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ABSTRACT

THE EFFECT OF 5E LEARNING CYCLE MODEL ON ELEVENTH
GRADE STUDENTS CONCEPTUAL UNDERSTANDING OF ACIDS
AND BASES CONCEPTS AND MOTIVATION TO LEARN CHEMISTRY

Cetin Dindar, Ayla

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

Supervisor: Prof. Dr. Omer Geban

March 2012, 350 pages

The purpose of this study was to investigate the effect of 5E learning cycle
model compared to traditional teacher-centered instruction on eleventh grade
students’ conceptual understanding of acids and bases concepts and student
motivation to learn chemistry. The measuring tools were Three-tier Acids-Bases Test
(TABT) and Chemistry Motivation Questionnaire (CMQ)). There were two groups,
which were the experimental and traditional group, consisting of 78 students. Before
the implementation, the tools were administered as pre-tests to both groups and the
semi-structured pre-interviews were conducted with eight students to determine
students’ prior knowledge about acids-bases and motivation to learn chemistry.
During the implementation, 5E learning cycle model was used in the experimental
group and the traditional teacher-centered instruction was used in the traditional
group throughout eight weeks. After the implementation, the tools were administered
as post-tests to both groups and the semi-structured post-interviews were conducted
with the same students to determine their post knowledge about acids-bases and
motivation to learn chemistry. Afterwards, the data were analyzed and descriptive and
inferential statistics were obtained. Based on MANCOVA results, there was a
statistical significant mean difference between the groups in favor of experimental

group. Similarly, the students from experimental group scored higher motivation and



this difference was found to be statistically significant. The results were analyzed in
terms of gender as well, and there was found no statistically significant differences
between the post-test mean scores of girls and boys for the effect of the
implementation on understanding of acids-bases concepts or motivation to learn. The

inferential statistics results were also supported with the students interviews.

Keywords: 5E Learning Cycle Model, Chemistry Education, Motivation to Learn Chemistry,
Acids and Bases



Vi
Oz

5E OGRENME MODELININ 11. SINIF OGRENCILERININ ASITLER
VE BAZLAR KONUSUNDAKI KAVRAMSAL ANLAMALARINA VE
KiMYA DERSINi OGRENMEYE YONELIK MOTIiVASYONLARI
UZERINE ETKIiSi

Cetin Dindar, Ayla
Doktora, Ortadgretim Fen ve Matematik Alanlarn Egitimi Bolimu

Tez Yoneticisi: Prof. Dr. Omer Geban

Mart 2012, 350 sayfa

Bu c¢alismanin amaci, 11. siuf ogrencilerinin asitler ve bazlar konusundaki
kavramsal anlamalarina ve kimya dersini 6grenmeye yonelik 6grenci motivasyonlarina
geleneksel 6gretmen-merkezli yontemine kiyasla 5E 6grenme modelinin anlamli bir
etkisinin olup olmadigini incelemektir. Calismada kullanilan él¢me araclart Ug-Asamals
Asitler-Bazlar Testi (UABT) ve Kimya Motivasyon Olgegi (KMO)dir. Calismada
deney ve geleneksel grup olmak tizere iki farkli grup kullanidmustir. Uygulamaya
Ankara’da bir okuldan 78 6grenci katilmis ve 2009-2010 egitim-6gretim doneminin
bahar déneminde gerceklestirilmistir. Uygulamadan 6nce 6grencilerin asitler ve bazlar
konusundaki 6n bilgilerini ve kimya 6grenmeye yonelik motivasyonlarint tespit etmek
amactyla her iki graba UABT ve KMO 6l¢me araglart 6n-test seklinde uygulanmis ve
sekiz 6grenci ile de yari-yapilandinlmis 6n-miulakatlar gerceklestirilmistir. Sekiz hafta
suren uygulama surecinde, deney grubundaki &grenciler 5E 6grenme model ile
geleneksel gruptaki 6grenciler ise geleneksel 6gretmen-merkezli yontem ile 6grenim
gormislerdir. Uygulama sonrasinda, 6grencilerin asitler-bazlar konusundaki asit-baz
bilgilerini ve kimya 6grenmeye yonelik motivasyonlarini tespit etmek amaciyla her iki
gruba da son-test olarak UABT ve KMO 6él¢me araglart uygulanmis ve aynt sekiz

ogrenci ile yar-yapilandirilis son-milakatlar yapilmistir. Uygulama strecinde elde



Vil

edilen veriler dogrultusunda tanimlayici ve ¢tkarimsal analizler gerceklestirilmistir. Cok
degiskenli varyans analizi (MANCOVA) sonucuna gore, gruplar arasinda istatistiksel
olarak deney grubu lehine anlamli bir fark tespit edilmistir. Ay sekilde, iki grup
arasindaki KMO verileri incelendiginde deney grubundaki 6grenciler lehine istatistiksel
olarak anlamli bir fark bulunmustur. Sonuglar cinsiyet a¢isindan incelendiginde, kiz ve
erkek Ogrencilerin asitler ve bazlar kavramlarini anlamalan veya kimya 6grenmeye
yonelik motivasyon son-test ortalama puanlari arasinda istatistiksel olarak anlamli bir
fark bulunmamistir. Ogrencilerle yapilan miilakat verileri ¢ikarimsal analizleri

desteklemektedir.

Anahtar  Kelimeler: 5E Ogrenme Modeli, Kimya Egitimi, Kimya Ogrenmeye lliskin

Motivasyon, Asitler ve Bazlar
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CHAPTER 1

INTRODUCTION

A recurring issue in science education over 100 years has been a concern with the
understanding of how students learn and how permanent learning occurs. During
instructions students are often overloaded with facts; unfortunately, at the end of the
instruction most of them usually leave the class with very little or no knowledge (Duit &
Treagust, 2003; Glynn & Duit, 1995). For educators, the important goal is to figure out
the way how students learn effectively and retain knowledge. Lately, more student-
centered approaches on behalf of active learning and teaching have been used rather
than traditional teacher-centered methods in which students’ participation is just
copying notes from the board. Many studies in various branches of science reported
that student-centered approaches are more effective in meaningful learning to be
occurred and student understanding of scientific concepts are more enduring compared
to traditional teacher-centered methods. What makes student-centered approaches more
efficient and powerful than teacher-centered methods? Why students learn more
efficiently in student-centered approaches compared to traditional teacher-centered

methods? The answers of these questions were searched throughout the current study.

Learning is an active process and it is crucial to engage the learner in this process,
Vygostsky’s belief about the nature of human intelligence was that an individual
develops its mental abilities while interacting with the wortld (Gredler, 1992).
Accordingly, Vygotsky (1986) defined the Zone of Proximal Development (ZPD) as the
distance between what a child can accomplish with the guidance and without the
guidance. Vygotsky’s theory reflects that a learner gradually internalizes the new
knowledge via using signs and symbols and a teacher interact with a learner to generate
the teaching goals and achieve the tasks. While students construct the new knowledge,
they are active through tasks through self-talk, inner speech, guided-participation,

scaffolding, apprenticeships, and peer-interaction. According to Vygotsky, the ZPD



concept encourages students to stretch the limits of what they know and can do by
presenting challenging situations and tasks to promote cognitive development, and

ZPD is generated during this learning and teaching interactions.

During in chemistry learning process, students often experience difficulties and
lack conceptual understanding of basic concepts even though their effort (Ben-Zvi,
Eylon, & Silberstein, 19806; Krajcik, 1991; Nakhleh, 1992; Osborne & Cosgrove, 1983).
On the other hand, although students give correct responses to scientific question, they
often have difficulties in-depth explanation of them (Ben-Zvi et al., 1982; Osborne &
Cosgrove, 1983). The reason of the difficulties is most probably because of students’
own conceptions that are differed from those accepted by the scientific community
(Nakhleh, 1992), labeled as alternative conceptions in this present study. These
alternative conceptions are obstacles for student learning since students are not able to
make meaningful connections with their own conceptions and new learned
conceptions, and they are occurred because of various reasons such as their personal
experiences, peers, culture and language, real life experiences, media, or lack of
understanding from the previous school courses; and students bring these pre-existing
knowledge to the classroom (Ben-Zvi et al., 1986; Fellows, 1994; Hewson & Hewson,
1983; Nakhleh, 1992). In the current study, acids and bases concepts were investigated,
which is one of the fundamental topics in chemistry. Students usually find these
concepts difficult to understand because of the abstract nature of the concepts and
generally develop alternative conceptions on this topic, such as all acids are strong
acids, concentration is the same as strength, a strong acid has a higher pH than a weak
acid, and strong acids produce more hydrogen when reacted with a metal than do weak
acids (Ross & Munby, 1991) or neutralization reactions always resulted with a pH of 7
(Schmidt, 1991). In order to prevent or eliminate alternative conceptions of students,

one of the efficient factors is the teaching methods used during instruction.

Changing students’ alternative conceptions is not an easy task to do (DiSessa,
1982; Posner, Strike, Hewson, Gertzog, 1982). For depth of understanding, students
should have opportunities to investigate natural phenomena, use their science process,
higher-order thinking, and critical-thinking skills, and be encouraged to think about
their pre-existing knowledge. Recently, constructivist teaching strategies have been

suggested for conceptual and meaningful understanding and prevent student alternative



conceptions (Glynn, Yeany, Britton, 1991; Lee & Fraser, 2000; Yager, 1995). Based on
constructivism, students constructs the knowledge on their own prior knowledge and

constructivist teachers help them connect new situations to previous ones (Yagef,

1995).

Various trends have been emerged such as cooperative learning, discovery
learning, concept maps, conceptual change model, learning cycle and inquiry, and all are
based on the constructivist approach (Colburn, 2000). The entire constructivist teaching
strategies aim to enable students for developing their higher-order thinking skills
through guided or assisted by teachers during learning process (Posner et al., 1982). The
constructivist strategies are aware of students’ prior knowledge and the crucial point for
them is emphasizing students’ alternative conceptions and designing lessons based on
their existing conceptions (Chi & Roscoe, 2002; Vosniadou, 2002; Yager, 1995) while
traditional teacher-centered instructions do not consider students’ alternative

conceptions or integrate students in learning process.

In terms of teaching, knowledge of science is important if teachers are to be
effective, not only in teaching science concepts to their students but also in encouraging
their students’ academic curiosity. Science educators today agree that a lack of adequate
preparation of teachers to teach science often presents serious problems for effective
science instruction and meaningful science learning in the schools. Specifically, a lack of
science subject matter preparation and understanding of science concepts on the part of
school teachers can restrict what they teach and how effectively they teachit (Anderson
& Mitchener, 1994; Bruning, Schraw, & Ronning, 1999). Yager (1995) listed some
strategies used by constructivist teachers such as encouraging student autonomy,
initiation, and leadership; allowing student thinking to drive lessons; encouraging
students to interact with each other; asking students to articulate their theories about
concepts; looking for students alternative conceptions and design lessons to address any
of these conceptions which do not represent those held by scientists; and encouraging

students to connect ideas to phenomena in their daily lives.

The constructivist von Glaserfeld (1989, p.1306) stated that “Knowledge is never
acquired passively because novelty cannot be handled except through assimilation to a
cognitive structure the experiencing subject already has.” Based on the constructivists,

accommodation and assimilation processes are crucial in terms of learning since



according to them students are not empty vessels as supported by the behaviorist to
transmit the knowledge from teachers. Piaget (1985) pointed out distinction between
assimilation and accommodation and with accommodation to be occurred Posner,
Strike, Hewson, and Gertzog (1982) proposed conceptual change model with four
conditions, which were dissatisfaction with the existing concepts, intelligibility,
plausibility, and fruitfulness. Inscience teaching, conceptual change approach based on
constructivism has been underlined in recent decades, in which learners actively
constructs their own knowledge or understanding, and learning is possible only to the
extent that the new knowledge is built upon previous knowledge. For conceptual
change to be facilitated, learning cycle model is a common strategy used (Wilder &
Shuttleworth, 2004). Learning cycle model is based on constructivist learning and
enables to facilitate conceptual change and meaningful learning. 5E model of
instruction is extended form of learning cycle in order to be more understandable for
science teachers (Lawson, 1995). Basically, students explore, explain and expand
concepts during the learning process and through this process various techniques could
be used such as analogy, concept mapping, hands-on activities, instructional games,
minds-on activities regarding to instruction. Therefore in this study, the design of the
implementation was constructed based on the 5E model of instruction taking students’

prior knowledge into account and actively involving them into learning process.

In addition to cognitive perspective of learning process, affective perspective of
learning process should also be taken into account such as attitudinal or motivational
process. In other words, for in-depth conceptual understanding not only teaching
strategies but also it is essential to take students’ attitudes, motivation, or self-efficacy
into account (Pintrich, Marx, & Boyle, 1993). Similatly, for students to be involved in
the learning process, students should be motivated to learn by arousing their curiosity
(Liem, 1987; Pintrich, Marx, & Boyle, 1993; Pintrich, 1999). Involving and participation
in learning process give students motivation to learn, enjoyment, and satisfaction.
Constructivist teaching strategies engage students to learning process and they
experience by active participation, which increase student motivation (Ames & Archer,
1988; Britner & Pajares, 2006; Pintrich, 2003; Pintrich & De Groot, 1990; Schunk &

Pajares, 2002). Considering this theoretical background in this current study, student



motivation to learn chemistry was aimed to be increased via using constructivist

strategies during the implementation.

Students in chemistry course should attain a depth of understanding of
fundamental and a reasonable competence in dealing with chemical problems. Students
often struggle to learn chemistry, because of possible reasons such as not constructing a
in-depth understanding of fundamental concepts (Bektas, 2003; Ben-Zvi, Eylon, &
Silberstein, 1986; Gabel, Samuel, Hunn, 1987; Nakhleh, 1992), abstract nature of
chemistry (Carter & Brickhouse, 1989), difficulty in understanding the meaning of
representations in terms of microscopic and macroscopic notions (Ben-Zvi, Eylon, &
Silberstein, 1986; Novick & Nussbaum, 1978), or difference in concepts’ daily life and
scientific meaning (Nakhleh, 1992). In order to deal with student difficulties, Yager
(2000) suggested that real life events should be on the focus of science teaching and
learning. In addition, Starnes and Paris (2000) emphasized the importance of engaging
the minds of students and it was science teachers a key role in motivating students to
engage in learning. Studies have revealed that students in constructivist learning
environments where students discover and inquire in chemistry perform better than
peers in more teacher-centered or text-book-oriented classes on measures of general

chemistry achievement or skills (Bektas, 2003).

In addition, it has always been a concern in science education research whether
gitls and boys differ in achievement. Studies in science literature are inconsistent in
gender differences in terms of achievement. Most studies, which found significant
gender differences, reported that boys performed better than gitls in science courses,
particulatly in physical science (Brynes, 1996; Lee & Burkam, 1996; Linn & Hyde, 1989;
Steinkamp & Macehr, 1984); however, there are also studies which reported that the
gender differences are in favor of girls (Anderman & Young, 1994; Britner, 2008;
Britner & Pajares, 2006). When motivation to learn science is taken into account, some
studies also reported gender differences favoring boys (Meece, Glienke, & Burg, 20006)
and particularly, in favor of boys in physical sciences and in favor of gitls in biological
science and chemistry (Steinkamp & Machr, 1984). Gender difference has also been
found in terms of self-efficacy beliefs of students. Gitls tend to have stronger self-
efficacy in earth and environmental science classes (Britner, 2008); however, some

studies reported this gender difference in favor of boys (Anderman & Young, 1994;



Glynn, Taasoobshirazi, & Brickman, 2009; Lau & Roeser, 2002; Pajares, 1996; Pintrich
& DeGroot, 1990). Gender differences in science mainly can be seen in terms of point
of interest; girls are generally more interested in biology and chemistry and boys are
generally more interested in physical sciences (Kahle et al., 1993). In this current study,
gender difference was also investigated whether gitls or boys differ in terms of

conceptual understanding and motivation to learn chemistry.

Consequently, the purpose of this study covers high school environment,
specifically 11" grade high school students. High school education is compulsory in
Turkiye and science learning is one of the basic subjects in the curriculum content. One
of the fundamental issues of the curriculum is to educate physically, mentally, morally,
spiritually, and emotionally stable, constructive, creative, and productive individuals who
are also healthy in a personality and character, have a broad world view and the power
of the independent and scientific thinking, respect for human rights, value personality
and enterprise, and feel responsibility towards society (Ortadgretim Kimya Dersi

Ogretim Programi, 2007).

To summarize, this study will contribute to Turkish high school students’
motivation to learn chemistry, their awareness of the importance of learning about
chemistry, and the role of chemistry knowledge in their daily life. Students will have in-
depth understanding of acids and bases concepts since traditionally these concept are
difficult concepts to conceptualize; students have a great deal of difficulty keeping
various types of acids and bases definitions, acids and bases reactions, strength or
weakness of acids and bases. In addition, students should reveal in-depth understanding
of some basic concepts such as particulate nature of matter, chemical reactions and

chemical equilibrium in order to understand acids and bases concepts.

Therefore, this study focused on the constructivist approach on learning acids
and bases concepts, which emphasizes that students construct their own knowledge
through the interaction of what they already know and believe the ideas, events, and
activities they encounter. Since based on constructivist approach in terms of learning

. . . .
process, students’ active involvement during the intellectual development is important;
construction of knowledge happens as connecting new experiences into pre-existing
ones (Hewson & Hewson, 1983). The purpose of the current study was determined as

the following:



e To investigate whether these is a significant effect of 5E learning cycle
model oriented instruction as compared to traditionally designed teacher-
centered chemistry instruction and gender on 11" grade students’
conceptual understanding of acids and bases concepts

e To investigate whether these is a significant effect of 5E learning cycle
model oriented instruction as compared to traditionally designed teacher-
centered chemistry instruction and gender on 11" grade students’

motivation to learn chemistry

1.1 The Main Problems

The main problem, sub-problems, and hypotheses were stated in this section.
The purpose of this study is twofold: (1) to investigate the effect of 5E learning cycle
oriented instruction and gender on high school student conceptual understanding of
acids and bases concepts and (2) to investigate the effect of 5E learning cycle oriented
instruction and gender on high school student motivation to learn chemistry. The main

problems can be given as the following based on the aforementioned purpose:

1. What are the effects of 5E learning cycle model oriented instruction as
compared to traditionally designed teacher-centered chemistry instruction and
gender on 11th grade high school students’ conceptual understanding of acids
and bases concepts?

2. What are the effects of 5E learning cycle model oriented instruction as
compared to traditionally designed teacher-centered chemistry instruction and

gender on 11th grade high school students” motivation to learn chemistry?

1.1.1  The Sub-Problems
The sub-problems of the study are as stated below:

1. Do methods of teaching (5E learning cycle model oriented teaching versus
traditionally designed teacher-centered chemistry teaching) make difference on

student conceptual understanding of acids and bases concepts when the effects



of the acids and bases concepts pre-test scores and motivation to learn

chemistry pre-test scores are controlled?

2. Do gitls and boys differ on their conceptual understanding of acids and bases
concepts when the effects of the acids and bases concepts pre-test scores and

motivation to learn chemistry pre-test scores are controlled?

3. Is there any interaction between method of teaching and gender on student
conceptual understanding of acids and bases concepts when the effects of the
acids and bases concepts pre-test scores and motivation to learn chemistry pre-

test scores are controlled?

4. Do methods of teaching (5E learning cycle model oriented teaching versus
traditionally designed chemistry teaching) make difference on student
motivation to learn chemistry when the effects of the acids and bases concepts

pre-test scores and motivation to learn chemistry pre-test scores are controlled?

5. Do gitls and boys differ on their motivation to learn chemistry when the effects
of the acids and bases concepts pre-test scores and motivation to learn

chemistry pre-test scores are controlled?

6. Is there any interaction between method of teaching and gender on student
motivation to learn chemistry when the effects of the acids and bases concepts

pre-test scores and motivation to learn chemistry pre-test scores are controlled?

7. What is students’ conceptual understanding on acids and bases concepts before

and after the implementation?

8. What is students’ motivation to learn chemistry before and after the

implementation?

1.2 The Null Hypotheses

The problems aforementioned above were tested with the following hypotheses.
Hypothesis 1, 2 and 3 are related to main problems and the rest covers the sub-

problems:



Hy1: There is no statistically significant overall effect of teaching methods taking
into account 5E learning cycle model oriented teaching and traditionally designed
chemistry teaching on the population mean of the collective dependent variables of
eleventh grade students’ post-test scores of acids and bases concepts and motivation
to learn chemistry when the pre-test scores of acids and bases concepts and the pre-

test scores of motivation to learn science are controlled.

H,2: There is no statistically significant mean difference between gitls and boys on
the population means of the collective dependent variables of eleventh grade
students’ post-test scores of acids and bases concepts and motivation to learn
chemistry when the pre-test scores of acids and bases concepts and the pre-test

scores of motivation to learn science are controlled.

H3: There is no statistically significant interaction between the methods of teaching
and gender on the population means of collective dependent variables of eleventh
grade students’ acids and bases concepts post-test scores and motivation to learn
chemistry post-test scores when the pre-test scores of acids and bases concepts and

the pre-test scores of motivation to learn science are controlled.

Hy4: There is no statistically significant difference between the post-test mean scores
of students taught via 5E learning cycle model and who taught via traditionally
designed chemistry instruction on the population means of acids and bases concepts
post-test scores when the pre-test scores of acids and bases concepts and the pre-

test scores of motivation to learn science are controlled.

Hy5: There is no statistically significant difference on the post-test mean scores
between girls and boys on students’ understanding of acids and bases concepts
when the pre-test scores of acids and bases concepts and the pre-test scores of

motivation to learn science are controlled.

H,6: There is no statistically significant interaction between methods of teaching and
gender on students’ understanding of acids and bases concepts when the pre-test
scores of acids and bases concepts and the pre-test scores of motivation to learn

science are controlled.

H,7: There is no statistically significant difference between the post-test mean scores

of students taught via 5E learning cycle model oriented teaching and who taught via
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traditionally designed chemistry teaching on the population means of motivation to
learn chemistry post-test scores when the pre-test scores of acids and bases concepts

and the pre-test scores of motivation to learn science are controlled.

H8: There is no statistically significant difference on the post-test mean scores
between gitls and boys on students’ motivation to learn chemistry when the pre-test
scores of acids and bases concepts and the pre-test scores of motivation to learn

science are controlled.

H9: There is no statistically significant interaction between methods of teaching and
gender on students’ motivation to learn chemistry when the pre-test scores of acids
and bases concepts and the pre-test scores of motivation to learn science are

controlled.

1.3 Definition of Important Terms
The terms used in the present study are given below:

» Alternative Conceptions: Any student beliefs or ideas about scientific
concepts that are differed from those accepted by the scientific

community.

» Constructivist Teaching Strategies: Based on constructivist strategies
students’ active involvement during the intellectual development is
important and construction of knowledge happens as connecting new
experiences into pre-existing ones, specifically emphasizing on alternative
conceptions, through the interaction of what they already know and

believe the ideas, events, and activities they encounter.

» Conceptual Change: A meaningful learning process in students by
emphasizing their pre-existing knowledge, specifically alternative

conceptions, requiring accommodating concepts (Yager, 2009).

» 5E Learning Cycle Model oriented Instruction: A model consisting five
steps, which are engagement, exploration, explanation, elaboration, and

evaluation, in order to enhance students’ conceptual change.
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» Motivation to Learn Chemistry: Students’ intetest or enthusiasm about

and willingness to put effort into learning chemistry (Brophy, 1998).

» Traditional Chemistry Teacher-Centered Instruction: During this
instruction, teachers do their teaching in a regular way without any

intervention, which is usually teacher-centered.

1.4 Significance of the Study

Today, every citizen is expected to be a scientifically literate person by means of
being able to understand real life events, having the joy of knowledge about the natural
wortld, applying scientific processes in personal life, asking and suggesting reasonable
solutions for questions, make decisions, be good at social communication, and able to

use technology.

Chemistry is such a branch that any event in real life may be explained with the
help of chemistry. Students encounter many real life events from an early age and they
relate to what they already know and construct coherent understanding of these events.
In a situation when students have alternative conceptions, students may experience
difficulty in understanding of new concepts and when their alternative conceptions are
identified, chemistry instruction can be modified by constructivist teaching strategies.
There are many chemistry topics (such as matter, solids and liquids, gases, solutions,
chemical reactions, chemical equilibrium, acids and bases, electrochemistry, etc.)
enlighten daily events that are observed in real life. For the detailed explanation in any
chemistry topic teachers can find related daily events or objects to apply in classroom,
which can also encourages student curiosity and makes sense why they learn chemistry.
Conceptual understanding has been a curriculum goal for many years in chemistry
education. Specifically the final developed curriculum in Turkiye (Ortadgretim Kimya
Dersi Ogretim Programi, 2007) emphasizes the importance of observation, research and
doing an experiment in order to develop conceptual understanding and learning. It is
also mentioned in the curriculum that experiencing real life events, doing a research on
science and technology, and working collaboratively are further effective factors on

understanding and learning. Similarly in this study, purposive real life applications were
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embedded in the implementation process since students experience many substances or

events related acids and bases concepts in their everyday life.

Students usually tend to learn factual knowledge presented and tries to grasp the
knowledge that just they need for exams, without making any meaningful connections
to what they already know or constructing an understanding of the underlying concepts,
they only hold their own coherent understanding based on their prior knowledge and
experience (Nakhleh, 1992; Osborne & Wittrock, 1983). In the case of Turkish high
school students, students are mostly focused on the university entrance examination
and performance rather than learning, the important points for them to take high grades
in exams, make good memorization to answer the questions rather than inquiring for
scientific facts. Based on student’s performance expectations, science teachers give little
attention to develop student’s inquiry skills, communication skills, expressing their
ideas, decision-making skills, imagination, creative thinking, attitudes concerning science
and motivation to learn science, teach about scientific processes to solve problems in

daily life, integrate science, or apply learned science in real life situations.

Even students are successful in conventional test, this success does not reveal that
the students’ understandings of given concepts. A student could get a high performance
by chance and luck factor; which did not reveal meaning learning. The effectiveness of
applied chemistry instructions was assessed by three-tier acids and bases concept test in
order to measure students’ understanding of chemistry concepts. Two-tier (Tan, Goh,
Chia, & Treagust, 2002; Treagust & Chandrasegaran, 2007) and three-tier test are
reported to be more efficient in assessing students’ understanding of scientific concepts
than conventional multiple-choice tests (Eryilmaz & Surmeli, 2002; Pesman & Eryilmaz,
2010). Teachers may have a better understanding of students’ alternative conceptions or
learning difficulties in required scientific concepts by assessing student understanding
through three-tier concept tests; therefore, a three-tier acids and bases concept test was
develop in order to assess students’ alternative conceptions and their understanding in

acids and bases in this current study.

The main emphasis of this study was to facilitate meaningful learning which
enables in students’ higher levels of understanding of chemistry concepts and promote
student motivation to learn chemistry. As Vygotsky proposed, in this current study, in

order to promote both cognitive development and classroom achievement efficiently in
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students for learning chemistry, collaboratively structured learning/teaching was aimed
until students were able to accomplish the tasks. Since motivated students are more
eagetly to involve in class activities, activities that motivate students to learn chemistry
were aimed to develop as well as taking the importance of social interactions during
learning and benefits of experiencing firsthand into account. Activities which are taken
from real-world context were aimed to be developed to make students ensure about
they are discovering the reasons why they are learning chemistry and how they are going

to use that knowledge and skills in the future.

Although the role of constructivist strategies in increasing the comprehension of
acids and bases concepts has been explored previously, this study has contributions in
several ways. In the literature, there are not much studies related to increase student
motivation to learn chemistry and its importance to facilitate conceptual change. This
study extends previous research by examining the role of hands-on activities, those
enriched with real life materials and events, have on comprehension and inferential
learning. This study also makes contributions to other areas of practical and theoretical
research; such as the research investigating the role that motivation to learn chemistry
plays in learning. Koballa (1992) suggests that most of the science related attitudes held
by teachers are acquired incidentally rather than as a result of planned efforts. This
present study examines the use of hands-on activities embedded in learning cycle
oriented teaching as planned instructional strategies as a causal factor in improving high
school students’ motivation to learn chemistry. The purpose of the study was to
investigate the effectiveness of 5E learning cycle model oriented instruction on
students’ conceptual understanding and their motivation to learn chemistry, and to
provide evidence for students’ conceptual understandings of acids and bases concepts
and motivation to learn chemistry between the experimental and traditional groups. As
this purpose taken into consideration, this study will contribute to chemistry education
in terms of chemistry learning to facilitate chemistry learning, stimulate students’
motivation to learn chemistry, and promote their interest in chemistry. From a
pedagogical perspective, the findings of this study will have implications for chemistry

teachers as well as for chemistry teaching in general.
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CHAPTER II

REVIEW OF THE RELATED LITERATURE

In this chapter, the information is given about alternative conceptions, alternative
conceptions in acids and bases, theoretical background of constructivism in which
constructivist teaching strategies, conceptual change approach, 5E learning cycle model
was given in detail, theoretical background of motivation, motivation to learn, and

gender differences in science and motivation.

2.1 Alternative Conceptions

Students own beliefs and formed by their personal experiences with everyday
phenomena, media, books, parents, siblings, teachers, or peers (Carin & Bass, 2001;
Driver etal., 1994). The student difficulties are crucial for science education as they may
persist even after a teaching sequence and work adequately in their everyday lives;
students may take on board new terms but fail essentially to change their ideas
(Nussbaum, 1980); students’ erroneous ideas may place an entirely different perspective
on an activity from that anticipated by the teacher (Osborne and Freyberg, 1993);
students may to appear to have understood the taught ideas or principles but revert to
their alternative frameworks when faced with new or novel situations (Driver, 1983).
These students’ difficulties, incomplete or erroneous ideas have been labeled by many

terms as the following:

e Alternative conceptions (Haidar & Abraham, 1991; Gilbert & Swift, 1985
as cited in Tsapatlis, 1997; Wandersee, Mintzes, & Novak, 1994),

e Alternative frameworks (Driver, 1981; Driver & Easley, 1978 as cited in
Guzzetti, Snyder, Glass, & Gamas, 1993; Driver & Erickson, 1983 as cited
in Nakhleh, 1992)

e Children’s beliefs (Aguirre, 1978; Catherall, 1981; Nakhleh, 1992; Ross &
Shuell, 1993),
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e Children’s science (Gilbert, Osborne, & Fensham, 1982 as cited in
Guzzetti, Snyder, Glass, & Gamas, 1993; Osborne, Bell & Gilbert, 1983
as cited in Griffiths & Preston, 1992; Harrison & Treagust, 1990;
Osborne & Freyberg, 1985 as cited in Nakhleh, 1992),

e Intuitive beliefs (McCloskey, 1983 as cited in Griffiths & Preston, 1992),

e Intuitive conceptions (Duit, 1995)

e Intuitive science (Perez & Alis, 1985 as cited in Guzzetti, Snyder, Glass, &
Gamas, 1993),

e Misconceptions (Griffiths & Preston, 1992; Nahkleh, 1992) (Griffiths &
Preston, 1992; Driver & Easley, 1978 as cited in Nakhleh, 1992; Stavy,
1988; Novak, 1988 as cited in Tsapatlis, 1997),

e Misunderstandings (Abraham, Grzybowski, Renner, and Marek, 1992;
Shepherd & Renner, 1982),

e Naive beliefs (Caramazza, McCloskey, & Green, 1981 as cited in Griffiths
& Preston, 1992),

e Naive Conceptions (Champagne, Gunstone, & Klopfer, 1983 as cited in
Guzzetti, Snyder, Glass, & Gamas, 1993)

e Preconceptions (Andersson & Smith, 1983 as cited in Griffiths & Preston,
1992; Driver & Easley, 1978 as cited in Nakhleh, 1992; Eylon & Linn,
1988 as cited in Tsapatrlis, 1997),

e Spontaneous reasoning (Viennot, 1979 as cited in Griffiths & Preston,
1992),

e Student conceptions (Duit & Treagust, 1995),

e Students’ descriptive and explanatory systems (Champange, Klopfer, &
Gunstone, 1982 as cited in Nakhleh, 1992),

The term alternative conception, which describes student ideas and their
alternative frameworks for the organization of ideas, was used in the current study.
This usage covers any student beliefs or ideas about scientific concepts that are differed

from those accepted by the scientific community.
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2.1.1 Sources of Alternative Conceptions

Students could hold alternative conceptions in any branch of science and student
could hold these alternative conceptions from varied sources. Driver (1983;)
emphasized that children construct some beliefs about natural phenomena in their
efforts to make sense of everyday experiences. The other possible sources are listed as

the following (Duit & Treagust, 1995; Harrison & Treagust, 1996):

e School text books

e Culture and language

e Daily usage of concepts

e Mass Media

e Teachers

e DPersonal real-life experiences
e Sensual experiences

e Lack of understandings from previous school courses

2.1.2 Determining Alternative Conceptions

Different types of assessments are used in science education in order to identify
students’ alternative conceptions such as interviews (Boo, 1998; Montfort, Brown, &
Findley, 2008; Osborne & Gilbert, 1980; Thompson & Logue, 20006), open-ended
questions (Calik & Ayas, 2005; Chou, 2002; Tsapatlis & Papaphotis, 2002), concept
maps (Goh & Chia, 1991), oral-examinations (Hesse & Anderson, 1992), and multiple-
choice questions (Schmidt, 1997; Uzuntiryaki & Geban, 2005), which both have
advantages and disadvantages in practical usage (Osborne & Gilbert, 1980; Tsai &
Chou, 2002).

Multiple-choice tests are often more preferable in science classes since they are
easy to apply and evaluate students’ understanding of the related subject; however,
multiple-choice tests have some limitations in applying such as determining whether a
student gives a correct response to a test consciously or just by a chance. On the other
hand, interviews, open-ended questions, or oral-examinations can give more detailed
information about students’ alternative conceptions and their understanding on a

particular concept, but a large amount of time is needed to conduct interviews, open-
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ended questions, or oral-examinations with many students for generalizing their
alternative conceptions. Because aforementioned techniques have some limitations for
practical use in classes, two tier tests are proposed to identify students’ alternative
conceptions (Treagust, 19806; Treagust, 1995). In order to strengthen the advantages of
multiple-choice tests, two-tier tests were developed (Tan, Goh, Chia, & Treagust, 2002).
First-tier of each question is a conventional multiple-choice question and second-tier of
the question includes possible alternatives for the response in the first-tier. Two-tier
tests are such an assessment tools that can make available for teachers or researchers to
determine students’ alternative conceptions and whether a student gives a correct
response to a question by understanding the related subject since the second-tier of a
test asks for a reason for the response in the first-tier. Therefore, this type of tests
differentiates student responses from lack of knowledge as well as chance factor.
Treagust (1995) also suggests that when diagnostic tests are used either at the beginning
or at the end of a topic, an instructor can identify students’ alternative conceptions on a
related topic and based on these detected alternative conceptions the instructor can
modify the related lesson plan in order to remedy students’ alternative conceptions.
There are some studies on the development of three-tier test in physics (Eryilmaz &
Surmeli, 2002; Pesman & Eryilmaz, 2009) and chemistry (Costu, Ayas, Niaz, Unal, &
Calik, 2007; Kirbulut, Geban, & Beeth, 2010), in which as an addition to two-tiers the
last third tier is added to ask for whether students are sure about their responses to the

previous two tiers.

2.1.3 Alternative Conceptions in Acids and Bases

There are many studies on students’ conceptions of acids and bases which report
that students hold many alternative conceptions in acids and bases concepts through
their everyday life experiences and students bring them to class (Driver & Oldham,
1986). Students have a great deal of difficulty keeping various types of acids and bases
definitions, acids and bases reactions, strength or weakness of acids and bases. The
origin of student difficulties in acids and bases concepts besides the abstractness of the
subject (Herron, 1975) could be as well as having alternative conceptions in acids and
based concepts (Demerouti et al., 2004; Demircioglu, 2005; Hand, 1989; Hand &
Treagust, 1988; Schmidt, 1997; Sheppard, 1997), the lack of understanding of the
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particulate nature of matter (Nakhleh, 1994; Nakhleh & Kracjik, 1993; Smith & Metz,
19906), the various definitions of acids and bases based on different theories (Carr, 1984;
Schmidt, 1995; Vidyapati & Seetharamappa, 1995; Sheppard, 1997; Furio-Mas et al.,
2005; Kousathana, Demerouti, & Tsaparlis, 2005), or experiencing confusing
terminology in real world (Schmidt, 1991, 1995). Therefore, students should reveal in-
depth understanding of some basic concepts such as particulate nature of matter,
chemical reactions and chemical equilibrium in order to understand acids and bases

COI’lCCptS.

There have been conducted many researches that address students’ difficulties
and alternative conceptions in acids and bases at different level in schools; some of

which are reviewed below:

Cros, Maurin, Amouroux, Chastrette, Leber, and Fayol (1986) made a study with
freshman university students using semi-structured interviews and questionnaire; the
findings of their study revealed that students were more knowledgeable about acids;
however, had difficulties in naming three bases, in defining the pH concepts, in
neutralization reactions, and in connecting their acids and bases knowledge to everyday
phenomena. Students defined acids and bases more based on Bronsted-Lowty theory
than Arrhenius theory. The researchers, Cros, Chastrette, and Fayol (1988), conducted
the follow-up study on the same university students for the next year using a modified
questionnaire and their findings addressed that students’ ideas on acids and bases not
much changed, still holding difficulties in naming bases. On the other hand, students
made progress in defining acids and bases and likewise the prior study used more often
Bronsted-Lowry theory than Arrhenius theory to define acids and bases. The
determined alternative conceptions by the researchers are basic ones in acids and bases
concepts therefore they were included into interview schedule and concept test in this

current study.

Hand and Treagust (1988) revealed the students’ ideas on acids and bases that
they were: “acids eat materials away, acids can burn you, testing for acids can only be
done by trying to eat something away, strong acids eat materials away faster than weak
acids, reactions of acids with metals and carbonates are examples of acids eating
something away, a base is something that makes up an acid, neutralization is the

breakdown of anacid or to change from being an acid.” Hand and Treagust determined
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these aforementioned alternative conceptions before the topic of acids and bases and
during the topic students were enabled to do activities, each of which aimed to remedy
one of the aforementioned alternative conceptions. Before the activity students were
asked to accept or reject the alternative conception, and then students conducted their
activity. The researchers used the strategy of conceptual conflict and concluded that this
strategy was somehow successful in some alternative conceptions, but not effective in
neutralization and strength of acids. Beyond conceptual understanding, the researcher
also emphasized that students attitudes toward chemistry improved. A follow-up study
conducted by Hand and Treagust (1991) revealed that students taught with the
conceptual conflict strategy were more successful on the end of semester tests than
students taught by traditional methods. The determined alternative conceptions by the
researchers are basic ones in acids and bases concepts therefore they were also included

into interview schedule and concept test in this current study.

Ross and Munby (1991) conducted a study with high school students on acids and
bases via concepts maps and interviews; their findings revealed that students hold
alternative conceptions on acids and bases, such as all acids are strong acids,
concentration is the same as strength, a strong acid has a higher pH than a weak acid,
and strong acids produce more hydrogen when reacted with a metal than do weak
acids. The researchers emphasized that students assumed acids to be more powerful
and had difficulties in understanding of bases concepts. This study supported the
findings of Cros et al. (1986) about student difficulties in bases than acids. The
determined alternative conceptions by the researchers are basic ones in acids and bases
concepts therefore they were included into interview schedule and concept test in this

current study.

Schmidt (1991) search for high school students ideas about the concepts of
neutralization and specifically whether students assumed that neutralization reactions
always resulted with a pH of 7. The findings revealed that students understand
neutralization concept in its original meaning and neutralization reactions always end up
with neutral solution having a pH of 7 regardless an acid or a base was strong or weak.
The determined alternative conceptions by the researchers are basic ones in acids and
bases concepts therefore they were included into interview schedule and concept test in

this current study.
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Driver, Squires, Rushworth, and Wood-Robinson (1994) emphasized that
students were more aware of acids than bases in real-life experiences such as tasting
sour foods or drinks, or news about the effects of acid rain; however, students were not
much aware of bases in their everyday life. In order to investigate whether the students
in this current study were aware of acids and bases in their everyday life, the questions

on this purpose were developed.

Nakhleh (1992) conducted a study with high school students in order to get
student models of matter via semi-structured interviews in which students were asked a
set of questions about acids, bases, and pH before and after performing a seties of
titrations. This study disclosed another point of view on acids and bases, expressing that
students had poor knowledge of acids and bases since they had lack of understanding of
the particulate nature of matter. Additionally, students had difficulties in transforming
verbal definitions to drawings because of confusion in representations of matter as
particulate and continuous. Nakhleh and Krajcik (1993, 1994) analyzed groups using
three different technologies, chemical indicators, pH meters, and microcomputer-based
laboratories; based on students’ concept maps, verbal commentaries and performance

MBL group differentiated among others in understanding of acids and bases concepts.

Schmidt (1995) conducted a study with high school students and investigated
their ideas about Bronsted-Lowry theory. Two alternative conceptions were addressed,
which were students confused non-conjugate and conjugate acid-base pairs and also
regarded positively and negatively charged ions as conjugate acid-base pairs. It was
concluded that these misunderstanding emerged from misleading terminology, likewise

the prior study of Schmidt (1991).

Vidyapati and Seetharamappa (1995) interviewed higher secondary school
students and compiled a questionnaire regarding acids and bases. The researchers found
that students had an alternative conception that acids and bases reactions always
resulted in a neutral solution; a similar finding to that of the Schmidt (1991) study.
Additionally, the researchers argued that students were not able to connected acids and
bases with real life experiences since they just gave examples of acids and bases from
their textbooks. Conversely to Cros et al. (19806), it was mentioned in the study that

students were knowledgeable about bases as much as acids.
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Smith and Metz (1996) conducted a study with graduate and undergraduate
chemistry students to evaluate their understanding of acid strength and solution
chemistry. The findings of students microscopic representations revealed students had
difficulties in representations although they did not have any problems in solving
mathematical problems in acids and bases. Students misrepresented ions, bonding and
dissociation on acid strength though they successfully defined acid strength verbally.
Some alternative conceptions were reported such as strong acids had strong bonds or
opposite charged ions attracted strongly, and weak acids ionized partially since having
weak bonds. The researchers also implied that graduate students had difficulties in
expressing their representations, especially on the weak acid question. The
aforementioned alternative conceptions are fundamental in strength of acids and bases

concepts; therefore, these conceptions were included in the current study.

Toplis (1998) investigated 12-13 year-old students’ideas about acids and bases via
interviews and classroom observations of working groups. Similar findings with Cros et
al., (1986) were found on bases that students had confusions about bases and more
clear on acids in giving everyday and laboratory examples. Likewise, Driver et al.,
(1994)’s study it was emphasized that the students had difficulties in giving examples

related to acids and bases from their daily lives.

Morgil, Yilmaz, Sen, & Yavuz (2002) administrated an acids and bases test,
including pH, strenght of acids and bases, conjugate acid-base pairs, neutralization,
indicator, and concentration of acids and bases concepts to pre-service chemistry
teachers and their findings revealed that pre-service chemistry teachers hold similar
alternative conceptions with the related literature (Cross et al., 1986, 1988; Ross et al.,
1991; Vidyapati et al.,, 1995). Demerouti, Kousathana, and Tsaparlis (2004) also
investigated students’ alternative conceptions on 12" grade students and their results
revealed that students had difficulties in acids and bases concepts such as definition of
Bronsted-Lowry, dissociation, ionization, and degree of ionization, pH, neutralization,
and buffer solutions. Lin, Chiu, and Liang (2004) focused to identify student mental
models on acids and bases concepts and their study emphasized that the mental models
of high achievers and low achievers differed in being valid in favor of high achievers; in
addition the researchers concluded that students’ alternative conceptions were based on

their everyday experiences and their previous instructions. Similarly, Demircioglu, Ayas
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and Demircioglu (2005) conducted a study on students’ understanding of acids and
bases concepts and found similar alternative conceptions with Hand and Treagust
(1988), Nakhleh et al., (1994) and Ross et al., (1991). In addition in their study, they
concluded that the students’ alternative conceptions were mainly based on their daily
lives and in order to create meaningful understanding for acids and bases concepts it

was crucial to embedded real life events into instructions.

The alternative conceptions found in the literature on acids and bases concepts
are summarized as the following and some of these alternative conceptions were used

to develop the acids and bases concept test:

e DProton donor substances have basic characteristics (Morgil, Yilmaz, Sen &
Yavuz, 2002)

e All substances including OH in their formulas have basic characteristics
(Demircioglu, Ayas, & Demircioglu, 2005)

e 'The strength of acids/bases is related to concentration (Ross & Munby, 1991)

e 'The strength of acids/bases is related to pH (Demitcioglu, Ayas, &
Demircioglu, 2005; Ross & Munby, 1991)

e The pH value is positively correlated with the number of hydronium ion
concentration in the solution (Demircioglu, Ayas, & Demircioglu, 2005)

e Mixing an acid with a base (without regard to quantities) neutralizes the base
resulting in a neutral salt solution (Horton, 2007; Zoller, 1990; Schmidt, 1991;
Demircioglu, Ayas, & Demircioglu, 2005; Bradley & Mosimege, 1998; Vidyapati
& Seetharamappa, 1995)

e Acids are stronger and more dangerous than bases (Ross & Munby, 1991;
Sheppard, 20006)

e In neutralization all the H and OH ions are cancelled (Horton, 2007;
Demircioglu, Ayas, & Demircioglu, 2005)

e Mixing equal molar quantities of H;O" and OH' to distilled water results in
neutral water (Horton, 2007; Demircioglu, Ayas, & Demircioglu, 2005)

e 'The strength concept in acids/bases is related with ion interactions (Smith &

Metz, 1996)
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e Strong acids do not dissociate because they have strong bonds (Demircioglu,
Ayas, & Demircioglu, 2005; Ross and Munby, 1991; Smith & Metz, 1996)

e 'The strength of acids/bases is based on the rate of color change in litmus paper

e As the number of hydrogen atoms increases in the formula of acids/bases, their
acidity/basicity becomes stronger (Demircioglu, Ayas, & Demircioglu, 2005)

e The pH value of a solution is only related to acidic solutions, not about basic
solutions (or OH ions): pH is a measurement of the degree of acidity (Cros,
Maurin, Amouroux, Chastrette, Leber, & Fayol, 1986)

e Strong acids/bases eat materials away faster than weak acids/bases (Hand &
Treagust, 1988, p.55)

e Bubbles or bubbling is a sign of chemical reaction or strength (Nakhleh and
Krajcik, 1994; Demircioglu, Ayas, & Demircioglu, 2005; Ross & Munby, 1991)

e As the number of hydrogen atoms increases in the formula of an acid, its acidity
becomes stronger (Demircioglu, Ayas, & Demircioglu, 2005)

e Acids are more dangerous than bases (Nakhleh & Krajcik, 1994)

e Acids turn red litmus paper into blue (Demircioglu, Ayas, & Demircioglu, 2005;
Bradley & Mosimege, 1998)

e Bases turn blue litmus paper into red (Demircioglu, Ayas, & Demircioglu, 2005)

e Indicators are used to test whether an acid is strong or weak (Bradley &
Mosimege, 1998)

e In a titration reaction, a reaction does not occur unless there is an indicator
(Demircioglu, Ayas, & Demircioglu, 2005)

e A neutralization reaction always ends with a neutral solution, without regard to
strength of acids or bases (Schmidt, 1991; Vidyapati & Seetharamappa, 1995)

e Weak acids/bases dissociate easily since they have weak bonds (Smith & Metz,
1996)

The literature review reveals that students have some ideas about acids and
bases; however, theirideas are not consistent with the scientists and they generally find
chemistry abstract, complex and difficult to learn. The literature review revels that
students’ opinions on acids are more than bases and they have many alternative

conceptions on acids and bases, including definitions of acids and bases, particulate
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nature of acids and bases, dissociation and ionization, strength of acids and bases, acid-
base neutralization reactions, pH, or indicators. Hence, these aforementioned

difficulties that students hold are mainly focused in this present study.

2.2 Constructivism

As mentioned in the previous section, students come into class with their
previous knowledge which may be inconsistent scientifically, called as misconceptions,
alternation conceptions, pre-conceptions, naive conceptions, etc. have been widely
investigated in science education (the term alternative conception is used in the current
study). The students’ alternative conceptions are often resistant to change in traditional
teaching and students form coherent understanding through their invalid conceptual
structures (Driver & Easley, 1978). Since students are satisfied with their own
alternative conceptions or find new conceptions incomprehensible, students could not
construct meaningful understanding. For meaningful learning, it is essential for a
student to realize these alternative conceptions are incorrect and contradict with
knowledge that scientists accept; when a student is aware of its own knowledge
contradict with what a teacher talk about, then the meaningful learning occurs (Driver

& Bell, 1986).

Constructivist theory emphasizes learning is an active process based on students’
prior knowledge and for meaningful understanding that it is crucial to develop multiple
representation of ideas such as texting, symbolizing, graphing, or manipulating materials
since different students can respond to different way of learning consistent with their
individual strength. Such representations are translation of students’ understanding, in
which students could make connections between these representations; therefore,

students integrate their understandings to apply into new situations.

Constructivist view demands very specific ways of teaching and learning, it is
crucial to discuss students’ pre-conceptions before instruction and teachers act as
facilitators in contrasting students’ ideas with scientific ones. In terms of teaching, it
could be assumed that “what is taught is what is learned” (Driver & Scott, 1996, p. 100),
which is not valid for the constructivist approaches. Teachers encourage students to
inquire, involve actively students in learning process, bring out students’ prior

knowledge, and create friendly classroom environment based on the constructivism
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(Yager, 1991). Therefore, constructivist approaches are students-centered, give
emphasis to the applicability of science knowledge in situations in which students are
interested, give emphasis in teaching nature of science concepts as well as basic ideas,
replace scientific concepts to students’ minds while changing students’ alternative
conceptions, and classroom interaction is essential in science learning. Cognitive conflict
strategies, underlying Piaget’s disequilibrium, focus on conceptual change by inquiring
students’ existing knowledge and predictions for instructional activity and then
contrasting their pre-ideas with the experimental results (Dykstra, 1992). The important
point in cognitive conflict is whether students realize the confliction since it may be

discrepant for teachers but may not really contradictory for students.

While restructuring of traditional settings for constructivist approaches, classroom
climate, students’ success, and chemistry content was concerned. The implication
studies of constructivist theories have been conducted by many researchers, specifically
conceptual change approach (e.g. Cetin, 2009; Nussbaum & Novick, 1982; Posner,
Strike, Hewson, & Gertzog, 1982), learning cycle model (e.g. Akar, 2005; Bektas, 2011;
Ceylan, 2008; Pabuccu, 2008), argumentation activities (e.g. Niaz, Aguilera, Maza, &
Liendo, 2002; Yalcin-Celik, 2010), meta-conceptual process (e.g. Yuruk, 2005),
cooperative learning (e.g. Tastan, 2009), concept mapping (e.g. Uzuntiryaki & Geban,
2005; Yavuz,2005) etc. In chemistry, constructivistinvestigations have led to significant
reorganization of the teaching of such topics as the particulate nature of matter (e.g.
Bektas, 2011; Gunay, 2005), solutions (e.g. Calik, Ayas, & Coll, 2008), solids and liquids
(e.g. Calik, 2008), gases (e.g. Azizoglu, 2004; Cetin, 2009), chemical bonding (e.g.
Pabuccu, 2004; Uzuntiryaki, 2003), chemical reactions (Ceylan, 2004), rate of reaction
(e.g. Kaya, 2011; Tastan, 2009); chemical equilibrium (e.g. Akkus, Kadayifci, Atasoy, &
Geban, 2003), acids and bases (e.g. Akar, 2005; Ayhan, 2004), and electrochemistry
concepts (e.g. Huddle, White, & Rogers, 2000; Niaz, 2002; Tasdelen, 2011).

Conceptual change approach in taken into account in this current study and as
mentioned in the previous research is more efficient in conceptual understanding and
meaningful learning than traditional ones. Conceptual change approaches provide a
strategy that guides teachers and students in addressing alternative conceptions and
replacing them with appropriate science concepts that are reflected in the goals of

instruction.
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2.2.1 Conceptual Change

Learner’s alternative conceptions may persist even into adulthood unless
reexamining the erroneous ideas. In order to build meaningful learning, students’
alternative conceptions should be changed with more accurate concepts and
explanations as proposed in conceptual change model by Posner, Strike, Hewson, &
Gertzog (1982). The conceptual change research has been a dominant area in science
education over the past three decades based on the foundations of constructivist
learning. Although this theory has been subjected to many criticisms, it still remains as
an enduring subject over the past three decades. During this time, several model of
conceptual change have been proposed (e.g., Carey, 1999; Chi & Slotta, 1993; diSessa,
1993; Gopnik & Wellman, 1994; Hewson, Beeth, & Thotley, 1998; Ivarsson, Schoultz,
& Saljo, 2002; Posner et al., 1982; Vosniadou, 1994). These models of conceptual
change differ in terms of the researchers’ assumptions about the nature of learners’
naive ideas and how the process of conceptual change occurs, and their point of views
vary such as synthetic meaning (e.g., Vosniadou, 1994), alternative conception
refinement (e.g., Chi & Slotta, 1993); knowledge in pieces (e.g., diSessa, 1993); and
sociocultural perspective via artifact support (e.g., Ivarsson, et al., 2002). They also
differ in the extent to which they advocate for the coherence or consistency of naive
ideas. It can be illustrated that some researchers advocate the extreme theory-like naive
ideas (e.g, Gopnik & Wellman 1994) while others advocate the knowledge in pieces
(e.g., Chi & Slotta, 1993; diSessa, 1988), and some researchers take positions in between

these two extremes (e.g., Carey, 1999; Vosniadou, 1992).

Before giving the emphasis on conceptual change, the crucial questions are what
the learning is and how this learning process occurs; because the nature of students’
naive ideas about science is still uncertain. Initially, learning can be defined as the result
of self-organization and reorganization of existingideas (Ausubel, 1968) or according to
Hewson etal., (1998) learning is the increasing the status within the context of learner’s
conceptual ecology. In order to construct meaningful learning environment, it is better
for learners to involve actively in the learning process. During this meaningful learning
process, learners relate the new information to what they already know, which is known

as a constructivist approach. However, what make this meaningful learning process
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difficult is students’ alternative conceptions that are their naive conceptions which are

not often consistent with scientific phenomena.

Students’ alternative conceptions about science that may be developed via
interactions with parents, peers, teachers or objects in everyday life and are not
considered correct from the scientific point of view are often resistant to change. In
other words, students’ naive ideas based on experience often prevent scientific
understanding. These students’ alternative conceptions in science have shown
themselves to be useful especially in everyday life, and if they are coherent and
consistent, it is so hard to change them. Students who possess alternative conceptions,
itis very difficult for them to achieve further understandings in science. In order to deal
with alternative conceptions many issues have been stated. One of the strongest
theories which deal with these students’ alternative conceptions is the conceptual
change. Although the importance of students’ alternative conceptions is emphasized,
teachers are not usually aware of their prior conceptions. Posner et al., stated that
“teachers can spend a substantial portion of their time diagnosing errors in thinking and
identifying defensive moves used by students to resist accommodation” (p. 2206).
Teachers’ responsibility in teaching for conceptual change is to help students create the
dissatisfaction with their own ideas about the topic being studied. Teachers also have
the responsibility to guide students to grapple with the new conception so that it

becomes intelligible, plausible, and fruitful.

In the early 1980s, Posner, Strike, Hewson, & Gertzog (1982) developed a theory
which is based on Kuhn’s and Lakatos’s philosophical approach and Piaget’s notions of
assimilation and accommodation and provided a model of how learners might come to
change their beliefs about a subject matter. Posner et al., (1982) drew an analogy
between Piaget’s concepts of assimilation and accommodation, a philosopher Kuhn’s
concept of scientific revolution and ideas of paradigms, and Lakatos’s concept of
research programs and notion of theoretical hard core ideas. This model takes into
considerations of both existing knowledge and the content and characteristics of new
information. Two types of conceptual change were stated by Posner et al. (1982)
assimilation and accommodation. Assimilation was described as “where students use
existing concepts to deal with new phenomena” and accommodation was described as

“the student must replace or reorganize his central concepts”. In order accommodation
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to occur in science education, there are four fundamental conditions to be fulfilled;
which are (1) must be dissatisfaction with existing conceptions, (2) a new conception
must be intelligible, (3) a new conception must appear initially plausible, and (4) a new
concept should suggest the possibility of a fruitful research program (Posner et al.,

1982, p. 214).

The conceptual change model illustrates learning as the interaction that takes
place between an individual’s expetiences and his/her curtent conceptions and viewed
conceptual change as a replacement of theory-like existing conceptions with new
conceptions. Similarly, Gopnik and Wellman (1994) explained conceptual change on the
grounds of scientific theory change in line with the ideas proposed by Kuhn’s (1970).
According to Gopnik and Wellman, if children have ideas that differ with those of the
scientific community, they are interpreting fundamental facts and experiences about the
natural world different from how the scientific community sees the world. Gopnik and
Wellman referred to this position as “theory theory” and posited that naive ideas are

coherent, unitary, and theory-like.

A decade later, the initial theory was revised (Strike & Posner, 1992); according
to original model, the process of conceptual change theory was replacement of theory-
like existing conceptions with new conceptions, but this was much more logical than
was likely true of individual conceptual change; this view was revised and the
importance of affective and social issues for conceptual change were emphasized in the
revised version. Additionally, the authors underlined that the initial version was not
appropriate for direct application to the classrooms and the importance of facilitating

conceptual change learning was emphasized.

Although the conceptual change model has been a useful and productive model
for both researches and instructional interventions and received great attention in the
science education literature, the theory has also been subjected to some criticisms. It is
assumed that students’ conceptual knowledge is more coherent than some researchers
have suggested (e.g., diSessa, 1993) and the assumption of conceptual replacement has
been questioned. diSessa proposed that there would not be theory change but rather
theory formation from existing fragments and mentioned on the “knowledge in pieces”
and made a distinction between novice and expert’s knowledge structures, in that

novices use “phenomenological primitives (p-prims)” which are developed from



29

everyday experiences while the knowledge of experts is structured, organized, coherent
and systematic. He maintained that conceptual change occurred when novices’ self-
explanatory, isolated and fragmented knowledge structures became organized and
internally coherent, coming closer to the knowledge structure of experts. On the other
hand, Chi & Slotta (1993) advocated that the knowledge is more structured that diSessa
suggested. It was implied that alternative conceptions provide difficulty for the new
conceptions to be embedded and refinement is done for the new scientific correct

conceptions.

When the conceptual chance theory is considered like a theory, everything makes
sense and it is very logical; therefore, there could not be any reason for conceptual
understanding not to be occurred if it is implemented as how it should be. However, in
the classroom environment during the application process no theory really works,
because students interact with their peers, teachers, family, and even with their
environment. For this reason, besides considering students’ prior knowledge, learners’
affective issues such as attitudes toward a subject, motivation to learn a subject, learning
strategies, self-regulations, etc. should be also taken into account. Pintrich, Marx, &
Boyle (1993) criticize the “cold” view of conceptual change model and gave the
emphasis on the role of students’ intentions in bringing about changes. According to
Pintrich et al., motivational factors are an integral and critical aspect of learning.
Therefore, the process of conceptual change in the classroom is influences by individual
students’ motivational beliefs and by peer and teacher interactions. The researchers
mentioned that personal, motivational, social, and historical factors cannot be apart
from the process of conceptual change (Pintrich, et al., 1993; Pintrich, 1999). An
individual student’s goal for learning and classroom life, his/her self-efficacy beliefs, and

his/her interest have a significant impact on the conceptual change process.

There are some critiquing studies on the coherence of naive ideas side (e.g.,
Carey, 1999; Vosniadou 1992; Vosniadou et al., 2008). For example, Carey (1999)
approached conceptual change from a cognitive developmental perspective, indicating
that radical conceptual change involved enrichment types of mechanisms and
considerable re-organization of concepts. She identified several forms of conceptual
change such as differentiation and coalescence, and supported the notion of “local

incommensurability” by criticizing “radical incommensurability”. Framework theory
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approach is another theoretical approach in understanding the process of conceptual
change (Vosniadou, 1992; Vosniadou et al., 2008). Vosniadou et al. (2008) endorsed that
naive ideas were not fragmented instead they formed explanatory coherence. According
to Vosniadou, using enrichment types of learning mechanisms, students could form
“synthetic models” causing fragmentation, internal inconsistency and misconceptions.
She assumed that concepts were embedded in framework theories and she viewed
conceptual change as gradual lifting of the presuppositions of the framework theory

allowing the more sophisticated synthetic models.

On the other hand, there is a sociocultural perspective (Ivarsson, et al., 2002).
Ivarsson et al. gave emphasis on the artifact mediation based on Vygotsky’s socio-
constructivism, which advocates that learners learn how to use the appropriate artifacts
during learning process and they view conceptual change as using the mediator artifacts
in communicating with people. Metacognition which is defined as “one’s knowledge
and control of own cognitive system” (Brown, 1987, p. 66) also plays a crucial role in
conceptual change through helping learners to recognize the inconsistencies between
their alternative ideas and the scientific concepts (Pintrich et al. 1993; Vosniadou, 1994,
2007; Vosniaodu & loannides, 1998). Since metacognition provides awareness of
students’ thinking, this awareness can be helpful for students’ alternative conceptions
which can promote dissatisfaction; therefore, students can conceptualize their

understanding via metacognitive strategies.

Lately, intentional conceptual change has been focused on, which emphasizes on
the assumption that in order to change students’ alternative conceptions, students
should be deliberated to change their conceptions (Sinatra & Pintrich, 2003).
Additionally, another sociocultural form of conceptual change which is called
“instruction-based conceptual change” is introduced by Hatano and Inagaki (2003)
considering conceptual change as consciously reducing incongruity process. They
emphasized that conceptual change often occurred as theory change since concepts
were embedded in theories and if students are intended to review their conceptual

knowledge, instruction-based conceptual change can be persuaded.

Nevertheless, obviously with some revisions the Posner et al. (1982) model still
remains extremely useful; because, the conceptual change gives emphasis on the

constructivist view of learning, which is believed that students always interpret what is
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presented to them using their pre-existing knowledge, histories, and typical ways of
perceiving and acting and mentioned on conceptual ecology. Over the years, based on
the researches it has been implied that the conceptual change theory helps meaningful
learning via giving emphasize on intelligence, plausibility and fruitfulness of a new
concepts; I think, that’s why, this model has become so popular in last three decades

and still is an enduring subject in science education.

There is much research about conceptual change, conceptual change research,
how to implement this model, but the other important idea what make this theory
enduring is that generally gives the idea of how learning may occur in learners’ mind and
take the consideration of learners’ conceptual ecology. Many instructional strategies
which create the conditions that promote the conceptual change such as conceptual
change texts (e.g. Chambers and Andre, 1997), concept mapping (e.g. Uzuntiryaki &
Geban, 2005), analogies (e.g. Calik, Ayas, & Coll, 2008), cognitive conflict (e.g. Jaesool,
Youngjick, & Beeth, 2000), argumentation (e.g. Niaz, Aguilera, Maza, & Liendo, 2002),
metacognitive strategies (e.g. Yuruk, 2007) etc. have been used in the past three decades
and the results of these studies imply that most of these instructional strategies are
mainly successful in promoting conceptual change theory although there are still
disagreements about theoretical explanations for what changes in the conceptual change
process (Chi & Slotta, 1993; diSessa, 1993; Ivarsson, et al., 2002; Vosniadou, 1994).
Posner et al. (1982)’s initial conceptual change theory has evolved through itself since it
had been published; in other words, it has not broken down and has formed itself and it
is not “cold” anymore, additionally has more awareness, regulation, sociality and even
intention in it. One of the other reasons for the conceptual change theory of being
enduring can be that this theory stands over the time because it is very apt for

alterations and every critic make this theory stronger.

Consequently, more recently conceptual change literature focuses on a need for
comprehensive learning model that takes cognitive, affective, and metacognitive
variables into account, which also involves intentional attempt. In addition, there is a

need for literature how motivational beliefs work on knowledge and intentional process.
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2.2.2 Constructivist Teaching Strategies

Constructivist teaching strategies are students-centered, give emphasis to the
applicability of science knowledge in situations in which students are interested, give
emphasis in teaching nature of science concepts as well as basic ideas, replace scientific
concepts to students’ minds while changing students’ alternative conceptions, and

classroom interaction is essential in science learning,.

Driver, Guene, & Tiberghien (1985, p.198) stated that conceptual change may
occur, but this process is a long-term and slow. Students make connections between
new knowledge and prior conceptions. During making these connections, some
misinterpretations may occur because of student prior conception in case they are not
scientifically correct. In other words, in learning process students can come across with
conflictions due to their prior knowledge and these conflicts may create difficulties in
learning. In terms of students, in order to integrate new concepts, meaningful
connections may be encouraged. Promoting for reorganization of conceptions is not
easy process; students may take part in learning process actively over an extended

period of time.

When students are given opportunities to discuss their own ideas with their peers
in small groups, students are come to realize that they have inconsistent ideas and lack
of knowledge, which promote them to reconstruct their ideas in a more coherent way.
This process is known as Socratic questioning (Driver, et al., 1985). Minner, Levy and
Century (2010) investigated in their meta-analysis study that students’ active
involvement in learning process and discovering knowledge from activities enhance
more understanding of scientific concepts and conceptual learning comparing to passive

techniques.

Traditional teaching strategies usually do not recognize students’ conceptions and
often fail in meaningful learning. Constructivist teaching strategies take into
consideration students’ prior knowledge, mediate the learning process, and lead to
student understanding. Learning cycle model was used in this current study in order to
apply constructivist approach for developing student understanding of acids and bases

COHCCptS.
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2.2.2.1 Learning Cycle Model (5E)

Constructivist theory emphasizes for meaningful understanding that it is crucial to
develop multiple representation of ideas such as texting, symbolizing, graphing, or
manipulating materials since different students can respond to different way of learning
consistent with their individual strength. Such representations are translation of
students’ understanding, in which students could make connections between these
representations; therefore, students integrate their understandings to apply into new

situations.

Learning cycle is supported by constructivist approach since students explore and
experience concepts and construct their own understanding using daily life events.
Learning cycle model was developed by Robert Karplus, a professor from the
University of California at Berkeley, gave emphasis to student exploration for a concept
using concrete materials, then the teacher invents the concept and enables students to
apply the concept to a new situations (Carin & Bass, 2001; Krajcik, Czerniak, & Berger,
1999; Hammerman, 20006). Students encounter scientific concepts that do not make any
sense to them, and somehow they develop unscientific explanations to these concepts.
In the exploration stage of learning cycle, students are given opportunities to explore the
concepts to construct knowledge and develop understanding of them by inquiring,
doing hands-on activities, and discovering. Therefore, students can integrate real
meaning to concepts by exploring and engaging in learning process. For students to
understand scientific concept conceptually, it is crucial for them to have prior
experiences with concepts in real life; the conceptual invention stage of learning cycle
enable students to construct knowledge and assimilate new concepts into their prior
knowledge. Hence, the next stage is cwncept invention step of a learning cycle; in this stage
the teacher discusses the scientific concepts and introduces the scientific explanations of
the concepts to students by using their prior knowledge to make the concepts
understandable. Since students experience the related concepts in the previous stage, the
scientific explanations could be less confused for them and could accommodate the
concepts more easily into their mental structure. The exploration and concept invention
stages are useful for assimilation and accommodation of the new concepts, in the
tollowing concept application stage the teacher enables students to recognize the

importance of knowledge and expand their understanding by engaging them to new
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situations (Krajcik, Czerniak, Berger, 1999). This stage thus gives opportunities to
students construct more meaningful knowledge from their previous learning by

exploring and inventing concepts (Carin & Bass, 2001).

Exploration Phase
Students interact with
materials and each other

Coneept Evaluation and Concept
Application discussion Invention
Phase Phase
Students apply Ozganizing concepts
invented concepts are taught
to a new situation &

Figure 2.1 The learning cycle model by Karplus (Carin & Bass, 2001, p.117)

The proposed learning cycle model has been expanded to 5-E model including the
stages of engagement, exploration, explanation, elaboration, and evaluation. In the
engagement stage, teacher seeks for students’ prior knowledge related to the concepts,
which aims to give opportunities to students to think about the concepts to be learned
by using analogy, telling a story, reading an article, or recalling their prior experiences
and knowledge. Discrepant events can also be conducted in the engagement stage or
beginning of the topic to capture the attention of the students since the unexpected
events can stimulate student curiosity and interest, which would promote student
motivation to learn. Additionally, discrepant events are more likely to be remembered
for a long time because of intellectual engagement because engaging students in learning
makes learning meaningful and improve student ability to recall knowledge. In this
stage, students’ alternative conceptions could also be identified. The teacher’s role is to
create interest and generate curiosity and the students’ role is to find out what they

know about the topic and find answers for questions.

In the exploration stage, as mentioned in the learning cycle, students develop their
own understanding by exploring. The teacher’s role is to encourage students to find
answer to questions, observe and listen to students while interacting, direct probe
questions, and act as a consultant for students. The students’ role is to test predictions

and form new ones based on activities, and discuss results with peers.
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In the explanation stage, the teacher gives scientific explanations for the related
concepts by creating meaning through reflection and discussion, which is similar to
concept invention stage in the learning cycle. In addition, students are allowed to
explain what they discovered and learned, in which students’ possible alternative
conceptions and discrepancies could be identified. The teacher’s role is to encourage
students to explain concepts and definitions in their own words, ask students’
evidences, provide definitions and explanations by using students’ prior knowledge and
experiences. The students’ role is to explain possible solutions using their observations
from conducted activities, pay attention to peer’s explanations, and try to comprehend

explanations.

In the elaboration stage, students develop their understanding of the concepts by
engaging in new situations such as telling a story, creative drama, production creation,
demonstration, or model building; which is similar to concept application in the learning
cycle. Students find more opportunities to learn through further investigation and
research for making connections to student lives and interests, such as personal, family,
community, national, or global issues. The teacher’s role is to encourage students to
apply the concepts and skills in new situations and expect students to use scientific
definitions. The students’ role is to apply new concepts, definitions, and explanations in
new situations by using previous information, draw reasonable conclusions from

evidence, and check for understanding among peers.
Engagement
|

Explanation Exploration phase:
phase:
Students and teacher interact
to invent concept from data
or observations obtained
during
exploration

Students interact with
materials and with each
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Figure 2.2 The 5E learning cycle model
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In the evaluation stage, students are evaluated from the given concepts through
reflective writing, applications of knowledge, sharing ideas and insight. The teacher’s
role is to observe students through applying new concepts and skills, assess students’
knowledge and skills by asking open-ended questions, and look for evidence whether
students have changed their thinking. The students’ role is to answer open-ended
questions by using their observations, demonstrate an understanding of concepts, and
evaluate their own progress (Carin & Bass, 2001; Hammerman, 2006; Krajcik, Czerniak,
& Berger, 1999). The general view and stage interaction of 5E learning cycle model is

given in the Figure 2.2.

Learning cycle model supports Vygotsky’s (1986) social constructivist theory
emphasizing on scaffolding and student’s ZPD for development as well as Ausubel’s
(1963) meaningful learning theory emphasizing on student activity in learning process
through meaningful learning strategies (Marek, Gerber & Cavallo, 1999). The studies
conducted on learning cycle model revealed that the learning cycle model was effective
instruction on students’ conceptual understanding than teacher centered traditional
instruction (e.g. Akar, 2005; Bektas, 2011; Campbell, 2000; Ceylan, 2008; Cavallo,
McNeely, & Marek, 2003; Garcia, 2005; Hanuscin & Lee, 2007; Lindgren & Bleicher,
2005; Musheno & Lawson, 1999; Pabuccu, 2008). Some of these studies were detailed
as the following. Bektas (2011) applied 5E learning cycle model instruction with
analogy, role playing and concept mapping over traditional instruction in order to
investigate whether there was any significant difference on student understanding in the
matter concepts on tenth grade students and the quantitative and qualitative results
revealed that there was a significant conceptual understanding in favor of students in
learning cycle group. Similar results were stated in the study of Ceylan (2008) for matter

and solubility concepts and Akar (2005) for acids and bases concepts.

Another study, which investigated the effect of learning cycle model, was the
study of Cavallo et al. (2003) and the researchers studied ninth grade students’
understanding of chemical reactions. The qualitative results of open-ended questions
indicated that students instructed through learning cycle revealed significant
understanding of concepts. In another study by Hanuscin and Lee (2007), pre-service
elementary teachers were taught the learning cycle model using a learning cycle and pre-

service teachers’ ideas about teaching and learning changed as developing understanding
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of usage of the instruction. Musheno and Lawson (1999) tested the student
comprehension of science concepts through the learning cycle and traditional text and
they found that the restructuring the text based on the learning cycle was more efficient

and comprehensible for high school students in term of reasoning ability.

2.3 Motivation

It is obvious that when students are lectured on a subject, they are overloaded
with facts. However, at the end of the lesson most of the students learn very few things
or may be nothing. The important thing is to find the way that by which students learn
more effectively and endure the knowledge. Learning is fun and exciting, at least when
the curriculum is well matched to students’ interests and abilities. Learners are
motivated when they have the background and the desire to learn. Motivation is one of
the most important components of learning in any educational environment (Machr,
1984). Because everyone has different needs, goals, and different personalities,
motivation is not the same for everyone. Students, in a same course of instruction, can

be even motivated differently at different times.

The field of motivation in education is so broad and rich; many definitions of
motivation have emerged from the various theoretical approaches to motivation.
Behavioral theories describe motivation “as a change in the rate, frequency of
occurrence, or form of behavior (response) as a function of environmental events and
stimuli” (Schunk et al., 2008, pg.20). Motivation is viewed more like the frequency of
behaviors; more motivated students are more likely to engage in tasks then less
motivated students. In terms of implication, according to behavioral theories teachers
should arrange the classroom environment as the way that students can respond
propetly to stimuli. Reinforcing the behavior makes it more likely to occur in the future,
but punishing the behavior makes it less likely to occur. In contrast, cognitive theories
describe motivation “is internal; we do not observe it directly but rather its products
(behaviors)” (Schunk et al., 2008, pg.21). Motivation is the role of mental structures and
the process of information and beliefs; in addition, different cognitive theories give
emphasize on different processes such as attributions, perceptions of competence,

values, affects, goals, and social comparisons. In view of the implication process, the
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cognitive theorists say that teachers should do instruction considering students’ mental

process and taking into account variables that affect their thoughts and behaviors.

The humanistic theory, Maslow’s needs hierarchy theory, developed by
psychologist Abraham Maslow (1954) reported that people have an innate desire to
satisfy a given set of needs and these needs are arranged in a hierarchy of importance,
with the most basic needs at the foundation of the hierarchy. There are five levels in
this hierarchy: (1) Physiological (lower level) (2) Safety (lower level) (3) Love and
belongings (higher needs) (4) Esteem (higher need) (5) Self-Actualization (higher need).
Maslow emphasize that to be able to get upper level, the lower level should be first
satisfied. Students will not be ready to learn if they have not had their lower level needs
met. Children, who are sent to school hungry or tired or feel unsafe or cold in school,
are not able to learn or are less creative when working on classroom activities. Based
upon Maslow’s theory, humanists currently investigate self-determination which “is the
ability to have choices and some degree of control in what we do and how we do it”
(Deci & Ryan, 1985). When people are in charge of something and achieve to do it, they
teel happy.

According to Dweck & Elliot (1983) motivation directs individuals toward certain
goals. In addition, according to Machr (1984), motivation increases individuals' energy
and activity levels. Furthermore, Eccles and Wigfield (1985) found that motivation
affects the learning strategies and cognitive processes individuals employ. Afterwards,
according to Stipek (1988) motivation also promotes initiation of certain activities and
persistence in those activities. In the goal setting theory perspective, there are two types
of goals of students, learning goals and performance goals (Meece, Blumenfeld, &
Hoyle, 1988). Students with learning goals are mainly interested in mastering the task
and they are not interested in how many mistakes they made. On the other hand,
students with performance goals mainly compare their grades with others and choose

tasks that are easy in order to maximize their grades.

It has been found that the term of motivation has many definitions based on
different approaches. Mainly, it can be defined as “an internal state that arouses, directs,
and sustains students’ behavior” (Glynn & Koballa, 2006). From the educational
perspective, motivation can be defined as any process that activates and maintains

learning behavior. If the behavior is done by person’s own desire, interest, and curiosity
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is intrinsic motivation; if the behavior is done to get an end or reward is extrinsic
motivation. In addition, goal orientation, self-efficacy, self-determination, and anxiety
are the other components of the motivation (Pintrich and Schunk, 1996). Additionally,
Pintrich and Schunk advocate that these motivational components are influenced by
classroom environment. Therefore, classroom strategies play a vital role in a student’s

motivation to learn.

2.3.1 The history of motivational studies in science education

The motivation concept in education literature has a long history. Questions
about why students engage in, pursue, and accomplish certain goals or tasks, or why
they avoid others, have been the subject of scholarly inquiry since the writings of 5th-
century BC Greek philosophers such as Plato and Aristotle. The motivation concept
was usually a topic under psychology until the beginning of the twentieth century; but,
nowadays it is a separate topic of study. The studies on motivation can be found from
the distant past, which are mainly about a state of mind considering the human
psychology. The studies publishes in those years did not really mention about the
educational psychology, instead they gave emphasizes on human psychology such as
individual’s will, volition, and instincts. One of the earliest studies on motivation in
education is McDougall’s study (1920, as cited in Schunk, Pintrich, & Meece, 2008) that
made emphasizes on students’ curiosity and mentioned the importance of linking the

school activities to students’ curiosity.

The intermediate past motivational studies in science education (from 1930 to
1954), motivation construct has been started to be thought as one of the proponents of
learning. Hull (1943), advocated that motivation as an arousal state did not really guide
or control the behavior but can be instinctive. There are still studies on psychological
theories of motivation; but some theoties such as reinforcement theoties and need and
cognitive theories made some contributions to education literature. Maslow (1954)
proposed a hierarchy of needs, these needs imply that the lower needs are deficiency
needs such as hunger or safety and the higher needs are growth needs such as need to
achieve or need to realize one’s potential. However, no empirical studies related to

science education were conducted.
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The recent past motivational studies in science education (from 1955to 1980),
motivational studies in psychology has gained momentum. McClelland (1955) studied
on thoughts, feeling and behaviors. The researcher advocated that the thoughts, feeling
or behaviors were described like guided, goal-oriented, or persistent. Cognitive
dissonance theory which is in some respects similar to disequilibrium in Piaget’s theory
of cognitive development was developed by Leon Festinger (1957). Festinger suggested
that if the appropriate amount of disequilibrium can be created, this will in turn lead to
the individual changing his or her behavior which in turn will lead to a change in
thought patterns which in turn leads to more change in behavior. Based on the intrinsic
motivation theory (White, 1959) when a learner learns something new or succeeds in a
challenging task, she/he feels satisfaction; thetefore, in future the learners can be more
willingly to engage activities. It was reported that intrinsic motivation theory would be
one of the most researchable subjects that promote effective learning and achievement
environment. The other theory developed during this time period was expectancy
theory (Vroom, 1964). This theory proposed that in order to motivation to occuf,
expectancy, instrumentality, and valance components must be present. Another
cognitive approach which was developed during this time period was attribution theory
(Weiner, 1974). This theory proposes that every individual tries to explain success or
failure of self and others by offering certain "attributions." This theory proposes that
the motivational determinants of a person’s behavior are causal explanations of prior
action outcomes. On the other hand, there were also some criticisms related to these
theories. Maslow’s (1954) hierarchy theory was based on need theories of motivation
and a helpful motivational model, but some studies reported that students did not
always act like Maslow’s hierarchy. Wahba & Bridwell (1976) reviewed 17 studies and
reported that there was little evidence for the ranking of needs like Maslow desctibed or
no clear evidence that human needs are classified into five distinct categories.
Conversely, there have not any studies related to science education published in this
time period, but intrinsic and extrinsic motivation, attribution, and expectancy theories

has broadened and has been applied in educational settings.

The recent motivational studies in science education (from 1980 to present),
studies on cognitive and psychological science has become common place in recent

years. There were studies solely on cognitive science and psychology before 1980s, but
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psychological science studies that consider both cognitive and affective domains in
science education are not so old. The studies mainly all influenced by the work of
previous researchers. The theoretical studies have made an influence on educational
studies and psychological studies integrated into cognitive science literature. More
recently, studies integrated cognition and motivation and have been started to an
integrative study instead of solely studying cognition and motivation. During this time
period, some other theories were also developed such as Deci and Ryan (1985) self-
determination theory advocates that students in particular need to feel competent and
independent. More self-determined students are more likely to achieve at a high level
than less self-determined motivation and if students are less self-determined motivation,
it is hard for them to feel intrinsically motivated. In addition, if students believe they
will fail, they do not even try to achieve the task. Furthermore, Bandura (1986)
highlights self-efficacy that refers to beliefs concerning one’s capabilities to learn or
perform behaviors at designated levels. Based on Bandura, high self-efficacy beliefs are
related to choosing desired goals, applying string effort to achieve these goals, and
enduring these goals even there are difficult. When science teachers use the term self-
efficacy, they ate referring to the evaluation that a student makes about his/her personal
competence to succeed ina field of science. Students’ judgments of their self-efficacy in
particular areas of science have been found to predict their performance in these areas.
In terms of need theories, Neher (1991) critiqued Maslow’s hierarchy theory and
mentioned that students may deny themselves of sleep in order to study for a test or
become so engaged in an activity that they forget about their fatigue, hunger, or

personal problems.

Therefore, hypothetically it can be concluded that motivation can have several
effects on how students learn science and their behaviors; such as motivation can direct
behavior toward particular goals, lead to increase effort and energy, increase persistency
of activities, determine what consequences are reinforcing, and lead to improve
performance. In science education, qualitative and quantitative studies have been
conducted to obsetve classroom environments on student motivations to learn science
based on different motivational theories. More recently, theories have broadened and
have been applied to educational settings and in science education field. In the 1980s

motivational studies has been started to integrate into science education, which were
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mainly about motivational factors that affect on students achievement and classroom
environment. For example, Nussbaum & Novick (1982) studied on curiosity construct
in science classrooms and advocated that students are more interested in solving the
conflicts as the curiosity of students increased. Ames & Archer (1988) made emphasize
that there had been some research on classroom climate but much of these studies
studied student achievement as the outcome measure. The researchers implied that
students’ perceptions of classroom climate were related to specific motivational

variables such as interest and self-regulated learning.

At the beginning of the 1990s some theoretical studies have been published that
mentioning about it was not proper to study just on cognitive domain in instructional
studies, affective domains such as motivation and attitude should be taken into
consideration. For example, Allen and Dietrich (1991) examined the student differences
in attributions and motivation toward Earth Science. The results revealed that there was
a shift in attributions and motivation toward effort of low achieving students; especially
female students made more shifts in attributions toward effort than males. The
researchers suggested improving the level and quality of science understanding for a
broader ability range of high school students. In addition, Ames (1992) advocated that
student motivation and related outcomes were sensitive to characteristics of the learning
context, including teachers’ instructional practices as well as school and classroom
climate. Furthermore, Ames suggested that classroom tasks should be meaningful and
relevant to students’ lives; therefore, students can relate their lives to classroom content
and they can understand the content more meaningfully. Pintrich, Marx and Boyle
(1993) mentioned on the relationship between motivation, cognition, and classroom
environment; afterwards, motivational studies have momentum in science education
literature. Pintrich et al. made contributions to the literature on conceptual change
which takes an important role in science education literature. They argued that the
conceptual change process is not just cold process; instead that process is hot which is
influenced by factors such as the choice to engage in the task, the level of engagement
in the task, and the willingness to persist at the task which are all components of
motivation. Pintrich and his colleagues made emphasize on the relationship between
cognition and motivation and this study is one of the fundamental studies that advocate

the relations of cognition and motivation and how these relations operate in educational
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contexts. Afterwards, many researchers support this view. Pintrich, Smith, Garcfa, and
McKeachie, (1993) developed a questionnaire that measure several motivational
constructs such as intrinsic value of learning, self-efficacy, text anxiety, students’
strategy use, and self-regulation. The Motivated Strategies for Learning Questionnaire
(MSLQ)) has been used with different level students (from late elementary to secondary
school) and become one of the most widely used measures of motivation and self-

regulation in studies around the world.

Moreover, Anderman and Young (1994) studied the individual and classroom-
level differences in motivation and strategy usage in middle school science based on
self-efficacy, goal orientation, expectancy, value, and self-concept of ability concepts in
science. Their results revealed that the usage of ability-focused instructional practices
was not effective learning strategy. House (1994) made emphasize on the importance of
students’ initial motivation and their results reveal that the predictors of overall grade
performance in chemistry are students’ academic self-concept and achievement
expectancies. Roach and Wandersee (1995) conducted a study for teaching science via
historical vignettes. The results revealed that the usage of interactive historical vignettes
link primal and contemporary science by doing emphasize on nature of science and
students were more motivated to learn science. Czerniak (1996) researched the
relationships between success in a science fair and self-concept, parental influences,
motivation, and anxiety. The results reveal that parental influences had significant effect
on students’ success. However, this parental pressure did not motivate students
intrinsically. Smist and Barkman (1996) studied the effectiveness of a middle school
science curriculum designed to motivate students to learn science by studying the
patterns of human. Their results revealed that the ability to recognize patterns was not
equal for all learners that can be improved through instruction and they found gender
difference that female students were more interested in science. Howard and Boone
(1997) conducted a study to enhance students and enjoyment of experimental science.
The results reveal that when students were aware of the class science is connected to

real science; they were more motivated to learn science.

Afterwards, theoretical motivational constructs such as interest, inttrinsic and
extrinsic motivation, self-efficacy, interest, goal-directed behaviors have been studied

and how these constructs affect on student learning have been investigated. For



example, DeBacker and Nelson (2000) explored the relationships among motivational
variables based on goal-setting theory and reported that students who value science
have high perceived ability in science. In other words, higher achieving students
reported higher learning goals scores than did lower achieving students in both physical
and biological sciences. The gender difference was also analyzed and in both physical
and biological sciences, female had more future goals than boys did. One of the other
components of self-determination has been researched and it has been reported that
students are more motivated when they feel in charge of control of their behaviors. For
example, Black and Deci (2000) reported that college chemistry students’ performance

was influenced of their perceptions of self-determination.

Until present, many qualitative and quantitative studies have been conducted how
motivational constructs affect on science learning, and about changing the classroom
environment based on motivational strategies and how these changes effect on students
motivation to learn science. For example, Mazlo, Dormedy, and Niemoth-Anderson
(2002) conducted a study in the lab and examined four types of motivational methods.
The authors advocated that the quiz group made more significant and positive progress
than scheduled presentation group, unscheduled presentation group, or control group
and imply that the students in quiz group put effort into understanding the lab before
the class to improve their quiz scores. In addition, Sinatra and Pintrich (2003) advocated
that the studies mainly stressed on cognitive and developmental factors, but maintained
that the conceptual change researches have been experienced a warming trend. The
authors advocated that motivation is an important factor in the conceptual change
process and introduced “intentional conceptual change”. The differences between
intentional conceptual change process and the traditional conceptual change are that the
intentional conceptual change is goal-directed and under the student’s control and in
order to bring a change in knowledge has regulation of cognitive, metacognitive, and
motivational process. Pintrich (2003) also advocated for the importance of scientific
motivation and using motivation perspective in educational context would advance the
field. Additionally, Pintrich conclude that in order to facilitate motivation, cognition and
learning in science classrooms the understanding of student motivation should be
improved. According to student and classroom environment instructional design can be

developed or adapted considering students’ self-efficacy, interest, values, and goals.
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Similarly, Flowerday, Schraw, and Stevens (2004) studied on interest component and
advocated that because while emphasizing on interest, it gives attention to classroom
events, students’ engagement and their use of deep learning strategies have been

increased.

The process of motivating students, individually or in groups, means that a
teacher takes into consideration students’ feelings, values, experiences, and their needs;
because, motivation to learn is something that a teacher does with students, it is not
something that a teacher does to students. In terms of behavioral theories, the studies
are mainly on concepts such as incentive and reinforcement in science education.
Koballa and Glynn (2007) gave an example on incentive and reinforcement; the
promise of a field trip to a quarry to study rock strata could serve as an incentive for
students to perform well on a geology test. Participation in the trip itself could be the
reinforcement. On the other hand, some potential problems with the use of incentives
and reinforcements have been reported. One major problem was that the students may
not develop intrinsic motivation to learn. In some conditions, when students were
offered incentives for doing tasks they naturally find motivating, their desire to perform

the tasks can decrease (Cameron & Pierce, 2002; Deci, Koestner, & Ryan, 1999).

More recently, many studies were conducted to analyze students’ motivation to
learn science in different levels (elementary, high school, or college) based on different
motivational theories (goal-setting theory, Maslow’s need hierarchy theory, expectancy
theory, reinforcement theory, or attribution theory) considering different motivational
constructs (anxiety, intrinsic and extrinsic motivation, goal-directed behaviors, self-
regulation, self-efficacy). The studies have revealed that understanding students’
motivation to learn science would be possible as much as it is determined about their
source of motivation to learn science. Hence, besides doing the quantitative studies, the
qualitative studies are important to analyze the students’ sources of motivation.
Additionally, the factors such as anxiety, curiosity, intrinsic and extrinsic motivation,
self-efficacy, attitude, self-determination, goal-directed behaviors, self-regulation, and
needs that influence students’ motivation have also been analyzed in science educational

studies.
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2.3.2 Motivation to Learn

It has been recognized that motivation can be one of the many causes of
learning based on the researches on learning; considering from this point of view
motivation is causation of affective and cognitive domains. The components of learning
have also been analyzed and this issue is still an enduring subject searching the
questions such as how the learner learns, what factors affect this learning, and what
factors affect the achievement. Many different factors such as student profile, teacher
profile, climate of school buildings, authorization and management in school affect
student motivation (Pintrich & Schunk, 2002). However, the scope of this study covers
solely student motivation to learn chemistry.

Classroom environment is important in motivation to learn science and
motivation has a vital role in student learning and achievement. Many different tasks
that are challenging but achievable can be fostered in class in order to increase student
motivation to learn science. Relevance also promotes motivation, as does
"contextualizing" learning, which is, helping students to see how skills can be applied in
the real wotld. Tasks that involve "a moderate amount of discrepancy or incongruity"
are beneficial because they stimulate students' curiosity, an intrinsic motivator. In
addition, defining tasks in terms of specific, short-term goals can assist students to
associate effort with success. Extrinsic rewards, on the other hand, should be used with

caution, for they have the potential for decreasing existing intrinsic motivation.

Learning is inherently a social activity according to Pintrich and Schunk (2002).
Students are intrinsically motivated when they engage in activities (Wigfield, Eccles, &
Rodriguez, 1998). Jerome Bruner, cognitive psychologist, stated that natural world was
interesting for children; hence, they were willingly to learn about everyday phenomena
and children expressed intrinsic motivation when they were engaged in learning process
by doing and discovering, which enhance meaningful learning (Carin & Bass, 2001).
Carin and Bass (2001) underlined teachers’ role of enhancing opportunities for students

to realize how to use the knowledge and skills they have learned in daily life.

In studies it is stated that using learning cycle is effective method in student
conceptual understanding and meaningful learning; additionally, it has been often
implied that learning cycle can improve student motivation to learn. The studies based

on the constructivist learning have suggested that the constructivist learning
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environment help to improve student motivation to learn (Ames, 1992; Anderson,
2003; Fosnot, 1996; Kim, 2005; Lawson, 2002; Pintrich, Marx, & Boyle, 1993); Pintrich
& Schunk, 1996; Palmer, 2005; Turk, 2008). Therefore, it is expected that the learning
cycle model promotes motivation to learn since learning cycle is based on the
constructivist learning and connected to conceptual change; however, a few empirical
studies have been found which investigated for the effect of learning cycle on student
motivation to learn (Atay, 2006; Ceylan, 2009). Specifically, the engagement stage of 5E
learning cycle is meant to improve student motivation to learn via discrepant events,
real wotld applications about which students are familiar and presenting scientific
concepts in the context of real world events, or encouraging group and class

discussions.

2.3.2.1 Determination of Student Motivation to Learn

Student motivation can be determined using both qualitative and quantitative
techniques. Interview with students is one of the frequent qualitative techniques that
can be used to determine student motivation. Students can also be asked to write a self-
report on their motivation. Questionnaire is one of the quantitative techniques that can

be used to determine student motivation.

2.4 Gender Differences

Recently, gender differences in science education constituteissues of considerable
interest. Studies on gender differences in education have been generally conducted in a
threefold purpose, psychologically (researched have been done to analyze whether
students are educated unequal regarding affective domain), schooling (researches have
been done to find out whether there is any gender inequality on school aspect), and
sociologically (research have been done to examine whether there is any gender
inequality in society). This study focuses on the gender difference in science education
in terms of affective domain; specifically, whether student motivation differs in terms of

brain-type despite of a descriptive variable gender.

It has always been a concern in science education research whether girls and boys

differ in achievement. Although gender equity is aimed in science education, science-
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related fields have stereotypically been considered as a masculine domain. This
traditional attitude might not be dominant in recent years; however, gender differences
issue is still popular in science education literature. Studies in science literature are
inconsistent in gender differences in terms of achievement. Most studies, which found
significant gender differences, reported that boys performed better than gitls in science
courses, particularly in physical science (Brynes, 1996; Lee & Burkam, 1996; Linn &
Hyde, 1989; Steinkamp & Machr, 1984); however, there are also studies which reported
that the gender differences are in favor of girls (Anderman & Young, 1994; Britner,
2008; Britner & Pajares, 20006). Walding, Fogliani, Over & Bain (1994) made a research
on how high school students gave response to chemistry question and they found that
in some question, especially in computational ones, boys gave more correct answers.
Besides, Weinburgh (1995) made a research on gender differences in student attitudes
towards science from 1970 to 1991 and found that student attitude was correlated with
student achievement in favor of boys. Interestingly, the later studies often address the
gender difference was in favor of girls compared to the previous research which often
pointed out the difference was in favor of boys. In other words, it is seen that the
gender gap in achievement against girls has decreased. However, it is clear that the
gender difference in science education still exists. Consequently, researchers argued that
the important point was not reporting the gender difference instead further studies
should be done in order to investigate the ideas behind this gender difference, such as
gender bias within science classroom, student attitudes towards science, student

motivation to learn, experience in childhood, or student ability.

Studies also emphasized, besides educational achievement, it is possible to observe
the gender differences in occupation selection. The importance of role models has been
noted, especially when students are in the situation of a career choice (Jacobs & Bleeker,
2004; Simpson & Oliver, 1990). Research reveals that gitls are still less likely to choose a
career in science than boys and are still holding negative attitudes toward science (Jones,
Howe, & Rua, 2000; Weinburgh, 1995). Lau and Roeser (2002) argued that the lack of
participation of females in male-dominated careers was due to their low self-efficacy.
Likewise, other studies have also reported the effect of self-efficacy beliefs in career
choice. Their findings reveal that self-efficacy beliefs of students influence or limited

their occupational interest (Ji, Lapan, & Tate 2002; Lau & Roeser, 2002; Zeldin, Britner,
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Pajares, 2008), especially girls were affected in career choice by their family, teachers, or
peer (Zeldin & Pajares, 2000). Steinkamp and Maehr (1984) reviewed refereed journal
articles, books, unpublished reports, and dissertations and concluded that gender
differences varied among countries of the world. Unexpectedly, gender differences
favored boys in developed countries (Australia, Japan, Sweden, and US); however, in

favor of gitls in Israel.

Hence, students differ in science achievement, which also affect their career
choice and student motivation is efficient factor on student achievement. When
motivation to learn science is taken into account, some studies also reported gender
differences favoring boys (Meece, Glienke, & Burg, 2006) and particularly, in favor of
boys in physical sciences and in favor of girls in biological science and chemistry
(Steinkamp & Macehr, 1984). Ecclesetal. (1983, as cited in Meece et al., 2006) reported
that gender difference in motivation occurs because of students’ parents and teachers
attitudes and categorized these attitudes in three sections as “(a) modeling sex-typed
behavior, (b) communicating different expectations and goals for boys and gitls, and (c)
encouraging different activities and skills” (p. 361). The studies conducted (for example,
Jacobs & Bleeker, 2004; Jacobs & Eccles, 2000) on the same purpose also reported the
similar results that parental influence was effective on gender differences. In addition,
teacher expectations sometimes differ when they think about whether boys and girls are
successful in science; studies such as by Benz, Pfeiffer, and Newman (1981, as cited in
Kahle, Parker, Rennie, & Riley, 1993) and Worrall and Tsarna (1987, as cited in Kahle
et. al., 1993) found that teachers expected less success than girls. In terms of science
education aspect, gender differences are often dominated in favor of masculine features.
For instance, Mason, Kahle, & Gardner (1991) conducted a study and asked to draw a
scientist to students from all ages; they found that students have stereotypic images of a
male domain in science. There were other studies (such as; Boylan, Hill, Wallace, &
Wheeler, 1992; Chambers, 1983 as cited in Kahle et al., 1993; Kahle & Meece, 1994)

also reported the similar results about students’ male image in science.

Beyond these general motivational differences, it is beneficial to analyze gender
differences in terms of motivational dimensions. In science education literature within
any given level, gender differences can be found in motivational dimensions; such as

self-efficacy, intrinsic and extrinsic motivation, goal-orientations, self-determination,



50

and test anxiety. In the following, some studies which reported statistical significant

differences on motivational dimensions are given regarding gender differences.

Self-efficacy is important factor in motivation to learn. Bandura (1997)
emphasized that self-efficacy beliefs play a significant role in learning and students with
high self-efficacy perform better and eagetly participate in challenging tasks; in other
words students who believe that they can be successful in scientific activities scored
higher grades in science classes. Studies also mentioned that students’ science self-
efficacy beliefs are positively correlated with academic achievement (Britner, 2008;
Britner & Pajares, 2001; Britner & Pajares, 2006; Bryan, Glynn, & Kittleson, in press;
Eccles & Wigtfield, 2002; Lau, & Roeser, 2002; Pajares, 1996; Schunk & Pajares, 2002).
Gender difference has also been found in terms of self-efficacy beliefs’ of students.
Gitls tend to have stronger self-efficacy in earth and environmental science classes
(Britner, 2008); however, some studies reported this gender difference in favor of boys
(Anderman & Young, 1994; Glynn, Brickman, Armstrong, & Taasoobshirazi, in press;
Glynn, Taasoobshirazi, & Brickman, 2009; Lau & Roeser, 2002; Pajares, 1996; Pintrich
& DeGroot, 1990). In addition, studies emphasized that girls feel more confident in
succeeding scientific tasks (Britner & Pajares, 20006), but there is also studies which
report that boys feel confident in science, as well (Kahle, et.al., 1993; Linn & Hyde,
1989). Girls tend to attribute their failure to low ability and boys tend to attribute their
success to high ability (Brynes, 1996; Kahle & Meece, 1994). Besides, Linn and Hyde
(1989) expressed that the greater confidence of boys in science achievement could

affect their career choice.

Intrinsic and extrinsic motivations are other essential factors on student
motivation. The more intrinsically motivated students feel more internal enjoyment and
interest while doing the task or learning science and eagetly to participate in challenging
tasks (Eccles & Wigfield, 2002); this would contribute positively to achievement (Eccles
& Wigfield, 2002; Hanrahan, 1998). Gender differences in science mainly can be seen in
terms of point of interest; girls are generally more interested in biology and chemistry
and boys are generally more interested in physical sciences (Kahle et al., 1993). Studies
reported boys were more interested in science than girls (Linn & Hyde, 1989);
particularly, boys in high schools have higher interest and participation in physical

sciences competitions and gitls in biological sciences (Jones, Howe, & Rua 2000).
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However, it was argued that this gender differences might be due to teacher or parental
influence on students (Jones, 1991) or because of different experiences in childhood.
For instance, DeBacker and Nelson (1999) reported that females were more

extrinsically motivated than males.

Intrinsic motivation is highly correlated with self-determination and intrinsically
motivated students express more competence and self-determination (Eccles &
Wigfield, 2002). The more self-determined students tend to have more intention to
pursue scientific studies. Vallerand, Fortier & Guay (1997) in their studies found that
more self-determinated high school students were not likely to dropout the semester.
Similar findings were found by Blach & Deci (2000) for organic chemistry courses. In
terms of gender differences, gitls had higher self-determination scores than boys (Glynn

et al., in press; Glynn et al., 2009; Vallerand et al., 1997).

Setting difficult, proximal and specific goals affect student motivation to learn
(Schunk, 1990) and goal-orientations are correlated with student academic achievement
(Britner, 2008; Brynes, 1996); students with learning goals focus on learning and prefer
challenging tasks whereas students with performance goals are more concerned with
others (Eccles & Wigfield, 2002). Anderman and Young (1994) reported that there was
gender difference on performance goals in favor of boys whereas learning goals in favor
of girls (see also Guvercin, Tekkaya, & Sungur, 2010). On the other hand, the vice versa
gender difference was also reported as higher learning goals in high school students
(DeBacker & Nelson, 1999) and in low-ability students with stronger learning goals
favoring boys (Meece & Jones, 1996) whereas higher performance goals favoring girls
(Guvercin, Tekkaya, & Sungur, 2010), such as females receive higher grades in order to
pleasure their teacher (DeBacker & Nelson, 1999). In addition, it was mentioned that
students who have learning goals tend to be more successful regardless of their gender

(Anderman & Young, 1994; Brynes, 1996; DeBacker & Nelson, 1999).

Another factor which influences student motivation is anxiety. Some studies
reported girls are more anxious in science tests (Britner, 2008; Britner & Pajares, 2000,
Glynn etal., 2009; Pintrich & DeGroot, 1990) compared to boys. Students’ test anxiety
is usually negatively correlated with their grades, but gitls sometimes scored higher

grades in spite of their high anxiety (Britner, 2008).

Taken together, the research on gender differences issues in science education
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reveals no clear pattern in student motivation to learn; therefore, these contradictory
gender differences findings in motivation need further examination. Therefore, the
main purpose of this study is to examine the motivational differences in different aspect
such as ability or brain-type regardless gender since the literature review reveal that the

contradictory differences are somehow related to different factors.
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CHAPTER III

METHOD

This chapter provides an account of the study’s research design and its features.
The methodology of this study was presented in twelve main sections, which are
population and sample of the study, variables and description of variables, instruments,
instructional materials, design of the study, procedure for experimental and traditional
groups, implementation for groups, treatment fidelity and verification, data collection,
data analysis, power analysis, threads to internal validity, and assumptions and

limitations.

3.1 Population and Sample

Ankara is the capital city of Republic of Turkiye. There are 75 Public High
Schools, 75 Anatolian High Schools, two Science High Schools, two Fine Arts and
Sports High Schools, and one Social Science High School considering 22 regions in
Ankara (Ortaogretim Genel Mudurlugu, 2011). All eleventh grade students from public
high schools in Cankaya region of Ankara were identified as the target population of the
study, which was determined for the researcher’s convenience. In Cankaya region, there
are 16 Public High Schools, 15 Anatolian High Schools, 15 Technical and Vocational
Schools, one Science High School, one Fine Arts and Sports High School, one Social
Science High School, and one Anatolian Teacher High School (Cankaya Ilce Milli
Egitim Mudurlugu, 2011). Since the target population is not much easy to access, the
accessible population is determined as all eleventh grade students in public high schools
located at the center of Cankaya district. Therefore, results of the study could be
generalized to the selected accessible population. There are 16 public high schools in
this district and the sample of this study was selected from this accessible population.
One of these high schools which is more convenient was included into the present

study. Therefore, a convenience sampling method which is a type of nonrandom
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sampling method was chosen for this study; which is defined as a sample which is
conveniently available for the study (Fraenkel and Wallen, 2003, p.103). On the other
hand, the researcher was aware of the limitations of nonrandom sampling method such

as representativeness problems.

The selected school had three chemistry teachers, but only two of them were
enrolling the eleventh grade classes. The purpose of the study was explained and how to
achieve these aims were clarified to both teachers; however, only one chemistry teacher
was enthusiastic to take part into the present study. The teacher was female and middle-
aged; she had teaching experience in chemistry education and has been teaching neatly
for twenty years. Additionally, into regular instruction of the teacher, she tried to use
chemistry laboratory and demonstrations as much as possible, but rarely had students
do experiments because of lack of time. Before the implementation, the teacher
accepted to come together with the researcher in order to clarify the details of the
implementation. During this meetings, the researcher gave details and purpose of the
study to the teacher and explained to her what she was supposed to do and how the
procedure would proceed during the implementation. The researcher strongly
emphasized the instructional differences in experimental and traditional group to the

teachet.

Two classes taught by the same teacher took part into the study. These two
intact classes were randomly assigned as an experimental and a traditional group. Since
classes were formed before the implementation, it was not possible to randomly select
students to groups. Therefore, the same teacher instructed both in experimental and
traditional groups. The sample of the present study consisted of 78 eleventh grade
students from two classes, 40 (52.5% girl, 47.5% boy) students in the experimental

group and 38 (50% girl, 50% boy) students in the traditional group.

The students participated in the study were mainly born at the year 1992 or
1993. The socioeconomic status of students in the school is in average. In other words,
students were not much different in terms of the education level of their parents,
income, or living standards. Most of the students in both classes took additional
support for their courses. The number of students in experimental and traditional

groups and gender distribution are given in Table 3.1.
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Table 3.1 The number and gender distribution of students for experimental and

traditional groups

Experimental Group Traditional Group Total

Female Male Female Male -
Class A 21 19 --- - 40
Class B - -—- 19 19 38
Total 40 38 78

The distribution of students 2009-2010 first semester chemistry course grades
are given at the Figure 3.1. The graph presents that students’ achievement in chemistry
courses was in average and there were not many high-achiever students in chemistry
course. The chemistry course average scores are for Class A, which was the
experimental group, was 2.55 and for Class B, which was the traditional group, was

2.68.
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Figure 3.1 The distribution of students’ previous semester grades in chemistry course

for each class

The sample of interviews was selected in terms of purposeful sampling (Patton,
1990, p.230) in order to get information-rich cases for the present study. Eight students
from both groups were interviewed, 4 students were from the experimental and 4
students from the traditional group were randomly selected; in this selection academic
achievement variability was focused and gender was considered to be equal (See details
in Table 3.2). The interviews were done both before the implementation and after the
implementation in order to get pre- and post- ideas of students regarding acids and

bases and their motivation to learn chemistry.
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Table 3.2 The number and gender distributions of students for interviews

Experimental Group Traditional Group
Female Male Female Male Total
Class A 2 2 - - 4
Class B - - 2 2 4
Total 2 2 2 2 8

3.2 Variables

There are two types of variables in this study; these variables are independent
and dependent variables. Independent variables are not affected by other variables and
they affect dependent variables (Fraenkel & Wallen, 2003). The following two sections

gave the descriptive information about these variables.

3.2.1 Independent Variables

The five independent variables of the study are methods of teaching (MOT)
which indicates two levels: 5E learning cycle oriented chemistry teaching instruction
(LC) and traditional chemistry teaching instruction (TR), gender, the students’ 2009-
2010 first semester chemistry course grades (grade), pre-test scores of students on three-
tier Acids and Bases Test (pre-TABT), and pre-test scores of student Chemistry
Motivation Questionnaire (pre-CMQ). See Table 3.3 for the detailed characteristics of

the independent variables used in the present study.

Table 3.3 The characteristics of the variables in the study

V&jilfele Variable Continuous/Categorical Scale
MOT Independent Variable Categorical Nominal
Gender Independent Variable Categorical Nominal
Pre-TABT Independent Variable Continuous Interval
Pre-CMQ Independent Variable Continuous Interval
Post-TABT Dependent Variable Continuous Interval

Post-CMQ Dependent Variable Continuous Interval
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3.2.2 Dependent Variables

The two dependent variables of the study are the post-test scores of students on
Three-tier Acids and Bases Test (post-TABT) and the post-test scores of students on
Chemistry Motivation Questionnaire (post-CMQ). See Table 3.3 for the detailed

characteristics of the dependent variables used in the study.

3.3 Instruments

The measuring tools used in the study were: Three-tier Acids and Bases Test
(TABT), Chemistry Motivation Questionnaire (CMQ), Interviews, and Classroom
Observation Checklist (COC). The following sections gave detailed information about

these instruments.

3.3.1 Three-tier Acids and Bases Test

The Three-tier Acids and Bases Test (TABT) was developed by the researcher
and the purpose of this test was to measure students’ understanding of acids and bases
concepts and identify their alternative conceptions. The test covers the definition of
acids and bases, the characteristics of acids and bases, strong and weak acids and bases,
pH and pOH concepts, neutralization reactions, and titrations. The test consists of 18
three-tier questions (Appendix B-3). The first-tier is a conventional multiple-choice
question, the second-tier seeks for the reasoning behind the previous answer which
holds possible alternative conceptions with one correct reason, and the last tier asks for

student confidence about their answers for the first two-tiers.

Developing a three-tier test is a three-stepped process, which includes firstly
interview step, secondly open-ended questions step, and lastly three-tier test step. There
are many studies in science education that report students have alternative conceptions
and these alternative conceptions affect students’ learning and understanding in science
and chemistry (Anderson, 1986; Palmer, 2001; Ross & Munby, 1991, see details for

alternative conceptions in the Chapter 2).

Different types of assessments are used in science education in order to
identify students’ alternative conceptions such as interviews (Boo, 1998; Montfort,

Brown, & Findley, 2008; Osborne & Gilbert, 1980; Thompson & Logue, 20006), open-
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ended questions (Calik & Ayas, 2005; Chou, 2002; Tsapatlis & Papaphotis, 2002),
concept maps (Goh & Chia, 1991), and multiple-choice questions (Schmidt, 1997;
Uzuntiryaki & Geban, 2005), which both have advantages and disadvantages in practical
usage (Osborne & Gilbert, 1980; Tsai & Chou, 2002). Multiple-choice tests are often
more preferable in science classes since they are easy to apply and evaluate students’
understanding of the related subject; however, multiple-choice tests have some
limitations in applying such as determining whether a student gives a correct response
to a test consciously or just by a chance. On the other hand, interviews can give more
detailed information about students’ alternative conceptions and their understanding on
a particular concept, but a large amount of time is needed to conduct interviews with
many students for generalizing their alternative conceptions. Because of aforementioned
techniques have some limitations for practical use in classes, two tier tests are proposed
to identify students’ alternative conceptions (Treagust, 1986; Treagust, 1995). In order
to strengthen the advantages of multiple-choice tests two-tier tests were
developed (Tan, Goh, Chia, & Treagust, 2002). First-tier of each question is
a conventional multiple-choice question and second-tier of the question includes
possible alternatives for the response in the first-tier. Two-tier tests are such as
assessment tools that can make available for teachers or researchers to determine
students alternative conceptions and whether a student gives a correct response to a
question by understanding the related subject since the second-tier of a test asks for a
reason for the response in the first-tier. Therefore, this type of tests differentiates
student responses from lack of knowledge as well as chance factor. Treagust (1995) also
suggests that when diagnostic tests are used either at the beginning or at the end of a
topic, an instructor can identify students’ alternative conceptions on a related topic and
based on these detected alternative conceptions the instructor can modify the related
lesson plan in order to remedy students’ alternative conceptions. There are some studies
on the development of three-tier test in physics (Eryilmaz & Surmeli, 2002; Pesman &
Eryilmaz, 2009) and chemistry (Costu, Ayas, Niaz, Unal, & Calik, 2007; Kirbulut,
Geban, & Beeth, 2010), in which as an addition to two-tiers the last third tier is added
to ask for whether students are sure about their responses to the previous two tiers.
Therefore, in order to develop a valid and reliable three-tier diagnostic test to assess

students’” understanding of acids and bases concepts threefold process was used.
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The first step was to interview with students, then to apply open-ended
questions, and lastly to distribute three-tier test. For this steps, there sample was needed.
In order to get high rate correct response from students, the questions were distributed
to 12th grade students who were more familiar than other grade levels to acids and
bases concepts from the previous semester. The development of three-tier test process
was done at the beginning of the 2009 — 2010 Fall semester. Three-different groups
were selected from the target population: i) first group was needed to conduct
interviews, 12 high school students (6 female and 6 male) were interviewed; ii) the
second group was used to complete open-ended questions, 111 high school students
(65 female and 46 male) completed open-ended questions; iii) the three-tier test was
administered to the last group, 156 high school students (92 female and 64 male)

completed the three-tier test.

In order to develop the three-tier acids and bases test three different
instruments were administered. First of all, semi-structured interviews with high school
students were conducted to determine whether there were any alternative conceptions
that did not appear in the literature. The 12 interviewees were selected from 12th grade
high school students based on their gender (girls and boys) and knowledge level (high-
medium-low) from two different high schools. The interview consisted of 10 questions
and their follow-up probes and adapted from the literature about high school students
difficulties in acids and bases concepts in chemistry. The pilot study of the interview
questions were administered before the study and the face validity of the questions were

tested as well (see Appendix B-1 for the interview questions).

Secondly, the interviews findings and the related literature were used to
construct open-ended questions. The open-ended questions were also composed of 10
questions and were conceptual questions covering the acids and bases concepts (see
Appendix B-2 for the open-ended questions). In order to check the content validity of
questions four chemistry education experts analyzed the open-ended questions in terms
of appropriateness to high school students’ level, alternative conceptions, and
objectives. After administering the open-ended questions to 111 (58.56% girls and
41.44% boys) high school students, students’ responses were categorized to form

distracters of the three-tier test.
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Lastly, after analyzing the responses of the open-ended questions, higher
frequencies of categories and meaningful ones were selected as the distracters. These
distracters included both one correct and alternative conceptions options. Hence, 18
three-tier questions were constructed; the first tier is the conventional multiple choice
step, the second tieris the possible reasons of the given answer for the first tier, and the
third tier is the confidence step for the first two tiers. In order to check the content
validity of the three-tier acids and bases test three chemistry education experts and two
chemistry teachers analyzed the test in terms of consistencies within first and second
tier, appropriateness to high school students’ level, alternative conceptions, and
objectives. After the revision, the three-tier test was administered to 156 high school

students (59% gitls and 41% boys) in one class hour (Appendix B-3).

In the light of this development process the Three-tier Acids and Bases Test
was developed. The TABT covers acids and bases theory, the dissociation of strong
acids and bases, the dissociation of weak acids and bases, the reaction of acids and
bases, pH, and titrations. Table 3.4 represents the alternative conceptions stated in the

test.

Table 3.4 Alternative Conceptions in the TABT

Alternative Conceptions Items

1. Proton donor substances have basic characteristics 1.2.b,5.2.d

2. All substances including OH in their formulas have basic 1.2.c,5.1.a,5.2.a,

characteristics 7.1.a,7.2.e

3. The strength of acids/bases is related to concentration 2.2.a,8.2.c,10.2.b

4. 'The strength of acids/bases is related to pH 2.2.b,3.2.a,3.2.b,
8.2.d,13.2.2,13.2.b

5. The strength of acids/bases is related to mole number 2.2.c,82a

6. The pH value is positively correlated with the number of 3.2.d

hydronium ion concentration in the solution

7. Mixing an acid with a base (without regard to quantities) 4.2.a

neutralizes the base resulting in a neutral salt solution

8. Acids are stronger and more dangerous than bases 4.2.b,7.1.¢

9. In neutralization all the H and OH ions are cancelled 4.2.c,7.1.c,7.2.a
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Alternative Conceptions

Items

10. Mixing equal molar quantities of H;O" and OH to distilled

water results in neutral water

4.2.d,7.1.b,7.2d

11. Metallic compounds have basic properties 5.2.f
12. The strength concept in acids/bases is related with ion 6.2.a
interactions

13. Liquid phase of acids/bases do not differ in solution 6.2.b,18.2.a
environment in terms of particulate level

14. Strong acids do not dissociate because they have strong 6.2.d
bonds

15. Some acids/bases dissociate partially, which is based onthe { 6.2.e
concentration of a solution

16. The strength of acids/bases is based on the rate of color 8.2.e
change in litmus paper

17. As the number of hydrogen atoms increases in the formula | 8.2.f
of acids/bases, their acidity/basicity becomes stronger

18. Calculating the pH value of a solutions would not differ 9.2.a

either using H;O" or OH'

19. The pH value of a solution is only related to acidic
solutions, not about basic solutions (or OH" ions)

9.2.c,13.2.¢,13.2.f

20. Strong acids/bases eat materials away faster than weak 102.a,10.2.e
acids/bases

21. Bubbles or bubbling is a sign of chemical reaction or 10.2.c
strength

22. Metals react only with strong acids 10.2.d

23. Only bases conduct electricity 11.2.a

24. Only strong acids conduct electricity 11.2.b

25. As the number of hydrogen atoms increases in the formula | 11.2.c

of an acid, its acidity becomes stronger

26. Any acidic or basic solution since including ion particles 11.2.e
conducts electricity in same power regardless of its strength

27. pOH is just related with bases 12.2.a

28. Acids are more dangerous than bases 12.2.b

29. Only acids react with metals 12.2.c,142a
30. Acids react with all substances and H, gas is produced 14.2.a
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(Table 3.4 continued)

Alternative Conceptions Items
31. Bases react with all substances and H, gas is produced 14.2.b
32. Bases react with carbonate and CO, gas is produced 14.2.d, 14.2.¢
33. Acids react with carbonate and H, gas is produced 14.2.a
34. Bases react with carbonate and H, gas is produced 14.2.b
35. Acids turn red litmus paper into blue 15
36. Bases turn blue litmus paper into red 15.2.d

37. Indicators are used to test whether an acid is strong or weak | 16.2.a

38. In a titration reaction, a reaction does not occur unless 16.2.2,16.2.¢c
there is an indicator

39. A neutralization reaction always ends with a neutral 16.2.¢,16.2.d,17.2.f
solution, without regard to strength of acids or bases

40. Weak acids/bases dissociate easily since they have weak 18.2.b, 18.2.c
bonds

Four types of variables were used to analyze the data: i) first-tier scores (only
the conventional multiple choice step was taken into account), ii) two-tier scores (the
first two tiers, the question and the reason of that question, was taken into account), iii)
three-tier scores (the all tiers were taken into account), and iv) confidence tiers (only the
third confidence tier was taken into account). In addition, the Cronbach alpha reliability
was calculated for the first, second and three tier scores. This categorization was done
as indicated by Pesman and Eryilmaz (2009). Based on this categorization students’
responses can be analyzed into different level of understanding and patterns: a student’s
response can give an idea whether that the student responded to the first tier
consciously since the second tier sought for its reason and the confidence tier presented
whether the student was sure about the responses for the first two tiers, which actually
sought for whether the student’s errors were because of lack of knowledge or not. If a
student answered incorrectly for the first and second tiers and finally sure about the
answers for the first two tiers, it could be determined as the student has misconception

on that particular concept.

The reliability (Cronbach alpha coefficient) for the first tier scores was found
to be .58, for the two-tier scores was .59, and for the three-tier scores was .72. In

addition, the relationship between two-tier scores and confidence tiers was investigated
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by using Pearson product-moment correlation coefficient. The high school students
who scored higher in the test were more confident than lower scorers. There was a
medium, positive and significant correlation between the two-tier scores and confidence
tiers [r=.45, n=156, p<.000], with high scores of two-tiers with high level of confidence
(see Figure 3.2).
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Figure 3.2 Scattergram of two-tier scores vs. confidence levels

The Figure 3.2 shows that there are some students scored low with high
confidence, which indicates that these students are pretty confident about their
responses at the test and probably have misconceptions on acids and bases concepts in

chemistry.

The reliable and validated results of the developed TABT were found
appropriate to be used in this present study; therefore, this test was distributed to as
pre- and post-tests during the implementation. Since students were mostly unfamiliar
with acids and bases questions before the implementation on the pre-test, only post-test

scores details are presented here.

The item analysis was conducted for the post-TABT in threefold: one-tier
scores, two-tier scores, and three-tier scores respectively. The Cronbach’s alpha
reliability coefficients were found as 0.767, 0.794, and 0.810 respectively. These results

presents also that the three-tier tests are more reliable than conventional multiple-choice
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tests, which indicates one-tier test in this situation. Table 3.5 gives the results of the
analysis. In the table, proportion of correct responses (labeled as Prop. Correct in the
table) indicates the difficulty level of the items. In addition, point biserial (labeled as
Point Biser. in the table) indicates the item discrimination, which is the correlation
between correct or incorrect responses to each item. The difficulty levels in this present
study were 0.128 and 0.667 with an average of 0.387 based on the three-tier test scores

item analysis.

Table 3.5 Item analysis results for the post-TABT

One-tier Test Scotes Two-tier Test Scores Three-tier Test Scores
Item  Prop. Point Item  Prop. Point Item  Prop.  Point
H Correct Biser. # Correct Biser. # Correct Biser.
1 0.423 0.328 1 0.295 0.354 1 0.269  0.443
2 0.397 0.310 2 0.346 0.309 2 0.308  0.372
3 0.551 0.200 3 0.500 0.238 3 0.462  0.252
4 0.718 0.411 4 0.603 0.498 4 0.564  0.552
5 0.526 0.353 5 0.154 0.297 5 0.128  0.313
6 0.846 0.237 6 0.641 0.448 6 0.538  0.454
7 0.590 0.680 7 0.385 0.520 7 0.359  0.529
8 0.500 0.365 8 0.449 0.417 8 0.397  0.468
9 0.590 0.251 9 0.474 0.388 9 0.462  0.416
10 0.590 0.632 10 0.513 0.619 10 0.449  0.593
11 0.667 0.583 11 0.551 0.662 11 0.538  0.606
12 0.244 0.396 12 0.179 0.352 12 0.154  0.334
13 0.564 0.762 13 0.423 0.656 13 0.333  0.564
14 0.526 0.427 14 0.346 0.525 14 0.346  0.533
15 0.782 0.449 15 0.705 0.548 15 0.667  0.596
16 0.308 0.508 16 0.192 0.517 16 0.192  0.529
17 0.449 0.562 17 0.397 0.579 17 0.372  0.636
18 0.692 0.603 18 0.487 0.518 18 0.436  0.519
Alpha 0.767 Alpha 0.794 Alpha 0.810
Mean P 0.553 Mean P 0.425 Mean P 0.387
Mean Item-Tot. 0.448 Mean Item-Tot. 0.469 Mean Item-Tot. 0.484
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These results indicate that the items were quite difficult for the high school
students and only 38.7% of the participants gave correct answers for the post-TABT.
The item discrimination levels were 0.252 and 0.636 with an average of 0.484. Crocker
& Algina (1986, p.315) suggested that item discrimination indexes below 0.19 should be
eliminated or completely revised; as given in the table there were not any indexes below
the criteria. The lowest index, which was 0.252, was in the range that needed revision
(indexes between 0.20 and 0.29 need revision) and the item 3 was examined but no
modification was done. The rest of items were in the satisfactory ranges and quite

discriminative.

The mean proportion of correct responses of tests differed in terms of tiers,
which is also a sign of the power of three-tier tests. The mean of item difficulty index is
the highest for the one-tier test scores. In other words, 55.3% of the participants gave
corrects answers for the one-tier questions; however, this index decreases to 42.5% for
two-tiers and similarly to 38.7% for three-tier tests. The difference among the correct
response of the one-, two-, and three-tier questions illustrated that students answered
the questions by guessing or chance. When students are asked for an explanation for
questions, the chance factor of answering a question correctly is reduced. In addition, a

confidence-tier enables more reliable and valid results for test scores.

3.3.2 Chemistry Motivation Questionnaire
In order to assess student motivation to learn chemistry “Chemistry Motivation

Questionnaire” (CMQ) was used. The CMQ was adapted from Science Motivation
Questionnaire (SMQ) developed by Glynn and Koballa (2006) into Turkish by

researcher. The SMQ) aims to measure high school students’ motivation to learn science.

There were 30 items on a 5-point Likert-type scale and consisting of six factors which
were zntrinsically motivated science learning, extrinsically motivated science learning, relevance of
learning science to personal goals, responsibility (self-determination) for learning science, confidence (self-
efficacy) in learning science, and anxiety about science assessment (see Table 3.6 for item
distribution into factors). The ranging of the items was “never”, “rarely”; “sometimes”,

“usually”, and “always”. The positive statements were scaled from 1 to 5 and the anxiety

about science assessment factor consisting of negative statements was scaled from 5 to

1. Therefore, the maximum possible score was 150 and the minimum score was 30. The
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reliability coefficient estimated by Cronbach’s alpha score was found 0.93 (Glynn and

Koballa, 2000).

Table 3.6 Factors underlying in the SMQ

Factors Item #
Intrinsically motivated science learning 1,16, 22,27, 30
Extrinsically motivated science learning 3,7,10, 15,17
Relevance of learning science to personal goals 2,11, 19, 23, 25
Responsibility (self-determination) forlearning science 5,8,9, 20, 26
Confidence (self-efficacy) in learning science 12,21, 24, 28, 29
Anxiety about science assessment 4,6,13,14,18

The adaptation process of SMQ into Turkish and chemistry was conducted
during the spring semester of 2007-2008. The back-translation procedure was used
during the adaptation process, in which a questionnaire is translated to target language
than translated questionnaire is translated to original language by different bilingual
researchers. Therefore, three bilingual researchers, studying chemistry education,
individually translated the original questionnaire into Turkish. The consistencies and
inconsistencies were compared between the translated questionnaires and the draft
translated questionnaire was given to another bilingual two chemistry educators who
have no knowledge of the questionnaire in order to translate the draft questionnaire
into English. The purpose of this back translation was to find out whether there were
any ambiguities in the items. In the light of these translations, the second draft of the
questionnaire was formed. This second draft questionnaire was distributed to 27 high
school students and they were pronounced that they were free to write any comments
about items such as unclear items or grammatical errors at the blank spaces under each
item. This procedure was done in order to check face validity of the questionnaire.
Based on the students’ feedbacks, the second draft of the questionnaire was revised and
a final version was formed. The final CMQ was distributed to 1612 high school
students. The 30 items of the CMQ were subjected to principal components analysis
(PCA). Prior to performing PCA the suitability of data for factor analysis were assessed.
Inspection of the correlation matrix revealed the presence of many coefficients of .30

and above. The Kaiser-Meyer-Olkin value was .947, exceeding the recommended value
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of .50 and falls into the range of being superb, indicating sample size was adequate for
analysis (Field, 2009). In addition, the Barlett’s Test of Sphericity reached statistical
significance (y° (435) = 19675.486, p<.001), supporting the factorability of the

correlation matrix (Table 3.7).

Table 3.7 The KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy .947

Bartlett's Test of Approx. Chi-Square 19675.486
Sphericity df 435
Sig. .000

The analysis of the CMQ via PCA with Direct Oblimin rotation gave five
components with eigenvalues exceeding criterion of 1, explaining 31.68 per cent, 10.87
per cent, 5.94 per cent, 3.73 per cent, and 3.39 per cent of variance respectively (see
Table 3.8 gives the pattern matrix for item loadings). The components were labeled as
self-efficacy in learning chemistry (eight items), anxiety about chemistry assessment (five items),
relevance of learning science to personal goals (seven items), intrinsically motivated chemistry learning
(five items), and self-determination for learning chemistry (five items) respectively. This
labeling process was done considering the item meanings which were closely related to
each other and the factor loadings under the component. In the five components
solution, total variance explained was 55.62%. The interpretation of the five
components was quite consistent with previous research on the SMQ (Glynn &
Koballa, 2006); the result of Glynn and Koballa (20006) study support the use of six
components, however, the adaptation of this questionnaire is more suitable to the use

of five components in Turkish education system and culture.

In addition, the reliability coefficient estimated by Cronbach’s alpha was found
to be 0.902. Furthermore, each factor’s reliability coefficient was examined; self-efficacy
in learning chemistry, anxiety about chemistry assessment, relevance of learning
chemistry to personal goals, intrinsically motivated chemistry learning, and self-
determination for learning chemistry were the factors and the reliability coefficients for
these factors were 0.851, 0.754, 0.878, 0.691, and 0.755 respectively (see Table 3.9 for
detail).



Table 3.8 Loading of items to the components in the CMQ

Component

1 2 3 4 5
Q29 738 152
Q21 733 119 103 -.109
Q28 728 217 160
Q12 .596 271
Q24 571 137 164
Q3 448 -.308 -119 229
Q26 331 - 112 134 266
Q30 321 -.197 -.203 293
Q6 197 799
Q4 144 176
Q13 775 -126
Q14 -.233 .634
Q18 461 -.4006 186
Q10 .855
Q17 821
Q11 799 152
Q19 719
Q23 .190 465 -394 -.183
Q2 226 425 -.200
Q25 316 .358 -.328
Q20 -.206 -137 -.687 133
Q16 248 -.557
Q22 365 -115 148 -410 -.154
Q27 371 108 137 -.409
Q1 321 103 -.356 295
Q8 124 .698
Q7 178 -.259 -133 -141 .601
Q5 205 - 114 .590
Q9 139 274 .560
Q15 -317 172 127 490

Extraction Method: Principal Component Analysis.

Rotation Method: Oblimin with Kaiser Normalization. Rotation converged in 13 iterations.

Table 3.9 Summary for components found in the CMQ
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Components Item # Eigenvalues % of variance x
Self-efficacy in learning 3, 12, 21, 24, 9.50 31.68 0.85
chemistry 26, 28, 29, 30
Anxiety about chemistry 4,6,13,14,18  3.26 10.87 0.75
assessment
Relevance of learning 2, 10, 11, 17, 1.78 5.94 0.88
chemistry to personal goals 19, 23, 25
Intrinsically motivated 1,16,20,22,27 1.12 3.73 0.69
chemistry learning
Self-determination for 5,7,8,9,15 1.02 3.39 0.75

learning chemistry
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The original SMQ consisted of six components whereas the adapted
questionnaire consisted of five components into the case of Turkey. The extrinsically
motivated science learning factor was distributed to other factors in the adapted
version. On the other hand, the anxiety about chemistry assessment factor was
composed of exactly the same items as defined in the original study. Additionally, the
other four factors gave similar results with the original questionnaire. It was expected
that the discrepancies would be found between the questionnaires; these differences
could be because of cultural and educational differences. Based on these results, a valid

and a reliable CMQ was adapted into Turkish.

The adapted version of CMQ was given to the sample (78 high school students)
in this present study (see Appendix C for CMQ). The questionnaire consisted of two
parts; the first part included demographic questions concerning gender, age, previous
semester chemistry grade, education level of father and mother, number of siblings,
expected grade at the end of the semester, and a couple of questions about
socioeconomic status. The second part included 30 items concerning motivation to

learn chemistry.

Confirmatory Factor Analysis (CFA) using LISREL was used in order to
validate the adapted version’s components of the CMQ proposed. Based on the
analysis, the quite reasonable values were found for post-CMQ (see Appendix C for
detail). Chi square and degree of freedom ratio (y°/df), which is less dependent to
sample size, is checked for model fit (Joreskog & Sorbom, 1993). This ratio (y°/df) was
found to be 2.11 indicating a good fit to the proposed model. Smaller values of Root-
Mean-Square Error of Approximation (RMSEA) indicate a better fit and values below
0.05 indicate a very good fit (Byrne, 2010). The RMSEA value was found to be 0.077,
indicating a moderate fit. 90-percent confidence interval for RMSEA ranged from 0.063
to 0.091. The Expected Cross-Validation Index (ECVI) is “a measure of the
discrepancy between the fitted covariance matrix in the analyzed sample and the
expected covariance matrix that would be obtained in another sample of the same size.”
This index can take any value but lower bound is 0 (Joreskog & Sorbom, 1993). The
ECVI was found to be 9.304, ranging from 8.524 to 10.188. The Normed Fit Index
(NFI) measures the model fit over the baseline independence model, having a lower

bound 0 and an upper bound of 1, with the values exceeding 0.90 indicating a good fit
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to the data (Joreskog & Sorbom, 1993). The NFI was found to be 0.87, indicating that
the proposed model was 87% better fitting than the null model. The Comparative Fit
Index (CFI) is on the basis of noncentral y* distribution, ranging from 0 to 1, with the
values exceeding 0.90 indicating a good fit to the data. The CFI was found to be 0.955.
The Root-Mean-Square Residual (RMR) is average residual value and Standardized
RMR is average value across all standardized residuals, ranging from 0 to 1, with the
values less than 0.05 indicating a good fit to the data (Byrne, 2010). The RMR was
found to be 0.137 and SRMR was found to be 0.124, indicating a low model fit. The
Goodness-of-Fit Index (GFI) is “a measure of the relative amount of variance and
covariance in S that is jointly explained by X7, ranging from 0 to 1 (Byrne, 2010), with
values exceeding 0.9 indicates a good fit to the data. The GFI was found to be 0.633
and adjusted GFI was found to be 0.568. As the overall indices were taken into account
for the post-CMQ, it could be inferred that the proposed model fit moderately to the
present data. The path diagram, showing the components structure of post-CMQ, is

given in Figure 3.3.

The reliability coefficient estimated by Cronbach’s alpha was found to be 0.905
for post-CMQ. Furthermore, each factor’s reliability coefficient was examined; self-
efficacy in learning chemistry, anxiety about chemistry assessment, relevance of learning
chemistry to personal goals, intrinsically motivated chemistry learning, and self-
determination for learning chemistry were the factors and the reliability coefficients for

these factors were 0.840, 0.754, 0.906, 0.654, and 0.783 respectively.

The CFA was applied to pre-CMQ as well. The indices presented here are for
the pre-CMQ data. Based on this analysis, acceptable values were found (y°/df =2.14;
RMSEA=0.071, ranging from 0.055 to 0.084; ECVI=8.911, ranging from 8.165 to
9.761; NFI=0.848; CFI=0.952; RMR=0.133; GF1=0.640, and AGFI=0.576). Hence, as
the overall indices were taken into account for the pre-CMQ), it could be stated that the
proposed model fit moderately to the present data. The path diagram, showing the

components structure of pre-CMQ), is given in Figure 3.4.

The reliability coefficient estimated by Cronbach’s alpha was found to be 0.873.
Furthermore, each factor’s reliability coefficient was examined; self-efficacy in learning
chemistry, anxiety about chemistry assessment, relevance of learning chemistry to

personal goals, intrinsically motivated chemistry learning, and self-determination for
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learning chemistry were the factors and the reliability coefficients for these factors were

0.796, 0.723, 0.878, 0.640, and 0.726 respectively.
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Figure 3.3 Path diagram for post-CMQ
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0. 22 EDEE

Figure 3.4 Path diagram for pre-CMQ

To sum up, the purpose of conducting CFA to CMQ was to present an
evidence to construct related validity. Although the moderate fit was found for the
proposed model in either case (pre- and post-CMQ)), the results of both analysis

reasonably supported the five component version of adapted CMQ.
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3.3.3 Interviews

Twofold, consisting of cognitive and affective connections in learning, interview
process was conducted with high school students during the study, which were done
before and after the implementation. The purpose of these interviews was to find out
students’ ideas on acids and bases concepts and to bring out their perceptions on
motivation to learn chemistry. The post-interviews also searched for what student ideas
were about the implemented chemistry teaching method. Interview questions were
formed in semi-structured version and probe questions were also embedded in case
students had difficulties in answering the questions. These acids and bases interview
questions were prepared by the researcher based on the literature review (Furio-Mas,
Calatayud, & Barcenas, 2007; Nakhleh, 1994; Sheppard, 2006; Smith & Metz, 1996;
Toplis, 1998; Vidyapati, & Seetharamappa, 1995) and taking acids and bases unit
objectives into account. The interview questions were given to three chemistry
educators and one chemistry teacher to check whether there were any unclear
statements or inconsistencies with objectives. Some grammatical errors and inverted
statements were declared by experts. Based on their feedbacks the final form of

interviews was constructed (see Table 3.10 for interview schedule).

Eight students were interviewed before and after the implementation. These
interviews were all audio-taped and transcribed verbatim for data analysis. All interviews
were done in chemistry laboratory because of being quite and not disturbing place when
students and the laboratory were available. Beforehand the interviews, students were
informed that they would not be evaluated according to their responses and the purpose
of the interview was to take their sincere ideas on acids and bases and learning
chemistry. During the interviews students were encouraged to answer all questions in a
friendly environment and told that there were no right or wrong responses as the main

point was to truthfully express their ideas on learning chemistry.



Table 3.10 Interview Schedule for Acids and Bases
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Big idea

Main Question

Purpose

Definition of acids
and bases

Acids and bases in
a daily life

Defining of acids
and bases

Identify acids and
bases, pH and
pOH concepts

Strong and weak
acids and bases

Neutralization

What come to your mind
when you are told about
acids and bases?

Have you ever come across
to an acid or a base in your
daily life?

Students are shown some
examples of acids and bases
(chemical  formulas  of
substances) and asked how
they made up their minds
that the substances are acids
or bases.

Students shown two
etlenmeyers, one having of a
pH 4 and the other having
of a pOH 4, and asked how
they can determine which
beaker contains pH 4
solution.  Students draw
microscopic representations
of each solution.

are

Show students a drawing of
two  erlenmeyers,  one
containing a strong acid and
the other containing a weak
acid solution. Ask students
what the differences there
are between two solutions in
microscopic representations.

Students are demonstrated
mixing an acid and a base in
equal amounts in two
conditions, in presence of
phenolphthalein and not.

To determine which theoretical
definition (Arrhenious, Bronsted-
Lowty, and Lewis acid-base
definitions) students utilize, what
properties they know about acids
and bases, and which first three
examples come up their mind.

Elicit students’ ideas about acids
and bases in their everyday life,
ot how they know substances are
acids or bases.

Elicit students’ ideas about how
they determine a substance is an
acid or a base when they are
shown. A student strategy in
determining of acids and bases
could wvalidate the underlying
theoretical perspective that a
student uses in defining acids and
bases.

Elicit students’ ideas about acids
and bases, how they determine a
substance is an acid or a base
when they are able to test,
indicators, litmus paper, and pH
and pOH concepts.

Microscopic representations of
acids and bases could illustrate
student models on acids and
bases.

Elicit students’ ideas about strong
and weak acids and bases,
student drawings of microscopic
representations of a strong and a
weak acid could illustrate student
models on related concepts.

Elicit student ideas about acids
and bases reactions, a
neutralization ~ concept, and
indicators. Students’ models of
neutralization are determined.




75

Pre-interviews on acids and bases were done in order to get more detail about
students’ prior ideas on acids and bases concepts and learning chemistry. Before the
interviews, some materials and instruments were prepared by the researcher; such as
diluted strong and weak acid solutions, a sheet for identification of acids or bases, and
materials for a neutralization activity. Post-interviews were done in order to get more
details about students’ post ideas on acids and bases and learning chemistry by the same
interview questions as the pre-interview. In addition to pre-interview questions students
were also asked about their ideas on the method in learning acids and bases; such as
what they thought about the implementation, whether the method was effective and
efficient for them, or what and how they felt about when they were in charge of doing

activities.

In addition, afterwards the implementation the teacher was interviewed as well.
The purpose of this interview was to find out the teacher’s ideas on teaching approach.
The interview questions cover what differences and difficulties that the teacher faced
with during the process comparing the traditional chemistry teaching approach (see

interview questions for both students and teacher in Appendix D).

3.3.4 Classroom Observation Checklist

Classroom Observation Checklist (COC) was used in order to ensure treatment
verification in 5E learning cycle and traditional teacher-centered chemistry instruction.
This COC was developed by the researcher; in this process previous studies were taken
into consideration (Gurcay, 2003; Serin, 2009). Three aspects were considered while
developing the COC, the physical conditions of a classroom and a chemistry laboratory,
student’s role in learning, and teacher’s role in teaching for experimental and traditional
groups. There are 32 items in this checklist, covering the main properties of the
implemented chemistry instructions both for learning cycle and traditional instructions
(see Appendix E). Observers had four alternatives in checking the related items; these
alternatives are: yes, partially, no, and not applicable. Observers were expected to mark
one of the three alternatives (yes, partially, and no) for related particular situations; but
if an item included unrelated occasion for that particular observation, not applicable

option was supposed to be marked.
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All implementation sections were observed by the researcher in both groups.
More than one observer enables to get more reliable results in implementation process;
however, it was not possible to make another researcher observe the process. There
were totally 49 classroom observations coded by the researcher; 26 class hours in the

experimental group and 23 class hours in the traditional group.

3.4 Instructional Materials for the Experimental Group

This section gave the instructional materials used in the present study. The
materials used in experimental groups and were developed by the researcher based on
the literature research, objectives (See Appendix A), and daily life events related to acids

and bases. In the subsections the details of these instructional materials are given.

3.4.1 Activities

The activities performed during the implementation were explained in this
section. All activities were designed by the researcher and related contributory sources
were emphasized. The developed activities were organized based on the big ideas,
which were introduction to acids and bases, history of definition of acids and bases,
determining acids and bases, strong and weak acids and bases, neutralization, and

titration. The activities are given as the presented in the implementation.

3.4.1.1 Acids and bases

This activity was designed for motivational purposes; at the beginning of the
unit students were supposed to write their ideas about what they knew about acids and
bases. Students were free to write anything they want to express about acids and bases.
The second question in this activity was about what they want to learn about acids and
bases and this part was also was completed at the beginning of the unit (See Appendix
F-1). The second question would express students’ opinion about acids and bases, such
as students might express their interest in acids and bases in their daily life or might
state some subjects on acids and bases which they were anxious to learn about. The last
question was about what students learn about during the implementation, in which

students were supposed to express the subjects they had learned about. This third
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question would be distributed to the students at the end of the each activity. Students
would be free to write anything that came to their mind about their previous learning;

therefore, students were made to think about their understandings and learning.

3.4.1.2 A day with Melis

This was an introduction activity designed for students to make them aware of
how they often interact with acidic and basic substances in their daily life and introduce
them some acidic and bases substances that they often come across in their daily life.
There were two version of this activity sheet; the first version was designed to be
distributed in the first class of acids and bases concepts (See Appendix F-2A) and the
second version was designed to be distributed to student to the next lesson (See
Appendix F-2C). The purpose of the first version was to get student ideas about what
substances they thought to be acidic or basic in their everyday life. The first version of
this activity took about one-class hour. After the first class, students’ results were
categorized in order to detect their ideas about acidic and basic substances and their
explanations of what they think; therefore, specifically, the false ideas about acidic and

basic substances could be discuss in the next lesson (see the next chapter for results).

The second version was a brief activity designed for informational purposes.
Students could find much more information about acidic and basic properties of many
daily life substances. A teacher could lead the discussion on the acidic and basic
properties of daily life substances; to begin with, students’ false ideas could be stated.
After discussion teacher informed students that they were going to also test acidity or
basicity of some the substances they read in the text or other substances they were
curious about in everyday life for coming classes. The second version of this activity

took about 15-20 minutes.

In addition, this activity aimed to motivate students to learn about acids and
bases concepts. Some basic knowledge (such as what materials in a daily life are acidic
or basic), explanations of daily events (such as why statues get deformed), practical
knowledge or key points (such as not to use acidic detergents with basic ones), and
open-ended queries (such as how a cake rise) related to acids and bases were given in

the activity to interest student to the subject and make them curious and anxious (see
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the next chapter for the results). This second version was not only designed for this
section of the class, it was also designed to make attributions for the following class

hours.

3.4.1.3 The History of the Definition of Acids and Bases

Since there are many definition of acids and bases student may feel complicated
and exhausted in learning these definitions. The aim of this activity was to illustrate
students why these definitions are needed and how these definition emerged during the
history (see Appendix F-3A). Only Arrhenius, Bronsted-Lowty, and Lewis Acid-Base
Theories were applied into the activity, as it is mentioned in the Chemistry Curriculum.
The activity was consisted of the three main sections (Arrhenius Asit-Base Theory,
Bronsted-Lowry Asid-Base Theory, and Lewis Acid-Base Theory); these sections have
three sub-sections (Who Proposes the Theory, What is the Theory, and The
Deficiencies in the Theory). This was a conceptual activity and students will discuss the
theories, the properties of the theories, and the deficiencies of the theories. The average
number of students in a group is four. At the beginning of the activity students study
the theories; students were free to study individually or with group members. After 10
minutes, the students in each group pull out a paper from a bag, the student who gets
“C” (stands for “Cevapla”, which means answer) answers the questions and the student
who gets “S” (stands for “Sot”, which means ask) asks the questions to her/his team
members. The Questioner asked the equal number of questions to team members (See

Appendix F-3B). These were the questions for each theory to be asked;

* In what order did the definition of Acid-Base Theories emerge?

* Who proposed the Atrhenius/Bronsted-Lowty/Lewis Acid-Base
Theory?

* What is an acid according to Arthenius/Bronsted-Lowty/Lewis? What
is a base according to Arrhenius/Bronsted-Lowty/Lewis?

* Could you give an example of the Arrhenius/Bronsted-Lowty/Lewis
Acid-Base Theory?

*  What are the deficiencies of the Arrhenius/Bronsted-Lowry Acid-Base
Theory?
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Group members, except the questioner, sit in order and the questioner directed
the questions in that order. Students who answer the questions were not allowed to
check the History of the Definition of Acids and Bases Text during questioning part. If
a student did not know the right answer of the question, the turn passes to the next
student. If no student gave the correct answer of the question, the questioner let them
open the text and discuss the question. If still the group could not find the correct
answer of the question, they could ask help from their teacher. Students get one point
for each correct answer and a student who got the highest score got rewards, which
were a METU emblem pen and a notebook. This activity took about one class hour.

At the end of the activity, the teacher mentioned that science was a subject that
evolves every day. At the time of Arrhenius, his acid-base theory was valid, however,
meanwhile it was observed that the theory had limitations and could not explain some
acid-base reactions. This necessity had caused Bronsted and Lowty to propose another
theory at the same time and even they were unaware of each other. Later, Lewis
proposed the broadest theory of acids and bases. Both Arrhenius and Bronsted-Lowry

theories are still valid, but have limitations in defining acids and bases.

Although this is a conceptual activity, it is also motivational since this activity
includes a game and at the end of it they can get a reward. Another feature of this
activity is that it is emphasized on the nature of science that science we know today may
be invalid tomorrow and there is no one truth. Studies and developing technology

enhance science to change.

3.4.1.4 Which Acid-Base Definition?

This activity designed to assess students understanding on acids and bases
definitions. The activity covers Arrhenius, Bronsted-Lowty, and Lewis acid-base
definitions. Five reactions were given in the activity sheet and students were supposed
to complete the activity with their group members (See Appendix F-3C). This activity
was designed to be distributed to the students afterwards the “The History of the
Definition of Acids and Bases” activity, both activities could be used in a same class
period, in case of shortage of time this activity could be used at the beginning of the
next class in order to evaluate student understanding of acids and bases definition. The

important part in the activity was that to make students were aware of the discrepancy
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within definitions and the number of species that can be considered acids or bases
differed based on which aspects were considered. For example, if a reaction could be
explained by the Arrhenius definition, that reaction could also be explained by the
Bronsted-Lowry and Lewis definition but visa versa was not valid. In other words, if a
reaction could be explained by the Lewis acid-base definition, that reaction could not be

explained either by the Arrhenius or Bronsted-Lowry acid-base definition.

3.4.1.5 Let’s do Magic!

This activity was designed for students to take their attention to indicators
concept (Rohrig, 2002, p.140). Every groups gets two blank papers and liquid sprays,
one of which containing an acidic and the other containing a basic solution. Students
need to spray the liquid on the paper, as an outcome each group gets one word. Then,
every group writes the word on a board and they construct a sentence, which is
“Today’s topic is to learn about indicators that help us to determine acidic and basic
materials” (“Bugiinkii — dersimizin — konusu — asidik ve bazik — maddeleri —

belitflememizi — saglayan — indikatotleri — yakindan — tanimaktir.”).

There were 10 groups in the classroom; therefore, the sentence was arranged as
10 parts. The papers were prepared before class and phenolphthalein was used to write
the words. Phenolphthalein is a colorless indicator and when paper gets dried, no word
can be read on the paper. The liquid spray containing diluted sodium hydroxide and the
other liquid spray containing vinegar were prepared. As each group got two papers
holding the same word, the groups were divided into two parts one of them spraying
acidic solution and the other spraying the basic solution. As the basic solution was
sprayed on the paper, the word turned to pink; in other words, phenolphthalein turned
to pink in the basic solution. However, as phenolphthalein was exposed to the acidic
solution, it remained colotless. This activity was used as an introductory activity on

determining acids and bases to the class and took about 10 minutes.

3.4.1.6 Magic of Red Cabbage

In this activity students will learn that red cabbage juice turns into different

colors in acidic and basic solutions (Rohrig, 2002, p.130. In addition, they comprehend
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that indicators are substances that help determining acidity or basicity of substances and
they will apply what they have learnt from indicators and test acidity or basicity of
substances via using litmus paper, red cabbage pH paper, and universal indicator.
Additionally, students will learn about how to read and interpret the color of indicators.
This activity makes emphasize on red cabbage juice; however, in order to extend
student vision about indicators, litmus paper and universal paperis added to the activity.
Therefore, students will comprehend there are many kinds of indicators, some them

they are familiar with.

Students usually know about litmus paper from previous levels and often do not
experience other indicators in a class. Students may feel anxiety when they hear the
name of “indicators”; this anxiety can be because of hearing unusual name and then feel
complexity in learning the details. Red cabbage is a vegetable that students often come
across in everyday life. The color of red cabbage turns into many colors depending on
acidity or basicity of a solution. Beforehand the activity was done in the class; the red
cabbage pH papers were prepared. Red cabbage was boiled in a pan with sufficient
amount of water. Filter papers were soaked into the red cabbage solution and let them
absorb the solution. Then, filter papers were dried and cut in stripes (See teacher

handouts below for detail).

At the beginning of the activity the teacher demonstrated the pH scale of red
cabbage juice. Then, every group picked up at least three substances from the desk
which they wonder about its acidity or basicity. Afterwards, students tested the materials
via litmus paper, red cabbage pH paper, and universal indicator paper; and write down
the results on the activity sheet (see Appendix F-4) and the common poster hanged on

the wall. This activity takes about 20 minutes.

In addition, this activity aims to motivate students to learn about acids and
bases, since students do tests and learn about everyday materials that they are familiar

with in their everyday life.

3.4.1.7 The Strength of Acids

In this activity, students will observe the difference between a strong acid and a

weak acid. Students often have difficulties in understanding the strengths of acids and
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bases. In addition in everyday language, students use “strong” and “weak” words in
different meaning and they try to relate that meaning with acids or bases; such as strong
acids have strong bonds and weak acids have weak bonds (See Alternative Conceptions

in Acids and Bases Section).

A strong and a weak acid solutions can be at the same molarity; however, the
molarity of hydronium ion will differ in dissociation process. In this kind of situation,
students often think that since both solutions have the same molarity, the hydronium
ions concentration in the solutions should be the same. In order to prove that this
situation differs in strong and weak acids and bases, this activity is developed. Students
will able to observe that even the solutions have the same molarity, the products can
differ. In addition, students will observe one of the properties of acids, which is metals
react with acidic solutions and hydrogen gas is liberated.

For the activity, each group had two erflenmeyers having two different solutions
in them on their desks; these solutions were in the same volume and molarity; one
etlenmeyer has 100 ml 0.5M acetic acid and the other has 100 ml 0.5M hydrochloric
acid solution. The equal amount of magnesium metal was placed into the balloons and
the balloon was put at the top of erflenmeyer. At the same time, magnesium metal
particles were dropped into the Erlenmeyer (See Appendix F-5).

This activity took about 20 minutes, developed as a prerequisite acidity for the
strength of acids and bases, and made the distinction between strong and weak acids.
Afterwards this activity, “What are the differences between strong and weak acids?”
activity is designed. This activity, labeled as “The strength of acids”, gave emphasis to
students’ macroscopic level and the following activity, labeled as “What are the

differences between strong and weak acids?”, aimed to emphasize on students’

b

microscopic level regarding the strength of acids and bases and students could be aware

of the changes that take place on the particle level in strong and weak acids.

3.4.1.8 What are the differences between Strong and Weak Acids?

This activity aims to investigate students’ microscopic ideas on strong and weak
acids/bases. High school students have many alternative conceptions about strong and
weak acids/bases as mentioned in the previous sections; in order to determine whether

students’ have alternative conceptions such as strong acids/bases are strong because of



83

having strong bonds; weak acids/bases are weak because of having weak bonds;
concentration acids/bases are strong; or diluted acids/bases ate weak; this activity is

designed (See Appendix F-06).

Students in a group discussed the four situations given in the activity and draw
related drawings considering particles. This activity took about 20 minutes. This activity
also integrates the students’ ideas about strong and weak acids and bases as well as their
ideas about concentrated and diluted solutions. Students discuss their representations
with their group members. The purpose of this activity is to assess students’
understandings about strong and weak acids as well as their understandings about

concentrated and diluted concepts, and how they integrate these concepts.

3.4.1.9 What is Neutralization?

This brief activity is developed for students to comprehend about neutralization
reactions. This activity is designed to be used as an introductory activity for the
neutralization concept. Red cabbage is a perfect indicator for this activity, since its color
vary in acidic and basic solutions. When the red cabbage juice is used, students will
obsetve that as an acidic solution is added to the solution, the color turns into reddish
colors and as a basic solution is added to the solution, the color of the solution turns
into greenish colors. The neutral color of the red cabbage juice is purplish color. This
activity will enhance student to realize that neutralization reaction occurs and based on
the hydronium ions in the solution the color of red cabbage juice changes. In addition,
the activity will make students think about what happen in particle level as

neutralization occurs (See Appendix F-8).

Students had two droppers, one containing acidic solution (which was diluted
hydrochloric acid) and the other containing basic solution (which was diluted sodium
hydroxide). Each group also had a red cabbage juice solution and they added the acidic
solution drop by drop and observe the color change; then, the basic solution was added
drop by drop into the same solution and students observed how the solution turns back
to its previous color and then color changing based on the basic solution. After that,
students drew their models about what occurred in particulate level during the

neutralization process.
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During the implementation, this activityis back up with simulation which makes
emphasize on the microscopic level and show how neutralization occurs on the particle

level.

3.4.1.10 What causes a cake to rise?

This activity aims to cover the neutralization concepts and developed by the
researcher. This activity enables students to comprehend the neutralization event with
household materials used in their everyday life. Students also have opportunity to
observe that there are some acids and bases that are not dangerous and their reactions
with each other are not hazardous. Students have alternative concepts that only strong
acids and bases react with each other and salt and water are produced; this activity could
enhance students to observe weak acids and weak bases reactions. This is also
motivational activity since not only girls but also boys may curious about what kind of

reaction occurs that causes a cake to rise (See Appendix F-9).

Baking soda (sodium hydrogen carbonate) is usually needed when there is
yogurt or lemon juice in cake recipes. Since baking soda is basic and lemon and yogurt
is acidic, a neutralization reaction takes place and carbon dioxide gas is produced; this
gas causes batter to rise during baking. On the other hand, baking powder includes
sodium hydrogen carbonate as well as tartaric acid; therefore, there is no need to use

additional acidic substances when using baking powder since its containing both.

In the activity, there were two steps; at the first step students were allowed to
observe the differences between baking soda and baking powder. They add some water
onto powders and observed the bubbles just in the baking powder case. The second
step was using baking soda as a basic substance and vinegar as an acidic substance.
Vinegar was used instead of yogurt in order to observe bubbles well enough. In the
previous step, students observed that water did not affect on baking soda; however, in
this step, they observed that vinegar affected on baking soda and bubbles came out.
Since baking soda, in other words sodium hydrogen carbonate, is a carbonate
compound, carbon dioxide gas was produced. Students were told that when baking a
cake, the similar reaction took place and carbon dioxide gas got trapped in the batter

and causes it to rise. This activity took about 20 minutes.
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3.4.2 Teacher Handouts

This part provided explanations for teachers about the activities used during the
implementation and were developed for the teacher so that the teacher can used them
during the implementation and follow the instructions in using the activities These
handouts guide teachers during the activities, most activities are student-centered, but
teacher will always be there to guide them when they need. However, in some activities
teacher does the action because of hazardous materials or for completing the interval
steps quicker. These handouts were developed by the researcher considering objectives

stated in the curriculum (See Appendix A for the objectives and G teacher handouts).

3.4.2.1 Acids and Bases in Our Daily Life

This teacher handout gives the detail about the introduction of acids and bases
concepts. The teacher will seek students ideas about acids and bases such as whether
they come across to any acids or bases during their daily life or what an acid or a base
conjure up in their minds (See Appendix G-1A). The two-stepped activity labeled as “A
day with Melis” was distributed in the context of this handout. The purpose of this
section was to make students aware that not all acids or bases were dangerous or

hazardous some of which were directly in our daily life in our food or surrounding,.

3.4.2.2 The Definitions of Acids and Bases

This teacher handout gives directions about how to present acid-base
definitions. This handout covers the Arrhenius acid-base definition, the Bronsted-
Lowry acid-base definition, and the Lewis acid-base definition (See Appendix G-2). In
order to give the differences within definitions students understandings and ideas were
aimed to inquired during the process, specifically the limitations of the definitions were
addressed. Two student activities, which were “The Definition of Acids and Bases” and

“Which Acid-Base Definition?” were distributed in the context of this teacher handout.
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3.4.2.3 Let’s do Magic!

This activity aims to motivate students to learn about indicators. In order to take
students’ attention to indicators concept “Let’s do Magic!” activity will be done (See
Teacher Handouts in Appendix G-3). Before the class the teacher prepares the
materials; the writing is done with phenolphthalein and a sentence with ten words is
arranged since there are ten groups. This sentence is: “Today’s topic is to learn about
indicators that help us to determine acidic and basic materials” (“Bugtinkti — dersimizin
— konusu — asidik ve bazik — maddeleri — belitflememizi — saglayan — indikatorleri —

yakindan — tanimaktir.”).

3.4.2.4 Magic of Red Cabbage

This activity aims to teach what students should understand from indicators and
learn about the properties of indicators (see Appendix G-4). This activity is leaded by
teacher demonstration which is determining the pH scale of red cabbage; then student
will test acidity or basicity of some substances via using litmus paper, red cabbage paper,
and universal indicator and write down the results on the activity sheet and the common

poster hanged on the wall.

In order to safe time it is better to prepare the red cabbage juice and red
cabbage pH papers before the class. In order to prepare red cabbage pH papers, put
some water and sliced red cabbage in a pot and boil. Turn off the heat after half an hour
and filter the juice in a container. Put some filter papers in a container and let them soak
the juice. After a while remove the filter papers from the juice and let them dry. These
red cabbage pH papers can be in good conditions for weeks, longer in a closed
envelope. Keep the red cabbage juice in a refrigerator to use in this activity. Before the
class, students are told that they are free to bring any kind of substances they want from
their houses to test whether they are acidic or basic. The teacher also obtains some
substances such as lemon, vinegar, coke, yogurt, milk, baking soda, mineral water,
baking powder, soap, shampoo, or detergent to class in case students forget to bring

materials.

There are two parts in this activity. The teacher demonstrates the first part of

this activity, which is determining the pH scale of red cabbage juice. In order to
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determine the color scale of red cabbage juice, the teacher ranges the tubes filled with
hydrochloric acid solution, lemon juice, vinegar, distilled water, baking soda solution,
ammonia solution, and sodium hydroxide solution according to their increasing pH;
then places a few drops of red cabbage juice and let students observe the change.
Afterwards determining the pH scale of red cabbage juice from red to yellow, students

are let free to test their materials (See Figure 3.5).
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Figure 3.5 The pH scale of red cabbage juice obtained in the experimental class (from
left to right HCI solution, lemon juice, vinegar, water, carbonate solution, ammonia,

NaOH solution)

In the second part, students will test the materials they bring from their home
and this will let students determine acidity or basicity of many materials they are familiar
in their everyday life. Teacher allows students to take at least three different substances
from the desk and let them apply the acidity and basicity test. Teacher reminds students
to write their results down both on their activity sheet and the common poster hanged

on the wall (See Student version of this activity in 3.4.1.4 section).

3.4.2.5 Concentrated-Diluted Solutions

It is often difficult for students to understand what is occurring at the particulate
level. A lemon contains citric acid, one of the weak acids. Students have alternative
conceptions that weak acids/bases are diluted solutions or strong acids/bases atre
concentrated solutions (See Alternative Conceptions in Acids and Bases); therefore, it is
difficult for students to comprehend strength concept in acids/bases. In order to

eliminate or not to create such alternative conceptions, this activity is developed
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(Appendix G-5). Concentrated or diluted weak acid solution can be set up in order to
make students observe that it is possible to form concentrated solution from a weak
acid. Preparing a glass of lemonade activity is designed in order to emphasize the
difference in concentrated and diluted acids/bases. The teacher squeezes a lemon in a
beaker (See Iin Figure 3.6), add 10 ml water (II), add 10 ml water again (III), and lastly
add 10 ml water (IV). Adding each time some water in the lemonade causes dilution and
students could infer the taste difference as well. The teacher asks about students’ ideas
about how they can visualize these dilution events on the board. Taken into students
responses into consideration, teacher uses the drawing below to illustrate the situation
in the particulate level. Students are explained that when the same size fraction of the
solutions is taken, as it is seen from the drawing, there is decreasing number of particles

in the fractions from concentrated to diluted solution.
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Figure 3.6 The particulate level illustration of dilution of lemonade

This representation helps students conceptualize dilution of a concentrated
acidic or basic solution. A lemon has high concentration of citric acid which is a weak
acid. Students have an alternation conception that a weak acid is always diluted (See the
alternative conceptions section), in this illustration students could realize that

concentration is not related to strength of acids or bases.

3.4.2.6 pH and pOH concepts

This activity will enhance students’ understanding of pH and pOH concepts via
experimenting different solutions or the same solutions in different concentrations
relating the colour of redcabbage or litmus paper with pH and pOH concepts. Students
usually relate pH and pOH concepts with the strength of acids or bases; such as, if a

solution’s pH value is close to 1, students consider the solution as a strong acid.
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Students should illustrate that an acidic or basic solution with different concentrations
have various pH or pOH values because of the difference in hydronium or hydroxide
ion concentration. Another difficulty of students is that students may think that acidic
solutions do not have hydroxide ions in solutions or visa versa for bases or neutral
solutions with pH 7 do not have any ions in solutions. Therefore, this is activity mainly
focused students’ such alternative conceptions for not creating new ones or remeding
the existing ones via emphasizing the concentration of hydronium or hydroxide ions,
the derivation of pH and pOH values considering self-ionization of water, and the
representations of acidic and basic solutions in different pH or pOH values using daily

life examples.

3.4.2.7 Strong and Weak Acids

This activity will enhance students to differentiate the discrepancy between
strong and weak acids and bases. In order to illustrate strong and weak concepts are
related to dissociation the teacher will use a simulation, which shows the dissociation of
HCl and HF in particle level (See Teacher Handouts in Appendix G-6). At the
beginning of the activity the teacherinquiries about student ideas about strong acids and
why some acids are called as strong or weak acids. The simulation progress is done step
by step and students are let comprehend what is going on the particle level. Students
have an alternative conception that strong acids have strong bonds and weak acids have
weak bonds may be because of daily usage of these words. In order to overcome this
kind of alternative conception, the teacher make emphasis on determining the strength
of acids and bases is related to their dissociation in solutions and stresses the more
dissociation, the stronger the acid. For further understanding, the teacher reminds
students about electronegativity concepts from the previous semesters and recalls the
periodic properties of I, Cl, Br, and I elements. The electronegavity values of H, I, Cl,
Br, and I are given in order to compare the electronegativity difference in H-F, H-CI,
H-Br, H-I bonds. The teacher enables students to discuss which of them more easily
give hydrogen into the solution relating the electronegativity difference in order to get

the idea of the less electronegativity difference, the more easily dissociation.

In addition, conductivity of acids and bases were emphasized that a stronger

acid is a better conductor of electricity since stronger acids dissociate more completely
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and more free ions are produced. The students are made to get a conclusion that a
solution with high ion concentration will have a higher conductivity than one with a low

ion concentration.

3.4.2.8 The Properties of Acids and Bases

This teacher handout covers the properties of acids and bases, such as taste,
touch, reactions with metals, electrical conductivity, and neutralization. During the
procedure demonstrations, videos and hands-on activities were used. Because of
inconvenience of the chemistry laboratory air-conditions, an inquiry-based procedure
was followed using videos. Attributions were arranged in the process to the second
version of “A day with Melis”, so that the real-life application of the properties of acids
and bases would be illustrated. Students conducted two activities, which were “What is
Neutralization?” and “How a Cake Rise?”. Students could find interesting to learn some
daily-life event related to acids and bases such as, the deformation of statues, acids rain,

stomach sour, and baking a cake (Appendix G-8).

3.4.2.9 Titrations

This teacher handout was developed to illustrate titrations and enhance students
to observe titration procedure both in macroscopic and microscopic level. The teacher
does this activity in twofold, firstly does the demonstration and then shows the
simulation of a titration considering particles. The teacher emphasizes that titrations can
be used when there is a solution in unknown molarity to find out how much a

substance is dissolved in a given volume of a solution.

In this particular situation, 60 ml HCI in unknown molarity is added to
etlenmayer and 0.2 M NaOH solution is filled into a burette. In order to observe the
change phenolphthalein indicator is used. This simulation is used since it shows titration
process both in particle level and draws a graph step by step (Higher Education, 2009).
Teacher enquires student ideas about what happens at each step in addition of sodium
hydroxide taking into particle level and graph into account.

Students have an alternative conception that acid-base reactions occur in

presence of indicators. In the simulation, a titration is demonstrated between a strong
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acid and s strong base as well as what happens at the particle level is highlighted. In
every step of adding of sodium hydroxide into the erlenmeyer consisting hydrochloric
acid, it is simulated what happens clearly step by step at the particle level (See Teacher
Handouts in Appendix G-9 for the simulation steps in titration) as well as graphical
presentation is available. During the titration simulation no indicator is used and no
emphasize is done about it for the reaction occurrence, students can make aware of this
(although this is a simulation); therefore, in order to get a reaction between an acid and
a base, no indicator is needed idea is discussed with students. Hence, it is cleatly stated

that indicators just help us to observe when the end-point of a titration is reached.

3.5 Design of the Study

A quasi-experimental design that takes account of already existing groups
(Fraenkel & Wallen, 2003, p. 278) is used as an experimental design in this study since it
is not possible to do random selection of a student to a treatment group in Turkish
school system. Because of the difficulty of a randomization of groups, random
assignment was done between intact groups in order to control treatment groups.
Therefore, the design of the study is the matching-only pre-posttest control group
design as a type of quasi-experimental designs (Fraenkel & Wallen, 2003, p. 278).

Table 3.11 below summarizes the research design of the study, which expresses
pre-tests were distributed before the implementation to both experimental and
traditional groups. Afterwards the implementation process, post-tests were distributed

to both groups.

Table 3.11 Research design

Groups Pre-tests Treatment Post-tests
TABT TABT
CM . CM

EG Seer—Structured >E Learning Cycle Sem(iQ—Structured
Interview Interview
TABT TABT

TR CMQ Traditional  teacher- CMQ
Semi-Structured  centered Semi-Structured

Interview Interview
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This is a brief explanation for abbreviations in the Table 3.11: EG represents
Experimental Groups which were implemented with 5E learning cycle model; TR
represents Traditional Groups which were implemented traditional teacher-centered
instruction. TABT was labeled for “Three-tier Acids and Bases Test” and CMQ was for

“Chemistry Motivation Questionnaire”.

3.6 Procedure

The section gives the procedure followed in this present study from the
beginning to the end of the study. During the study process the following steps were
carried out:

v" The research problem was determined, which was studying on students
understanding of acids and bases concept, determining student
motivation to learn science, and developing activities to increase their
motivation to learn chemistry.

V" The key terms were determined, which were “acids”, “bases”, “alternative
conceptions”,  “constructivism”,  “conceptual change”, “inquiry”,
“constructivist teaching strategies”, “learning cycle”, “student-centered
activities”, “modeling”, “motivation”, “motivation to learn science”,
“real-life applications”, and “hands-on activities”.

v' Literature review was done with the aforementioned key terms through
Educational Resources Information Center (ERIC), Social Science
Citation Index (SSCI), Ebscohost, Science Direct, JSTOR, Google
Scholar, ProQuest Dissertation Abstracts International (DAI), ProQuest
(UMI) Dissertations & Theses, METU Library Theses and Dissertations,
Turkish Higher Education Council National Dissertation Center,
TUBITAK-ULAKBIM Turkish Academic Network and Information
Center, Hacettepe University Journal of Education, Education and
Science (Egitim ve Bilim), and Kuram ve Uygulamada Egitim Bilimleri
(KUYEB). Literature review process was done periodically to stay up to
date.

v" Sources were obtained and the readings were done. The literature review
helped to construct the theoretical knowledge on the research problem.

The similar previous studies lead the way, particularly alternative
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conceptions on acids and bases. The results of research articles were
examined and their implications and limitations were taken into
consideration.

Instruments used in the study were developed. The TABT was developed
by the researcher. The CMQ was adapted into Turkish by the researcher.
The pilot study of the TABT was done in 2008-2009 fall semester and
the adaptation study of the CMW was done in 2007-2008 spring
semester.

Instructional materials for students and teachers were developed by the
researcher based on the literature and revised based on the feedbacks
from the chemistry educators.

In order to conduct the study in high schools necessary permissions were
gotten from the Ministry of National Education from two regions in
Ankara, which were Cankaya and Etimesgut.

Determining the sample size, Cohen, Cohen, West and Aiken (2003,
p.177) was followed as a guideline for determining the sample size of the
study. Similar to most educational studies, the significance level was
determined as .05 in the present study, the power was set as .80, and the
effect size of the study was set as a medium effect size (the proposed
effect size values for f were: small= .02, medium= .15, and large= .35).
Therefore, the required sample size for this study was calculated as 56.
Application of pre-tests, the TABT and the CMQ were administered to
both experimental and traditional groups on the same day. These tests
were administered two weeks before the study both by the researcher and
the teacher. The semi-structured interviews were done when students
were available. The students were informed that their results would be
confidential and their names would not be used anywhere in the study.
Main study was conducted in the 2009-2010 spring semester, this process
lasted for nearly eight weeks for experimental group (23 class hours, 3
hours a week) and seven weeks for traditional group (21 class hours, 3
hour a week). The acids and bases unit was designed for approximately
eight weeks (3 class hours a week) in former chemistry curriculum.

During the implementation, the former chemistry curticulum had been
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followed, the following semester the current chemistry curriculum was
applied for 11" grades. Two intact classes were used in the
implementation, one of them was the experimental and the other was the
traditional group. In the experimental group 5E learning cycle and in the
traditional group traditionally designed chemistry instruction was used.

v" Application of post-tests; the TABT and the CMQ were administered to
both experimental and traditional groups on the same day both by the
researcher and the teacher. The semi-structured interviews were done
when students were available.

v" Data entering; the data gathered from the pre- and post-TABT and pre-
and post-CMQ were entered into Microsoft Office Excel and then run in
Iteman, SPSS, and Lisrel. The qualitative data gathered from the pre- and
post-interviews were transcribed.

v' Analysis of data; descriptive, inferential and confirmatory statistical
analysis were done for the TABT and CMQ. The coding was done by the
researcher.

V' Writing the dissertation

3.7 Implementation for Groups

In this section, the implementation conducted in the experimental and
traditional groups were given in two subsections. Constructivist teaching strategies
(inquiry based hands-on activities, group discussions, and class discussions under the
steps of 5E learning cycle model) were used in experimental group and traditional
teacher-centered chemistry instruction was used in traditional group. The experimental
group students were implemented in the chemistry laboratory; on the other hand, the

traditional group students were implemented in the regular classroom (Figure 3.7).
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Figure 3.7 The view of class designs both in experimental and traditional groups

3.7.1 Treatment in the Experimental Group

The instruction was designed based on the learning cycle model considering five
steps, which were Engagement, Exploration, Explanation, Elaboration, and Evaluation.
Nine teacher handouts were designed and the teacher followed these handouts during
the instruction. Ten student activities were designed for students to follow the
procedure in the activities in which students were actively involved in learning
procedure to get opportunities to develop manipulative and technical skills and the
teacher acted as a facilitator. The teacher’s role was a facilitator for students in
discovering knowledge instead of providing knowledge. During the implementation, in
order to encourage students the teacher asked leading questions and enhanced them to
think and discuss the related questions in activities with their peers. The students’ role
was to discover knowledge with their peers by doing their activities and discussed the

questions in activities or the teacher asked.

From elementary school curriculum, students were fairly aware of some basics
of acids and bases. They knew that “Acids turns blue litmus to red and bases turns red
litmus to blue.”, “Acids taste sour and bases taste bitter.”, “Acids release a hydrogen
into water and bases release a hydroxide ion into water.”. In order to determine what
the students knew about acids and bases, the TABT (as a pre-test) was administered.

This test also aimed to test students’ alternative conceptions about acids and bases.
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Before the treatment began, the teacher wanted from the students to create
groups consisting of four pupils. In order to create groups, first of all the teachers let
the students to create their own groups; afterwards, the teachers did rearrangement
when there was imbalanced groups in terms of achievement. The teachers focused not
to create groups only with low-achievers or with high-achievers. Because students can

learn from each other, the groups were created balanced in terms of their achievement.

In order to identify students’ general ideas about acids and bases and what want
to learn about “Acids and Bases” unit an activity sheet was distributed at the end of the
previous unit (See Appendix C), “Chemical Equilibrium”, and 15 minutes were given to
the students. Onto that sheet students were asked to give responses to two out of three
questions. This activity is two stepped; at first students were questioned about what they
know about acids and bases and what want to learn about acids and bases; during the
unit they were going to be questioned about what they learned, as well. The purpose of
this activity was to determine students’ ideas about acids and bases and what they were
striving to learn about for this unit. In other words, student expectations for “Acids and
Bases” unit were inquired. The purpose of the last question was twofold, conceptually
and motivationally. In a conceptual manner, it searched for student learning and
whether they had any misunderstandings during the unit. In a motivational manner, this
question managed students to think about their personal learning and since some
students sometimes behave shy and could not ask questions or tell the teacher that they
did not understand the subject, this activity could enable students to express difficulties
in their learning and state their thoughts more easily by writing than face-to-face

communication.

The next lesson in introducing the topic (this part corresponded to the
engagement step of 5E), the teacher asked what images the word acid conjures up in
their mind. The teacher listen students’ responses and explained that she was going to
distribute a paper set that wrote about a one day of a university girl. The teacher told
the students that the aim of the activity was to determine what they thought about acids
and bases in daily life. Therefore, an activity named “A day with Melis (see Appendix C,
“Melis’in bir giinii”)” distributed to every student. First of all, each student read the

activity individually and then tried to answer the related questions. Ten minutes were
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given to students to complete the reading activity and answering the questions. The

questions were:

e What are the acids that Melis were faced with during the day?
e Why do you think that they are acids?
e What are the bases that Melis were faced with during the day?

e Why do you think that they are bases?

After each student finished the activity, the teacher enabled them to discuss the
questions with their group members. In their discussions, students talked about the
materials which could be acids or bases (this part corresponded to the exploration step
of 5E). Ten minutes discussion time was given to students and they were asked to argue
whether there were differences within each other in selecting the substances and their
acid-base categorization. In addition, they try to convince their friends by supporting
evidence why they thought that the substance is an acid or a base. After the discussion,
they wrote the report which includes what substances they thought that were acids or
bases in group agreement. If they lacked of consensus, they were told to write the
differences they had discussed. The teacher collected all activity sheets and then asked
whether they had difficulties in deciding what substance was an acid or a base. After
getting students’ reflection, the teacher explained that scientists also had difficulties in
deciding what is an acid or a base. Then, the teacher expressed that the categorization of
chemical substances as acids and bases helps in many ways; but just looking to the
substance was not enough to understand the substance was an acid or a base (this part
corresponded to the explanation step of 5E). The teacher also said that in many type of
sciences this sort of categorization could be found; for example, she asked to the
students what came to their mind when she said a dog. Students gave some descriptions
of dogs such as furry, faithful, have long ears, act as a guard, have a good sense of smell,
etc. the teachers stated that likewise the categorization of animals, the categorization of
substances in chemistry helps in many ways such as when an acid or a base was called
what should came to student mind would be discussed in the unit.; therefore, scientists
made some generalizations for chemical substances. At the end of the lesson, the
teacher told the students to check the description of some substances (at least three of

them) at home in which they came across at the activity or about which they were
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curious about and they were free to bring them to class (this part corresponded to the
exploration step of 5E). Therefore, for the next lesson, the students would check the
descriptions of some substances written at the back they had read in the activity in

order to determine whether these substances were acidic or basic.

For the next lesson, the collected activity sheets were analyzed by the researcher.
The researcher categorized the students’ answers (see Table 4.17 for the detail in
Chapter 4). This categorization had four options: acidic, basic, neutral, and not sure.
Based on student responses, the substances which were students not sure about their
acidity or basicity or had false decision on their acidity or basicity were determined for
the activities. These substances were going to be used by the students during the
activities; therefore, the substances that were the students were not sure about whether
they were acidic or basic were selected, such as aspirin, milk, mineral water, and

toothpaste.

The following lesson the teacher started the lesson by asking whether they came
across any acidic or basic materials in their daily life and got students responses. Then,
the teacher asked the students what they found during their search on substances. The
students expressed their search results such as one of the students stated carbonate
included sodium bicarbonate and not sure still about its acidity or basicity but since it
was used in food, it was probably an acidic substance; another student stated that bleach
included sodium hydroxide and a basic substance as he thought about; and another
student stated coke included water, sugar, carbon dioxide, coloring, phosphoric acid,
and caffeine and since including phosphoric acid coke was an acidic substance. The
teacher took students’ findings into consideration and explained that the students
themselves would tested those all materials whether they were acidic or basic. Then, the
teacher continued by reporting the students’ discussion group results and emphasized
that although the students gave the similar responses, they had some discrepancies

among each other in deciding whether substances were acidic or basic.

Afterwards, the teacher asked that how a material could be decided whether it was
an acid or a base and listened students’ responses. The teacher expected to get an
answer that a litmus paper was used to test whether a material was acidic or base since
the students were expected to know this knowledge from their middle school science

courses. Then, teacherlet students to test at least four materials with a litmus paper (See
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Appendix F-2B); they were free to use the materials either they had brought from their
homes or the teacher supported (this part corresponded to the exploration step of 5E).
After finishing the activity, the students compare and discuss their results on the poster.
Finally, the teacher distributed the second version of “A day with Melis” activity (see
Appendix F-2C). The students were supposed to read the text and answer the question

(this part corresponded to the evaluation step of 5E).

The following lesson, in order to both evaluate students’ previous learning and get
students’ ideas on acid-base definitions the teacher asked to the students what they
understood from the term of an acid and listened carefully the students’ responses (this
part corresponded to the explanation step of 5E). The students expressed their ideas
what the word acids conjured up in their mind. The same questions were asked for
bases. The teacher mainly paid attention to students’ ideas, but she did not try to make
corrections on students’ responses. Then, the teacher explained that scientists use
different approaches to determine what substances are acids or bases and it would be
used to study them at the molecular level in order to understand the properties of acids
and bases (this part corresponded to the elaboration step of 5E). The teacher gave some
examples to students related with Arrhenius acids; such as HCI, H,SO,, HNO,, HBr,
HI and Arrhenius bases; such as NaOH, KOH, Mg(OH),, Al(OH),, Ca(OH),. The
teacher told the students that stomach juice contains hydrochloric acid, cleaning
materials also contains hydrochloric acid, power supply in cars contain sulfuric acid,
soap contains sodium hydroxide, liquid soap and shampoos contain potassium
hydroxide, stomach ache relief pills contain magnesium hydroxide or aluminum
hydroxide, and limewater contains calcium hydroxide and then asked the students what
were the common properties of these substances. The students responded such as “a
substance which had hydrogen in its formula is an acid”, “a substance that dissociate in
water to produce hydrogen ions”, “a substance that dissociate in water to produce

bl

hydroxide ions”, or “a substance which had hydroxide in its formula is a base” were
expressing. In this step, the teacher expressed that students’ ideas were not so different
with what Arrhenius said. The teacher mentioned the basics of the theory, how
Arrhenius defined an acid and a base based on releasing ions when dissolving in water

and asked from the students to show dissociation on the examples written on the board.

In order to conflict the students, the teacher gave CH,, NH; and CH;COOH examples



100

to students and asked them how they could determine these materials whether they
were acidic or basic based on the Arrhenius Theory. The teacher explained that CH,
was an Arrhenius acid based on his theory though not having the properties of an acid,
NH; has the properties of a base but not recognized as a base based on the Arrhenius
definition, and CH;COOH has a properties of an acid though it was thought it contains
OH group. Then, the teacher made a demonstration using NH; and HCI drops on two
small pieces of cottons, and then placed these cottons into the two edges of glass tube.
The students observed the occurrence of white smoke near the side of HCI cotton, and
during this demonstration the teacher made the students remember their previous
learning about the diffusion of gases. The teacher asked the students the reaction
occurred and wanted them to explain this reaction based on the Arrhenius definition
(this part corresponded to the evaluation step of 5E). The purpose was to make them
aware of the deficiencies of Arrhenius definition such as restriction to water solutions,
ambiguity of acid-base dissolution in water, and deficiency in definition in coveting
some compounds having the properties of a base; therefore, by this demonstration
students attention were taken to the expansion of Arrhenius definition by Johannes
Bronsted and Thomas Lowry independently as acid-base reactions can occur in the gas
phase, as in the demonstration, no restriction to water solutions, and the definition of
acids and bases behaviors based on the H" ions transfer (this part corresponded to the
elaboration step of 5E). The teacher made emphasis on the expansion of the acid-base
definition and the coverage of basic compounds which were excluded from the
Arrhenius definition. The important point here was to undetline that Arrhenius acid-
base definition was not wrong but had some limitations and the Arrhenius definition
was subject to change with the development of new knowledge. The teacher explained
the Bronsted-Lowty definition using examples and gave explanation about conjugate
acid-base pairs. In addition, in order to enhance comprehension on students about this
subject the teacher gave various examples. In order to define Lewis acid-base definition
the teacher asked students what Lewis reminded them; the aim was to make them
remember electron-dot Lewis structure and N, O and Cl examples were given to be
written. In terms of acid-base definition, it was emphasized that Lewis noticed the
shared electron pair property in acids and bases reactions and defined acids and bases
based on an electron-pair acceptor or donor. The teacher made the students aware that

Lewis definition covered both Arrhenius and Bronsted-Lowry acid-base definitions and
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also increased the number of species that could be considered acids or bases. The
reaction between NH; and BF; was given and shown that even not containing H, BF,
was a Lewis acid. Afterwards, the activity labeled “The History of Acids and Bases
Definitions” was distributed to the students (this part corresponded to the engagement
step of 5E) and when there was enough time the next activity “Which Acid-Base

Definition” was given (this part corresponded to the evaluation step of 5E).

This procedure was followed for the whole acids and bases unit, in order to save
space only the introduction part of the unit was given but the rest of teacher handouts

could be found at the Appendix G.

3.7.2 Treatment in the Traditional Group

In the traditional group, the teacher used the traditional teaching chemistry
instruction. During the instruction in the traditional group, the teacher followed the
traditional way what she used to do by directly giving the scientific concepts and the
students were mostly passive, listened their teacher and took notes to their notebooks.
The teacher sometimes did demonstrations in her traditional way of teaching and using
demonstrations in traditional group did not change the traditional way of teaching at all.
The same concepts were implemented in the traditional group using lecturing,
demonstrations, and videos instead of inquiry based hands-on activities, group
discussion, and class discussion. The students in this group did not complete the
conceptual and motivational activities designed for experimental group; on the other
hand, students followed their teachers doing the demonstrations and solved more
algorithmic problems. Therefore, the same activities were used in both classes, just the

procedure was different.

The introduction of acids and bases unit was started with student ideas about
what they know about acids and bases and then the teacher explained that there were
many acids and bases they were faced with in their daily life and gave examples such as
battery acids, vinegar, lemon, apple, fruits as acids and soap, carbonate, toothpaste, and
detergents as bases. The teacher distributed the students to read the second version of
“A day with Melis” activity and told the students that they could find many examples
and explanations about acids and bases from their daily life. The definition of acids and

bases was the first topic to be explained and the teacher gave the detail on the
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Arrhenius acid-base definition with related examples such as HCI, H,SO,, HNO,, HBr,
and HI for acids and NaOH, KOH, Mg(OH),, and Ca(OH), for bases. Then, the
teacher CH,, NH; and CH;COOH gave the aforementioned examples to students and
asked whether those were acids or bases. The teacher wrote on the board the reaction
between NH; and HCI, expressing at that reaction NH; was a base; then, explained the
restrictions of the Arrhenius acid-base definition and gave the details about the
Bronsted-Lowry definition illustrating examples and giving explanation about conjugate
acid-base pairs. In addition, in order to enhance comprehension on students about this
subject the teacher gave various examples on conjugate acids and bases, some of which
solved by the teacher (especially the first examples) and some were solved by the
students. Finally, the Lewis acid-base definition was explained by illustrating the
restrictions of the Bronsted-Lowry acid-base definition and the students were given
some examples on electron-dot Lewis structure. Then, the students were told that Lewis
noticed the shared electron pair property in acids and bases reactions and defined acids
and bases based on an electron-pair acceptor or donor. At the end of the topic the
students were distributed the activity to read labeled as “The history of acids and bases

definitions™.

In this part, the comparable topic was just given for the treatment in the
traditional group. Therefore, the teacher-centered instruction was conducted in the

traditional group (See Appendix H for Sample Lesson Plan).

3.8 Treatment Fidelity and Verification

The developed instructional materials by the researcher were reviewed by
experts in chemistry education. The supervisor of the study reviewed all instructional
materials and gave feedbacks on them. Based all feedbacks the instructional materials
were developed. During the implementation process, the classroom observation
checklist was used by the researcher and the guest chemistry teacher both in

experimental and traditional groups.
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3.9 Data Analysis

Analysis of data was conducted using the SPSS and Iteman programs. The
gathered data from pre-tests of TABT and CMQ and post-tests of TABT and CMQ
were entered into Microsoft Excel. The TABT scores were calculated and then the
scores were converted to the SPSS. At the first step, the missing data were checked and
the descriptive data (which were the scores of experimental and traditional groups’
mean, standard deviation, skewness, kurtosis, minimum, and maximum values) were
calculated. These descriptive statistics gave a general view for the data and enlighten
some assumptions for inferential statistics. In terms of inferential statistics, the analysis
of which enhanced the generalizability of the sample data to the population, multivariate
analysis of covariance (MANCOVA) was conducted with two dependent variables,
which were post-TABT and post-CMQ; two independent variables, which were
methods of teaching and gender; and two covariates, which were pre-TABT and pre-
CMQ. Before conducting MANCOVA, the assumptions, which were normality,
outliers, homogeneity of variances, multicollinearity, homogeneity of regression, and
independence of observations, were checked and it was found that all assumptions were

met.

In addition to quantitative data, there was also qualitative data gathered from
pre- and post-interviews. The interviews were transcribed verbatim, the data was coded,

and interpretations were done.

3.10 Power Analysis

Before conducting the study, the necessary sample size was calculated. The
effect size values (%) stated by Cohen et al. (2003) were as small=.02, medium=.15, and
large=.35. Based on the previous studies, the effect size of this present study was set to
a medium effect size, the significance was set to .05, and the power was set to 0.80. The
equation (L. = f(n — k — 1)) mentioned by Cohen et al. (2003, p.181) was used to

calculate the necessary sample size.

In this equation the symbols stands for: L is the function of kg found in L tables

(p.651), n is for sample size, and k is the sum of k, (number of covariates) and k
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(number of groups -1). Therefore, the necessary sample size was calculated as 56, see

the calculation below:
L=f(n-k-1 — n=L/f+k+1
n=7.85/0.15 + 3 +1

n=56

This study was conducted with 78 students and the same equation was used for

calculating L. value and found as 11.1, see the calculation below:

L=f(n-k-1) — L=015(78-3-1)

L=11.1

Based on this calculated L value, the calculated power of the study was between in
range of .90 (L=10.51)and .95 (I.=13.00). Since the calculated L value is closer to .90,

the calculated power was accepted as .90.

3.11 Threads to Internal Validity

Internal validity was defined as “observed differences on the dependent variable
are directly related to the independent variable, and not due to some other unintended
variable” by Fraenkel and Wallen (2003, p.178). There are possible threats to internal
validity, which are: subject characteristics, mortality, location, instrumentation, testing,
history, maturation, attitude of subjects, regression, and implementation. These possible

treats to internal validity and minimization of these treats are discussed in this section.

» Subject characteristics: The group difference might affect the results of the
study; therefore, random assignment was done in the study. In addition,
the students’ age, gender, socioeconomic status, motivation to learn
chemistry, and prior knowledge of acids and bases concepts might be
affective on the results and these variables were investigated. The
students’ age, gender and socioeconomic status were similar to each other.
In order to equate groups, statistical techniques were also used as setting

covariates at the analysis of MANCOVA.
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» Mortality: Loss of subjects’ threat is related about dropping out of the
subjects from a study. In this present study, only one male student was
excluded from the study since he did not participate to the pre-tests. He
was a new registration from another school and came to class at the
middle of the semester because of moving to the neighborhood.

» Location: This threat might occur when there are different conditions for
groups. The classroom and laboratory conditions were similar in terms of
size, lighting, and other conditions. The experimental group was in the
laboratory in all classes, but the traditional group was generally in the
regular class and sometimes in laboratory when there was a
demonstration. The researcher collected more information to minimize
the location threat for the groups.

» Instrumentation: This threat can be explained in three sections, which are
instrument decay, data collector characteristics, and data collector bias.
Instrument decay is changing the nature of the instrument. The
instruments used in the present study for both experimental and
traditional groups were the standard and same in terms of administration
and scoring. Data collector characteristics such as gender, age, language
patterns might effect on the nature of the data. The data collection
procedure was the same for both groups and the researcher and the
teachers were in class in all administration sections. Data collector bias is
altering data to get certain outcomes. The teacher was trained to minimize
this threat.

» Testing: This threat is about students might be alert or aware in the
presence of pretests. In the study, there were two pre-tests and they were
administered two weeks before the implementation. The implementation
lasted for two month and this period is long enough to minimize the
testing threat; additionally, this threat was valid for both experimental and
traditional groups.

» History: Occutrence of unplanned events during implementation might
affect the results of the study. The researcher existed in all classes in both
experimental and traditional groups. During the implementation, the

volcano named Eyyafyallayokill in Iceland erupted and it was told on
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news that there was a risk of acid rains. In the activity, “A day with Melis”
there is a part on acid rain and effects of acid rain. There was a discussion
in both groups covering the questions: what acid rain was, the effects of
acid rain, and why rain was called acid rain. Both experimental and
traditional groups were affected by this history threat equally, this threat
was controlled.

Maturation: This threat was not possible threat for this study since the
change in intervention was not because of passing of time.

Attitude of subjects: There are three possible threats in terms of attitude
of subjects: Hawthorne effect, John Henry effect, and demoralization
effect. Hawthorne effect is positive effect on experimental group students
due to increased attention and novelty of the treatment. The opposite
effect is demoralization effect on control group students since not having
any treatment. John Henry effect is another effect on control group
students due to not having any treatment, students express more effort to
better than experimental group students. These possible threats were
assumed to be minimized in present study; the teacher told the students
the instruction was not different and the same activities were conducted in
both groups.

Regression: This threat is possible when low or high achievers selected in
a group. Random assignment was done in selecting the groups in this
study; therefore, this threat was not a possible threat.

Implementation: This threat is occurred when there are different
individuals to implement the methods or the characteristics of individuals
implementing the methods on the behalf of one of the treatments. The
teacher implemented in both experimental and traditional groups and
trained before the implementation. The classroom observation checklists

were used to minimize this threat and treatment verification was provided.
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3.12 Assumptions and Limitations
The assumptions of this present study were stated below:

» 'The instruments were completed by the students honestly, independently

and seriously.

» The similar conditions were available during the administration of the

instruments.
» No bias was done on the behalf of the either treatment.

> The teacher followed the teacher handouts.

The limitations of the study were stated below:

» The study was limited to 11" grade public high schools in the center of the

city.

» 'The study was limited to the “Acids and Bases” unit.
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CHAPTER IV

RESULTS AND CONCLUSIONS

The results of the study were presented in this chapter including the following
eight sections: the descriptive statistics, the inferential statistics, the results on student
activities, the results of three-tier acids and bases test and student interviews, the results
of chemistry motivation questionnaire and student interviews, the results of the teacher
interview, the results of classroom observation checklist, the summary of the results,

and the conclusions of the study.

4.1 Descriptive Statistics

In order to carry out descriptive and inferential statistics, beforehand it is
essential to check whether there were any missing values in the data. Therefore, missing
analysis was done and it was observed that there were not any missing values in the
data. However, there was an exclusion from the analysis; a student from another school
was enrolled to Class B during the semester since this student had not completed the

pre-tests was not included into the study.

Therefore, the descriptive statistics, given in the Table 4.1, shows the excluded
scores. The descriptive statistics about pre-TABT, pre-CMQ), post-TABT, post-CMQ,
grades, and gender were grouped in terms of implemented methods, experimental and
traditional groups. The pre-TABT scores before implementation were almost the same
for the both groups and the correct answer rate for this test was very low since most
students were not sure for their responses, in other words because of the third tier of
the questions which sought for whether students were sure in their responses. The
possible maximum score for this test was 18, but the highest score was four for both
groups. The first-tier of the test included conventional multiple-choice questions and

when this first-tier was only analyzed, it was seen that the mean score of the first-tier
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questions was 4.05 for the experimental group and 3.53 for the traditional group in the

pre-test (see Table 4.2 for details).

Table 4.1 Descriptive Statistics for the pre-TABT, pre-CMQ), post-TABT, post-CMQ,
grades, and gender

N Mean SD Skewness  Kurtosis Min  Max
Pre-TABT
EG 40 1.10 1.01 .89 .58 0 4
TR 38 1.32 1.21 .70 -15 0 4
Total 78 1.21 1.11 .81 16 0 4
Pre-CMQ
EG 40 102.78 14.99 17 -.55 73 136
TR 38  105.03 16.41 -.57 -11 62 127
Total 78  103.87 15.64 -21 -.45 62 136
Post-TABT
EG 40 8.90 3.89 23 -.82 2 17
TR 38 4.95 3.30 1.08 .39 1 14
Total 78 6.97 4.11 .54 -.69 1 17
Post-CMQ
EG 40 109.35 12.91 13 -19 86 141
TR 38 102.58 18.72 -.38 -51 62 131
Total 78  106.05 16.26 -46 13 62 141
Grades
EG 40 2.55 1.56 47 -1.34 1 5
TR 38 2.68 1.17 .34 -.58 1 5
Total 78 2.62 1.37 .39 -1.07 1 5
Gender
EG 40 1.48 51 .10 -2.10 1 2
TR 38 1.50 51 .00 2.11 1 2
Total 78 1.49 .50 .05 -2.05 1 2

Note: Pre-TABT was labeled for the Three-Tier Acids and Bases Test scores before the
implementation, and post- for after implementation; Pre-CMQ was labeled for the Chemistry
Motivation Questionnaire scores before the implementation, and post- for after implementation. For
instructional methods, EG stands for Experimental Group and TR stands for Traditional Group.
Grades were labeled for students’ chemistry grades in previous semester.
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When the reason of the first tier of the questions was asked in the second tier,
the correct response rate decreased as well; the mean score of two-tier questions was
2.05 for the experimental and 1.63 for the traditional group (giving correct responses
for both first and second tiers). This inferred that students were not much able to give a
correct explanation to first tier of the questions. This difference also revealed the
possibility of the chance factor since when the third-tier, in other words confidence tier,
was included to analysis, it was seen that the student scores decreased dramatically

(giving correct responses for all three tiers, see Table 4.1).

Table 4.2 Descriptive Statistics for One-tier and Two-tier Questions

N Mean SD Skewness Kurtosis Min Max

Pre-TABT

One-tier

EG 40 4.05  2.34 -.34 -.59 0 8
TR 38 3.53 1.81 .59 1.71 0 9
Two-tier

EG 40 2.05 1.52 37 -51 0

TR 38 1.63 1.26 .50 -46 0 4
Post-TABT

One-tier

EG 40 11.65  3.29 -22 -.78 5 18
TR 38 8.19  3.62 .59 -.20 2 17
Two-tier

EG 40 9.58  3.64 .02 -.56 2 17
TR 38 5.61 3.36 .86 -.03 1 14

Note: One-tier was labeled for the correct response rate of the first tier question, which
was similar to conventional multiple-choice questions. Two-tier was labeled for the
correct response rate of first and second tier questions, in other words a student should
give a correct response for first tier and give a correct explanation for it in the second
tier (both responses should be correct for scoring).

The similar decrease could also be observed for the post-TABT. The mean
score for the three-tier questions were 8.90 for the experimental and 4.95 for the
traditional group (see Table 4.1); on the other hand, the mean score for one-tier

questions were 11.65 for the experimental and 8.19 for the traditional group (see Table
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4.2). In addition, when students were asked for the explanation of their responses,
students’ the mean scores of two-tier questions decreased to 9.58 for the experimental
and 5.61 for the traditional group. The mean of the post-TABT scores for the
experimental group was higher than the one in the traditional group while there was not
much difference in pre-TABT. The possible maximum score was 49.44% for the
experimental and 27.5% for the traditional group in terms of the post-TABT. The
possible maximum score was 5.61% for the experimental and 7.33% for the traditional

group in terms of pre-TABT.

In terms of CMQ) scores, there were slightly differences between the pre-CMQ
and the post-CMQ scores (see Table 4.1). The mean of pre-CMQ scores are in favor of
the traditional group students who revealed higher motivation to learn chemistry than
the students in experimental group. On the other hand, this difference changed in post-
CMQ scores in favor of the experimental group students who revealed higher
motivation to learn chemistry than the students in control group. The possible
maximum score of the CMQ is 150 and the possible minimum score is 30. The range in
pre-CMQ scores was wider in traditional group than the experimental group, which
stated that there was more variability in former one. The similar range variability was
also acceptable for post-CMQ scores (see Figure 4.1 and Figure 4.2 for histograms of
pre- and post-CMQ)s).

The gain scores on the TABT and CMQ is given in the Table 4.3 for both
experimental and traditional group. In terms of TABT scores, both groups gained
scores afterwards the implementation, but the traditional group could not gain as many

scores as the experimental group.

Table 4.3 Gain scores for the experimental and the traditional group on the TABT and
CMQ scores

Test Group Gain score
(posttest - pretest)
1.C 7.80
TABT TR 3.63
CMQ 1.C 6.57

TR -2.45
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In order to check whether the distribution of scores is normal, skewness and

kurtosis values should be tested. The zero values of skewness and kurtosis teveal a

normal distribution of scores (Field, 2009, p. 139). Since skewness and kurtosis values

were in range between -2 and +2, it could be inferred that the pre-TABT, pre-CMQ,

post-TABT, and post-CMQ scores were normally distributed for the experimental and

traditional groups. Therefore, as an evidence of normal distribution, Figure 4.1 shows

the histograms with normal curves for the pre-TABT and pre-CMQ, and Figure 4.2

shows the histograms with normal curves for the post-TABT and post-CMQ for both

the experimental and traditional group.
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Figure 4.1 Histograms with normal curves for the pre-TABT and pre-CMQ for

experimental and traditional group
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Figure 4.2 Histograms with normal curves for the post-TABT and post-CMQ for

experimental and traditional group

It would be beneficial to show a general view of these aforementioned
descriptive statistics in terms of experimental and traditional groups before running
inferential statistics. Since gender was also investigated whether affected by instructional
methods, this independent variable was also included into the composition. The Figure
4.3 reveals the big picture of two dependent variables scores categorized in terms of
teaching methods and clustered by gender. The mean scores of the post-TABT and the

post-CMQ were taken into consideration.
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Figure 4.3 Graph of the descriptive statistics of post-TABT and post-CMQ categorized
regarding teaching method and clustered by gender (blue=girls, green=boys)

4.2 Inferential Statistics

This section, as a first step, includes how covariates were determined and then
assumptions of MANCOVA were tested. Lastly, results of MANCOVA were

presented.

4.2.1 Determination of Covariates

Possible covariates were determined at the beginning of the study; these
covariates were pre-TABT and pre-CMQ. Tabachnick and Fidell (2007, p. 212)
suggested on covariates can be more than one and covariates could be used during
analysis at the same time but they should be continuous variables, a small set and
uncorrelated with each other. Additionally, covariates should be significantly correlated
with dependent variables. Furthermore, Pallant (2001, p. 236) expressed that these
correlations among each covariates should be mostly moderate correlations as well as
covariates should be collected before implementation in order not to be influenced by
it. The pre-TABT and pre-CMQ were administered to students before the
implementation and it could be said that they were independent from the experimental

effect. In order to test whether these variables were appropriate covariates, correlations
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among them was tested beforehand. The results of this correlation analyses could be

seen in Table 4.4.

Table 4.4 Correlations among variables

Variables Pre-TABT  Pre-CMQ Post-TABT

Pre-CMQ A443%*
Post-TABT .258* .289*
Post-CMQ  .443** JT28%* AT 6X*

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

The results revealed the potential covariates, which were students’ pre-TABT
and pre-CMQ), correlated significantly with the dependent variables, which were post-
TABT and post-CMQ. The potential covariates correlated significantly with one
another but these correlations were mostly small correlations except the one between
pre-TABT and pre-CMQ with the value of .443, which was a medium correlation
(Cohen, 1988). Consequently, these results revealed that pre-TABT and pre-CMQ could
be used as covariates for MANCOVA.

4.2.2  Assumptions of MANCOVA

There are many assumptions in Multivariate Analysis of Covariance
(MANCOVA); these are independence of observations, normality, outliers,

homogeneity of variances, multicollinearity, and homogeneity of regression.

The first assumption is independence of observations. For verifying this
assumption, the researcher observed all measurement sessions whether students did the
instruments on their own. It was ensured that there was not any violation of the
assumption since students completed the tests or questionnaires individually. Therefore,

it could be said that this independence of observations assumption was met.

For assumption of normality, it is crucial to check both univariate and
multivariate normality. The univariate normality is considered as the distribution of
scores on dependent variables is normal, having a symmetrical, bell-shaped curve

(Pallant, 2001, p.54). Skewness and kurtosis values give some information about the
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distribution of scores; skewness present some information on symmetry of the
distribution and kurtosis present some information about the peakedness of the
distribution. Ideally normal distribution gives zero values of skewness and kurtosis.
Table 4.1 provide these information for this study and as the seen skewness and
kurtosis values can be accepted as normal since the values were in acceptable range as
mentioned in previous Section 4.1. Therefore, the univariate normality assumption was
met. In addition, to check multivariate normality, Box’s test of equality of covariance
matrices can be used. Table 4.5 Box’s test of the assumption of equality of covariance
matrices with the hypothesis of the variance-covariance matrices are the same in groups.
Since the statistics was not significant, the assumption of homogeneity was validated,

which revealed the covariance matrices were roughly equal.

Table 4.5 Box’s Test of Equality of Covariance Matrices

Box’s M 14.86

F 1.570
dfl 9

df2 60884.680
Sig. 118

Outliers are risky for MANCOVA because this analysis is very sensitive to
outliers. Univariate and multivariate outliers should be check before the analysis.
Univariate outliers could be checked by examining the histograms on Figure 4.1 and 4.2.
None extreme scores were detected and it could be said that there is no univariate
outliers in the data. Mahalanobis distance is used for multivariate outliers and reveals
that any cases have a strange pattern of scores across the two dependent
variables. Since the Mahalanobis distance value, which was 7.347 (Table 4.06), is larger
than critical value (13.82 for two dependent variables, see Table 19.1 in Pallant, 2001,
p.221), there was not any multivariate outliers in the data. Consequently, the assumption

of outliers was also met.
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Table 4.6 Residuals statistics for Multivariate Normality

Minimum Maximum  Mean  Std. Deviation
Predicted Value 13.5201 54.5544 39.5000 10.41499
Std. Predicted Value -2.494 1.445 .000 1.000
Std. Etror of Predicted Value 2.334 6.709 3.849 1.094
Adjusted Predicted Value 13.9227 56.5062 39.4133 10.36613
Residual -51.04169 43.17807  .00000 20.12531
Std. Residual -2.503 2.117 .000 987
Stud. Residual -2.587 2.174 .002 1.006
Deleted Residual -54.50621 45.51344  .08674 20.92614
Stud. Deleted Residual -2.692 2.231 .001 1.019
Mahalanobis Distance .022 7.347 1.974 1.759
Cook's Distance .000 151 .013 .023
Centered Leverage Value .000 .095 .026 .023

The assumption of homogeneity of variances is tested via Levene’s test with the

hypothesis of the variances in scores are the same for each group. Table 4.7 shows the

result of Levene’s test and the post-CMQ value was larger than 0.05, which indicates

the error variances across groups are equal. Consequently, the assumption of

homogeneity of variances was satistied for post-CMQ scores. However, the post-TABT

value was smaller than 0.05, which indicates the null hypothesis was incorrect and the

variances were significantly different; therefore the assumption of homogeneity of

variances has been violated for post-TABT scores. Since this assumption was violated, a

more conservative alpha level was set for determining significance for post-TABT in the

follow-up ANCOVA.

Table 4.7 Levene’s Test of Equality of Error Variances

F dfl df2 Sig.
Post TABT 2916 3 74 1040
Post-CMQ 1377 3 74 257

The assumption of multicollinearity deals with correlations among independent

variables. There should be no substantial correlations among dependent variables higher

than .80. Table 4.4 shows the correlations among variables and all correlations are

below .80; therefore, this assumption of multicollinearity was verified.
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The assumption of homogeneity of regression was tested via Multivariate
Regression Correlation (MRC) analysis. This assumption deals with the relationship
between the covariate and the dependent variable for each of the groups. Dependent
variables, post-TABT and post-CMQ, were used independently in this analysis. The
covariates, which were pre-TABT and pre-CMQ, constituted the Set A. The
independent variables, Method of Teaching, Gender, and Method of Teaching*Gender,
formed the Set B. The other Set C was formed via multiplying Set A with Set B (pre-
TABT * Method, pre-TABT * Gender, pre-TABT * Method * Gender, pre-CMQ *
Method, pre-CMQ * Gender, pre-CMQ * Method * Gender). Table 4.8 and Table 4.9
show the results of MRC analysis which revealed that there is not any significant
interaction between covariates and method of teaching for post-TABT and post-CMQ.
Consequently, it could be implied that the homogeneity of regression assumption was

verified.

Table 4.8 MRC results for Homogeneity of Regression for the post-TABT

Change statistics for post-TABT

Model R Square Change F Change dfl df2  Sig. F Change
Set A 319 11.562 3 74 .000
Set B 281 16.622 3 71 .000
Set C (Set A*Set B) .053 1.056 9 62 .408

Table 4.9 MRC results for Homogeneity of Regression for the post-CMQ

Change statistics for post-CMQ

Model R Square Change F Change dfl df2  Sig. F Change
Set A 564 31.922 3 74 .000
Set B .086 5.775 3 71 .001
Set C (Set A*Set B) .080 2.029 9 62 .051

This assumption could also be tested with customizing settings in MANCOVA
in order to test whether there was interaction between the covariates and the treatment
(Pallant, 2001, p.241; explained based on ANCOVA process and adapted to
MANCOVA process). The procedure to evaluate this assumption is with the following

steps: Analyze, General Linear Model, and Multivariate.
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Table 4.10 Multivariate Tests for Homogeneity of Regression for the interaction

between the covariates and the independent variables

Effect Val g Hypothesis  Error Si
ec alue af Jf ig.

Pillai's Trace .021 .684 2.000 65.000 .508
Method *  Wilks' Lambda 979 .684 2.000 65.000 .508
PRETABT Hotelling's Trace .021 .684 2.000 65.000 .508

Roy's Latgest Root  .021 .684 2.000 65.000 .508

Pillai's Trace .040 1.361 2.000 65.000 .264
Method *  Wilks' Lambda 960 1.361 2.000 65.000 .2064
PRECMQ Hotelling's Trace .042 1.361 2.000 65.000 .2064

Roy's Largest Root  .042 1.361 2.000 65.000 .2064

Pillai's Trace .060 2.084 2.000 65.000 .133
Gender *  Wilks' Lambda 940 2.084 2.000 65.000 .133
PRETABT Hotelling's Trace .064 2.084 2.000 65.000 .133

Roy's Largest Root  .064 2.084 2.000 65.000 .133

Pillai's Trace .033 1.117 2.000 65.000 .334
Gender *  Wilks' Lambda 967 1.117 2.000 65.000 .334
PRECMQ  Hotelling's Trace .034 1.117 2.000 65.000 .334

Roy's Largest Root  .034 1.117 2.000 65.000 .334

Pillai's Trace .033 1.099 2.000 65.000 .339
Method * )

Wilks' Lambda 967 1.099 2.000 65.000 .339
Gender * )

Hotelling's Trace .034 1.099 2.000 65.000 .339
PRETABT

Roy's Largest Root  .034 1.099 2.000 65.000 .339

Pillai's Trace 025 .822 2.000 65.000 .444
Method * )

Wilks' Lambda 975 .822 2.000 65.000 .444
Gender * .

Hotelling's Trace 025 .822 2.000 65.000 .444
PRECMQ ,

Roy's Largest Root  .025 822 2.000 65.000 .444

The dependent variables (post-TABT and post-CMQ) were put in the

dependent variable box, the independent variables (Method and Gender) were put in

the fixed factors box, and the covariates (pre-TABT and pre-CMQ) were put in the

covariates box. Then, model and custom selections were operated. In the model box

these variables were listed: Method, Gender, pre-TABT, and pre-CMQ as main effects
and Gender * Method, Method * pre-TABT, Method * pre-CMQ, Gender * pre-TABT,
Gender * pre-CMQ, Gender * Method * pre-TABT, Gender * Method * pre-CMQ as

interactions. The significance level of the interactions terms were checked in the output
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(See Table 4.10). Since the all significance values for the interactions were greater than
0.05, the assumption of homogeneity of regression was not violated. This result also
supports the previous MRC results; therefore, it is safe to proceed with MANCOVA

analysis as the assumption of homogeneity of regression double checked.

4.2.3 Results of MANCOVA

The main problem of the study was to investigate the effect of 5E learning cycle
oriented instruction over traditional designed chemistry instruction and gender on
student understanding of acids and bases concepts and motivation to learn chemistry.
In order to get evidence for the main problem, it is worthwhile to analyze the following

null hypothesis.

4.2.3.1 Null Hypothesis 1

The first null hypothesis was “There is no statistically significant overall effect of
teaching methods taking into account 5E learning cycle oriented instruction and
traditionally designed chemistry instruction on the population mean of the collective
dependent variables of eleventh grade students’ post-test scores of acids and bases
concepts and motivation to learn chemistry when the pre-test scores of three-tier acids
and bases concepts, the pre-test scores of motivation to learn science, and previous

semester chemistry grades are controlled”.

This null hypothesis was tested via MANCOVA, of which assumptions were
already met. The results of MANCOVA are given in Table 4.11 and illustrated whether
there is any statistical significant difference in methods of teaching on the post-TABT
and post-CMQ scores. Based on the results in Table 4.11, the first null hypothesis was
rejected, which express there was a statistically significant difference between 5E
learning cycle oriented chemistry instruction and traditionally designed chemistry
instruction on the collective dependent variables (Wilks” A=0.654, F(2,71)=18.741,
p=0.000) in favor of the experimental group. Partial eta square was found to be .340, in

other words the effect size of the study indicates a large effect size (Cohen, 1988).
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Table 4.11 Multivariate Tests results in MANCOVA

. . Partial

Wilks’ Hypothesis . Observed
Effect F Error df  Sig. Eta

Lambda df Power

Squared

Intercept .833 7.110 2.000 71.000 .002 .167 921
Pre-TABT .943 2.157 2.000 71.000 .123 .057 428
Pre-CMQ .506 34.653 2.000 71.000 .000 .494 1.000
Method .654 18.741 2.000 71.000 .000 .346 1.000
Gender 984 578 2.000 71.000 .563 .016 143
Method* 991 .339 2.000 71.000 .714 .009 .102
Gender

The observed power of the study is 1.00 larger than calculated power. This
result revealed that the students taught via 5E learning cycle oriented instruction
compared to traditionally designed chemistry instruction had statistically different
understanding of acids and bases concepts and motivation to learn chemistry, regardless

gender.

4.2.3.2 Null Hypothesis 2

The second null hypothesis was: “There is no statistically significant mean
difference between girls and boys on the population means of the collective dependent
variables of eleventh grade students’ post-test scores of acids and bases concepts and
motivation to learn chemistry when the pre-test scores of three-tier acids and bases
concepts, the pre-test scores of motivation to learn science, and previous semester

chemistry grades are controlled”.

This null hypothesis was also tested via MANCOVA and investigated whether
there is any statistically significant difference in gitls and boys on the post-TABT and
post-CMQ scores. The results, in Table 4.11, infer that the null hypothesis was
accepted. This means that there was not found any statistically significant difference in
terms of gender and girls did not differ with boys on the post-TABT and post-CMQ
scores (Wilks’ A=0.984, F(2,71)=0.578, p=0.563). This result revealed that girls and boys
had roughly equal understanding of acids and bases concepts and motivation to learn

chemistry regardless teaching method.
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4.2.3.3 Null Hypothesis 3

The third null hypothesis was: “There is no statistically significant interaction
between the methods of teaching and gender on the population means of collective
dependent variables of eleventh grade students’ acids and bases concepts post-test
scores and motivation to learn chemistry post-test scores when the pre-test scores of
three-tier acids and bases concepts, the pre-test scores of motivation to learn science,

and previous semester chemistry grades are controlled”.

The MANOVA results given in Table 4.11 reveal that there was not any
statistically significant interaction between the methods of teaching chemistry and
gender on the post-TABT and post-CMQ scores (Wilks” A=0.991, F(2,71)=0.339,
p=0.714). Therefore, the null hypothesis was accepted. This result revealed that 5E
learning cycle method did not make any difference in girls and boys understanding of
acids and bases concepts and motivation to learn chemistry over traditionally designed

chemistry instruction.

4.2.3.4 Null Hypothesis 4

The fourth null hypothesis was: “There is no statistically significant difference
between the post-test mean scores of students taught via 5E learning cycle model and
who taught via traditionally designed chemistry instruction on the population means of
acids and bases concepts post-test scores when the pre-test scores of three-tier acids
and bases concepts, the pre-test scores of motivation to learn science, and previous

semester chemistry grades are controlled”.

A follow-up ANCOVA was conducted in order to test the effect of teaching
methods on the stated dependent variable. Since the assumption of equality of variance
was violated (see Table 4.7), more conservative alpha level was set for determining
significance for post-TABT scores. An alpha of 0.025 was set since this is moderate
violation as Tabachnick and Fidell (1996, p.86) suggested. Table 4.12 represents the
result of this null hypothesis and there found to be there was a statistically significant
difference on student understanding of acids and bases concepts depending on which
method they were taught (F(1,72)=30.938, p=0.000) in favor of the experimental group.
Therefore, the results inferred that the null hypothesis was rejected. The post-TABT
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mean score of students taught via 5E learning cycle was 8.90 and the other group’s

score was 4.95 (see Table 4.1), and this difference was found to be statistically

significant.

Table 4.12 Follow-up ANCOVA for each dependent variable

Dependent Mean ) Fta Observed
i Source df Sig.

Variable Square Squared Power
Corrected Model 5  97.946 8.726  .000 .377 1.000
Intercept 1 .551 .049 825 .001 .055
Pre-TABT 1 29.336 2.613 110 .035 .358

Post. Pre-CMQ 1 61.629 5.490 .022 .071 .638
Gender 1 .709 .063 802 .001 .057
TABT

Method 1 347.291 30.938 .000 .301 1.000
Method*Gender 1 4.609 A11 524 .006 .097
Error 72 11.225
Cotrected Total 77
Corrected Model 5  2567.726 24.581 .000 .631 1.000
Intercept 1 1399.707 13.399 .000 .157 951
Pre-TABT 1 279.626 2.677 .106 .036 .365
Pre-CMQ 1 7303.386 69.915 .000 .493 1.000

Post-CMQ  Gender 1 122.487 1.173 .282 .016 .188
Method 1 1480.724 14.175 .000 .164 960
Method*Gender 43,994 421 518 .006 .098
Error 72 104.461
Cotrected Total 77

The effect of covariates could be observed in the estimated mean scores in

Table 4.13. The pure mean difference among groups was 3.95, but the estimated mean

difference was 4.25. This difference occurred because of mean adjustment with the

covariate effect. The partial eta squared was found 0.301 and eta squared was calculated

as 0.215; which is indicated as a large effect size (see Tabachnick & Fidell, 2001, p.369

for eta squared calculations). Therefore, the method of teaching accounts for about

21.5% of the variability in student understanding of acids and bases concepts. The

power to detect the effect was 1.000.
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Table 4.13 Estimated Marginal Means for the post-TABT in terms of methods of

teaching
95% Confidence Interval
Dependent Lower Upper
variable Group Mean Std. Etror Bound Bound
LC 9.049 532 7.988 10.109
Post-TABT
TR 4.799 .545 3.712 5.886

4.2.3.5 Null Hypothesis 5

The fifth null hypothesis was “There is no statistically significant difference on
the post-test mean scores between gitls and boys on students’ understanding of acids
and bases concepts when the pre-test scores of three-tier acids and bases concepts, the
pre-test scores of motivation to learn science, and previous semester chemistry grades

are controlled”.

The conducted follow-up ANCOVA gave the result of this hypothesis as shown
in Table 4.12. The null hypothesis was accepted based on this result (F(1,72)=.063,
p=0.802). Therefore, it was implied from the result that girls and boys did not differ in
understanding of acids and bases concepts. The methods of teaching implemented in
the class did not make significant differences on student understanding of acids and
bases concepts in terms of gender either the method is 5E learning cycle or traditionally

designed chemistry instruction.

Table 4.14 Estimated Marginal Means for the post-TABT in terms of gender

95% Confidence Interval

Dependent Lower Upper

variable Gender Mean Std. Etror Bound Bound

Post TABT Gitls 7.022 .539 5.947 8.097
Boys 6.825 .552 5.726 7.925

The post-TABT scores were calculated as 7.40 for girls and 6.53 for boys;

however, the covariates included to the model adjusted these values as 7.02 for gitls and



125

0.83 for boys (see Table 4.14). The difference in these estimated mean scores was not

statistically significant as the null hypothesis was accepted.

4.2.3.6 Null Hypothesis 6

The sixth null hypothesis was “There is no statistically significant interaction
between methods of teaching and gender on students’ understanding of acids and bases
concepts when the pre-test scores of three-tier acids and bases concepts, the pre-test
scores of motivation to learn science, and previous semester chemistry grades are

controlled”.

Estimated Marginal Means of POSTTABT

10.00 < Gender
Girls
Boys

9.00—

8.00—

7.00+

G.00—

Estimated Marginal Means

5.00—

4.00—

T T
LC TR

Method of Teaching Chemistry

Figure 4.4 Graph of post-TABT scores in terms of gender as categorized in method of

teaching chemistry

The performed follow-up ANCOVA investigated this null hypothesis (Table
4.12). There was not found any interaction between methods of teaching and gender on
students’ understanding of acids and bases concepts (F(1,72)=0.411, p=0.524).
Therefore, this null hypothesis was accepted. Figure 4.4 gives an overview for post-

TABT scores in terms of gender as categorized in method of teaching chemistry.
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4.2.3.6 Null Hypothesis 7

The seventh null hypothesis was “There is no statistically significant difference
between the post-test mean scores of students taught via 5E learning cycle model and
who taught via traditionally designed chemistry instruction on the population means of
motivation to learn chemistry post-test scores when the pre-test scores of three-tier
acids and bases concepts, the pre-test scores of motivation to learn science, and

previous semester chemistry grades are controlled”.

The follow-up ANCOVA investigated methods of teaching in motivation to
learn chemistry. There was a statistically significant difference between students’ in
experimental and traditional group on post-test scores in motivation to learn chemistry
(F(1.72)=14.175, p=0.000) in favor of the experimental group. Therefore, the null
hypothesis was rejected. The post-CMQ mean score of students in experimental group
was 109.35 and in traditional group was 102.58 (Table 4.1). The estimated mean scores
adjusted by covariates are 110.313 for experimental and 101.539 for traditional groups
(Table 4.15); therefore, the difference in these mean scores was found statistically
significant. This result implied that students taught using 5E learning cycle method in
teaching chemistry were more motivated to learn chemistry than students taught using
traditionally designed chemistry instruction. The partial eta squared was found 0.164
and eta squared was calculated as 0.162; which is indicated as a large effect size (see
Tabachnick & Fidell, 2001, p.369 for eta squared calculations). Therefore, the method
of teaching accounts for about 16.2% of the variability in student motivation to learn

chemistry. The power to detect the effect was 0.960.

Table 4.15 Estimated Marginal Means for the post-CMQ in terms of methods of

teaching
95% Confidence Interval
Dependent Lower Upper
variable Group Mean Std. Error  Bound Bound
LC 110.313 1.623 107.078 113.548
Post-CMQ

TR 101.539 1.663 98.223 104.854
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4.2.3.6 Null Hypothesis 8

The eighth null hypothesis was “There is no statistically significant difference on
the post-test mean scores between girls and boys on students’ motivation to learn
chemistry when the pre-test scores of three-tier acids and bases concepts, the pre-test
scores of motivation to learn science, and previous semester chemistry grades are

controlled”.

The conducted follow-up ANCOVA gave the result of this hypothesis as shown
in Table 4.10. There was not found any statistically significant difference in the mean

scores of post-CMQ in terms of gender (F(1,72)=1.173, p=0.282).

The post-CMQ scores were calculated as 109.225 for gitls and 102.711 for boys
regardless methods of teaching; however, these values were adjusted by the covariates
included to the model (see Table 4.16). Gitls scored higher in motivation to learn

questionnaire than boys but this difference was not found statistically significant.

Table 4.16 Estimated Marginal Means for the post-CMQ) in terms of gender

95% Confidence Interval

Dependent Lower Upper
variable Gender Mean Std. Error  Bound Bound
Gitls 107.219 1.645 103.941 110.498
Post-CMQ
Boys 104.632 1.683 101.277 107.987

4.2.3.6 Null Hypothesis 9

The last hypothesis was “There is no statistically significant interaction between
methods of teaching and gender on students’ motivation to learn chemistry when the
pre-test scores of three-tier acids and bases concepts, the pre-test scores of motivation

to learn science, and previous semester chemistry grades are controlled”.

The performed follow-up ANCOVA investigated this null hypothesis (Table
4.10). There was not found any interaction between methods of teaching and gender on
student motivation to learn chemistry (F(1,72)=0.421, p=0.518). Therefore, this null
hypothesis was accepted. Figure 4.5 gives an overview for post-CMQ) scores in terms of

gender as categorized in method of teaching chemistry
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Figure 4.5 Graph of post-CMQ scores in terms of gender as categorized in method of

teaching chemistry

4.3 Results on student activities conducted in the experimental group during the

implementation

The results of activities conducted in the experimental group are given in this
section. The results of three activities, which were ‘“Acids and Bases’, ‘A day with Melis’
and ‘What are the differences between Strong and Weak Acids?” were given in details at

the following sections.

4.3.1 Acids and Bases

In the activity, “Acids and Bases” the students in the experimental group wrote
about their opinions about acids and bases. This activity was threefold, what they knew
about acids and bases, what they want to learn about acids and bases, and what they

have learned about acids and bases. In terms of motivational perspective, the students
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had a chance to observe their own conceptual development, what they want to learn

and what did they learn in the meantime.

This section gave details about all the students’ ideas about acids and bases and
what they want to learn about acids and bases (see Table 4.17 for student responses).
Assessing students’ understanding during the implementation was aimed; therefore, any
student alternative conceptions or misunderstandings were planned to be determined.
This activity was planned to be distributed to after each activity; however, because of
lack of time just distributed three times: before the implementation, middle of the
implementation, and after the implementation. This activity was useful to analyze
student difficulties, misunderstandings, or alternative conceptions before and during the
implementation, so that the teacher could make rearrangements in her lesson plans. The
prior knowledge of students revealed that the students mainly used the Arrhenius acid-
base definition in defining acids and bases (80% of the students used the Arrhenius
definition and 20% did not write anything on definitions). In addition, students knew
that acids turn litmus paper to red and bases turn litmus paper to blue. Additionally,
they were aware of acids have a sour taste, bases have a bitter taste, and acids react with
bases to form salt and water. On the other hand, few students gave everyday examples
from acids and bases, which were lemon for acids and soap for bases.

Students’ alternative conceptions were also determined in this activity such as;
salts formed in neutralization reactions are always neutral, pH is a measurement of
strength, only acids conductive, and a solution in neutralization reaction is always
neutral. One student wrote that “in periodic table acids are at the range of 1-7 and bases
are at the range of 7-14”, this student probably messed up pH concept with periodic
table.

When students were asked what they would want to learn about acids and bases,
not many students (55%) specified any concepts in acids and bases just stated that what
else acids and bases unit includes. It was interesting to determine that few students
stated that they wanted to learn about questions related to university examination

although many of them were focus on the university examination.
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Table 4.17 Students’ prior knowledge about acids and bases and their thoughts for

learning about acids and bases

What students knew about acids and bases ~ What they want to learn about acids

(frequency) and bases (frequency)
» Acid-base definitions What else left (22)
Acids give H" ions into water (32) The properties of acids and bases (4)
Bases give OH' ions into water (32) Daily life examples of acids and
» Properties of acids-bases bases (5)
Acids have pH value between 0-7 (18) What are acids and bases (2)
Bases have pH value between 7-14 (18) Why acids and bases important (3)
pH 7 is a salt (3) What are benefits and damages of
pH 7 is a neutral (1) acids and bases (2)

In periodic table, acids are between 1-7 and Want to do experiments related to
bases are between 7-14 (1) acids and bases (2)
In acids, when pH gets smaller, acids get Theories about acids and bases (3)

stronger (7) Weak acids and weak bases (1)

In bases, when pH gets higher, bases get Acids and bases reactions and their
stronger (7) results (7)

Acids are caustic (1) and sour (20) pH concept (3)

Bases are slippery (1) and bitter (20) pH and pOH concepts (1)

Acids turn litmus paper to red (24) Titrations (1)

Bases turn litmus paper to blue (24) LYS and YGS questions on acids

Acids and bases turn litmus papet’s color (1)  and bases (3)
Cleaning stuffs include bases (1)

Lemon is acidic (3)

Soap is basic (3)

Only acids are conductive (9)

Acids and bases react with each other (18),

salt and water are formed (17); the salt

precipitate (1) and the solution is neutral (7)

During and after the implementation, students wrote their statements on acids
and bases. At this third step, the students were declared that they were free to write
their own understandings about acids and bases and they would not be graded based on
their answers. Since the lack of time, the students did not have much time to think
deeply on what they had learned, but they were asked to express their thoughts as much
as possible. The students statements for during and after the implementation were given

in the same Table 4.18 since the students were given the same sheet to fill. They were
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able to see their prior statements at the last step after the implementation and wrote

further statements different from the prior ones.

able 4. ategorization of students’ statement after the implementation
Table 4.18 Categ t f students’ stat t after the impl tat

What they have learned about acids and bases (f)

» Properties of acids and bases

It is dangerous to taste strong acids (5)

There are many acids and bases we faced with our everyday life (30)

Baking soda is basic (6)

There are some cleaning materials which are acidic especially used in kitchens (3)
Acid rain is harmful for environment (7)

Baking soda react with yogurt to rise cake (3)

Vinegar reacts with baking soda and carbon dioxide gas is formed (13)

Acids react with metals (16) and bases react only with amphoteric metals (9)
» Conductivity

Acids are conductive only when they dissociate in water (18)

Pure acids are not conductive (3)

Bases are conductive when they dissociate in water (17)

Ions are important for conductivity (11)

» Defining acids and bases

Acids are protons donors (15) and bases are proton acceptors (15)

Bases give OH' ions into solutions (9)

Acids and bases have different definitions in terms of different aspects (14) such as
Arrhenius (11), Bronsted-Lowry (11), and Lewis (10)

There are amphiprotic substances either behave as an acid or a base (13)

NH; has different dissociation than expected and it is a base (11)

» pH/pOH and indicators

Indicators are useful for testing acidity or basicity (22)

There are natural indicators such as red cabbage (7)

Red cabbage papers and phenolphthalein is similar to a litmus paper (2)

Red cabbage papers change its color in acidic and basic solutions, act as an
indicator (24)

pH and pOH are convertible and valid for either acidic and basic solutions (8)
pH and pOH measure the molarity of H" and OH ions (21)

pOH is not just for basic solutions, acids have also have pOH (4)

» Neutralization

After a neutralization reaction, solution is not always neutral (11)
Phenolphthalein used in titrations helps to understand the neutralization (17)
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The most specified feature by the students was they realized that they were very
often faced with acids and bases during their everyday lives. The other point was that
the students were aware of various definitions of acids and bases and they used
Bronsted-Lowry and Lewis acid-base definitions besides the Arrhenius acid-base
definition. Furthermore, 32.5% of the students mentioned on the amphiprotic
substances that these substances acted as an acid or a base depending on the conditions.
However, some students (22.5%) were still consistent in using the Arrhenius acid-base
definition for bases and some of them used the Bronsted-Lowry acid-base definition
(37.5%) in defining acids and bases.

During the implementation, the teacher made emphasize on pH and pOH
concepts since students had alternative conceptions about pH was related to strength
concept. Consequently, 52.5% of the students stated that pH and pOH measured the
molarity of H" and OH ions. In addition, the students also address that acids and bases
solutions conduct electricity and 27.5% of the students mentioned that conductivity was
dependent on ions in solutions.

Students enjoyed very much doing activities during the implementation and they
mainly expressed their understandings they got from these activities, as well. For
instance, the students stated about the reaction between vinegar and baking soda, how a

cake rise, acid rain, and red cabbage color change in acids and bases.

4.3.2 A day with Melis

The second activity that student done was “A day with Melis”. The first step in
this activity was to determine students’ prior knowledge and their thoughts for
substances of being acidic or basic. The students thought about substances acidity or
basicity individually, and then they discussed their results with their peers. The all
group’s results were given in Table 4.19. The students also wrote about some
explanation for substances why they thought about they were acidic or basic. For
instance, coke: “It is always told of being acid”, airan: “Since it is made of yogurt”,
yogurt: “Since it is made of milk”, fruits: “We can eat them can’t be basic”, stomach: “I
know stomach has an acid from the biology course”, rain: “I heard about acid rain”,
mineral water: “It contains some gases like coke”, chocolate: “Something we can eat”,

saliva: “Our biology teacher told us, saliva is basic”, tea: “When there is no sugar in it,
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its taste is bitter. Bases have a bitter taste”. On the other hand, one group expressed that

salt is a mixture of acids and bases.

Table 4.19 Categorization of the students’ responses on the activity

Acids Bases Neutral  Not sure
Substances Vinegar* Soap Salt Tooth paste

Milk* Saliva Water Milk

Rain Washing detergent Onion

Coke Mineral water* Aspirin

Airan Baking soda Mineral

Yogurt Tooth paste water

Apple Onion*

Aspirin* Aspirin*

Tear drops Deformation of a

Fruits statue

Stomachache  Vinegar*

Coffee* Tea

Rain Coffee*

Mineral water*

Chocolate

Lemon

Onion*

Salt*

Deformation

of a statue*

* The marked substances are both listed as an acid and a base

There were some substance which were the students wete not sure about their
acidity or basicity, they were toothpaste, milk, onion, aspirin, and mineral water. These
substances were on purposely chosen for the second step for the students to test their

acidity or basicity with litmus papers.

For the second step, the students brought whatever substances they would like
to test into class to check their acidity or basicity with litmus paper. The substances that
the students used were: vinegar, baking powder, tap water, lemon juice, tomato, mineral
water, baking soda, coke, potato, orange, milk, soap, toothpaste, tea, egg, and yogurt
(See Appendix H for the student posters). The students used litmus paper for testing
and test whether their hypothesis were true or false. The students’ potato, tomato,

baking powder, egg predictions were different from their results. The most interesting
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result for them was to find out that egg yolk and egg white were the different in terms

of acidity and basicity.

In the third part, the students found much more information about the acidic
and basic substances and events related to acids and bases. The students answered the
three questions, which were “What acidic or basic substances have you ever come
across in your daily life?”, What was the most interesting part in this activity?”, and
“What would you else like to mention about this activity?”. The students’ results were

categorized for the first question in Table 4.20.

Table 4.20 The substances students mentioned from their daily life (frequency)

Acids Bases

Lemon (11) Wash my hand, Soap (17)
Coke (11) Cleaning materials (12)
Milk (10) Brush my teeth, Toothpaste (11)
Fruit juice (9) Carbonate (7)

Tomato (9) Egg white (6)

Orange (8)

Aspirin (8)

Airan (7)

Fizzy drink (7)

Apple (7)

Vinegar (7)

Yogurt (6)

The students mentioned that they realized that they very often came across
acidic and basic substances in their everyday life. Additionally, they gave examples on
acidic and basic substances from their daily life such as fruit juice, lemon, apple, coke,
airan, yogurt, egg yolk, vinegar, aspirin, milk, orange juice, and tomato for acids and
soap, egg white, toothpaste, and carbonate for bases. The students also mentioned
about what acids the substances include, such as vinegar contains acetic acid, aspirin

contains acetylsalicylic acid, coke carbonic acid, and orange ascorbic acid.

For the second question, the students mentioned about the most interesting
parts. Their responses are summarized in Table 4.21. Based on the students results, the

most interesting sections were for them was to learn about why sugar was harmful for
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their teeth and the difference between baking powder and baking soda. Not only gitls
but also boys mentioned about the difference in baking powder and baking soda. One

of the boys explained as the following (see Appendix H in Activity 2):

The most interesting was using baking powder in some recipes and baking soda in
some recipes. I knew that only baking powder was used. If there is not enough
carbonate, there won’t be enough CO: to rise the cake. Baking powder contains both
an acid and a base. In fact, either baking powder or baking soda can be used based on
the recipe. For example, carbonate is basic and if you do not mix with neither with
yogurt nor with lemon, you will get a bitter taste. Baking powder does not have a bitter

taste since including both an acid and a base. That’s why can be used in cake recipes.

Students addressed their interesting subjects in the activity, but also they expressed their
own reflections and took responsibilities such as they told that they are also responsible

for acid rain and made reflection as the following:

In the activity, in order to deal with stomach sour, the girl drank baking soda to relief
the pain. When the exam time gets closer, I usually have stomach ache. Because of the
exam stress, I usually don’t have breakfast or just have a quick breakfastin order to safe
time to study. In fact having a quick breakfast is not useful, it is instead harmful. I will
try not to do this; it was good to learn this.
Another student explained that she always heard about that eating sugar was harmful
for her teeth, but did not know the reason. She expressed that she felt pleasure to learn
about this fact.

The students mainly mentioned for the third question that they learned practical
information for their daily life, such as drinking carbonated water when having stomach
ache, not to use acidic cleaning materials with basic ones, and practical usage of baking
soda and baking powder. In addition, they expressed their pleasure to learn about this

sort of information.



136

Table 4.21 Students’ responses for the second question in Activity 2-C

The most interesting part for students (frequency)

Why sugar is harmful for teeth enamel (12)

The difference between baking powder and baking soda (12)
The erosion of statues because of acid rain (11)

Foods increase the acidity in our mouth (11)

Tooth enamel is as hard as diamond (9)

Baking soda is good for stomach sour (9)

The form of acid rain (9)

The effects of acid rain (9)

The reaction between bleach and acid contained cleaning materials and
the risk of using both materials together (7)

Natural indicators (6)

Food contain acids (6)

The form of moisture (6)

Power supply in car contain acid (6)

The bite of ant contains acid (0)

4.3.3 What are the differences between Strong and Weak Acids?

This activity sought for the student understanding on the difference between a
strong and a weak acid. The student did the activity which they observed the difference
in balloons using acetic acid and hydrochloric acid and then they discussed this
difference via simulation. In this activity, the students were supposed to draw the
particles of the strong and weak acids considering both in concentrated and diluted
solutions. The students thought about individually and then discussed with their peers.
The students’ individual results were given in Table 4.22. In the activity, 62.5% of the
students gave correct responses in terms of the particles in strong and weak acid
solutions and 87.5% of the students gave correct responses in terms of particles in

concentrated and diluted solutions.

Table 4.22 Categorization of number of students considering correct and incorrect

responses

Cotrect Incorrect
Strong —weak 25 15
Concentrated — Diluted 35 5
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One of the student’s drawings (Figure 4.6), who responded correctly both in terms of
strong-weak acid and concentrated-diluted acid, is given below and she explained this
drawing as the following:
HCl is strong acid and dissociate nearly 100% and when this solution is diluted as our
teacher showed in lemonade example less particles would be seen in diluted one. HF is
a weak acid. Weak acids do not dissociate well. They have less H* ions in the solution

and when the solution is diluted again less particles would be seen.

c) d)
Figure 4.6 A student drawing: a) concentrated strong acid, b) diluted strong acid, c)

concentrated weak acid, and d) diluted weak acid

Another student who responded correctly is also given below with his drawing (Figure
4.7) and explanation:
Strong acids dissociate nearly 100%. HCl is a strong acid and its dissociation: HCl —
H+ + CI Dilution affects the number of particles in a unit volume and not differs in
terms of dissociation. Weak acids have a small dissociation percentage and have less H*
ions in solutions. HF is a weak acid and its dissociation: HF + HO < H;O+ + F-
Dilution affects the number of particles in a unit volume and in terms of dissociation;

dissociation of H* increases regarding LeChatalier’s principle.
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©)
Figure 4.7 A student drawing: a) concentrated strong acid, b) diluted strong acid, c)

concentrated weak acid, and d) diluted weak acid

4.4 Results of Three-tier Acids and Bases Test and Student Interviews

There are 18 three-tier questions in the TABT. The students in the present study
completed the test prior the implementation and after it. The aim of this test was to
determine students’ alternative conceptions related to acids and bases concepts. Table
4.23 shows the percentages of the students who gave correct responses on pre- and
post-TABT questions. In terms of pre-TABT scores, the easiest question was Item 15
both for experimental and traditional group students, with the percentage of correct
responses 53 for the experimental and 34 for the traditional group. The most difficult
question was Item 12 for the experimental group students, with no correct responses
and Item 17 for the traditional group students, with no correct responses. In terms of
post-TABT scores, the easiest question was Item 15 both for experimental and
traditional group students, with the percentage of correct responses 88 for the
experimental and 53 for the traditional group. The most difficult question was Item 17
for the experimental group students, with the percentage of correct responses 13 and
Item 16 for the traditional group students, with the percentage of correct responses
eight. In fact, the experimental group students gave correct responses (see first-tier
responses 65% in Table 4.23) and correct explanation (see two-tier responses 63% in

Table 4.23) for the Item 17, which was related to titration of weak acid and strong base;
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however, the students in experimental group was not sure for their responses and they

scored in low rate (with the percentage of 13).

Table 4.23 The percentages of student correct responses on pre- and post-TABT

Pre-test (%) Post-test (%)
Three-tier Two-tier  One-tier i Three-tier Two-tier  One-tier
responses fesponses responses | responses  responses  responses
Items EX TR EX TR EX TR {EX TR EX TR EX TR

Item 1 0 11 5 11 13 11 130 24 33 26 35 34
Item 2 0 11 3 11 0 42 130 21 38 29 43 50
Item 3 15 11 20 13 23 21 143 42 50 47 55 55

Item 4 0 8 10 8 13 16 168 42 70 50 80 066
Item 5 10 8 15 13 18 21 ¢15 11 20 13 50 37
Item 6 0 3 0 3 15 21 +75 29 83 45 98 29
Item 7 3 8 8 11 28 13 143 29 48 29 78 71
Item 8 5 3 10 3 18 3 58 18 68 21 70 39
Item 9 0 3 5 5 13 5 53 39 55 42 63 55
Item 10 5 18 28 18 45 29 {63 24 73 29 83 53
Item 11 0 0 0 0 5 21 75 32 78 34 93 47
Item 12 0 0 0 0 0 11 160 39 68 58 75 71
Item 13 15 11 25 13 40 26 (43 24 60 25 73 29
Item 14 0 0 0 3 20 16 150 18 50 18 53 39
Item 15 55 34 73 45 73 56 {88 53 90 55 93 68
Item 16 0 3 0 3 20 16 {30 8 30 8 40 63

Item 17 0 0 0 0 3 0 13 13 63 16 65 21
Item 18 5 3 5 5 23 26 158 29 63 34 80 50

Note: EX stands for the experimental group and TR stands for traditional group

The most significant difference among the scores on the post-TABT for the
experimental and the traditional groups was on Item 6 with the value of 46; in other
words, 46% of the experimental group students scored higher than the traditional group
student for the Item 6. The smallest difference among the scores on the post-TABT for
the experimental and the traditional groups was on the Item 3 with the value of 1; in
other words, this question was responded nearly for the same rate either for the

experimental and the traditional group students.
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One of the interesting item was Item 7 since this item presented the power of
three-tier tests; when the post-test responses was observed, it was clear to see that the
one-tier responses for Item 7 was nearly equal for both the experimental and the
traditional groups (with the percentages of 78 for the experimental and 71 for the
traditional groups). However, the two-tier responses revealed that the students had
difficulties in giving the correct explanation for the Item 7, with the decreasing
percentages of 48 for the experimental and 29 for the traditional groups. Additionally,
the last tier scores revealed that only percentages of 43 of the experimental group and
29 of the traditional group students were sure for their responses. Therefore, it was
evident that students gave somehow correct responses by chance in conventional tests
though they were not reveal conceptual understanding. The same situation could be
observed in the Item 16 as well; even the traditional group students gave correct
responses with the percentage of 63 for the first tier higher than the experimental group
students with the percentage of 40, the three-tier responses revealed that the traditional
group students did not give correct explanation for the question and were not sure in
the responses since the percentage of correct responses decreased to eight for the

traditional group and 30 for the experimental group students.

The change on scores is presented at the Table 4.24. These scores were
calculated by subtracting the post-TABT scores with the pre-TABT scores. The most
significant change was on the Item 6 and 11 for the experimental group. The Item 6
was about the dissociation of a strong acid on particulate level, sought for the students’
alternative conceptions such as “Strong acids do not dissociate because they have strong
bonds” or “The strength concept in acids/bases is related with ion interactions”. The
Item 11 was about conductivity considering the dissociation of acids or bases, sought
for the students’ alternative conceptions such as “As the number of hydrogen atoms
increases in the formula of acids/bases, their acidity/basicity becomes stronget” or
“Any acidic or basic solution since including ion particles conducts electricity in same
power regardless of its strength”. The highest progress for the experimental group
students was determined for these questions illustrating that the experimental group

students understood these concepts the most effectively.
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Table 4.24 The change on percentage scores after the implementation

Post-test score — Pre-test score

Three-tier responses  Two-tier responses  One-tier responses

Items EX (%) TR(%) EX (%) TR®) EX (%) TR (%)
Ttem 1 30 13 28 15 22 23
Item2 30 20 35 18 43 8
Item3 28 31 30 34 32 34
Item4 68 34 60 42 67 70
Item5 5 3 5 0 32 16
Item6 75 26 83 42 83 8
Item?7 40 21 40 18 50 58
Item8 53 15 58 18 52 36
Item9 53 36 50 37 50 50
Item 10 58 6 45 11 38 24
Item 11 75 32 78 34 88 26
Item 12 60 39 68 58 75 60
Item 13 28 13 35 12 33 3
Item 14 50 18 50 15 33 23
Item 15 35 19 17 10 20 12
Item 16 30 5 30 5 20 47
Item17 13 13 63 16 62 21
Item 18 53 26 58 29 57 24

Note: EX stands for the experimental group and TR stands for traditional group

In terms of traditional group, the most significant change was on the Item 12,
which was about the properties of acids and bases, sought for the students’ alternative
conceptions such as “pOH is just related with bases” or “Only acids react with metals”.
Afterwards the implementation, the students in traditional group made the most
significant change on the properties of acids and bases. While the significant difference
in the experimental group was 75% with the average of 43.56, the change in the

traditional group was 39% with the average of 20.56.

The smallest response change was on Item 5 both for experimental and
traditional groups. Neither for the experimental group nor for the traditional group, did
the implementation not make much difference on students understanding on acids and
bases definitions. Half of the students in the experimental group responded correctly
for the first-tier, but only 40% of them gave correct reasoning in the second tier and

25% of them were not sure for their responses. On the other hand, 37% of students in
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traditional group responded correctly for the first-tier, but only 35.1 of them gave
correct reasoning in the second tier and 15.4% of them were not sure for their

responses.

4.4.1 Student interviews on acids and bases concepts

Interviews were conducted before and after the implementation. The students in
the traditional group follow their regular chemistry courses. The students in the
experimental group conducted 10 activities which were developed on conceptual and
motivational purposes and their teacher followed the developed lesson plans related to
acid and bases. The activities and lesson plans were designed to overcome students’
alternative conceptions and not to construct new ones during the implementation and

construct conceptual understanding of acids and bases concepts.

Pre-interviews were done with eight students and they were asked the same
questions (See Appendix D for interview questions). The interviewed students were
labeled as IntTR1, IntTR2, IntTR3, and IntTR4 for the traditional group and IntEX1,
IntEX2, IntEX3, and IntEX4 for the experimental group. The first question in student
interviews was about what conjure up students’ mind when it was called an acid ora
base. Table 4.25 shows the student ideas for acids and bases; as it is seen from the
coding all interviewed students used the Arrhenius definition in defining acids and
bases. In addition, when they were asked to give examples for acids and bases, HCI and
H,SO, examples were given from all students and had difficulties in giving the third
example. Three interviewees gave a lemon as the third example, two out of eight said
HF, one of them said citric acid, and the other two interviewees told that noting came
to their mind. In terms of bases, student had more difficulties in giving examples for
bases; all of them gave NaOH as a first example, two of them gave KOH and two of
them NH; as a second example. None of them could give a third example for bases.
For properties of acids and bases, all interviewed students told that acids had a sour
taste, turned litmus paper to red, and gave reactions with bases to form salts. Two of
them added that acids had a corrosive property. Five of the interviewees told acids gave
reactions with metals; in addition three of these added that acid did not react with
nonmetals. Two of the interviewees said that acids were not good conductors. For the

properties of bases all interviewees expressed that bases had a bitter taste, had a slippery
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property, turned litmus paper to blue, and gave reactions with acids to form salts. Four
of them said bases conducted electric current but the rest told that they had no ideas for
conductivity. Three of the students who expressed that acids gave reactions with metal
and did not with nonmetals told that bases gave reactions with nonmetals and did not
gave reactions with metals. These three students thought that the properties of acids

and bases were adversely.

Table 4.25 Students’ pre-responses for defining acids and bases

) # of students (out of eight)
Students general ideas
Experimental ~ Traditional

Acids are dangerous 2 0
Acids have H in their formula
Acids give H" into solutions
Bases have OH in their formula
Bases give OH' into solutions

Acids are substances below pH 7

B S NS
IO S O R N

Bases are substances above pH 7

After the implementation, the students differed in defining acids and bases considering
the experimental and traditional group. The students in their post-interviews addressed
that they had learned various acids and bases definitions different from their prior
interviews. Table 4.26 summarizes the interviewees’ post responses. The excerpt below
belongs to a student, IntTR4, from the traditional group (I stands for interviewee and R
stands for researcher):

R: How can you define an acid or a base?

I: The substances that contain H in their structures are acids and that contain OH in

their structures are bases.

R: What else can you say about acids and bases?

I: Acids give H* ions into solutions and their pH is below 7, bases give OH- into

solutions and their pH is above 7.

R: Would like to add something?

I: No.

R: What do Arrhenius, Bronsted-Lowry and Lewis acid-base definitions remind to you?
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I: Conjugate acid-base, something like that? I don’t remember exactly...NH; was a

conjugate base?

The following excerpt belongs to a student, IntEX2, from the experimental group:

R: How can you define an acid or a base?

I: Substances that give protons are acids and that accepts are bases. In fact, there are

different definitions but this is more practical for me.

R: What are the others?

I: There are the Arrhenius definition and the Lewis definition. But, I like the Bronsted -

Lowry’s definition since works for many acids and bases.

R: Why are there different definitions, what can you say about this?

I: During the time, it was understood that the Arrhenius acid-base definition is not

enough in defining acids and bases, and then Bronsted and Lowry proposed proton

transfers for acids and bases. Then, Lewis proposed electron-pair transfers for acids
and bases.

R: Would like to add something?

I: Acids have pH below 7 and bases have pH above 7.

The statistical analyses between the experimental and the traditional group reveled that
there was a significant difference between the groups and the first question of the post-
interview supported this statistical findings. The interviewees stated the similar
responses for the properties of acids and bases such as their pH values, the color
change in litmus paper, conductivity of electricity, reaction with metals; however, there
were some discrepancies in defining acids and bases. Three interviewees in the
experimental group used the Bronsted-Lowry acid-base definition in defining acids and
bases and the other one was also aware of various definitions but used the Arrhenius
acid-base definition. On the other hand, three interviewees in the traditional group used
the Arrhenius acid-base definition and only one of them was aware of various acid-base
definitions; and the other interviewee used the Bronsted-Lowry acid-base definition and
was also aware of the other definitions.

The experimental group interviewees were more confident in giving examples
for acids and bases and could gave at least three examples for acids and bases; however,
the traditional group interviewees were less confident in giving examples and could give
at least three examples for acids but they were not successful in giving examples for

bases just gave NaOH, KOH, and NH; as examples.
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Table 4.26 Students’ post-responses for defining acids and bases

# of students (out of eight)
Students general ideas
Experimental =~ Traditional

Acids are dangerous 0 1
Acids have H in their formula 0 1
Acids give H" into solutions 1 3
Bases have OH in their formula 0 3
Bases give OH' into solutions 1 3
Acids donate protons 3 1
Bases accepts protons 3 1
Aware of different definitions 4 2
Acids are substances below pH 7 4 4
Bases are substances above pH 7 4 4

The second interview question was about acids and bases in our daily life. The
students were asked that whether they came across to acids or bases in their everyday
life. During the pre-interviews, all interviewees gave the same examples for acids which
were lemon, coke and vinegar. One of them added stomach acid and another three
students added some fruits as substances that they came across during their daily life. In
terms of bases, all students told that soap was the material they most came across in
their daily life and two of them added the other cleaning materials had also basic
properties. The students then asked how they knew those substances were acidic or
basic and their responses were they learnt from their teachers or books. One of the
interviewee, IntEX3, explained as the following:

Acids can be found in food and I understand it from its sour taste. Lemon has a sour

taste and vinegar also... Coke, for example, has an acid. When I eat an orange, I geta

sour taste. These sorts of things came to my mind from daily life.
In terms of bases, IntEX3 added: “The soap that we wash our hands is a basic
substance and I guess some cleaning materials such as bleach is also a basic substance.”
Another student, IntTR2, expressed as the following for acids:

I don’t think that I come across to a strong acid in daily life. But, I guess, vinegar,

lemon or some vegetables such as tomatoes have acids and so they are in our daily life.

We drink coke and it is acidic.
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And in terms of bases, IntTR2 said: “I know soap is a basic substance since the primary
school, but nothing else comes to my mind now. I guess cleaning materials may be
basic.”

Afterwards the implementation, during the post-interviews the difference in giving
examples from everyday life was also detected. The experimental group interviewees felt
more confident in giving examples, but the traditional group interviewees did not feel
the same confidence. For instance, an interviewee, IntEX2, from the experimental
group stated as the following:

I can give many examples for acids and bases such as lemon, vinegar, tomato, apple...

many fruits are acidic, yogurt, sulfuric acid is used in car power supply are acidic... for

basic ones baking soda can be used in cakes, window cleaners, soap, toothpaste,
shampoo, and some detergents.
On the other hand, an interview, IntTR1, from the traditional group had some
difficulties in giving examples as the following: “I can give lemon, vinegar for
acids...what else...foods include acids in general...coke for example is acidic...for
bases, soap is basic...what else...other cleaning detergents are all bases...these are the
substance we know from daily life.”

The third question was related to determining acids and bases and students were
shown the drawings of six erlenmeyers and asked to determine which of them were
acids or bases. During the pre-interviews, all students classified HCI as an acid and
NaOH as a base correctly with the reasoning including H or OH in their formulas.
IntEX3 expressed for the other substances:

NH; is a base and I know that it is an exception although it has H in its formula. I've

known that it is a base since primary school and there is an expression “Ammonia is a

base the one who does not know is a goose.”” (Laughing) I remember from this

expression and there are always exceptions. But I have no idea for Bl may be, it could
be a base since it is similar to NHs. I don’t know. I guess, as I remember, CH;COOH is
also an exception; although it has OH in its formula, it is an acid. As far as I know,

NaCl is a salt but I don’t how it is related to acids and bases.

Similar to IntEX3’s opinion another interviewee IntTR3 said NH;was a base but could
not explain why it was a base just said he remembered that there was an exception for it
and stated BF; could also be a base since having a similar structure. Another
interviewee, IntTR1, strongly hold the Arrhenius definition and told that if there was H

in formula, a substance was an acid and if there was OH in formula, then a substance
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was a base; therefore, he added HCI and NH; were acids, NaOH and CH;COOH were
bases, and expressed the other ones which were BF; and NaCl were neither an acid nor
a base since not including H or OH. Consequently, BF; was the most difficult option
for the students and none of them gave the correct response. Two students mentioned
ammonia was a base explaining of being an exception although having H in formula.
Three students determine CH;COOH was a base since having OH in formula, two
students said it was an acid of being an exception but could not explain the reason, and
the other three students told that it was an acid giving dissociation of acetic acid. Seven
of the interviewees stated NaCl was a salt and the other student stated nothing about
being salt.
Afterwards the implementation, during the post interviews the interviewees used their
understandings for determining acids and bases. The interviewees from the
experimental group mentioned about the acid-base definitions and one them, IntEX1,
explained as the following:
In order to determine whether the substance is acid or a base, first I check whether
there is H or OH in theit formula. Here, HCI is an acid and NaOH is a base.
CH;COOH seems to have OH but its dissociation is different and it is a Bronsted -
Lowry acid and NHj is a Bronsted-Lowry base. I am not sure for BF;but if there was a
reaction, I can determine more easily. If it is a proton donor, it is an acid and it is a
proton acceptot, it is a base. But also, there was a Lewis definition could be also
considered as a Lewis acid if it is an electron acceptor or a Lewis base if it is an electron
donor. The final one, NaCl, is a salt. I remember this from neutralization reactions.
Although, IntEX1 did not mention about electron pair instead used just ‘electron’, her
logic was valid for determining acids and bases. The other interviewees from the
experimental group gave the similar explanation; only one of them used the Arrhenius
acid-base definition but also was aware of the other definitions. On the other hand, one
of the interviewees, IntTR3, from the traditional group stated as the following:
I: HCl is an acid since containing H and NaOH is a base since containing OH.
CH;COOH and NH; were exceptions and CH;COOH is an acid and NHs is a base.
R: How can you explain their acidity or basicity?
I: They are exceptions as I said. There are always exceptions.
R: Yes, but based on what they are accepted as an acid or a base?

I: In science there are exceptions these are one of them.

R: OK. What about the others?
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I: T am not sure about BF3but similar to NH; and could be a base. NaCl is a salt.

This interviewee used the Arrhenius acid-base definition in determining acids and bases.
Only one interviewee, IntTR2, used the Bronsted-Lowry definition in determining acids
and bases and was aware of the other definitions. The other two interviewees gave the
similar explanations to IntTR3 and hold the Arrhenius acid-base definition but one of
them was aware of the other definitions. Similar to prior responses, the students in their
post-interviews had difficulties in determining whether BF; was an acid or a base and
somehow they determined the other substances acidity or basicity.

The fourth question sought for student ideas for indicators, particulate level of
acids and bases, pH and pOH concepts. Firstly, students were shown two solutions one
having pH value of 4 and the other having pOH value of 4 and asked what they
thought about those solutions. During the pre-interviews, all interviewees stated that
one solution was an acidic and the other was a basic. In order to determine which one
was acidic or basic, six of them stated that they would use a litmus paper to test the
solutions as litmus paper turned red the solution was an acidic or blue the solution was
a basic. One of the students said he would add a piece of sodium element into solutions
as acidic solutions gave reactions with metals, the acidic one could be determined. The
other student told that he had no idea how to determine which solution was acidic or
basic. The latter two students were also asked whether they heard about litmus paper
and both of them stated that they knew about litmus paper, but one of them said litmus
paper turned blue in acidic solutions. None of the students could give a reasonable
answer for indicators. Afterwards, they were asked to draw these solutions in particle
level. Five students showed the dissociation in acidic and basic solutions as IntTR2’s

drawing below (Figure 4.8):

Figure 4.8 The pre-drawing of the dissociation in acidic and basic solutions by IntTR2

The other three students drew the similar drawings (Figure 4.9) as shown below which

is belong to IntEX1 and her explanation:
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I don’t know exactly how acidic and basic solution could be seen, but they should be
different in terms of ions. These ions are positive and negative charged and they will
naturally stay close to each other since there is attraction with oppositely charged ions.

The same situation happens for bases, as well. The oppositely charged ions stay closer.

Figure 4.9 The pre-drawing of the dissociation in acidic and basic solutions by IntEX1

Afterwards, the students were posed about questions related to pH and pOH. Three
students stated that pH was a value that measured acidity and pOH measured basicity,
but added that pH was a valid for just acidic substances below the value of 7 and pOH
was a valid for just basic substances above the value of 7. Another three students
mentioned that pH measured the strength of acids and pOH measured the strength of
bases with the explanation as pH decreased the acid was stronger. Two students
explained that either pH or pOH value was valid for acids and bases since they could be
converted to each other. Lastly, when the students were asked what would happen
when those solutions were mixed, all interviewees stated that acids and bases react with
each other.

After the implementation, during the post-interviews the students revealed the
differences in their responses in terms of being in the experimental and the traditional
group. This interview question also supported the statistical difference found in
MANOVA findings. All interviewees stated that the solution with pH was an acid and
the solution with pOH was a basic solution. Then, all interviews stated that they would
used a litmus paper to test which solution was an acidic or a basic and explained
correctly that acids turn litmus paper to red and bases turn litmus paper to blue. In
addition to litmus paper, the all interviewees from the experimental group added that
they could also use red cabbage juice in determining solutions acidity or basicity;
however, no interviewee in the traditional group mentioned any alternative way in

determining solutions acidity or basicity. In terms of representations in particle level,
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interviewees differed in their drawings. For instance, three interviewees in the
experimental group drew the similar drawing given in Figure 4.10. The other

interviewee in the experimental group did not mention about the existence of OH" ions.

Figure 4.10 The post-drawing of the dissociation in acidic and basic solutions by

IntEX2

The IntEX2 explained his drawing as the following:
pH=4 is an acid solution. Although it is an acidic solution, it will also contain a small
amount of OH- ions because of the self-ionization of water. This amount will be 10-10, T

mean pOHis 10. pPOH=4 is a base. This also contains a small amount of H* ions, 10-1°.,

pH here s 10.

On the other hand, the drawings of the interviewees from the traditional group did not
address the existence of OH ions in acidic solution or H' ions in basic solution. When
they were asked about pH and pOH, two of the interviewees stated that pOH of the
acidic solution was 10 and pH of basic solution was 10 by stating the formula of pH +
pOH = 14. The other two interviewees mentioned that pH was only valid for acidic
solutions and pOH was only valid for basic solutions; although they made this
explanation, they also stated that pOH of the acidic solution was 10 and pH of basic
solution was 10 by stating the formula of pH + pOH = 14. These two students did not
reveal understanding of pH and pOH concepts, they just made memorization.

The fifth question sought for students’ ideas on strength of acids and what
students thought about the differences between a strong and a weak acid. During the
pre-interviews, three out of eight students stated that strong and weak acids differed in
terms of bonding strength. One of the students who supported this idea was IntTR1,

his drawing (Figure 4.11) and explanation is given below:
A strong acid and a weak acid... both of them are acids... the strong one’s molecules

would be more closer to each other, I guess, since the bonds would be more stronger.
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But in terms of a weak acid, I think the molecules would be more untidy around

because of having weak bonds.

Figure 4.11 The pre-drawing of the strength of acids by IntTR1

The other three students stated that pH of these acids would be different, the stronger
acid would had the lower value of pH; one of these students who supported this idea
was IntEX4, see her drawing (Figure 4.12) and explanation below:
IntEX4: I don’t know how I would have seen these solutions. May be like this... Really,
I don’t know.
Researcher: OK. Then, why do you think that these solutions are called as strong and
weak? What is the difference among these solutions?
I: pH would be different. The stronger will have a lower pH value. For example, I know
HCI is very strong acid. It is very dangerous. It is pH value is 1. I am not sure about

HCN; but if it is a weak acid, it is pH value may be 6.

Figure 4.12 The pre-drawing of the strength of acids by IntEX4

The second part of the fifth question aimed to assess students’ ideas on strength and
molarity concepts. The HCI solutions were given in different molarities and students
were asked to rank these solutions in terms of their strength. Six interviewees directly
tried to find the pH values of the solutions and then made the ranking based on their
solutions. One interviewee did not relate to pH concepts and thought about the
molarity values and stated that the strength of the solutions could be from the highest
to the lowest molarity. The other student, IntTR2, expressed that the all three solutions
contained HCI solutions in different molarities but could not explain the correct answer

and made ranking in terms of molarity.
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After the implementation, the post-interviews also supported the findings of statistical
analysis since the interviewees from the experimental group illustrated more conceptual
understanding than the interviewees from the traditional group. All interviewees from
the experimental group stated that the dissociation of a strong acid and a weak acid
differed. For instance, one of the interviewees, IntEX1, drawing and is given in Figure
4.13 and her explanation are as the following:

Strong acids dissociate nearly 100% and weak acids do not dissociate well. HCl is a

strong acid and its dissociation is like this... HCN is a weak acid and it has a small

dissociation percantage. Its dissociation could be like this... a small amount of H* ion

and more HCN molecules.

Figure 4.13 The post-drawing of the strength of acids by IntEX1

On the other hand, two interviewees, IntTR2 and IntTR3, from the traditional group
mentioned about the dissociation difference and the other two mentioned about the
bonding strength. IntTR2 stated the correct explanation for strong and weak acids but
was unable to draw the correct representation of these solutions. His drawing is given in
Figure 4.14 and explained that there would be less ions in the weak acid solution

because of small dissociation percentage. The similar explanation was also done by

IntTR3.

Figure 4.14 The post-drawing of the strength of acids by IntTR2

In terms of on the section of strength and molarity concepts, two interviewees from the
experimental group firstly tried to find the pH values of the solution but then they

realized that all solutions were HCI solution in different concentration and then
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concluded that the strength of these solutions would be the same. The other two
interviewees from the experimental group directly stated that the strength of the
solution was the same. On the other hand, three of the intetviewees from the traditional
group found the pH values of the solutions and ranged their strength based on their pH
values and the other interviewee, IntTR2, stated that the strength of the solutions would
be the same. The traditional group students did not reveal the understanding of the
strength concept properly and they all had conflict with the concentration concept
except one of the interviewee.

The sixth question sought for students’ ideas on neutralization concept and the
role of indicators. This was an active question that the students observe the mixing of
an acid and a base in two conditions in presence of an indicator and not. At the fourth
question when students were asked what would happen when mixing an acid and a base
solutions, all students responded that there would be a reaction between an acid and a
base. In this question, HCl and NaOH solutions were prepared and students observed
the two different situations and there was a color change in an erlenmeyer with an
indicator (phenolphthalein) and no color change in the other one which did not include
an indicator. During the pre-interviews, four students were very confused with the
results and they tried to explain the difference because of the presence of an indicator as
the indicator was the agent to the reaction occurred and so no reaction occurred in the
absence of indicator. Two of these four students wrote the reaction correctly but the
other two students had a conflict in writing the reaction, one of them, IntEX3, stated as
the following:

...but I know that this reaction happens among HCl and NaOH, a neutralization

reaction occurs and the products are salt and water. But, there was no change in the

mixture when there is no indicator. I don’t understand. Something should be wrong...

most probably, indictor is the thing that made this reaction occur since there was a

color change, but I don’t know how to show in this reaction. I am confused.
The other three students mentioned that indicator enhanced to the reaction to happen
faster and they explained that there was also a reaction in the other eflenmeyer where
there was no indicator but this reaction happened more slowly. These three students
made a connection with the previous topic and they thought that indicator acted as a
catalyst. IntTR2, who supported this view, made the drawing (Figure 4.13) as below and

his explanation was as the following:
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Hydrogen in acid and hydroxide in base come together and they neutralize each other

and water is formed. This is a neutralization reaction. Salt is also formed. NaCl salt. ..

salts precipitate and can be seen at the bottom of the erlenmeyer.

Figure 4.15 The pre-drawing of neutralization reaction by IntTR2

The other student, InEX1, could not explain the situation but expressed as the
following and see her related drawing (Figure 4.14):
I: ...I can’t explain the reason something related to indicator but I really don’t know...
but I can write the reaction. This is a neutralization reaction and salt is formed. I am
not sure about the salt. Is this precipitate?
R: What do you think?
I: T am confused. Salts are soluble, cannot precipitate, I guess... for example, if I prepare
salty water, I won’t see any salt at the bottom when I stir it. But, I don’t know whether

these are close to each other or not. Should be something like this...

’.PJ‘

Figure 4.16 The pre-drawing of neutralization reaction by IntEX1

Lastly, all students wrote the neutralization reaction correctly and stated that the pH
value of the solution was 7, but none of them gave the correct explanation for the role
of indicators. In terms of particle level, three interviewees showed their drawing
considering molecules (similar to IntTR2’s drawing above) and five of them showed
their drawing considering ions (similar to IntEX1’s drawing above). Only two of them

explained that the formed salt would not precipitate, the others stated that the salt
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would precipitate. When the students were asked, the condition of using a weak acid
and a strong base, the students gave various responses. One of them, IntTR1, stated
that acids and bases always gave a neutralization reaction with pH 7 either they were
strong or weak, and the strength concept was related to bonds, which was not related to
acids and bases reaction. The other interviewee, IntEX4, from the experimental group
explained that the reaction was not a neutralization reaction since there was a weak acid
and it was a regular chemistry reaction without any neutralization with pH above 7.
After the implementation, the interviewees’ responses differed in terms of being in the
experimental and the traditional group. As it is reported in MANCOVA results, the
students in experimental group had more understanding in acids and bases concepts.
This statistical result was also supported in this interview question that the interviewees’
responses from the experimental group for this question were more reasonable and
valid; however, the interviewees’ responses from the traditional group were more
invalid, having alternative conceptions and had confusions in concepts. After the
demonstration, three interviewees from the experimental group stated that an indicator
was used to observe the equivalence point and the other interviewee (IntEX4) stated
that there was not enough neutralization to observe the color change. One of the
interviewee (IntTR3) from the traditional group explained the correct response of usage
of indicators. The others from the traditional group could not make any reasonable
explanation for the situation. IntTR2 stated that an indicatoracted as a catalyst and still
in his post-interview he hold this idea and explained the same reasoning for the
situation.

Considering the mixing of an acidic and basic solution, all the interviewees

stated that the reaction was a neutralization reaction and wrote the correct reaction of
HCI and NaOH. The interviewees’ responses for neutralization reactions from both the
experimental and the traditional group are summarized in Table 4.27.
The following excerpts of two interviewees revealed the understandings of the
neutralization concept and illustrated the difference between the experimental and the
traditional group. The excerpt of an interviewee, IntTR4, from the traditional group (see
the related drawing in Figure 4.15):

R: You say so when you mix these two erlenmeyers, the neutralization reaction occurs.

What do you mean with the term of neutralization?

I: The ions from acids and the ions from bases neutralize each other.
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R: How does this neutralization occur? Can you clarify?

I: The ions from acids are H+ ions and the ions from bases are OH- ions; these ions

form H>O and since no ions remain in the solution, it is neutralization.

R: You mean no ions present in the mixed solution?

I: Yes. That's why; it is called a neutral solution. If there are H* ions, it is acid and if

there are OH- ions, it is base. No ions in solution, so it is neutral.

R: What about the pH value of the solution?

I: Itis 7.

Table 4.27 The summary of responses of interviewees for the sixth question after the

implementation

Coding for the sixth question

Number of interviewees

Experimental group  Traditional group

Strong acid and strong base
The solution is neutral

The products are salt and water
No H" and OH ions in the solution
Na' and ClI ions in the solution
NaCl precipitate

pHis 7

Weak acid and strong base

The solution is neutral

The solution is basic

The products are salt and water
No ions in the solution

Only OH ions in the solution
OH ions > H" ions

pHis 7

pH is above 7
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The excerpt of an interviewee, IntEX3, from the experimental group (see the related

drawing in Figure 4.106):

R: You say so when you mix these two etrlenmeyers, the neutralization reaction occurs.

What do you mean with the term of neutralization?

I: HCI solution contains H* ions and NaOH contains OH- ions. When these solutions

are mixed NaCl and H,O are formed. The ions in solution are balanced.

R: Can you clarify what is this balance?

I: In a neutral solution, H* and OH- ion concentration is equal and that’s why in

neutralization reactions the solution is neutral with pH 7.

R: So, you mean that there are H* and OH- ions in the solution with the equal amount?
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I: Yes.
Although there was a logic difference among these two thoughts, the students in the
similar logics could get the true answers in case of strong acids and strong bases
neutralization reactions; however, the students supporting the former logic could fail in
case of weak acids and strong base neutralization reactions since they were not
considering acidic solutions could contain not only H" ions, but also a small number of

OH’ and vice versa situation is acceptable by the self-ionization of water.

Figure 4.17 The post-drawing of neutralization reaction by IntTR4

Figure 4.18 The post-drawing of neutralization reaction by IntEX3

When the students were asked, the condition of using a weak acid and a strong
base, the interviewees from the experimental group stated the situation would differ
because of fewer amounts of H' ions and added that the pH value of the solution

would be above 7.

4.5 Results on Chemistry Motivation Questionnaire and Student Interviews

The CMQ had five components which were self-efficacy in learning chemistry,
anxiety about chemistry assessment, relevance of learning chemistry to personal goals,
intrinsically motivated chemistry learning, and self-determination for learning chemistry.
In order to get more detailed information on student motivation to learn chemistry in

terms of the experimental and traditional groups, multivariate analysis of covariance was
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conducted considering the aforementioned five components. Based on the adaptation
of CMQ results on components pre- and post-CMQ scores were computed (see Table
3.9). The computed components’ descriptive statistics were given in Table 4.28 for the

experimental and Table 4.29 for the traditional group.

Table 4.28 Descriptive Statistics for the each component in terms of pre- and post-

CMQ in the experimental group

N Mean SD Skewness Kurtosis Min Max

Pre-CMQ

Pre-Efficacy 40 27.98 5.35 -.02 -.61 16 38
Pre-Anxiety 40 16.45 4.38 -.25 -.84 7 23
Pre-Goals 40 22.05 5.82 13 -96 12 34
Pre-Intrinsic 40  16.70 3.72 13 -92 10 24
Pre-Determination 40  19.60 2.59 -.29 -.33 13 24

Post-CMQ
Post-Efficacy 40 30.08 4.59 -.36 -84 21 38
Post-Anxiety 40 16.85 4.90 -.02 -1.17 9 25
Post-Goals 40 24.78 5.23 -.10 -72 15 35
Post-Intrinsic 40 17.33 3.34 - 12 -.45 10 24
Post-Determination 40  20.33 2.73 =31 -.68 14 25

The pre-CMQ was administered to both the experimental and the traditional
groups prior to the implementation; therefore, these values were not being influenced
by the implementation. The post-CMQ was administered after the implementation;
therefore these values were affected by the implementation. The difference between the
experimental and the traditional groups” CMQ scores was analyzed by using
MANCOVA. The scores on the pre-CMQ were treated as a covariate in order to
control the differences between groups although no difference was found neither for
the total pre-CMQ scores (F(1,76)=0.401, p=0.529; Table 4.30) nor for the collective
aforementioned CMQ components (Wilks” A=0.944, F(5,72)=0.858, p=0.514; Table
4.31). This result revealed that the students the experimental and the traditional group

were roughly equally motivated to learn chemistry.
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Table 4.29 Descriptive Statistics for the each component in terms of pre- and post-

CMQ in the traditional group

N Mean SD Skewness Kurtosis Min Max

Pre-CMQ

Pre-Efficacy 38 29.68  5.99 -.04 -1.27 19 39
Pre-Anxiety 38 15.74  4.39 -.01 =72 7 25
Pre-Goals 38 23.21  6.79 -21 -1.02 11 34
Pre-Intrinsic 38 16.45  3.42 -.40 .62 7 23
Pre-Determination 38 19.95  3.65 -.65 26 10 25

Post-CMQ
Post-Efficacy 38 29.39  6.11 -23 -66 16 39
Post-Anxiety 38 14.74  3.45 -.02 -.54 7 21
Post-Goals 38 23.26  6.63 -.09 -96 10 35
Post-Intrinsic 38 16.42  3.95 -.44 -.58 7 22
Post-Determination 38 18.76  4.30 -.34 -93 10 25

Table 4.30 Univariate test results in ANOVA for pre-CMQ

Partial

Mean Eta Obsetved
Source df Square F Sig.  Squared Power
Corrected Model 1 98.769 401 .529 .005 .096
Intercept 1 841483.436 3413.371 .000 978 1.000
Method 1 98.769 401 529 .005 .096
Error 76 246.526
Total 78

Corrected Total 77

Table 4.31 Multivariate Test results in MANOVA for pre-CMQ components

. . Partial
Wilks’ Hypothesis . Observed
Effect F Error df  Sig. Eta
Lambda df Power
Squared
Intercept .013 1111.936" 5.000 72.000 .000 .987 1.000

Method  .944 .858" 5.000 72.000 .514 .056 .290




160

The assumptions of MANCOVA were checked beforehand the analysis; which
were independence of observations, normality, outliers, homogeneity of variances,

multicollinearity, and homogeneity of regression.

Table 4.32 Box’s Test of Equality of Covariance Matrices

Box’s M 63.657

F 1.240

dfl 45

df2 13370.998
Sig. 131

In terms of independence of observations, it was ensured that there was not any
violation of the assumption since students completed the questionnaire individually.
The skewness and kurtosis values for each component can be found in Table 4.28 and
Table 4.29; the values of which are in the acceptable range. In addition, the univariate
normality was check in previous section 4.1 for the total pre- and post CMQ and there
was no violation for this assumption. For multivariate normality, Box’s test of equality
of covariance matrices is given in Table 4.32. Since the statistics was not significant, the
assumption of homogeneity was validated, which revealed the covariance matrices were
roughly equal. Mahalanobis distance was checked for multivariate outliers by using the
critical value of 20.52 (see Table 19.1 in Pallant, 2001, p.221). The Mahalanobis distance
was found to be 16.447, which is smaller than the critical value (Table 4.33).

The Levene’s test was used for checking the assumption of homogeneity of
variances. Table 4.34 shows the result of Levene’s test. All values for each motivation
component was larger than 0.05, except the value of post-Intrinsic. This significant
value indicated that the error variances across groups are not equal. In other words, the
assumption of homogeneity of variances was satisfied for the four post-motivational
component scores; however, the assumption of homogeneity of variances has been
violated for post-Intrinsic scores. Therefore, a more conservative alpha level was set for
determining significance for post-Intrinsic in the follow-up ANCOVA. The correlation
analysis was done in order to check the assumption of multicollinearity. It was not
found highly correlated dependent variables (higher than .8) and this assumption of

multicollinearity was verified (Table 4.35).
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Table 4.33 Residuals statistics for Multivariate Normality

Minimum Maximum  Mean  Std. Deviation

Predicted Value 15.7493 60.2349 39.5000 8.01237
Std. Predicted Value -2.964 2.588 .000 1.000
Std Error of Predicted Value 3.236 10.431 5.894 1.501
Adjusted Predicted Value 8.9438 58.5928 39.4305 8.24155
Residual -43.82441 45.48384  .00000 21.19674
Std. Residual -1.999 2.075 .000 967
Stud. Residual -2.038 2.126 .001 1.003
Deleted Residual -45.54019  47.76036  .06952 22.83242
Stud. Deleted Residual -2.085 2.181 .000 1.011
Mahalanobis Distance .691 16.447 4.936 3.134
Cook's Distance .000 071 .013 .015
Centered Leverage Value .009 214 .064 041

Table 4.34 Levene’s Test of Equality of Error Variances

F dft df2 Sig.
Post-Efficacy .288 3 74 .834
Post-Anxiety 1.669 3 74 181
Post-Goals 1.869 3 74 142
Post-Intrinsic 2.827 3 74 .044
Post- Determination .380 3 74 767

Table 4.35 Correlations among variables

Variables Post-Efficacy Post-Anxiety Post-Goal — Post-Intrinsic
Post-Anxiety -241%

Post-Goals 671 -.146

Post-Intrinsic .607%* -.192 6061+
Post-Determination ~ .559%** -124 .663%* 525%*

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

The assumption of homogeneity of regression was tested by customizing
settings in MANCOVA and checked whether there was interaction between the

covariates (pre-Efficacy, pre-Anxiety, pre-Goals, pre-Intrinsic, and pre-Determination)
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and the independent variables (method and gender). The significance level of the

interactions terms were checked in the output (Table 4.36). Since the all significance

values for the interactions were greater than 0.05, the assumption of homogeneity of

regression was not violated.

Table 4.36 Multivariate Tests for Homogeneity of Regression for the interaction

between the covariates and the independent variables

Wilks’ )
Hypothesis )
Effect Lambda F df Error df Sig.
Value
Intercept 871 1.476 5.000 50.000 214
Method * pre-Efficacy 929 770 5.000 50.000 576
Method * pre-Anxiety 903 1.070 5.000 50.000 .388
Method * pre-Goals 991 .089 5.000 50.000 994
Method * pre-Intrinsic 907 1.022 5.000 50.000 415
Method * pre-Determin. 922 .844 5.000 50.000 .525
Gender * pre-Efficacy .927 787 5.000 50.000 .564
Gender * pre-Anxiety .831 2.038 5.000 50.000 .089
Gender * pre-Goals 981 192 5.000 50.000 964
Gender * pre-Intrinsic 947 5061 5.000 50.000 729
Gender * pre-Determin. 921 .856 5.000 50.000 517
ES >k
Method * Gender 969 319 5000 50.000 899
pre-Efficacy
* *
Method * Gender 960 421 5.000  50.000 832
pre-Anxiety
Method * Gender *
.893  1.202 5.000 50.000 322
pre-Goals
Method * Gender *
o 844 1.849 5.000 50.000 120
pre-Intrinsic
Method * Gender *
o .942 .620 5.000 50.000 .685
pre-Determination
Method * Gender .680 1.385 15.000 138.429 163

Two-way multivariate analysis of covariance was conducted to explore method

and gender differences in a set of dependent variables (post-Efficacy, post-Anxiety,

post-Goals, post-Intrinsic, and post-Determination) after the preliminary assumption

testing with no serious violations noted. The results are given in Table 4.37. It was
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found that there was a statistically significant difference between the experimental and
traditional groups on the dependent variables (Wilks’A=0.766, F(5,65)=3.969, p=0.003,
partial eta squared=0.234). When the follow-up ANCOVAs considered separately, the
differences to reach statistical significance using a Bonferroni adjusted alpha level of .01,
were post-Goals (F(1,69)=7.603, p=0.007, partial eta squared=.099) and post-
Determination (F(1.69)=12.137, p=0.001, partial eta squared=.150). The follow-up
ANCOVA results are given in Table 4.38 for each dependent variable.

The main effect for gender (Wilks” A=0.903, FF(5,65)=1.401, p=0.236) and the
interaction (Wilks” A=0.894, F(5,65)=1.536, p=0.191) effect did not reach statistical
significance. An inspection of the mean scores indicated that the students in the
experimental group reported higher levels of relevance of personal goals (M=25.30)
than the students in the traditional group (22.72). In addition, the students in the
experimental group reported higher levels of self-determination (M=20.59) than the
students in the traditional group (M=18.47). The estimated marginal means regarding
teaching method for each dependent variable are given in Table 4.39. The estimated
marginal means regarding gender (Table 4.40) and interaction (Table 4.41) for each

dependent variable are given at the following.

Table 4.37 Multivariate Tests results in MANCOVA

. . Partial
Wilks’ Hypothesis Error ) Observed
Effect F Sig. Eta
Lambda df df Power
Squared

Intercept .828 2.701 5.000 65.000 .028 172 785
Pre-Effiacy .789 3.485 5.000 65.000 .007 211 .890
Pre-Anxiety .682 6.059 5.000 65.000 .000 318 992
Pre-Goals .562 10.137 5.000 65.000 .000 438 1.000
Pre-Intrinsic .588 9.127 5.000 65.000 .000 412 1.000
Pre-Determin. 778 3.709 5.000 65.000 .005 222 911
Method 766 3.969 5.000 65.000 .003 234 .930
Gender 903 1.401 5.000 65.000 236 .097 463

Method* Gender .894 1.536 5.00 65.000  .191 .106 .505
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Table 4.38 Follow-up ANCOVA for each dependent variable

Dependent Mean ) Eta Observed
Vafiable Source df Square F Sig Squared Power
Cotrected Model 8 158.011 11.516 .000 .572 1.000
Intercept 1 129.439 9.433 .003 .120 .857
Pre-Efficacy 1 157.009 11.443 .001 .142 915
Pre-Anxiety 1 6.287 458 501 .007 102
Pre-Goals 1 125.834 9.171 .003 .117 .848
Post- Pre-Intrinsic 1 3.033 221 .640 .003 .075
Efficacy  Pre-Determinat. 1  5.021 366 545 .005 .092
Method 1 60.034 4.375 .040 .060 541
Gender 1 24.276 1.769 .188 .025 .259
Method*Gender 1  9.840 717 400 .010 133
Error 69 13.721
Cotrected Total 77
Cotrected Model 8  68.045 5.097 .000 .371 .998
Intercept 1 43.004 3.221  .077 .045 425
Pre-Efficacy 1 .000 .000 996 .000 .050
Post. Pre-Anxiety 1 361.270 27.062 .000 .282 .999
Ansiety Pre—Gogls . 1 27.608 2.068 .155 .029 .294
Pre-Intrinsic 1 49422 3.702 .058 .051 475
Pre- Determinat. 1 1.863 140 710 .002 .066
Method 1 38.810 2.907 .093 .040 .390
Gender 1 5.989 449 505 .006 101
Method*Gender 1  .525 .039 .843 .001 .054
Error 69 13.350
Corrected Total 77
Cotrected Model 8  203.143 12.631 .000 .594 1.000
Intercept 1 67.526 4.199 .044 .057 .524
Pre-Efficacy 1 .750 047 .830 .001 .055
Post-Goals Pre-Anxiety 1 1.180 .073 787 .001 .058
Pre-Goals 1 644.732 40.087 .000 .367 1.000
Pre-Intrinsic 1 59.306 3.687 .059 .051 474
Pre- Determinat. 1 9.890 .615 436 .009 121
Method 1 122278 7.603 .007 .099 776
Gender 1 6.943 432 513 .006 .099
Method*Gender 1  22.712 1.412  .239 .020 216
Error 69 16.083
Corrected Total 77
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e Soue e F SE gaed Do
Cotrected Model 8  74.305 11.826 .000 .578 1.000
Intercept 1 17.787 2.831 .097 .039 382
Pre-Efficacy 1 16969 2.701 105 .038 367
Pre-Anxiety 1 6.359 1.012  .318 .014 168
Pre-Goals 1 5.835 .929 339 013 .158
Post_Intrinsic Pre-Intrinsic 1 105.745 16.830 .000 .196 981
Pre-Determinat. 1  .242 .039 .845 .001 .054
Method 1 23788 3.786 .056 .052 484
Gender 1 31.636 5.035 .028 .068 .600
Method*Gender 1  38.169 6.075 .016 .081 .681
Error 69 6.283
Cotrected Total 77
Cotrected Model 8  69.205 10.170 .000 .541 1.000
Intercept 1 32943 4.841 .031 .066 .583
Pre-Efficacy 1 7.081 1.041 A11.015 172
Pre-Anxiety 1 .260 .038 .845 .001 .054
Post- Pre-Goals 1 46.395 6.818 .011 .090 731
Determination Pre-Intrinsic 1 6.171 .907 344 013 156
Pre-Determinat. 1  77.221  11.348 .001 .141 913
Method 1 82594 12.137 .001 .150 .930
Gender 1 1.979 .291 591 .004 .083
Method*Gender 1  .178 .026 .872 .000 .053
Etror 69 6.805
Corrected Total 77
Table 4.39 Estimated Marginal Means in terms of Method
95% Confidence
Dependent Variable  Method  Mean Std. Error  Lower Upper
Bound Bound
Post-Efficacy EX 30.619 .595 29.432 31.806
TR 28.811 .610 27.594 30.028
Post-Anxiety EX 16.534 .587 15.363 17.704
TR 15.080 .602 13.880 16.281
Post-Goals EX 25.302 .644 24.017 26.587
TR 22.722 .660 21.405 24.040
Post-Intrinsic EX 17.441 403 16.638 18.244
TR 16.303 413 15.480 17.127
Post-Determination  EX 20.591 419 19.756 21.427
TR 18.471 430 17.614 19.328




Table 4.40 Estimated Marginal Means in terms of Gender

95% Confidence

Dependent Variable ~ Gender ~ Mean Std. Error  Lower Upper
Bound Bound

Post-Efficacy Girls 30.305  .604 29.101 31.509
Boys 29.125  .618 27.892  30.358

Post-Anxiety Girls 15.514  .595 14.326 16.702
Boys 16.100  .610 14.884  17.316

Post-Goals Gitls 24.328 .653 23.024 25.631
Boys 23.697  .669 22362  25.032

Post-Intrinsic Girls 17.546  .408 16.731 18.361
Boys 16.199 418 15.364  17.033

Post-Determination  Gitls 19.700  .425 18.852  20.548
Boys 19.373 435 18.495  20.231

Table 4.41 Estimated Marginal Means in terms of Method and Gender Interaction

Dependent Std. 95% Confidence

Variabl Method Gender Mean Error Lower Upper
ariable

Bound Bound

EX Gitls 30.824  .828 29.173 32.475

Boys 30.414  .869 28.680 32.147

Post-Bfficacy . pp Gills  29.786  .904  27.982  31.590

Boys 27.836  .898 26.044 29.628

EX Gitls 16.330 .816 14.701 17.958

Post-Anxiety Boys 16.738  .857 15.028 18.448

TR Gitls 14.698 .892 12.919 16.478

Boys 15.462 .886 13.695 17.230

EX Gitls 25.033  .896 23.246 26.821

Post-Goals Boys 25,571 941 23.694 27.448

TR Gitls 23.622 979 21.669 25.576

Boys 21.822 972 19.882 23.762

EX Gitls 17.357  .560 16.240 18.474

Post-Intrinsic Boys 17.525 588 16.352 18.698

TR Girls 17.735  .612 16.514 18.956

Boys 14.872  .608 13.659 16.084

EX Gitls 20.812  .583 19.649 21.974

Post- Boys 20.371  .612 19.150 21.592

Determination TR Gitls 18.588  .637 17.317 19.859

Boys 18.354  .633 17.092 19.616

166
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When the estimated marginal mean in terms of method (Table 4.39) were
investigated, it is inspected that not only the statistically significant dependent variables,
but also there were differences in other dependent variables in terms of method
although they were not statistically significant. Preliminary scores in motivational
components all increased after the implementation in the experimental group students;
considering self-efficacy in learning chemistry, anxiety about chemistry assessment,
relevance of learning chemistry to personal goals, intrinsically motivated chemistry
learning, and self-determination for learning chemistry. On the other hand, preliminary
scores in motivational components all decreased after the implementation in the
traditional group students; considering the aforementioned motivation components.
There were slightly differences in terms of gender in student motivation to learn

chemistry, but these differences were not found statistically significant.

4.5.1 Student interviews on motivation to learn chemistry

Besides the statistical differences, the differences between the experimental and
traditional group students were also detected in the student interviews. There were eight
interviewees and they were interviewed both before and after the implementation. Four
interviewees were from the experimental group (IntEX1, IntEX2, IntEX3, and IntEX4)
and the other four were from the traditional group (IntTR1, IntTR2, IntTR3, and
IntTR4). IntEX1, IntEX3, IntTR3, and IntTR4 were female and IntEX2, IntEX4,
IntTR1, and IntTR2 were male students. All the interviewees stated that they took extra
private courses; except IntEX2, he added that he was not willingly to take extra courses

since what he learned at school was enough for him when he studied regularly.

During the interviews, the students expressed their thoughts about learning
chemistry and based on their responses codings were constructed considering both pre-
and post-interviews. None of the interviewee mentioned any thought about learning
chemistry intrinsically during the pre-interviews, though some of them said that they
enjoy learning chemistry putting conditions such as getting high grades or doing
experiments. After the implementation, the interviewees from the experimental group
revealed intrinsic motivation to learn chemistry such as relating chemistry learning to
their real life and finding chemistry learning significant. All interviewees were aware of

the university extrance examination and expressed that they had to learn chemistry to be
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successful in the exam, which shows that the students are somehow extrinsically to
learn chemistry because of the education system both during the pre- and post-
interviews. Some students also explained that learning chemistry was related to their
goals such as becoming a doctor or an occupation related to chemistry requires
chemistry learning. Consequently, based on the students’ interviews the following
codings were interpreted from both groups; throughout this categorization the students’
both pre- and post-interviews were considered and based on their responses “more”,
“less”, or “same” terms were used to differentiate the students’ pre- and post-views of
motivation to learn chemistry. Table 4.42 summarizes the students’ view on learning
chemistry. The patterns used for the categorization were given as below:

e Intrinsically motivated chemistry learning (Intrinsic)

e Self-efficacy in learning chemistry (Efficacy)

e Self-determination for learning chemistry (Determination)

e Anxiety about chemistry assessment (Anxiety)

e Relevance of learning chemistry to personal goals (Goals)

Table 4.42 The students’ views considering pre- and post- interviews

Intrinsic Efficacy  Determination  Anxiety Goals
IntEX1 More Same More Same More
IntEX2 More More More Less More
IntEX3 More Same Same Same More
IntEX4 Same Same More Same More
IntTR1 Same Less Same More Same
IntTR2 Same Same Same Same Same
IntTR3 Less Same More Same More
IntTR4 Less Less Less More Less

The students’ detailed explaination on motivation to learn chemistry and some
interview excerpt were given at the following part. There were six questions in order to
determine students’ motivation to learn chemistry. The first question was about whether
students like to learn about chemistry. In the pre-interviews, five students (IntEX1,

IntEX2, IntEX3, IntTR3, and IntTR2) stated that learning chemistry was enjoyable and



169

pleasant. On the other hand, the students put some conditions for liking chemistry. For
instance, IntEX1 and IntTR3 stated that they liked learning chemistry when they were
able to do it and IntTR2 expressed that he liked the chemistry when he got high grades
in chemistry. One of the interviewees, IntEX3, said that she liked learning chemistry
when she was in laboratory doing experiments. IntEX3 expressed as the following:

I: When the chemistry course is in laboratory, I enjoy learning chemistry more.

R: You mean, when you do experiments in laboratory?

I: No, we don’t do experiments. Our teacher does but it is different place from the class

and observing the teacher doing experiments is interesting.

R: How often do you go to laboratory to do expetiments?

I: Not much and when we are in class, I don’t enjoy much learning about chemistry.
Other three interviewees (IntTR1, IntTR4, and IntEX4) stated that learning chemistry
was boring since they were not learning useful things. One of them, IntEX4, explained
as the following:

I don’t know why we learn chemistry. I just need it for the university exam. I don’t see

my mother and father using chemistry in their everyday life. It is not like mathematics,

math is useful for calculations. But chemistry is not useful. When I go to a market, I say

give me a water, not give me H2O.
When the post-interviews were investigated an interviewee, IntTR2, from the traditional
group held his opinion about learning chemistry. He stated that he liked chemistry when
he got high grades and during the acids and bases unit he was successful in doing
algorithmic problems, but added that he did not like conceptual questions and during
the acids and bases unit since there were not many conceptual questions, he liked to
learn about acids and bases. Another interviewee, IntTR3, from the traditional group
said similar thoughts to her pre-interview such as she liked chemistry when the subject
was not too hard and she understood it; additionally, she explained from subject to
subject the answer of this question could change. The acids and bases unit was not too
tough for her and expressed that she liked learning about them. The other interviewee,
IntTR4, for the experimental group also stated the similar thoughts that she usually got
bored in chemistry classes but had to learn about it since she were supposed to answer
some chemistry questions in the university exam. An interviewee, IntEX1, from the
experimental groups stated some different thoughts for the first question such as she

expressed that she enjoyed the classes lately more than before since they were at
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chemistry lab during all the chemistry classes and stated her learning was more concrete
than being abstract by explaining:
Of course, we were learning new subjects but they were just abstract and we forgot
easily if we don’t repeat our notes. We didn’t observe anything and just solved the
questions. But, in this unit we both observed many substances and made inferences to
learn the subjects and I think the courses were more efficient and I still didn’t forget

what I have learned.
Another interviewee, IntEX4, from the experimental group had also some changes in

his thoughts about learning chemistry and he explained as the following:
I thought that chemistry was useless for our life, but there was a handout about a day
of a university girl at the beginning of the acids and bases unit. Before that, I thought
that I just learn about scientific things about chemistry to succeed in exams. But, I
understand from that handout that everything that we drink and eat in our daily life is
somehow related to chemistry and even the soap we used every day is a subject of
chemistry. Therefore, I didn’t get bored in this chemistry course. I started to think
about chemistry during the day; for example, when I eat something, I think now

whether that is acidic or basic.

The second question was about the importance of learning chemistry. During
their pre-interviews, all interviewees stated that learning chemistry was important for
them since they were supposed to answer chemistry questions in the university entrance
examination and having a good grade at the end of the semester. Three students
(IntTR2, IntTR3, and IntEX2) added that the chemistry was related to their life;
therefore, learning about chemistry made them understood more easily about the life.
IntTR2 also included that he wanted to be a doctor and for this reason learning biology
and chemistry was more important for him; how better he learnt about chemistry, the
more successful he would in the university exam. During their post-interviews, all
interviewees stated their similar thoughts for the importance of learning chemistry. For
instance, an interviewee, IntTR4, from the traditional group stated that chemistry out of
school would not be useful for her except the university exam and she did not want any
department related to chemistry. In addition, IntTR1 stated that he never understood
the logic of chemistry and chemistry was not related to everyday life like biology or
physics. On the other hand, interviews from the experimental groups put in extra

thoughts for this question. IntEX4 added that the chemistry course enhance him to
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explain some cases occurred in daily life such as when he added a piece of lemon to his
tea, the tea’s color changed and he stated that he knew the reason of it since he learned
about indicators. Another interviewee, IntEX2, from the experimental group included

that:
Chemistry is important for our lives since it enhance us to understand the life itself. But
it was not easy for me to understand many things because some of them were very
complicated. But I can say that although I am not a scientist, I can understand some
events for example why an onion makes us cry or why some acids are dangerous some

are not.

The third question was about whether chemistry knowledge they learned would
be useful for the students. During the pre-interviews, four students (IntTR1, IntTR4,
IntEX3, and IntEX4) stated that they would not need any chemistry knowledge after
they graduate from the high school, learning chemistry was just important for passing
the university examination. The other three students (IntTR2, IntTR3, and IntEX2)
stated that learning chemistry made the life simpler since they understand the life when
they learnt about it. For instance IntTR2 explained as the following:

During the rate of reaction unit, I have learnt why we put our foods in refrigerators.

The chemical reactions that occur in food get slower and food do not get spoiled. This

kind of knowledge makes our lives more practical.

The other student, IntEX1, stated as the following “Of course, learning new things is
important and useful, but nothing comes to mind now how chemistry could be useful
for me in the future”. After the implementation when the same question was asked to
the students, the responses of the experimental and traditional group interviewees
differed. For instance, IntTR4 still had the same thoughts that the chemistry she had
learned was not useful for her; she explained that the knowledge she learned at school
was just useful at school for exams and during daily life she did not use that knowledge
since she did not have to think about that knowledge. IntEX3 and IntEX4 had
expressed that they would not need any chemistry knowledge after their graduation;
however, after the implementation, they stated that they could use the chemistry they
learned for their daily lives. For instance, IntEX4 explained that he liked the handout
about the girl who went to university and realized that chemistry was in everywhere in

his life, giving an example the color change of a tea when adding lemon juice and felt
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pleased when he knows the answers of daily life events. Another interviewee, IntEX1,
was unable to explain how chemistry knowledge could be useful for her in pre-
interview; however, afterwards the implementation she stated that chemistry enabled

her different point of view and explained as the following:
In our daily life, we do many things but usually don’t think the reason of the daily
events. I sometimes have stomach sour and use antacid to relief the pain. In acids and
bases unit, I learned this process is a neutralization reaction as excess acid is neutralized
with the help of antacid. Also, I know that carbonate does the same. If I had stomach
sour, I know that I should take something a base like carbonate. By means of chemistry

I am aware of this.

The fourth question was related to significance of learning chemistry for
students’ real lives. For this aim it was asked what would be a difference among an
individual who learnt chemistry and the one who did not. During the pre-interviews,
this was the most difficult question for the students to answer. Similar to the third
question the same four students (IntTR1, IntTR4, IntEX3, and IntEX4) stated that
nothing would be different in terms of living. IntEX4 also added that the individual
who did not learn chemistry could start a business life earlier and starts to make money.
In addition, IntEX3 express as the following:

Learning chemistry is difficult and that person should be happier for not learning

chemistry. Nothing will differ among each other and I won’t need chemistry anymore

in my future life. I want to be a doctor and I will choose medicine in the university
exam. I won’t need any chemistry after the exam. I just need to learn about biology and
organs. That's’ why I just need chemistry for the exam.
The other two interviewees, IntTR2 and IntEX2, stated that they themselves would
have better job opportunities since they would able to finish a university. The rest two
students (IntEX1 and IntTR3) said that there should be differences among two
individuals but they could not give any explanation about what they could be. IntEX1

just stated as the following:
The chemistry I have learned is practical and makes us understand the life itself. But I
don’t know what to say about the differences... but there would be some differences of
course.

During the post-interview, the interviewees in the experimental group could make more

explanation for this question. IntEX2 stated in his first interview that there would be



173

occupation differences, but in his later interview he also explained that he could explain
and understand the events more scientifically when they came across the same cases in
their real life. In addition, there were also differences in IntEX3’s thoughts as her prior
thought was that chemistry would not be useful for her even that she wanted to be a
doctor; however, she explained in her post-interview that she would need chemistry
even though she was not become a doctor. The similarideas were also stated by IntEX4
as the following:

I: I thought that we don’t use chemistry in our daily life, but I realized that chemistry is

used in daily life more than I think.

R: What changed your ideas?

I: There was an activity related to a university girl and mentioned about what she did

during her day and there were explanations. I read that there are many events related to

chemistry.

R: So? What difference there would be for you?

I: As I said, knowing chemistry would make my life more understandable and practical.

I can make explanations for the event.

R: Can you give examples?

I: I gave tea example for example, squeezing lemon to tea changes tea’s color. I know

why this happens... tea is a natural indicator and changes its color in acids and bases.

But the person who does not know anything about chemistry couldn’t make any

explanation to this situation, but I can.

The interviewees from the traditional group nearly gave the similar responses.

The fifth question was about the properties of chemistry course that the
students like and dislike. During the pre-interviews, the students mainly focused on they
liked chemistry of being enjoyable, related to their everyday life, and doing experiments
in chemistry and disliked chemistry of being boring, difficult to learn, and hard to
understand some topics. After the implementation, the interviewees from the traditional
group stated the similar likes and dislikes; on the other hand, the ideas of the
experimental group students emerged such as they expressed that doing activities on
their own and stating the facts were so enjoyable for them. In addition, they expressed
that they enjoyed learning the logic of the concepts and how those concepts were
related to their everyday life.

The sixth question was about how the students would like to learn about

chemistry. During the pre-interviews, the students mainly focus on the idea that
ry g p > y
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chemistry should be learned by doing experiments since they did not forget easily when
doing and they wished to learn chemistry by doing experiments. The students also
addressed that they want to learn about why chemistry was important for their life, how
it was related to their everyday life, and what to learn more interesting and daily life
examples in their chemistry courses. After the interviews, the experimental group
interviewees added that they liked the simulations and activities they had conducted
related to acids and bases and they would like to learn the other topic in the similar way.

In terms of motivation to learn chemistry, the students’ ideas in pre-interviews
did not differ either they were in the experimental or traditional group. Their views’ in
learning chemistry was very similar to each other; all of them were focus on the
university entrance examination which was not possible for them to ignore. Instead of
learning chemistry they generally were focus on having a good performance in
chemistry course. However, after the implementation the different ideas between the
experimental and traditional group students mentioned. The interviewees from the
traditional group still held the similar performance based ideas, however, the
interviewees from the experimental group made emphasize on the relevance of

chemistry to their real life.

4.6 Results of the Teacher Interview

Afterwards the implementation, a couple of questions were asked to the teacher;
the focus of this interview was to get the teacher’s ideas on the method used in the
experimental group and what she thought about the effectiveness of the
implementation. The first question was about the teacher’s general ideas on the 5E
learning cycle model and she replied that conducting activities with the students were
enjoyable but also difficult in managing the whole classroom. She also added that during
the implementation the students had opportunities to make connections with real world
context; in her previous lectures she tried to solve as many as questions possible with
the students since they wanted her to do. On the other hand, she expressed that the
most frequent question that the students asked was why they needed to learn chemistry
concepts and how they were going to use that knowledge in their future. She clarified
that the implemented method gave answers to the students’ questions and how

chemistry was related to their real world. The next question was about the differences
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and similarities between the previous instructions. The teacher mentioned that she
rarely had opportunities to demonstrate experiments to the students because of lack of
time since she had to complete the curriculum in her traditional instructions and tried to
give daily life examples related to concepts. She added that in order to teach chemistry
concepts to the students; there should not be always complex chemistry experiments,
materials or events from daily life could also be very explicable for students to learn
chemistry concepts though there needed to be done much preparation before the
instruction in terms of materials or lesson plans. On the other hand, she included that
less arithmetical questions were solved with the students related to acids and bases
concepts in the experimental group, which was also some students’ complains in the
experimental group. The third question was related to student behaviors in the
classroom whether she had observed any differences in student motivation. The teacher
explained that the students were very enthusiastic to be in chemistry laboratory and
conducting activities in the experimental group, some students came to her and express
that whether the following concepts would be implemented by the similar way in the
chemistry laboratory since they enjoyed learning by doing. In addition, she gave details
about a student who was not really interested in chemistry class, but revealed much
progress and desire in doing activities related to acids and bases. The next question was
asking about whether learning cycle model developed any student skills. The teacher
said that the students were more anxious at the beginning of the implementation but
meanwhile they got used to doing activities and expressing theirideas in group and class
discussions and their anxiety decreased. She also stated that hands-on activities revealed
positive impact on students since they were studying and doing the activities together
and comprehended more understanding while learning with peers. The teacher
explained her statement that although she tried to create friendly environment in the
class, some students could be very shy and not willingly to ask questions to her; but,
they could be more relaxed to ask questions to their friends. The fifth question was
about the difficulties the teacher experienced during the implementation and the teacher
said that she had to be more prepared for the class since the students were asking more
conceptual questions and had to study on related lesson plans for conducting the
instruction propetly. The following question was about whether the students declared
any opinion on the instruction; the teacher mentioned that some students made

complains about not solving many arithmetical questions on acids and bases and some
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of them stated that they did not want to do activities; on the other hand some students
asked her that whether the following chemistry units would be instructed in the
chemistry laboratory by doing activities as well, some of them told her that they were
pleased to learn that how chemistry was related to their life even they did not choose a
career related to chemistry. The last question was about whether the teacher would
prefer to use the 5E learning cycle model in the future instructions and she replied that
she was glad and enjoyed to implement the 5E learning cycle of instruction and would
like to use this method in her following intructions but she also stated that the
developing lesson plans based on learning cycle and developing or finding hands-on
activities were not easy tasks and needed time to construct. Additionally she expressed
that the classes were very crowded and it was not much convenient to do activities with
40 students in the same time since it was difficult to manage them and answer their

questions at the same time.

4.7 Results of the Classroom Observation Checklist

The classroom observation checklists (COC) completed both for the
experimental and traditional group by the researcher for 49 class hours, 26 for the
experimental class and 23 for the traditional class. They were examined whether they
revealed evidence for implementation of 5E learning cycle model of instruction in the
experimental group and traditional teacher-centered instruction in the traditional group.
As stated in the limitations section, it would be more reliable to have at least one more
observer during the implementation but it was not convenient or possible for any

observer to sit in any class sections.

There were 32 items in this checklist, covering the main properties of the
implemented chemistry instructions both for learning cycle and traditional instructions,
considering the following aspects: the physical conditions of a classroom and a
chemistry laboratory, student’s role in learning, and teachet’s role in teaching for both
groups. Some items, related to activities in the COC, were only applicable to the
experimental group (Item 5, 6, 7, 8, 9, 12, 23, 27, 29, and 30) and coded as NA in the
traditional group (See Table 4.43 for checklist resulsts).
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Experimental Group Traditional Group

Item# #of Yes Partially No | #of Yes Partially No NA

Obsv. (%) (%) (%) 1 Obsv. (%) (%) (%) (%)
Item1 26 100 - - 23 100 - - -
Item2 26 100 - - 23 100 - - -
Item3 26 81 19 - 23 - 70 30 -
Item4 26 73 27 - 23 - 70 30 -
Item5 26 85 15 - 23 - - - 100
Item6 26 61 39 - 23 - - - 100
Item7 26 69 31 - 23 - - - 100
Item8 26 73 27 - 23 - - - 100
Item9 26 69 31 - 23 - - - 100
Item 10 26 35 65 - 23 09 31 - -
Item 11 26 - 27 73 123 100 - - -
Item 12 26 69 31 - 23 - - - 100
Item 13 26 85 15 - 23 - - 100 -
Item 14 26 88 12 - 23 - 65 35 -
Item 15 26 65 35 - 23 22 39 39 -
Item 16 26 77 23 - 23 30 39 31 -
Item 17 26 100 - - 23 100 - - -
Item 18 26 85 15 - 23 26 39 35 -
Item 19 26 77 23 - 23 22 - 78 -
Item 20 26 77 23 - 23 30 - 70 -
Item 21 26 88 12 - 23 - 39 61 -
Item 22 26 81 19 - 23 56 44 - -
Item 23 26 73 27 - 23 - - - 100
Item 24 26 85 15 - 23 30 39 31 -
Item 25 26 - 27 73 123 87 13 - -
Item 26 26 100 - - 23 100 - - -
Item 27 26 81 19 - 23 - - - 100
Item 28 26 - 19 81 123 100 - - -
Item 29 26 100 - - 23 - - - 100
Item 30 26 100 - - 23 - - - 100
Item 31 26 73 27 - 23 39 30 31 -
Item 32 26 85 - 15 123 48 - 52 -
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The COC was used to support treatment verification and get evidence for the
implementations. Therefore, the treatment verification is ensured with the descriptive

statistics obtained for each group.

4.8 Summary of the Results

The summary of the results could be summarized as the follwoing:

e The mean scores of the students in the experimental group (M=1.10) was
lower than the students in the traditional group (M=1.32) in the pre-TABT.

e The mean scores of the students in the experimental group (M=102.78) was
lower than the students in the traditional group (M=105.03) in the pre-CMQ.

e The mean scores of the students in the experimental group (M=8.90) was
higher than the students in the traditional group (M=4.95) in the post-TABT.

e The mean scores of the students in the experimental group (M=109.35) was
higher than the students in the traditional group (M=102.58) in the post-
CMQ.

e  The normal distribution was found for variables in the descriptive statistics.

e Pre-TABT and pre-CMQ were determined as covariates since these variables
were continuous variables, significantly correlated with dependent variables,
and revealed moderate correlation among each other.

e The assumptions of MANCOVA, independence of observations, normality,
outliers, homogeneity of variances, multicollinearity, and homogeneity of
regression, were met.

e There was a statistically significant difference between 5E learning cycle
oriented chemistry instruction and traditionally designed chemistry instruction
on the collective dependent variables (Wilks> A=0.654, F(2,71)=18.741,
p=0.000) in favor of the experimental group.

e  There was not found any statistically significant difference in terms of gender

and girls did not differ with boys on the collective dependent variables of the

post-TABT and post-CMQ scores (Wilks’ 1=0.984, F(2,71)=0.578, p=0.563).
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There was not any statistically significant interaction between the methods of
teaching chemistry and gender on the post-TABT and post-CMQ scores
(Wilks” x=0.991, F(2,71)=0.339, p=0.714).

There was a statistically significant difference on student understanding of
acids and bases concepts depending on which method they were taught
(F(1,72)=30.938, p=0.000) in favor of the experimental group.

There was no statistically significant difference on the post-test mean scores
between girls and boys on students’ understanding of acids and bases
concepts when the pre-test scores of three-tier acids and bases concepts, the
pre-test scores of motivation to learn science, and previous semester
chemistry grades are controlled (F(1,72)=.063, p=0.802).

There was not found any interaction between methods of teaching and gender
on students’ understanding of acids and bases concepts (F(1,72)=0.411,
p=0.524).

There was a statistically significant difference between students’ in
experimental and traditional group on post-test scores in motivation to learn
chemistry (F(1.72)=14.175, p=0.000) in favor of the experimental group.
There was not found any statistically significant difference in the mean scores
of post-CMQ in terms of gender (F(1,72)=1.173, p=0.282).

There was not found any interaction between methods of teaching and gender
on student motivation to learn chemistry (F(1,72)=0.421, p=0.518).

The student post-interviews revealed that the interviewees from the
experimental group showed more conceptual understanding of acids and
bases concepts and higher motivation to learn chemistry than the interviewees
from the traditional group.

The teacher interview revealed that the teacher enjoyed implementing 5E
model of instruction and found the instruction effective on student learning
and motivation.

The results of classroom observation checklist revealed evidence 5E learning
cycle model of instruction for the experimental and traditional teacher-

centered instruction for the traditional group.
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4.9 Conclusions of the Study

The conclusions of the present study are as the following:

e 5E model of instruction is more effective compared to the traditional
teacher-centered instruction in conceptual understanding of acids and
bases concepts and practically significant (1°'=0.215).

e 5E model of instruction is more effective compared to the traditional
teacher-centered instruction in increasing student motivation to learn
chemistry and practically significant (’=0.162).

e 5E model of instruction or traditional teacher-centered instruction has no
statistically significant effect on gender in conceptual understanding of
acids and bases concepts.

e 5E model of instruction or traditional teacher-centered instruction has no
statistically significant effect on gender in increasing student motivation to
learn chemistry.

e Students enjoyed learning by doing on their own and expressed to learn

the following concepts by the similar instruction.
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CHAPTER YV

DISCUSSION AND IMPLICATIONS

There are five sections in this chapter; these sections begin with a discussion and
interpretations of the results. Secondly, the generalization of the study will be presented.
Afterwards, conclusion and implications of the results will be given. Finally, suggestions

of this study for future research will follow.

5.1 Discussion of the Results

The purpose of this study was twofold: (1) to investigate the effect of 5E learning
cycle oriented instruction and gender on 11% grade high school student conceptual
understanding of acids and bases concepts compared to traditional teacher-centered
instruction and (2) to investigate the effect of 5E learning cycle oriented instruction and
gender on 11% grade high school student motivation to learn chemistry compared to
traditional teacher-centered instruction. In other words, the focus was to improve
students’ conceptual understanding in chemistry and lifelong learning skills, see
chemistry’s real world application, and motivate students to learn chemistry by using 5E
model of instruction which allowed the students to engage in more hands-on and
minds-on activities embedded with real world application instead of the traditional
teacher-centered method. The students in the experimental group spent their classes in
the chemistry laboratory doing guided inquiry based activities during the
implementation process and the students in the traditional group solved more

mathematical problems on acids and bases than the students in the experimental group.

The results indicate that the students in the experimental group scored
significantly higher than the students in the traditional group with respect to
understanding of acids and bases concepts. There was an increase in correct answers for
both groups, but the traditional group could not gain as many scores as the

experimental group. It seems evident that the students’ conceptual understanding of



182

acids and bases concepts was improved with the 5E model of instruction. Comparing
results from the experimental and traditional group showed improvement in students’
understanding of the concepts of the properties of acids and bases, pH, the
representations of acids and bases, the strength of acids and bases, and the use of
indicators. The most significant difference was on the representation of particles in a
strong acid solution in post-TABT (Item 6 in the concept test). Students’ understanding
of what occurs at the particle level as related to solution of strong acids was investigated
in the pre- and post-TABT. The question was about the particles in aqueous solutions
of strong acids with the same molar concentration and the students from the
experimental group answered correctly in a very high rate (75%) while the students
from the traditional group answered correctly in a low rate (29%). Similar results were
found to be for the representation of aqueous solutions of weak acids with the same
molar concentration (Item 18 in the concept test) in favor of the experimental group
students. From these results it can be illustrated that the 5E model of instruction was
more effective in the implementation of strength concepts of acids and bases than the
traditionally designed chemistry instruction. Another remarkable point was on the
properties of acids related to dissociation concept (Item 11 in the concept test), in
which there was a big gap in response rate in terms of the groups; the traditional group
students were in contradiction with the alternative conceptions that “only strong acids
conduct electricity” or “the conductivity of acids increases as the number hydrogen
atoms increases”; therefore the correct response rate of the question was relatively low
(32%) as compared to the experimental group students’ response rate (75%). Therefore,
the effectiveness of 5E model of instruction also provides further empirical support for
the Biological Sciences Curriculum Study 5E instructional model and 21st century skills
prepared by Bybee (2009) and request to encourage teachers to use learning cycle to
help in the understanding of chemistry concepts. From a theoretical perspective, these
findings are consistent with literature that the use of 5E model of instruction enhances
conceptual understanding (e.g. Akar, 2005; Bektas, 2010; Cavallo et al., 2003; Ceylan,
2008; Guzzetti et al., 1993; Lawson, 1995; Pabuccu, 2008). Therefore, the 5E model of
instruction may increase students’ conceptual understanding of acids and bases
concepts because of engaging students in observation, investigating facts, analyzing the
data, interpreting the results as conducting inquiry based hands-on activities enriched

with real world context. In addition, the findings of the current study are consistent
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with the constructivist view of science learning described by Driver and Scott (1996),
Duit and Confrey (1996),and Yager (1991). Constructivism suggest to use inquiry based
activities since inquiry based activities enhance students to construct understanding of
nature (Chiappetta & Adams, 2004). In order to construct scientific knowledge and
create meaningful learning for students, it is efficient for students to engage in learning

process. Therefore, this present study is compatible with the studies in the literature.

The quantitative results of the present study were also supported by the
qualitative results. Similarly, the interview results also showed the students in the
experimental group were able to identify more substances which are acidic or basic and
revealed more conceptual understanding on acids and bases concepts. The interview
sampling group was comprised of equal numbers of students based on their academic
achievement in chemistry during the previous semester and equal number interviewees
were selected in terms of gender. The students from both groups used the Arrhenius
definition in defining acids and bases in the pre-interview, similar with the findings of
Cros etal., (1988) and Demerouti et al., (2004). After the implementation the students’
responses on defining acids and bases revealed differences by the teaching method
instructed; as Cros et al., (1988) concluded the students made progress in defining acids
and bases but the experimental group interviewees were much aware of the various
definitions and the differentiation between them. Schmidt (1995) proposed that
students have difficulties in understanding Bronsted-Lowry acid-base model and
Demerouti et al., (2004) reported that students prefer to use Arrhenius acid-base model
in defining acids and bases though they are aware of Bronsted-Lowry acid-base model.
Furthermore, Cros etal., (1986) reported that students are likely to use pH concepts in
defining acids and bases; similarly, in the current study the students used this descriptive
definition as pH is below 7 a substance is an acid or above 7 is a base. The students’
understanding of what occurs at the particle level as related to solution of strong and
weak acids were asked to them in pre- and post-TABT and interview questions; the
similar results were found in picture depicting the particles in aqueous solutions of
strong acids and weak acids as found in the concept test. The interviewees from the
experimental group stated dissociation difference in strong and weak acids; however,
the interviewees from the traditional group still had difficulties in explaining and

drawing the differences between strong and weak acids. During the implementation in
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the experimental group, the students’ prior belief on particles in aqueous solutions of
strong acids and weak acids were investigated and the instruction of these concepts
were given on the discrepancies among the concepts; since Nakhleh (1994) reported
that students had difficulties in understanding of the particular nature of matter. Hence,
as found in the present study, the students revealed difficulties in understanding the
concepts which were highly related to conceptual understanding of particular nature of
matter such as acids and bases concepts; particularly, these difficulties were found in the
students in the traditional group in which prior knowledge and representation of
particles did not much taken into consideration during the implementation process.
Furthermore, thinking about the acids and bases concepts to access the prior
knowledge, conducting interesting activities which were relevant to real life, finding
coherent generalizations for concepts, and applying the understandings to new contexts
may also develop students’ conceptual understanding of acids and bases concept in the
experimental group. Therefore, as the qualitative results illustrate, the 5E model of
instruction was effective in improving in the conceptual understanding of acids and

bases concepts than the traditional teacher-centered instruction.

Furthermore, follow-up ANCOVA results, which conducted to test the effect of
teaching methods on the post-CMQ), indicated that the students in the experimental
group scored significantly higher than the students in the traditional group in terms of
student motivation to learn chemistry. There was not any statistically significant
difference on the mean of the pre-CMQ scores for the experimental and the traditional
group (the traditional group students scored a less higher than the experimental group
students); however after implementation the mean of the post-CMQ scores for the
experimental group was significantly higher than the one in the traditional group. There
was an increase in the total mean scores of the CMQ in the experimental group while
there was a decrease in the total mean score of the CMQ in the traditional group. While
motivational components were taken into account, it was found that there were
statistically significant differences on the components of relevance of learning chemistry
to personal goals and self-determination for learning chemistry, in favor of the
experimental group for both components. On the other hand, although there was not
found any statistical significance between the pre- and post components, which were

self-efficacy inlearning chemistry, anxiety about chemistry assessment, and intrinsically
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motivated chemistry learning, there was an increase after the implementation for all the
aforementioned components in the experimental group. Conversely, although there was
not found any statistical significance between the pre- and post components, there was
a decrease after the implementation for all the aforementioned components in the
traditional group. Therefore, it seems evident that the student motivation to learn
chemistry was increased with the 5E model of instruction as the current study provides
further empirical support for the study of Schunk (1991) and Pintrich and Schunk
(2002) who requested that students are more motivated to learn when they engage in
activities and work in groups (Meece & Jones, 1996). It has been found in the studies
(Ames, 1992; Black & Deci, 2000; DeBacker & Nelson, 2000; Guvercin, Tekkaya, &
Sungur, 2010; Meece, 1991; Pintrich, 2003; Pintrich, & De Groot, 1990; Schunk, 1991)
that motivation influence learning. Pintrich et al., (2003) made contributions to the
literature on conceptual change which takes an important role in science education
literature. They argued that the conceptual change process is not just cold process;
instead the process is hot and is influenced by factors such as the choice to engage in
the task, the level of engagement in the task, and the willingness to persist at the task
which are all components of motivation. The present study gives an evidence for
Pintrich et al.’s study that students are affected by motivational activities, which

influence their understanding of concepts.

The quantitative results of the present study were also supported by the
qualitative results. Similarly, the interview results also showed the students in the
experimental group were more motivated to learn chemistry. The results of a study
conducted by Howard and Boone (1997) revealed that when students were aware of the
class science is connected to real science; they were more motivated to learn science. In
addition, Ames (1992) suggested that classroom tasks should be meaningful and
relevant to students’ lives for meaningful understanding. Therefore, the findings of the
present study are consistent with the studies such as Ames (1992), Howard and Boone
(1997) the interviews of the students revealed that the students exhibited higher
motivation since they stated that they enjoyed learning while doing hands-on activities
and using real world context. Developing activities on real life events were time
consuming, but it was challenging and enjoyable for students to scan the acidic and

basic substances and addressing them. Some students were anxious because of being in
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charge of the activities and felt anxiety while doing the activities at the beginning of the
implementation since the activities were inquiry based and the questions were
conceptual and asked for explanations. However, meanwhile the students got used to
doing the activities and their role, and felt more relaxed and comfortable through the
implementation. In addition, the teacher was very helpful and encouraging during the
implementation. The students’ anxiety at the beginning of the implementation may be
because of not being experienced of doing any activities in chemistry laboratory or they
were usually told what and how to do not only in high school but also in elementary
school and they felt inconvenience, which was expected. The interviewed students also
indicated that the implementation was enjoyable and effective since they learned by
doing and related the concepts to their everyday life, which made the concepts more
relevant and interesting for them. Furthermore, the post-interviews revealed that the
students were satisfied with the implementation of 5E model of instruction and stated
that while answering questions related to acids and bases concepts remembering the
activities helped them to answer the questions. In addition, the students in their post-
interviews showed enthusiasm in doing hands-on activities for the following unit. The
activities conducted by the students motivated them to explore and explain real world
events related with acidic and basic concepts; during the interviews the students stated
that they started to be curious about the acidity of basicity of many substances in their
houses. When students conduct an activity and perform the task correctly, they really
understand the concepts and are not just memorizing the facts or using memorized
algorithms though they struggled with the activities. It was also illustrated from the
students’ post-interviews that working in groups (Brunning, Schraw, and Ronning,
1999) supported the students affectively and conceptually by scaffolding as described by
Pintrich, Marx, and Boyle (1993). According to Bandura (1986), the development of
self-efficacy beliefs directly affects achievement. Being successful and efficient in the
activities had an efficient impact on the students’ self-efficacy beliefs; the increased
post-CMQ scores for the experimental group students were also evident for this
finding. Ames and Archer (1988) stated that students’ goals were related to
characteristics of the learning environment. The students in the experimental group
conducted activities which were meaningful, challenging and have apparent relevance to
their lives, which made significant effect on student goals. In addition, Anderman and

Young (1994) reported that learning goals affects meaningful cognitive engagement; the
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current study’s findings revealed a significant difference on the student relevance of
learning chemistry to personal goals regardless gender. Pintrich and Schunk (2002)
explained that motivation is a process involving goals in requirement of physical and
mental activities; during the development of the implementation these effects were
taken into consideration. The students in the experimental group comprehend that they
need to learn chemistry not only the school exams or the University Entrance
Examination, but they also learn chemistry for their daily life since they got aware of the
need of chemistry in their real life such as when they have a stomach sour, they should
take something basic like baking soda and felt the joy of explaining the real life events.
Therefore, this study suggests 5E model of instruction can be used to increase student
motivation to learn. This method of using 5E model of instruction is also answering
Koballa’s (1992) request to using planned efforts in improving high school students’
motivation to learn chemistry. Accordingly, since the conducted instructional activities
enhance the students to explicit their ideas and involved them to learning process, the
students became aware of their own learning, used their learning in daily context, and
made interpretations from daily events. Encouraging the students to express their ideas
in group or class discussion improved their confidence and involving into the learning

process motivated students to learn chemistry.

Brophy (1998) emphasized that student willingness to learn is based on their
expectancy and values. One of the activities implemented in the current study was
investigating student expectations about the chemistry course aiming to understand
their interests and values, and provide their expectations about the course. During the
present study, it was though strategically about how each activity would effect on
student motivation to learn; therefore, the teacher made emphasize to students why
they need to learn chemistry and concepts related to acids and bases since students are
more motivated to learn when they find something worthwhile to learn. Furthermore,
students are more motivated to learn scientific concepts when the concepts include
familiar situations to them, which also promote their interest in chemistry learning. The
findings of this study also support the previous researches on student motivation (Ben
Ari, 2003; Brophy, 1998; Fosnot, 1996; Marzano, 2001; Pintrich & Schunk, 1996).

Furthermore, the students conducted activities on their own or in groups in the current
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study promoting to use higher-order thinking skills which focused the improvement in

motivation to learn.

The traditional group students were less successful and less motivated to learn
chemistry may be due to the fact that the traditional teacher-centered instruction did
not provide learning environment to counteract the students’ alternative conceptions to
facilitate conceptual change and the students had difficulties in relating the conceptual
concepts to their real world and had questions on why they need to learn chemistry.
Conversely, the experimental group students exhibited higher motivation since they
enjoyed learning concepts and had realized that the chemistry concepts were not only
needed for the examinations, but also the facts they learned in school was also useful
for their daily lives. Students usually seek the reason of why they learn chemistry
concepts apart from examinations and whether scientific concept would be useful for
them in their daily lives. In this study, the experimental group students conducted
activities embedded with real world context and they realized that chemistry and science
gave explanations for real world events corresponding also to the engagement phase of
the learning cycle, which increased student motivation for learning chemistry. On the
other hand, the students in the experimental group in the current study spontaneously
wrote about what they had learnt about the acids and bases concepts two times on their
own throughout the implementation; therefore, they evaluated their learning though it
was planned to be each week such as a learning diary in order to take their reflections
on their learning on acids and bases concepts and bring to their mind their learning to
promote meaningful chemistry learning supporting the evaluation stage of 5E learning
cycle. Throughout the learning cycle process, teachers have opportunities to evaluate
students anytime formally or informally; however, in the teacher-centered methods
teachers usually evaluate students at the end of the unit, which is disadvantage
considering meaningful student learning. In the present study (considering post-CMQ
scores), the students in the experimental group revealed more motivation on personal
relevance of learning science after the implementation as supporting studies such as Ben
Ari (2003), which found that as students having more mastery goal structure have more
motivational beliefs. The students in the traditional group did not reveal much

illumination of why they need to learn chemistry or how chemistry learning would be
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helpful in future to them; consequently, the teacher-centered instruction did not create

much difference in student motivation to learn chemistry.

In terms of gender differences, there have been inconsistent results in gender
literature regarding cognitively and affectively; the studies, which found significant
gender differences, reported that boys performed better than gitls in science courses,
particularly in physical science (Brynes, 1996; Lee & Burkam, 1996; Linn & Hyde, 1989;
Steinkamp & Machr, 1984); however, there are also studies which reported that the
gender differences are in favor of girls (Anderman & Young, 1994; Britner, 2008;
Britner & Pajares, 2006). Walding, Fogliani, Over & Bain (1994) made a research on
how high school students gave response to chemistry question and they found that in
some question, especially in computational ones, boys gave more correct answers.
When motivation to learn science is taken into account, some studies also reported
gender differences favoring boys (Meece, Glienke, & Burg, 2006) and particularly, in
favor of boys in physical sciences and in favor of gitls in biological science and
chemistry (Steinkamp & Macehr, 1984). Taken together, the research on gender
differences issues in science education reveals no clear pattern in student motivation to
learn; therefore, these contradictory gender differences findings in motivation need
further examination. Findings from the present study illustrate that girls and boys did
not differ in terms of conceptual understanding of acids and bases concepts and
motivation to learn chemistry similar to the studies of Anderman & Young (1994),
Bektas (2011), Ceylan (2008), DeBacker and Nelson (2001), Eccleset al. (1993), Pajares
(1996) which found no gender differences. The results related to gender imply that the
5FE model of instruction had no bias on gender; in other words, had equal effect on girls
and boys’ conceptual understanding of acids and bases concepts and motivation to learn
chemistry. This study is also evidence for improving student motivation to learn and
developing students’ conceptual understanding regardless gender as Wigfield (1994)

reported.

The current study on acids and bases concepts has also limitations. One of which
was the experimental group students took the instruction in chemistry laboratory and
the traditional group students took in their traditional classroom environment. The
experimental group students conducted activities and these activities required everyday

materials as well as chemical ones; therefore, a chemistry laboratory was more
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convenient for the students and the teacher to implement the acids and bases concepts.
In addition, the students in the experimental group conducted an activity based on what
they have learned about acids and bases; this activity was considered to be done each
week to monitor student learning on acids and bases concepts however because of the
lack of time the activity was done less than planned. It had been better to conduct this
activity at the end of the week or at the end of the each concept learning to monitor
student learning on every concepts; therefore, this is also a limitation of this current
study. The other limitation was that the experimental group students studies on more
real life context because of the nature of the study; however, after the implementation
and the post-tests all materials distributed to the experimental groups students were also

given to the traditional group students.

The medium effect size was set at the beginning of the study and based on the
data analyses a large effect size was found as the observed effect size. This implies that
the present study both had practical and statistical significance in terms of conceptual
understanding and student motivation to learn. Furthermore, the observed power was
found to 1.000 for the conceptual test and 0.960 for the motivation questionnaire,

which were both higher than the calculated power.

5.2 External Validity

The findings of the study indicated that there were significant differences on
overall the effect of teaching methods taking into account 5E learning cycle model
oriented teaching and traditionally designed chemistry teaching on the population mean
of the collective dependent variables of eleventh grade students’ post-test scores of
acids and bases concepts and motivation to learn chemistry in favor of 5E model of
instruction. The number of students participated in the study (n=78) exceeds the 10%
of the accessible population. Therefore, the findings of this present study can be

generalized to the accessible population of the study.
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5.3 Implications

In terms of practical applications, the present findings have clear implications for
chemistry teaching and learning. The suggestions of the present study are as the

following:

e Constructivist teaching strategies (such as 5E model of instruction, inquity
based activities) should be used in order to develop students’ conceptual
understanding of acids and bases concepts.

e Constructivist teaching strategies (such as 5E model of instruction, inquity
based activities) should be used in order to increase student motivation to
learn chemistry.

e Student-centered activities should be used to increase students’ behavioral
skills to use equipments in a chemistry laboratory for testing scientific
concepts.

e Students’ pre-conceptions should be taken into account before the
instruction.

e Students have difficulties in understanding various acids and bases
definitions, teachers should emphasize the differences of the various
definitions and discuss the strength and limitations of each definition.

e Students have difficulties in understanding the particulate nature of matter
and consequently have difficulties in understanding in acids and bases
concepts, teachers should make emphasis on the representations of acidic
and basic solutions, specifically during instruction of strength concept.

e Real world context should be used in instruction to facilitate deep
approaches to learning,

e The instructions enriched with real world context improve students’
curiosity which in turn increases student motivation to learn chemistry.

e Three-tier test should be wused to assess students’ conceptual
understanding and can also be generalized across the country.

e An importance should be given in the representation of particle level of

the substances for understanding of acids and bases concepts.
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Teachers may hold alternative conceptions and their view can narrow
students’ view as well; teachers should given importance to their own
development.

Teacher-student interaction is essential on student motivation to learn,
teachers should take into consideration students’ feelings, values,

experiences, and their needs.

5.4 Recommendations for Further Researches

study:

The following recommendations can be stated from the result of the present

The effectiveness of constructivist teaching strategies can also be tested
with different chemistry topics

Beforehand the main instruction, prior units should also be implemented
with the focused instruction in order to eliminate the novelty effect
Smaller groups should be constructed during the implementation
Retention test should be given to test durability of the concepts; in the
present study no retention test was distributed because of lack of time
Longitudinal studies should be conducted in order to observe the effect
of constructivist teaching strategies on student motivation to learn

In order increase the generalization of the current study, the study should
be replicated in various school types, grade levels and environmental
conditions

Teacher motivation to teach should be investigated and the studies related

to increase their motivation should be conducted
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APPENDIX A

INSTRUCTIONAL OBJECTIVES

Students will able to

1.
2.

®© N aw

10.
11.
12.
13.
14.

15.
16.
17.
18.
19.

20.

21.

to define acids and bases according to Arrhenius Acid-Base Theory.

to define acids and bases according to Bronsted-Lowry Acid-Base Theory.

to define acids and bases according to Lewis Acid-Base Theory.

to compare the Arrhenius, Bronsted-Lowry, and Lewis definitions of acids
and bases

to recognize acids and bases from names and formulas.

to explain the properties of acids and bases.

to distinguish the properties of acids and bases.

to describe the similarities and differences in physical and chemical properties
of acids and bases

to give examples for acidic and basic substances in everyday life.

to define pH and pOH terms.

to describe the pH scale.

to state the relation between acids and bases.

to distinguish acids and bases according to pH values.

to explain that solutions with a pH less than 7 are acids and a solution with a
pH more than 7 are bases.

to explain the relationship between pH and pOH.

to explain that a solution with pH=7 is a neutral solution at the particle level.
to define an indicator.

to clarify the importance of indicators.

to identify indicators from everyday life such as tea, red cabbage, red onion,
etc.

to read the color of litmus, red cabbage, and universal pH papers in acidic and
basic solutions.

to apply acids change blue litmus paper to pink and bases change pink litmus

paper to blue.



22.

23.
24,
25.

20.

27.

28.
29.

30.
31.
32.
33.
34.
35.
36.
37.

to apply red cabbage juice turns into reddish color in acidic solution and
greenish color in basic solution.

to solve problems related to acid-base reactions.

to explain the strength concept of acids and bases.

to describe the dissolution of strong acids and bases in water at the particle
level

to clarify the strength of acid solutions increases with the amount of H;O"
ions in the solutions.

to clarify the strength of base solutions increases with the amount of OH"
ions in the solutions.

to give examples for strong acids and bases.

to describe the dissolution of weak acids and bases in water at the particle
level

to distinguish concentration and strength concepts for acids and bases.

to describe what concentrated and diluted acids are in the particle level.

to define neutralization reactions.

to show how to write equations for neutralization reactions.

to describe neutralization reactions at the particle level

to describe an acid-base titration.

to explain how indicators are used in titrations and how they are chosen.

to explain the purpose and the process of an acid-base titration.
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APPENDIX B

THE DEVELOPMENT OF THREE-TIER ACIDS AND BASES TEST

B-1. INTERVIEW QUESTIONS FORTHE DEVELOPMENT OF THREE-
TIER ACIDS AND BASES TEST

ASITLER VE BAZLAR - MULAKAT SORULARI

1. Hig asidik bir madde ile temasin oldu mu?
1.1. Asit denince aklina ne geliyor?
1.2. Asidik maddeler tehlikeli midir? Giinlitk hayatta asidik maddelerle
karsilastyor muyuz?

2. Hi¢ bazik bir madde ile temasin oldu mu?
2.1. Baz denince aklina ne geliyor?
2.2. Bazik maddeler tehlikeli midir? Giinliik hayatta bazik maddeletle karsilasiyor

muyuz?

3. Gorusi ¢cok kuvvetli bir aletin olsayd: ve bu aletle maddeleri tanecik boyutunda
gorebilseydin, asidik ve bazik ¢ozeltilere bu aletle baktiginda ne goriirdin? Asidik ve
bazik ¢ozeltiler arasinda nasil bir fark gézlemlerdin?

3.1. Neden bir maddeye asit derken diger bir maddeye baz diyoruz?

3.2. Bir maddeyi asit yapan 6zellikler nelerdir?

3.3. Bir maddeyi baz yapan 6zellikler nelerdir?

4. Kimya laboratuarinda 6gretmenin sana bir ¢ozelti verdigini diistiin ve senden bu
¢ozeltinin asidik mi bazik mi oldugunu tespit etmeni istese, asidik mi bazik mi olduguna
nasil karar verirsin?
4.1. Indikatér veya turnusol kagidi kullanarak bir maddenin asit veya baz
oldugunu nasil tespit ederiz?
4.2. Indikatérler asitlerin veya bazlarin kuvvetliligi hakkinda bilgi verirler mi?
4.3. Bildigin indikatStler var mi? Gunltk hayatta hi¢ indikatérlerle karsilastyor

muyuz?

5. Asagida verilen asitleri kuvvetliliklerine gore siralayiniz.
2)0.1MHCI  b)0.01MHCI  ¢)0.001 MHCI
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5.1. Birasidin veya bazin kuvvetli olmast ne demektir?

5.2. Kuvvetli bir asit demek aynt zamanda derisik bir asit mi demektir?

6. Gortst ¢ok kuvvetli bir aletin olsayd: ve bu aletle maddeleri tanecik boyutunda

gorebilseydin, asagida verilen HCl ve HCN ¢6zeltilerini bu aletle nasil gériirding

6.1. Zayif asit veya zayif baz denince ne anliyorsun?
6.2. Zayif bir baz ile kuvvetli bir baz arasindaki farkliliklart nasil tanimlarsin?

7. Asagida verilen kuvvetlive zayif asit iceren beher ¢iftlerinden hangisi esit derisimli
cozeltilerdir? (HX ve HY asidik ¢ozeltileri temsil etmektedir)

8. Asagidaki asidik ¢6zeltilerden hangisi en yitksek pH degerine sahiptir? (Tim ¢ozeltiler
aynt hacme sahiptitler ve HX, HY ve HZ asidik ¢6zeltiyi temsil etmektedir)

HX HY HZ
o o9 [°++:+ "o @
s @9 “Q "
_, :+ o og Q@
. ' °+°+ o
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8.1. pH dedigimiz kavram nedir?

8.2. Sadece asidik ¢ozeltilerin mi pH degetleri vardir?

8.3. Yukandaki ii¢ asitten hangisi en kuvvetidir?

8.4. Bir asidin veya bazin kuvvetliligiyle pH arasinda iligki var midir?
8.5. pOH dedigimiz kavram nedir?

8.6. pH ile pOH arasinda bir iligki var mudir?

8.7. pH veya pOH kavramlarint neden kullantyoruz?

9. Elinde, asagida verilen gibi hacimleri esit iki beherin olsa ve verilen bu beherler
baska daha buytk bir beherde karistirilsa sonug olarak ne olmasint beklersin?
(HA asidik ¢6zeltiyi ve BOH da bazik ¢ozeltiyi temsil ediyor).

B* OH- OH-
B* OH-

B* OH- B*
B* OH-

Ogrenci gizim olarak bir sey cizemezse, asagida karisimi temsil eden sekiller
gosterilerek 6grencinin sekillerden birisini se¢mesi istenir:

9.1. Bir asit ve bir baz reaksiyona girdiginde ne gézlemlemeyi beklersin?
9.2. Asitlerin bazlarla olan reaksiyonu sonucunda olusan tirtinler nelerdir?
9.3. Olusan tuzun pH degeri nedir? (ya da nétrlesme tepkimesi sonucunda

ortamin pH degeri nedir?)

10. Elinde derisimini bilmedigin bir asit ¢ozeltisi var ve senin bu ¢6zeltinin derisimini
bulman gerekiyor. Bunun icin sana asagidaki malzemeler veriliyor:

e fenolftalein indikatoru

e 0.1 M sodyum hidroksit ¢6zeltisi
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e pH kagids
e bir adet pil
e Dbirkag beher, erlen, dereceli silindir
e kati sodyum hidroksit NaOH
e kirmizi ve mavi turnusol kagid:
e 2 adetbiiret
e bir termometre
Bu bilinmeyen asit ¢6zeltisinin derisimini rapor etmen isteniyor. Verilen malzemelerden
faydalanarak derisimi bilinmeyen asit ¢6zeltisinin derisimini nasil tepsi edersin? Bu islemi
nasil yapacagini detayli bir sekilde agiklar misin? (Verilen biitiin malzemelere ihtiyag
duymayabilirsin, deney dizenegini resmederek de agiklayabilirsin).
10.1. Titrasyonlarda reaksiyonun olmasi i¢in indikatoér gerekli midir degil midir?
10.2. Titrasyonlarda indikatori ne i¢in kullanirz?

10. Asagidaki birinci sekilde 1M H CH,;COOH ve 1M HCl iceren esit hacimli iki eflen
gorilmektedir. Iki balonda da ayni miktarda magnezyum metali bulunmaktadur.
Ikinci sekilde ise, magnezyum metali eflenlerin i¢ine diistirtildigiinde balonlarin
sistigi gorulmektedir. Bu olay1 a¢iklayabilir misin?

11.1. Neden balonlarda siskinlik géraldii? Nasil bir reaksiyon olusmus olabilir?
11.2. Bir balonun daha siskin digerinin daha az siskin olmasinin nedeni sizce ne
olabilir?
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B-2. OPEN-ENDED QUESTIONS FORTHE DEVELOPMENT OF
THREE-TIER ACIDS AND BASES TEST

ASITLER VE BAZLAR - ACIK UCLU SORULAR

1.Asit ve baz denince akliniza gelenleri asagida verilen tabloya yaziniz (Asitlerin ve

bazlarn yapisint, gunlik hayatimizda karsilasiyor muyuz, hangi maddelerde
bulunabilirler, metalletle veya ametallerle reaksiyonlarini, tadini, elektrik iletkenligini,
pH degerlerini, turnusol kagidinin rengini degistiritler mi gibi 6zellikleri
distnebilirsiniz. Akliniza gelen herhangi baska 6zellikleri de belirtebilirsiniz).

Asit denince....

Baz denince...

2.Asagida tabloda verilen maddelerin asit mi baz mt olduguna karar vererek nedenini

aciklayiniz.

Madde

Asit? Baz?

Neden?

Ca(OH),

CH,NH,

H,SO,

BT,

CO,

CH,COOH
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3.Hayali bir mikroskobunun oldugunu diistin ve bu mikroskobun gérisii ¢ok kuvvetli
oldugundan maddeleri tanecik boyutunda gorebiliyorsun. Bu mikroskopla maddeleri
tanecik boyutunda gorebildigine goére zayif bir asit olan HF ¢6zeltisine ve kuvvetli bir
asit olan HCI ¢6zeltisine baktiginda bu ¢6zeltiler arasinda nasil farkliliklar gériirdiin?
Her iki ¢ozeltiyi asagida verilen alanlara gizerek ve zayif asit-kuvvetliasit arasindaki
farkliliklan agiklayiniz (Cozeltilere baktiginizda su molekiillerini de géreceginizi

hatirlayiniz ve ¢iziminizde su molekillerini de dikkate aliniz).

HF 4, cOzeltisi HCl 4. ¢0zeltisi

Ciziminizi aciklayiniz: Ciziminizi aciklayiniz:

4.Asagida verilen bazik ¢ozeltileri kuvvetliliklerine gore siralayiniz. Siralama
nedeninizi agiklayiniz.
1. 0.1 M NaOH
II. 0.01 MNaOH
I 0.001 MNaOH

a) Zayif bir asit olan HF ve kuvvetli bir asit olan HCI maddelerinden esit hacim ve
esit derigimli ¢6zeltiler olusturuluyor. Bu iki ¢6zelti i¢in hangi 6zellikler ayni olur

(pH degerleri, iyonlasma yiizdesi, H" iyonu molar derisimi, elektrik iletkenligi,
notrlestirmek icin gerekli OH  iyonu miktar, metallerle aciga ¢ikardiklart gaz
miktart gibi 6zellikleri dustnebilirsiniz. Esit oldugunu dustindiginiz baska

Ozellikler de olabilir, onlart da belirtiniz)?

5.pH denince ne anliyorsun? Asidik ve bazik ¢6zeltileri disiindigiinde hangi
¢ozeltilerin pH degeri vardir? Agiklayiniz.

a) Asagidaki asidik ¢ozeltilerden hangisi en yiiksek pH degerine sahiptir (Tim
¢ozeltiler aynt hacme sahiptirler ve HX, HY ve HZ asidik ¢6zeltiyi temsil
etmektedir)? Nedenini agiklayiniz.
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b) HX, HY ve HZ ¢6zeltilerinin pOH degerleri var mudir? Nedeninizi agiklayiniz.

c) HX, HY ve HZ ¢6zeltilerinden hangisi kuvvetli asit ¢ozeltisi, hangisi zayif asit
¢ozeltisi olabilir? Yorumunuz nedir? Nedeninizi belirtiniz ve kuvvetli- zayif asitlik

durumuna nasil karar verirsiniz agiklaymiz.

Cozelti Kuvvetli asit? Zayif asit? Neden?
HX

HY

HZ

d) Kimya 6gretmeninizin elinde farkli iki kapta esit hacimlerde Gizerinde etiketi
olmayan iki ¢6zelti bulunmaktadir. Ogretmeniniz bu ¢ézeltilerden birinin zayif bir
asit olan HF ¢ozeltisi, digerinin de kuvvetli bir asit olan HCI ¢6zeltisi oldugunu
belirtiyor ve sizden hangisinin kuvvetli asit ¢zeltisi oldugunu beliflemek i¢cin ona
soru sormanitzi istiyor.

Bu amagla 6gretmeninize hangi sorulart sormalisiniz ki elde ettiginiz bilgi sonucunda
hangi ¢ozeltinin kuvvetli asit ¢6zeltisi hangisinin zayif asit ¢6zeltisi oldugunu
anlayabilesiniz? Sorulart sorma amacinizi agiklaymiz. Elde ettiginiz bilgi ile kuvvetli
veya zayif asidi nasil tespit edersiniz belirtiniz?
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6.Asagida oldugu gibi asidik ve bazik ¢6zelti iceren iki ayr kabin oldugunu dusin.
Eger bu kaplar baska bir kapta karstirilirsa ne olmasint beklersiniz? Son durumda elde
edecegimiz kab1 ve icinde bulunanlan gizerek agiklayiniz (HA asidik ¢6zeltiyi ve BOH
da bazik ¢ozeltiyi temsil ediyor).

Ortamun pH degeri ile ilgili yorum yapiniz ve olusan tepkimeyi yazarak aciklayiniz.

7.0Ogretmeninizin elinde iizerinde etiketi olmayan bilinmeyen
bir ¢6zelti bulunmaktadir. Ogretmeninizin éncelikle bu
¢Ozeltinin asidik bir ¢6zelti mi yoksa bazik bir ¢6zelti mi onu

belirlemesi gerekiyor. Daha sonra da bu ¢6zeltinin derisimini

tayin etmesi gerekiyor.
Siz 6gretmeninizin yerinde olsaniz bilinmeyen bu ¢6zeltinin asitlik veya bazligini
ve daha sonra da derigimini tayin etmek i¢in nasil bir yol izlerdiniz? Tespit icin ne

tiir maddelere veya malzemelere ihtiyaciniz olur belirtiniz. Nedenleriyle aciklayiniz.

Asitlik-Bazlik Tespiti Derigim Tespiti
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8.Asagida verilen resimlerden birinci resimde, icerisinde ayni hacimde ve

derisimde X ve Y ¢6zeltileri olan iki erlen goriilmektedir. Her balonda da ayni
miktarda magnezyum metali bulunmaktadir. Tkinci sekilde ise, magnezyum metali
erlenlerin i¢ine distrildugiinde iki balonunun da sistigi fakat balonlardan birinin
digerine gore biraz daha fazla sistigi gézlenmistir.

Balonlardaki siskinlik farklilig1 neden kaynaklanmis olabilir? Nedenlerinizi agiklayiniz.
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B-3. UC ASAMALIASITLER VE BAZLAR TESTI

ASITLER VE BAZLAR

Uc asamali test

Okul
Ad Soyadi
Sinif
Sube

Cinsiyet : (J Bayan
1. donem

kimya dersi
karne notu

Yoénerge:
1. Sinava baslamadan 6nce yukarida verilen kismi
doldurunuz.
2. “Asitler ve Bazlar” ile ilgili 18 tane ti¢c asamal1 coktan
secmeli soru bulunmaktadir.
3. Uc asamal1 coktan secmeli sorularda, ilk asamada sorunun

cevabi, ikinci asamada o soruya verdiginiz cevabin sebebi ve
Uclncu asamada ise verdiginiz bu cevaplardan ne kadar
emin oldugunuzile ilgili isaretlemeniz gereken secenekler
bulunmaktadir.

4. Ikinci asamada verilen sebeplerden biri sizin fikrinizi
yansitmiyorsa bos birakilan secenege kendi cevabinizi
belirtiniz.

S. Lutfen sorular: dikkatle okuyunuz ve biitlin sorulara cevap
veriniz.

Basarilar!

Prof. Dr. Omer GEBAN Aras. Gor. Ayla CETIN-DINDAR
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1.1 Asagidaki tepkimede verilenlerden hangisi Bronsted-Lowry asit-baz tanimma

uyan bir baz gibi davranmuigtir?
HCOOH +CN- «> HCOO-+HCN
(a) HCOOH
(b) CN-

1.2 Yukarida verdigim cevabin sebebi;
(a) Proton (H*) alan maddeler baziktir.
(b) Proton (H*) veren maddeler baziktir.
(c) Yapisnda OH igeren maddeler baziktir.
(d) Yapisinda Hicermeyen maddeler baziktir.

) TPt

1.3 Yukaridakiiki soruya verdigim cevaptan;
(@) Eminim.
(b) Emin degilim.

2.1 Asagida verilen bazik ¢ozeltileri kuvvetliliklerine gore siralaymniz.

I.0.1 M NaOH
II. 0.01 M NaOH
I11. 0.001 M NaOH
(a) I
(b) I=II=I11
(c) II>11>1

2.2 Yukarida verdigim cevabin sebebi;
(a) Cozeltinin derisimi arttikga bazlik degeri azalir.
(b) Cozeltinin pH degeri arttik¢a bazlik degeri artar.
(c) Cozeltideki mol sayis1 arttikga bazlhik degeri artar.

(d) Cozeltide iyonlasan molekiillerin ytizdesi ayn1 oldugu igin bazlik degeri

aynidir.

(e) Derisim ve kuvvetlilik ayn1 kavramlar oldugu icin derisim arttik¢a bazhk

degeri artar.

(D) e e

2.3 Yukaridaki iki soruya verdigim cevaptan;
(@) Eminim.
(b) Emin degilim.
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3.1 Goriisii ok kuvvetli bir mikroskopla maddeleri tanecik boyutunda
gorebileceginizi hayal edin ve ti¢ tane farkli HX, HY ve HZ ¢ozeltilerine bu
mikroskopla baktigmniz1 diisiiniin. Iyonlagsma yiizdeleri farkli olan bu ¢ézeltileri
agsagida gosterildigi gibi goriiyorsunuz. Sizce, bu asidik ¢ozeltilerden hangisi en

yiiksek pH degerine sahiptir? (. ile gosterilen H3O™" ve © ile gosterilen X-, Y-

veya Z iyonlarin, ’ veya . ile gosterilen HX veya HZ asitlerinin iyonlasmamis
molekiilerini temsil etmektedir. Gosterimlerde sekillerin basitligi acisindan su

molekiilleri ihmal edilmistir.)

HX cézeltisi HY ¢ézeltisi HZ cézeltisi

(a) HX (b) HY (c)HZ

3.2 Yukarida verdigim cevabin sebebi;
(a) Zayif bir asitten olusan asidik ¢ozeltinin pH degeri daima yiiksektir.
(b) Kuvvetli bir asitten olusan asidik ¢ozeltinin pH degeri daima ytiksektir.
(c) Ortamdaki H3O" iyon derisiminin daha az olmasi pH degerinin daha
yiiksek olmasini saglar.
(d) Ortamdaki H3O* iyon derisiminin daha fazla olmasi1 pH degerinin daha

yiiksek olmasini saglar.

3.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.
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4.1 Ceyda kimya laboratuarinda asitler ve bazlar tinitesi ile ilgili deney
yapmaktadir. Normal sartlar altinda, esit hacim ve derisimdeki zayif bir asit
olan hidroflorik asit (HF) ¢ozeltisi ile kuvvetli bir baz olan sodyum hidroksit

(NaOH) ¢ozeltisini karistirirsa, olusan ¢ozelti nasil bir 6zellik gosterir?
(a) Asidik (b) Bazik (c) Notr

4.2 Yukarida verdigim cevabin sebebi;
(a) Asitlerin bazlarla tepkimesiyle nétrlesme meydana gelir ve tepkime
sonucunda her zaman noétr tuz ¢ozeltisi olusur.
(b) Asitler her zaman bazlardan daha kuvvetli ve tehlikelidir. Dolaysiyla,
tepkime sonucunda olusan ¢6zelti her zaman asidiktir.
(c) Verilen iki ¢ozeltinin derisim]leri esit oldugundan, tepkime sirasinda asidik
¢ozeltiden gelen art1 yiiklii iyonlar (H) ile bazik ¢ozeltiden gelen eksi yiiklii
iyonlar (OH) da esit olacagindan net yiik sifir olur ve ¢ozelti notr olur.
(d) Asitligi temsil eden hidrojen iyonlar1 (H*) ile bazligi temsil eden hidroksit
iyonlar1 (OH) birebir tepkimeye girer ve saf su olustugundan ¢ozelti notr olur.
(e) Tepkime sonucunda sodyum fliioriir ve su olusur. Sodyum fliiortiriin su ile
tepkimesinden sonra, ortamdaki hidroksit iyonlar1 (OH") derisimi hidrojen
iyonlarinin (H*) derisiminden daha fazla oldugundan ¢ozelti baziktir.

4.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.

5.1 Asagida verilen maddelerin hangisi bazik 6zellik gosterir?
(@) CHs:COOH  (b) CHsNH:  (c) BFs

5.2 Yukarida verdigim cevabin sebebi;
(a) Molekiil formiiliinde OH vardir.
(b) Sulu ¢ozeltilerine OH- iyonu verir.
(c) Elektron cifti alabilen bir maddedir.
(d) Suda ¢oziindiigiinde hidrojen verir.
(e) Suda ¢oziindiiglinde H* alan maddedir.
(H Metalik bilesikler bazik 6zellik gosterir.

() oot

5.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.
(b) Emin degilim.
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6.1 Goriisti cok kuvvetli bir mikroskopla maddeleri -
tanecik boyutunda gorebileceginizi hayal edin ve
yandaki sekildeki gibi bir tiipiin igerisine bak tiginiz <2
diistiniin. Bu tiipiin igerisinde kuvvetli bir asit olan |
ve tuz ruhu olarak da bilinen 0.1 M hidroklorik asit

(HCl) ¢ozeltisi bulunmaktadir. Bu mikroskobu

kullanarak hidroklorik asit ¢ozeltisine baktiginda bu

¢ozeltiyi nasil goriirdiin? (Ortamdaki su molekiillerini goz ard1 ediniz.)

(a) (b) (c)

6.2 Yukarida verdigim cevabin sebebi;
(a) Kuvvetli bir asit olan HCI ¢6zeltisinde art1 ve eksi yiikler arasinda
etkilesim fazladir; dolayisiyla kismen iyonlasir.
(b) Kuvvetli bir asit olan HCI ¢ozeltisi siv1 fazinda oldugu gibi tamamen
molekiiler olarak bulunur.
(c) Kuvvetli bir asit olan HCI ¢6zeltisinin tamamina yakini iyonlarma
ayrisarak suda art1 ve eksi ytiklii iyonlar olarak bulunur.
(d) Kuvvetli bir asit olan HCI ¢6zeltisinde molekiiler arasi cekim kuvvetleri
cok giiclii oldugundan suda hi¢ iyonlagsmazlar.
(e) Kuvvetli bir asit olan HCl ¢6zeltisi kismen iyonlagarak art1 ve eksi yiiklii
iyonlar olarak bulunur; molekiillerin iyonlasmasi ¢ozeltinin derisimine gore

degisir.

6.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.

(b) Emin degilim.
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7.1 Esen kimya dersindeki projesi i¢in arastirma yapmaktadir. Kimya
laboratuarinda 6gretmeninin onun igin hazirladig iki ¢ozeltiyi bulmustur.
Birinin tizerinde 1M CH3COOH ¢6zeltisi yazmakta, digerinin tizerinde de 1M
KOH ¢ozeltisi yazmaktadir. Ayni hacimlerde olan bu iki ¢ozeltiyi daha biiyiik
bir beherde karistiran Esen’in elde ettigi son ¢ozelti i¢in asagidakilerden hangisi
dogrudur?

(a) Cozelti sadece OH: iyonlarini igerir.

(b) Cozelti OH- iyonlar1 kadar HsO* iyonlarimi igerir.

(c) Cozelti ne HsO* iyonlarmi ne de OH- iyonlarini igerir.

(d) Cozelti H3O* iyonlarna gore OH- iyonlarini daha ¢ok igerir.
(e) Cozelti OH- iyonlarma gore HsO* iyonlarini daha ¢ok igerir.

7.2 Yukarida verdigim cevabin sebebi;
(a) Cozeltideki (+) ve (-) iyonlar birbirlerini ¢eker ve ¢ozeltide hig ytiiklii iyon
bulunmaz.
(b) Kuvvetlilik farkindan dolay1 HsO* iyonlarini nétrleyecek kadar OH- iyonu
bulunmaz.
(c) Kuvvetlilik farkindan dolayr OH- iyonlari ile n6tr ortam yaratacak kadar
HsO* iyonlar1 bulunmaz.
(d) Molariteleri ayn1 oldugu i¢in ortamda esit oranda hem HsO* iyonlari hem
de OH:- iyonlar1 bulunur.
(e) Iki ¢ozelti de bazik ¢dzelti oldugu igin ortamda sadece OH- iyonlari

bulunur.

7.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.

(b) Emin degilim.
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8.1 Kimya 6gretmeninizin elinde iki adet beher ve beherlerin icerisinde hacimleri
esit olan iki ¢dzelti bulunmaktadir. Ogretmeniniz bu ¢dzeltilerden birinin zayif
bir asit olan X ¢ozeltisi, digerinin de kuvvetli bir asit olan Y ¢ozeltisi oldugunu
belirtiyor. Hangi beherin kuvvetli asit ¢ozeltisini icerdigini belirleyebilmeniz

icin 6gretmeninizin hangi bilgiyi tek basina vermesi sizin i¢in yeterli olacaktir?
(a) Cozeltilerin derisimleri
(b) Cozeltilerin pH degerleri
(c) Yapisindaki hidrojen sayist
(d) Cozlinenin iyonlasma ytiizdeleri

(e) Turnusol kagidinin rengini degistirme hiz1

8.2 Yukarida verdigim cevabin sebebi;
(a) Cozeltidekiiyon sayisi arttik¢a kuvveti de artar.
(b) Asidin iyonlasma yiizdesi arttik¢a kuvveti de artar.
(c) Cozeltideki asidin derisimi arttik¢a kuvveti de artar.
(d) Cozeltinin pH degeri arttik¢a asitligin kuvveti azalr.
(e) Kuvvetli asitler turnusol kagidinin rengini daha hizh degistirirler.

(P Bir asidin yapisindaki hidrojen sayis1 arttikca asitlik kuvveti de artar.

8.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.

(b) Emin degilim.
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9.1 Omer okulda “Asitler ve Bazlar” iinitesini gérmekte ve 6gretmeninin verdigi
alistirma sorularmi ¢ozmektedir. Sorulardan birisi soyledir:
“Sulu bir ¢ozeltinin [OH-] iyonu derisimi 1.10-1?dir. Cozeltinin pH degeri
nedir?”
Sizce, Omer ¢dzeltinin pH degerini kag hesaplamistir?

(a) pH=2 (b) pH=12 (c) Yorum yapilamaz

9.2 Yukarida verdigim cevabin sebebi;
(a) Cozeltinin pH degerini hesaplamak i¢in verilen OH-iyon derisiminin eksi
logaritmast almar.
(b) Suyun otoiyonizasyonu dikkate alnarak HsO* iyon derisimi bulunur ve
bulunan iyon derisiminin eksilogaritmasi alinarak pH degeri hesaplanir.
(c) Sulu ¢ozeltide OH- iyonlar1 verildigi i¢cin pH degerinden s6z edilemez;
¢linkii pH degeri H3O iyon derisimi ile hesaplandigindan sadece asitler igin
gegcerlidir.

9.3 Yukaridaki iki soruya verdigim cevaptan;
(@) Eminim.

(b) Emin degilim.
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10.1Yanda verilen resim icerisinde ayn1 hacimde
ve derisimde iki ¢ozelti bulunmaktadir.
e I numarali erlende sirkede bulunan ve
zayif bir asit olan asetik asit ¢ozeltisi
e Il numarali erlende ise mide

ozsuyunda bulunan ve kuvvetli bir asit

olan hidroklorik asit ¢ozeltisi vardir.

Her balonun i¢cinde de ayn1 miktarda magnezyum metali bulunmaktadir. Ayni
anda balonlarda bulunan magnezyum metali ¢6zelti icerisine atilirsa ayni siire
zarfinda asagidakilerden hangisi gozlemlenir?

(a) Iki balonda da ayn1 miktarda sisme gozlemlenir.

(b) Balonlarda herhangi bir degisiklik gozlemlenmez.

(c) Sadece hidroklorik asit bulunan erlende (II) siskinlik gozlemlenir.

(d) Hidroklorik asit bulunan erlende (II) daha fazla siskinlik gozlemlenir.

10.2 Yukarida verdigim cevabin sebebi;
(a) Metaller asitlerin igerisinde erirler ve gaz ¢ikisi olmaz.
(b) Iki ¢ozelti de ayn1 derisimde oldugu igin, tepkime sonucu ayn1 miktarda
gaz ¢ikisi olur.
(c) Kuvvetli asidin magnezyum metali ile tepkimesinde zayif aside gore daha
fazla baloncuk ¢ikar; bu yiizden hidroklorik asidin oldugu balonda daha fazla
sisme gozlenir.
(d) Metaller sadece kuvvetli asitlerle tepkimeye girdiklerinden sadece hidroklorik
asidin oldugu balonda sisme gozlenir.
(e) Kuvvetli asit ¢ozeltisi magnezyum metalini daha hizli asindiracagindan
hidroklorik asidin oldugu balonda daha fazla sisme gozlenir.
() Kuvvetli asit ¢ozeltisinde magnezyum metali ile tepkimeye girecek daha
¢ok iyon bulundugundan gaz ¢ikis1 hidroklorik asit ¢ozeltisinde daha fazla

olur.

10.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.

(b) Emin degilim.
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11.1 Ahmet ¢ozeltilerin elektrik akimni -
iletmeleriyle ilgili bir arastirma
yapmaktadir. Farkl ¢ozeltiler kullanarak
hangi tiir ¢ozeltilerin elektrigi daha iyi

ilettigi ile ilgili yanda gosterildigi gibibir

-

deney diizenegi hazirlamistir. Behere farkli ¢ozeltiler koyarak devredeki
anahtara bastiginda ampuliin parlaklik siddetine gore arastirma sonuglarmi
yazacaktir. Ahmet’in elinde asagida verilen ¢ozeltiler bulunmaktadir; bu
¢ozeltilerden hangisi elektrik akimini daha iyi ileterek ampuliin daha parlak
olmasina sebep olur?

(a) 100 m11 M HCl ¢ozeltisi

(b) 100 m11 M HzS ¢ozeltisi

(c) 100 m11 M NHs ¢ozeltisi

(d) 100 m11 M CHsCOOH ¢ozeltisi
(e) Hepsi

11.2 Yukarida verdigim cevabin sebebi;
(a) Sadece bazik ¢ozeltiler elektrik akimini iyi iletirler.
(b) Sadece kuvvetli asidik ¢ozeltiler elektrik akimni iyiiletirler.
(c) Asitlerin yapisindaki hidrojen sayis: arttik¢a asidin kuvveti artar ve
elektrik akimin dahaiyi iletirler.
(d) Cozelti icerisinde daha fazla iyon olusturan maddeler elektrik akimini
daha iyi iletirler.
(e) Hem asidik hem de bazik ¢ozeltiler, iyon tanecikleri icerdiklerinden asit
veya bazin kuvvetine bakilmaksizin hepsi ayni siddette elektrik akimini

iletirler.

11.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.

(b) Emin degilim.
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‘v

12.1 Ogretmeni Mete'ye farkli ¢ozeltiler igeren iki
adet beher vermistir; bunlardan birisinde
asidik bir ¢ozelti digerinde ise bazik bir ¢ozelti
oldugunu belirtmistir. Mete’nin hangi wsE w7

¢ozeltinin bazik ¢ozelti oldugunu belirlemesi gerekiyor.

Sizce agsagida verilenlerden hangisi tek basina Mete'nin bazik ¢ozeltiyi

belirlemesine yardimc1 olur?
(a) Zn metali ile tepkimesini test etmesi
(b) Iyonlagsma yiizdesinin bilmesi
(c) pOH degerini bilmesi

(d) Higbiri

12.2 Yukarida verdigim cevabin sebebi;

(a) Sadece bazik ¢ozeltiler OH- iyonlar icerdigi icin, ¢ozeltilerin pOH degerini
bilmek bazik ¢tzeltiyi tayin etmeyi saglar.
(b) Asitler daha kuvvetli olduklart icin daha fazla iyonlasitlar, iyonlasma ytzdesi

dustik olan ¢6zelti bazik ¢ozeltidir.

(c) Sadece asitler metallerle tepkime verdikleri i¢in, Zn metalini ¢ozeltilerin

icine attiginda tepkime vermeyen ¢6zelti baziktir.

(d) Cozeltilerin pOH degerinin bilinmesi, suyun iyonlasmasindan
faydalanarak, ¢ozeltilerin H+ ve OH- iyonlarini tespit ederek bazik ¢ozeltiyi
tayin etmeyi saglar.

) TP

12.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.

(b) Emin degilim.
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13.1 Kenan laboratuarda bir deney i¢in
ogretmenin verdigi iki ayr1 ¢ozeltinin \ \
pH degerini 6lgerek, A ¢ozeltisini pH

degerini 9.6 ve B ¢ozeltisinin pH

degerini de 12.7 olarak buluyor. B

A ¢ozeltisi B ¢ozeltisi

¢ozeltisinin asitlik veya bazlik 6zelligi

hakkindane soyleyebilirsiniz?
(a) Zay1f Asit
(b) Zay:f Baz
(c) Kuvvetli Asit
(d) Kuvvetli Baz

13.2 Yukarida verdigim cevabin sebebi;
(a) pH arttik¢a bazik ¢ozeltinin kuvveti artar.
(b) pH arttik¢a bazik ¢ozeltinin kuvveti azalir.
(c) B ¢ozeltisinde, A ¢ozeltisine kiyasla ortamda daha fazla H* iyonu bulunur.

(d) B ¢ozeltisinde, A ¢ozeltisine kiyasla ortamda daha fazla OH- iyonu

bulunur.

(e) pH sadece asitligin olciistidiir; bazik maddeler igin gegerli degildir.
Dolayisiyla pH arttik¢a asidik 6zellik artar.

(H pH sadece asitligin ol¢iisiidiir; bazik maddeler i¢in gegerli degildir.
Dolayisiyla, pH arttikca asidik 6zellik azalir.

13.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.

(b) Emin degilim.
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14.1 Yandaki sekilde esit kiitlelerde Piston
magnezyum (Mg) metalinin
bulundugu “a kab1” ve kireg tast
olarak bilinen kalsiyum karbonat
(CaCO:s) katisinin bulundugu “b
kab1” pistonlu ¢ kabma baglanmistir.

a ve b kaplarma, uygun derisimdeki

I _ Mg'metali CaCo, katisi
Xve'Y ¢ozeltilerinden yeterli a kab! b kabi

miktarda eklendiginde her bir kapta

olusan tepkimede gaz cikisinin oldugu ve bir siire sonra pistonun ok yoniinde
yiikseldigi gozlenmistir. X ve Y ¢ozeltileri i¢in ne sdyleyebilirsiniz?

(a) Iki ¢ozeltide bazik

(b) ki ¢ozeltide asidik

(c) X asidik ve Y bazik ¢ozelti

(d) X bazik ve Y asidik ¢ozelti

(e) Cozeltilerin asitligi veya bazlig1 hakkinda yorum yapilamaz.

14.2 Yukarida verdigim cevabin sebebi;
(a) Asitlerin metal ve karbonatlarla etkilesmesi sonucu Hz gazi agiga ¢ikar.
(b) Bazlarm metal ve karbonatlarla etkilesmesi sonucu Hz gazi1 agiga ¢ikar.
(c) Asitlerin metallerle etkilesmesi sonucu Hz gazi ve karbonatlarla
etkilesmesi sonucu CO:2 gazi agiga ¢ikar.
(d) Bazlarm metallerle etkilesmesi sonucu Hz gaz1 ve karbonatlarla
etkilesmesi sonucu CO:2 gazi agiga ¢ikar.
(e) Asitlerin metallerle etkilesmesi sonucu Hz gaz1 ve bazlarin
karbonatlarla etkilesmesi sonucu CO2 gaz1 agi3a ¢ikar.
(f) Bazlarin metallerle etkilesmesi sonucu Hz gazi1 ve asitlerin karbonatlarla
etkilesmesi sonucu CO:2 gazi agiga ¢ikar.
(g) Hem asitler hem de bazlar metaller ve karbonatlarla tepkimeye girerler

ve giren maddelerin 6zelliklerine gore agiga ¢ikan gazlar da degisir.

14.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.

(b) Emin degilim.




Ece kimya laboratuarinda 6gretmenin verdigi malzemelerle asagida verilen ti¢
adimda Deney A’ y1 yapiyor. Ece’nin deney adimlarmi ve yaptig1 gozlemleri
dikkate alarak asagida verilen 15, 16 ve 17. sorular1 alt basamaklariyla cevaplaymiz.

Adm

II.

III.

Deney A

Islem
Ece'nin elinde asidik veya bazik
olan bir ¢ozelti vardir. Ece’ye bu
¢ozeltinin zayif ozellikle ve
hacminin 100 ml oldugu
belirtiliyor. Ece bu ¢ozeltiye
turnusol kagid1 batirtyor.

Bilinmeyen bu ¢ozeltiye birkag
damla uygun bir indikator
damlatarak, kuvvetli oldugu
bilinen 0.1 M Y ¢0zeltisini biiret
yardimiyla yavas yavas ilave
ederek titre ediyor.

Bilinmeyen X ¢ozeltisine, 0.1M"lik

Y ¢ozeltisi ilave etmeye devam
ediyor ve bu ¢ozeltiye turnusol
kagidmi batiriyor.

Gozlem

Kirmizi turnusol kagidinda bir
degisme olmadigmi, mavi

turnusol kagidinin renginin ise
kirmizi oldugunu gozlemliyor.

Cozeltinin renk degistirdigi
anda harcanan Y ¢ozeltisinin
miktarmin 150 ml oldugu
tespit ediyor.

Kirmizi turnusol kagidinin
renginin mavi oldugunu, mavi
turnusol kagidinin ise renginin
degismedigini gozlemliyor.
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15.1 Ece’'nin yapti$1 yukaridaki Deney A’da, I. adimdaki bilinmeyen ¢ozelti sizce

nedir?

(a) Asidik ¢ozelti

15.2 Yukarida verdigim cevabin sebebi;
(a) Kirmiz1 turnusol kagidinda bir degisme gozlenmedigi igin bazik bir

¢ozeltidir.
(b) Kirm1z1 turnusol kagidinda bir degisme gozlenmedigi i¢in nétr bir
¢ozeltidir.
(c) Mavi turnusol kagidinin rengini kirmiziya ¢evirdigi i¢in asidik bir

¢Ozeltidir.
(d) Mavi turnusol kagidmin rengini kirmiziya ¢evirdigi icin bazik bir
¢Ozeltidir.
(e) Mavi turnusol kagidinin rengini kirmiziya cevirdigi i¢in notr bir ¢ozeltidir.

@ ...

15.3 Yukaridaki iki soruya verdigim cevaptan;

(a) Eminim.
(b) Emin degilim.

(b) Bazik ¢ozelti

(c) NOtr ¢ozelti




16.1 Ece'nin yaptig1 yukaridaki Deney A’da, II. adimdaki titrasyon islemi igin
asagida verilen ifadelerden hangisi ya da hangileri dogrudur?
I. Renk degisiminin oldugu anda ¢ozeltinin pH degeri 7’dir.

I1. Indikatdr kullaniimasayd titrasyon olay1 gerceklesmezdi.

(@) Yalniz I (c) iki ifade de dogru
(b) Yalniz II (d) iki ifade de yanhs

16.2 Yukarida verdigim cevabin sebebi;
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(a) Indikatorler, asit-baz titrasyonlarinda tepkimenin gerceklesmesini saglarlar

ve tepkimeye giren asit veya bazin kuvvetine gore de esdegerlik noktasi

degisir.

(b) Indikatorlerin kendine 6zgii renk degistirme aralig: vardir, bu dzelligi ile

asit-baz titrasyonlarinda kullanilan asit veya bazin kuvvetine gore degisiklik

gosteren esdegerlik noktasmnim saptanmasina yardimei olurlar.

(c) Indikatorler asit-baz titrasyon tepkimelerinde tepkimenin gerceklesmesini

saglarlar ve notrlesme tepkimelerinde asidik veya bazik ¢ozeltilerinin

kuvvetliligi onemli degildir, tepkime sonucunda olusan ¢ozelti her zaman notr

olur.

(d) Indikatorler kendilerine 6zgii renk degistirme araliklar1 vardir; bu

ozellikleriyle esdegerlik noktasinin saptanmasina yardimeci olurlar. Notrlesme

tepkimelerinde asit veya bazin kuvvetliligi 6nemli degildir, tepkime

sonucunda olusan ¢0zelti her zaman nétr olur.

[ TR

16.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.

(b) Emin degilim.
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17.1Ece’nin yapti$1 yukaridaki Deney A’da, III. asamanin sonunda deneyin
grafigini ¢izmek istersek elde edilecek titrasyon egrisi asagidakilerden hangisi
olur? (E ile ifade edilen esdegerlik noktasidir.)

pH

eklenen Y aq) eklenen Y _

(a) hacmi (C) hacmi

APH , pH

3

eklenen Y aq) eklenen Y

(b) hacmi (d) hacmi

17.2 Yukarida verdigim cevabin sebebi;
(a) Asit-baz tepkimelerinde asidin veya bazin kuvveti etkili degildir,
notrlesme nedeniyle esdegerlik noktasi her zaman 7 olur.
(b) Zay1f asit-kuvvetli baz titrasyonlarinda esdegerlik noktas: ortamda yeteri
kadar H* iyonlar1 bulunmadigindan 7’den biiyiik olur.
(c) Zayif asit-kuvvetli baz titrasyonlarinda esdegerlik noktasi ortamda yeteri
kadar H* iyonlar1 bulunmadigindan 7’den kiigtiik olur.
(d) Zay:f baz-kuvvetli asit titrasyonlarinda esdegerlik noktas: ortamda yeteri
kadar OH- iyonlar1 bulunmadigimdan 7’den biiytik olur.
(e) Zayif baz-kuvvetli asit titrasyonlarinda esdegerlik noktasi ortamda yeteri
kadar OH- iyonlar1 bulunmadigimdan 7’den kiigiik olur.
(f) Kuvvetli asit-kuvvetli baz titrasyonlarinda notrlesme nedeniyle esdegerlik
noktas1 7 olur.

17.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.

(b) Emin degilim.
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18.1 Goriisii ¢ok kuvvetli bir mikroskopla maddeleri -
tanecik boyutunda gorebileceginizi hayal edin ve
yandaki sekildeki gibi bir tiipiin igerisine
baktigmizi diisiiniin. Bu tiipiin igerisinde zayif bir

asit olan 0.1 M hidroflorik asit (HF) ¢ozeltisi
bulunmaktadir. Bu mikroskobu kullanarak hidroflorik asit ¢ozeltisine
baktiginda bu ¢ozeltiyi nasil goriirdiin? (Ortamdaki su molekiillerini goz ard1

ediniz.)

HF HF g~
HF HF
HF _ HF H
HF F
HF HF HF pp
HF HT
(@) (b) (c)

18.2 Yukarida verdigim cevabin sebebi;
(a) Zayf bir asit olan HF ¢o6zeltisine bakildiginda sivi fazinda oldugu gibi
tamamen molekiiler olarak goriiniir.
(b) Zayif bir asit olan HF ¢ozeltisinde art1 ve eksi yiikler arasinda etkilesim
zayif oldugundan kismen iyonlasir; fakat molekiillerinin sayisi iyonlarm
sayisimnin yaninda oldukca azdir.
(c) Zayif bir asit olan HF ¢ozeltisinde molekiiler arasi cekim kuvvetleri zayif
oldugundan suda tamamen iyonlagirlar.
(d) Zayif bir asit olan HF ¢ozeltisi kismen iyonlasarak art1 ve eksi ytikii iyonlar
olarak bulunur; fakat iyonlarin sayisi molekiilerin sayisinin yaninda oldukga

azdir.

18.3 Yukaridaki iki soruya verdigim cevaptan;
(a) Eminim.

(b) Emin degilim
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APPENDIX C

KIMYA MOTIVASYON ANKETI
Sevgili Ogrenciler,

Asagidaki ankette kimya dersine yonelik motivasyonunuzu belitlemeye yonelik
ifadeler yer almaktadir. Her cimleyi dikkatle okuduktan sonra size uygun olan tek bir
yanutt isaretleyiniz. Yapmaniz gereken sizi en iyi tanimlayacak durumu kursun kalem ile
yuvatlayarak icini doldurmanizdir. Verdiginiz bilgiler yalnizca arastirma amacgh
kullanilacak olup kesinlikle gizli tutulacaktir. Arastirmanin gecerliligi acisindan
cevaplarinizin dogru ve eksiksiz olmast gereklidir. Katkilarniz icin simdiden ¢ok
tesekkir ederiz.Kimya derslerini hakkinda ne distindiigiiniizii ve nasil hissettiginizi

anlamak icin, lutfen asagidaki ifadeleri verilen ctimleyi dikkate alarak degerlendiriniz:

Kimya dersinde oldugum zaman...

Genellikle
Her zaman

zaman
Ara sira
Bazen

2| Hic bir

1. Kimyay1 6grenmekten hoslanirim.

(
2. Ogrendigim kimya bilgisi kendimin kisisel O 2 3
hedeflerimle iliskilidir.

3. Kimya sinavlarinda diger 6grencilerden daha o 2 G @
basarili olmak isterim.

\S]
~
o
(S}
N—
~~
NN
=
/N N
(SN
= =

/N
Ul
=

4. Kimya sinavlarinin nasil gececegini disinmek (1)  (2) 3) @& (5
beni endiselendirir.

5. Eger kimya 6grenirken zorluk ¢ekersem M @ B @ 6
nedenini bulmaya ¢alisirim.

6. Kimya sinavi zamani geldiginde endiselenirim. (1)  (2) 3) @) (5

7. Kimya dersinden iyi bir not almak benimigin M @ B @ O
onemlidir.

8. Kimya dersinde 6gretilenleri 6grenmek igin M @ B @ O
gerekli ¢abay1 gosteririm.

9. Kimyay1 iyi 6grenmemi saglayacak stratejiler o 2 B @ 5
kullanirim.

10. Kimyay1 6grenmenin iyi bir is bulmada bana M @ B @G 6
nasil yardimet olacagint distintrim.
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g

Kimya dersinde oldugum zaman... 59 = o = g

st g S 5 3

T 8 <« M O T

11. Ogrendigim kimya bilgisinin bana nasil faydast (1)  (2)  (3) @) (5

olacagini distiniirim.

12. Kimya dersi basarimin diger 6grenciler kadar @ 2 36 @ 6
veya daha 1yi olacagini distiniiriim.

13. Kimya sinavlarinda basarisiz olmaktan o 2 G @ 5

endiselenirim.
14. Kimyada diger 6grencilerin daha basarilt OO ) I ) I C I )

oldugunu diistinmek beni kaygilandirir.

15. Kimya ders notumun genel not ortalamaminasid (1)  (2) 3) @) (5
etkileyecegini distntrim.

16. Benim i¢in kimya hakkinda bilgiler 6grenmek M 2 36 @& 6
aldigim nottan daha 6nemlidir.

17. Kimya hakkinda bilgiler 6grenmenin kariyerime (1) (2) 3) @) (5
nasil faydasi olacagint diistintrim.

18. Kimya sinavlarina girmekten hoslanmam. M @ B @G 6

19. Ogrendigim kimya bilgilerini nasil kullanacagimi (1) (2)  3) (&) (5)
diusuntrim.

20. Kimya ile ilgili bilgileri anlayamiyorsam bu o 2 B @ (5

benim hatamdir.

21. Kimya laboratuarinda ve projelerinde basaril M @ B @ O
olacagimdan eminim.

22. Kimya 6grenmeyi ilging bulurum. M @ B @G 6

23. Ogrendigim kimya bilgileri hayatimla iliskilidir. (1)  (2)  3) @& (5

24. Kimya dersindeki bilgi ve becerileri tamolarak (1)  (2) (3) @) (5
Ogrenebilecegime inantrim.

25. Ogrendigim kimya bilgilerinin benimicin pratik (1)  (2)  3) @) (5
degeri vardir.

26. Kimya sinavlari ve laboratuatlar i¢in iyi O 2 B @ 5
hazirlanirim.
27. Beni zoflayan kimya hosuma gider. o 2 G @ (5

28. Kimya sinavlarinda basarili olacagima eminim. M @ B @G 6
29. Kimya dersinden en yiiksek notu alabilecegime (1)  (2) (3) @) (5

inanirim.
30. Kimya ile ilgili bilgileri anlamak bana bagart M @ B @ O
hissiyat1 verir.
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APPENDIX D

Interview Questions

Ogrenci Goriigme Sorulart
Asitler ve Bazlar
1. Asitve baz denince aklina ne geliyor?
»  Ogrenci tanim yapmazsa:
Asitleri tanimla desem nasil bir tanim yaparsin?
Bazlarn tanimla desem nasil bir tanim yaparsin?
Uc tane asit rnedi verebilir misin?
Ug tane baz 6rnegi verebilir misin?
Asitlerin ve bazlarin 6zellikleri hakkinda ne syleyebilirsin?
»  Ogrenci cevap veremezse:
Asitlerin genel 6zellikleri nelerdir? Ornegin, asitlerin pH 6zellikleri
nelerdir?, Turnusol kagidinda nasil bir degisiklik yaparlar?, Bagka
maddeletle tepkimeye giretler mi?, Elektrigi iletitler mi?.
Bazlarin genel 6zellikleri nelerdir? Ornegin, bazlarin pH 6zellikleri
nelerdir?, Turnusol kagidinda nasil bir degisiklik yaparlar?, Baska
maddelertle tepkimeye giretler mi?, Elektrigi iletirler mi?.

Ne biliyorsun baska asitler ve bazlar hakkinda?

2. Sence giinliik hayatimizda asidik veya bazik maddelerle karsilasiyor muyuz?
Bu maddelerin asidik veya bazik oldugunu nasil biliyorsun?
»  Ogrenci 6rnek veremezse:
Sence bulastk deterjani, sirke, kola, limon ve sabun asidik mi bazik mi?

Bunlarnn asidik veya bazik olduguna nasil karar veriyorsun?

3. (Ogrenciye HCI, NaOH, CH,COOH, BF;, NH; ve NaCl ¢6zelti sekilleri
ornekleri gosterilir)
Buradaki erlenleri dustiindiginde ¢ozeltilerin asitligi veya bazligt hakkinda ne

dustiniyorsun? Bu ¢ozeltilerin asidik veya bazik olduguna nasil karar veriyorsun?
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EYAYAYAYAY:
e N = N A N > W - N e

4. (Ogrenciye sekildeki gibi iki tane yarisina kadar dolu etlen gosterilir. ki erlen de

renksiz ¢ozelti icermektedir. Cizim icin HA ve BOH 6rnekleri verilebilir.)

F\ A
[ Lo

Bu beherlerden birinde pH degeri 4 olan bir ¢6zelti digerinde de pOH degeri 4

olan bir ¢6zelti vardir. Buradaki ¢ézeltiler icin ne séyleyebilirsin?
pH degeri 4 olan ¢6zeltiyi tespit etmeni istersem nasil bir yol izlersin? Her hangi
bir malzemeye ihtiyacin olabilir mi?
» Ogrenci cevap veremezse:
Indikator denince aklinda bir sey cagristyor mu?
Turnusol kagidi hakkinda bir fikrin var mi1?
Goriisti cok kuvvetli bir cihaz olsa elinde, maddeleri tanecik boyutunda

gorebildigini diisin, bu cihazla bu ¢6zeltilere baktiginda ne gérirdin resmeder

misin?

pH=4 pOH=4

pH veya pOH denince aklina ne geliyor?

> Ogrenci cevap veremezse:
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Sadece asidik ¢ozeltileri¢in mi pH degerinden s6z ederiz?
Bazik ¢ozeltilerin pH degeri var mudir?
pH ile pOH arasinda bir iliski var midir?
Bu iki erlendeki ¢6zeltileri bagka bir eflende karistirsak ne gézlemleriz?
Tepkime olusur mu?

5. (Ogrenciye sekildeki gibi iki erlen gsterilir, birisinin kuvvetli bir asit ¢ézeltisi
digerinin de zayif bir asit ¢6zeltisi oldugu belirtilir. HCI ve HCN 6rneklert
verilerek 6grenciler bu maddeleri kullanarak resmedebilirler.)

Kuvvetli veya zayif asit ¢6zeltisi denince aklina ne geliyor?
Ne fark vardir sence bu ¢ozeltiler arasinda?
Gorist cok kuvvetli bir cihaz olsa elinde, maddeleri tanecik boyutunda

gorebildigini disin, kuvvetli ve zayif asit iceren bu ¢o6zeltilere bu cihazla

baktiginda ne goriirdin?
Kuvvetli asit : Zayif asit
cozeltist cozeltisi

Asagida verilen asit ¢Ozeltilerini kuvvetliliklerine gbre nasil siralarsin?

0.1M 0.01M 0.001M
HCI HCI HCl

a) 0.1 M HCl b) 0.01 M HCl ¢) 0.001 M HCI
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6. (Ogrenciye kabaca nétrlesme etkinligi gésterisi yapilir. Tki tane farkli erlen
gosterilir, birisinin i¢erisinde bir miktar fenolftalein indikatort oldugu belirtilir,
digerinin icerisinde ise bir sey olmadigr gosterilir. Elimizdeki asidik ¢ozeltiden
esit miktarda bu iki etlene ilave edilir. Daha sonra, bazik ¢6zeltiden de esit
miktarda alinarak icerisinde asidik ¢6zelti olan erlene ilave edilir. Ogrencinin
indikator olan erlende renk degisimini gbzlemlemesi saglanir. Diger etlen icin de
aynt islem tekrarlanir, fakat burada renk degisimi gézlenmez.)

Aynt maddeleri ilave etmemize ragmen, iki eflende farkli durum gézlendi. Bu iki
farkli durum icin ne distiniyorsun?
Neden fenolftalein indikatéri bulunan erlende renk degisimi gozlendi?
Iki ¢ozeltiyi karistirdigimiza herhangi bir tepkime olusur mu?
»  Ogrenci cevap veremezse:

Noétrlesme denince aklina ne geliyor?

Tepkimeye giren ve olusan triinler nelerdir?

Indikator nedir? Nasil bir fonksiyonu vardir?
Karnstigimiz bu asit ¢6zeltisinin 100ml 0.1M HCI ¢6zeltisi ve baz ¢ozeltisinin
100ml 0.1M NaOH ¢6zeltisi oldugunu g6z 6ntine aldiginda, verilen tepkimeyi
nasil tamamlarsin?
Elde ettigimiz bu son ¢6zeltiyi asagidaki sekle nasil resmedersin?
Bu son ¢ozeltinin pH degeri hakkinda ne séyleyebilirsin?

HCI + NaOH —
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Bu 6rnekte, kuvvetli bir asit ve kuvvetli bir baz kullandik. Eger ki, ¢6zeltilerden
birisi zay1f bir ¢6zelti olsaydi agiklamalarinda herhangi bir degisiklik olur muydu?
Ornegin, elinde zayif bir asit ¢ézeltisi ve kuvvetli bir baz ¢6zeltisi bulunuyor ve
sen bunlart baska bir beherde karistirtyorsun. Bu durum i¢in ne distniiyorsun?

» Ogrenci cevap veremezse:

Bu durumda yine nétrlesme olay1 olur mu?

Tepkime sonucunda olusan trtinler nelerdir?

Cozeltinin pH degeri icin ne soyleyebilirsin?

Kimyay1 Ogrenmeye yonelik Motivasyonla ilgili Goriigme Sorulart
1. Kimya hakkinda bir seyler 6grenmek hosuna gidiyor mu?
Neden béyle diistintyorsun?
2. Kimya 6grenmek senin i¢in 6nemli mi?
Kimya hakkinda bilgi sahibi olmak sana ne kazandirir?
3. Kimya dersinde 6grendigin bilgilerin senin i¢in faydali oldugunu diistintyor musun?
4. Kimya dersine hi¢ girmemis biri ile kendini kiyasladiginda aranizda herhangi bir fark
oldugunu distniyor musun?
Bugiine kadar 6grendigin kimya bilgisi senin nasil isine yaradi?
5. Kimya dersiyle ilgili hosuna giden veya gitmeyen 6zellikler nelerdir?

6. Kimya dersini nasil 6grenmek isterdin?

Uygulama sonrasi1 goriigme sorularina ilave edilen sorular

1. Asitler ve bazlar tinitesini 6grenirken onceki tinitelerdeki 6grenmelerini kiyasladiginda
benzerlikler veya farkliliklar hissettin mi?
2. Asitler ve bazlar tinitesini 6grenirken genelde siz grubunuzla beraber etkinlikleri
yaptiniz. Bu sekildeki 6grenme hakkinda ne diisiniyorsun?
. Etkinliklerin kontrolliintin sizin tizerinizde olmasi sizde bir problem yaratti m1?
. Zotlandigin veya hoslanmadigin bir etkinlik oldu mu?

. Yaptiginiz etkinliklerle ilgili soylemek istediklerin var mi?

A Ul A~ W

. Sence bu yontemle 6grenmek etkili veya verimli oldu mu? Olumlu veya olumsuz
belirtmek istedigin diistinceler var mt?

7. Kimya dersine yonelik distncelerinde degisiklik oldu mu?
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8. Bu tarz 6grenme ile ilgili bagka eklemek istediklerin var mi?

Ogretmen Goriigme Sorulari
1. Asitler ve bazlar Ginitesinin 6gretiminde uyguladiginiz 6grenme dongiisti yaklasimi

icin neler séylemek istersiniz?

[\

. Onceki konu anlatimlariniz ile kiyaslarsaniz asitler ve bazlar tinitesinin anlatiminda ne
tiir benzerlikler ve farklilar gerceklestirdiniz?
3. Uygulama esnasinda sinif icinde 6grencilerin derse yonelik davranislarinda farkliliklar
gozlemlediniz mi? Gozlemlediyseniz bunlar nelerdir?
4. Ogrenme dongiisii yaklasimina gore hazirlanmis asitler ve bazlar tinitesi 6gretiminin,

ogrencilerin hangi yonlerini gelistirdigini disuntyorsunuz?

U

. Asitler ve bazlar tinitesinin 6gretiminde herhangi zorluklarla karsilastiniz?

(@)

. Ogrenciler, size uygulama esnasinda dersin isleyisiyle ilgili herhangi bir olumlu veya
olumsuz goris ilettiler mi?
7. Daha sonraki anlatimlariniz i¢in 6grenme dongiisti yaklagimini ileriki ders planlariniza

uygulamay: distiniir miistiniiz?
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Sinif Gozlem Formu

Evet

Kismen

Hayir

NA

10.

11

13.
14.

15.

16.
17.

18.

Sinif/Taboratuar ortami ders yapmaya elverigli mi?
Sinifta/Taboratuarda 6grenciler icin yetetli
sira/banko var mi1?

Ogrenciler derse katilmaya istekli mi?

Ogrenciler yeni bilgiler 6grenmeye hevesli mi?
Ogrenciler sinifici etkinlik tartismalarina
katiltyorlar mi?

Ogrenciler grup ici etkinlik tartigmalarina
katiliyorlar mi?

Ogrenciler, etkinlikleri grup halinde beraber
gerceklestiriyorlar mi1?

Ogrenciler, etkinlikten faydalanarak kavramlart
anlamaya calistyor mu?

Ogrenciler gruplar halinde etkili bir sekilde
calistyorlar mi?

Ogrenciler, 6gretmen konu hakkinda bilgi verirken

not tutuyorlar mi?

. Ogrenciler, siirekli bilgi alan konumunda midir?
12.

Ogrenciler, 6grenmek icin sorgulayici etkinlikler
gerceklestiriyorlar mi1?

Ogrenciler, aktif olarak derse katiliyorlar mi?
Ogrenciler, bilgiye ulagsmak icin gayret ediyotlar
mi?

Ogrenciler, ders sonunda neler égrendiklerini
degerlendirdiler mi?

Ogretmen, 6grencilerin ilgisini ¢ekebiliyor mu?
Ogretmen, dgrencilerin rahat hissedebilecegi bir
ortam sagliyor mu?

Ogretmen, 6grencilerin 6nceki dersle ilgili

ogrenmelerini sorguluyor mu?
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Sinif Gozlem Formu

Evet

Kismen

Hayir

NA

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

Ogretmen, 6grencilere kavramsal sorular soruyor
mu?

Ogretmen, dgrencilere merak uyandiran sorular
soruyor mu?

Ogretmen, 6gretimi giinlitk hayat érnekleriyle
sekillendiriyor mu?

O gretmen, 6grencilerin konu ile ilgili 6grenmelerini
sorguluyor mu?

O gretmen, 6grencilerin etkinliklerle ilgili
tahminlerini sorguluyor mu?

Ogretmen, dgrencilere diisiinmelerini sevk eden
sorular soruyor mu?

O gretmen, kavram o6gretimini dogrudan
ogrencilere veriyor mu?

Ogretmen, ders esnasinda 6grencilerin soru
sormasina izin veriyor mu?

Kavramlarin 6grenilmesi amaciyla etkinlikler
yapiliyor mu?

Ogretmen, siirekli bilgi veren konumunda midir?
Ogretmen, grup ici ve sinifici etkinliklerde
ogrencileri cesaretlendiriyor mu?

Ogtetmen, grup ici ve sinifici etkinliklerde
ogrencilere rehberlik ediyor mu?

Ogretmen, konu 6gretiminde 6grencilerin kavram
yanilgilan gidermeye ¢alistyor mu?

Ogretmen, ders sonunda 6grencilerin

ogrenmelerini sorguluyor mu?

Sintfr oo
Tatih: oo

Dets sUrest: cvveinviniiniinanennnn..

Degetlendiren: ..............oo...
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APPENDIX F

STUDENT HANDOUTS

F-1. ACIDS AND BASES

Astitler ve Bazlar

Ne biliyorum? Ne Ogrenmek Istiyorum?

Ne Ogrendim?
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F-2A.A DAY WITH MELIS (MELIS’IN BiR GUNU)

Sinifiniz: Grup Numaraniz:
Adiniz Soyadiniz:

Asitler ve Bazlar

1™ Melis tniversite birinci siuf Ogrencisi ve kimya

,;"‘ mithendisliginde okuyor. Melis’in bugiin 6nemli bir

- \ dersten sinavi var ve sinavina biraz daha calismak icin

‘ ! erkenden kalkt1. Kahvaltisin1 yapmayarak sinav ile ilgili

“L okumalarini tekrar ederken bir seyler atistirmayi tercih

etti, kahve ve ¢ikolata sevdigi bir ikiliydi. Melis ¢ikolata yemenin saglikli olmadigini bilse

de, cikolatanin tad: ¢ok hosuna gidiyordu. Diger yandan, uyanik olabilmek icin sttstiz

kahvesinden bol bir yudum alarak ders notlarini tekrar etmeye devam etti. Ders
notlarinin tekrarint bitirdikten sonra bardagini bulasik deterjaniyla yikad:.

Melis’in sinav yaklastikc¢a stresi daha da artiyordu ve midesinde yanma hissetti ve
birkag kasik yemek sodasini su ile karstirip icti ve iniversiteye gitmek i¢in hazirlanmaya
basladt. Uzerini degistirdi, dersleri icin gerekli kitap ve defterlerini cantasina yerlestirdi.
Dislerini firgalamak icin banyoya gitti. Onceki giin banyonun temizliginde ev arkadast
camasir suyu kullandigi i¢in banyonun ici hala hi¢ sevmedigi keskin ¢amagir suyu
kokuyordu. Dislerini fircalarken banyodaki camasir suyu kokusundan yine rahatsiz oldu.
Dis fircasina findik buytkliginde dis macunu koydu ve dikkatli bir sekilde dislerini
fircaladr. Artik Gniversiteye gitmeye hazirdi, evden ¢tkmadan acele ile ¢antasina da bir
elma att1.

Evden disan ciktiginda hafiften yagmur ¢iseliyordu, hizli adimlarla otobiis
duraginda gitti ve onu okula gétiirecek otobusii beklemeye basladi. Melis’in otobtsu
beklerken durag karsisindaki mermerden yapilmis bir heykele gozi ilisti. Heykeldeki
asinmalar daha 6nce dikkatini cekmemisti. Yagmura ragmen otobus zamaninda geldi ve
hemen otobuse bindi. Bekletken montu ve ¢antast 1slanmisti ve burnuna nem kokusu
geliyordu.

Sinaviiyi gegen Melis, sitnavdan sonra kendini mutlu ve rahatlamis hissetti. Sabah

cantasina koydugu elmayi zevkle yedi. Sinav stresini tizerinden atmak igin Melis ve
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arkadaslart bir yerlere gitmeye karar verdiler. Oncelikle bir seyler yemek istiyorlardi.
Mekana gittiklerinde yemegine baslamadan 6nce Melis ellerini sabunla yikad.
Arkadaslar ne yiyeceklerine karar vermislerdi hizlica mentiye goz atti. Sabahki sagliksiz
kahvaltidan sonra hamburger ve kizartilmis patates gibi sagliksiz seyler yemek
istemiyordu. Tavuklu salata yiyerek onu dengelemek istedi ve icecek olarak da kola
yerine ayran siparisi verdi. Siparisleri beklerken sinav sorularni tartismaktan
alikoyamadilar kendilerini. Salatasi geldiginde tuz ve sirke ilavesi yaptt. Melis afiyetle
salatasint yerken bir yandan da ayranini yudumluyordu. Yemekten sonra Melis ve
arkadaslar ¢imlerin izerine oturup ¢ay i¢meye karar verdiler. Cayin yanina bir parca kek
de aldilar, Melis’in aklina annesinin yaptig1 nefis kekler geldi. Annesini 6zlemisti sinav
haftast biter bitmez ailesinin yanina gitmeye karar verdi. Melis ¢imlerde uzanirken
cimlere disen kek kirintisint sirtina ylklemis karincayi seyre daldi.

Melis arkadaslanyla vakit gegirmekten keyif aliyordu ama eve dontp diger
sinavlarina hazirlanmasi gerekiyordu. Arkadaslaryla vedalasip evin yolunu tuttu. Eve
dondiginde ev arkadasini aglarken buldu, ona neden tGzildigint sordu. Ev arkadast ise
ona guliyordu ¢iinkd gézyaslarinin nedeni tziintd degil yemek icin dogradigi sogandi.
Melis de salata yaparak ev arkadasina aksam yemegini hazirlamasina yardim etti.
Maydanoz, domates, yesilbiber, salatalik ve kirmizilahanay: dikkatlice yikayarak salatay:
hazirladi ve beraber keyifli bir yemek yediler. Yemek sonrasi bulagiklart yikadiktan sonra
da odalarina ders calismaya gittiler. Tlerleyen saatlerde Melis’in ev arkadast elma, uzum,
seftali gibi meyvelerden hazirladigr bir meyve tabagini getirdi, beraber sohbet ederek
meyve yediler.

Glinin temposundan mu bilinmez Melis basinda bir agr hissetti, her ne kadar
siklikla ila¢ igmemeye calissa da bir agn kesici onun bas agrisini hafifletebilirdi. Biraz
daha ders calisti. Aldigt agr kesici yavas yavas etkisini gstermeye basladi, bas agrist
hafifliyordu. Saat epey ileflemisti artik yatmast gerekiyordu, yatmadan 6nce her zaman
yaptigt gibi bir bardak 1lik stittind icti ve dislerini fircaladr. Yatakta biraz kitap okuduktan
sonra uykuya daldi.

% Okudugunuz metinde, Melis’in glinltik hayatta kargilastig asidik ve bazik
maddeleri tahmin ediniz. Neden asidik veya bazik olduklarini distiniiyorsunuz?
% Grup arkadaslarinizla asidik veya bazik olarak tahmin ettiginiz maddeler

arasinda benzer maddeler var mi? Farkli cevap verdiginiz maddeleri tartisiniz.
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F-2B. AN ACID OR A BASE ?

ASIT Mi? BAZ MI?

258

Evden getirdiginiz veya ogretmeninizden aldiginiz en az 4 malzemeyi turnusol

kagidi ile test ederek asidik mi yoksa bazik bir madde mi olduguna arkadaslarinizla

tartisarak karar veriniz?

Elde ettiginiz sonuglar tahtadaki postere grup numaranizi belirterek not ediniz.

Kullandiginiz Madde

Tahmin

Asit ? Baz ?

Turnusol Kagid:

Kirmizi

Mavi

Sonug¢
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F-2C. ADAY WITH MELIS

MELIS’IN BiR GUNU

Asitler ve Bazlar

Melis  Gniversite — birinci  simuf  Ggrencisi  ve  kimya
mihendisliginde okuyor. Melis’in bugtin 6nemli bir dersten

stnavl var ve sinavina biraz daha calismak icin erkenden kalkt.

41\

bilse de, ¢ikolatamn tadi ¢ok hosuna gidiyordu [Tikirik karmagik bir salgidir; pH degeri n6tre

Kahvaltisit  yapmayarak sinav ile ilgili okumalarint tekrar

: ederken bir seyler atistirmayr tercih etti, kahve ve cikolata

sevdigi bir ikiliydi. Melis ¢ikolata yemenin saglikli olmadigim

yakin olup 74 civarindadir. Melis yedigi cikolata az1 dislerine yapisip
agzindaki bakteriler icin de kahvalti niteligini tasimaktadir. Agzimizdaki
cikolata, sekerleme gibi tatht yiyeceklerden gelen seker aside doniistir ve dis Q’
minesini  ¢ézer. Dis minesi %98 oraminda  hidroksiapatitten
(Cas(PO4);OH) olusup disin en dis tabakast olup seffafhigini verir ve dogada elmastan sonraki en
sert maddedir. Her iyonik kati gibi sulu ortamda hidroksiapatit de devamli olarak ¢6ziiniir ve

¢Okelir. Cozinme ve ¢Okelme dengesi stirecinde tikirigimiz cok asidik olmadigi stirece

kalsiyum, fosfat ve hidroksit iyonlarmi icerir ve bu denge tepkime denklemi asagidaki gibidir:

Cas(PO9:OHy = 5Ca*?udy + 3POs3udn + OH (uaa)

Bu dengeden dolay, dis minemizde bir degisiklik g6zlenmez. Fakat bazt yiyecekler bu dengeyi
bozarlar. Agzimizdaki bakteriler yedigimiz yiyecekleri parcalar, 6zellikle yiyeceklerdeki yiksek
seker miktarindan, laktik asit ve asetik asit gibi asitler olusur. Bu asitler, titktriikteki hidroksit
iyonlarit nétrler ve ¢bkelme tepkimesi yavaglar. Cas(PO4):;OH ¢éziinmeye devam eder;
dolayisiyla dislerin koruyucu kaplamasinda net bir azalma gozlenir. Ictigimiz sulardaki ve dis
macunumuzdaki flor bu bahsettigimiz hasarin azaltmamiza yardimet olur. Flor iyonu, ¢okelme
tepkimesindeki hidroksit iyonunun (OH-) yerini alir ve orijinal dis minesine benzer florapatitt,

Cas(POy)sL, ¢okelir. Cokelme ve ¢oziinme denge tepkime denklemi asagidaki gibidir:
5Ca*2(qdn + 3PO 43 qudny + Frauda) © Cas(PO4)sFg

Florapatit, hidroksiapatite gére 100 kat daha az ¢6ziintirdiir; dolayistyla asidik maddelerden daha

az etkilenir. Bu nedenle diglerimizi diizenli olarak fircalamamiz dis minesinin saghgt acisindan
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o6nemlidir.].

Melis diger yandan, uyanik olabilmek icin siitsiiz kahvesinden bol bir
yudum alarak ders notlariu tekrar etmeye devam etti [Kahve hafif
asidik bir icecektir, pH degeri 5 civarmndadir.]. Ders notlarinin tekrarint
bitirdikten sonra bardagim bulastk deterjanyla yikadi [Deterjanlar
genelde bazik maddeler icerir. Fakat tuvalet temizleyiciler gibi fosforik asit (H;PO4) veya

hidrojen stlfat (HSOy«) gibi asitleri iceren temizlik malzemeleri de vardir. Ev temizliginde veya
camagir ytkamada kullandan camagir suyu sodyumhipoklorit (NaClO) ¢ozeltisidir ve hipoklorit
iyonu (OCl) bazik bir ¢ozeltinin klor gazt ile tepkimesinden
olusur. Denge tepkime denklemi asagidaki gibidir:

CIZ(g) + ZOH'(suda) = OCI—(suda) + Cl’(suda) + H20<§>

Bu tepkimede klor atomlari Cl’dan OCl‘ye devamli olarak
birbirine doéniistir. Bazik bir ¢ozeltide, ileri yonli tepkimenin hizt
klor gazin buyiik bir kismint sise icerisinde OCIl- formunda

tutacak kadar hizhdir. Fakat camasir suyu bir asit ¢bzeltine ilave

edilirse, bazik camasir suyundaki hidroksit iyonlart asitteki H* iyonlart ile su olusturmak icin
tepkimeye girer. Ortamdaki hidroksit iyonlarmmn azhgindan dolayl, Cl. ve OH- arasindaki
tepkime yavaslarken ters yondeki tepkime aymt hizda gerceklesmeye devam eder. Bu durum klor
gazinin tehlikeli diizeye gelmesine neden olur. Bundan dolayidir ki, camasir suyu siselerinin
etiketlerinin tizerine tuvalet temizleyiciler gibi asidik maddeler icerikli temizlik malzemeleri ile

birlikte kullanmaym uyarist yaziidir. Annenizi bu konu hakkinda uyarimiz].

Melis’in smnav yaklastikca stresi daha ¢ok
artiyordu ve midesinde yanma hissetti ve
birka¢ kastk karbonatt su ile karstirip icti ve

Gniversiteye  gitmek icin  hazirlanmaya

baslad: [Melisin  ayakiistd  abur-cubur
kahvaltist ve smav 6ncest stresi midesinde hazimsizliga yol actt ve karbonat-su karisim1 midedeki
fazla asidi notrlestirmeye yardimer oldu. Cunkd karbonat midedeki asit fazlasii nétrleyecek
sodyum bikarbonat (NaHCOj3) icerir]. Melis tzerini degistirdi, gerekli kitap ve defterleri
cantasina yerlestirdi. Dislerini fircalamak icin banyoya gitti. Onceki giin banyonun temizliginde
ev arkadast camagir suyu kullandig1 i¢in banyo hi¢ hoslanmadigi keskin camagir suyu kokuyordu.
Dis fircasmna findik buyikligiinde dis macunu koydu ve dikkatli bir sekilde dislerini fircaladu.
[Dis macunlan genellikle bazik maddeler icermektedir ve pH degetleri 8 civarindadir. Agiz
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icerisinde biriken seker ve yemek artiklarindan olusan bakterin yok
edilmesinde yardimct olurlar] Artik tniversiteye gitmeye hazirdi, evden
¢tkmadan acele ile cantasina da bir elma attt [Malik asit, elma 6ncelikli

olmak tizere, bircok meyve ve sebzede dogal olarak bulunan bir asittir.
1785 yiinda ilk kez Carl Wilhelm Scheele tarafindan elmadan izole

edilmistir. 1787'de ise, bu aside Antoine Lavoisier Latincede elma anlamina gelen "malik asit"

adint vermistir.].

Melis, evden disar1 ciktiginda yagmur hafifce ciseliyordu, hizlt
adimlarla otobiis duraginda gitti ve onu okula gotiirecek otobisii
beklemeye bagladi [Asitlerin sulu ¢6zeltileri suda iyonlar olustururlar.

Iyonlasmis stvilara elektrolit denir. Bu swvilar elektrik akimum iletirler.

Asitlerin suya verdigi bu Ozelliginden faydalanilarak kimyasal piller
yapihr. Akiiler kimyasal pillerdir, bir sonraki iinitede kimyasal piller ile ilgili detayh bilgi
verilecektir]. Melis'in otobtisii beklerken duragm karsisindaki mermerden yapilmis bir heykele
g6zi ilisti. Heykeldeki asinmalar daha 6nce dikkatini ¢ekmemisti [Dogal yagmurun pH degeri
5,6 civarindadir; bu degerden daha az olan yagmurlar asit yagmurlart olarak adlandirilirlar. Dogal
yagmur atmosferdeki karbondioksiti, azot dioksiti ve kitktrt trioksiti ¢6zdigi icin biraz asidiktir.
Kikirt dioksit de volkanik patlamalar ve orman yanginlart sonucunda olusur. Havadaki azot

dioksitle etkilesmesi sonucu kiikirt trioksite donisir, SOs.
SOx(g) + NO2(g) = SOs(g) + NO(g)

Dogal yollardan olusan havadaki NOo(g) ve SOzg) seviyelerini aynt zamanda biz insanlar da
yikseltiyoruz ve béylece yagmurun asitligini de artarmis oluyoruz. Ornegin, kémiir olduke¢a
yiksek oranda kikiirt icerir; kémiir yandiginda kikirt, kikiirt dioksite, SO»(g) doéntstir. Kikirt
dioksit de havada kuikirt trioksite donisir ve yagmur suyunda
coziinmesiyle sulfurik asit, HoSOs(suda) olusur. Her kullandan tasit da
asit yagmurlarinin olusmasina katkist olur. Azot ve oksijen igeren hava,
arabanin silindirlerinde 1sindiginda iki gazin tepkimesiyle azot monoksit,
NO(g) olusur; bu gaz da daha sonra havada azot dioksite, NO2(g)
dontstr. Azot dioksit yagmur suyuyla bir araya gelerek nitrik asidi,
HNOsj(suda) olusturur.  Ozellikle  sanayilesmenin  yogun  oldugu

bolgelerde yitksek miktarlarda olusan kikirt oksit ve azot oksitlerin

yagmur suyunda ¢oziinmesiyle, stilfiirik asit (H2SO4), nitrik asit (HNO»)
ve hidroklorik asit (HCI) olusur. Asit yagmurlari, sadece bitkilerin, ormanlarin ve baliklarin
yasamlarim etkilemekle (g6llerdeki pH seviyelerini degistirdigi icin) kalmaz, yapisinda kalsiyum
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karbonat (CaCO3) bulunan heykelleri bile zamanla bozunmaya ve agtnmaya ugratir. Yagmurdaki
asit kalsiyum karbonatla tepkimeye girerek mermer heykellerin ve binalarin ¢6ziinmesine neden

olur:
CaCO;(k) + 2HNOj(suda) = CaNOs)a(suda) + COa(g) + H2O(s)

Evlerimizde caydanliklarda, su borularinda kireclenme olaymu siklikla gézlemleriz. Eger ki
kireclenmis malzemeler asidik ¢ozeltiler ile temizlenirse yukarida verdigimiz tepkime gergeklesir
ve kalsiyum karbonat ¢6ziinmiis olur.]. Yagmura ragmen otobiis zamaninda geldi ve hemen
otobiise bindi. Beklerken montu ve cantast 1slanmistt ve burnuna nem kokusu geliyordu [Islak
giysiler ve kirli spor giysilerinin karakteristik kokusu monoprotik bir asit olan hekzanoik asitten
kaynaklanir, CH;CH.CH.CH>CH>CO:H]. Sinavi iyi gecen Melis, sinavdan sonra kendini mutlu
ve rahatlamis hissetti. Sabah cantasina koydugu elmayr zevkle yedi.

Smnav stresini Uzerinden atmak icin Melis ve arkadaslart bir yerlere y
gitmeye karar verdiler. Oncelikle bir seyler yemek istiyorlardi. Mekana
gittiklerinde yemegine baslamadan énce Melis ellerini sabunla yikad:
[Klasik sabunlar icerdikleri bazik maddelerden (sabun, kuvvetli bir

bazin hayvansal yaglarin tepkimesi sonucundan elde edilir) dolayt
deride kayganhk hissi veritler ve pH degetleri genelde 8-10 arasinda degisiklik gosterir.
Cildimizin normal pH degeri 4,5-6,5 arasinda degisir; ellerimizi klasik sabunlarla yikadigimizda
cildimizin pH degeri yikselir. Kuruluk hissi verir ama saglikh bir cilt kisa siirede tekrar gerekli
nem ve pH dengesine kavusur]. Arkadaglari ne yiyeceklerine karar vermislerdi hizlica meniiye
g6z attr. Sabahki sagliksiz kahvaltidan sonra hamburger ve kizartlmis patates gibi sagliksiz seyler
yemek istemiyordu. Tavuklu salata yiyerek onu dengelemek
istedi ve icecek olarak da kola [Kolanin tam olarak formulua
bilinmese de icerisinde sitrik asitle beraber seker, tatlandiricy,
karamel, vanilya 6ziti, su gibi maddelerin ;

oldugu bilinmektedir ve pH degeri 2,5

civarindadir] yerine ayran siparisi verdi.

Siparigleri  beklerken sinav  sorularit  tartismaktan  alikoyamadilar

kendilerini. Salatast geldiginde tuz ve sirke ilavesi yapt [Sitke asidik 6zellik gosterir ve pH degeri
2,4 — 34 arasinda olabilir. Biitiin asitler gibi sirke de eksi bir tada sahiptir. Asetik asit,
CH;COOH sirkeye eksi tadim ve keskin kokusunu vermesiyle bilinir. Sirke genelde %04—8
oraninda asetk asit icerit ama tursu kurmak icin kullandan sirkelerde bu oran %18'e varir.
Sirkenin olusturdugu asitli ortam gidalarin bozulmasina neden olacak cogu mikroorganizmanin
blyimesini engeller. Bu yizden tursuluma sebzelerin 6mriini uzatmak icin etkili bir

yontemdir.]. Melis afiyetle salatasiu yerken [Melis'in midesi, tavuk etinin icerdifi proteini
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sindirime baglamak icin bir miktar asit tGrettir. Normal bir insanda, midedeki asidin pH degeri 1
le 2 arasinda degisebildigi gibi, mide 6zsuyunda 9%0,3 oraninda
hidroklorik asit yer almaktadir. Hidroklorik asit, kendi bagina, mideyi
delebilecek gligte bir asittir. Ancak midede yer alan kalin mukus
tabakasi, asidin mide epitellerine zarar vermesini engeller. Ancak, eger
mukus tabakast ¢ok ince olursa veya asit ¢cok dustk bir pH degerine

sahipse, bunun sonucunda mide cksimesi, ilser veya reflii gibi mide

rahatsizliklar1 gorilebilmektedir] bir yandan da ayranmi yudumluyordu
[Ayran, yogurdun icine su katlarak elde edilen bir tiir icecektir. Yogurt ise, siit sekerinin
(laktozun), yogurt mayasiun etkisiyle kismen laktik asit haline gelmesinden meydana gelen bir
nevi pihtilasmig stttir. Baksa bir ifadeyle, sttten (inek sttiniin pH degeri 6,4 ila 6,8 arasinda
farklhilik gbsterir) yogurt tretiminde laktik asit (5,5 saat suresince mayalanan yogurdun pH degeri
4,65 civarindadir) oram artmaktadir. Laktik asit, 1780 yiinda Catl Wilhelm Scheele tarafindan
kesfedilen, formiilii CH;=CHOH-COOH olan bir organik hidroksiasittir. 1881'de ticari olarak
biytk oOlctide eksimis stitten elde edildi; bu yiizden siit asidi de denir. Laktik asit bash basina

yogurt, ayran, kefir ve bazi peynirler gibi eksi siit tirtinlerinde mevcuttur.].

Yemekten sonra Melis ve arkadaglart ¢cimlerin tizerine
oturup ¢ay icmeye karar verdiler [Cay dogal bir pH belirteci
(indikatér)dir. Caydan baska kirmrzildhana, gl yapragy,
kirmizi sogan kabugu, cilek, kusburnu, kiraz gibi dogal pH
belirtegleri de ¢ozeltinin pH degerine bagh olarak renk

deg1§t1rme oze]hgme s;1h1pt1tler Turnusol kagidi da pH belirtecidir ve belirtecleri ile ilgili detaylar
ilerideki derslerde tartigdacaktr]. Cayin yamna bir parca kek de
aldilar, Melis'in aklina annesinin yaptigi nefis kekler geldi [Kek
nasil kabarir? Neden baz tariflerde kabartma tozu bazlarinda ise

karbonat kullandir? Bu iki sorunun da cevabi asitlerin ve bazlarin

ozellikleri ve tepkimelerinde sakhdir. Tyi A
kabarmis kek yapabilmenin sirri ilerleyen derslerde tartistlacaktir.].
Annesini 6zlemisti smnav haftast biter bitmez ailesinin yanma gitmeye

karar verdi. Melis ¢imlerde uzanmirken c¢imlere diisen kek kirmntisint

sirtina yiiklemis karincayr seyre dald: [Formik Asit, karincada bulunan
asittir (‘Formica’ kelimesi Latincede karinca anlamina gelir). Dogada ik olarak karincalarin
salgtlarinda  rastlanmis ve buradan cekilerek elde edilmistir. Isirgan otunu da bilirsiniz,

yapraklarina dokundugunuzda eliniz bir siire sizlar; 1sirgan otundaki bu yakict madde de formik

asittir.].
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Melis arkadaglariyla vakit gecirmekten keyif aliyordu ama eve donip difer sinavlarina
hazirlanmas:  gerekiyordu. Arkadaslartyla vedalasip evin yolunu tuttu. Eve doéndiginde ev
arkadasini aglarken buldu, ona neden tizildiguni sordu. Ev arkadast ise ona giiliiyordu ¢linki
gozyaslariin nedeni tzinti degil yemek icin dogradigr sogandi [Sogan dograndiginda, onu
olusturan hiicreler parcalanir. Sogan hiicreleri, iki boliimden olusur; allinazlar olarak adlandirilan
enzimleri ve silfit bilesiklerinden olusan aminoasitleri igerir. Allinazlar, silfitleri parcalayarak
silfenik aside donugtiiriir. Stlfenik asit ise, kararsiz bir yapiya sahiptir ve kisa stirede ugucu bir
kiikiirt bilesigine doniistir. Bu gaz, havada hizla yayilir. Bu gazi, “sogan kokusu” olarak algilariz
ve bu madde géziimuze ulastiginda g6zl yakan bir aside donusiir. Baska bir ifadeyle, gbziimiizi
yakan bu gazin kendisi degil, onun gbzyasimizla tepkimeye girmesi
sonucu ortaya ctkan stlfurik asittir. Goziimuzii nemli tutan bu
gbzyast stvisinda olusan kiigiik miktardaki stlftirik asit, cok duyath
olan g6z sinitlerini uyarir. G6ziimizin bu kadar duyarh olmast, onun

gbze kacan yabanct maddeleri uzaklagtrmasina yardimcr olur.

Silftirik asit de g6zl tahris eden, zararh bir madde oldugundan,

goziimuzdeki sinirlerin  aldigi uyarilarin  tetiklemesiyle, gézyast bezleri daha fazla gozyast
salgilayarak yabanct maddeleri uzaklastirmaya calisir. Yani, bir bakima gézimiizii yikayarak
temizler. G6ztimuze, toz ya da baska bir yabanci madde kactiginda da benzer tepkiler ortaya
ctkar. Sogan dograrken gézimizin yanmasii 6nlemek icin bazi basit 6nlemler alabiliriz.
Yapilacak sey, tahris edici gazin gbzimize ulagmasint
olabildigince 6nlemek. Bunun icin sogan dograrken ondan
olabildigince uzak durmak alinacak en basit 6nlem; agik alanda

veya havadar bir yerde dogramak, dogramadan énce sogam

buzdolabinda sogutmak veya suda dogramak gibi 6nlemler
alnabilir.]. Melis de salata yaparak ev arkadasina aksam yemegini hazirlamasma yardim etti.
Maydanoz, domates, yesilbiber, havug, salatalik ve kirmizilahanayr dikkatlice yikayarak salatayi
hazirlad: ve beraber keyifli bir yemek yediler [Maydanoz, domates, yesil sivri biber, 1spanak,
lahana, taze fasulye, karnabahar ve patates gibi sebzelerde askorbik asit; limonda switrik asit;
alabalik, 1spanak, maydanoz, pili¢ eti, brokoli, lahana, bébrek, marul, muz, yumurta gibi gidalarda

Jfolik asit bulunut]. Yemek sonrast bulasiklari yikadiktan sonra da odalarina ders calismaya gittiler.

ﬂerleyen saatlerde, Melis ev arkadasi ile beraber elma, uzum,
seftali gibi meyvelerden olusan bir meyve tabagint hazirladiar ve
birlikte sohbet ederek yediler [Elma ve kavunda malik asit; limonda

sitrik asit; Gzimde fartarik asit; portakal, greyfurt ve mandalina gibi

turunggillerde ve seftali, ahududu, cilek, kivi, kizileik, bogtrtlen gibi
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meyvelerde C vitamini olarak da bilinen askorbik asit bulunur.].

Ginin temposundan mi bilinmez Melis basinda bir agr1 hissett,
her ne kadar siklikla ila¢ igmemeye ¢aligsa da bir aspirin icmesi onun

bas agrisii hafifletebilirdi  [Asetilsalisilik asit, bilinen adiyla aspirinin

etken maddesidir, genellikle ufak agr1 ve siziar igin kullanilan agrikesici
ve ates dustriict bir ilactir. Aspirinin ortaya c¢ikmasi, kimyager Felix Hoffmann'n 1897°de saf
asetilsalisilik asit tiretmesiyle miimkin olmustur. Kaynagi ise diinyanin her yerinde yetisen s6giit
agacidir. Sogut agactun yaprak ve kabuklarindan dogal olarak tretilen bitkisel ilaglar eski
¢aglarda da agri kesici ve ates dusiriici olarak kullanityordu. Hipokrat, salisilik asidin farkinda
olan ilk hekimlerden biridir. Baz1 rahatsizliklarin tedavisi igin regetesine s6giit agact kabugundan
saglanan suyu ila¢ olarak yazmistr. Suda bulunan ve agriyi
hafifleten madde bugin bildigimiz tammiyla salisilik asittir.
Maddenin ad: ile kbkeni arasinda bir bag vardir. Salix” kelimesi
Latincede s6gtt anlamima gelir.]. Melis biraz daha ders calismaya

devam etti. Aldig1 agr1 kesici yavas yavas etkisini gstermeye
baglads, bas agris1 hafifliyordu. Saat epey ilerlemisti artik yatmast ‘ “h

gerekiyordu, yatmadan 6nce her zaman yaptg1 gibi bir bardak ihk A

siitiinii i¢ti ve dislerini firgaladi [Inek siitiiniin pH degeri 6,4 ila 6,8 arasinda farklilik gosterir.
Laktik asit daha ¢ok cksimis siitte bulunur, siitun asitlifinin artmast demek laktik asit oramimn
artmast demek ve bu olay da siitun eksimesidir. Stt icerdigi bol kalsiyum ve vitaminlerle bircok
hastaligt Onler, hatta tedavi eder. Bu yiizden uzmanlar, saglk acisindan bol miktarda siit
tiketilmesini 6neriyorlar. Siit, basta protein olmak tizere, icerdigi fosfor, B grubu vitaminleri ve
diger bilesikleri sayesinde kanser olusumunu da engellemektedir.]. Melis biraz kitap okuduktan

sonra uykuya dald.

Siz glin igerisinde hangi asidik veya bazik maddelerle karsilasiyorsunuz? Belirtiniz.

Melis’in bir giinii etkinliginde ilginizi ¢eken en ¢ok ne oldu? Nedenini agiklayiniz.

Etkinlik hakkinda baska belirtmek istedikletiniz var mi?
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F-3A. THE HISTORY OF ACID-BASE DEFINITIONS

ASIT-BAZ TANIMLARININ TARIHCESI

Kim Onermistir?

Svante August Arrhenius, (1859-1927),
Isvegli kimyact ve fiziksel kimya biliminin
kurucularindandir. Elektrolitlerin
iletkenlikleri tizerine yaptigr calismalarini
doktora derecesi icin sundu. Profesotleri
tatmin etmeyen ve en diistik notu alan bu
calismastyla daha sonra Nobel Kimya
Odili'nii alacaktr. Tezinin en 6nemli
yani, saf tuzlarnn veya saf suyun iletken
olmadigini, oysa sudaki tuz ¢ozeltilerinin
iletken olduklarini aciklamastydi.
Arrhenius'un agiklamasina goére tuzlar,
cozelti olusturduklarinda, yukli
parcaciklara pargalaniyorlardi. Faraday
bunlara iyon adim vererek iyonlarin
elektroliz ~ prosesi  sonucu  ortaya
cikacaklarini  dustinmesine  ragmen,
Arrhenius, elektrik akimi olmadan da tuz
¢Ozeltilerinin iyon icerebilecegini
oneriyordu. Bu nedenle, c¢ozeltilerdeki
kimyasal reaksiyonlarin, iyonlar arasindaki
reaksiyonlar oldugunu ileti stiriiyordu. Bu
teorl, zayif elektrolitler i¢in bugin hala
gecerlidir, fakat kuvvetli elektrolitlerin
davranislarimi da bu teori kapsamina
almak icin Peter J. W. Debye ve Erich
Hickel'in  teoride bazt degisiklikler

yapmasi gerekmistir.

Asit-Baz Tanimi

Arrhenius Asit-Baz Tanimi

1887°de Svante Arrhenius, sulu bir ¢6zeltide
iyonun var oldugu kuramini agiklarken, asit
cozeltilerinin H' iyonlari, baz ¢ézeltilerinin
de OH iyonlannt icerdigini belirtmisti.

Bu teoriye gore:

ASIT: Suya H" iyonu veren maddeler.
BAZ: Suya OH iyonu veren maddeler.

Ornekler:
HCl,,—>H" + CI

Suya H" iyonu verir

HS,, —» H +Cl

Suya H" iyonu verir

NaOH  —* Na’ + OH
Suya OH' iyonu verir

NH, —NH,” + OH
Suya OH iyonu verir
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Arrhenius Asit-Baz Taniminin Yetersiz Kaldigi Durum:

Ug Asit-Baz tanimlariigerisinde en siirh olandir; ¢iinkii tepkimelerin suda
gerceklesmesive suya H' veya OH  iyonu vermeleri gerekmektedit.

Hidroklorik asit hem sodyum hidroksit ¢ozeltisi (NaOH) ile hem de amonyak (NH.)
¢ozeltisi ile notrlesme tepkimesi verir. Her iki durumda da, renksiz bir ¢6zelti elde edilir
ve iki ¢ozeltiden de kristallesme sonucunda beyaz bir tuz olan sodyum kloriir veya
amonyum klortr elde edilir. Bu iki tepkime de benzer tepkimelerdir:

NaOH,,, + HCl,, = NaCl,, + H,0,
NH,,, + HCl,, = NH,l,,

" Sodyum hidroksit (NaOH) ile olan tepkimede, hidroklorik asitten gelen hidrojen
iyonlart ile sodyum hidroksitten gelen hidroksit iyonlar ile tepkimeye girer ve
Arrhenius’un teorisini dogrular.

* Fakat amonyak (NH;) ile gerceklesen tepkimede, ortamda hidroksit iyonlar
bulunmamaktadir! Bu durumda amonyak’in su ile tepkimesinden amonyum
iyonlarint veya hidroksit iyonlarini olusturdugunu dusiinebilirsiniz:

NH,,, + HO, © NH,",, +OH
Bu tersinir (¢ift yonlit) bir tepkimedir ve tipik bir amonyak ¢ozeltisinde, amonyak
%99 oraninda amonyak molekdlleri olarak bulunur. Buna ragmen, ortamda bulunan
hidroksit iyonlarindan (OH-) dolayt Arrhenius teorisini destekler diyebilirsiniz.
Fakat ayn1 tepkime, amonyak gazi ve hidroklorik asit gaz1 arasinda susuz ortamda da
gerceklesir:

NH,,, + HCl, = NH,CI,,
Asagidaki resimde biiretin sol ucunda HCl damlatilmis pamuk, sag ucunda ise NH;
damlatilmis pamuk goriiyorsunuz. Susuz ortamda gerceklesen bu tepkimenin trind
NH,CI dikdortgen icine alinmustir.

Bu tepkimede, ortamda ne hidrojen iyonlart ne de hidroksit iyonlart vardir, ¢linki
tepkime ¢ozelti icerisinde gerceklesmez. Arrhenius’un teorisine gore bu tepkime asit
— baz tepkimesi degildir. Fakat ikimadde de ¢6zelti igerisinde oldugunda ayni triini
olusturdugunu biliyoruz.

Aynt yil icerisinde Johannes Bronsted ve Thomas Lowrty birbitlerinden bagimsiz
olarak bu ihtiyaca bir 6neri sunmuslardir.



Kim 0nermi§tir?

1923 yilinda Danimarkali Johannes
Bronsted (1879-1947) ve Ingiliz
(1874-1930)
birbirlerinden haberleri olmadan ayni

Thomas Lowry

konu tzerinde bagimsiz makaleler
Asit

davraniglarina iliskin daha genel bir

yayimladilar. bazlarin

ve

tanim Onerdiler.

Bronted - Lowry, Arrhenuis’un
teorisine karst ctkmamuslardir sadece

onun tanimina ilave yapmuslardur.
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Asit-Baz Tanimmi
Bronsted/Lowry Asit-Baz Tanimi

farkl

Bronsted ve Lowry’nin yaptiklar asit-baz

Arthenius’un  teotisinden olarak,
tanimt sadece sulu ¢ozeltileri icermemektedir,
sulu ¢ozeltilere ilaveten proton iceren bitin
sistemleri kapsamaktadir.

Bu teoriye gore:

ASIT: Proton (H") veren maddedir.
BAZ: Proton alan maddedir.

Asitler ¢6zeltide hidrojen iyonu olustururlar
cunkt verdikleri protonlar su molekilleri ile

tepkimeye girer.

H,O
baz

(proton alir) (proton verir)

+ HCl,, — H,O",, +Cl,
asit

Proton vericinin oldugu ortamda mutlaka
proton alict bir maddede eslik etmelidir. Bir
asit protonunu verdigi zaman konjuge baz,
bir baz protonu aldig1 zaman da konjuge asit
olur.

Arrbenins asit-bazg tepkimelerinde de hidrojen iyonu
transferi oldugn ign biitin Arrbenuis asit-bazg
tepkimeleri aynt zamanda Bronsted/Lowry asit-baz;
tepkimeleridir.

Cozelti ortaminda gergeklesen tepkimede,
amonyak sudaki protonu alir:

NH;,, + HO, € NH,",, + OH

4 (ag) (aq)
baz asit konjuge  konjuge
asit baz

Yukarnida verilen iki tepkime de su (H,O) ile
gerceklesmistir, su HCl ile olan tepkimesinde
baz, NHj; ile olan tepkimesinde ise asit olarak
Boylelikle, baz

davranmustir. asit  —
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tepkimelerinde maddeler karsisindaki maddeye
gore farkli davranis gosterebilitler. Bu sekilde
hem asit hem de baz olarak davranan

maddelere anfoter denir.

Fakat tepkimeler susuz ortamda
gerceklesiyorsa (yukarida resmedilen deney
orneginde oldugu gibi) Arrhenius’un asit—baz
teorisi  yerine Bronsted/Lowry asit—baz
teorisiyle agiklanir:

Ornegin, hidroklorik asit ve amonyak
tepkimesinin gaz ortaminda olusmasinda

amonyak hidrojen kloriirdeki protonu alir:

HCl, + NH,, = NH,” + CI
asit baz konjuge konjuge

asit baz

Boylelikle, Bronsted/Lowty, Arthenuis’un
asit-baz tanimini proton (H") transferi olarak
genisletmistir  (Bu  tanim  sulu  ortam

gerektirmemektedir).

Bronsted /Lowry Asit-Baz Taniminin Yetersiz Kaldigi Durum:

Arrhenuis’un asit-baz teorisi asit-bazlarin susuz ortamdaki davranislarint agiklayamadigt
gibi, Bronsted-Lowry’nin asit-baz teorisi de ortamda proton transferinde
bulunmayan sistemleri agiklayamamaktadar.

Ornegin, amonyak (NH,) bortrifloriir (BF;) ile tepkimeye girer ve bir {iriin olugur. Ne
Arrhenius’un asit-baz teorisi ne de Bronsted-Lowry’nin asit-baz teorisi agagida verilen

tepkimeyi actklayabilmektedir:

T Lol
F—I|; + N—H > F-B—N—H

I | |

F H F H

Gilbert Lewis bu ihtiyaca baska bir 6neri sunmustur.



Kim Onermigtir?

s

Gilbert
Amerikali  kimyagerin
baglar hakkinda

bulunmaktadur.
buytk bir
yapist ve kimyasal degismelerdeki

Lewis (1875-19406),

kimyasal
calismalart
Lewis, yasaminin

kismini, molekullerin

enetji degismelerini anlamak igin
harcamustir. Zamanina gore ileri bir
disiince tarzina sahiptir ve kimya
bilimine derin katkilart olmustur.
Kimyasal baglar hakkindaki modern
dustinceleri, bu konunun kapsamini
buyiik Olctide etkilemistir. Lewis,
enetji  degisiminin, bir
tepkimenin ~ olup  olmayacagini
onceden bilmeye olanak tanidigint ilk
anlayanlardandir.

kimyasal

Lewis Asit-Baz Taniminin (")zelligi

En kapsaml asit-baz tanimadar.

Lewis asit-baz teorisi, hem Arhenius asit-baz
tanimint hem de Bronsted-Lowry asit-baz

tanimint kapsamaktadir.

Bu tg asit-baz teorilerini sematik gésterimi

yandaki gibi olabilir:
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Asit-Baz Tanimi
Lewis Asit-Baz Tanimi1

Lewis daha o6nceki asit-baz teorilerine karsi
citkmamus desteklemistir; baska bir ifadeyle var
olan Arrhenius ve Bronsted/Lowry teorilerini
daha da genisletmistir. Genisletmekten kastt ise,

butiin  Arrhenius asit-baz  tepkimeleri ve
Bronsted/Lowry asit-baz tepkimeleti aynt
zamanda  Lewis asit-baz  teorisiyle de
aciklanabilmektedir.

Bu teoriye gore:

ASIT: Yeni bir bag olusturmak icin bagka
bir atomdan elektron ¢ifti alan maddedir.
BAZ: Yeni bir bag olusturmak i¢in bagka bir

atoma elektron ¢ifti veren maddedir.

Asagida verilen amonyak tepkimesi ne Arrhenius
ne de Bronsted-Lowry asit-baz teorileri ile
aciklanabilmektedir. Fakat
tanimini  genisleterek,

Lewis asit—baz
yapilarinda  hidrojen
olmasa bile bircok maddenin tepkimesini asit-
baz tepkimesi olarak aciklayabilmistir:

F,B  + :NH,; = F,B:NH,

asit baz
(e cifti alan) (e ¢ifti veren)
Diger 6rnekler:

H'+ :0H —» H-O-H

asit baz

SnCl, + CI' = SnCl,”
baz

asit

Lewis Asit-Baz Tanimi

Bronsted-Lowry
Asit-Baz Tammi

Arrhenius
Asit-Baz Tanimi
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F-3B. THE GAME OF THE HISTORY OF ACID-BASE DEFINITIONS

Asit — Baz Tanimlarinin Tarihgesi Oyunu

Asit-Baz tanimlarninin tarthgesini anlatan metin ile ilgili asagida 12 adet soru
bulunmaktadir. Arkadaslarin ellerindeki metinlere g6z atmadan senin sordugun sorulara
cevap vereceklerdir. Belirli bir diizende oturan arkadaslarina asagidaki sorular
yoneltecek ve herkese esit soru soracaksin. Sorusunu bilemeyen grup arkadasinin
sorusunu diger grup arkadaslarina sirasiyla sorabilirsin, soruyu bilen puan kazanir. Hig
kimse o sorunun yanitint dogru bir sekilde veremezse sorular bitiminde grup
arkadaslarinizla beraber elinizdeki metne gbz gezdirerek dogru cevabi bulmaya ¢aligin;

eger ki dogru cevabt bulmada problem yasarsaniz 6gretmeninizden yardim isteyiniz.

Sordugun soruyu bilen her arkadasiniza bir puan veriniz. En yiksek puan alan grup

arkadasiniz ODTU amblemli bir kalem ve bir not defteri kazanacaktir.

Kolay gelsin! Basarilar!

Sorulacak Sorular Cevaplayan Kigi Aldig1 Puan

* Asit — Baz Teorilerinin tarithsel gelisim

sirast nasildir?

= Arrhenius Asit — Baz Teorisini kim

Onermistir?

* Bronsted-Lowry Asit — Baz Teorisini kim

onermistir?

= Jewis Acid-Base Teorisini Asit — Baz

Teorisini kim 6nermistir?




Arrhenius’a gore asit ve baz nedir?

Bronsted-Lowry’e gore asit ve baz nedir?

Lewis’e gore asit ve baz nedir?

Arthenius Asit — Baz Teorisinin
destekledigi bir asit-baz tepkimesi 6rnek

vererek aciklayabilir misin?

Bronsted-Lowry Asit — Baz Teorisinin
destekledigi bir asit-baz tepkimesi 6rnek

vererek aciklayabilir misin?

Lewis Asit — Baz Teorisinin destekledigi
bir asit-baz tepkimesi O6rnek vererek

aciklayabilir misin?

Arrhenius Asit — Baz Teorisi neden butin

asit-baz tepkimelerini kapsamaz?

Bronsted-Lowry Asit — Baz Teorisi neden

buttn asit-baz tepkimelerini kapsamaz?

Toplam
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F-3C. WHICH ACID-BASE DEFINITION?

HANGI ASIT-BAZ TANIMI?

Asagida verilen tepkimeler hangi asit-baz tanimi/tanimlan ile aciklanabilir? Grup

arkadaslarinizla tartisarak nedenleriyle beraber agiklayiniz.

Tepkime Agiklayan Tanim Neden?

HI + H,O > HO +1

HI + NH, — NH, +1

H,0 —» H + OH

H + NH, — NH,

L + NI, - NI +1
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F-4. THE MAGIC OF RED CABBAGE

KIRMIZI LAHANANIN SIHRI

Evinizden getirdiginiz ve istediginiz en az ti¢ malzemeyi seginiz. Malzemenin asidik veya
bazikligini test etmeden 6nce tahmininizi asagidaki tabloya yaziniz. Her bir malzemeyi
turnusol, kirmizi lahana ve indikatér kagidi ile test ediniz. Test sonuglarina gore
malzemenizin asidik veya bazikligini tartisarak not ediniz. Mor lahana ve indikator
kagidinin renklerini yorumlamak i¢in kirmizi lahana pH skalasini ve indikator kagidt pH

skalasini dikkatlice inceleyiniz.

Biitiin malzemelerinizi test ettikten sonra tahtaya asilmis olan postere grup sonuglarinizi
yazmay!l unutmayin ve sizinle ayni malzemeleri kullanmus olan grup arkadaslarnnizla

sonuglarinizt karsilastirin.

Turnusol | Kirmizilahana | Indikatér | Asidik?
Kagid1 Kagid1 Kagid: Bazik?

Madde Tahmin
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F-5. THE STRENGHT OF ACIDS

ASITLERIN KUVVETI

Etkinligin Amacz:

Aynt derisime sahip iki farkli asidik ¢6zeltinin
kuvvetliliklerini incelemek.

Aynt derisimdeki iki farkli asidik ¢6zeltinin ayni

miktar magnezyum metali ile tepkimesi
sonucunda olusan Urtin miktarlarinda degisiklik

gozlenir mi?

Etkinligin gergeklestirilmesi:
Elinizdeki malzemelerle asidik ¢ozeltilerin ozelliklerini incelemek amaciyla asagidaki

deneyi grup arkadaslarinizla gergeklestiriniz. Arkadaslarinizla tablodaki sorular tartisarak

gozlem ve sonuglarinizi yaziniz.
* Magnezyum metalinden esit miktarlarda olacak sekilde balonlara yerlestiriniz.

* Elinizde iki adet erflen bulunmaktadir. Bu iki erlende ayni derisim ve hacimde iki
farkli ¢ozelti bulunmaktadir; ¢ozeltilerden biri hidroklorik asit digeri de asetik
asit ¢ozeltisidir. Balonlardan birini asetik asit (CH,;COOH) ¢6zeltisinin, digerini

de hidroklorik asit (HCI) ¢6zeltisinin bulundugu etlenin agzina tutturunuz.

» Asagidaki soru-cevap tablosuna tepkimeleri baslatmadan 6nce etlenlerdeki

maddeleri g6z 6ntine alarak deney oncesi diistincelerinizi belirtiniz.

* Aym anda magnezyum metalinin ¢ozeltinin icerisine dusmesini saglayarak

tepkimeyi baslatiniz ve gézlemleyiniz.



Sorular

Cevaplar

Tepkimeyibaglatmadan 6nce:

Balonlarda bir degisiklik olacagini
distiniiyor musunuz? Agiklayiniz.

Gergeklesecek tepkimelerde iki etlen
arasinda bir fark gozlemeyi bekliyor
musunuz? Nedenini actklayiniz?

1. Etlenicin:

Kullandiginiz ¢6zelti, molaritesive pH
degeri nedir?

Kullandiginiz metal

Olusan tepkimeyi yaziniz

2. Etlenicin:

Kullandiginiz ¢6zelti, molaritesive pH
degeri nedir?

Kullandiginiz metal

Olusan tepkimeyi yaziniz

Tepkimeyi gerceklestirdikten sonra:

Gergeklesen bu iki tepkime arasinda bir
fark gozlemlediniz mi? Agiklayiniz?

Aynt derisim ve hacimde bulunan
¢ozeltilere, aynt miktarda magnezyum
metali eklendigine gore, balonlarin
siskinlik orant beklediginizden farkli oldu

mu?

Asetik asit ve hidroklorik asit arasindaki
fark nedir? Grup arkadaslarinizla tartisiniz
ve agiklayiniz.
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F-6. WHAT IS THE DIFFERENCE BETWEEN A STRONG ACID AND A

WEAK ACID?

Kuvvetli Asit — Zayif Asit arasinda ne fark vardr?

Asagida dort farkli durum anlatilmaktadir. Her bir durumu 6nce bireysel daha sonra da

grup arkadaslarnizla degerlendirin, ¢ézeltileri tanecik boyutunda nasil goriirdintz

resmediniz. Kutucuklardaki sorulan arkadaslarninizla tartisarak cevaplayiniz.

I. durum:

Bu beherde kuvvetli bir asit olan 1M
hidroklorik asit (HCI) ¢6zeltisinden 100
ml. bulunmaktadir. Bu c¢o6zeltiden bir
kesit alindiginda ¢ozelti icerisindeki HCI
taneciklerini nasil gérardiiniz? Dairenin
icine resmediniz (Daha sade bir ¢izim icin

su molekiillerini resmetmeyiniz).

1M HCl

<

II. durum:

Kuvvetli bir asit olan 1M’lik 100 mLL HCI
100 ml saf su

edilmektedir. Olusan ¢o6zeltinin derisimi

cOzeltisine lave
ne olur? Cozeltiden bir kesit alindiginda
cozelti icerisindeki HCI taneciklerini nasil
gorirdintz? Dairenin igine resmediniz
(Daha sade bir cizim icin su molekiillerini

resmetmeyiniz).

1M HCI Saf Su ?

=

Son ¢6zeltinin derisimi:

ﬁ ukaridaki giziminizi ag]klaymlh ﬁ ukaridaki ¢giziminizi ag]klaymlz\

\_

Yukaridaki ¢izimin I. Durumdan

benzerligini/farkini agiklayiniz:

/




III. durum:

Bu beherde zayif bir asit olan 1M
hidroflorik asit (HF) ¢6zeltisinden 100
ml bulunmaktadir. Bu c¢6zeltiden bir
kesit alindiginda ¢ozelti icerisindeki HF
taneciklerini nasil gérirdintz? Dairenin
icine resmediniz (Daha sade bir ¢izim icin

su molekdllerini resmetmeyiniz).

1M HF

Yukaridaki gizimin I. durumdan
benzerligini/farkini agiklayiniz:
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IV. durum:

Zayif bir asit olan 1M’lik 100 mL HF
¢cOzeltisine 100 ml. saf su ilave
edilmektedir. Olusan ¢6zeltinin derisimi
kac olur?  Cozeltiden bir kesit
alindiginda  ¢ozeld  icerisindeki ~ HF
taneciklerini nasil gérurdiiniiz? Dairenin
icine resmediniz (Daha sade bir ¢izim icin

su molekdllerini resmetmeyiniz).

1M HF Saf Su °M

11

IH‘HIHI
I\l‘HIHI

ﬁukarldaki ¢iziminlll. durumdan \

benzerligini/farkini agiklayiniz:

Yukandaki gizimin Il. Durumdan
benzerligini/farkini agiklayiniz:

- /




F-7. WHAT IS NEUTRALISATION?

NOTRLESME NEDIR?

Etkinligin amacr:

boyutunda tartismak.

Etkinligin gerceklestirilmesi:

Notrlesme tepkimesini kirmizilahana

suyu ortaminda gozlemek.

Notrlesme kavramini tanecik
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Asidik bir maddenin ve bazik bir maddeyle tepkimesini gozlemleyeceginiz

etkinligin malzemelerini grup arkadaglarmizla beraber kontrol ediniz. Elinizde

iki adet damlalik bulunmaktadir; birisinin icerisinde seyreltik hidroklorik asit

(HCI) c¢ozeltisi digerinde ise seyreltik sodyum hidroksit (NaOH) c¢ozeltisi

bulunmaktadir. Bir beherde de kirmizilahana suyu bulunmaktadar.

Etkinligi gerceklestirmeden oOnce asagidaki sorular1 grup arkadaglarmizla

yanitlayiniz.

Giivenliginiz

HCI ¢ozeltisi asidik mi bazik midir?
Neden?

NaOH c¢ozeltisi asidik mi bazik midir?
Neden?

Kirmizilahana suyu asidik bir madde
varhginda hangirengi alir?
Kirmizilahana suyu bazik bir madde

varliginda hangi rengi alir?

icin: Laboratuarda kullandigmiz hicbir maddenin tadmna

bakmaymiz — Etkinlikte kullandiginiz ¢ozeltiler seyreltilmis olmalarina ragmen

kuvvetli asit ve baz ¢ozeltileridir. Gozlerinizi koruyunuz!
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Elinizde bulunan kirmizilahana suyu bulunan behere rengi degisinceye kadar
birka¢ damla hidroklorik asit c¢ozeltisi damlatiniz (10 damla kadar).
Gozlemlediginiz rengi asagidaki tabloya not ediniz.

Daha sonra ayni behere yavas yavas sodyum hidroksit ¢ozeltisi damlatmiz.
Kirmizilahana suyundaki degisimleri ka¢ damla kullandigmizi da belirterek

asagidaki tabloya not ediniz.

e Kirmizilahana suyu asit ortaminda
hangi rengi almistir?

e Kirmizilahana suyu + asidik ¢ozelti
bulunan behere:

» ____ damlaeklendiginde rengi:
» ____ damlaeklendiginde rengi:
» ____ damlaeklendiginde rengi:
» ____ damlaeklendiginde rengi:

e Kirmizilahana suyunda neden
bazik madde eklendik¢e renk
degisimi gozlendi, grup
arkadaglarinizla  bu durumu
tartisiniz. Tartisma sonucunuzu

belirtiniz.

Hidroklorik asit ve sodyum hidroksit ¢ozeltisi arasmdaki tepkimeyi yazmiz:
HCl + NaOH —

Kirmizilahana suyunda gerceklesen tepkimeyi tanecik boyutunda diistiniirsek,
asagidaki durumlar1 goz Ontine alarak kesit cizimlerinizi gergeklestiriniz
(Cizimlerinizin daha sade olmasi agisindan, ortamdaki kirmizilahana ile ilgili
tanecikleri goz oniine almayiniz, sadece asidik, bazik ve tepkime sonucu olusan

maddeleri diistinerek ¢izimleriniz gergeklestiriniz).

Sadece HCl ¢ozeltisi durumu: Aciklaymiz:

<
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Birkag damla NaOH ilave edilmesi | Agiklaymiz:

durumu:

<

Notrlesme durumu: Aciklaymiz:

Daha fazla bazik madde ilave edilmesi | Agiklaymiz:

durumu:

<
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F-8. HOW A CAKE RISE?

KEK NASIL KABARIR?

Etkinligin amac:

Karbonatin nétrlesme tepkimesini

gozlemlemek.

Etkinligin gerceklestirilmesi:
Her bir grup aktiviteyi gergeklestirmeki¢in malzeme kutusunda bir paket kabartma
tozu, bir paket karbonat (yemek sodasi, NaHCOs) ve miktar sirke (CH3COOH)
bulacaktir.

Aktiviteyi gerceklestirmeden 6nce asagidaki sorularigrup arkadaslarinizla yanitlayiniz.

e Karbonat paketinin arkasinda igindekiler
kisminda ne yaziyor?

e Karbonat asidikbir madde mi yoksa bazik
bir madde midir? Emin olmak i¢in mor
lahana pH kagid1 ve turnusol kagidu ile test
yapabilirsiniz.

e Kabartma tozu paketinin arkasinda

igindekiler kisminda ne yaziyor?

e Kabartma tozuasidik bir madde mi yoksa
bazikbir madde midir? Emin olmak i¢in
mor lahana pH kagid1 ve turnusol kagidi ile

test yapabilirsiniz.

Bir behere iki kasik karbonat, bagka bir behere de iki kasik kabartma tozu ekleyin. Her

iki beherede aynimiktar su ilavesiyaptiktan sonra gézlemleriniziyazinmz.



Baska bir behere yineiki kasik karbonat ekleyin ve bir miktar sirke ilave ettikten sonra

Karbonat igeren beherde herhangi bir

degisiklik gozlemlediniz mi?

Kabartma tozuiceren beherde herhangibir

degisiklik gozlemlediniz mi?

Bu farkin sebebini tartisiniz ve sonucunuzu

burayabelirtiniz.

gozlemleriniziyaziniz.

Karbonatile sirkeyi karistirdiktan sonra

herhangibir degisiklik gozlemlediniz mi?

Olusan tepkimesi yaziniz.
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APPENDIX G

TEACHER HANDOUTS

G-1A. ACIDS AND BASES IN DAILY LIFE

HAYATIMIZDAKI ASITLER VE BAZLAR

Etkinlik: Asidik ve Bazik Maddeleri Tantyor Muyuz?

Konu: Asitler ve Bazlar Gnitesine giris
1. Gunltuk hayatimizda asitler veya bazlarla karsilasiyor muyuz?
2. Asit denince aklimiza ne geliyor?
3. Baz denince aklimiza ne geliyor?

Kazanimlar:

Biligsel Kazanimlar:

» Gunluk hayatta bircok asidik maddeletle karsilagtigint fark eder.

» Gunluk hayatta bircok bazik maddeletle karsilastigini fark eder.
Stire: 1 ders saati

Dersin Iglenisi:
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> Ogrencilere asitler ve bazlar hakkinda ne bildiklerini ve ne de 6grenmek

istediklerini sorgulayan bir form dagitilir ve gerekli bilgileri yazmalan istenir

(10 dk).

o Bu etkinlikte amag, 6grencilerin zaman igerisinde nasil ilerleme

kaydettiklerini farkina varmalanni saglamaktir. Zaman ilerledik¢e

asitler ve bazlar unitesindeki konulart 6grendigini fark eden 6grenci

kimya dersini 6grenmeye daha motive olacaktir. Bu etkinlik, kosullara

gore bir 6nceki “Kimyasal Denge” tinitesinin son kisminda, son dersin

sonunda uygulanabilir aksi takdirde “Asitler ve Bazlar” tinitesinin ilk

dersinde uygulanacaktir.
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» Ogretmen, 6grencilere giinliik hayatta asidik veya bazik maddelerle karsilasip
karsilagsmadiklarina dair sorular sorar ve 6grencilerin fikirlerini alir. Fikitlerini
belirten 6grencilere ne tiir asitler veya bazlarla karsilastiklar sorulur (5 dk).

o Burada amag, asitler ve bazlar Gnitesine giris yapmak ve bu unite
sonunda Ggrencilerin  ne  Ogreneceklerinin  farkina  varmalarini
saglamaktir. Bunun yaninda, 6gretmen sorular sorarak asitler ve bazlar
konusunda 6grencilerin én bilgilerini de sorgular. Ogrencilet, ortaokul
bilgilerinden molekiil formiillerinde hidrojen iceren maddelerin asidik
ve hidroksit iyonu iceren maddelerin bazik oldugunu, asidik
maddelerin turnusol kagidini kirmiziya ve bazik maddelerin turnusol
kagidint maviye ¢evirdigini bilir.

» Ogrenciler gruplara ayrilir ve her ders ayni grup arkadaslari ile oturacaklar
belirtilir (5 dk).

> ‘Melis’in Bir Gund’ etkinlik belgesi her bir 6grenciye verilir ve Univetsiteye
giden bir kizin gini hakkinda bilgi veren bu etkinlik belgesini okumalar
istenir (5 dk).

o Bu etkinlikte amag, 6grencilerin genellikle zararli olarak bildikleri asidik
veya bazik maddelerin ginlik hayatimizin icinde olduklarinin tizerinde
durmak ve Ogrencilerin bu maddeleri farkina varmalarini saglamak.
Boylece, ogrencilerin 6grendikleri kimyanin glin icerisinde kendilerine
faydasi olacaginin farkina varmalarini saglayarak, kimya dersine yonelik
ogrencilerin ilgilerini ve motivasyonlarint arttirmak hedeflenmistir.

» Etkinlik kagidini okumay1 tamamlayan 6grenciler, 6ncelikle hangi maddelerin
asidik veya bazik olabileceklerine dair kendi fikirlerini etkinlik kagidina
yazarlar. Daha sonra da, grup arkadaslar ile tartisarak ortak fikirlerini yazarlar
(10 dk).

» Ogretmen metin icerisinde asidik veya bazik maddeleri bulmakta zotlanip
zotlanmadiklarint sorar. Maddelerin asidik veya bazik olduguna nasil karar
vereceklerini tinite boyunca 6greneceklerini ifade eder. Bazi durumlarda bilim
insanlarinin da siniflama yapmakta zorlandiklarint belirterek, neden siniflamaya

yapmaya ihtiya¢ vardir sorusunu 6grencilere yoneltir (5 dk).
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o Ogrencilere yardimci olmak icin képek denince akillarina ne geldigi
sorulur. Ogrenciler képeklerin ézelliklerini belirtirler. Benzer sekilde,
asit veya baz denince akillarinda belitli 6zelliklerin ¢agrismast
siniflamanin getirdigi kolayliklardan biri oldugu belirtilir. Tlerleyen
derslerde, asitler ve bazlar hakkinda bircok o6zellik 6grenecekleri
belirtilerek 6grenciler motive edilir.

» Ogretmen, ders sonunda 6grencilere metin  icerisinde karsilastiklart
maddelerden merak ettigi en az ti¢inin eve gittiklerinde arkalarinda var olan
tanumlart incelemelerini ve icerdigi maddelere bakarak asitligi veya bazlig
hakkinda karar vermelerini belirtti. Ozellikle kararsiz kaldiklart malzemeleri bir

sonraki derse getirebileceklerini séyledi.
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G - 1B. ACIDS AND BASES IN DAILY LIFE

HAYATIMIZDAKI ASITLER VE BAZLAR

Etkinlik: Asidik ve Bazik Maddeleri Tantyor Muyuz?
Konu: Asitler ve Bazlar Ginitesine giris

1. Gunlik hayatimizda asitler veya bazlarla karsilasiyor muyuz?

2. Asidik maddeleri nasil tantyabiliriz?

3. Bazik maddeleri nasil tantyabiliriz?
Kazanimlar:

Biligsel Kazanimlar:

Giunlik hayatta bir¢ok asidik maddelerle karsilastigini fark eder.
Turnusol kagidinin renk degisikliginin ne anlama geldigini agiklar
Asidik maddeleri turnusol kagidt yardimiyla tanur.

Bazik maddeleri turnusol kagidi yardimiyla tanur.

VvV V. V V V

Gunlik hayatta bir¢ok bazik maddeletle karsilastigini fark eder.
Duyugsal Kazanimlar:
e Bircok asidik ve bazik maddenin ¢evresinde oldugunu kabul etme
e Cevresindeki bir¢ok asidik ve bazik maddeye ile ilgilenme
o Arkadaslanyla birlikte 6grenme etkinligine katilma
Psikomotor Kazanimlar:
o Cevresinde karsilastigt birgok maddenin asitligini veya bazikligini turnusol
kagidr ile test eder.
e Deney sonuglarini rapor eder.
Siire: 1 ders saati
Dersin Islenigi:
> Ogretmen, bir o6nceki ders, “Melis’in Bir Gunt” etkinligini tamamlayan
ogrencilere onlarin giin icerisinde asidik veya bazik maddeletle karsilasip
karsilagsmadiklarinit sorarak ve 6grencilerin fikirleri alinir (5 dk).
o Ogretmen, yanlis da olsa &grencilerin  fikitlerine miidahalede
bulunmaz. Unite boyunca 6grenciler yapacaklart —etkinliklerde

fikirlerinin dogru olup olmadiklarini sinayacaklardur.
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> “Melis’in Bir Gunt” etkinliginin sonucunda 6grencilerin verdikleri yanitlar
dogrultusunda Ggrencilerin hangi maddeleri test edeceklerini belitleyip derse
bu malzemeler hazirlanacaktir.

o Bu secimde dikkat edilmesi gereken Ogrencilerin kararsiz kaldiklar
veya hatali distindukleri malzemeleri test etmelerini saglamaktir.
Dolayistyla, etkinlik sonucundan yararlanarak &grencilerin hataya
dustiikleri veya kararsiz kaldiklart malzemeleri sinif ortamina getirilir
(Ogrencilerin test edebilecegi maddelerden bazilari: limon, sitke, kola,
gazoz, Uzim suyu, maden suyu, elma, portakal, sabun, cam silmek i¢in
kullanilan deterjan, kabartma tozu, karbonat, siit, su, ayran, aspirin,
mide ilact, vb).

» Ogretmen, evlerindeki arastirma sonuglarint sorar. Onlart bulduklar sonuglart
sOylemeye tesvik ederek arkadaslaryla paylasmalarini ister (5 dk).

o Burada amag, ogrencilerin ¢evresindeki malzemelere karst duyarligin
arttirmak ve ev igerisinde karsilastiklart malzemelerin asitligi ve bazligt
hakkinda merak uyandirmalarint saglamaktir.

»  Ogretmen, 6grencilerin etkinlik sonuglarini sinifa duyurur. Hatali veya kararsiz
kaldiklart malzemeleri belirtir. Ogretmen iinite boyunca bu malzemeleri
kullanacaklarini ve Ogrencilere test ederek bu maddelerin asitligine veya
bazligina karar verebileceklerini séyler (5 dk).

o Burada amag, 6grencilerin hatali veya kararsiz kaldiklart durumlarn
kendileri test ederek 6grenmelerinin daha kalict olmalarint saglamaktir.

» Ogretmen, maddelerin asidik mi bazik mi olduklarinin nasil tespit
edilebilecegini sorarak 6grencilerin diistincelerini alir (5 dk).

o Ogrenciler, ilkogretim ikinci kademedeki fen ve teknoloji dersinden
asidik maddelerin turnusol kagidint kirmiziya ve bazik maddelerin de
maviye cevirdigini bilirler. Turnusol kagidi cevabint 6grencilerde
almaya calisarak bir maddenin asidik mi bazik mi olduguna karar
vermede turnusol kagidi kullanilabilir ifadesine sahip olup olmadiklart
sorgulanir. Boylelikle, 6grencilere dogrudan turnusol kagidi yaniti
belirtilmez, onlarin fikitleri alinir. Turnusol kagidi cevabi gelmesi

durumunda 6gretmen bu bilgiyi veten grenciye/6grencilere tesekkiir
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ederek ve maddelerin asidik veya bazikligini test etmek i¢in turnusol
kagidr gibi maddelerin kullaniddigint agiklar. Turnusol kagidi gibi aynt
amagla kullanilan baska maddelerin de oldugu belirtilmeli ve daha
sonraki derslerde detayli bilgi verilecegi vurgulanmalidir. Turnusol
kagidt cevabi gelmez ise siniftan, her gruba kirmizi ve mavi renkli
turnusol kagitlan dagitilir fakat 6grencilere turnusol kagidi hakkinda
aciklama yapilmaz.

> Ogretmen, ogrencilere gruplar halinde ellerindeki malzemeleri turnusol kagidi
kullanarak test edebileceklerini belirtir. Ogrencilere, evlerinden getirdikleri
malzemeleri test edebilecekleri gibi Ggretmenin getirdigi malzemeleri de
kullanarak test edebileceklerini séylenir (10 dk).

o Bir grup en azindan 4 malzemeyi test etsin ki, gruptaki her 6grenci
turnusol kagidini kullanmis olsun. Burada amag, 6grencilerin hatali
veya kararsiz kaldiklart durumlar kendileri test ederek 6grenmelerinin
daha kalict olmalarint saglamaktir.

» Her grup farkli malzemeleri test edeceginden butin sinifin kullanilan
malzemelerden ve sonuglarindan haberdar olmast agisindan, 6gretmen tahtaya
biitiin gruplara yetecek bir sonug posteri asar. Ogrenciler, bulduklart sonuglart
bu postere rapor eder (5 dk).

o Eger 6grenciler, etkinlik basinda turnusol kagidinin asidik ve bazik
ortamdaki davranist hakkinda dogru yanitlar veremezse: Turnusol
kagidinin bazi maddelerde kirmizi renk aldigi, bazi maddelerde ise
mavi renk aldigr ayrnmini 6grencilerden ¢ikarim yapmalar beklenir.
Turnusol kagidint  kirmuzi renge donustiren maddelerin  ortak
6zellikleri ve turnusol kagidint mavi renge donistiiren maddelerin
ortak 6zellikleri olup olmadigr 6grencilere sorulur. Asidik maddeler
mavi turnusol kagidinin rengini kirmiziya, bazik maddeler kirmizi
turnusol kagidinin rengini ise maviye donustirarler bilgisini 6grenciler
kendileri deneysel olarak test etmis olutlar.

o Bu sonug posteri ayni zamanda, aynt malzemeleri kullanan gruplarin

test sonuglarini da dogrulamaya olanak saglar.
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» Ogretmen daha sonra, Melis’in bir giinii isimli etkinligin ikinci formatint
ogrencilere dagitti ve 6grencilerin burada giinliik hayatta bir¢ok asidik ve bazik
maddeyle veya onlarin 6zelliklerinden kaynaklanan sonuglarla karsilastiklarin
belirtti. Metni okuyarak birinci etkinlik sonuglarni géz ontine alarak asidik
veya bazik olarak disundikleri maddeletin dogru olup olmadigini kontrol
etmelerini istedi. Metin sonunda yer alan soruyu da dikkatle cevap vermelerini
belirtti (5dk).

o Metni okumak ve soruyu cevaplamak icin yeterli siire kalmazsa
ogrencilere inceleyip bir sonraki ders getirmeleri belirtilir. Metin tinite
suresinde 6grencilerin yaninda bulunacagy hatirlatmasi yapilir ve sadece

sorunun cevaplandigi kisim toplanir.
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G - 2.DEFINITIONS OF ACIDS AND BASES

ASIT VE BAZ TANIMLARI

Etkinlik: Asit — Baz Tanimlarinin Tarihgesi
Konu: Asitler ve Bazlar Tanimlart

1. Arthenius asit-baz tanimi nedit?

2. Bronsted-Lowry asit-baz tanimi nedir?

3. Lewis asit-baz tanimi nedit?

4. Bu tanimlar arasindaki farkliliklar nelerdir?
Kazanimlar:

Bilissel Kazanimlar:

Arthenius asit-baz tanimini tanimlar.
Brosnted-Lowry asit-baz tanimini tanimlar.
Lewis asit-baz tanimint tanimlar.,
Arrhenius ve Bronsted-Lowry tanimlarinin simirhiliklarint fark eder.

Asit-baz tanimlan arasindaki farkliliklan séyler.

YV V.V V VYV V

Asidik ve bazik maddeleri asit-baz tanimlarint kullanarak degerlendirir.

Duyugsal Kazanimlar:

e Asit-baz tanmimlarini 6grenmek icin arkadaslar ile isbitligi yapar.

e Asit-baz teorilerinin tarihgesini 6grenme etkinligine katilir.

Psikomotor Kazanimlar:

e Etkinlik sonuclarini rapor eder.
Stire: 3 ders saati
Dersin Islenigi:
Asit ve bazlarnn birgok tanimi olmasi Ogrencilerin bu konuyu anlamasinda ve
kavramasinda zotluk ¢ekmelerine neden olmaktadir. Miifredat sadece Svante August
Arrhenius, Johannes Bronsted — Thomas Lowry ve Gilbert Lewis’in tanimlarina yer
verdigi i¢in bu tanimlar ¢er¢evesinde asitler veya bazlar nasil tanimlanir agiklanacaktir.
Bu konunun anlatilmasinda 6énemli olan, her ti¢ tanimin da yaygin olarak kullanildigt
fakat bazt tanimlarin digerine gore eksiklerinin veya yetersiz kaldigi anlayisini

ogrencilere vermektir. Asit ve baz tanimlar konusu genel olarak, Arrhenius’un
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tanimindan baslayarak bu taniminin kullanislt bir tanim oldugu fakat sadece asit ve
bazlarin sulu ¢6zeltilerini kapsadigt igin yetersiz kaldigi vurgusunu yaparak, sonrasinda
Arrhenius’un asit-baz taniminin getirdigi yetersizlikle ihtiya¢ dogrultusunda farkls
yetrlerde ikamet eden Bronsted ve Lowry’nin birbirinden habersiz olarak benzer
tanima ulasmalart, daha sonrasinda ayn sekilde bu tanimin da zamanla yetersiz kaldigi
durumda Lewis’in asit ve baz tanimlarini baska acidan ele alarak asit-baz tanimint nasil
gelistirdigini tarihsel gelisim ¢ercevesinde 6grencilere aktanlacaktir.

Konunun aktarimt sirasinda izlenecek basamaklar:

» Ogretmen, bir 6nceki dersteki 6grenmeleri sorgulamak amaciyla grencilere
asit ve baz denince ne dustundiklerini sorar (5 dk).

o Ogretmen birka¢c o6grenciden cevap almaya calisarak verdikleri
yanitlarin dogrulugu veya yanlishigi hakkinda yorum yapmaz. Burada
amag, 6grencilerin asitleri veya bazlar tanimlamak i¢in nasil bir tanim
kullandiklarint belirlemektir. Maddelerin asidik ve bazik olduklarin
tayin etmek ig¢in bilim insanlarimin farkli yollar kullandiklarint
belirtilerek, asidik ve bazik maddelerin 6zelliklerini anlamak i¢in ayni
zamanda onlarin molekiler 6zelliklerini de incelemenin faydali olacag:
aciklanir.

> Ogretmen, tahtaya HCI, H,SO,, HNO,, HBr, HI gibi birka¢ Arrhenius asit
ornegi yazar. Mide 6zsuyunda hidroklorik asit, evde kullanilan tuz ruhunda da
hidroklorik asit, arabalarda kullanilan aktilerde stlfirik asit ve kezzapta nitrik
asit bulundugunu belirtir ve 6grencilerden bu maddelerin ortak 6zelliklerini
sOylemesini ister (3 dk).

o Ogrenciler asit olduklarint belirteceklerdir, 6gretmen de bu durumda
bu karara nasil vardiklarini sorar. Ogretmen, hepsinin ortak 6zelligi, H
icermesi yanitini 6grencilerden almaya ¢aligir.

» Ogretmen, benzer sekilde NaOH, KOH, Mg(OH),, AI(OH);, Ca(OH), gibi
Arrhenius baz 6rneklerini yazar. Kalip el sabununda sodyum hidroksit, stvi
sabunda ve sampuanlarda potasyum hidroksit, mide ilaglarinda magnezyum
hidroksit veya aliiminyum hidroksit ve kire¢ suyunda kalsiyum hidroksit
bulundugunu belirtir. Ogrencilerden bu maddelerin ortak 6zelliklerini

sOylemesini ister (3 dk).



293

o Ogrenciler baz olduklarint belirteceklerdir, 6gretmen de bu durumda
bu karara nasil vardiklarint sorar. Ogretmen, hepsinin ortak 6zelligi,
OH i¢ermest yanitint 6grencilerden almaya calisir.

»  Ogretmen, 6grencilerden, bir 6nceki asit veya baz denince ne diisiindiiklerine
dair alinan yanitlan distinerek (Arrhenius asit-baz tanimina uyan cevaplarini
kullanarak) Arrhenius’un da asit ve bazlant 6grencilerin belirttigi gibi
tanimladigt belirtilir. Béylelikle, Arrhenius™un asit ve bazlarin sulu ortamda
hidrojen ve hidroksit iyonlarinin iyonlasmasina dayanan taniminin agtklamasim
yapulir. Tahtaya yazilan 6rnekler kullanilarak asit ve bazlarnn iyonlasmalarini
ogrencilerden gostermeleri istenir (4 dk).

» Ogretmen CH, NH; ve CH;COOH orneklerini tahtaya yazar ve
ogrencilerden bu maddeler hakkinda yorum yapmalarini ister (5 dk).

o Bu o6rneklerle amag, Arrhenius asit-baz taniminin yetersiz kaldig
durumlarn gostermektir. H icermesine ragmen Arrhenius’un asit-baz
tanimina uyan CH, molekulinin asidik bir 6zelliginin olmadigini ve
NH; ¢ozeltisinin baz gibi davrandigi fakat Arrhenius asit-baz tanimi
kapsaminda OH grubu icermedigi icin baz olarak siniflanamadigi ve
CH,;COOH ise molekil formuliinde OH grubu igerdigi distintlse de
aslinda iyonlagsmasinin beklenildigi gibi olmadigt belirtilir.

» Ogretmen, bir parca pamuga bir miktar HCl, diger bir parca pamuga da bir
miktar NH, damlatarak iki ucu agik bir borunun uglarna sekildeki gibi

yetlestirir (10 dk, ders 6ncesi bu malzemeler hazirlanir).

o Ogrencilerden gazlarin difiizyonu konusundaki bilgileri hatirlamalart

istenir. Asidik bir ¢ozelti olan HCI ile bazik bir ¢ézelti olan NH;
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arasinda susuz bir ortamda gerceklesen bu tepkimeyi 6grencilerin
izlemeleri saglanir. Ogrencilerin, HCl damlatilmis pamugun bulundugu
uca yakin tarafta olusan beyaz bulutu gézlemeleri saglanir, gerceklesen
tepkime sonucunda olusan maddenin NH,Cl oldugu tepkimesini
yazmalar istenir.

» Ogrencilerden, Arrhenius asit-baz tanimi kullanarak bu tepkimedeki asidik ve
bazik olaylar acgiklamalar istenir (5 dk).

o Buradaki amag, Ogrencilerin Arrhenius asit-baz tanimindaki
yetersizligin farkina varmalarini saglanmaktir. Arrhenius asit-baz
tanimint 6grencilere hatirlatarak onlarn gaz fazinda gerceklesen bu
tepkimeyi asidik ve bazik maddelerin sulu ¢6zeltilerine dayanan bu
tanim ¢ercevesinde aciklanmasinin mimkiin olmadigini algilamalarini
saglamaktir.

» Danimarkali kimyact Johannes Bronsted ve Ingiliz kimyact Thomas Lowry’nin
birbirinden habersiz olarak Arrhenius’un asit ve baz tanimim genisleterek
onerdikleri proton transferine dayanan asit-baz tanimi a¢iklanir (5 dk).

o Burada, Arrhenius asit-baz taniminin yanlis veya gegersiz oldugu degil
bu tanimin asidik ve bazik karakterli bircok maddeyi kapsamadigint ve
Bronsted ve Lowry tarafindan daha kapsamli hale getirildigi vurgusu
yapilir. Bilimde kabul edilen gerceklerin zamanla ihtiyaglar
dogrultusunda degisebilecegi veya tekrardan diizenlenebilecegi vurgusu
yapulir.

» Ogretmen, Bronsted-Lowry asit-baz taniminin asit ve bazlarnn sudaki
davransslarint acikladigr, H' iyonu iizerine odaklandigt ve bazlarin H' iyonu
alan maddeler olarak tanimlanarak Arrhenius asit-baz tanimina uymayan
bir¢ok bazik maddeyi kapsadigt agiklanir (5 dk).

o Burada amag, ogrencilerin Arrhenius asit-baz tanimi ile Bronsted-
Lowry asit-baz tanimu arasindaki farkliliklann dikkat etmelerini
saglamaktir.

» Bronsted-Lowry asit-baz tanimi birka¢ 6rnek tzerinde agiklanirken konjuge
asit-baz ciftleri hakkinda da bilgi verilir. Degisik 6rnekler verilerek 6grencilerin

bu tanimi kavramlar saglanir (15 dk).
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o Konjuge asit-baz ciftlerini aciklarken suyun hem asit hem de baz gibi
davrandigi 6rnekler tizerinde durulur. Béylece asidik veya bazik 6zellik
gostermeyen suyun, kimyasal tepkimelerdeki kosullara gore asidik veya
bazik davranabilecegi gosterilir. Bunun igin:

HCI + H,O0 — H,O" + CI ve NH, + H,O — NH," + OH

ornekleri verilerek Bronsted-Lowry asit-baz tanimina gére H' iyonu
veren maddeler asit, alanlarin da baz oldugu aciklamasi verilir. Asit ve
bazlarin diger 6zelliklerine sahip olmasa da suyun bazi tepkimelerde
asit bazi tepkimelerde de baz gibi davrandigi durumu &grencilerle
tartisilir. Bu sekilde duruma gore asit veya baz gibi davranan maddelere
amfoterik madde denildigi belirtilir. Asagida verilen birka¢ konjuge
asit-baz c¢iftlerinin biri 6grencilere sunularak konjuge asit veya baz

ciftini tahmin etmeleri istenir:

Konjuge asit-baz ciftlerinin bazilar

Asit Baz
HCl Cl
H,SO, HSO,
H,0" H' verir H,0O
HSO, ) g SO,”
HC,H,0, H' alir C,H,0,
NH," NH;
HCO, CO;
H,0 OH

»  Ogretmen, 6grencilere Lewis denince ne diistindiiklerini sorar (10 dk).

o Burada amag, O6grencilerin Onceki kimya bilgilerini hatirlayarak
elektron-nokta Lewis formulini kullanarak degerlik elektronlarinin
dizilimini hatirlamalarn amaglanir. N, O ve Cl gibi 6rnekler verilerek
elektron-nokta formuliint hatirflamalar istenir.

» Lewis’in elektron-nokta formilinin asit-baz tepkimeletine baska bir bakis

acist ekledigi vurgulanarak elektron-cifti alan maddelerin Lewis asidi ve
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elektron-¢ifti veren maddelerin Lewis baz1 oldugu ile ilgili a¢iklama yapilir (10
dk).

o Burada vurgulanmasi gereken, Arrhenius ve Bronsted-Lowry asit-baz
tanimlarinin hatali olmadiklarini sadece asit-baz taniminin elektron cifti
alip-verme yorumu ile genisletildigidir. Daha 6nce Arrhenius asit-baz
tanimina gére OH grubu iceren ve Bronsted-Lowry tanimina goére de
proton alarak baz olarak kabul edilen tim maddelerin de aynt zamanda
Lewis bazi tanimina uyduklar 6rneklerle agiklanir. Boylelikle, Lewis’in
elektron-gifti alip-vermesine dayanan asit-baz tanimi bircok maddeyi
icine alarak asidik veya bazik olarak anilan maddelerin kapsamint
genisletmistir. NH; ve BF; arasindaki tepkime 6rnek gosterilerek H
icermemesine ragmen BF;’un elektron cifti alarak Lewis asidi oldugu
aciklanir.

»  Ogrencilere asit-baz tanimlarinin tarihgesi etkinligi dagitilir ve gruplar halinde
etkinligi gerceklestirmeleri saglanir (30 dk).
» Etkinlik sonunda hangi asit-baz tanimi etkinligi de yapilir (10 dk).

0 Zamanin yetmemesi durumunda bu etkinlik diger ders basinda
ogrencilerin asit-baz tanimlan ile ilgili 6grenmelerini degetlendirmek
icin de kullanilabilir. Bu etkinlikte vurgulanmasi gereken, eger bir
tepkime Arrhenius asit-baz
tanimi ile agiklanabiliyorsa aynt Bronsted Lowry
zamanda o tepkime Bronsted-

Lowry ve Lewis asit-baz K M%

tamimlartyla da actklanabilir;

Hoos- | EG1' | NaOH ° |NHq
Hy0 HENG, . | MgoHg [Hp0
HoFoy [EOH  |SgHg0q!
H#oy |CalOHE [20:2- |
BaiCHR |E00; |

v 1
I

fakat tersi durum gecerli
degildir. Baska bir ifadeyle,

Lewis asit-baz tanimu ile

aciklanabilen bir tepkime, daha

e Hat
L

tanimi ile aciklanamaz. Yandaki sekilde ifade edildigi gibi maddelerin

stnitli oldugu icin Arrhenius

veya Bronsted-Lowry asit-baz

asidik ve bazik olarak degerlendirilmesi hangi tanimin kullanildigs ile



297

iligkilidir. Arrhenius’un asit-baz tanimi daha dar kapsamli oldugu i¢in
(veya semsiyesi daha kiicik oldugu icin) asit veya baz olarak
degerlendirilen maddelerin daha az sayida oldugu ifade edilir. Brosted-
Lowry’nin proton transferine dayanan asit-baz tanimi, Arrhenius’un
asit ve baz olarak kabul ettigi maddeleri de icine alarak daha genis
kapsamdaki maddeler (veya daha biyiik semsiyesi oldugu i¢in) asidik

veya bazik olarak degerlendirilir.

Asagida verilen tablo 6grencilerle tamamlanir:

Arrhenius Bronsted-Lowry Lewis
Asit Suya H' veren | Proton veren Elektron-cifti
alan
Baz Suya OH veren | Proton alan Elektron-gifti
veren
) Su olusumu Proton transferi Koordine
Nétrlesme kovalent bagin
olusumu
Denklem |H + OH —|HA+B—>BH +|A+B— AB
HOH A
o Sadece sulu | Sadece proton | Genel teori
Eksikligi coOzeltiler transferin olan
tepkimeler
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G -3.LET’S DO MAGIC!

HAYDI SiHIR YAPALIM!

Etkinlik: Haydi Sihir Yapalim!
Konu: Indikatorler
1. Asidik maddeler indikatotler varliginda karakteristik renk alitlar.
2. Bazik maddeler indikat6rler varliginda karakteristik renk alitlar.
3. Gunlik hayatimizda indikatorlerle karsilasiyor muyuz?
Kazanimlar:
Bilissel Kazanimlar:
» Asidik maddeleri tanimak i¢in indikator kullanabilecegini fark eder.
» Bazik maddeleri tanimak i¢in indikator kullanabilecegini fark eder.
» Indikatériin renk araligint bilirse asidik veya bazik madde olmast hakkinda
yorum yapar.
Duyugsal Kazanimlar:
e Indikatérler hakkinda bilgi 6grenmek icin arkadaslar ile isbirligi yapar.
e Indikatérlerin asit ve bazik maddeler izerindeki etkisini inceleme etkinligine
katilir.
Psikomotor Kazanimlar:
e [Etkinlik sonuglarini rapor eder.
Siire: 10 dakika
Dersin Iglenisi:
Ogrencilerin indikatérler konusuna dikkatlerini cekmek icin dersin basinda bu etkinlik
uygulanacaktir. Indikatorlerin asidik ortamda ve bazik ortamda farkli renk aldigint
gostermek amactyla bu etkinlik haziflanmustir. Etkinlik icin grup sayisina gore

ogrencilere dagitilacak bos dosya kagidi hazirlanir.

Smifta 10 grup oldugu distntlirse her grup icin iki adet kagit dizenlenir. Her grup
bir kelime elde edecegi icin 10 kelimelik derse giris ciimlesi belitlenir, bu ctumle:
“Buglinkii — dersimizin — konusu — asidik ve bazik — maddeleri — belitlememizi —

saglayan — indikatorleri — yakindan — tanimaktir.”
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Her bir kelime, fenolftalein indikat6ri kullanilarak dosya kagidina yazilir, her gruba

hem asidik hem de bazik ¢6zeltiyi test etmeleri i¢in iki adet kagit verilecegi i¢in cimle

iki adet olarak hazirlanir. Kagitlarin kurumasi saglanir. Etkinlik icin seyreltilmis asidik

ve bazik ¢ozeltileri hazitlanir.

Etkinlik uygulamasinda izlenecek adimlar:

>

Ogretmen, 6ncelikle 6grencilere gecen ders yapilan asit-baz etkinligini
hatirlatarak onlara Arrheius, Bronsted-Lowty ve Lewis asit-baz tanimlarinin
temel farkliliklarint sorar.

o Eger 6nceki ders “Hangi Asit-Baz Tanimi” etkinligini yapmaya zaman
kalmadiysa bu ders bu etkinlik ile derse baglanacaktir. Eger ki etkinlik
bir 6nceki ders tamamlandiysa, etkinlikte yer alan tepkimelerin dogru
yanitlar tartisilir.

Ogretmen, dersin basinda her gruba aynt kelimenin gelmesini saglayarak
kagitlart 6grencilere dagitir (1 dk).

Ogrencilere kagitlarda bir sey yazip yazmadigint sorar (1 dk).

Ogrencilere asidik ve bazik ¢6zelti iceren spreyleri dagitir (1 dk).

o Seyreltilmis asit ve baz ¢ozelti icermesine ragmen, 6grenciler spreyleri
kullanirken uyarnlir.

Her bir grubun ikiye bolunerek birinci grup asidik ¢6zeltiyi diger grup da bazik
¢oOzeltiyi kullanarak kagitlar Gizerinde test edebilecekleri belirtilir (3 dk).

o Burada bazik ¢ozelti iceren her grup bir kelime elde edecektir, grup
numaralarint sirayla tahtaya yazarak kelimesini bulan her 6grenci
grubunun tahtaya, grup numarasinin altina, buldugu kelimeyi yazmasi
istenir.

Cikan sonucu grup numaralarinin altina yazarlar.
Ogretmen, indikatérlerin asidik ve bazik ¢ozeltilerde farkl renk aldiklart icin
asit ve bazlar tanimak i¢in kullanildiklarini belirtir (4 dk).

o Bu etkinlikte fenolftalein indikatéruntn kullanildigi, bu indikatoriin
asidik ortamda renksiz ve bazik ortamda ise pembe renk aldig
belirtilir. Bazik ¢ozelti iceren sprey kagidin tzerine puskirtulduginde
renksiz olan bazik ¢6zeltinin indikatér varliginda pembe renk aldig

belirtilir.
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G - 4. THE MAGIC OF RED CABBAGE

KIRMIZI LAHANANIN SiHRI

Etkinlik: Kirmizilahananin sihri
Konu: Indikatérler
1. Asidik maddeler indikatorler varliginda karakteristik renk alitlar.
2. Bazik maddeler indikatorler varliginda karakteristik renk alirlar.
3. Gunltuk hayatimizda indikatérlerle karsilasiyor muyuz?
Kazanimlar:
Bilissel Kazanimlar:
» Asidik maddeleri tanimak i¢in indikator kullanabilecegini fark eder.
» Bazik maddeleri tanimak i¢in indikator kullanabilecegini fark eder.
» Indikatoriin renk araligini bilirse asidik veya bazik madde olmast hakkinda
yorum yapar.
» Kirmizi lahananin renk araligini inceler.
Duyugsal Kazanimlar:
e Indikatorler hakkinda bilgi 6grenmek icin arkadaslart ile isbirligi yapar.
e Indikatérlerin asit ve bazik maddeler izerindeki etkisini inceleme etkinligine
katilir.
Psikomotor Kazanimlar:
e Maddelerin asitlik veya bazikligini beliflemek i¢in kirmizilahana kagitlarint
kullanarak bir¢ok maddenin asitligini veya bazikligini test eder.
e [Etkinlik sonuglarini rapor eder.
Stre: 30 dakika
Dersin Islenigi:
“Haydi Sihir Yapalim!” etkinligiyle beraber gelistirilen bir etkinliktir. Ogrencileri
indikatorler hakkinda daha detayli bilgilendirmek amaciyla «Kirmizi Lahananin Sihri »
etkinligini gerceklestirmeden 6nce, dgrencilere kirmizi lahananin da glnltk hayatta
karsilastigimiz bir indikatér oldugunu belirterek kirmizi lahananin asidik ve bazik
ortamda hangi renkleri aldigint gézlemleyecekleri bir gosteri etkinligi sunacaginizi

belirtiniz.
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Bu etkinlik i¢in, kirmizilahana suyu daha 6nceden hazirlamaniz gerekmektedir. Bunun
icin kirmizilahanadan bir miktar keserek tencereye koyarak tizerine yeteri miktarda su
ilave ediniz. Yarim saat kadar kaynamaya birakiniz ve ilittiktan sonra da elde ettiginiz
kirmizilahana suyunu stziniz. Seritler halinde kestiginiz stizge¢ kagitlarint (kahve
filtre kagitlart da kullanabilirsiniz) genis bir kaba koyarak, lahana suyunu iyice
emmesini saglayimniz. Lahana suyunu iyice emen stizge¢ kagitlarinin kurumalarim
saglayiniz. Boylelikle, kirmizilahana suyundan elde edilen kirmizi lahana indikator
kagitlarin1 6grencilerin gerceklestirecegi etkinlikler i¢in hazitlayiniz, kagitlar kapali bir
zarfa koyarsaniz daha uzun vadede kullanabilirsiniz. Kirmizilahananin suyunu ders il

etkinlikte kullanmak tizere buzdolabinda saklayiniz.

Adim 1: Adim 2:

Adim 3:

Adim 5:

o ’ o .
pH=1 pH=2 pH=3 pH=4 pH=5 pH=6 =7 pH=8 pH=9 ,,H-1o pH=11 H=12
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Ders esnasinda izlenecek adimlar:

>

Ogrenciler kendi malzemelerini test etmeden 6nce siz kirmizilahananin asidik
ve bazik ortamda aldig1 renkleri gbstermek i¢in bir tiplik igerisine bir kag tane
tip koyarak 6grencilerin renk yelpazesini gézlemeleri saglanir.

Kullanilacak olan malzemeler asidik olandan bazik olana dogru siralanir. Bu
malzemeler seyreltik HCI, limon suyu, sitke, herhangi bir meyve suyu, su, suda
¢Ozdurulmiis karbonat, sabun, temizlik malzemelerinden herhangi biri,
seyreltik NaOH seklinde olabilir. Bu malzemeleri en asidik maddeden en bazik
maddeye dogru siralayarak tiiplerin icerisine bir miktar konur ve sonrada her
bir tiipe birka¢ damla kirmizilahananin suyu damlatilarak 6grencilerin renk
degisimini gozlemesi saglanir. Adim 5’ teki gibi bir renk yelpazesi elde edilir (5
dk).

Sadece kirmizilahananin degil, kiraz, Gziim, kirmizi erik, kirmizi sogan, thlamur
cayl, gul. ortanca gigegi, sardunya gibi dogadaki baska maddelerin de asidik ve
bazik ortamlarda farkli renk alarak asit veya baz belirteci olarak kullanildig
belirtilir (5 dk).

Ogrenciler “Kirmizi Lahananin Sihri” etkinligini gerceklestirmeleri igin tesvik
edilir, etkinlik gruplar halinde gerceklestirilir (15 dk).

o Bu ders oncesi 6grencilere, evlerinden asitligini veya bazligint merak
ettikleri  istedikleri malzemeleri test etmek amaciyla derse
getirebilecekleri  belirtilir. Ogretmen de, “Melis’in Bir Glnid”
etkinliginde &grencilerin  yanildiklarnt veya kararsizliga dustikleri
malzemeleri sinif ortamina getirmeye dikkat eder. Ogrencilere, kirmizi
lahana kagidindaki sonucu yorumlayabilmek icin bir 6nceki gosteri
etkinliginden elde edilen renk yelpazesinden vyararlanabilecekleri
soylenir. Indikator kagidint nasil yorumlayacaklart da ifade edilir. Elde
edilen renkten maddenin asidik veya bazik olduguna karar vermeleri
tesvik edilir.

Ogrenciler, etkinlik sonuglarint sinif arkadaslart ile paylasir. Ogretmen, tahtaya
poster asarak onlarin bu sonuglart rapor etmelerine yardimet olur. Ogrenciler,
test edilen maddeleri inceleyerek benzer maddelerin benzer sonug verip

vermedigini incelerler (5 dk).
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0 Ogrencilere test edilen maddeler arasinda onlari sasirtan herhangi bir
sonu¢ var mt diye 6gretmen 6grencilerin distincelerini alir. Neden o
sekilde distiinduklerini actklamalarint ister. “Melis’in Bir Gunt”
etkinligindeki 6grencilerin distinceleri ile bu etkinlikten elde edilen
sonuglardaki celiskili olanlarin iizerinde durun. Ogrenciler hangi
maddeleri asit veya baz gibi dustindiyse onlar belirtip, test

sonuglarinda farklt sonug bulunduguna dikkat ¢ekilir.
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G -5.DILUTED AND CONCENTRATED SOLUTIONS

DERISIK — SEYRELTIK COZELTILER

Limon, zayif bir asit olan sitrik asit icerir. Ogrenciler genellikle kuvvetli — zayif
kavramlarini giinltik hayattaki kullanimlarn ile iliskilendirerek asit ve bazlar acisindan
farkli anlamlar yiikleyebiliyorlar. Bu glinlik hayattan gelen kavram karmasast yaninda
ogrenciler bazen derisik asit dendiginde kuvvetli bir asit veya seyreltik bir asit

dendiginde zay1f bir asit distinmektedir.

Gergeklestireceginiz bu etkinlik 6grencilerin derisik ve seyreltik kavramlarini kuvvetli
ve zayif kavramlanyla kanstirmamast amactyla tasarlanmistir. Cozeltilerde derisim
olayint vurgulamak amaciyla «Asitlerin Kuvveti» etkinliginden 6nce tasarlanmis bir

gosteri etkinligidir.

Etkinlik icin:
Bir limonun suyunu bir behere stkiniz. Bu esnada, 6grencilere asagidaki sorular
iletiniz:
» Sizce limon asidik midir yoksa bazik midir?
» Limonun i¢erdigi bu asidin kuvvetli bir asit mi yoksa zayif bir asit mi oldugunu
disiintiyorsunuz? (Ogrencilerden neden 6yle diisiindiiklerinin aciklamalarint

isteyiniz.)

Ogrencilere limonun zayif bir asit olan sitrik asit icerdigini belirtiniz. Daha sonraki
etkinlikte, kuvvetli ve zayif asitler hakkinda daha detayl bilgiler edineceklerini
belirterek siktiginiz limon suyunu 6grencilere gosteriniz. Bu limon suyuna 10 ml su
ilave edilmesi nasil bir etki yaratacagini Ogrencilere sorunuz; su ilavesiyle limon
suyunun géruntim ve tadrt ile ilgili 6grenciletle tartisiniz. Boylelikle su ilavesinin,
¢ozeltiyi sadece seyrelttigini belirtiniz. Su ilavesiz limon suyunun su ilaveli limon
suyuna kiyasla daha derisik oldugunun vurgusunu yapiniz.

Daha sonra, behere yine 10 ml su ilave ediniz, bu kez ti¢iincti durumun ikinci duruma

kiyasla daha seyreltik oldugunu ve ikinci durumun tigincti duruma kiyasla daha derisik
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oldugunu vurgulayiniz. Deriklik olayinin, kiyaslanan ¢ozeltiye gore nasil degistiginin
vurgusunu yapiniz. Aynt sekilde, bir kez daha su ilave yapildiginda &grencilere
durumlar arasi derisik ve seyreltik ¢6zelti kiyaslamast yaptiriniz.

Ogrencilerden tahtaya bu dért durum arasindaki birim hacme diisen tanecik sayisini
resmetmelerini isteyiniz. Tahtaya asagidaki gibi gosterim ¢izerek, birim hacme disen
tanecik sayisinda nasil bir azalma oldugunun gosterimini agiklayiniz (Limon suyu
modellemesini yaparken, su molekullerini seklin daha basit olmast agisindan
cizmediginizi belirterek, limonun igerdigi taneciklerin daha anlasilir olmast acisindan

da yuvarlak ¢izdiginizi belirtmeyi unutmayin).

Ogrenciletle beraber yapacaginiz limon suyunun seyreltilmesi modellemesi asagidaki

gibi olacaktir:
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Limon 6rneginde oldugu gibi zayif asitler derisik olarak bulunabildikleri gibi seyreltik
olarak da bulunabilitler. Asitlerin veya bazlarin kuvvetli veya zayif olarak
adlandirmanin farkli bir durum oldugunu, kuvvetli veya zayif asitlerin hem derisik hem

de seyreltik halde bulunabileceklerinin vurgusunu yapiniz.
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G - 6. pH ve pOH CONCEPTS

pH ve pOH KAVRAMLARI

Etkinlik: pH ve pOH
Konu: pH ve pOH

1. Asidik maddelerin pH ve pOH 6zellikleri.

2. Bazik maddelerin pH ve pOH 6zellikleri.

3. pH ve pOH degerinin derisimle ilgisi.

4. pH ve pOH arasindaki iligki.
Kazanimlar:

Bilissel Kazanimlar:

Asitlerin pH ve pOH 6zelliklerini tanimlar.
Bazlarin pH ve pOH 6zelliklerini tanimlar.
pH veya pOH degerlerine gore maddeleri birbirinden ayirt eder.
pH veya pOH degerlerini etkileyen etmenleri agiklar.

YV V V V V

Kuvvetli asitler ve bazlarin pH veya pOH degerilerini yorumlar.

Duyussal Kazanimlar:

e pH ve pOH kavramlari ilgisini ¢eker.

o Etkinligi gerceklestirmek igin igbirligi yapar.

Psikomotor Kazanimlar:

e Bircok asidik ve bazik maddenin pH ve pOH degerini rapor eder.
Stire: 1 ders saati
Dersin Islenisi:
Ogrenciler genellikle pH kavramini asitlerin ve bazlarin kuvveti ile iliskilendirir. pH
degeri yiksek asidik bir maddenin zayif bir madde olduguna yonelik 6nyargilar
bulunmaktadir. Onceki béliimde 6grencilerin kuvvetli-zayif asit/baz kavramlarindan
¢ozeltideki iyonlasma yiizdesiifadesini anlamalar gerektigi vurgulanmusti, bu bolimde
ise pH kavraminin ortamdaki hidrojen iyonu derisimi ile ilgili oldugu vurgusu
yapilacaktir. Ogrenciler aynt zamanda bazik ¢ozeltilerin pH degeri olmadigina dair

yanlis bilgilere sahip olabilmekteditler, bunun icin pH kavramini agiklarken bu degerin



307

sadece asidik ¢ozeltiler icin degil ayni zamanda bazik ¢ozeltiler icin de gecerli oldugu
vurgusu yapilacaktir. Bunlarin yaninda, 6grenciler pH degeri 7 olarak verilen bir ¢ézeltt
icin notr cevabi verebilmekte fakat agitklama yapmalart veya tanecik boyutunda ¢izim
yapmalar istendiginde ortamda hi¢ iyon bulunmayacagr gibi yanlis ifadeler veya
cizimler yapabilmekteditler.
» Ders basinda 6gretmen, 6grencilere derisik asit ¢ozeltisini gostererek onlardan
¢ozeltinin pH degeri hakkinda yorum yapmalarini ister. (5 dk)

o Ogrencilere HCl ¢ozeltisini  gosterebilirsiniz.  Ogrencilere  bu
tahminlerini nasil ve neye dayanarak yaptiklarint sorunuz.

o Kirmiz1 lahana veya indikator kagitlarini kullanarak ¢oézeltinin pH
degeri ile ilgili 6grencilerin yorumlarini tartisiniz.

» Elinizdeki ¢ozeltiye bir miktar su ilave ederek seyreklestitiniz ve yine
ogrencilerden ¢ozeltinin pH degeri hakkinda yorum yapmalarini isteyiniz.
(5dk)

o Ogrencilere bu tahminleri nasil yaptiklarint sorunuz.

o Kirmizi lahana veya indikator kagitlarint kullanarak ¢ozeltinin pH
degeri ile ilgili 6grencilerin yorumlarini tartisiniz.

o Bir 6nceki ¢ozeltiyi dustindterek, iki ¢6zelti arasinda ne fark vardir?
sorusu uzerinde yogunlasiniz. Ogrencilerin seyreltme olayini nasil
yorumladiklarini dikkate aliniz, bir 6nceki konu ile ilgili yanlis
ogrenmeler olup olmadigini sorgulayiniz.

»  Ogretmen, 6grencilere az da olsa suyun elektrigi ilettigini, bu iletkenligin az da
olsa iyonlasabilmesinden kaynaklandigini agiklar (5 dk).

o Asit ve bazlarn iletkenlik 6zelliklerini ileriki konularda tartisilacagini
belirtiniz ve sadece suyun kendi iyonlasmasi hakkinda bilgi veriniz.
Suyun iyonlasma tepkimesini gdOstererek bunun izerinden
aciklamalarinizi yapiniz.

» Suyun otoiyonizasyonunu tanecik boyutunda resmederek ogrencilere durum
hakkinda bilgi verir. (15 dk)

o Ogrencilerle saf suyun hem hidronyum hem de hidroksit iyonlarini

icermesine ragmen neden asidik veya bazik olmadigini tartisiniz.
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o Safsuyun 25°C’de 1 litre sudaki iyon degerlerini belirtiniz. Hidronyum
ve hidroksit iyon derisimlerinin esit olmasindan dolayt nétr ¢ézelti
olarak ifade edildigini agiklayiniz.

o Bir 6nceki kimyasal denge konusu ile iliskilendirerek ogrencilerle
beraber hidronyum ve hidroksit arasindaki baglantiyt bulmalarini
saglayiniz.

» Asidik ¢ozeltilerde hidronyum iyon detisiminin, bazik ¢6zeltilerde ise hidroksit
iyon derisiminin daha fazla oldugu ifade edilir. (10 dk)

o Ogrencilerin, iyon dengesini kavramalart icin tahtaravelli 6rnegini

gosterebilirsiniz. Boylelikle, iyon derisimi miktarinin ¢ozelti hakkinda

bilgi verdigini agiklayiniz.

Asidik Cozelti Bazik Cozelti
H{3Oj>10'7M> [OH] Notr Cozelti [H304]<10'7M< [OH]
[H,O +] =10"M= [OH]

» Ogretmen, dgrencilerden derisimlere dikkat etmelerini ister. Bu derisimlerin
cok kiiciik degerler oldugunu 6grencilerin kavramalarini saglayiniz. (10 dk)

o Danimarkali bir biyokimyact olan Soren Sorensen ¢ozeltilerdeki
hidronyum iyon derisimlerini daha basit ifade edebilmek icin bir
6nerme sunmustur. pH ve H;O iyonlart arasindaki baglantt agiklanir.

» Dersin basindaki, ¢6zeltiler hakinda 6grencilerden tekrar yorum yapmalarint
isteyiniz. (10 dk)

o Iki cozelti arasinda pH veya H;O" iyonlart arasinda fark olup
olmadigini belirtmelerini isteyiniz.

o Kirmizi lahana ve indikator kagitlarindaki renk tonu farkini tartiginiz.

o Aym tirden fakat degisik derisimdeki maddelerin pH degetlerinin

farkli olabileceginin 6grencilerin farkina varmalarint saglayiniz.
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» pH ve pOH arasindaki bagintiy1 6grenciletle beraber cikariniz. (15 dk)

o

©)

Indikatotlerin kabaca pH hakkinda bilgi verdiklerini belirtiniz.

Giunlik hayatimizda karsilastigimiz bir¢ok maddenin pH degerlerini
ogrencilerle  beraber tespit etmeye calisiniz. Ogrenciler 6nceki
etkinliklerde kirmizi lahana ile ilgili bircok test yapmuslardi, renk
skalasint kullanarak gtnlik hayatta karsilastiklar maddeleri asitlikten

baziklige dogru siralamalarini isteyiniz. Asagidaki gibi bir tablo

olusturabilirsiniz:

Cozelti pH degeri
Akt asidi 0
Mide asidi 1.4-1.8
Limon suyu 2.1
Sirke 2.9
Sarap 3.5
Domates suyu 4
Sekersiz kahve 5
Eksimil stut 6
Yagmur suyu 0.5
Safsu (25"C) 7
Kan 7.35-7.4
Deniz suyu 8
Sabun, sampuan 8-9
Deterjan 9-10
Camasir suyu 12

Camasir sodast 14
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G -7.STRONG AND WEAKACIDS

KUVVETLI VE ZAYIF ASITLER VE BAZLAR

Etkinlik: Kuvvetli ve zay1f asitler
Konu: Asit ve bazlarnn kuvveti
1. Kuvvetli ve zay1f asit arasinda ne fark vardir?
2. Kuvvetli ve zayif baz arasinda ne fark vardir?
3. Gunlik hayatimizda kuvvetli ve zayif asit ve bazlarin yeri.
Kazanimlar:
Bilissel Kazanimlar:
o Kuvvetli ve zayif asit arasindaki farki aciklar.
o Kuvvetli ve zayif baz arasindaki fark: agiklar.
e Iyonlasma kavramini ifade eder.
Duyussal Kazanimlar:
e Asit ve bazlarn kuvvetli ile ilgili ogrenmelerini grup arkadaslar ile isbirligi
yapar.
o Kuvvetli ve zayif asit veya bazlarn arasindaki farklan tartisir.
Psikomotor Kazanimlar:
o Asitlerin veya bazlarn kuvvetli veya zayif olma farkini tanecik boyutundaki
gosterimini resmeder.
e [Etkinlik sonuglarint rapor eder.
Stire: 120 dakika
Dersin Islenigi:
Ogrenciler genellikle kuvvetli ve zayif asitler arasindaki farki anlamakta zotlanitlar.
Tam olarak kavrayamadiklar icin de dogru olmayan kavramlar gelistirmekteditler.
Ozellikle bu kavramlan, ginliik kullanimdaki kuvvetli ve zayif anlamlariyla
iliskilendirmektedirler; 6rnegin kuvvetli asitlerde tanecikler arasindaki baglarin daha
kuvvetli veya zayif asitlerde tanecikler arasindaki baglarin daha zayif oldugu goriistint

savunmaktadirlar.
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Ogrencilerin bu iki durum arasindaki farki daha iyi anlayabilmeleri icin verilen 6grenci
etkinlikleri ve simiilasyon kullanilacaktir. Similasyon basamaklant adim adim
ogrencilerle tartisarak ilerleyecektir.

» Ogrencilerin ayni derisim ve hacimde asitler kullanilarak gerceklesen tepkime
sonucunda farkliliklar gézlenmesini saglamak amaciyla, Oncelikle yapilan
ogrencilerin “Asitlerin Kuvveti” etkinligini gerceklestirmeleri saglanir.

o Burada amag, 6grencilerin aynt miktarda giren kullanilarak gerceklestirilen
tepkimede sonucunda, olusan madde miktarinda farklilik oldugunu
gozlemelerini saglamaktir. Asitlerin metallerle olan tepkimeleri hakkinda
daha sonra detayl bilgi verilecektir.

» Simulasyonun baslangicinda Ogrencilere neden bazt asitlere kuvvetli veya
bazilarina zayif asit denildigini sorarak onlarnn fikirderini alinz. Bu farks
incelemek igin simiilasyondan faydalanacaklarini belirtiniz. Ogrencilere elimizde
HCI ve HF olmak tizere iki farklt madde bulundugunu belirterek bu maddeleri
teker teker su dolu bir behere aktardiginizda tanecik boyutunda 6grencilerin ne

beklediklerini sorgulayarak onlarin distuncelerini aliniz.

Hydrochloric Acid Hydrofluoric Acid

Hydrochloric Acid Hydrofluoric Acid

» Tanecik boyutunda HCl molekiillerinin sekildeki gibi gorindugunt belirtiniz
(Goruntiiniin daha basit ve kolay anlagilir olmasi acisindan su molekdllerinin
tanecik boyutunda gosterilmedigini ve HCI molekiillerinin renklendirildigini
ifade ediniz.)

Kuvvetli bir asit olan HCI’nin, ortamdaki su molekiilleri ile etkileserek H,O"

iyonlarini olusturdugunu ve %100’e yakin iyonlarina aynstigint belirtiniz.
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Kuvvetlilik kavraminin iyonlagma yiizdesi ile iliskili oldugu vurgusunu yapiniz.
Kuvvetli asitlerde, HCl’de oldugu gibi, tamamina yakin iyonlastigint ve ortamda
baskin sayida H' ve Cl iyon taneciklerinin bulundugunu eser miktarda da olsa
HCI molekdtllerinin bulunabilecegini belirtiniz.

1 litre suya 1 mol HCl molekiilleri ilave edildiginde, ¢cozelti icerisinde 1M H;O"
ve 1 M CI iyonlarinin olusacagint belirtiniz.

Kuvvetli bazlarin da ayni sekilde, %100’e yakin iyonlastiklarini belirtiniz.
Kuvvetli asitler ve bazlarin tamamina yakin iyonlastiklart i¢in ayni zamanda da

kuvvetli elektrolitler olduklarint ifade ediniz.

Hydrochloric Acid Hydrofluoric Acid
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» Zayif bir asit olan HF maddesinde nasil bir durum gerceklesmis olabilecegini
ogrencilere sorarak onlarin distincelerini aliniz. Zayif asitlerin durumunu, zayif
baglara sahip olmasiyla aciklayan Ogrencilere simiilasyon gosterimi sonrast

donerek, aynt distinceyi koruyup korumadigini sorgulayiniz.

HF F H

L (/ ©
HF F- +
Hydrochloric Acid Hydrofluoric Acid

» HF taneciklerinin, HCl gibi, su ile etkilesmeden o6nce molekiller halde
olduklarint gosteriniz. Fakat kuvvetli asitlerden farkli olarak zayif asitlerin
yapilarindaki H iyonlarint suya kismen aktardiklarinin vurgusunu yapiniz.
Ogrencilerden gecen dénemlerde 6grendikleri elektronegatiflik  kavramin
hatirlamalarin isteyiniz ve ne hatirladiklarini sorgulayiniz. Periyodik tablodan F
ve Cl elementlerinin yetlerini tespit etmelerini saglayiniz. H-F, H-CI, H-Br, H-I
baglarinin polarligint karsilagtirmalarint isteyiniz (Elementlerin elektronega tiflik
degerlerini veriniz). Elektronegativite farkinin en biiyik H-F baginda oldugunu
ve en zayif asit oldugunun tespitini 6grencilerin yapmasint saglayiniz (HF, su
molekiilleriyle hidrojen bagt yaptigt icin de serbest H;O™ iyon derisiminin olmast
gerekenden daha az oldugunu, fakat hidrojen bag ile ilgili detayli bilgileri bir
sonraki donemde 6greneceklerini belirtiniz).

1 litre suya 1 mol HF ilave edilmesiyle, HF’in asitlik iyonlasma sabitinden
yaratlanarak iyonlasan madde miktarinin bulunabildigini ve iyonlasma sabitinin
de sicaklikla degistigini belirtiniz. 25°C’de HF icin K, degerinin 7.1x10™
oldugunu ve hesaplama sonucunda da H' iyon derisiminin 2.66x10" M
bulunarak 6grencilere bu degerin 1M’in yaninda oldukga kii¢iik bir sayt olduguna

dikkat etmelerini saglayiniz.
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HF F- He

Hydrochloric Acid Hydrofluoric Acid

Iyonlagma sabiti biiyiik olan asitlerin, daha kuvvetli asit oldugunun 6grencilerin
yorum yapmasini saglayiniz.

Etkinlik sonunda, asidik maddelerde hidrojenini daha kolay veren maddelerin
daha kuvvetli asit ve dolayisiyla da iyonlasma yilizdelerinin de daha biyik
oldugunun vurgunu yapiniz.

Bazik maddeleri¢in de kuvvetlilik kavraminmn iyonlasma ytizdesi ile ilgili oldugu
sonucunu Ogrencilerin tespit etmelerini saglayiniz.

Zayif asit veya bazlarin elektrik akimini iyi iletmediklerini ve bunun nedenini
ogrencilere sorunuz. Elektrik akimini saglayacak iyon sayisi azaldikea, ¢ozeltilerin
daha zayif elektrolit olduklarinin sonucuna varmalarini saglayiniz.

Ogrencilerin “Kuvvetli asit — Zayif asit arasinda ne fark vardir?” etkinligini
gerceklestirmelerini saglayiniz.

o Bu etkinlikte 6grenciler, kuvvetli asit veya zayif asit denildiginde ne
diisiindiiklerini resmetmeye calisacaklardir. Ogrencilerin, ortaya koyduklar
modeller incelenerek, daha kalict ve dogru bir 6grenme icin ve herhangi bir
kavram yanigisinin  olusmamast amactyla modellerin  incelenmesi

onemlidir.
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» Cozunurlik ve iyonlagsma aynt seyleri mi ifade eder sorusu 6grencilere sorulut.
o Bu soruda amag, 6grencilerin ¢6zintrltik kavrami ile iyonlagsma kavramin
birbirinden ayirt etmelerini saglamaktir. Céziinme olgusunu ve iyonlasma
ile farkini ayirt edebilmesi icin 6grencilere sirke 6rnegini vererek sirkenin
asetik asiticerdigini belirtin. Asetik asidin iyonlasma ytizdesi disiik oldugu
icin zayif asit oldugu belirtilir, fakat 6rnegin tursu yapiminda kullanilan
sitkenin az ¢oztundigl séylenebilir mi sorusu sorulur. Coéziinme olayinin
gerceklesebilmesi i¢in maddenin iyonlasmasi sart olmadigy, seker 6rnegini
de vererek sekerin iyonlasmadigi molekiler olarak suda ¢oziindigina
belirtilir. Bunun sonucunda, Ogrencilerin ¢6ziinme ve iyonlasma

kavramlarini birbirinden ayirt etmeleri amaglanir.
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G - 8. THE PROPERTIES OF ACIDS AND BASES

ASITLER VE BAZLARIN OZELLIKLERI

Etkinlik: Asit ve Bazlarin Ozellikleri

Konu: Asit ve bazlarin ozellikleri

1. Asitler ve bazlann genel 6zellikleri.
2. Asitlerin metallerle tepkimeleri.

3. Asitlerin karbonatlarla tepkimeleri.

Kazanimlar:

Biligsel Kazanimlar:

>
>

YV V. V V V

Asitlerin ve bazlarnn fiziksel ve kimyasal 6zelliklerini tanimlar.

Asitler ve bazlan fiziksel ve kimyasal 6zelliklerini kullanarak birbirinden ayirt
eder.

Asitlerin aktif metalletle olan tepkimelerinde hidrojen gazi ¢iktigint aciklar.
Asitlerin karbonatlarla olan tepkimelerinde karbondioksit gazi ¢iktigint agiklar.
Bazlarin genellikle metallerle tepkime vermediklerini agiklar.

Asitler ve bazlarin elektrik iletkenligini agiklar.

Asitler ve bazlarin birbirleriyle tepkimeye girerek tuz ve su olusturduklarini

yorumlar.

Duyussal Kazanimlar:

Asitlerin metallerle olan tepkimeleri ilgisini ¢eker.
Asitlerin ve bazlann elektrik iletkenligi ilgisini ¢ceker.

Etkinligi gerceklestirmek icin isbirligi yapar.

Psikomotor Kazanimlar:

Asitler ve bazlar arasindaki benzer ve farkli 6zellikleri rapor eder.

Suire: 4 ders saati

Dersin Islenisi:

>

Ders basinda 6gretmen, Ogrencilere iki ¢ozelti gostererek bu ¢ozeltilerden

birinin asidik bir ¢ozelti digerinin de bazik bir ¢6zelti oldugunu belirterek bu
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¢ozeltilerden hangisinin asidik ve hangisinin bazik ¢6zelti oldugunu nasil tespit
edeceklerini sorar (5 dk).

o Ogretmen, en son dersle ilgili 6grencilerin neler hatirladiklarini
sorgular. Asidik ve bazik maddelerin turnusol, kirmizilahana, ve
indikator kagitlarinda farkli renk aldiklant icin asidik ve bazik
maddelerin belirlenebilmesini 6grencilerin nasil test ettiklerini hatirlatir.

» Fiziksel olarak bakildigina asidik ve bazik ¢ozeltiyi birbirinden ayirt etmenin
mimkin olmadigini fakat asitleri bazlardan ayiran bircok 6zelliklerin oldugunu
ifade edilir. Asitler ve bazlar arasinda az olan ortak 6zelliklerinden birinin bazi
¢ozeltiler i¢in gérintimlerinin benzer oldugu belirtilir (5 dk).

» Ogrencilere limon yediklerinde nasil tat aldiklart sorulur ve égrenci yanitlart
alinir. Asit kelimesinin Latinceden (acidus) geldigi belirtilerek anlaminin eksi
oldugu ifade edilir. Asitler suda ¢éztindiklerinde eksi tat verdikleri soylenir.
Her gin yedigimiz yiyeceklerden bu tadi tattigimiz ifade edilir. Portakal ve
greyfurt gibi meyvelerin sitrik asit, yogurt ve eksi situn laktik asit, gazl
iceceklerin karbonik asit, sirkenin asetik asit i¢erdigi belirtilir (10 dk).

o “Melis’in Bir Gind” etkinliginin ikinci formatindan yararlanarak
gunltk hayatimizdaki bagka hangi yiyeceklerin hangi asitleri icerdigi
ogrencilerden arastirmalan istenir. Stt ve eksimis stit arasinda fark
oldugu eklenir, siitun normal kosullarda laktik asit icermedigi ama
eksime olay1 basladik¢aicerisindeki laktik asit oranin arttig ifade edilir,
bunun icin stt ve eksimis stt test edilirse farkli sonuglar bulunur. Fakat
ogrencilere laboratuar ortaminda hi¢cbir maddenin tadina bakmamalart
vurgulanir. Bazi kimyasallar zararsiz olduklart gibi bazilannin ise
oldukca tehlikeli ve zehirli olduklan belirtilir. Yiyeceklerdeki asitlerin
seyreltik asit oldugu ve derlyi tahris etmedigi fakat laboratuar
ortaminda bulunan bircok asidin oldukca derisik ve deri ile olan
temasinda ¢ok ciddi yaniklara neden olduklarini vurgulayin.

» Asitlerden farkli olarak bazlarin ise, tatlatinin act oldugu ifade edilir. Yanlislikla
sabunu tatmis olanlarin bu tadr almis olduklar veya mide eksimelerinde yemek
sodast suda ¢ozindurerek icildigi belirtilir, bu yemek sodasinin bazik oldugu

ve act tadt oldugu belirtilir. Ogrencilere bazik olan sabunda her giin ellerini
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yikarken kolayca gozlemledikleri bagka bir 6zellik oldugu ifade edilir. Bazlarin
kayganlik hissi verdikleri eklenir (5 dk).

o Ogrencilere laboratuar ortaminda hi¢bir kimyasal maddeyi tatmamalari
veya dokunmamalar tekrar hatirlatilir.

Asitleri bazlardan ayiran temel O6zelliklerden birinin de metallere olan
davranislart oldugu belirtilir. Ogrencilere, metallerin asidik ve bazik
cozeltilerdeki farklt davraniglarini gostermek tizere gosteri deneyi hazirlanir.

o Bu adimda, 6grencilerin gruplar halinde ¢alismas: tehlikeli olabilecegi
icin Ogrencilerle tartisma ortamu yaratarak metallerle olan tepkimeler
tartisthir.  Laboratuar ortaminin  havalandirma  kosullart  uygun
olmadigindan bazi deneylerin video gosterimleri hazirlanr.

Iki erlen alinarak ayni derisimli olmak iizere birisine HCI
cozeltisi ve digerine de NaOH ¢ozeltisi hazirlanir, ki
erlenin agzina tutturmak tzere de iki balon hazirlanir. Esit
miktarlarda magnezyum serit alarak eflenlerin igerisine atilir
ve balonlar erlenlerin agizlarina tutturulur. Yanda verilen
resimdeki gibi HCI asit bulunan erlende balonun sistigi

gozlemlenir. NaOH ¢6zeltisinde herhangi bir degisiklik

gozlenmez. Erlende meydana gelen tepkimeyi ve degisimin
her 6grencinin gérmesi saglanir (5 dk).

Kalsiyum karbonat icin de ayn1 islemler tekrarlanarak hem HCl hem de NaOH
¢ozeltisine esit miktarda CaCO; konup, etlenlerin agizlarina balon tutturulur.
HCI asit ¢ozeltisinin bulundugu erlendeki balonda yine sisme gozlenir. Erlende
meydana gelen bu tepkimenin her 6grencinin gbzlemlemesi saglanir. NaOH
¢ozeltisinde herhangi bir degisiklik gozlenmez (10 dk).

o Ogrencilere “Melis’in Bir Giini” etkinligi hatirlatilarak bu etkinlikte
Melis’in heykellerdekiasinmalara dikkat ettigi hatirlatiir. Bu etkinligin
ikinci formati Ogrencilerle incelenerek heykellerdeki asinmalarin
asitlerin hangi Ozelliklerinden dolay1 olustugu tartisilir. Asitlerin
karbonatli bilesiklere etki ederek karbondioksit gazi olusturdugu

belirtilir.
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» Ogrencilerin asitlerin magnezyum ve kalsiyum karbonatla olan tepkimelerini
yazmalan istenir. Bu esnada 6gretmen, balonlarin agizlarini sikica baglar (10
dk).

o Balonlarn birinde hidrojen gaz1 ve digerinde ise karbondioksit gazi
bulunur. Baska bir balon da bir 6grenciye verilerek sisirmesi istenir.
Her iki tepkime sonucunda farkli gazlar olustugunu gostermek
amaciyla balonlar aynt noktalardan birakilir. Balonlarin serbest
birakilmasiyla gozlenen degisiklik 6grencilerle tartisilir. Bu etkinlikte
amag, 6grencilerin iki tepkime sonucunda farkli gazlarnn olustugunu
kavramalarini saglamaktir. Olusan tepkimeler tizerinde tartigilir.

» Na metali ile (http://www.youtube.com/watchrv=p8pZzO9IDOWE) ve K

metalinin (http://www.youtube.com/watch?v=gQagFoHOhOg) HCl asit ile

tepkimelerinin videolar 6grencilere gosterilir. Bu metallerin ayni zamanda su
ile de siddetli tepkimeler verdiklerini belirtilir. Bu metallerin ortak noktasi
ogrencilere sorulur (10 dk).

o Ogrencilerden 1A grubu alkali metaller olduklarina dair cevap aranir.
Bir sonraki konu olan elektrokimya konusunda, metallerin aktifligi ile
ilgili daha detaylt bilgiler 6grenecekleri ifade edilir.

» Cu metalinin HCl asit ¢Ozeltisine atarak tepkime vermedigi Ogrencilerin
gormesi saglanir. Nitrik asit ¢6zeltisinde atilan bakir metalinin tepkime verdigi
video (http://www.youtube.com/watch?v=1stvvo4x31E) gosterilir. Bakirin
neden hidroklorik asit ¢ozeltisinde tepkime vermedigi fakat nitrik asit
¢ozeltisinde tepkime verdigi sorulur. Aynt durumun gimis ve civa ic¢in de
gecerli oldugu belirtilir, HCI veya HBr gibi ¢6zeltilerde Ag veya Hg tepkime
vermedigi fakat HNO; ve H,SO, ¢ozeltilerinde tepkime gozlendigi belirtilir
(15 dk).

o Ogrencilerin bu metallerin yarisoy metaller oldugu farkina varmalar
saglanir. Yansoy metallerin HNO; ve H,SO, gibi oksijen igeren
asitlerle tepkime verdikleri ifade edilir. Daha kalici 6grenme igin
videolarla bu tepkimeler desteklenerek 6grencilerin gorsel olarak bu
tepkimeleri izlemeleri saglanir. Nitrik asit ile olan tepkimelerde ¢tkan

gazin hangi gaz oldugunu Ogrencilerin tepkime denkleminden


http://www.youtube.com/watch?v=gQagFoHQhOg
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bulmalart saglanir ve ¢6zeltinin mavi rengi ve gazin kahve renkli olmast
durumu actklanir (3Cu + 8HNO; — 3Cu(NO,), + 2NO + 4H,0).
Oksijenli metallerle tepkime sonucunda hidrojen gazi olusmadigt
asidin igerigine gére SO,, NO,, NO gibi gazlarn aciga ¢iktiklan tespit
edilir.

» Bazik ¢ozeltiler disuntldiginde metallere pek etki etmedikleri gozlendigi
belirtilir. Ogrencilere bu durumda asitler metallere etki eder fakat bazlara etki
etmezler genellemesi yapilabilir mi diye sorulur. Bunun ardindan, HCI ve
NaOH ¢ozeltilerine Al metali atilir. Bu durumda, 6grencilerin her iki ¢ozeltide
de tepkime oldugunu gézlemeleri saglanir. Bu durumun, ¢inko veya kalay gibi
diger metaller i¢in de gegetli oldugu belirtilir. Bu metallerin neden hem asidik
hem de bazik ¢o6zeltilerde tepkime verdikleri sorgulanir (10 dk).

o Ogrenciletin bu metallerin amfoter metaller olduklarini hatiflamalar
saglanir. Zn, Sn, Cr, Pb, Al gibi amfoter metaller hem asidik hem de
bazik ¢oOzeltilerden etkilenitler. Amfoter metalleri daha iyi
hatirlayabilmeleri i¢in 6grencilere “Zengin Sinan Carsidan Pabug Aldi”
cumlesini s6yleyiniz. Boylece, bazik ¢ozeltilerin genel olarak metallere
etki etmedigi fakat NaOH veya KOH gibi kuvvetli bazlarin Zn veya Al
gibi amfoter metallere etki ederek hidrojen gazi olusturdugu
vurgulanir.

» Asitve bazlarin bagka bir ortak 6zelligi olan elektrik iletkenligi hakkinda bilgi

vermek amactyla bir video kullanilacaktir (http://www.voutube.com/

watchPv=4WillWijxRWw&feature=related). Elektrik iletimi ile ilgili 6grencilere
ne distnduklerini sorarak, asidik ve bazik ¢ozeltiler kullanilarak bir diizenek
kuruldugunda elektrik akimi saglanir mi hakkinda onlarnn dustinceleri alinir (15
dk).

o Burada amacg, iyon hareketiyle elektrik akiminin iletildiginin
belirtilmesidir. Videoda hem kuvvetli hem de zayif ¢ozeltiler
kullanilmistir. Neden bazt ¢ozeltilerin elektrigi daha iyl ilettigi
ogrencilere sorulur. Yorum getiremeyen 6grencilere kuvvetli veya zayif
asit olup olmamalart sorulur, bu durum nasil aciklanabilir diye 6grenci

yorumlart alinur.


http://www.youtube.com/%20watch?v=4WillWjxRWw&feature=related
http://www.youtube.com/%20watch?v=4WillWjxRWw&feature=related
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> Son ozellik olarak, asit ve bazlarin birbitletiyle tepkimeye girerek notrlesme
tepkimesi vermesi ve tepkime sonucunda da genellikle tuz ve su olusturmasina
deginilecektir. Bunun icin aym derisimdeki asit ve baz c¢ozeltilerinden
yaratlanilacaktir. Notrlesme tepkimesinin gozlenebilmesi ig¢in metiloranj
kullanilacaktir. Bir behere bir miktar NaOH c¢6zeltisi ve baska bir behere de
HCI ¢ozeltisi koyunuz. HCI ¢6zeltisine birka¢ damla metiloranj damlatarak
ogrencilerin pembe rengi aldigini gézlemelerini saglayiniz. Daha sonra HCI
bulunan behere NaOH bulunan beherden yavas yavas ilave ediniz.
Ogrencilerin bu degisimi gézlemeleri saglanir. Bazik ¢ozeltiden eklendikee
neden renk degisimi gozlendigi tartisilir (20 dk).

»  Ogrenciler “Notrlesme Nedir?” etkinligini gerceklestiritler (20 dk).

o Ogrenciler, etkinlik esnasinda tanecik boyutunda gerceklesen olaylari
ortaya koymaya ¢alisacaklardir. Tanecik boyutunda neler olustugunu iyi
bir sekilde kavrayan 6grencilerin 6grenmeleri daha kalict olmaktadir.
Bunun igin, 6gretmen 6grencilerin ¢izdigi modelleri dikkate alarak
onlarin eksiklerini veya yanlislarint gidermeye yonelik etkinlikleri
gerceklestirecektir.

»  Ogrencilerin “Kek Nasil Kabarir?” etkinligini gerceklestirirler (20dk).

o Burada amag, karbonatin nétrlesme tepkimesini gbzlemleyerek gunlitk
hayattaki durumlarla iliskilendirmek. Bu etkinlikte “Melis’in Bir Gind”
etkinligine deginerek mide problemlerinde kullanilan bazi ilaglarn
bazik oldugu ve mideyi rahatlatmak icin kullanildigi belirtilir.
Karbonatin da bazik bir ¢ozelti olusturdugu icin mideyi rahatlattig
belirtilir.

> Ogrencilere, kabartma tozu ve karbonat arasindaki farklilik hatirlatilir. Onceki
etkinliklerde kabartma tozu ve karbonat kirmizilahana kagid: ile test
edildiginde farkli sonuglar elde edilmisti, bu bilgi gtinliik hayattaki olaylara nasil
yorumlanabilir 6grenciletle tartisilir. Kek gibi yiyeceklerde kullanilan kabartma
tozu ve karbonatin arasinda pH farkinin oldugu bilmek 6grencilerin ne isine
yarar sorusunu sorulur.

O Kabartma tozunun sulu ¢ozeltisi nétr’e yakin ve karbonatin sulu

¢ozeltisi ise bazik oldugu tespit edilmistir; bunun icin kek yapiminda
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kullanilan malzemelerin farklilastigr belirtilir. Karbonat bazik bir
madde oldugu igin agizda act bir tat birakir. Bundan dolay1, kek
yapiminda karbonat kullanilacaksa tadini nétr yapmak igin limon suyu
veya yogurt gibi asidik maddeler kullanilir; fakat kabartma tozu
kullanilacaksa kek yapiminda bu sekilde asidik maddeler
kullanilmamalidir ¢iinkit bu asidik maddeler kekin tadinin eksi
olmasina neden olurlar. Kabartma tozunun icinde karbonatla birlikte
asit duzenleyici maddeler oldugu icin tadt ne eksi ne de acidir bilgisi

verilir.
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G -9.TITRATION

TITRASYON

Ogrenciler titrasyon olayint anlamakta bazen zotlanmaktadirlar. Titrasyonun bir nevi
kontrollii bir notrlesme tepkimesi olarak diisiinmelerini isteyiniz. Ogrencilerin
titrasyon olayin1  daha iyi kavrayabilmeleri icin, iki asamali bir etkinlik
gerceklestirilecektir. Ogrencilerin, titrasyon olayini daha iyi anlamalart ve tanecik
boyutunda neler gerceklestigini kavrayabilmeleri i¢in bir gosteri deneyi ve similasyon
kullanilacaktir. Gosteri deneyi igin titrasyon diizenegini kurunuz ve 0.2 Mlik bir
sodyum hidroksit ¢6zeltisi ve derisimi bilinmeyen hidroklorik asit ¢Ozeltisini
hazirlayiniz. Gosterilecek olan  simiilasyon ile paralellik gostermesi agisindan
kullanilacak olan hidroklorik asit ¢ozeltisini 0.1 M olarak hazitlayiniz (Ogrencilere
hidroklorik asit ¢ozeltisinin derisimini bildirmeyiniz).

Simiilasyondaki gibi 60 ml hidroklorik asit ¢ozeltisinden ve 50 ml 0.M sodyum
hidroksit ¢ozeltisinden kullanarak duzenegi ayatlayiniz. Titrasyon dizeneginde
gerceklestirdiginiz her adimi es zamanli olarak simulasyonda da gergeklestiriniz.
Simiilasyon asamasinda asagida belirtilen adimlarn 6grenciletle tartisiniz:

» Tk durumda égrencilerin simiilasyonu tanimalart icin biraz sure veriniz
(simtilasyonda belirtilen taneciklerin gercekte renkli olmadiklarini, daha anlasilir
olmast i¢in simitilasyonda renklerin kullamldiginin vurgusunu yapiniz; durumun
daha basit olmast i¢in de su molekillerinin ihmal edilerek gosterilmedigini
belirtiniz).

Tanecik boyutunda verilen birim hacim kesitinin etflenmayerden alindigin
gosteriniz. Hidroklorik asidin kuvvetli bir asit oldugu igin, hidroklorik asit
molekillerinin su igerisinde %100’e yakin iyonlastigini 6nceki boliimde
ogrendiklerini hatirlatiniz.

Cozeltiye NaOH ilave edildikge, grafikteki pH degerini ve tanecik boyutundaki
degisimleri gbzlemelerini isteyiniz.

Simiilasyonda, ifade edilmemis fakat her adimda &grencilere pH ile pOH
arasindaki iliskiyi hatirlatarak, ilk altt durum i¢in ortamdaki OH" iyonlarnnin ve

son iki durum igin de H" iyon derisimini sorgulayiniz, bu durumu agiklamalarini
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isteyiniz.

10 15 20 25 30 35 40
Volume of NaOH added

» Ikinci durum igin, titrasyon diizeneginde 5 ml NaOH c¢ézeltisinden HCl
¢ozeltisine ilave ediniz. NaOH ilavesiyle erlende nasil bir degisiklik oldugunu
simiilasyon yardimiyla 6grencilerle tartisiniz. Ogrencilerden 1.durum ile simdiki
durum arasinda nasil bir fark gézlemlediklerini sorunuz. Ogrencilerin NaOH
ilavesiyle asagida belirilen durumlarin farkina varmalarini saglayiniz:

HCl + NaOH — NaCl + H,O tepkimesine gore,

NaOH ¢ozeltisinden gelen OH' iyonlarinin ortamdaki H' iyonlariyla

etkileserek su molektllerinin olusmast

NaCl tuzunun olustugunu fakat bu tuzun ¢ozelti igerisinde iyon tanecikleri

olarak bulunmast

Grafikteki pH degerindeki degisim, OH" iyonlarinin derisimi

10 15 20 25 30 35 40
Volume of NaOH added
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»  Ucgiincii durumda, 5 ml daha NaOH ¢6zeltisinin ilavesiyle eflendeki ¢ézeltide
nasil bir degisim gozlendigini similasyon yardimiyla Ogrencilerle tartisiniz.
Ogrencilerin NaOH ilavesiyle asagida belirilen durumlarin farkina varmalarini
saglayiniz:

HCl + NaOH — NaCl + H,O tepkimesine gore,
NaOH ¢ozeltisinden gelen OH' iyonlarinin ortamdaki H' iyonlariyla
etkileserek su molekillerinin olusmast ve bir 6nceki duruma gore su
molekullerindeki artis
NaCl tuzunun olustugunu fakat bu tuzun ¢ozelti igerisinde iyon tanecikleri
olarak bulunmast ve bir 6nceki duruma gére Na ™ iyonlarindaki artis
Grafikteki pH degerindeki degisim, OH iyonlarinin derisimi

0.00E 13.00

- (Add 5.00 mL) 11.00
'l of NaOH
] 9.00

0.200M S 7.00
5.00

10 15 20 25 30 35 40
Volume of NaOH added

70.0 mL

HCI solution

» Dordunct durumda (Besinci ve Altinct durumlar icin aynt sekilde tartisiniz ), 5
ml daha NaOH ¢o6zeltisinin ilavesiyle erlendeki ¢ozeltide nasil bir degisim
gdzlendigini simiilasyon yardimiyla 6grencilerle tartisiniz. Ogrencilerin NaOH
ilavesiyle asagida belirilen durumlarin farkina varmalarint saglayiniz:

HCl + NaOH — NaCl + H,O tepkimesine gore,
NaOH ¢ozeltisinden gelen OH iyonlarinin ortamdaki H' iyonlariyla
etkileserek su molekillerinin olusmast ve bir 6nceki duruma gére su
molekiillerindeki artis ve H' iyonlarindaki azalma
NaCl tuzunun olustugunu fakat bu tuzun ¢ozelti igerisinde iyon tanecikleri

olarak bulunmast ve bir 6nceki duruma gére Na ™ iyonlarindaki artis
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Grafikteki pH degerindeki degisim, OH iyonlarinin derisimi

(1.40)

10 15 20 25 30 35 40
Volume of NaOH added

75.0 mL

HCI solution

10 15 20 25 30 35 40
Volume of NaOH added

80.0 mL
HCI solution

10 15 20 25 30 35 40
Volume of NaOH added

85.0 mL
HCI solution
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»  Yedinci durumda, 5 ml daha NaOH c¢ozeltisinin ilavesiyle etflendeki ¢ozeltide
nasil bir degisim gozlendigini similasyon yardimiyla Ogrencilerle tartisiniz.
Ogrencilerin NaOH ilavesiyle asagida belirilen durumlarin farkina varmalarini
saglayiniz:

Bu durumda, ¢ézeltide bulunan H' ve OH iyonlarinin derisiminin esit
oldugunu ifade ediniz (Simiilasyonda belirtiimemesine ragmen, O6nceki
derslerden suyun iyonlasmast konusunu hatirlamalarini isteyiniz) ve bundan
dolayt bu andaki ¢o6zeltiye notr ¢ozelti denildigini ve bu noktaya da
esdegerlik noktast denildigini belirtiniz. Ogrenciler genellikle bu durumu,
pozitif ve negatif iyonlarin esit olmast veya ortamda H" ve OH iyonlarinin
bulunmamast olarak yorumlarlar. Bu tur yanlis kavramalara meydan
vermemek icin 6grencilerin bu durumu iyice anladigindan emin olunuz.

Kuvvetli asit ve kuvvetli baz tepkime sonucunda olusan tuz, notr bir tuzdur;
asidik veya bazik bir tuz olusmadigt i¢cin ortamin pH degerinin 7 oldugunu,
fakat daha sonraki derslerde zayif — kuvvetli asit ve baz tepkimelerinde

ortamin pH degerinin 7 olmadigt durumunu 6greneceklerini belirtiniz.
: R

‘ Add 5.00 mL) 11.00
1 of NaOH

9.00

I 7.00

5.00
3.00

1.00

(1] 10 15 20 25 30 35 40
Volume of NaOH added

Gergeklestirilen titrasyonda ¢ozelti hala renksiz oldugu igin esdegerlik noktasinin
tespitinin zor oldugunu Ogrencilere belirtiniz. Damla damla NaOH ¢6zeltisinden
ilave ederek renk degisiminin gerceklestigi hacmi not ediniz. Bu noktaya ise doniim
noktast denildigini belirtiniz. Indikatérlerin bu doniim noktasint belirlemekte

yardimc1 olduklarint ifade ediniz. Teoride esdegerlik noktasi ile doniim noktasinin
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esit oldugunu, fakat pratikte kiicitk oynamalar oldugunu deney esnasinda onlarin da

gozlemledigini belirtiniz.

Doéntim noktasinin belitlenmesi ile derisimi bilinmeyen HCI asit ¢6zeltisinin

derisiminin tespiti burada elde edilen hacim ile hesaplandigint belirtiniz. Cinki bu

noktada, harcanan baz miktar ile baslangicta var olan asit miktarn esitlenmistir.

»  Sekizinci durumda (son durumu da benzer sekilde tartisiniz), esdegetlik noktast
sonrast 5 ml daha NaOH ¢6zeltisinin ilavesiyle etlendeki ¢6zeltide nasil bir
degisim gdzlendigini simiilasyon yardimiyla 6grencilerle tartisiniz. Ogrencilerin
NaOH ilavesiyle asagida belirilen durumlarin farkina varmalarini saglayiniz:

NaOH c¢ozeltisinden gelen OH iyonlan ile ortamdaki OH’ iyonlarindaki
artis

NaOH ¢ézeltisinin ilavesiyle, Na " iyonlarindaki artis devam etmekte fakat
ortamda tuz olusturacak Cl iyonlarinda degisim olmadigi icin tuz
olusumunda artis gézlenmemektedir

Grafikteki pH degerindeki degisim, H" iyonlarinin derisimi

NaOH ¢6zeltisinin ilavesinin devam etmesiyle, erlendeki ¢6zeltinin bazik 6zelligi
artmaktadir. Ortamda OH' iyonlannin dstunligh oldugu icin ¢ozelti bazik bir
¢ozeltidir; fakat ortamda eser miktarda da olsa suyun iyonlagsmasindan kaynaklanan
H" iyonlarinin varligt devam etmektedir. Ogrencilerden bu iyon derisimini

bulmalarint isteyiniz.

13.00

Add 5.00 mL | 11.00
of NaOH
9.00

(12.02)

10 15 20 25 30 35 40
Volume of NaOH added

95.0 mL

solution
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10 15 20 25 30 35 40
Volume of NaOH added

100.0 mL

solution

Titrasyonun sadece kimya bilimi kapsaminda degil bir¢ok diger alanda da kullanildigim
ifade ediniz. Diger bilim alanlarinda da titrasyonun degisik amaclar i¢cin kullanildigint
belirtiniz. Titrasyon isleminin laboratuarlarda kan ve idrardaki bilinmeyen madde
derisimini tespit etmek amactyla siklikla kullanildigint belirtiniz. Eczacalarin da yeni ilag
tretiminde de titrasyon islemine basvurduklarini ekleyin. Ayni zamanda, yiyeceklerdeki
kimyasallarin miktarint belirlemek amaciyla titrasyona bagvuruldugunu, bunun icin
yiyeceklerin yagicerigini, su igerigini veya vitaminlerin derisimininin titrasyon ile tespit
edildigini ifade ediniz. Bunun yaninda, dagitima ve satisa ¢itkmadan 6nce peynir ve
sarabin yeterince yillanip yillanmadigini test etmek igin titrasyon isleminin

kullanildigini belirtiniz.
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APPENDIX H

AN EXAMPLE OF TRADITIONAL GROUP LESSON PLAN

GELENEKSEL GRUP DERS PLANI ORNEGI

Konu: Asitler ve Bazlar tnitesine giris

Kazanimlar:

>

YV V. VY V

>

Gunlik hayatta bir¢ok asidik maddelerle karsilastigin fark eder.
Gunlik hayatta bir¢ok bazik maddeletle karsilastigint fark eder.
Asit ve bazlari kavrar.

Degisik asit-baz tanimlarini kullanarak asit ve bazlari tanimlar.
Farkli asit-baz tanimlarinin ayrimini yapar.

Asidik ve bazik maddelerle ilgili ornekler verir.

Sure: 3 ders saati

Dersin Islenisi:

>

Ogretmen, 6grencilere asit ve bazik maddelerle giinliitk hayatta kargilasip
karsilasmadiklarini sorar. (5dk)

Ogrencilerin goriislerini alan 6gretmen, asidik ve bazik maddelerin giinliik
hayatta siklikla karsilastiklarini belirtir. (5dk)

o Ogrencilere limon, elma, sirke, akii veya meyve gibi asidik madde
ornekleri ve sabun, karbonat, dis macunu ve deterjan gibi bazik madde
ornekleri verilir.

Ogretmen, ogrencilere ikinci sirim “Melis’in Bir Gunu” adli etkinlik
okumasint dagitir. (10dk)

o Okuma etkinliginde 6grencilerin giinlitk hayatta karsilasabilecekleri
asidik ve bazik maddeleri bulmalarint ve agtklamalarint okumalarini

isteyiniz.
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» Ogretmen daha sonra asitlerin ve bazlarin tanimlar ile ilgili bilgi verir.
Oncelikle Arrhenius asit-baz tanimi agiklanir. (20dk)

o Hangi maddelere asit ve hangi maddelere baz dendigini, bununla ilgili
ogrenci gorislerini aliniz.

o Arrhenius asit-baz tanimini agiklayiniz. Asitlericin HCI, H,SO,,
HNO,, HBr ve HI ve bazlar i¢in de NaOH, KOH, Mg(OH),, ve
Ca(OH), 6rneklerini verebilirsiniz.

o Daha sonrasinda, 6grencilere CH,, NH; ve CH;COOH bu maddelerin
asitligi ve bazligi hakkinda ne séyleyebileceklerini sorunuz.

o Tahtaya NH; ve HCI arasindaki tepkimeyi yazarak, bu tepkimede
amonyak’in baz olarak davrandigindan bahsediniz. Arrhenuis ast-baz
tanimindaki eksiklikleri 6grencilere agiklaymiz.

»  Ogretmen, Bronsted-Lowry asit-baz tanimi ile ilgili agiklamalar yapar. (40 dk)

o Bronsted-Lowry asit-baz tanimin1 6grencilere agiklamak i¢in
ogrencilere birgok asit-baz tepkime 6rnegi gosterilir.

o Ogrencilere, konjuge asit-baz ciftleri ile ilgili aciklamalar yapilir. Ornek
tepkimelerdeki konjuge asit-baz ¢iftlerini 6grencilerin bulmalarint
isteyiniz.

o Brinsted-Lowry asit-baz taniminin eksiklerinden bahsediniz ve
aciklayiniz.

»  Ogretmen, Lewis asit-baz tanimu ile ilgili agtklamalar yapar. (15 dk)

o Lewis tanimint vermeden once 6grencilere, Lewis elektron-nokta
yapisint hatirlatmak i¢in tahtaya birkag¢ 6rnek yaziniz ve 6grencilerin bu
yapty1 hatirlayip hatirlamadiklarini sorunuz.

o Ogrencilere, Lewis elektron-nokta yapisint hatirlatmak icin birkag
ornek tuzerinde agtklama yapiniz.

o Daha sonrasinda, Lewis’in asit-baz tepkimelerinde elektron cifti
ozelligini kesfederek elektron cifti alan ve veren tizerinden asit-baz
tanimint genislettiginden bahsediniz.

> Ogrencilere, asit-baz tepkimeleri yazdirarak, bir maddenin ti¢ tanim
cercevesinde de asit olarak adlandirilabilecegi 6rnekleri veriniz. Arrhenius asit-

baz tanimint veya Bronsted-Lowtry asit-baz taniminin yanlis olmadiklarini
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sadece baz1 asit-baz tepkimeleri ele alindiginda eksiklerinin oldugundan
bahsediniz. (15 dk)

» “Asitve Baz Tanimlarinin Tarihgesi” isimli etkinlik okumasini 6gtencilere

dagitiniz. (10dk)
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APPENDIX I

SOME EXAMPLES OF STUDENTS’ RESPONSES FOR ACTIVITIES

ACTIVITY - ACIDS AND BASES
1) What do I know?
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2) What I want to know?
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o Bldillorie sl oreWildecian

Example 2

é&,&;fﬂ,&(« 'j”%)-ﬁf“?"'"’?‘z‘%lﬂ be o p;é/ -Wﬂ

oldAa. T

Pdort bonpl & e e
b7 sl fopils w0 babr S
s bl

8“4 W bihe ZCG"‘%MW é;f:’ié’ { vf&’! A,
(45 . TS ool PP

Glre cHN ¥

i

334




335

Example 3
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3) What I have learned?
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ACTIVITY — A DAY WITH MELIS

Step 1 — Student Prior Individual Ideas for Substances

Example 1
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Step 2 — Student Posters
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Step—3
Student responses for the acidic and basic substances in their everyday lives (the first
question)
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Example 5
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Student responses for the most interesting sections in the activity
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ACTIVITY — LET’S DO MAGIC!

Two shots from the groups

ACTIVITY — THE MAGIC OF RED CABBAGE
The color rainbow of red cabbage (the first picture) and red cabbage paper’s color

change with the material the students used in the activity (the second picture).

T
=

ACTIVITY — HOW CAUSES A CAKE TO RISE?
The students conducted an activity related to the properties of acids, observing the
differences between baking soda and baking powder (the first picture) and the

reaction between baking soda and vinegar (the second picture).
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APPENDIX J

KEYWORD LIST

LIST OF KEYWORDS
o Science Education
o Chemistry Education
o Constructivism
o Conceptual Change
o Learning Cycle
o 5E model of instruction
o Alternative Conceptions
o Acids
o Bases
o0 Neutralization
o Indicators
o Properties of Acids and Bases
o Motivation
o0 Motivation to Learn

o Various combinations of these keywords
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