegin; X...maddesi asittir.)

4-Deliller/Kamtlar:

Bulduklarim ve gozlediklerim sonunda yukaridaki iddiayr ortaya koydum ciinkii
delillerim sunlar;(Deney sonucu bulduklarim. Ornegin;X... maddesi asittir. Ciinkii,
deney sonucunda pH:4 buldum......)

5-Gerekceler/Nedenler:

Iddiami desteklerken su delileri kullandim c¢iinkii gerekcelerim sunlar;(Ornegin,
Ciinkii asitlerin pH’1 0-6 arasindadir. pH:4 olmasi1 gosterir ki madde asidik 6zellik
gostermektedir.)
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6-Degisen Fikirler:
Diisiincelerimi bagkalar1 ile karsilastirdim ve diisiincelerim su yonde degisti;
(Yani diisiincelerimi arkadagslarimin diisiinceleri ile karsilastirdim ve degisen fikirlerim
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APPENDIX N

PEER REVIEW SHEET

Grup Degerlendirme Olcegi

Degerlendiren Grup:
Degerlendirdikleri Grup:
Gecerli/Gecersiz:

Grubun raporundaki iddiasi, kanit1 ve gerekgesini ayr1 ayr1 degerlendirip size uygun
gelen secenegi isaretleyiniz. Sectiginiz yanitin nedenini bog birakilan kisimda

aciklayiniz.
e  Grubun iddiasi dogrudur.(3)
e  Grubun iddias1 eksiktir.(2)
e Grubun iddiasi dogru degildir. (1)
[ ]

Ciinkii;

Grubun sundugu kanit dogrudur.(3)
Grubun sundugu kanit eksiktir.(2)
Grubun sundugu kanit dogru degildir. (1)
Ciinkii;

Grubun gerekcesi dogrudur.(3)
Grubun gerekgesi eksiktir.(2)
Grubun gerekcesi dogru degildir. (1)
Ciinkii;
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APPENDIX O

SAMPLE STUDENT ADI LABORATORY REPORT-1

CALISMA YAPRAGI-1

Grubun Ade GEUP H—J\f@-s

10-D

Hangi sisede HCI hangisinde NH; var?

1-Deney Tasarlama:

| Aragticma sorusuna cevap bulmak igin nasil bir yol izledim?

| Adndan Cam bown ik wng Hpa tle arlastitdit . Hava beshd-
:kgﬂm +ipa il kcf,‘.:i(-hl?é. =N begyat he lkana 0"‘1*‘-::"“5""' iGin

_bfwmaqa breshtdi b

?.—(-'I"l?ii.‘;i.l|L’l"-\'-('.llu|,‘-_'u.i.5l_;‘:
| raptikiarm sonucunda neler buldum?(Gézlemlerim. bulduklarim neler?)
. , _ s y. ValEs
| Amongcrflﬂ heL'ya gare daha 33':1_.{(_11::]\/“ 9% vlemedit.
I i ==

Bx A 2 aumereh Jarleon ndler oldypuny gectloer i

2 owpaeec

Mu, @

|
! bnce pamstlir e 2 svmarah soltsyan 1l ishetlid |

A Mppciree
HCL

im!d’i‘dm gyda  loe barak bulduk.-

| Gidzlemlerim bulgulanm sonucu ne iddia ediyorum?(Deney sonunda ulastugim penel fikir.

I-lddialkar:

| Ornegin: X maddesi asittir.)

G Carok ddie edigorne ki, N

hixh gy

| d-Deliller/Kamitlar:
Bulduklanm ve gézlediklerim sonunda yukaridaki iddiay1 ortaya koydum ¢iinkii delillerim
i sunlardDency sonueu bulduklanm. Ornegin:X... maddesi asittir. Ciinkii, deney sonucunda phid |

| buldum......)

G 3 Lt WCLHGM

Ghakl  9arann St{jr}mﬁ hrlac  oteca
ters otk bagiehwncan Wy, hefik Ve Pridr

|
e Ik\arnn Lae f:éké,bjk
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| G-Degisen Fikirler:

: S-If-'l..'l'(‘l-;'.l;l.':l.l.l‘l‘)rN-(:d-t'.-l'lli.l;‘l';“l 5
| [ddiams desteklerken su delileri kullandim giinkii gerekgelerim sunlar:(Ornegin, (tinkii asitlerin
ph71 0-6 arasidadir. pH:4 olmasi gosterir ki madde asidik dzellik gostermekiedir.)

Gonkd loouda  NH3 koydvgnmn Yaraf diger uea dahg
Gok g,ﬂﬂqfew":-kﬂﬂ, KL deha az UO{' ﬁf'"""]"fﬁl‘ﬂﬂf:m
daha  lendr +cnrcglﬂobéah,

¢ Diistineelerimi baskalar ile karsilagtirdim ve disiineelerim su yiinde deiist: ,
COYVani distineclerimi - arkadaglarmmin distineeleri ile karsilastiedim ve  degisen  fikirlerim |
i sunmbar.,...)

| Dvﬂ??frmacl? : -
Daray A@hminleciviz doguMsennda  eome leindi Olewdyllers

Ve $QP+|9|M:% &lenej amni <aYl 5é‘>3|iidorcfu.
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SAMPLE STUDENT ADI LABORATORY REPORT-2
CALISMA YAPRAGI-1

Grubun Ad: %rbﬂu_ﬂ 511&;1%&{‘ -TE\E.-\Mi

Hangi sisede HCI hangisinde NH; var?

{-Deney Tasarlama:
Arastiroe sorusuna cevap bulmak igin nasil bir yol izledim?

M olekdl qé\rhk".qn Cerle)e olan ki gjerr i boruaua uglarne
Lojup  gsrlemledit.

(g =429 / M = 3657

-Gielemler ve bulgular:
Splik larim sonucunda neler buldum?(Gazlemlerim, bulduklarm neler?)

Garlana Jc_c;r%d\cq“h%- :j‘z"nle be_jcn ir bulu* olugto,
By bult NRy olan iking siseye dlechey 36!;:1«'10’!.

o ]

J-bdddindar:
Giiddembernn bulgulanm sonucu ne iddia ediyorum?(Deney sonunda ulaghden penel Gkir,
Ornedin: Nomaddesi asittir,)

NWy molekols  dahq hizkidie,

aDelilfer/Kantlar:

Bulduklarom ve givlediklerim sonunda yukaridaki iddiayi ortaya koydum ciinkii defilierim |
sunlarz Deney sonucw bulduklarim, OmeginX... maddesi asittiv. Ciinkil. deney sonuconda pli:d |

Bl i

NHy on  ilededigi mesafe ﬁqJ;]q.;_,.L e

\k’j i J‘% o

| Y\ ain {1
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S-Gerchecler/Nedenler:
| Iddiami desteklerken o delileri kullandim giinkdl gerekeelerim sunlar:(Ornegin. Ciinki asitlerin
[ pt 0-0 arnsimdadir, pl:4 olmasy gésterir ki madde asidik zellik adstermekiedir.)

My = ""}5r Mue = 365 gr
MH3 dehg hihohr qﬂn’kb molebd ) kt}‘”&aﬁ dahg Laedibdby,

G-edisen Fikirler:
risiinceterimi bagkalar ile karsilagirdim ve diisineelerim su yénde degisti;
it disimecterinmt arkadaglanmin diigiineeleri ile karsilagtirdim ve  degisen [ikirlerim

SLUTRRALY ... i

220



APPENDIX P

PERMISSION OF STUDY
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