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ABSTRACT

EFFECTIVENESS OF CONTEXT BASED INSTRUCTION ON 10™ GRADE
STUDENTS’ UNDERSTANDING OF FOSSIL FUELS AND CLEAN
ENERGY RESOURCES TOPICS AND THEIR ATTITUDES TOWARD
ENVIRONMENT

I¢6z, Omer Faruk

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

Supervisor: Prof. Dr. Omer Geban

July 2016, 148 pages

The purpose of the this study was to investigate the effectiveness of context-based
instruction as compared to the traditional instruction on 10" grade high school
students’ understanding of fossil fuels and clean energy resources topics and their
attitudes toward environment. The effect of school type was also investigated. A
quasi-experimental pre-test-post-test control group research design was used for that
purpose. A total number of 113 10" grade students of two different types of high
schools were the participants of the study. Experimental group students were
instructed with context-based instruction whereas control group students were
instructed with traditional instruction through six weeks. Fossil Fuels and Clean
Energy Resources Achievement Test and Attitude toward Environment Scale were
used as pre-tests and post-tests in the experimental and control groups. Student

Questionnaire about Context Based Instruction was used as a post-test in the



experimental group. Furthermore, Science Process Skills Test was used as a pre-test
in both groups. In statistical analysis MANCOVA was conducted and the main
effects of treatments, school types, and their interaction effects were investigated.
The results showed that in comparison to the traditional instruction, the context-
based instruction was superior on students’ achievement and attitudes toward
environment. The interaction effects between treatment and school type were
significant for attitudes toward environment but not significant for achievement. A

significant school type difference was not found.

Keywords: Context-Based Instruction, Chemistry Education, Fossil Fuels and Clean

Energy Resources, Attitudes toward Environment, School Type
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0z

BAGLAM TEMELLI OGRETIMIN 10. SINIF OGRENCILERININ FOSIL
YAKITLAR VE TEMiZ ENERJI KAYNAKLARI KONUSUNU
ANLAMALARINA VE CEVREYE YONELIK TUTUMLARINA ETKISININ
ARASTIRILMASI

I¢6z, Omer Faruk

Doktora, Ortadgretim Fen ve Matematik Egitimi Bolimii

Tez Yoneticisi: Prof. Dr. Omer Geban

Temmuz 2016, 148 sayfa

Bu caligmanin amaci baglam temelli 6gretimin geleneksel 6gretime gore 10. simif
ogrencilerinin fosil yakitlar ve temiz enerji kaynaklart konusundaki basarisina ve
cevreye karsi tutumlarina olan etkisini arastirmaktir. Okul tiirliniin etkisinin de
arastirildig1 bu arastirmada yar1 deneysel on-test son-test kontrol gruplu arastirma
deseni kullanilmistir. Aragtirmaya iki farkli liseden toplam 113 10. sinif 6grencisi
katilmistir. Alt1 hafta siire ile deney grubunda baglam temelli 6gretim, kontrol
grubunda ise geleneksel 6gretim uygulanmustir. Fosil Yakitlar ve Temiz Enerji
Kaynaklar1 Bagar1 Testi ve Cevre Tutum Anketi deney ve kontrol gruplarinda 6n-test
ve son-test olarak uygulanmistir. Baglam Temelli Ogrenme Hakkindaki Ogrenci
Gorlis Anketi sadece deney grubunda son-test olarak uygulanmistir; ayrica Bilimsel
Islem Becerileri Testi her iki grupta da dn-test olarak uygulanmistir. Ortak Dagilimin

Cok Degiskenli Analizi (MANCOVA) istatistiksel yontemi kullanilarak veriler

vii



analiz edilmistir. Ogretim metotlarmin ve okul tiiriiniin ana etkileri, bununla birlikte
bu bagimsiz degiskenlerin etkilesimleri de arastirilmistir. Elde edilen sonuglar
baglam temelli 6gretimin geleneksel 6gretime gore 6grencilerin basarisinda ve
cevreye yonelik tutumlarinda daha iistiin oldugunu gdstermistir. Ogretim metodu ve
okul tiiriiniin etkilesimleri 6grencilerin ¢evreye yonelik tutumlar tizerinde
istatistiksel olarak anlamlidir; ancak 6grencilerin basaris1 tizerinde istatistiksel olarak
anlamli degildir. Okul tiirii arasinda istatistiksel olarak anlaml1 bir farki

bulunamamustir.

Anahtar Kelimeler: Baglam Temelli Ogretim, Kimya Egitimi, Fosil Yakitlar ve

Temiz Enerji Kaynaklari, Cevreye Kars1 Tutum, Okul Ttirti
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CHAPTER 1

INTRODUCTION

Science education is very important for almost every moment of our daily lives and
has crucial effects on people’s quality of lives, health, life styles and environment. In
solving the problems about political, social and economic issues as individuals and
societies, we need the guidance of science and we can only make informed decisions
about those problems through understanding science. However, there have been a lot
of problems about science education in the world. To illustrate, over-load of
curricula, insufficient and poor teacher training programs, assessment problems, lack
of resources and technological devices and ineffective way of instructions are some
of the problems about science education. Among those problems mentioned above,
the present study mainly focused on the method of instruction since it seems likely
that the method of instruction affects the whole education process and constitutes the

fundamental of teaching and learning.

Even though the world changes rapidly, the changes in the pedagogical approaches
that are used in chemistry education have been few in the recent decades (King,
2012). In general, the traditional chemistry instructions have been in practice in
chemistry classes in the world. However, in the last decades a new instructional
approach to chemistry education has been put into practice in some countries which
is called as ‘context-based approach’. According to King (2012), it is the context-
based approach when there is ‘an application of the chemistry to real world situation’
in the center of chemistry teaching. In this way, the instruction will be grounded on a
‘need-to-know’ basis, which means that students need to learn the concepts of

chemistry in order to gain the perception of real world situations.



The students often questions how to use the concepts of chemistry they learned in
their daily lives and the need to learn the subjects of chemistry. If they cannot find
the answers to these questions, their motivations and attitudes toward chemistry
decrease, which gives rise to some problems in the educational process. Therefore,
the method of instruction as well as the curricula should satisfy these questions of
students.

Gutwill-Wise (1991) states that there are a lot of weaknesses of traditional science
education, especially when students try to establish a connection between science
and real life problems. Similarly, according to Whitelegg and Parry (1999), science is
taught in school as if it is something abstracted from the real world and it is
something out of our lives. Including active student engagement via student-centered
activities, context-based instruction is an effective way of instruction, and
meaningful learning can be obtained in this way. In context-based instruction, the
main point is concentrating on current issues and permitting students to apply the
skills that they learn at schools to their daily lives as well as fostering them deeper
understandings about concepts of scientific principles (Winther & Volk, 1994;
Yager, 2007; Lee, 2010). The curriculum for context-based instruction was defined
by Kortland (2007) as “practical applications and/or socio-scientific issues act as a
starter for the teaching-learning of science in an attempt to bridge the gap between
the often abstract and difficult science concepts and the world the students live in”
(p.1). Therefore, since real-life contexts are used in context-based instruction, the
replies to students’ questions about where they will use and why they should learn
the chemistry topics can be given. Through context-based instruction, it is expected
that students are aided to understand the usefulness and close relevance of what they
are taught (Bennett, Lubben &Hogarth, 2006). Furthermore, if students understand
the usefulness and relevance of what they are taught, this will probably affect the
students’ affective variables such as attitudes and motivations toward chemistry in a
positive manner in that it results in improving deeper understanding in chemistry
and higher engagement in activities (Bennett, Lubben &Hogarth, 2006). According

to King (2012), context-based chemistry instruction aims “to improve student interest



and motivation in chemistry by connecting canonical chemistry concepts with real-
world contexts”. There are five high scale programmes that used context-based
chemistry instruction in the last two decades all across the world. The main and the
common point of those programs concerning the units in curricula is to begin with a
context. Five programmes were applied in five different countries whose education
systems were completely different from one another. These programs are Chemistry
in Context in the USA, Salters in the UK, Chemie im Kontext in Germany,
Chemistry in Practice in the Netherlands and Industrial Science in Israel (King,
2012).

In the research area, we confront with two main problems. The first one is the lack of
systematic researches about the implementations of context-based instruction
(Taasoobshirazi & Carr, 2008) whereas the second one is the ambiguity in research
results about the effectiveness of context-based instruction on both students’
understandings of science and their affective reactions to science (Bennett et al.,
2006; Taasoobshirazi & Carr, 2008). The previous research studies do not agree on
the idea that the context-based instruction is an effective way of teaching and
improves students’ affective variables positively; instead they present completely
different results that oppose to one another. Medrich, Calderon and Hoachlander
(2003) explains this situation by establishing two reasons which are failing to
implement carefully designed context-based studies due to the need of great efforts
as well as great budget, and failing to include control groups or pre-tests. This
ambiguity in the literature makes the present study important in that it not only
involves a control group and pre-tests and also grounds its conclusions on statistical

procedures.

In the recent decades, researchers are highly interested in context-based instruction
and there are a lot of research studies on this research area. Due to the increasing
interest of the researchers and the ambiguity in previous studies, the findings of the
present study are important for determining the effectiveness of context-based

instruction on students’ understandings of chemistry topics. However, there have not



been many studies conducted in Turkish context enlightening the effectiveness of
context-based instruction. Therefore, the main purpose of the present study was to
investigate the effectiveness of context-based instruction on tenth grade high school
students’ understanding of fossil fuels and clean energy resources topics and their

attitudes toward environment.

The present study is significant in regards to several aspects such as its design, its
variables, the topics it includes, evidence obtained for the effectiveness of
instructional method used and for chemistry teachers, curriculum designers and
policy makers. In the next paragraphs the explanations and the justification for the

significance of the study was briefly discussed.

First of all the present research study includes a design for context-based instruction,
experimental and control groups, comparison of two instructional methods which are
traditional instruction and context-based instruction, pre-tests that assess students’
knowledge about chemistry topics and their attitudes toward environment and
findings supported by statistical analyses. Considering the ambiguous findings of the
previous research studies in the literature as Taasoobshirazi and Carr (2008)
indicated, due to the fact that they do not include pre-tests and control groups as well
as carelessly designs for context-based instruction (Medrich, Calderon &
Hoachlander, 2003), the importance of this study can be appraised. Furthermore, this
study is a well-designed experimental research since students’ prior knowledge on
the subject matters and prior attitudes toward environment and their science process
skills were controlled statistically to equalize the groups. Moreover, this study is
significant in that it focuses on two dependent variables which are chemistry
achievement and attitudes toward environment. By the help of the instruction method
applied, students are expected to improve their chemistry achievement because they

will understand that chemistry concepts are closely related to their daily lives.

The topics taught in this study were fossil fuels and clean energy resources. In
Turkey, it is the first time that these topics have been taught in high school chemistry



lessons and included in the new curriculum. These topics are very important for our
daily and social lives as well as the environment because students will be aware of
how energy is obtained and consumed, how they affect our life, what the alternative
energy resources are and how these resources affect the environment. Besides,
students will gain a deep understanding about the advantages and disadvantages of
fossil fuels and they will have an opportunity to compare different energy resources
and also understand how energy is important for daily life for both individuals and
societies. Moreover, there have not any researches conducted including these topics
in the literature. Therefore, the fossil fuels and clean energy resources topics make
this study significant.

Furthermore, this study is significant because research studies about context-based
approach are not widely conducted in Turkey and the materials developed in the
study can be considered as an example for the context-based instruction which is an
effective instructional method. Besides, the evidence for the effectiveness of this

instructional method is provided by this study in Turkish context.

The present study is also significant for chemistry teachers, curriculum designers and
national education policy makers as well. The study offers a set of materials for
chemistry teachers to use in the chemistry classrooms besides presenting a detailed
information for curriculum designers and national education policy makers about
context-based instruction and the implementation of it in high school chemistry
education. Moreover, this study will also set a basis to discuss the advantages and

disadvantages of context-based instruction.

1.1. Definition of Important Terms

The important terms used in the present study are traditional instruction, context-

based instruction, attitude and achievement. These terms are briefly explained as

follows.



e Traditional instruction

Traditional instruction is a teacher-centered instruction in which teacher uses direct-
lecturing method with few or no demonstrations and discussions resulting in factual
memorization rather than an improvement of higher order thinking skills. It was

defined by Taasoobshirazi and Carr (2008) as “business as usual” in the classroom.

e Context-based instruction

Context-based instruction is a student-centered instruction in which teacher uses real-
life contexts as a starting point and encourages students to learn via establishing
connections between real life and scientific principles and applications resulting in an

improvement of higher order thinking skills rather than factual memaorization.

o Attitude

“An attitude is a psychological tendency that is expressed by evaluating a particular
entity with some degree of favor or disfavor” (Eagly & Chaiken, 1993).

“Attitudes are the feelings, beliefs and values held about an object that may be the
enterprise of science, school science, the impact of science on society or scientists
themselves” (Osborne, Simon & Collins, 2003, p.1053).

“Attitudes are internal beliefs that influence personal actions and that reflect

characteristics such as generosity, honesty, and commitment to healthy living”

(Schunk, 2008, p.287).

e Achievement

Achievement is the measurement of accomplishing the aims of the course by

endeavors.

1.2. Problems and Hypotheses

In this section, the main problems, sub-problems and hypotheses of the research

study will be presented.



1.2.1. The Main Problems and Sub-problems

Three main problems and six sub-problems of the present study are as follows.

1.2.1.1. The Main Problems

Main Problem (1)

Do methods of instruction (context-based instruction versus traditional instruction)
make difference on the collective dependent variables (Fossil Fuels and Clean
Energy Resources Achievement post-test scores and Attitudes toward Environment
post-test scores) of tenth grade high school students when the effects of Science
Process Skills test scores, Fossil Fuels and Clean Energy Resources Achievement
pre-test scores and Attitudes toward Environment pre-test scores are controlled?

Main Problem (2)

Do Anatolian and vocational tenth grade high school students differ on the collective
dependent variables (Fossil Fuels and Clean Energy Resources Achievement post-
test scores and Attitudes toward Environment post-test scores) when the effects of
Science Process Skills test scores, Fossil Fuels and Clean Energy Resources
Achievement pre-test scores and Attitudes toward Environment pre-test scores are

controlled?

Main Problem (3)

Is there any interaction between method of instruction and school type on the
collective dependent variables (Fossil Fuels and Clean Energy Resources
Achievement post-test scores and Attitudes toward Environment post-test scores) of
tenth grade high school students when the effects of Science Process Skills test
scores, Fossil Fuels and Clean Energy Resources Achievement pre-test scores and

Attitudes toward Environment pre-test scores are controlled?



1.2.1.2. The Sub-problems

Sub-problem (1)

Do methods of instruction (context-based instruction versus traditional instruction)
make difference on tenth grade high school students’ conceptual understanding of
fossil fuels and clean energy resources topics when the effects of Science Process
Skills test scores, Fossil Fuels and Clean Energy Resources Achievement pre-test

scores and Attitudes toward Environment pre-test scores are controlled?

Sub-problem (2)

Do methods of instruction (context-based instruction versus traditional instruction)
make difference on tenth grade high school students’ attitudes toward environment
when the effects of Science Process Skills test scores, Fossil Fuels and Clean Energy
Resources Achievement pre-test scores and Attitudes toward Environment pre-test

scores are controlled?

Sub-problem (3)

Do Anatolian and vocational tenth grade high school students differ on their
conceptual understanding of fossil fuels and clean energy resources topics when the
effects of Science Process Skills test scores, Fossil Fuels and Clean Energy
Resources Achievement pre-test scores and Attitudes toward Environment pre-test

scores are controlled?

Sub-problem (4)

Do Anatolian and vocational tenth grade high school students differ on their attitudes
toward environment when the effects of Science Process Skills test scores, Fossil
Fuels and Clean Energy Resources Achievement pre-test scores and Attitudes toward

Environment pre-test scores are controlled?



Sub-problem (5)

Is there any interaction between method of instruction and school type on tenth grade
high school students’ conceptual understanding of fossil fuels and clean energy
resources topics when the effects of Science Process Skills test scores, Fossil Fuels
and Clean Energy Resources Achievement pre-test scores and Attitudes toward

Environment pre-test scores are controlled?

Sub-problem (6)

Is there any interaction between method of instruction and school type on tenth grade
high school students’ attitudes toward environment when the effects of Science
Process Skills test scores, Fossil Fuels and Clean Energy Resources Achievement
pre-test scores and Attitudes toward Environment pre-test scores are controlled?

1.2.2. Hypotheses

Hol: There is no statistically significant overall effect of the instruction methods
taking into account context-based instruction and traditional instruction on the
population mean of the collective dependent variables of tenth grade high school
students’ post-test scores of fossil fuels and clean energy resources topics and
attitudes toward environment when the effects of Science Process Skills test scores,
Fossil Fuels and Clean Energy Resources Achievement pre-test scores and Attitudes

toward Environment pre-test scores are controlled.

Ho2: There is no statistically significant mean difference between Anatolian and
vocational high school students on the population means of the collective dependent
variables of tenth grade students’ post-test scores of Fossil Fuels and Clean Energy
Resources Achievement test and attitudes toward environment when the pre-test
scores of science process skills test scores, Fossil Fuels and Clean Energy Resources

Achievement test scores and Attitudes toward Environment test scores are controlled.



Ho3: There is no statistically significant interaction between method of instruction
and school type on the population means of collective dependent variables of tenth
grade students’ Fossil Fuels and Clean Energy Resources Achievement post-test
scores and Attitudes toward Environment post-test scores when the pre-test scores of
science process skills test scores, Fossil Fuels and Clean Energy Resources
Achievement test scores and Attitudes toward Environment test scores are controlled.

Ho4: There is no statistically significant difference between the post-test mean scores
of tenth grade high school students taught via context-based instruction and who
taught via traditional instruction on the population means of Fossil Fuels and Clean
Energy Resources Achievement post-test scores when the pre-test scores of science
process skills test scores, Fossil Fuels and Clean Energy Resources Achievement test

scores and Attitudes toward Environment test scores are controlled.

Ho5: There is no statistically significant difference on the post-test mean scores
between Anatolian and vocational tenth grade high school students’ understanding of
fossil fuels and clean energy resources topics when the pre-test scores of science
process skills test scores, Fossil Fuels and Clean Energy Resources Achievement test

scores and Attitudes toward Environment test scores are controlled.

Ho6: There is no statistically significant interaction between method of instruction
and school type on tenth grade high school students’ conceptual understanding of
fossil fuels and clean energy resources topics when the effects of Science Process
Skills test scores, Fossil Fuels and Clean Energy Resources Achievement pre-test

scores and Attitudes toward Environment pre-test scores are controlled?

Ho7: There is no statistically significant difference between the post-test mean scores
of tenth grade high school students taught via context-based instruction and who
taught via traditional instruction on the population means of Attitudes toward
Environment post-test scores when the pre-test scores of science process skills test
scores, Fossil Fuels and Clean Energy Resources Achievement test scores and

Attitudes toward Environment test scores are controlled.
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Ho8: There is no statistically significant difference on the post-test mean scores
between Anatolian and vocational tenth grade high school students’ attitudes toward
environment when the pre-test scores of science process skills test scores, Fossil
Fuels and Clean Energy Resources Achievement test scores and Attitudes toward

Environment test scores are controlled.

Ho9: There is no statistically significant interaction between method of instruction
and school type on tenth grade high school students’ attitudes toward environment
when the pre-test scores of Science Process Skills test scores, Fossil Fuels and Clean
Energy Resources Achievement test scores and Attitudes toward Environment test

scores are controlled?
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CHAPTER 2

REVIEW OF RELATED LITERATURE

This chapter includes five sections. In the first section the meaning of context-based
instruction tried to be enlightened. Afterwards, the theories lying behind of context-
based instruction are presented. In the third section, the curriculum projects that
adopted context-based instruction are briefly summarized. In the following section,
international and national research studies about context-based instruction are
presented. The last section of the chapter reviews the affective variable of the study

which is attitude toward environment.

2.1. The Meaning of Context-Based Approach

As a starting point, the meaning of the term ‘context’ will be clarified. Collins
Essential English Dictionary (1990) gives a definition for the term as “the context of
an idea or event is the general information about the time, place, and the situation in
which it occurred, which you need to know in order to understand it fully”. Pearsall
(1999) states the everyday meaning of the word as “the parts that immediately
precede or follow a word or passage and clarify its meaning”. The origin of the word
comes from Latin language in the verb “contexere” which means to weave together
and in the noun form “contextus” means coherence, connection, and relationship
(Gilbert, 2006). Therefore, a context should provide a ‘coherent structural meaning’
for a new thing which is established at a comprehensive framework (Gilbert, 2006).
Besides, Bennett et al. (2005) stated that a context means a social and cultural
environment where students, teachers and institutions take part. In the chemistry

education field, the use of contexts is parallel to the aforementioned descriptions,
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where the chemistry learning is a meaningful thing for students and a connection is
established between chemistry and students’ daily lives (Gilbert, 2006). Duranti and

Goodwin (1992) mentions four characteristics of an educational context;

a. a setting, a social, spatial, and temporal framework within which mental
encounters with focal events are situated,

b. a behavioural environment of the encounters, the way that the task(s),
related to the focal event, have been addressed, is used to frame the talk that
then takes place;

c. the use of specific language, as the talk associated with the focal event
that takes place;

d. a relationship to extra-situational background knowledge (Duranti &
Goodwin, 1992, pp. 6-8)

In the literature, there are several similar terms used, which are “contextual
approach”, “context-led approach”, “context-based approach”, “contextualized
approach”, “context-based teaching”, “context-based learning” (Bennett & Lubben,
2006; Holman & Pilling, 2004; Gilbert, 2006), contextual teaching, contextual
learning and context-based education. Researchers made several definitions about
these related terms and in this section, appropriate ones will be briefly explained. In a
broader context, context-based approach is evaluated as an instructional method
which tries to establish a connection between the subject matter and students’ daily
lives. Medrich, Calderon & Hoachlander (2002, defines contextual teaching and

learning as;

“a conception of teaching and learning that helps teachers relate subject
matter to real world situations; and motivates students to make connections
between knowledge and its applications to their lives as family members,

citizens, and workers” (p.51).
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According to Berns and Erikson (2001);

“Contextual teaching and learning helps students connect the content they
are learning to the life contexts in which that content could be used.
Students then find meaning in the learning process. As they strive to attain
learning goals, they draw upon their previous experiences and build upon

existing knowledge.” (p.2).

Furthermore, about context-based chemistry education Bennett and Lubben (2006)
states;

“... units of the course should start with aspects of the students’ lives, which
they have experienced either personally or via the media, and should
introduce ideas and concepts only as they are needed” (Campbell et al.,

1994, pp.418-419 as cited in Bennett & Lubben, 2006).

According to Bennett and Holman (2002), context-based teaching in chemistry
should focus on the pertinence of chemical concepts and students’ daily lives by
encompassing the social-environmental issues, and industrial-technological
applications. By this way students will gain an understanding about chemical
concepts and ideas via establishing and comprehending the relevance of the topics
and the real life, which will result in meaningful learning of chemistry. In addition, if
students need to learn the chemistry concepts, the learning will also be meaningful.
Therefore, chemistry topics should be introduced on a need-to-know basis. Via the
contexts, students will be able to see the reasons for a need of broader chemistry

knowledge and this situation will result in meaningful learning (Bulte et al., 2006).

The meaning of the term ‘context’ and ‘context-based approach’ was briefly clarified
in this section as a beginning. The next sections which include the theory underlying
context-based approach and the summaries of the studies conducted in the field

should be evaluated within this concern.
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2.2. Theoretical Background of Context-Based Approach

Theories are important for the researchers as they connect research and educational
practice (Schunk, 2012, p.10). Besides, for researchers, theories are tools for
establishing recommendations for applications in education depending on the
research findings (Schunk, 2012, p.27). Therefore, in this section, first of all the
theories underlying the context-based approach are briefly mentioned. Afterwards,
the characteristics of context-based instruction based on the theoretical background

are presented briefly.

Context-based approach was not grounded on a single theory by the researchers.
Gilbert (2006) pointed out three approaches important for the use of context-based

approach, which are constructivism, situated learning, and activity theory.

Constructivism is a philosophical prospect asserting that learners create their own
learning (Schunk, 2012, p.230) and this learning is situated in contexts (Bredo,
2006). According to constructivism, individuals construct knowledge via experience
and previous knowledge, and conducting knowledge to new circumstances by
establishing a relationship between the new ones and previous ones (Berns &
Erickson, 2001). Constructivism addresses brand new activities which wants students
to use higher-order thinking skills and critical thinking (Briner 1999 as cited in Berns
& Erickson, 2001). In context-based approach, the contexts are about real-life issues,

which is a parallel application according to constructivist approach.

From the point of view of constructivism, it is important to use previous knowledge
in the process of learning chemistry topics through chemical talk in order to construct
knowledge actively (Gilbert, 2006). One important attribute of learning in
constructivism, stated by Mandl and Kopp (2005), was that gaining knowledge is
related to a definite and particular context and circumstance. In context-based
approach, specific contexts are used in order to provide learning, which is compatible

with the philosophy of constructivism.
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Four points are important for constructivists in education, which are students’
attendance in thinking actively, appreciating students’ own opinions and views, the
reality that scientific ideas are formed by people, and an instructional design that
facilitates students making sense and using their previous knowledge (Ogborn,
1997). Moreover, Savery and Duffy (1995) presented several attributes of
constructivist instruction, some of which are developing complex and authentic tasks
and contexts regarding students’ level of development, and organizing activities that
are new to students. These attributes are also parallel to the context-based approach

in instructional design.

The second theoretical approach for context-based instruction is situated learning (or
situated cognition). According to situated learning, learning does not only related to a
person’s mind, situated learning includes interaction of a situation and a person’s
mind (Schunk, 2012, p.233). In order to achieve and develop meaningful learning, it
is necessary to establish a link between learning and context (Brown, Collins &
Duguid, 1989). Besides, from the point of view of situated learning, social and
physical environments are very important because knowledge depend on situation
and context (Mandl & Kopp, 2005). Students can learn better via appreciating the
interactions and the frame of the learning environment is very important because
learning is situated that is what teachers and students must comprehend (Gilbert,
2006).

One of the propositions of situated learning is that it is difficult to conduct
knowledge from one task to another (Mandl & Kopp, 2005). Therefore, the ways for
transferring knowledge from one situation to another must be sought due to the fact
that transferring knowledge can be evaluated as one of the most important outcome
of learning (Gilbert, 2006). The propositions of situated learning are compatible with

context-based approach.

The third theoretical approach important for the use of context-based approach is
activity theory. Vygotsky proposed human consciousness is influenced by socially
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meaningful activities (Bredo, 1997 as cited in Schunk, 2012, p.242 ). In his theory,
Vygotsky emphasized the interaction of social, environmental and personal influence
evaluating as a fundamental point in the process of human development, which
supports cognitive processes (Tudge & Scrimsher, 2003 as cited in Schunk, 2012,
p.242).

Since the learner and the object are not independent from each other according to
Vygotsky, the meaning of an object was formed by the learner via defining a special
situation that the learner faces in daily life (Gilbert, 2006). The object can be named
as the focal event, in other words the setting, in which the student enters to a
cognitive process with the teacher who interprets and explains the focal event in
order to provide students’ socially accepted understanding about the focal event
(Gilbert, 2006). The zone of proximal development is the difference between the
things that a student can do on himself or herself and can do with the help of other
people. At this point, the important thing and the major task is to determine
framework of the zone of proximal development, the difference between the things
that a student can do on his own and can do with the help of other people, according
to the focal event as well as identifying learning outcomes of resembling goals to be

succeeded via various focal events (Gilbert, 2006).

In consideration of the aforementioned theoretical framework of context-based
instruction, the attributes of context-based chemistry instruction can be summarized
in four aspects (Gilbert, 2006).

(a) Students must acknowledge and evaluate the context (the setting or the focal
event) as a social framework relating to time and space. Besides, students must value
the context within the chemistry domain, and must value their attendance in a
community of practice. In this way, students will interact with other productively and
improve personal identities from the point of view of that community. Moreover, the
context must be in the zone of proximal development of the student, and must be
related to students’ daily lives or must include social issues which are important for

the community.
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(b) A behavioral environment which is especially arranged must be carried by the
learning task because this will determine the types of activities such as laboratory
experiments and chemical analyses that students will conduct as well as determining

the chemical language.

(c) The behavioral environment that is arranged determines the chemical language.
This specific chemical language must be understood and used by the students in the
context. In this way, the students must gain understandings about the specific
chemical concepts. Furthermore, teachers must know students’ previous knowledge

for an effective use of chemical language.

(d) The relation of one context and relevant concepts must be established by the
students. Greeno (1998) used the term “resituate” and Van Oers (1998) used the term
“recontextualise” (as cited in Gilbert, 2006) for that transfer of knowledge from one
context to similar contexts. The main sources of contexts can be important social
issues that are controversial such as climate change and products of genetically

modified organism.

As well as the attributes of context-based chemistry instruction, the three theories
underlying context-based approach which are constructivism, situated learning, and
activity theory were briefly explained in this part of the study owing to the fact that
without theories, researchers cannot establish a link between research and practice.
Henceforth, it will be focused on the studies which were conducted about context-

based approach.

2.3. Chemistry Programmes Adopting Context-Based Approach

There have been many studies conducted according to context-based education since
1980s. In this section of the study, the focus is on the curriculum projects in the

chemistry domain. Six important context-based chemistry programmes adopting
context-based approach have been conducted in different countries having various
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educational settings. A lot of researchers conducted several research studies on these
programs. These programs are Chemistry in the Community (ChemCom) (Sutman &
Bruce, 1992) and Chemistry in Context (CiC) in the USA (American Chemical
Society, 2001), Salters’ Approach in the UK (Bennett et al., 2005), Industrial
Chemistry in Israel (Hofstein & Kesner; 2006), Chemie im Kontext (ChiK) in
Germany (Parchmann et al., 2006), and Chemistry in Practice (ChiP) in The
Netherlands (Pilot & Bulte, 2006).

Chemistry in the Community (ChemCom) is one of the most famous context-based
approach programs conducted in the USA. It is prepared as an introduction to
chemistry course for high school students on the need-to-know basis adopting a
context-based approach, and it is a student-centered program that introduces
chemical topics through social issues (Schwartz, 2006). The program was granted by
American Chemical Society (Chemcom, 1988). The need for a new chemistry
curricula was aroused in the USA owing to the fact that the textbooks in use was
prepared as an encyclopedia that includes chemistry knowledge, scientific facts and
laboratory practices showing the steps in order to find predetermined results (Sutman
& Bruce, 1992). The main purpose of the program was to develop students’ chemical
literacy, to train them as informed decision-makers, and to succeed more students to
select chemistry course in tertiary level (Ware & Tinnesand, 2005). Several studies
that showed the effectiveness of the program was conducted (Mason, 1998).
Furthermore during the implementation of this program, the ratio of students taking
chemistry courses increased significantly, which was considered as one of the points
showing the success of the program (Schwartz, 2006). The program was translated
into Russian, Japanese and Spanish because of its success in the USA (Ware &
Tinnesand, 2005).

Chemistry in Context (CiC) was prepared for similar purposes that aimed in
Chemistry in the Community (ChemCom) in the USA (King, 2012). These purposes
are to improve students’ chemical literacy and to attain more students to choose

chemistry course in the next years of school (King, 2012). The program was prepared
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especially for the students who will not probably choose chemistry lessons in the
following years of school life and will not prefer science-related careers in the future
(Schwartz, 2006). The CiC curriculum was prepared in a way that it mainly includes
social issues with chemical concepts regarding scientific methodology on need-to-
know basis and emphasizes the development of students’ higher-order thinking skills
such as problem solving and critical thinking skills (Schwartz, 2006). Moreover, the
curriculum includes various activities harmonizing laboratory, library and class work
(Schwartz, 2006). The study of Nakhleh, Bunce, and Schwartz (1995) showed that
student’ beliefs about chemistry as a component of daily life and as a component of
contemporary society were more positive as grade level of students increase.
Besides, Schwartz (2006) states that this program is effective for students who are
not intending to have chemistry related professions in their future career.

Salters” Approach is another context-based program that was implemented in the
UK. A number of teachers and researchers tried to find ways for making chemistry
courses more appealing to the students, and prepared the program in 1983 (Bennett
& Lubben, 2006). At the beginning researchers and educators developed only five
units for 13 years old students adopting context-based approach in the chemistry
domain, and now there are several Salters’ Approach programs in the domains of
chemistry, biology and physics in use for 11-18 years old students (King, 2012). The
three courses developed for secondary school students among these courses in the
chemistry domain are “Chemistry: The Salters approach” was developed for students
aged 14-16 in the mid-1980s, “Science: The Salters approach” was developed for
students aged 14-16, in the late-1980s and “Salters Advanced Chemistry” was
developed for students aged 17—18 in the early1990s (King, 2012). In Salters’
curricula, there are not sequenced lists of predetermined concepts (Bennett et al.,
2005, p.143). In the process of developing scientific ideas, students’ daily lives are
considered as the main focus and a variety of student-centered activities are involved
in the curricula (Bennett & Lubben, 2006).

The Industrial Chemistry programme was firstly developed in 1980s in Israel in
order to adapt to the regulations of the new education system implemented in the
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country (King, 2012). The Department of Science Teaching at the Weizmann
Institute of Science was developed and implemented the program more than 15 years
(Hofstein & Kesner, 2006). The main purpose of the study was providing a chemistry
education through industrial chemistry contexts which were closely related to
students’ daily lives or related to the society and the main focus of the program was
on the importance of applied chemistry and its social, environmental and economic
effects (King, 2012). The students taking chemistry course in secondary school (year
12) had to study on at a minimum of one industrial case in detail, which comprised
20% of the chemistry course (Hofstein & Kesner, 2006). It is probable that chemistry
instruction via industrial case studies rather than only regarding theories and main
concepts of chemistry will increase students’ attitudes and motivations toward

chemistry (Hofstein & Kesner, 2006).

Chemie im Kontext (ChiK) program started in the late 1990s in Germany and in the
development process of the program, educators and researchers benefited and
inspired from Salters’ Approach (King, 2012). The need for a context-based
chemistry program was aroused when the German researchers revealed that students
were academically not successful in chemistry lessons and they had low attitudes and
motivations toward chemistry (Westbroek, 2005). The goals of this program are to
provide a framework for the application of context-based approach (King, 2012), and
to transfer of knowledge gained from one context to similar contexts (Newting at al.,
2007). Westbrook (2005) states that ChiK is different from other context-based
projects in that it focuses on and gives importance on the transfer of knowledge and
the application of knowledge to various situations. The units of the program, which is
developed for 10 and 11 years old students, include real-life situations, issues
considered critical to the society, and topics related to technology and science (King,
2012). In the program, teachers are supported by guidelines, instructions, materials
that can be used in the lessons, and recommendations (Newting at al., 2007). The
concepts are discussed through various contexts and used for the clarification in a
variety of topics is a different and a striking characteristic of the Chemie im Kontext
program (Parchmann et al., 2006).
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Chemistry in Practice (ChiP) is another context-based program that was implemented
in the Netherlands. The purpose of the project was to establish a relationship between
chemistry learning and students’ daily lives and social issues (King, 2012) as stated
in aforementioned projects. The program was prepared for secondary school students
as a general chemistry course (Pilot & Bulte, 2006) and targeted to modernize the
chemistry curriculum in the Netherlends in order to address for all students (King,
2012). The chapters of the program include comprehensive topics such as food,

medicine, quality of water and making a swimming pool (King, 2012).

The six important context-based chemistry programmes which adopt context-based
approach in different educational settings were briefly explained in this section of the
study. All of them show the importance and the effectiveness of context-based
instruction for students’ achievement and affective variables such as attitudes and
motivations toward chemistry lessons. Furthermore, all of the projects drew attention
to similar points. Firstly, the programmes are aimed to establish a connection
between daily life and chemistry. Secondly, the programmes were prepared on a
need-to-know basis. Thirdly, contexts including societal, technological, and scientific
issues related to daily life were used in the programs. Finally, all of the programs
were student-centered including various meaningful activities such as laboratory
experiments, discussions and chemical analyses, which focus on higher order

thinking skills.

2.4. Research Studies on Context-Based Approach

In different countries various chemistry programmes are in use in the world.
Educators and researchers are seeking new ways of chemistry teaching for a better
chemistry instruction. Therefore, new approaches are being developed by the
researchers such as science-technology-society approach, problem-based learning
approach, project-based science approach and context-based approach. Especially, in
the last two decades, these new approaches have been implemented in several

countries in chemistry programmes some of which are briefly explained in Section
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2.3 in the present study. Important international and national studies related to
context-based approach will be briefly reviewed in this section of the study. In order
to be informed about context-based approach and to grasp a point of view about
different implementations of context-based approach, first of all international
research studies conducted in the last two decades will be presented and then national
research studies conducted in the last decade will be presented concisely.

Sutman and Bruce (1992) made a research study about the evaluation of the
effectiveness of Chemistry in the Community (ChemCom) program which was
briefly explained in Section 2.3. The study took 5 years and 3700 students were the
sample. The results of the study showed that the materials prepared according to
context-based approach and used in the ChemCom program were evaluated as
positive by the students in general and the students following the program enjoyed

studying chemistry.

Ramsden (1997) studied on the effectiveness of context-based instruction as
compared to the traditional chemistry instruction on secondary school students’
conceptual understandings of some important chemical topics. An instrument
including eight diagnostic items was used in the data collection procedure. The
questions were about important chemistry concepts which are classification of
substances, the law conservation of mass, chemical change and the periodic table.
The sample was 216 high school students aged over 16. 124 students were following
the Salter’s chemistry course whereas the rest were following the traditional
chemistry course. The results of the study showed that the students taught via
context-based instruction achieved a little more than the students taught via
traditional instruction. Moreover, students instructed via context-based approach had
more enjoyment and interest toward chemistry lessons. Yet, students could not
comprehend some important chemical concepts in both groups. Besides, even high
achiever students in the context-based instruction group stated that they would not

choose science related career in the future.
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Barber (2000) conducted a research study on context-based instruction focusing on
not only cognitive but also affective outcomes of the students. There were two
groups of students aged 17 and 18 in the study; the ones who had been instructed via
Salters Advanced Chemistry and the other were instructed via traditional instruction.
The instruments used for collecting data were questionnaires and interviews. The
results of the study showed that context-based instruction increased the interest of the
students in chemistry and the students enjoyed the activities that they do during the
chemistry lessons throughout the context-based instruction. The results of the study
also showed that in the two year course period students taught via context-based
instruction were still interested in chemistry and their level of motivation were high;
on the other hand students who taught via traditional instruction lost some of their

interest and motivation towards chemistry lessons.

Parchmann et al. (2006) conducted a study about the effectiveness of Chemie im
Kontext (ChiK) program which was explained in Section 2.3. concisely. The sample
was 399 secondary school students. 216 students were taught via context-based
instruction in two school year period of time, whereas 183 students were taught via
traditional instruction. Data collected by utilizing several questionnaires and face-to-
face interviews. The results of the study indicated that students following ChiK
program had significantly higher motivation and interest toward chemistry lessons
than the students in the traditional program. Furthermore, the number of students
who followed ChiK program expressed to choose chemistry courses in future was

more than the students who followed traditional chemistry program.

Demircioglu (2008) conducted a research on context-based approach. She developed
context-based instructional materials for pre-service teachers at the university level
and the research design was case study. The subject matter was states of matter in
general chemistry course and the sample of the study was 35 university students.
Quantitative data were obtained via achievement test and attitude questionnaire and
repeated measures of ANOVA used as statistical analyses, whereas qualitative data

were obtained via semi-structured interviews and unstructured classroom
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observations. The results of the study showed that context-based instructional
materials were effective in terms of participants’ achievement in chemistry, attitudes
toward chemistry. The results also showed that using context-based instructional
materials increased retention of knowledge and considered as enjoyable by the

participants.

Demircioglu et al. (2009) made an experimental study about context-based
instruction. The purpose of the study was to investigate the effectiveness of context-
based instruction on students’ understandings on periodic table topic, retention of
knowledge about the topic and students’ attitudes toward chemistry lessons. Pre-test
post-test control group design was utilized. The sample of the study was 80 9th grade
high school students in two preexisting classes in the same school. The experimental
group was instructed by context-based chemistry instruction including chemical
storylines, whereas the control group was instructed by traditional chemistry
instruction. In the experimental and the control groups different teachers were
instructed in a three-week period of time. The quantitative data were collected
through an achievement test and an attitude questionnaire. The findings of the study
showed that students in experimental group had significantly higher level of
achievement on periodic table topic and developed more positive attitudes toward
chemistry lessons than students in control group. The findings also showed that

context-based instruction was effective for retention of knowledge.

Ilhan (2010) conducted a research study about context-based instruction using mixed
method design. For the quantitative part of the study, the research design was a
quasi-experimental pre-test post-test control group design. The subject matter was
chemical equilibrium and the sample was 104 high school students in grade 11 in one
school. Two classes were in experimental group and were taught via context-based
instruction, whereas two classes were in control group and were taught via traditional
instruction. Quantitative and qualitative data were obtained by using an achievement
test on the subject matter, a motivation questionnaire, a survey about constructivist

learning environment and a questionnaire about students’ opinions about the 7 week
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implementation. The results of the study indicated that chemistry achievement ant
chemistry motivation of the students taught via context-based instruction were
greater than the students who were taught via traditional instruction. The results also
indicated that compared to traditional instruction, context-based instruction

contributed more to constructivist learning environment.

Kutu and S6zbilir (2011) made a research study on context-based approach
integrated with ARCS (Attention-Relevance-Confidence-Satisfaction) motivation
model, an instructional strategy. The topic was Chemistry in Our Lives unit in 9th
grade chemistry curriculum. The sample was 60 high school students in a school.
The effect of implementation on chemistry achievement, retention of knowledge,
chemistry motivation and attitudes toward chemistry were investigated. Qualitative
data were collected by semi-structured interviews and classroom observations.
Quantitative data were collected by an achievement test developed by the
researchers, an attitude scale, Instructional Materials Motivation Survey and a survey
about constructivist learning environment. The findings of the study presented that
the implementation caused a better retention of knowledge and an increase in
students’ motivation toward chemistry. On the other hand, there was not a significant
change in students’ attitudes toward chemistry. The findings of the study also
showed that students regarded the learning environment as constructivist learning

environment.

Elmas (2012) compared the effectiveness of context-based instruction and traditional
instruction on students’ achievement and attitudes toward environment. The design
of the study was nonequivalent groups pre-test post-test design. 222 secondary
school students from two types of schools were the sample of the study. The topic
was Cleaning Materials unit in the 9th grade chemistry curriculum. The
implementation took 5 weeks and measuring tools were an achievement test, a
questionnaire on attitudes toward environment and Science Process Skills test. The
multivariate analysis of covariance technique was used in statistical analyses in

which science process skills of the students were taken as covariate. The results of
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the study indicated that chemistry achievement of students who were taught via
context-based instruction were greater than the students taught via traditional
instruction. However, there were not any significant difference between experimental

and control groups in terms of attitudes toward environment and the type of school.

Cigdemoglu (2012) investigated the effectiveness of context-based instruction with
5E learning cycle model in comparison to traditional instruction. The study was in
quasi-experimental design and the implementation took six weeks. Chemical
reactions and energy was the topic of the study. Change in achievement,
understanding, motivation and chemical literacy were examined through utilizing
tests and questionnaires. The gender was also considered as a variable in the study.
The sample was 187 11th grade students in six classes in two schools. The students
in the experimental group taught via context-based instruction with 5E learning cycle
model and the students in the control group taught via traditional instruction. To
analyze the data, students’ science process skill test scores were taken as covariate
and multivariate analysis of covariance was conducted. The results of the study
indicated that chemical literacy, achievement and understandings on the chemical
reaction and energy topic of the students in the experimental group were significantly
greater than the students in the control group. However, there were not any
significant difference between students taught via context-based instruction with 5E
learning cycle model and students taught via traditional instruction on the level of
motivation. Besides there were not any significant gender difference between

experimental and control group students.

Sunar (2013) investigated the effect of context-based instruction with learning cycle
model compared to traditional instruction. In her quasi-experimental study the topic
was states of matter. The sample was 150 10th grade students in two secondary
schools. The design of the research study was pre-test post-test control group design.
The experimental group taught via context-based instruction with learning cycle
model and the control group taught via traditional instruction. The duration of the

implementation was 6 weeks. Change in achievement, retention of knowledge and
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attitudes toward chemistry were examined through using an achievement test on
states of matter topic and Affective Characteristics Questionnaire. The data were
analyzed by conducting multivariate analysis of covariance and the results showed
that the achievement test scores and the attitude questionnaire scores of the students

in the experimental group were significantly greater than the students in the control
group.

Ultay (2015) conducted a research study on the effectiveness of concept cartoons
embedded within context-based approach. The subject matter was Chemical Bonds at
grade eight curricula. 45 students were the sample of the study whose design was
nonequivalent pretest-posttest control group design. Two teachers in two classes
were the implementers of the research study. In order to reveal students’ conceptual
understanding, a concept test about chemical bonding including 16 multiple choice
items and interviews including five open-ended questions which are parallel to items
in the concept test were utilized. The study took 8 lesson hours and 5E model was
used in the instruction. The quantitative data were analyzed through independent
samples T-test and paired samples T-test statistical procedures and the qualitative
data were analyzed through classifying the responds into five categories. The results
of the study presented that context-based instruction was an effective way of
instruction on students’ understanding about the chemical bonds topic. However,
utilizing concept cartoons within the contexts were not statistically effective on

students’ conceptual understanding on the topic.

In literature, of course, there are a great number of research studies other than
mentioned in this section of the present study in the field of context-based approach.
However, the research studies which include a careful design and evidence based on
statistical analyses were mainly selected and presented regarding their utmost
importance in the field. The audiences are supposed to be obtained a perspective and

informed about the previous studies about context-based approach.
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2.5. Attitudes toward Environment

Attitudes are an individual’s internal beliefs that affect his/her behaviors (Schunk,
2008, p.287). Osborne, Simon and Collins (2003) define attitudes as “the feelings,
beliefs and values held about an object that may be the enterprise of science, school
science, the impact of science on society or scientists themselves” (p.1053). As
citizens and as human beings living in the earth, we should be aware about the
protection of the environment. The more people develop positive attitudes and
awareness toward the protection of the environment, the better the world we the live
in will be. Therefore, in science education especially in chemistry education, the
curricula should be designed in a way that students will develop positive attitudes
toward environment, a crucial affective variable, and will be respectful to the
environment; because students’ feelings, values and beliefs will have great impact on
their behaviors over the course of their lives. Including various activities resulting in
meaningful learning, context-based chemistry education can improve students’
attitudes toward environment through carefully designed suitable contexts. In the
present study, fossil fuels and clean energy resources topics are very suitable for that
purpose. Through context-based instruction including different activities about
environmental issues, students are able to develop more positive attitudes toward

environment.

Leeming, Dwyer and Bracken (1995) constructed and validated Children’s
Environmental Attitude and Knowledge Scale (CHEAKS) in order to measure
students’ attitudes toward environment and their knowledge on environmental issues
and to obtain a valid and reliable instrument that will be useful in different contexts.
Alp et. al. (2006) translated and adopted CHEAKS into Turkish. One of the
subscales of this version of the instrument was attitude subscale which was used in

the present study with a name of Attitude toward Environment Scale (ATES).

As a reliable and valid instrument, CHEAKS was used in several international
studies (Leeming & Porter, 1997; Makki, Abd-El-Khalick, & Boujaoude, 2003;
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Walsh-Daneshmandi & MacLachlan, 2006; Bodzin, 2008). In the experimental study
of Leeming and Porter (1997), eight activities were implemented in order to increase
students’ awareness about the protection of the environment. The study included
more that fifteen control and experimental groups with a pre-test post-test control
group design. The results of the study showed that students’ attitudes toward
environment and knowledge about environment in the experimental groups were
significantly greater than control groups. Furthermore, in the study of Makki, Abd-
El-Khalick and Boujaoude (2003), the purpose was to evaluate Lebanese high school
students’ attitudes toward environment and their knowledge about environment. In
the survey, CHEAKS was used as instrument. The sample of the study was 660 10th
and 11th grade high school students. The results of study showed that the instrument
was reliable and the students had positive attitudes toward environment but had low
knowledge about environment. Besides, in order to determine the psychometric
facets of CHEAKS, Walsh-Daneshmandi and MacLachlan (2006) conducted a
quantitative study with a sample of 338 Irish adolescents. The design of the study
was repeated measures design. The results of the study showed that CHEAKS was a
robust instrument with high reliability and validity, and it could be used effectively
in various settings for people in different ages in the research area of education.
Moreover, Bodzin (2008) conducted an experimental study in order to determine the
effect of integrated instructional technologies in the improvement of 4th grade
students’ attitudes toward environment. Therefore, only attitude subscale of
CHEAKS was used in the study. The implementation was conducted after the school
through science club program. The results of the study displayed that CHEAKS was
a reliable instrument and the implementation was effective in enhancing students’

attitudes toward environment.

Alp et. al. (2006) translated and adopted CHEAKS into Turkish and named as
Turkish version of Children’s Environmental Attitude and Knowledge Scale (T-
CHEAKYS). One of the main aims of their study was to reveal the degree of
secondary school students’ attitudes toward environment and knowledge about

environment. A total of 1977 students in 22 schools were the sample of the study.
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The findings of the study showed that T-CHEAKS had high reliability and regarding
grade level and gender students’ attitudes toward environment were significantly
different. Furthermore, Alp et. al. (2008) conducted a research study about
elementary school students’ attitudes toward environment and knowledge about
environment using T-CHEAKS as a measurement tool. A total number of 1140
students from 18 elementary schools were the sample of the study. The instrument,
T-CHEAKS, was evaluated as a reliable instrument. The findings of the study
presented that fathers’ level of education had a significant effect on students’
knowledge about environment and gender difference was statistically significant
favoring girls. The studies showed that as CHEAKS, T-CHEAKS can also be used in

different grade levels of student as well as adolescents.

In addition, different instruments rather than CHEAKS and T-CHEAKS were
utilized in different studies about students’ attitudes toward environment. One of
them was Attitude toward Environmental Issues Scale (ATEIS) which was used in
the study of Yilmaz, Boone and Andersen (2004). In their study, the purpose was to
reveal students’ views about environment and to determine the effects of several
variables such as socioeconomic status and gender. The sample was 458 students in
grades from 4 to 8. The results of the study showed that girls had significantly
greater attitudes toward environment than boys similar to the findings of the previous
studies and students from higher socioeconomic status families had more positive
attitudes toward environment. The findings also indicated that students’ level of
success in science courses were directly proportional to their attitudes toward

environment.

Moreover, Tuncer, Ertepinar, Tekkaya, and Sungur (2005) studied the effects of
school type and gender on students’ attitudes toward environment. The sample
consisted of 1497 students in grades 6th, 7th, 8th and 10th grades from private and
public schools. The instrument which was utilized to determine students’ attitudes
toward environment was a Likert-type questionnaire including 45 items. The results

of the study presented that students’ level of awareness about environmental issues
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and susceptibility for protecting the environment were very high. The results of the
study also indicated that girls had more positive attitudes toward environment than
boys similar to the findings of the previous research studies, and private schools

students had more positive attitudes than public school students.

Attitudes are known to be resistant to changes in a short-term duration. In this study,
attitudes are of great concern although the duration of implementation of context-
based instruction is limited with six weeks. However, in the present study, the topics
instructed were very suitable for developing students’ positive attitudes toward
environment. Furthermore, classroom discussions and several activities conducted
throughout context-based instruction were considered as very effective for improving

positive attitudes toward environment.

To sum up, in the literature review section, the meaning of context-based approach
was clarified and theories underlying behind context-based approach were briefly
explained at the beginning. Afterwards comprehensive programmes adopting
context-based approach were summarized concisely because all these high-stake
programmes adopting context-based approaches are very important for showing the
effectiveness of the implementations as well as analyzing the deficiencies of the
implementations. Then, important studies having good research designs on context-
based approach were summarized, and as the only affective variable of the present
study, students’ attitudes toward environment were reviewed briefly. However, it has
been widely accepted by the researchers that there is a need for conducting more and
more research studies including effective designs in order to test the effectiveness of
context-based instruction. Having a careful experimental design, this study aimed to

make a contribution to fill this gap in the field.
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CHAPTER 3

METHODOLOGY

3.1. Research Type and Experimental Design

Considering the purpose of the study and the appropriateness of the nature of
research problem, the researcher decided to use an experimental research method in
the present study due to the fact that experimental research can be used for testing
hypotheses about cause-and-effect relationships and it allows the researcher for
directly manipulating a particular variable (Fraenkel & Wallen, 2009). In the present
study the pre-test post-test control group design was used in order to determine the
effects of context-based instruction versus traditional instruction on tenth grade high
school students’ chemistry achievement in the fossil fuels and clean energy resources

topics and attitudes toward environment.

Intact classes of students were used in the study since in Turkey it is not practical to
form experimental and control groups whose students are randomly assigned.
Therefore the study is a quasi-experimental research because students cannot be

randomly assigned to experimental and control groups (Fraenkel & Wallen, 2009).

In order to reveal students’ prior knowledge about fossil fuels and clean energy
topics, the FCEAT was administered as pre-test to both experimental and control
groups. The purpose was to determine whether there was a significant difference
between experimental and control groups in their prior knowledge about the topics.

The ATES was also administered as pre-test to all students participating to the study
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for similar purpose to reveal whether there were significant differences between
experimental and control groups. Students’ FCEAT-pre and ATES-pre scores were
potential covariates for the analyses. At the end of the treatments FCEAT and ATES
were administered as post-test to both experimental and control groups. Besides, the
SPST was administered to all groups only at the beginning of the treatment for the
purpose of using it as a covariate if possible in the analyses. Research design of the
study is given in the Table 3.1.

Table 3.1 Research design of the study

Groups Pre-test Treatment Post-test

Experimental FCEAT Context-Based ~ FCEAT

Group ATES Instruction ATES
SPST

Control FCEAT Traditional FCEAT

Group ATES Instruction ATES
SPST

3.2. Population and Sample

The target population of the present study was all tenth grade students in Anatolian
and vocational high schools in Ankara, capital of Turkey. As it is difficult to reach
the target population, accessible population was specified. The accessible population
of the study was all tenth grade students in Anatolian and vocational high schools at
Etimesgut and Sincan districts of Ankara. The results of the present study might be

generalized to accessible population.

Two schools from two districts, two teachers and four intact classes were selected
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from the accessible population by using convenience sampling. One teacher and two
classrooms from each type of school were selected. Both of the teachers were
volunteer for the implementation. For each school one class was in experimental
group and one class was in control group. The experimental and control groups were
randomly selected among the classrooms that the teachers lectures. The total number
of the students participating to the study was 113. Table 3.2 presents the data related

to the participants related to school type, group and gender in detail.

Table 3.2 Sample of the study in terms of school type, group and gender

Group

Experimental Control

Male Female Male Female Total

School Type Anatolian 12 19 21 10 62
Vocational 20 5 21 5 51
Total 32 24 42 15 113

3.3. Variables

There are seven variables in the present study, two of them are dependent and the
others are independent variables all of which were displayed in the Table 3.3. The
two dependent variables are Fossil Fuels and Clean Energy Resources Achievement
Test post-test scores (FCEAT-post) and Attitudes toward Environment Scale post-
test scores (ATES-post). These two variables are continuous and interval scale

dependent variables.

Independent variables are separated into two groups; group membership and
covariate. Independent variables related to group membership are method of
instruction and school type. Both of them are categorical and nominal scale

independent variables. Independent variables which are considered as covariates
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used for the purpose of controlling the differences between groups before the
treatments are Fossil Fuels and Clean Energy Resources Achievement Test pre-test
scores (FCEAT-pre), Attitudes toward Environment Scale pre-test scores (ATES-
pre) and Science Process Skills Test scores (SPST). These three variables are

continuous and interval scale.

Table 3.3 Variables of the study

Name Type Continuous/Categorical  Scale
FCEAT-post Dependent Continuous Interval
ATES-post Dependent Continuous Interval
FCEAT-pre Independent Continuous Interval
ATES-pre Independent Continuous Interval
SPST Independent Continuous Interval
Teaching Method  Independent Categorical Nominal
School Type Independent Categorical Nominal

3.4. Instruments

3.4.1. Fossil Fuels and Clean Energy Resources Achievement Test (FCEAT)

The researcher developed the FCEAT for the purpose of measuring 10" grade high
school students’ achievement scores in the fossil fuels and clean energy resources
topics in the chemistry course. These two topics include formation of the coal, types
of coals, superiority and drawback of the coal as a fuel, the formation process of
crude oil, common petroleum products, refining of petroleum, components of
petroleum, types of hydrocarbons, producing fuels from herbal resources, and clean

energy resources.

In the development process of the instrument, firstly the chemistry curriculum was

analyzed in detail for the aim of identifying the objectives of the topics that will be
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taught in the treatments. Afterwards, a lot of resources such as chemistry course
books, test banks, and foreign course books were investigated in detail and the
questions of FCEAT that are compatible with the objectives of the curriculum were
prepared. Furthermore, a table of specification was prepared to show the relationship
between the questions and concepts of the fossil fuels and clean energy resources
topics. Finally, in order to collect content-related validity evidence, the instrument
was reviewed by three chemistry teachers and two academicians one of which was a
professor in the field. After making necessary changes on the items according to the
suggestions and the comments of the reviewers, the final version of FCEAT were
formed. The FCEAT instrument includes 18 multiple-choice question and each
having one correct answer and four distracters (see Appendix A). The Cronbach’s

alpha reliability coefficient (Crocker & Algina, 1986) was calculated as 0.66.

In the study, FCEAT was used before and after the treatments in both experiment and
control groups. The pre-test scores was used as a covariate in the analyses and the post-
test scores was used to compare the effects of two instructional methods on students’

understanding of fossil fuels and clean energy resources topics.

3.4.2. Attitude toward Environment Scale (ATES)

Leeming et. al. (1995) constructed and validated Children’s Environmental Attitude
and Knowledge Scale (CHEAKS) for measuring students’ attitudes toward
environment and their knowledge on environmental issues. Alp et. al. (2006)
translated and adopted CHEAKS into Turkish. The Cronbach’s alpha reliability
coefficient for the attitude subscale of the Turkish version was reported as 0.92 and
0.94 in two studies (Alp et. al., 2006; Elmas, 2012).

The attitude subscale of Turkish version of Children’s Environmental Attitude and
Knowledge Scale was used in this study and called as Attitude toward Environment
Scale (ATES). In the present study, the Cronbach’s alpha reliability coefficient was
calculated as 0.92.
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Attitude toward Environment Scale consists of 31 items with a 5-point Likert type
scale and it was rated as 1 for strongly agree and 5 for strongly disagree by the
participants of the study. In the scale, there were two negatively stated items (item 13
and item 31) whom were reversed in the coding process. In this study, ATES was
used as a pre-test before the treatments and as a post-test after the treatments in order
to assess tenth grade Anatolian and vocational high school students’ attitudes toward
environment in both experimental and control groups for determining the differences

in two instruction methods (see Appendix B).

3.4.3. Student Questionnaire about Context Based Instruction (SQCBI)

[lhan (2010) constructed and validated Student Questionnaire about Context Based
Instruction (SQCBI) in order to determine and reveal students’ opinions and thoughts
about context-based instruction. The instrument includes eight items. The first and
second items include both Likert type and open-ended questions; whereas the other

six items include only open-ended questions.

In the present study, SQCBI was used as a post-test after the treatment in
experimental group in order to determine tenth grade high school students’ opinions
and thoughts about context-based instruction. In the data collection procedure
students did not write their personal information such as name and surname on the
questionnaire so that they could have freely stated their opinions and thoughts (see
Appendix C).

3.4.4. Science Process SKills Test (SPST)

Okey, Wise, and Burns (1982) constructed and validated Science Process Skills Test
for measuring middle and high school students’ science process skills. Identifying
variables, stating and identifying hypotheses, defining and designing investigations
operationally, graphing and interpreting data are five intellectual abilities that the
instrument measures. Geban, Askar, and Ozkan (1992) translated and adopted SPST
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into Turkish. The instrument includes 36 multiple choice items with four alternatives.
For each item, students’ correct answers scored as 1 point, therefore the maximum

score that a student could gain was 36 points.

In various studies, different Cronbach’s alpha reliability coefficients were found in
its Turkish implementations such as 0.81 in its first implementation (Geban, Askar,
and Ozkan, 1992), 0.85 (Uzuntiryaki, 2003; Pabuccu, 2004; Bulbul, 2010), 0.59
(Tasdelen, 2011), 0.72 (Elmas, 2012) and 0.88 (Cigdemoglu, 2012). In the present
study, the Cronbach’s alpha reliability coefficient of the instrument was calculated as
0.65.

In this study, SPST was used before the treatments in order to assess tenth grade
Anatolian and vocational high school students’ science process skills in both
experimental and control groups and students’ scores were used as a covariate in the

analysis (see Appendix D).

3.5. Instructional Materials

For 10" grade chemistry class Fossil Fuels and Clean Energy Resources topics,
context-based instructional materials are developed within the context of this study.
Those materials consist of two sections which are student lesson materials and

teacher’s guide.

Teacher’s guide includes phrases and questions that motivate and direct students for
more effective discussions and for a better understanding of the topic as well as
possible answers of the questions in the student lesson materials. Moreover, teacher’s
guide includes the answers of the student worksheets, the objectives of the
curriculum and the lesson hours allocated for the topic. The teacher’s guide that was

used in the experimental group included in the Appendix E.

In Figure 3.1, the model used for developing student lesson materials is given. By
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this way, the validity and reliability of the developed instructional materials are tried
to be met. In the next paragraphs, the explanation of the steps of the model is

explained.

Determination of the topic

l

Extent and objectives

l

Related literature review

l Context-based
approach
Development of materials /
Evaluation

Figure 3.1 Instructional material development model

There are four units in the 10" grade chemistry curriculum which are (1) Acids,
Bases and Salts, (2) Mixtures, (3) Energy in Industry and in Living Organisms, and
(4) Chemistry is Everywhere. The third unit has three chapters which are (1) Fossil
Fuels, (2) Clean Energy Resources, and (3) Energy in Living Organisms (MEB,
2013). In Turkey, it is the first time that the third unit which is “Energy in Industry

and in Living Organisms” has been taught in high school chemistry lessons.

For this study the Fossil Fuels and Clean Energy Resources chapters in the third unit
were specifically chosen. First of all, these chapters do not require any mathematical
background and do not include any arithmetic calculations. Secondly, the Fossil
Fuels and Clean Energy Resources chapters are seen as the most important chapters
in the whole 10" grade chemistry curriculum by the researcher as those chapters

might develop students’ attitudes toward environment and students might have the
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possibility of application of the topics they learned in their daily lives. Thirdly, these
chapters are very suitable for establishing connections with daily life. In chemistry
instruction, the fundamental purpose is to cover the chemical content in the
curriculum as well as providing students to improve their thinking skills, social
skills, data handling and establishing the connection between chemistry and daily
life. Therefore, in consideration of those evaluations, the context-based instructional
materials are developed for the two chapters of unit three which are Fossil Fuels and

Clean Energy Resources.

For determining the extent and the objectives of the materials developed, the
chemistry curriculum is considered. There are thirteen objectives for unit three
(Energy in Living Organisms) in the curriculum. Among those thirteen objectives,
eight objectives are related to the first and second chapters of the unit which are
Fossil Fuels and Clean Energy Resources chapters. Those eight objectives are (1)
Explains formation of the coal and types of coals, (2) Scrutinizes superiority and
drawback of the coal as a fuel, (3) Explains the formation process of crude oil, (4)
Relates common petroleum products and refining of petroleum, (5) Knows main
petroleum components, (6) Discriminates types of hydrocarbons according to
molecular structures, (7) Gives examples for producing fuels from herbal resources,
(8) Knows clean energy resources (MEB, 2013). The content of the materials used in
the study is limited to those eight objectives given in the curriculum for Fossil Fuels
and Clean Energy Resources chapters.

In this study, instructional materials are proposed to be developed through context-
based approach. Hence, when the literature is searched it is laid emphasis on which
properties of an instructional material should have for context-based approach. When
the instructional materials which are developed according to context-based approach
is examined, it is seen that those materials include daily-life contexts and activities
related to the contexts (Bennett et al., 2005; Netwig and Waddington, 2005; Netwig
et al., 2007). Furthermore, when the content of context-based instructional materials

are examined, they are lesson materials that provides the constructivist learning from
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the point of application form of instructional methods. In the literature there is not a
detailed study about how context-based approach should be used in the process of
developing an instructional material. However, the properties of a context-based
instructional material are mentioned in detail. What should be the properties of
contexts and the criteria about application are listed by Gilbert (2006). Therefore, in
this study the instructional materials are developed appropriate to the context-based
approach related to fossil fuels and clean energy resources topics via considering the
properties and the criteria which are mentioned in detail in Chapter Il. Moreover, the
activities are developed in a way that they will make students actively involved in the
lessons including group works, group discussions, classroom discussions and

research projects that they will make presentations.

The researcher took opinions of a total of 7 experts including 4 chemistry teachers
and 3 academicians in the field about the developed instructional materials. Some
experts stated the necessity of enriching the examples in some certain topics.
Considering the evaluations of the experts and after the necessary arrangements, final
version of the instructional material is put into final form and made ready for the
classroom application.

After the developed instructional materials are enriched via visual elements, they are
copied and prepared as booklets for the use of students. At the end of each topic,
student worksheets are also included in the booklet. Student worksheets consist of
multiple choice questions, true-false questions and short answer questions. These
questions are prepared via investigating many resources in detail such as curriculum

objectives, test banks and chemistry text books.

The topics in the material are given in the Table 3.4 with the objectives and the
lessons hours. As it is presented in the table, the total lesson hours planned for the
whole instructional material are 12 which mean 6 weeks since there are two

chemistry lesson hours in a week.
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Table 3.4 Objectives and lesson hours

) L Application
Topic Objectives ]
Duration
1. Explains formation of the coal and types of coals
o o 3 Lesson
Coal 2. Scrutinizes superiority and drawback of the coal as a "
ours
fuel
3. Explains the formation process of crude oil
4. Relates common petroleum products and refining of 3 Lesson
Petroleum
petroleum Hours
5. Knows main petroleum components
6. Discriminates types of hydrocarbons according to 2 Lesson
Hydrocarbons
molecular structures Hours
Herbal Energy 7. Gives examples for producing fuels from herbal 2 Lesson
Resources resources Hours
Other Clean
2 Lesson
Energy 8. Knows clean energy resources
Hours
Resources

3.6. Treatment

This study focused on two different groups; experiment group and control group. The

experimental group was instructed by context-based instruction (CBI) and the control

group was instructed by traditional instruction (T1). Two chemistry teachers were the

implementers of the treatments which lasted for six weeks.

The study was conducted in the second semester of the 2014-2015 academic year.

The week before the study, students were informed about the study and were handed

out Student Lesson Materials in the form of a booklet including worksheets which

were to be answered by students in and out of the class time. These worksheets were

designed to improve students’ understanding of chemical concepts, ideas and

principles related to the topics.
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One week before the study, the students in both groups were administered FCEAT-
pre to assess students’ prior knowledge in the fossil fuels and clean energy resources
and ATES-pre in order to assess their prior attitudes toward environment. The
students in both groups were also administered SPST in order to assess their science
process skills which might be used as covariate in data analysis. After the treatments
the FCEAT-post and ATES-post were administered to both groups. The test
durations were standardized for both groups in order to assure treatment verification.
Moreover, the experimental group was administered Student Questionnaire about
Context Based Instruction in order to assess students’ opinions about the context-

based instruction.

3.6.1. Treatment in the Experimental Group

Informal interviews were made with the two chemistry teachers as a first step. The
interviews revealed that the teachers had no knowledge about the context-based
instruction. The teachers expressed that they had not attended any in-service training
about the new curriculum and therefore they did not adapt to the new curriculum. In
addition to this, the teachers pointed out that they had even no knowledge about
fossil fuels and clean energy resources since the subjects are new in the curriculum

and it was the first time that they will teach the subjects.

The teachers were informed about the theoretical perspectives and the implications of
context-based approach in detailed by the researcher. In the process of preparation of
context-based lesson materials the researcher and the teachers conducted an elaborate
study. The Student Lesson Materials that were used in the experimental group

included in the Appendix F.

The experimental group was instructed by using Student Lesson Materials which
were originally developed on the basis of context-based approach. Related to the
contexts in the Student Lesson Materials, usually group discussions and classroom

discussions were made.
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Figure 3.2 Photos of presentations and posters

The teachers were usually guiding the classroom during the lessons and facilitating
the discussions rather than teaching the students directly. Furthermore, in guidance of
the teachers, students in the experimental group prepared projects by working in
groups and made poster and PowerPoint presentations at the end. Each group
includes 4 or 5 students whom were chosen by the teachers at the first week of the
implementation. Teachers handed out the Group Projects (see Appendix G) to each
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group considering students’ choices and their field of interests.

In context-based education using poster presentations are seen as an efficient way of
assessment (Anthony et al., 1998). The posters prepared by groups were hung up on
the board and member of groups presented their projects whereas some groups made
PowerPoint presentations by using smart boards. Sometimes students in the
classroom asked questions to the group members about the projects and short
discussions on the projects were made during the presentations. The group members
looked very willing to participate in these discussions. Each presentation took about
5-10 minutes. The photos taken during the presentations and posters were presented

in Figure 3.2.

3.6.2. Treatment in the Control Group

The control group was instructed by traditional instruction which was the regular
way for the teachers to teach the subject-matters. According to the researcher’s
observations, the teachers primarily used lecturing as a way of instruction. Teachers
explained the topics to the students and asked questions about their understandings
about the content either standing in front of the board or sitting on their desks.
Students were listening and expressing their ideas and thoughts to the teachers in
return and they were also taking notes of the important points. Compared to the
experimental group, the students were asking fewer questions. Teacher-centered
instruction was conducted in that teachers were at the center of the instruction
process as a source of knowledge. Subsequent to teaching the concepts, teachers
were giving the worksheets which were also given to the experimental group.
Sometimes the questions in the worksheets were solved in the classes through the
guidance of the teachers and sometimes teachers assigned the worksheets as
homework as practiced in the experimental groups. The reason for giving the
worksheets both to the control group and to the experimental group is to assure that
the difference found between groups was only due to the type of instruction, not due
to the content loads.
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3.7. Data Analyses

3.7.1. Statistical Procedures

The quantitative data gathered via instruments in the present study was entered to
Predictive Analytics Software (PASW) Statistics 18 program. The variables entered
to the statistical program were student name and surname, school type (Anatolian or
vocational), group membership (experimental or control group), and the scores of
FCEAT-pre, ATES-pre, FCEAT-post, ATES-post and SPST. First of all descriptive
statistical analyses were conducted and mean, standard deviation, variance,
skewness, kurtosis, Q-Q plots and histograms were obtained. Secondly, inferential
statistical analyses were conducted. Multivariate analysis of covariance
(MANCOVA) was conducted due to the fact that there are two dependent, two
independent and three covariates in the present study. Before conducting
MANCOVA, several analyses such as correlational and reliability analyses were
conducted in order to check its assumptions which are normality, independence of
observations, equality of variances, multicollinearity and homogeneity of regression
slopes. After conducting MANCOVA, follow-up analyses of covariance (ANCOVA)
were conducted in order to determine the effect of each dependent variable.
Descriptive statistical analyses were explained in Section 4.1. and inferential

statistical analyses were explained in Section 4.2.

3.7.2. Power Analysis

Power is the probability of rejecting a null hypothesis in the case of being false
(Hinkle, Wiersma & Jurs, 2003). Power of a test is closely related to the sample size
of the study. In fact power is not an issue if the sample size is 100 subjects or more
(Stevens, 2009, p.6). In the present study a total number of 113 students participated
to the study. Therefore, power was not an issue for this study. Notwithstanding, in
the next paragraphs the statistical power analysis for the present study was briefly
explained.
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Alpha, the probability of rejecting a null hypothesis, value was set to 0,05 and beta
value, the probability of failing to reject a false null hypothesis, was set to 0,20. They
are Type I error and Type Il error respectively. The power value (1-B) became 0,80.
Cohen, Cohen, West and Aiken (2003) suggested to set the effect size (f2) to a
medium value of 0,15.

In order to calculate the minimum required sample size the formula
n=L/f2+kA+kB+1 was used (Cohen & Cohen, 1983, p.155) where n value is the
minimum required sample size and L value was given in the table (Cohen & Cohen,
1983, p.527) which was found to be 12,83. The value of kA in the formula is the
number of covariates which was 3 in the present study (SPST, FCEAT-pre and
ATES-pre scores). The values of kB in the formula can be found by subtracting 1
from levels of each fixed factor. The kB value in the present study is 2 because both
fixed factors which are school type and treatment had two levels (kB=(2-1)+(2-
1)=2). Therefore, when we put these values into the aforementioned formula we get
92 as the minimum required sample size for the present study
(n=12,83/0,15+3+2+1=91,53). The calculated sample size value was smaller than
113 which was the sample of the present study. Therefore, it can be concluded that

the sample size was enough regarding the statistical power.

3.7.3. Unit of Analysis

In the present study the unit of analysis was the students participated to the study and
the experimental unit were the intact classes. In order to meet the assumption of
independence of observations, unit of analysis and experimental unit should be the
same. However, it is not possible to provide independence of observations practically
in experimental studies due to the human factor as human beings are social
organisms. Fortunately, during the data collection procedure it was assumed that the

researcher and the teachers achieved preventing any interaction among students.
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3.8. Treatment Fidelity and Verification

In experimental researches treatment fidelity is defined as “the strategies that monitor
and enhance the accuracy and consistency of an intervention to ensure it is
implemented as planned and that each component is delivered in a comparable
manner to all study participants over time” (Smith, Daunic, Taylor, 2007). In fact
treatment fidelity is a way of confirmation of the treatment as it was planned before

the study in order to enhance validity and reliability of behavioral interventions.

For treatment fidelity and verification, the context-based instructional materials
developed in the study were prepared according to the theoretical framework of
Gilbert (2006). The details of the theoretical framework were explained in the
literature section. The expert opinions were considered and evaluated for the
verification for the compatibility of the materials to the theory. Furthermore, the
implementers were trained for the treatment through several meetings in order to
ensure their understandings about the implementation of the context-based
instruction. Besides, as assessment tools for treatment fidelity and verification, the
teachers were monitored during the treatment. The researcher attended almost half of
the lessons in both experimental and control groups. At the end of the
implementation, researcher gathered student opinions about the treatment via a

questionnaire for the purpose of assessing the treatment fidelity.

3.9. Assumptions and Limitations

3.9.1. Assumptions

The assumptions of the present study are as follows;

1. The measurement instruments (achievement tests and the questionnaires) were

administered to the participants in both experimental and control groups under

standardized conditions.
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2. All of the students responded to each item in each instrument faithfully and

sincerely.

3. Independence of observations which means that there were not any interaction

between students in experimental and control group was ensured.

4. The teachers were not biased for the implementation of any method of instruction.

5. The teachers completely followed the instructions in the Teacher’s Guide during
the implementation of context-based instruction.

6. Teachers’ enthusiasm toward context-based instruction and their personality traits

did not affect the results of the study.

3.9.2. Limitations

The limitations of the present study are as follows;

1. This study was limited to Fossil Fuels and Clean Energy Resources topics in 10th

grade chemistry curriculum.

2. This study was conducted in two districts of Ankara where majority of the students

are from medium socioeconomic status.

3. This study was conducted in Anatolian and vocational schools.

4. The assumption of independence of observations was a limitation for statistical

analyses in the present study.

5. The assumption of normality was a limitation for statistical analyses in the present

study.
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6. The number of participants in the study was a limitation regarding the
representativeness of the population.
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CHAPTER 4

RESULTS

4.1. Descriptive Statistics

The number of students in experimental and control groups and in Anatolian and
vocational high schools are presented in the following table. The number of students
in experimental and control groups in Anatolian high school are equal and in
vocational high school are almost equal. The total number of the students

participated to the study is 113.

Table 4.1 Descriptive Statistics

School Type
Anatolian Vocational Total
Experimental Group 31 25 56
Control Group 31 26 57
Total 62 51 113

Data cleaning were conducted via excluding absentees before the analysis and the
data were checked in order to determine whether there was any error in entering the
data. Besides, the two reverse items in the Attitude toward Environment Scale were
considered. The summary of the descriptive statistics for all data, for experimental

group, and for control group are presented in Tables 4.2, 4.3 and 4.4 respectively.
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Table 4.2 Descriptive Statistics for All Data
N Mean Std. Dev. Variance Skewness Kurtosis
Statistic ~ Statistic  Std. Statistic ~ Statistic  Statistic Std-  Statistic  Std.
Error Error Error
FCEAT-pre 113 37,6991 1,39281 14,80582 219,212 479 227 ,653 451
FCEAT-post 113 62,3451 1,35257 14,37804 206,728 -,409 227 ,337 451
ATES-pre 113 140,0177 1,89792 20,17512 407,035 -1,316 ,227 2,828 ,451
ATES-post 113 146,7965 1,87863 19,97014 398,806 -624 227 1,115 451
SPST 113 15,5841 37749 4,01276 16,102 -020 227 -240 451
Valid N (listwise) 113
Table 4.3 Descriptive Statistics for Experimental Group
N Mean Std. Dev. Variance Skewness Kurtosis
Statistic ~ Statistic Std. Statistic ~ Statistic ~ Statistic ~ Std-  Statistic  Std-
Error Error Error
FCEAT-pre 56 39,8214 2,00634 15,01406 225,422 ,884 ,319 1,268 ,628
FCEAT-post 56 68,8393 1,66120 12,43130 154,537 -,203 ,319 -,257 ,628
ATES-pre 56 146,6786 2,13202 15,95460 254,549 -1,568 ,319 4,945 ,628
ATES-post 56 151,9464  2,25017 16,83872 283,543 ,150 ,319 -,327 ,628
SPST 56 15,1607 ,53742 4,02165 16,174 ,089 ,319 -,025 ,628
Valid N
o 56
(listwise)
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Table 4.4 Descriptive Statistics for Control Group

N Mean Std. Dev. Variance Skewness Kurtosis

Statistic ~ Statistic ~ Std. Error  Statistic  Statistic  Statistic ~ Std-  Statistic  Std-
Error Error

FCEAT-pre 57 35,6140 1,91072  14,42562 208,098 ,039 ,316 -,416 ,623

FCEAT-post 57 55,9649 1,76749  13,34429 178,070  -,688 ,316 ,332 ,623

ATES-pre 57 133,4737  2,89013  21,81997 476,111 -1,084 ,316 2,119 ,623

ATES-post 57 141,7368  2,86097 2159987 466,555 -,789 ,316 ,808 ,623

SPST 57 16,0000 ,52922 3,99553 15,964 -,125 ,316 -,283 ,623
Valid N

o 57
(listwise)

4.2. Inferential Statistics

Inferential statistics include certain types of procedures that allow researchers to
make inferences about a population based on findings from a sample (Fraenkel &
Wallen, 2009, p.216). In this part, the determination of the covariates, assumptions of
MANCOVA, results of MANCOVA and follow-up ANCOVAs are presented

respectively.

4.2.1. Determination of Covariates

A covariate is a variable that has a potential relationship with the dependent variable
(Field, 2005, p.727). One or more covariates can be used in the MANCOVA
analysis. Covariates are statistically controlled so that they may increase the
possibility of finding differences between groups as well as aid for adjusting

previous differences between groups.

In the present study, FCEAT-pre, ATES-pre and SPST scores were considered as
possible covariates due to the fact that they might have been correlated with FCEAT-
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post and ATES-post scores. In order to reveal pre-existing differences between

groups, independent samples t-tests for FCEAT-pre, ATES-pre and SPST were

performed. The results of the independent samples t-tests are summarized in the
Table 4.5.

Table 4.5 Independent-samples t-tests for FCEAT-pre, ATES-pre, and SPST

Levene’s test of equality of variances T-test for equality of means
F Sig. t df Sig.
FCEAT-pre 444 ,506 1519 111 ,132
ATES-pre 5,789 ,018 3,677 111 ,000
SPST ,347 ,557 -1,113 111 ,268

As shown in Table 4.5, the mean difference between the ATES-pre scores of students
in control group and experimental group is significant (t(102,6)=0,000 p<0,05),
whereas there is no significant mean difference between control group and
experimental group with respect to students’ FCEAT-pre scores (t(111)=0,132
p>0,05) and SPST scores (t(111)=0,268 p>0,05). Therefore it can be concluded that
ATES-pre scores of students can be used as a covariate during inferential statistics.
As a second step, in order to check the relationships between the dependent variables
and the potential covariates which were FCEAT-pre, ATES-pre and SPST scores, all

correlations were calculated as shown in Table 4.6.

Table 4.6 Correlations between potential covariates and dependent variables

FCEAT-pre ATES-pre SPST FCEAT-post ATES-post

FCEAT-pre 1 ,123 -,049 ,328* -,029
ATES-pre ,123 1 ,092 ,135 A478*
SPST -,049 ,092 1 -,002 274%*
FCEAT-post ,328* ,135 -,002 1 ,091
ATES-post -,029 A478* 274% ,091 1

* Correlation is significant at the 0.01 level (2-tailed).
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In order to choose continuous variables as covariates, the main point is that
covariates should be highly correlated with the dependent variables and should have
low correlations among themselves (Stevens, 2009, p.293). According to the Table
4.6, there is not any significant correlation among potential covariates which are
FCEAT-pre, ATES-pre and SPST. However, these potential covariates have
significant correlations with at least one of the dependent variables. Therefore, it is
reasonable to choose FCEAT-pre, ATES-pre and SPST as a set of covariates to go on

further analyses.

4.2.2. Assumptions of MANCOVA

Assumptions have critical importance in performing any further statistical procedures
with parametric tests (Field, 2005). Multivariate analysis of covariance has five
assumptions which are (1) normality, (2) independence of observations, (3) equality

of variances, (4) multicollinearity, and (5) homogeneity of regression slopes.

4.2.2.1. Normality

Univariate normality and multivariate normality should be checked before
conducting MANCOVA analysis. For checking univariate normality, as a first step
skewness and kurtosis values were controlled. For a normal distribution, skewness
and kurtosis values should be between -2 and +2. The skewness and kurtosis values
are between -2 and +2 except the kurtosis values of ATES-pre scores as it is
presented in Table 4.7. This exception is not a serious violation as the sample size of
the study is considerably large (Tabachnick & Fidell, 2007, p.80).
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Table 4.7 Skewness and kurtosis values

Skewness Kurtosis
Statistic Std. Error Statistic Std. Error
FCEAT-pre 479 227 ,653 451
FCEAT-post -,409 227 337 451
ATES-pre -1,316 227 2,828 451
ATES-post -,624 227 1,115 451
SPST -,020 227 -,240 451

As a second step, the histograms and Q-Q plots were drawn in order to check
normality visually as they represent the shape of distribution. For the purpose of
determining the distribution of the scores, Tabachnick and Fidell (2007, p.80)
recommend using graphs such as histograms. The histograms and Q-Q plots are
presented in Figure 4.1.
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Figure 4.1 Histograms and Q-Q plots
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Multivariate normality is an extension of normal distribution to multiple variables
(Field, 2005, p.739). Multivariate normality was checked by Box’s Test of Equality
of Covariance Matrices whose result is presented in Table 4.8. According to the test,
this assumption was met since the significance value was greater than 0,001 (Field,
2005, p.599).

Table 4.8 Box's Test of Equality of Covariance Matrices

Box's M 25,135

F 2,699

dfl 9

df2 116837,681
Sig. ,004

4.2.2.2. Independence of Observations

Independence of observations is another assumption of MANCOVA. Researcher met
this assumption via preventing students’ interactions when they were taking the tests
in the classrooms. Besides, during the procedure of data entrance to the computer
program, researcher was watchful and controlled for in order not to violate this

assumption.

4.2.2.3. Equality of VVariances

Homogeneity of variance is the assumption that the variance of one variable is
relatively similar at all levels of another variable (Field, 2005, p.733). It is controlled
by Levene's test of equality of error variances. In order to meet the assumption, it is
expected to find insignificant values for the dependent variables which means that
variances are similar or equal across groups. The results of Levene’s test are

presented in Table 4.9. The significance values are 0,015 and 0,059 which mean that
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the assumption was violated. However, the violation of this assumption is reasonably
robust if the sample size of groups are similar (Field, 2005, p.599). Therefore, due to
the fact that the sizes of groups were similar in the present study, the violation of the

assumption, homogeneity of variance, was not a problem for the analyses.

Table 4.9 Levene's Test of Equality of Error Variances

F df1 df2 Sig.
FCEAT-post 3,660 3 109 015
ATES-post 2,554 3 109 059

4.2.2.4. Multicollinearity

Multicollinearity refers to the relationship among independent variables. The
independent variables of the present study were FCEAT-pre, ATES-pre and SPST
scores. When the correlations among independent variables are very high (r = 0.9
and above), multicollinearity exists (Field, 2005, p.175). According to the values in
the Table 4.10 which presents the correlations among independent variables, there is

not a high correlation which means that the assumption was not violated.

Table 4.10 Correlations Among Independent Variables

FCEAT-pre ATES-pre SPST
FCEAT-pre 1 ,123 -,049
ATES-pre ,123 1 ,092
SPST -,049 ,092 1

* Correlation is significant at the 0.01 level (2-tailed).
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4.2.2.5. Homogeneity of Regression Slopes

The final assumption that was checked for MANCOVA analysis is homogeneity of
regression slopes. It is the assumption that the relationship between the covariate and
the dependent variable is constant across different treatment levels (Field, 2005,
p.733). Similar slopes on the regression line for each group indicates that the
assumption was met, otherwise MANCOVA analyses cannot be conducted. The
assumption can be checked by homogeneity of regression test. The results are
presented in the Table 4.11.

Table 4.11 Tests for Homogeneity of Regression Slopes

Potential Dependent Type Il Mean .
. . Sum of df Sig.
Covariates Variable Square
Squares

FCEAT-post 15,326 1 15,326 112 ,7138
FCEAT-pre

ATES-post 44,108 1 44,108 ,229 ,633

FCEAT-post 261,328 1 261,328 1,918 ,170
ATES-pre

ATES-post 31,774 1 31,774 ,165 ,686

FCEAT-post 1,543 1 1,543 ,011 ,916
SPST

ATES-post 41,094 1 41,094 ,213 ,645

Any significant interaction effect means the violation of the assumption of
homogeneity of regression (Garson, 2012). All the significance values in the Table

4.11 were greater than 0.05 which means that the assumption was met.

4.2.3. Results of MANCOVA

Multivariate analysis of covariance (MANCOVA) can be used to examine two or
more dependent variables at the same time, in respect of one or more independent

variables regarding one or more covariates (Davis, 2003). In the present study, the

dependent variables are Fossil Fuels and Clean Energy Resources Achievement Test
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post-test scores (FCEAT-post) and Attitudes toward Environment Scale post-test
scores (ATES-post); the independent variables are method of instruction and school
type. The covariates of the study are Fossil Fuels and Clean Energy Resources
Achievement Test pre-test scores (FCEAT-pre), Attitudes toward Environment Scale
pre-test scores (ATES-pre) and Science Process Skills Test scores (SPST). The
preliminary analyses for checking the assumptions of MANCOVA which are
normality, independence of observations, equality of variances, multicollinearity, and
homogeneity of regression slopes are presented in Section 4.2.2. The assumptions
were met without serious violations and two-way MANCOVA was performed using
PASW 18 statistical program. The results of the MANCOVA analyses are presented
in Table 4.12.

Table 4.12 Results of MANCOVA

Partial

Wilks’ Hypothesis Error . Observed
Effect Lambda F df df Sig. Eta Power
Squared
Treatment ,786 14,307 2,000 105,000 ,000 214 ,990
School Type ,981 1,021 2,000 105,000 ,364 ,019 ,082
Treatment*
School Type ;930 3,951 2,000 105,000 ,022 ,070 457

The first null hypothesis of the study tests the effect of instruction method; the
treatment. The Wilks” Lambda value is 0,786 which is significant F(2,105) = 14,31,
p = 0,00; partial eta squared = 0,214 resulting the rejection of the first null
hypothesis. Therefore, it can be concluded that there is a significant mean difference
on the collective dependent variables of tenth grade students’ FCEAT-post and
ATES-post scores when students’ FCEAT-pre, ATES-pre and SPST scores are
controlled. The value of partial eta squared means that 21,4% of the multivariate
variability in the dependent variables is explained by the method of instruction. The
effect size can be evaluated as large because partial eta squared is greater than 0,138
(Cohen, 1988, p.22). The observed power value is 0,99 which is greater than the

previously assigned power of the study which is 0,80.

65



The second null hypothesis of the study tests the effect of type of school. The Wilks’
Lambda value is 0,981 which is not significant F(2,105) = 1,02, p = 0,364, partial eta
squared = 0,019 resulting failure of the rejection of the second null hypothesis.
Therefore, it can be concluded that there is no significant mean difference on the
collective dependent variables of tenth grade students’ FCEAT-post and ATES-post
scores between Anatolian and vocational high school students when students’

FCEAT-pre, ATES-pre and SPST scores are controlled.

The third null hypothesis of the study tests the effect of method of instruction and
school type interaction. The Wilks’ Lambda value is 0,930 which is significant
F(2,105) = 3,951, p = 0,022; partial eta squared = 0,07 resulting the rejection of the
third null hypothesis. Therefore, it can be concluded that there is a significant
interaction effect of treatment and school type on the population means of collective
dependent variables of tenth grade students’ FCEAT-post and ATES-post scores
when students’ FCEAT-pre, ATES-pre and SPST scores are controlled. The value of
partial eta squared means that 7% of the multivariate variability in the dependent
variables is explained by the interaction of method of instruction and school type
interaction. The effect size can be evaluated as medium (Cohen, 1988, p.22). The
observed power value is 0,457 which is not greater than the previously assigned
power of the study which is 0,80. However, the power of the test is not an important

issue if the sample size is greater than 100 (Stevens, 2009, p.6).

When the effects of covariates to the adjustment of the dependent variables are
considered, the analyses which is presented in Table 4.13 indicates that all three
covariates had significant contributions to the dependent variables. For FCEAT-pre
the Wilks’ Lambda value of 0,095 was significant F(2,105) = 5,542, p = 0,005,
partial eta squared = 0,095. For ATES-pre the Wilks’ Lambda value of 0,799 was
significant F(2,105) = 13,225, p = 0,000, partial eta squared = 0,201. For SPST the
Wilks’ Lambda value of 0,911 was significant F(2,105) = 5,136, p = 0,007, partial
eta squared = 0,089. The effect size for FCEAT-pre and SPST was medium whereas
the effect size for SPST was large (Cohen, 1988, p.22).
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Table 4.13 Results of MANCOVA Regarding the Covariate

Wilks’ Hypothesis Error . Partial Eta Observed

Effect Lambda F df df Sig Squared Power
FCEAT-

,095 5,542 2,000 105,00 ,005 ,095 ,649
pre
ATES-

,799 13,225 2,000 105,00 ,000 ,201 ,983
pre
SPST ,911 5,136 2,000 105,00 ,007 ,089 ,605

4.2.4. Follow-up ANCOVAs

Follow-up univariate analyses of covariance (ANCOVA) were performed in order to
determine the effect of each dependent variable one by one. The results of follow-up
ANCOVA:s are presented in Table 4.14.

The fourth, fifth and sixth null hypotheses of the study test the effect of instruction
method, school type, and interaction of instruction method and school type for
FCEAT-post test scores. The seventh, eighth and ninth null hypotheses of the study
test the effect of instruction method, school type, and interaction of instruction

method and school type for ATES-post test scores.

The fourth null hypothesis of the study tests the effect of instruction method for
FCEAT-post test scores. The results showed that the difference between the FCEAT-
post mean scores of tenth grade students who were taught via context-based
instruction and who were taught via traditional instruction is statistically significant
when the effects of the pre-test scores of SPST, FCEAT-pre and ATES-pre are
controlled (F(1,106) = 24,207, p = 0,000, partial eta squared = 0,186) resulting the

rejection of the fourth null hypothesis.
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Table 4.14 Results of Follow-up ANCOVAs

Dependent i Partial Eta Observed
Variable Source @ F 310 Squared Power
FCEAT-post Corrected Model 6 7,719 ,000 ,304 1,000
Intercept 1 24,956 ,000 191 999
FCEAT-pre 1 9,824 ,002 ,085 874
ATES-pre 1,000 ,990 ,000 ,050
SPST 1 544 462 ,005 ,113
Treatment 1 24,207 ,000 ,186 ;998
School Type 1 1936 ,167 ,018 ,281
Treatment* School
Type 2,159 ,145 ,020 ,308
ATES-post Corrected Model 6 9,293 ,000 ,345 1,000
Intercept 1 27,950 ,000 ,209 ;999
FCEAT-pre 1 1,646 ,202 ,015 ,246
ATES-pre 1 26,660 ,000 ,201 ;999
SPST 1 9,643 ,002 ,083 ,868
Treatment 1 3,925 ,050 ,036 ,501
School Type ,164 686 ,002 ,069
Treatment* School 1 5553 ,020 050 646
Type

The fifth null hypothesis of the study tests the effect of school type for FCEAT-post
test scores. According to the results, mean scores of Anatolian and vocational tenth
grade high school students do not differ significantly when the effects of the pre-test
scores of SPST, FCEAT-pre and ATES-pre are controlled (F(1,106) = 1,936, p =
0,167, partial eta squared = 0,018) resulting the failure of rejection of the fifth null
hypothesis.

The sixth null hypothesis of the study tests the interaction effect of instruction

method and school type for FCEAT-post test scores. It can be concluded from the

results that there is no statistically significant interaction effect between instruction
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method and school type on tenth grade high school students’ FCEAT-post test scores
when their pre-test scores of SPST, FCEAT-pre and ATES-pre are controlled
(F(1,106) = 2,159, p = 0,145, partial eta squared = 0,020) resulting the failure of

rejection of the sixth null hypothesis.

The seventh null hypothesis of the study tests the effect of instruction method for
ATES-post test scores. It was found that that the difference between the ATES-post
mean scores of tenth grade students who were taught via context-based instruction
and who were taught via traditional instruction is statistically significant when the
effects of the pre-test scores of SPST, FCEAT-pre and ATES-pre are controlled
(F(1,106) = 3,925, p = 0,050, partial eta squared = 0,036) resulting the rejection of

the seventh null hypothesis.

The eighth null hypothesis of the study tests the effect of school type for ATES-post
test scores. According to the results, mean scores of Anatolian and vocational tenth
grade high school students do not differ significantly when the effects of the pre-test
scores of SPST, FCEAT-pre and ATES-pre are controlled (F(1,106) = 0,164, p =
0,686, partial eta squared = 0,002) resulting the failure of rejection of the eighth null
hypothesis.

The ninth null hypothesis of the study tests the interaction effect of instruction
method and school type for ATES-post test scores. According to the results presented
in Table 4.14, there is statistically significant interaction effect between instruction
method and school type on tenth grade high school students’ ATES-post test scores
when their pre-test scores of SPST, FCEAT-pre and ATES-pre are controlled
(F(1,106) = 5,553, p = 0,020, partial eta squared = 0,050) resulting the rejection of
the ninth null hypothesis.

For each dependent variable two plots were drawn in order to find out the effects of

FCEAT-post (Figure 4.2) and ATES-post (Figure 4.3), and estimated marginal
means are presented in Table 4.15. The plots are parallel to the findings as expected.
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It is clear that context-based instruction in an effective way of teaching for both types
of schools on students’ conceptual understanding of fossil fuels and clean energy
resources topics. Besides, context-based instruction was more beneficial for
vocational high school students than for Anatolian high school students. On the other
hand, context-based instruction was not effective for improving students’ attitudes
toward environment for Anatolian high school student whereas it seems to be

effective for vocational high school students.

Table 4.15 Estimated Marginal Means

Dependent Variable Group School Type Mean
FCEAT-post Experimental Group Anatolian High School 68,291
Vocational High School 68,518
Control Group Anatolian High School 59,509
Vocational High School 52,702
ATES-post Experimental Group Anatolian High School 145,814
Vocational High School 154,706
Control Group Anatolian High School 146,741
Vocational High School 140,430
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Figure 4.2 Estimated Marginal Means of FCEAT-post
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Figure 4.3 Estimated Marginal Means of ATES-post

4.3. Students’ Opinions Related to the Treatment

In order to determine and reveal students’ opinions and thoughts about context-based
instruction Student Questionnaire about Context Based Instruction (SQCBI) was
utilized. The results of the questionnaire were reported without considering school
type due to the two reasons. Firstly the effect of school type was not statistically
significant in the analyses. Secondly, the students mentioned similar statements in

both schools.

A total of 56 students who were in experimental group filled in the questionnaire. In
the data collection procedure it was announced to the students that there was no need
for their personal information in order to obtain freely stated opinions and thoughts.
The qualitative data obtained were analyzed via codes and themes. Some of the

statements of students were given in quotes as examples.

Students’ opinions and thoughts were evaluated in four themes which are (1) the
effect of CBI on students’ liking chemistry and desire for learning chemistry, (2) the
choices of students for the method of instruction (CBI or T1), (3) the effect of CBI on
learning chemistry, and (4) the connection of chemistry to daily life.
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Two open ended questions and four 5-point Likert scale items were for determining
the effect of CBI on students’ liking chemistry and desire for learning chemistry. The
mean of the level of students’ liking chemistry before the treatment were 3,59
whereas it was 4,13 after the treatment. This result showed that the level of students’
liking chemistry increased after the treatment. Moreover, 73% of the students stated
that there were differences for liking chemistry before and after the treatment
whereas 27% of the students stated that there were no differences for liking
chemistry before and after the treatment. On the other hand, the mean of the level of
students’ desire for learning chemistry before the treatment were 3,81 whereas it was
3,94 after the treatment. This result showed that the level of students’ desire for
learning chemistry increased after the treatment. Besides, 80% of the students stated
that there were differences for desire for learning chemistry before and after the
treatment whereas 20% of the students stated that there were no differences for desire
for learning chemistry before and after the treatment.

The answers of the students about the reasons for differences about liking chemistry
can be summed up in three main headings. The first one was about gaining a better
understanding about chemistry topics, which was expressed by 45% of the students.

Some of the related quotes were as follows;
“Indeed there has been a difference because I have
understood better via this method of instruction and the

topics were catchy for me”

“Beforehand I didn’t like chemistry much but as I started to
understand chemistry topics, | liked chemistry”

“I have better understood the subjects after the lessons and

therefore I studied chemistry willingly”

The second one was about the connection of chemistry to daily life and the
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instructional materials, which was stated by 32% of the students. Some of the related

quotes were given below.

“Since chemistry lessons are closely related to our daily life,

I started to like chemistry more”

“The textbook of chemistry is boring, but the materials we

used in the lessons are not boring”

The third one was about enjoyment and interest, which was expressed by 23% of the

students. There were two quotes below related to that;

“Chemistry lessons became enjoyable and became like a

swiftly flowing river via this instructional method”

“Chemistry was not drawing my attention before, as the
lessons was to be taught in this way, it has drawn my

interest more”
The answers of the students about the reasons for desire for learning chemistry can
be summed up in three main headings. The first one was about the connection of
chemistry to daily life and the instructional materials, which was expressed by 36%
of the students. Some of the related quotes were as follows;

“The materials we used during the lessons remembered me

that chemistry lesson does not only include mathematical

calculations”

“Because chemistry has a great place in our daily life”

The second one was about gaining a better understanding about chemistry topics,
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which was expressed by 33% of the students. There were two quotes below related to
that;

“Now, I understand chemistry topics better when compared

to the previous lessons”

“Via activities in the lessons, my chemistry knowledge
reinforced, and therefore | have understood chemistry topics

better”

The third one was about enjoyment and interest, which was expressed by 31% of the

students. Some of the related quotes were given below.

“This method of instruction aroused my interest toward

boring chemistry lessons”

“I wanted to learn chemistry previously, but now I am more

willing to learn chemistry as it is very enjoyable”

The second theme that was arised when students’ opinions and thoughts were
evaluated was the choices of students for the method of instruction (CBI or TI). A
great majority of the students, 98%, preferred CBI and 2% of the students stated that
the method of instruction was not an issue for them. Among the students who
preferred CBI, 26% stated no reasons for their choice whereas others stated several
reasons summed up in three main headings, which are activities related to daily life
and instructional materials (28%), comprehensibility and increase in achievement
(28%), and enjoyment and increase in interest (18%). Some of the related quotes

were given below.
“As well as the group projects, the activities and the

discussions related to daily life conducted in the lessons

made the subject matters comprehensible and catchy for me”
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“The instructional materials were prepared very well and

this made CBI very efficient for learning chemistry”

“I want to learn chemistry via CBI because | became more
successful in chemistry lessons and enthusiastic about

chemistry after that approach (treatment)”

“Because I got pleasure in the chemistry lessons and our
lessons were very enjoyable due to the implementation of
CBI”

“I understood chemistry better via CBI and therefore my

chemistry scores in the exams will probably increase”

The third theme was the effect of CBI on learning chemistry. Among the students
who replied the related item in the questionnaire, none of them expressed negative
aspects of CBI on learning chemistry and 30% did not state any explanations for the
positive aspects of CBI. Other students stated several reasons summed up in three
main headings, which are understanding and learning (30%), activities related to
daily life and instructional materials (27%), and enjoyment (13%). Some of the

related quotes were given below.

“The discussions about real life contexts resulted in a better

understanding on the subject matter for me”
“Previously I was asking myself where | will use the
concepts I learn, but now I understood that chemistry is

everywhere in my life”

“I comprehended the chemistry topics better via activities,

powerpoint presentations, and discussions in the classroom”
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One of the students who did not follow and listen chemistry lessons previously stated
that;

“I don’t like chemistry lessons in fact I hate, however, a little

bit I was able to listen and follow the lessons”

This quote is important for showing the impact of CBI because even for a student

who does not deal with any chemistry topics has positively affected by the treatment.

The fourth theme was the connection of chemistry to daily life. 87% of the students
stated that CBI contributed to them for establishing relationship between their daily
lives and chemistry whereas 13% of the students stated that CBI had not any
contribution to the establishment of such a relationship. Some of the students who
expressed the connections gave examples related to the subject matters such as petrol

and global warming. Some of the related quotes were as follows;

“As well as the disadvantages I know the properties of
gasoline that we buy for our car, and | am aware about the

importance of the protection of environment”

“At my home, I separate the garbage for recycling with my

family in order to protect environment”

Furthermore, some of the students stated about the roles in their daily lives due to the

knowledge they gained in the lessons. Some of the related quotes were given below.

“I can make comments on the issues when talking to the
adolescents, besides | can participate to the discussions about
the issues related to the topics I learned such as pollution and

energy issues”
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“Out of the school, now I am able to understand posters,
questionnaires and bills related to the topics we learned in the
classroom and | am also able to tell and explain them to other

people”

To sum up, opinions and thoughts of the students in the experimental group was
revealed by Student Questionnaire about Context Based Instruction and they are
evaluated in four themes. The results showed that in general CBI had positively
affected students in terms of liking chemistry, learning chemistry and establishing
connection between chemistry and daily life. Moreover, CBI was seen as a better
way of instruction compared to traditional instruction, and during the implementation
of CBI most of the students were pleased to express their ideas freely via discussions
and activities as well as taking responsibilities via preparing presentations and
posters.
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CHAPTER 5

CONCLUSIONS, DISCUSSION AND IMPLICATIONS

5.1. Conclusions and Discussion of the Results

The main purpose of the present study was to investigate the effectiveness of
context-based instruction as compared to traditional instruction on tenth grade high
school students’ understanding of fossil fuels and clean energy resources topics and
their attitudes toward environment in Turkish classrooms. For that purpose a quasi-
experimental study was conducted with a pre-test post-test control group design
including a sample of 113 high school students from two different types of schools
from two similar districts in terms of socioeconomic status and culture. The
independent variables were method of instruction which were context-based
instruction and traditional instruction, and school type which were Anatolian and
vocational high schools. The student outcomes that were focused on in the study
were their achievements in fossil fuels and clean energy resources topics and their
attitudes toward environment which were the dependent variables. Moreover, in
order to statistically control the possible effects on the dependent variables, students’
prior knowledge on fossil fuels and clean energy resources topics and prior attitudes
toward environment were considered as covariates in the statistical analyses because
students’ prior achievement scores and attitude scores are important for their final
scores and they can explain up to 70% of the variation in their final scores (Gooding
et. al., 1990). Students’ science process skills were also controlled and considered as
covariates in the statistical analyses because it is probable that students’ science

process skills may affect their achievement scores. Taking into consideration the
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aforementioned purpose, design and the variables, this study established some
evidence for the effectiveness of context-based instruction on both students’
achievement in chemistry and developing more positive attitudes toward
environment in Turkish classrooms, which can be considered as the main

contribution to the literature in the field.

In Turkey, the applied educational system is single-center oriented and it includes
over-load of curricula. Besides the system wants the teachers strictly abide by the
curricula which include predetermined aims and objectives. Furthermore, chemistry
curriculum was not based on the principles of context-based instruction.
Nevertheless, researchers in the field in Turkey tried to adapt the principles of
context-based instruction to the existing curricula in recent years (Acar & Yaman,
2011; Balta & Eryilmaz, 2011; Cigdemoglu, 2012; Demircioglu, Demircioglu &
Calik, 2011; Ekinci, 2010; Elmas, 2012; lhan, 2010; Kutu & Sozbilir, 2011; Sunar,
2013).

In the present study, the topics taught via context-based instruction were fossil fuels
and clean energy resources. It was the first time in chemistry curriculum in Turkey
that these two topics had been introduced. The two topics include several concepts
not requiring any mathematical calculations which can be considered as a limitation
for teaching and learning chemistry. Therefore, including various concepts and not
necessitating any mathematical calculations, the topics make the study feasible and
practical in evaluating the effectiveness of context-based instruction (Elmas, 2012).
Furthermore, although the two topics are closely related to students’ everyday lives,
they are presented in the school textbooks of students in a way that the concepts are
something out of and irrelevant to daily life. In the present study, the utilized lesson
materials which were designed according to context-based instruction supported
students’ chemistry achievement and attitudes toward environment because the
students realized that the chemistry knowledge they learned are meaningful and
connected to their daily lives, which makes them more interested in chemistry
lessons (Parchmann et al., 2006) and results in gaining achievement in chemistry
(Gutwill-Wise, 2001).
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One of the main results of the study was about the achievement of students on
understanding fossil fuels and clean energy resources topics. The achievement of
students who were taught via context-based instruction was significantly greater than
the students who were taught via traditional instruction in both schools. The students
from both Anatolian and vocational high schools benefited from context-based
instruction in almost same degree (Xec = 68,3 for Anatolian HS and Xeg = 68,5 for
vocational HS). This finding of the study about the effectiveness of context-based
instruction on students’ achievement was consistent with the findings of previous
international studies (Barber, 2000; Barker & Millar, 1996; Barker & Millar, 1999;
Barker & Millar, 2000; Gutwill-Wise, 2001; Lubben, Campbell & Dlamini, 1997,
Ramsden, 1997; Smith & Bitner, 1993; Wierstra, 1984) as well as the findings of
research studies conducted in Turkish context (Acar & Yaman, 2011; Cam, 2008;
Demircioglu, Demircioglu, & Calik, 2009; Ilhan, 2010; Kutu & Sozbilir, 2011; Ozay
Kose & Cam Tosun, 2011; Pesman, 2012; Tekbiyik, 2010; Toroslu, 2011; I"Jltay,
2012; Unal, 2008; Yaman, 2009; Yayla, 2010). On the other hand, there are several
international studies presenting consisting findings with the present study
(Benckert,1997; Cooper,Yeo & Zadnik, 2003; Murphy, Lunn & Jones, 2006; Rayner,
2005; Wade & Saxe, 1996; Wierstra & Wubbels, 1994), but they have important
methodological problems, which results in uncertain findings about the effectiveness
of context-based instruction on students’ achievement. Therefore, it can be
concluded that there has not been a consensus on the effectiveness of context-based
instruction in the literature (Taasoobshirazi & Carr, 2008) due to the failure of not
including control groups or pre-tests and the failure in the designs as well as the
theoretical backgrounds of the implementations (Medrich, Calderon & Hoachlander,
2003). Considering previous research studies, this study is of utmost importance in
that it includes a careful design, a control group, pre-tests, and evidence based on
statistical analyses as well as an effective methodology based on a theory.

The reason for the findings of the study about the effectiveness of context-based

instruction on students’ achievement may be due to the context-based instructional

materials and the activities students performed in the experimental group. The
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instructional materials were prepared in a way that students gained a chance for a
deeper understanding about the topics through classroom discussions and activities,
which was resulted a significant increase in achievement. Moreover, during the
lessons, students discussed about the issues in the contexts and presented their ideas
by using a chemical language. At the end of each topic they also solved exercises
either individually or in groups, besides they prepared group projects and presented
their projects at the end of the lessons. All of these activities in the context-based
instruction contributed to students’ understanding about the topics as well as their

chemistry achievement.

Furthermore, through the lessons in experimental group, students worked in groups
collaboratively, presented their ideas, communicated and produced; whereas students
in control group worked alone, competed one another instead of collaboration and
took information from the teacher. Besides, in experimental group teacher behaved
as an advisor or a coach showing way of learning; whereas in control group teacher
behaved as an expert answering the questions directly. These differences in both
students’ roles and teachers’ roles in experimental and control groups may have

contributed to students’ chemistry achievement in experimental group.

Compared with traditional instruction which slightly emphasizes the connection of
chemistry to daily life and in which pure chemical facts are given strictly, context-
based instruction establishes a link between chemistry and daily life through several
activities (Barber, 2000; Barker & Millar, 2000; Gutwill-Wise, 2001). In the present
study, for instance, the topic about fossil fuels was closely related to students’ daily
lives. Students evaluated and discussed the role of coal and petroleum in the society
as well as advantages-disadvantages of using coal and petroleum using the organic
structures of the substances in order to understand the context. In this way, students
gained a better understanding about the topic by utilizing the context and using
specific chemical language. Therefore, in the present study students probably
apprehended that chemistry topics were not abstract things that was not connected to
everyday life, on the contrary they understood that chemistry were related to every

part of their lives, which might possibly contributed to their achievement.
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When the results related to students’ attitudes toward environment are considered, it
was found that the difference between the ATES-post mean scores of tenth grade
students who were taught via context-based instruction and who were taught via
traditional instruction was significant. Nevertheless, partial eta squared value was
calculated as 0,036 which refers a small effect size. It means that only 3,6% of the
variance of the dependent variable accounted for by the treatments. In fact, the
difference between experimental and control groups was only in vocational high
school (Xeg = 154,7 and Xcg = 140,4). On the other hand, the means for
experimental and control groups in Anatolian high school were very close (Xec =
145,8 and Xcc = 146,7). Therefore, it can be concluded that the statistically
significant difference between groups was due to the difference on only one type of
school which was vocational high school. This situation can also be evaluated as an
explanation for the calculated small effect size. Moreover, this small effect size may
be explained by the complex structure of attitudes. As it is known, it is difficult to
change affective variables such as attitudes and self-efficacy beliefs in a short term
treatment. The treatment in the study took six weeks and this duration was possibly
not long enough to change students’ attitudes toward environment utterly and
persistently as reported in previous short term studies (Elmas, 2012; Kutu & Sozbilir,
2011). But in long term implementations of context-based approaches, it was
reported that students developed more positive attitudes such as in Salters course
(Ramsden, 1997), in ChemConnections (Gutwill-Wise, 2001), in CiC course
(Schwartz, 2006), and in Chemie im Kontext project (Parchmann et al., 2006).

Furthermore, as was just mentioned in the previous paragraph, the means of ATES-
post scores of students in each group were quite high considering that the highest
score that a student could get in the scale was 180. These high ATES-post scores of
students raised the researcher’s doubt for the sincerity of the students It was probable
that most of the students in the study might have answered the questionnaire as what
was expected from them by the society due to the fact that being a person sensitive
toward the protection of environment is considered as a good thing parallel to the
society’s value judgment. Therefore, one of the assumptions of the present study was

that the students responded to each item in each instrument faithfully and sincerely.
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In some previous studies, attitude changes toward environment and chemistry were
reported (Demircioglu, Demircioglu, & Calik, 2009; Gutwill-Wise, 2001; Ilhan,
2010; Rayner, 2005; Schwartz, 2006; Sutman & Bruce, 1992; Ultay & Calik 2011)
whereas there were studies which reported no significant changes in students’
attitudes toward environment and chemistry (Elmas, 2012; Gutwill-Wise, 2001; Kutu
& Sozbilir, 2011; Parchmann et al., 2006). In general there is an increase in students’
attitudes when they are instructed via context-based instruction (Barber, 2000;
Gutwill-Wise, 2001; Parchmann et al., 2006). However, the studies reporting no
change in attitudes have some limitation such as errors in the edition of the
instructional materials, the ideas of the students about being a part of an experiment
(Gutwill-Wise, 2001) and the high complexity level of the contexts (Parchmann et
al., 2006). Even though there are studies reporting no attitude changes in context-
based instruction, there has been a consensus about the effectiveness of context-
based instruction on attitudes of students especially in long term implementations
(King, 2012).

In this study, the effect of school type for students’ FCEAT-post and ATES-post
scores was not statistically significant. The underlying reason for this finding may be
due to the socioeconomic status. The two schools in the study were from two districts
which are very similar in terms of distance to the city center, cultural traits and
socioeconomic status, and great majority of the students were belonged to medium
socioeconomic status families. According to OECD (2012), the level of student
achievement in schools is closely related to their parents’ socioeconomic status. This
finding of the study about the effect of school type on students’ achievement and
attitudes toward environment was consistent with the findings of the study of Elmas
(2012). Moreover, in previous studies, some researchers applied similar treatments in
terms of instructional approaches, and found similar increase in students’
achievement in different types of schools in Turkish context (Bektas, 2011; Bulbul,
2010; Tekbiyik, 2010). On the other hand, some researchers reported that
achievement of students changes according to school types (Berberoglu & Kalender,
2005; Demirel, 1986; Jimenez, Lockheed, & Paqueo, 1991; Newhouse & Beegle,

2006) owing to the fact that private high schools and some general high schools are
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well equipped in terms of instructional materials, technological devices and

qualifications of teachers.

In the present study the interaction effect of instruction method and school type for
students’ ATES-post scores was statistically significant. The reason for that finding
was due to the fact that there was only high difference between ATES-post scores of
experimental and control groups in vocational high school (Xec = 154,7 and Xcg =
140,4) but there was not high difference between ATES-post scores of experimental

and control groups in Anatolian high school (Xec = 145,8 and Xcc = 146,7).

In order to reveal students’ opinions about the context-based instruction, Student
Questionnaire about Context Based Instruction was utilized. The students expressed
pleasure for the treatment. In addition, they stated that the treatment increased their
motivation toward chemistry and they realized that there is a connection between
chemistry topics and their daily lives. The reason for those statements of students
should be due to the effectiveness of the treatment because the implemented lesson
materials include questions that prompt students to think about the subject matter and
to make discussions on the issues related to their everyday lives. Furthermore, the
detailed teacher guides also contributed to the effectiveness of the treatment as they

aided teachers via showing ways for the implementation of context-based instruction

properly.

The findings of the present study have not only statistical importance but also have
practical importance. The partial eta squared value and observed power values were
evidence for that. In the results of MANCOVA, value of partial eta squared was
calculated as 0,214 which means that 21,4% of the multivariate variability in the
dependent variables was explained by the method of instruction. This effect size
value can be evaluated as large because partial eta squared is greater than 0,138
(Cohen, 1988, p.22). Moreover, observed power value was 0,99 which means that it

is highly probable to ascertain the true effect of the treatment.
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To conclude, the main purpose of the present study was to investigate the
effectiveness of context-based instruction as compared to traditional instruction on
students’ achievement and attitudes toward environment. The results of this study
showed that context-based instruction is an effective way of teaching chemistry in
high schools. Utilizing context-based instructional materials and conducting the
activities in the classroom resulted in a better understanding on the topics and
students developed more positive attitudes. Through context-based instruction, the
students realized and appreciated that there was a clear link between chemistry and
everyday life, which is the main contribution of context-based instruction. Moreover,
although attitudes are known to be resistant to changes especially in short term, it
was found that students’ attitudes toward environment were developed positively in
the present study, which also shows the effectiveness of the implementation.
Furthermore, the findings of the present study were statistically and practically
significant.

5.2. Internal Validity

In research studies ensuring internal validity is very important for evaluating the
results of the study correctly. Fraenkel and Wallen (2009, p.G4) defines internal
validity as “the degree to which observed differences on the dependent variable are
directly related to the independent variable, not to some other (uncontrolled)
variable”. In a research study, there are several possible threats to internal validity
such as attitude of subjects, instrument decay, data collector characteristics, and so
on... Among these threats, the most crucial and critical ones were subject
characteristic and attitude of subjects threats for the present study. In the following
paragraphs the possible threats to internal validity was briefly explained related to
the present study.

Subject characteristic (e.g. age, intelligence, prior knowledge etc.) threat was tried to

be eliminated by a statistical procedure, multivariate analyses of covariance, in which

the effects of some characteristics of the participants are eliminated to some extent.
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At the beginning of the study students’ SPST, ATES-pre, and FCEAT-pre scores
were obtained and used as covariates in the statistical analyses in order to statistically
equalize students at least on these variables and come over this threat to internal
validity. Moreover, random assignment of intact classes to experimental and control
groups was also assumed to have contribution to eliminate subject characteristic
threat. However, there are a great number of subject characteristics and it is not
possible to eliminate all of them practically and lack of randomization in assignment

of students to groups was a limitation for this threat in the present study.

Attitude of subjects was also a threat to internal validity and it includes Hawthorn
effect, John Henry effect and demoralization effect. Hawthorn effect occurs when
students in experimental groups develop positive attitudes and feelings because of
the implementation. John Henry effect occurs when students in the control groups
realize that they are not taking special treatment and try harder than usual. It is not
completely possible to eliminate these threats practically. However, in order to
eliminate attitude of subjects threat the two teachers were trained to behave in a way
that the context-based instruction were a part of the regular instruction. Furthermore,
some colored question sheets were given to control groups to control these threats.
Whatever a researcher does, attitude of subjects threat is always a limitation for all
research studies because students communicate each other and realize what is going

on in the research study.

Testing, implementation, location, maturation, history, mortality and instrumentation
were threats to internal validity which were eliminated by the researcher or not an
issue for the present study. Due to the pre-test post-test design of this study, testing
was a threat to internal validity. Because each of the experimental and control groups
took the pre-test and because the duration between the pre-test and post-test tests
were long enough not to remember (six weeks), this threat was assumed to be
controlled. Implementation is also a threat to internal validity in experimental
researches. In the present study, two teachers implemented the two methods which
are traditional instruction and context-based instruction. Besides, during the lessons

in both groups researcher randomly attended to the classes several times and
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observed the implementation. Therefore, implementation threat was controlled in the

present study.

Another threat to internal validity is location. In the present study, this threat was
controlled because the conditions of schools were similar. Maturation threat to
internal validity was not an issue in the study because the research study lasted for
only six weeks. Moreover, during the research study, no important events that affect
the students positively or negatively occurred. Therefore, history threat to internal
validity was also controlled. Besides, mortality is the loss of subject through the
research study. In the present study, some students did not attend to class during the
testing sessions. These students were not more than 10% of the sample and were not
taken into consideration in the data analyses. This threat was not an issue for the

study.

Instrument decay, data collector characteristics, and data collector bias are the threats
to internal validity related to instrumentation. Since all of the instruments (FCEAT,
ATES, and SPST) used to collect data included multiple choice questions, scoring of
the instruments was not an issue. Therefore, instrument decay was not a threat for the
present study. Furthermore, data collector characteristics and data collector bias
threats to internal validity were eliminated by the researcher via training the teachers

for using standard procedures during collecting data.

5.3. External Validity

Fraenkel and Wallen (2009, p.G3) define external validity as the degree to which the
findings of a particular research study are generalizable to groups and environments
outside the setting of the research study. The present study was conducted in
Etimesgut and Sincan districts of Ankara. In Etimesgut district there are 7 vocational
and 10 Anatolian high schools whereas in Sincan district there are 12 vocational and
7 Anatolian high schools. There are a total number of 19 vocational and 17 Anatolian
high schools in both districts. Because these two districts are very similar in terms of

distance to the city center, cultural traits, and socioeconomic status, one school from
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each district selected conveniently without regarding the district. Anatolian high
school was in Etimesgut district and vocational high school was in Sincan district.

Although the schools equipped with technological devices and laboratories, science
teachers use them seldom as in the whole country. The districts where the schools
situated are far from the city center and medium socioeconomic status people live in
these districts. Therefore, great majority of the students were belonged to medium
socioeconomic status families. 113 students comprised the sample of the present
study and it was not more than 10% of the accessible population. Therefore, the
generalizability of the study can be said to be limited due to having the sample very
limited and low proportion to accessible population. Moreover, the results of the
study could only be generalized to Anatolian and vocational high school students but

not to other types of schools such as private high schools.

5.4. Implications

1. Context-based instruction is more effective than traditional instruction on
students’ understanding on fossil fuels and clean energy resources topics. Therefore
context-based instruction can be used as an alternative method of instruction in high

schools.

2. Context-based instruction enlightens students for the applications of chemistry to
their daily lives. This makes students more interested in chemistry and contributes to

their motivation for learning chemistry.

3. The materials developed in the study for context-based instruction can be used in
the classrooms by chemistry teachers in high schools, by curriculum developers in

designing effective chemistry courses, and by chemistry textbook writers.
4. There are not a lot of materials developed for context-based instruction in our

country. Therefore, the similar studies to the present study should be supported for

the development of context-based materials.
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5. Adoption of context-based instruction to chemistry curriculum might be taken into
consideration by curriculum developers in Ministry of National Education. The

whole chemistry curriculum might be grounded at context-based instruction.

6. In in-service teacher training programs of Ministry of National Education, context-
based instruction may be presented to chemistry teachers and enable teachers for the

implementation of the context-based instruction in their classrooms.

7. In education faculties of universities, context-based instruction may be included,

and in this way, pre-service teachers would be aware of this instruction method.

5.5. Recommendations for Further Research

1. In order to increase generalizability, similar research studies can be conducted
with an increased sample size, various school types, different grade levels and

various chemistry topics.

2. Similar research studies can focus on the effects of context-based instruction on

different affective variables such as motivation and self-efficacy.

3. Similar research studies can take into account different parameters such as gender,

intelligence and socioeconomic status.

4. Including more chemistry topics, similar studies can be conducted with longer

periods of time.
5. The effect of context-based instruction on students’ several skills such as science
process skills and higher order thinking skills can be investigated in similar research

studies.

6. Similar research studies can be conducted to investigate the effects of context-

based instruction on retention of knowledge.
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7. Qualitative research studies can be conducted to explore the effects of context-
based instruction on students’ understandings of chemistry concepts as well as

improvement of students’ affective variables.

8. Similar research studies can be conducted to monitor and explore the effects of

context-based instruction on students’ future career plans and choices.

9. Different assessment methods can be used in a similar research study to assess the

achievement of students in a context-based instruction.

10. The effects of teachers’ pedagogical content knowledge on the implementation of

context-based instruction can be investigated in a future research study.
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APPENDIX A

FOSSIL FUELS AND CLEAN ENERGY RESOURCES
ACHIEVEMENT TEST

1. Fosil kaynakh bir yakit olan komiir ile ilgili asagida verilen ifadelerden
hangisi yanhstir?

A) Komiiriin yakit olarak kullanilmasi asit yagmurlarin1 olusturan sebeplerden
biridir.

B) Komiir yakildiginda atmosfere CO2, NO ve SO gibi gazlar salinir.

C) Demir — gelik sanayisinde kullanilir.

D) Komiir dogal bir yakit oldugu i¢in yakilmasi1 dogaya zarar vermez.

E) Termik santrallerde kullanilir.

2. Asagidakilerden hangisi bir komiir tiirii degildir?

A) Linyit

B) Antrasit

C) Fuel oil

D) Alt bitiimlii
E) Bitiimlii

3. Komiir ile ilgili asagida verilen ifadelerden hangisi yanhstir?

A) Karbonlasma siirecinin uzunlugu arttikca komiiriin kalitesi (enerji miktar1) artar.
B) Komiirlesme birkag bin yillik bir siire igerisinde gergeklesebilir.

C) Kiitlece karbon yiizdesi fazla olan komiiriin 1s1l degeri yiiksek olur.

D) Demir-gelik endiistrisinde tas komiirii gibi enerji degeri yiiksek olan komiirler
kullanilir.

E) Deltalar, lagiinler, goller, nehirler ve akarsu tasima ovalar1 kdmiir olusumu i¢in
uygun ortamlardir.
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4. Komiirlesme siiresi (milyon y1l)

Glnimuz Oncesi Glnimuz

X Linyit Y

Yukaridaki zaman skalasinda yerleri belirtilen X ve Y maddeleri
asagidakilerden hangisindeki gibi olabilir?

X Y
A) Antrasit Turba
B) Antrasit Tas komiiri
C) Turba Tas komiirti
D) Turba Antrasit
E) Tas komiiri Bittimlii

5. Asagidaki iiriinlerden hangisi ham petroliin bilesenlerinden degildir?

A) Petrol eteri
B) Turba

C) Zift

D) Siv1 parafin
E) Motorin

6. Petrol ile ilgili asagida verilen ifadelerden hangisi yanhstir?

A) Fosil kaynakli bir yakittir.

B) icerdigi temel elementler karbon (C) ve hidrojen (H) dir.
C) Damitilmasiyla benzin, motorin gibi maddeler elde edilir.
D) Yer altindan ¢ikarilan tiim petroller ayn1 6zelliktedir.

E) Yiizlerce farkli bilesenden olusan bir karigimidir.
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7. Petrol olusumunda bitki ve hayvan kalintilar,

L. 1s1 ve basing,
I1. bakteri,
1. kataliz

etkenlerinden hangileri altinda kimyasal bozunma ve molekiiler degisime
ugrar?

A) Yalniz I
B) Yalniz 1T
C) lvelll
D) Il ve Il
E) I llvelll

4 Gaz

Damitma Kulest

Tip Finn

Sekilde ham petroliin ayrimsal damitilmasinda kullanilan destilasyon kolonunda bir
boliim verilmistir.

Bu kolonun en iistiinde gaz en altinda asfalt elde edilmistir.

Buna gore ham petrolden elde edilen X, Y, Z iiriinlerinin kaynama sicakhk
araliklar arasindaki iliski nedir?

A) X>Y>Z
B) Y>Z>X
C) Z>Y>X
D) Y>X>Z
E) X>Z>Y
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9. Alken ve alkinler ile ilgili,

I. En basit tiyeleri iki karbonludur.
II. Doymamis hidrokarbonlardir.
I11. Oksijen ile yanma tepkimesi verirler.

ifadelerinden hangileri dogrudur?

A) Yalniz II
B) Ivell

C) lvelll
D) Il ve 1l
E) I 1lvelll

10. Asagida formiilii verilen bilesiklerden hangisinin ad1 yanhs verilmistir?

A) Q Pentan

H
| .
B) H=C=CC—H Propin
H
H
H (l_‘, H
'\C/ \C/
C) (Il (Iz Benzen
~ \Cf \H
I
H
H H
D) Gc=c Et
) C=cC en
H
TR
E) H—(I;—(T“,—(i:—(l;—H Biitan
HHHH

11. Hidrokarbonlar ile ilgili asagida verilen ifadelerden hangisi yanhstir?

A) Oksijen ile tepkimelerinden CO2 ve H2O olusur.

B) Yanici degildirler.

C) Alkanlar doymus hidrokarbonlar olarak simiflandirilirken alken ve alkinler
doymamis hidrokarbonlar olarak siniflandirilir.

D) Diiz zincirli olduklar1 gibi halkal1 yapida da olabilirler.

E) Organik bilesiklerdir.
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12. Asagida verilen bilesiklerden hangisi aromatik bilesik degildir?

A) : CH,  B) @ c) CHs
N
D) © E) NH,

13. Asagidaki maddelerden hangisi bitkisel kaynaklardan elde edilen yakitlara
ornek olarak verilemez?

A) Etanol

B) Biyogaz
C) Dogal gaz
D) Trigliserit
E) Biyodizel

14. Enerji kaynaklar1 genelde yenilenebilir ve tiikenebilir olmak f{izere iki grup
altinda toplanirlar.

Buna gore,

I. Riizgér enerjisi
1. Petrol
III. Dogal gaz
IV. Giines enerjisi
V. Komiir

enerji kaynaklarmmin yenilenebilir ve tiikenebilir seklinde siniflandirilmasi
asagidakilerden hangisinde dogru olarak verilmistir?

Yenilenebilir Tiikenebilir

A) 1 1velll IV ve V

B) lvell I, IV veV
C) lvelVv I, 1l veV
D) lveV I, 1 ve IV
E) IVveV I, I1ve I
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15. Alternatif enerji kaynaklar1 kullanilarak,

I. Cevre kirliliginin 6niine gegilir.
II. Enerji maliyetleri azalir.
III. D1sa bagimlilik azalir.

kazamimlardan hangileri elde edilebilir?

A) Yalniz I B) lvell C) Ive lll
D) 11 ve IlI E) 1, 11 ve I

16. Asagidakilerden hangisi biyogazin kullanim alanlarindan degildir?

A) Dogrudan yakarak 1sinma ve 1sitma

B) Motor yakit1 olarak kullanimi suretiyle ulagim

C) Tiirbin yakit1 olarak kullanimut ile elektrik iiretimi

D) Su ile karigtirilarak petrol eldesi

E) Mevcut dogalgaza katilarak maliyetlerin diisiiriilmesi

17. Asagidakilerden hangisi riizgar enerjisinin avantajlarindan degildir?

A) Sessizdir ve giiriiltii kirliligi yapmaz.

B) Kaynag giivenilirdir, tilkenme ve zamanla fiyatinin artma riski yoktur.
C) Isletmeye alinmas kisa siirede gergeklesebilir.

D) Ucra yerlerde elektrik tedarik etmek igin iyi bir yontemdir.

E) Atmosferde bol ve serbest halde bulunur.

18.
X: Termal turizmde kullanilan ve kaynagi su olan enerji.
Y: Hareket halindeki havanin kinetik enerjisinden yararlanilan enerji.
Z: Kaynag1 okyanus ve denizler olan enerji.

Yukarida X, Y ve Z ile tammlanan enerjiler asagidakilerden hangisinde dogru
verilmistir?

X Y Z
A) Glines Riizgar Jeotermal
B) Jeotermal Riizgar Dalga
C) Giines Dalga Hidroelektrik
D) Jeotermal Giines Dalga

E) Hidroelektrik Giines Jeotermal
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19. Hidroelektrik santraller ile ilgili,

I. Cevreye zararli gazlar yayarlar.
II. Yakit1 komiir olan termik santraller kadar ¢evreyi kirletmezler.
I11. Kurulduklar yoredeki ekolojik dengeyi degistirirler.

yargilarindan hangileri dogrudur?

A) Yalniz I
B) Ivell

C) lvelll
D) Il ve 1l
E) I llvelll

20.
I. Hidrojen enerjisi igten yanmali motorlarda dogrudan kullanilabilir.
I1. Giines enerjisi santrallerinin maliyeti ¢cok yiiksektir.

I11. Hidrojen enerjisi ve giines enerjisi temiz enerji kaynaklarindandir.

Yukaridaki ifadelerden hangileri dogrudur?

A) Yalniz I
B) I vell
C) lvelll
D) 1 ve 1l
E) I, 1velll
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APPENDIX B

ATTITUDE TOWARD ENVIRONMENT SCALE

Sevgili 6grenciler,

Bu ankette, ¢evreye iliskin tutum cilimleleri ile her ciimlenin karsisinda “Kesinlikle katiliyorum”,
“Katiliyorum”, “Kararsizim”, “Katilmiyorum” ve “Kesinlikle katilmiyorum” olmak iizere bes
secenek verilmistir. Her climleyi dikkatle okuduktan sonra kendinize uygun sadece bir secenegi

isaretleyiniz. Cevaplarimiz gizli tutulacaktir. Yardimlariniz i¢in simdiden tesekkiir ederiz.

Ad Soyad : Okul : Simf :

Kesinlikle katiliyorum

Katiliyorum

Kararsizim

Katilmiyorum

Kesinlikle katilmiyorum

1. Hayvanlarin hayatin1 korumak i¢in baz1 hayvansal {iriinleri
satin almaktan vazgecebilirim.

2. Klimay1 daha az kullanarak enerji tasarrufu yapabilirim.

3. Su tasarrufu i¢in banyo yaparken daha az su kullanabilirim.

4. Cevre korumasina yardimci olmak i¢in kendi cebimden bir
miktar para verebilirim.

5. Hava kirliligini azaltmak i¢in miimkiin oldugunca toplu
tagima araglarina binebilirim.

6. Evdeki atiklar geri doniigiim i¢in ayirabilirim (cam, plastik,
kagit vs.).

7. Vahsi hayvanlarin korunmasina yardimci olmak i¢in kendi
cebimden bir miktar para verebilirim.

8. Enerji tasarrufu i¢in sarfiyati az olan lambalar kullanabilirim.

9.  Su tasarrufu i¢in ellerimi sabunlarken muslugu siirekli agik
tutmayabilirim.
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10.

Insanlar1 ¢evre konusunda bilgilendirmek i¢in cesitli
faaliyetlerde bulunabilirim.

11. Insanlara, cevre kirliligini azaltmakta yardime1 olmalar
icin mektup, e-mail yazabilirim.

12. Insanlar1 geri kazanma yontemlerini kullanmaya ikna
etmeye ¢alisabilirim.

13. Bir ¢evre sorununu ¢oziimlemek igin hi¢ ¢aba sarf
etmedim.

14. Cevre sorunlarinin ¢oziimiine nasil yardimci
olunabilecegi konusunda ailemle konugurum.

15. Dislerimi firgalarken su tasarrufu i¢in muslugu siirekli
acgik tutmam.

16. Enerji tasarrufu i¢in evde gereksiz yanan 1siklar
sOndiiriirim.

17.  Ailemden hayvan kiirkiinden yapilmus tirtinleri
almamalarini isterim.

18. Aileme bazi ¢opleri geri doniisiim kutusuna atmalarini
sOylerim.

19. Cevre konulart ile ilgilenen resmi Orgiitlere ¢evre
kirliligini azaltmak i¢in ne yapabilecegimi sorarim.

20. Cogunlukla ¢evre konulu belgeselleri seyrederim.

21. Muslugu gereksiz yere agik birakmam.

22. Buzdolabinin kapagini uzun siire agik birakmam.

23. Evimizin balkonuna gelen kuslar1 beslerim.

24.  Geri doniisimii saglanabilecek olan atiklari ayiririm.

25. Insanlarm gevre konusunda duyarli olmadiklarmi
diisiinmek beni tizer.

26. Kirliligin ¢evreye verdigi zarar beni tedirgin eder.

27. Insanlarm sise ve kagitlar1 kullandiktan sonra geri
doniisiim kutusuna attigini goriince mutlu olurum.

28. Baz firmalarin, hayvanlar iizerinde kimyasal maddeleri
denediklerini diisiindiigiimde tizilirim.

29. Insanlarm enerji tasarrufu yapmaya calistiklarim gormek
beni mutlu eder.

30. Susuz kalmaktan korkarim.

31. Cevre sorunlariyla ilgilenmem.

32. Cevre kirliliginin bizlere verebilecegi zarar beni
korkutur.

33. Insanlarin geri doniisiimii miimkiin olan atiklar1 geri
doniisiim kutularina atmadiklarini gérmek beni tizer.

34. Hayvanlarin yasam alanlarina bina yapildigini goriince
iiziiliiriim.

35. Gereginden fazla su tiiketimi beni iizer.

36. Bosa sarf edilen enerjinin ne kadar fazla oldugunu

diisiinmek beni tizer.
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APPENDIX C

STUDENT QUESTIONNAIRE ABOUT CONTEXT BASED INSTRUCTION

Asagidaki ilk iki soru derslerinizin Yasam Temelli Ogrenme (YTO) yaklasimina
(derslerde giinliik yasam ile ilgili baglamlar, etkinlikler, proje 6devlerinin vb.) gore
islenmeden Onceki ve sonraki fikirlerinizin belirtilmesine yoneliktir. Diger sorular
ise, yasam temelli 6grenme yaklagiminin uygulamalar1 hakkindaki goriiglerinizin
belirlenmesine yoneliktir.

Katk:larnizdan dolay: tesekkiir ederiz.

1.

=
.. 2| . 5
Dersler YTO yaklasimina gore islenmeden dnceki '21 3 c ]
durumda (Derslerde giinliik yasam ile iliskili baglam, = 5 g 3 | &
= > N = 5
etkinlik, tartisma, proje édevi, vb. kullanilmamast) 3 | E 2 S | A
kimya dersini sevme (ilgi, merak vb.) derecenizi o |z g G
belirtiniz. T lo (¥ | o | ©
1 2 3 4 5
O o O O O
.. : -
Dersler YTO yaklasimina gore islendikten sonra g e =
(Derslerde giinliik yasam ile iligkili bagla_m, etkinlil_(, _ é‘ S £ c .%
tartisma, proje odevi, vb. kullanilmast) Kimya dersini = S N g >
sevme (ilgi, merak vb.) derecenizi belirtiniz. ©w | g 5| > |2
|13 |5 |3 |3
s n N n o
1 2 6 3 4 5
O O O O

Dersler YTO yaklasimina gore islenmeden dnce ve sonra, kimya dersini sevme (ilgi,
merak vb.) dereceniz arasinda bir fark var ise bunun nedenlerini aciklayiniz.
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YTO yaklagim ile derslerin islenmeden e e 4
onceki (Derslerde giinliik yasam ile iligkili g 5 5 et
- o S =73 ~ B € | € > E
baglam, etkinlik, tartisma, proje ddevi, vb. S5 Qé S S| g = GE) S
kullanilmamast) kimyay1 6grenme o E £ E g = -g = -g
isteginizin derecesini belirtiniz. o B 8 5 52 Eh >
T .2 O .2 M O .2 QO .2
(kimyayr 6grenmenin gerekliligi) 1 2 3 4 5
o o o o
YTO yaklagimu ile derslerin ™ =
islenmesinden sonra (Derslerde giinliik QE’ E E et
RN - == 4 S g | >
yasam ile iligkili baglam, etkinlik, tartigma, S S g S ] g S ﬂé £
proje ddevi, vb. kullanilmasi) kimyay1 2 E‘ = E % g § g §
Ogrenme isteginizin derecesini belirtiniz. o9 »5h © 5 B | o
T .2 QO .2 M QO .2 QO .2
(kimyayt 6grenmenin gerekliligi) 1 3 4 5
o o o

Derslerin YTO yaklasimina gore islenmesi, kimya dersini dgrenme isteginizde bir
degisiklik olusturdu mu? Bunun nedenlerini agiklayiniz?

3. Derslerinizin geleneksel yaklasimlar m1 (6gretmenin ders anlatip sizin
dinlediginiz), yoksa YTO (simifta etkinlik yapilmasi, tartisma, deney, proje odevi
hazirlama) yaklasimi ile mi islenmesini istersiniz? Neden? Aciklayimiz.
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4. Yasam temelli Ogretime gore derslerde kullanilan ders materyalleri (ders
icerisinde giinliik hayatla iligkili olarak sunulan baglamlar, tartismalar, laboratuvar
etkinlikleri, verilen odevler) kimya konularint 6grenmenizi nasil etkiledi?
Goriiglerinizin olumlu ve olumsuz yonlerini sebepler belirterek agiklayimiz.

5. Derslerde farkli degerlendirme modellerinin (Performans degerlendirmesi, yapilan
etkinliklerin sozlii ve yazili notuna yansimasi, kendini ve grup arkadasini
degerlendirme vb.) kullanilmasi1 hakkinda diislinceleriniz nelerdir?

6. Yasam temelli O6gretim yaklasiminda size verilen gorev ve sorumluluklar
hakkindaki goriisleriniz nelerdir? (Kimya kavramlarini 6grenmenizde size daha fazla
sorumluluk verilmesi, etkinlikler ve proje odevleri gibi) Size verilen bu gorev ve
sorumluluklar size neler kazandiriyor ya da kaybettiriyor? Agiklayimiz.
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7. Yasam temelli 6gretim yaklagiminda, 6gretmeninizin gérev ve sorumluluklar
hakkindaki goriisleriniz nelerdir? (Kimya kavramlarimi 6grenmenizde 6gretmenin
daha az ders anlatmast bunun yerine etkinlik yaptirmas: gibi) Bu durum size neler
kazandiriyor ya da kaybettiriyor? Aciklayiniz.

8. Derslerin Yasam temelli 6grenmeye islenmesi, okulda 6grendiginiz kimya
bilgilerini giinliik hayatla iligkilendirmenizde herhangi bir etki sagladi mi?
Sagladiysa 6rnek vererek agiklaymiz.

Anketi doldurdugunuz i¢in tesekkiir ederiz.
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APPENDIX D

SCIENCE PROCESS SKILLS TEST

ACIKLAMA: Bu test, dzellikle Fen ve Matematik derslerinizde ve ilerde tiniversite
sinavlarinda karsmiza ¢ikabilecek karmasik gibi goriinen problemleri analiz
edebilme kabiliyetinizi ortaya ¢ikarabilmesi agisindan ¢ok faydalidir. Bu test iginde,
problemdeki degiskenleri tanimlayabilme, hipotez kurma ve tanimlama, islemsel
aciklamalar getirebilme, problemin ¢oziimii i¢in gerekli incelemelerin tasarlanmasi,
grafik c¢izme ve wverileri yorumlayabilme kabiliyetlerini Olg¢ebilen sorular
bulunmaktadir. Her soruyu okuduktan sonra kendinizce uygun se¢enegi isaretleyiniz.

1. Bir basketbol antrenérii, oyuncularin giigsiiz olmasindan dolayr maglari
kaybettiklerini diisiinmektedir. Gliglerini etkileyen faktorleri arastirmaya karar verir.
Antrenor, oyuncularin giiciinii etkileyip etkilemedigini 6l¢cmek icin asagidaki
degiskenlerden hangisini incelemelidir?

a. Her oyuncunun almis oldugu giinliik vitamin miktarini.
b. Giinliik agirlik kaldirma ¢aligmalarinin miktarini.

. Glinliik antreman siiresini.

d. Yukaridakilerin hepsini.

2. Arabalarin verimliligini inceleyen bir arastirma yapilmaktadir. Sinanan hipotez,
benzine katilan bir katki maddesinin arabalarin verimliligini artirdigr yolundadir.
Ayni tip bes arabaya aynm1 miktarda benzin fakat farkli miktarlarda katki maddesi
konur. Arabalar benzinleri bitinceye kadar ayni yol lizerinde giderler. Daha sonra her
arabanin aldigi mesafe kaydedilir. Bu calismada arabalarin verimliligi nasil
olculiir?

a. Arabalarin benzinleri bitinceye kadar gegen siire ile.
b. Her arabanin gittigi mesafe ile.

c. Kullanilan benzin miktar ile.

d. Kullanilan katki maddesinin miktart ile.
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3. Bir araba iireticisi daha ekonomik arabalar yapmak istemektedir. Arastirmacilar
arabanin  litre bagina alabilecegi mesafeyi etkileyebilecek degiskenleri
arastirmaktadirlar. Asagidaki degiskenlerden hangisi arabanin litre basina
alabilecegi mesafeyi etkileyebilir?

a. Arabanin agirligi
b. Motorun hacmi
C. Arabanin rengi
d.aveb

4. Ali Bey, evini 1sitmak i¢in komsularindan daha ¢ok para 6denmesinin sebeplerini
merak etmektedir. Isinma giderlerini etkileyen faktorleri arastirmak icin bir hipotez
kurar. Asagidakilerden hangisi bu arastirmada simnanmaya uygun bir hipotez
degildir?

a. Evin ¢evresindeki agag sayis1 ne kadar az ise 1sinma gideri o kadar fazladir.
b. Evde ne kadar ¢ok pencere ve kap1 varsa, 1sinma gideri de o kadar fazla olur.
c. Biiyiik evlerin 1sinma giderleri fazladir.

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

5. Fen sinifindan bir 6grenci sicakligin bakterilerin gelismesi {izerindeki etkilerini
arastirmaktadir. Yaptig1 deney sonucunda, 6grenci asagidaki verileri elde etmistir:

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

SN N O

Asagidaki grafiklerden hangisi bu verileri dogru olarak gostermektedir?
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8 10

12 8
Kolonilerin 6 Kolenilerin 6
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2
0 2
0 5 10 15 25 50 70 *
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C. 701 d. 70

60 50

50 25

40 15

(]
Sicaklik(°C)30 Sicaklik(°C)10
L]
20 5
10 0 ¢
L]
0 .
0 36 9 12 15 18 0 36 9 12 15 18
Kolonilerin sayisi Kolonilerin sayisi

6. Bir polis sefi, arabalarin hizinin azaltilmasi ile ugrasmaktadir. Arabalarin hizini
etkileyebilecek bazi faktorler oldugunu diisiinmektedir. Siiriiciilerin ne kadar hizh
araba kullandiklarim asagidaki hipotezlerin hangisiyle sinayabilir?

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

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

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

d. Arabalar eskidik¢e kaza yapma olasiliklari artar.

7. Bir fen smifinda, tekerlek yiizeyi genisliginin tekerlegin daha kolay yuvarlanmasi
izerine etkisi arastirilmaktadir. Bir oyuncak arabaya genis yiizeyli tekerlekler takilir,
once bir rampadan (egik diizlem) asag1 birakilir ve daha sonra diiz bir zemin {izerinde
gitmesi saglanir. Deney, ayni arabaya daha dar yiizeyli tekerlekler takilarak
tekrarlanir. Hangi tip tekerlegin daha kolay yuvarlandigi nasil él¢iiliir?

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

b. Rampanin (egik diizlem) egim agis1 6l¢iiliir.

c. Her iki deneyde kullanilan tekerlek tiplerinin ylizey genislikleri 6l¢iiliir.
d. Her iki deneyin sonunda arabanin agirliklari 6l¢iiliir.
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8. Bir ciftci daha ¢ok musir iiretebilmenin yollarin1 aramaktadir. Misirlarin miktarini
etkileyen faktorleri arastirmayi tasarlar. Bu amagla asagidaki hipotezlerden
hangisini sinayabilir?

a. Tarlaya ne kadar ¢ok giibre atilirsa, o kadar ¢cok misir elde edilir.
b. Ne kadar ¢ok musir elde edilirse, kar o kadar fazla olur.

C. Yagmur ne kadar ¢ok yagarsa, giibrenin etkisi o kadar ¢ok olur.
d. Misir tiretimi arttikga, liretim maliyeti de artar.

9. Bir odanin tabanindan itibaren degisik yiizeylerdeki sicakliklarla ilgili bir ¢alisma
yapilmis ve elde edilen veriler asagidaki grafikte gosterilmistir. Degiskenler
arasindaki iliski nedir?

28
26

HavaSicakhgi 24
(c)
22

20

50 100 150 200 250 300
Yukseklik(cm)

a. Yikseklik arttik¢a sicaklik azalir.

b. Yiikseklik arttik¢a sicaklik artar.

c. Sicaklik arttikca ytikseklik azalir.

d. Yikseklik ile sicaklik artis1 arasinda bir iliski yoktur.

10. Ahmet, basketbol topunun icindeki hava arttikga, topun daha yiiksege
sigrayacagini diisiinmektedir. Bu hipotezi aragtirmak i¢in, birkag¢ basketbol topu alir
ve iglerine farkli miktarda hava pompalar. Ahmet hipotezini nasil stnamahdir?

a. Toplar1 aynm ytikseklikten fakat degisik hizlarla yere vurur.

b. iclerinde farli miktarlarda hava olan toplari, ayni yiikseklikten yere birakir.

c. Iglerinde ayn1 miktarlarda hava olan toplari, zeminle farkli agilardan yere vurur.
d. I¢lerinde ayn1 miktarlarda hava olan toplari, farkl yiiksekliklerden yere birakir.
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11. Bir tankerden benzin almak i¢in farkli genislikte 5 hortum kullanilmaktadir. Her
hortum i¢in aym1 pompa kullanilir. Yapilan c¢alisma sonunda elde edilen bulgular
asagidaki grafikte gosterilmistir.

15

Dakikada 12
pompalanan
benzin miktart 9
(litre)
6

3 .

510 15 20 25 30 35
Hortumlarin ¢api (mm)

Asagidakilerden hangisi degiskenler arasindaki iliskiyi aciklamaktadir?

a. Hortumun ¢ap1 genisledik¢e dakikada pompalanan benzin miktar1 da artar.
b. Dakikada pompalanan benzin miktar1 arttik¢a, daha fazla zaman gerekir.
. Hortumun capi kiigiildiikge dakikada pompalanan benzin miktar1 da artar.
d. Pompalanan benzin miktar1 azaldik¢a, hortumun ¢ap1 genisler.

Once asagidaki aciklamayr okuyunuz ve daha sonra 12, 13, 14 ve 15 inci
sorulari aciklama kismindan sonra verilen paragrafi okuyarak cevaplayiniz.

Aciklama: Bir arastirmada, bagimhi degisken birtakim faktorlere bagimli olarak
gelisim gosteren degiskendir. Bagimsiz degiskenler ise bagimli degiskene etki eden
faktorlerdir. Ornegdin, arastirmanin amacina gore kimya basaris1 bagimli bir degisken
olarak alinabilir ve ona etki edebilecek faktor veya faktorler de bagimsiz degiskenler
olurlar.

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

12. Arastirmada asagidaki hipotezlerden hangisi stnanmistir?
a. Toprak ve su ne kadar ¢ok giines 15181 alirlarsa, o kadar 1sinirlar.
b. Toprak ve su giines altinda ne kadar fazla kalirlarsa, o kadar ¢ok 1sinirlar.

. Glines farkli maddeleri farkli derecelerde 1sitir.
d. Giiniin farkl1 saatlerinde giinesin 1s1s1 da farkli olur.
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13. Arastirmada asagidaki degiskenlerden hangisi kontrol edilmistir?

a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicakligi.

c. Kovalara koyulan maddenin tiirii.

d. Her bir kovanin giines altinda kalma siiresi.

14. Arastirmada bagimh degisken hangisidir?

a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicakligi.

c. Kovalara koyulan maddenin tiirii.

d. Her bir kovanin giines altinda kalma stiresi.

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

b. Toprak ve suyun sicaklig1.

c. Kovalara koyulan maddenin tiirii.

d. Herbir kovanin giines altinda kalma siiresi.

16. Can, yedi ayr1 bahgedeki ¢imenleri bigmektedir. Cim bigme makinasiyla her
hafta bir bahcedeki ¢imenleri biger. Cimenlerin boyu bahgelere gore farkli olup
bazilarinda uzun bazilarinda kisadir. Cimenlerin boylar ile ilgili hipotezler kurmaya
baslar. Asagidakilerden hangisi sitnanmaya uygun bir hipotezdir?

a. Hava sicakken ¢im bigmek zordur.

b. Bahgeye atilan giibrenin miktar1 6nemlidir.

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

d. Bahge ne kadar engebeliyse ¢imenleri kesmekte o kadar zor olur.

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

Murat, suyun sicakli§inin, su ig¢inde c¢oziinebilecek seker miktarini etkileyip
etkilemedigini arastirmak ister. Birbirinin ayn1 dort bardagin her birine 50 ser
mililitre su koyar. Bardaklardan birisine 0 °C de, digerine de sirayla 50 °C, 75 °C ve
95 OC sicaklikta su koyar. Daha sonra her bir bardaga ¢oziinebilecegi kadar seker
koyar ve karistirir.
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17. Bu arastirmada sinanan hipotez hangisidir?

a. Seker ne kadar ¢ok suda karistirilirsa o kadar ¢ok ¢oziiniir.

b. Ne kadar ¢ok seker ¢oziiniirse, su o kadar tatl olur.

C. Sicaklik ne kadar yiiksek olursa, ¢6ziinen sekerin miktar1 o kadar fazla olur.
d. Kullanilan suyun miktari arttikga sicakligi da artar.

18. Bu arastirmada kontrol edilebilen degisken hangisidir?

a. Her bardakta ¢oziinen seker miktari.
b. Her bardaga konulan su miktari.

c. Bardaklarin sayisi.

d. Suyun sicaklig.

19. Arastirmanin bagimh degiskeni hangisidir?

a. Her bardakta ¢oziinen seker miktari.
b. Her bardaga konulan su miktari.

c. Bardaklarin sayist.

d. Suyun sicaklig.

20. Arastirmadaki bagimsiz degisken hangisidir?

a. Her bardakta ¢oziinen seker miktari.
b. Her bardaga konulan su miktari.

c. Bardaklarin sayisi.

d. Suyun sicaklig.

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

a. Farkli miktarlarda sulanan tohumlarin kag¢ giinde filizlenecegine bakar.
b. Her sulamadan bir giin sonra domates bitkisinin boyunu dlger.

c. Farkli alnlardaki bitkilere verilen su miktarini dlger.

d. Her alana ektigi tohum sayisina bakar.

123



22. Bir bahgivan tarlasindaki kabaklarda yaprak bitleri goriir. Bu bitleri yok etmek
gereklidir. Kardesi “Kling” adli tozun en iyi bdcek ilact oldugunu sdyler. Tarim
uzmanlar ise “Acar” adli spreyin daha etkili oldugunu sdylemektedir. Bahg¢ivan alti
tane kabak bitkisi seger. Ug tanesini tozla, ii¢ tanesini de spreyle ilaglar. Bir hafta
sonra her bitkinin tizerinde kalan canli bitleri sayar. Bu ¢alismada bocek ila¢larinin
etkinligi nasil ol¢iiliir?

a. Kullanilan toz ya da spreyin miktar1 dl¢tliir.

b. Toz ya da spreyle ilaglandiktan sonra bitkilerin durumlar1 tespit edilir.
c. Her fidede olusan kabagin agirlig: 6l¢iiliir.

d. Bitkilerin {izerinde kalan bitler sayilir.

23. Ebru, bir alevin belli bir zaman siiresi i¢inde meydana getirecegi 1s1 enetjisi
miktarmi 6lgmek ister. Bir kabin i¢ine bir litre soguk su koyar ve 10 dakika stireyle
1sitir. Ebru, alevin meydana getirdigi 1s1 enerjisini nasil olcer?

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

c. 10 dakika sonra alevin sicakligini dlger.

d. Bir litre suyun kaynamasi igin gegen zamani 6lger.

24. Ahmet, buz pargaciklarinin erime siiresini etkileyen faktorleri merak etmektedir.
Buz parcalarinin biiyiikliigli, odanin sicakligt ve buz pargalarimin sekli gibi
faktorlerin erime stiresini etkileyebilecegini diisliniir. Daha sonra su hipotezi
sinamaya karar verir: Buz pargalarmin sekli erime siiresini etkiler. Ahmet bu
hipotezi sinamak i¢in asagidaki deney tasarimlarimin hangisini uygulamahdir?

a. Her biri farkli sekil ve agirlikta bes buz pargast aliir. Bunlar aymi sicaklikta
benzer bes kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.

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

. Her biri aym agirlikta fakat farkli sekillerde bes buz pargasi alinir. Bunlar ayni
sicaklikta benzer bes kabin icine ayr1 ayr1 konur ve erime siireleri izlenir.

d. Her biri aym1 agirlikta fakat farkli sekillerde bes buz pargasi alinir. Bunlar farkli
sicaklikta benzer bes kabin icine ayr1 ayr1 konur ve erime siireleri izlenir.
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25. Bir aragtirmaci yeni bir glibreyi denemektedir. Caligmalarini ayni biiytikliikte bes
tarlada yapar. Her tarlaya yeni gilibresinden degisik miktarlarda karigtirir. Bir ay
sonra, her tarlada yetisen ¢imenin ortalama boyunu 6lger. Olgiim sonuglari asagidaki
tabloda verilmistir.

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

Tablodaki verilerin grafigi yandakilerden hangisidir?
a. b.

Gubre
Cimenlerin miktari
ortalama
boyu

Gubre miktan Cimenlerin ortalama boyu

Cimenlerin Gubre miktar
ortalama
boyu

Giibre miktan Cimenlerin ortalama boyu

26. Bir biyolog su hipotezi test etmek ister: Farelere ne kadar ¢ok vitamin verilirse o
kadar hizl1 biiyiirler. Biyolog farelerin biiyiime hizini nasil él¢ebilir?

a. Farelerin hizim dlger.

b. Farelerin, giinlik uyumadan durabildikleri siireyi dlger.
C. Her giin fareleri tartar.

d. Her giin farelerin yiyecegi vitaminleri tartar.
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27. Ogrenciler, sekerin suda ¢oziinme siiresini etkileyebilecek degiskenleri
diistinmektedirler. Suyun sicakligini, sekerin ve suyun miktarlarint degisken olarak
saptarlar. Ogrenciler, sekerin suda ¢oziinme siiresini asagidaki hipotezlerden
hangisiyle sinayabilir?

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

b. Su sogudukga, sekeri ¢ozebilmek igin daha fazla karigtirmak gerekir.
C. Su ne kadar sicaksa, o kadar ¢ok seker ¢oziinecektir.

d. Su 1sindik¢a seker daha uzun siirede ¢oziiniir.

28. Bir arastirma grubu, degisik hacimli motorlar1 olan arabalarin randimanlarini
Olcer. Elde edilen sonuglarin grafigi asagidaki gibidir:

30 .
Litre basina
alinan mesafe 25
(k)
20
15
4
10 .
1 2 3 4 5

Motor hacmi
(litre)

Asagidakilerden hangisi degiskenler arasindaki iliskiyi gosterir?

a. Motor ne kadar biiylikse, bir litre benzinle gidilen mesafe de o kadar uzun olur.
b. Bir litre benzinle gidilen mesafe ne kadar az olursa, arabanin motoru o kadar
kiiciik demektir.

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

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

29, 30, 31 ve 32 inci sorular1 asagida verilen paragrafi okuyarak cevaplayiniz.

Topraga karigtirllan yapraklarin  domates {iretimine etkisi arastirilmaktadir.
Aragtirmada dort biiylik saksiya ayni miktarda ve tipte toprak konulmustur. Fakat
birinci saksidaki topraga 15 kg., ikinciye 10 kg., liciinciiye ise 5 kg. ¢lirlimiis yaprak
karistirllmistir.  Dordiinci saksidaki  topraga ise hi¢ clirlimiis  yaprak
karistirilmamistir. Daha sonra bu saksilara domates ekilmistir. Biitiin saksilar giinese
konmus ve ayni miktarda sulanmistir. Her saksidan elde edilen domates tartilmis ve
kaydedilmistir.
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29. Bu arastirmada sinanan hipotez hangisidir?

a. Bitkiler giinesten ne kadar ¢ok 151k alirlarsa, o kadar fazla domates verirler.

b. Saksilar ne kadar biiyiik olursa, karistirilan yaprak miktar1 o kadar fazla olur.

C. Saksilar ne kadar ¢ok sulanirsa, i¢lerindeki yapraklar o kadar ¢abuk ¢iirtir.

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

30. Bu arastirmada kontrol edilen degisken hangisidir?

a. Her saksidan elde edilen domates miktari
b. Saksilara karigtirtlan yaprak miktari.

c. Saksilardaki toprak miktari.

d. Ciirtimiis yapak karistirilan saksi sayisi.

31. Arastirmadaki bagimh degisken hangisidir?

a. Her saksidan elde edilen domates miktari
b. Saksilara karigtirilan yaprak miktari.

c. Saksilardaki toprak miktart.

d. Ciirtimiis yapak karistirilan saksi sayisi.

32. Arastirmadaki bagimsiz degisken hangisidir?

a. Her saksidan elde edilen domates miktari
b. Saksilara karigtirilan yaprak miktari.

C. Saksilardaki toprak miktari.

d. Ciiriimiis yaprak karistirilan saksi sayisi.

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

a. Kullanilan miknatisin biiyiikliigii ile.

b. Demir tozlarini ¢geken miknatisin agirlig ile.
c. Kullanilan miknatisin sekli ile.

d. Cekilen demir tozlarmin agirhig ile.
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34. Bir hedefe cesitli mesafelerden 25 er atig yapilir. Her mesafeden yapilan 25
atistan hedefe isabet edenler agagidaki tabloda gosterilmistir.

Mesafe(m) | Hedefe vuran atis sayisi
5 25
15 10
25 10
50 5
100 2

Asagidaki grafiklerden hangisi verilen bu verileri en iyi sekilde yansitir?

b.
a.
100
25
Hedefi bulan Hedefe olan 50
atig sayisi 20 uzaklik (m)
25
15 ®
15
10
5
5
20 40 60 80 100 >
Hedefe olan uzaklik 2 I—?edltf)i bJIZn 25
(e atis sayisi
d.
c. 25[
100 Hedefi bulan
atis sayist 20
Hedefe olan 80 |e
uzaklik (m) 15
60 B
10
40 o
L] 5 e
20
20 40 60 80 100
S 10 15 20 25 Hedefe olan uzaklik
Hedefi bulan (m)
atis sayisi

35. Sibel, akvaryumdaki baliklarin bazen ¢ok haraketli bazen ise durgun olduklarinm
gozler. Baliklarin hareketliligini etkileyen faktorleri merak eder. Bahklarm

hareketliligini etkileyen faktorleri hangi hipotezle sinayabilir?

a. Baliklara ne kadar ¢ok yem verilirse, o kadar cok yeme ihtiyaglar1 vardir.
b. Baliklar ne kadar hareketli olursa o kadar ¢ok yeme ihtiyaglar1 vardir.

c. Su da ne kadar ¢ok oksijen varsa, baliklar o kadar iri olur.
d. Akvaryum ne kadar ¢ok 151k alirsa, baliklar o kadar hareketli olur.
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36. Murat Bey’in evinde birgok elektrikli alet vardir. Fazla gelen elektrik faturalar
dikkatini ¢eker. Kullanilan elektrik miktarini etkileyen faktorleri arastirmaya karar
verir. Asagidaki degiskenlerden hangisi kullanilan elektrik enerjisi miktarim
etkileyebilir?

a. TV nin agik kaldig siire.

b. Elektrik sayacinin yeri.

¢. Camasir makinesinin kullanma sikligi.
d.avec.

Cevap Anahtan
1-D 9-B 17-C 25-C 33-D
2-B 10-B 18-B 26-C 34-D
3-D 11-A 19-A 27-D 35-D
4-D 12-C 20-D 28-C 36-D
5-B 13-D 21-A 29-D
6-A 14-B 22-D 30-C
7-A 15-C 23-A 31-A
8-A 16-C 23-C 32-B
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APPENDIX E

SAMPLE TEACHER’S GUIDE

OGRETMEN KILAVUZU 1

Ders: Kimya

Smuf: 10

Unite: Endiistride ve Canlilarda Enerji

Konu Bashgx: Fosil yakitlar - Komiir

Siire: 120 dakika (3 ders saati)

Tlgili Kazanimlar:

10.3.1. Komiiriin olusumunu ve kdmiir tiirlerini agiklar.

10.3.2. Komiiriin bir yakit olarak iistiinliik ve sakincalarini irdeler.
a. Komiiriin asil bileseni yaninda azotlu ve kiikiirtlii bilesenlerine deginilir,
esas yanma tepkimesi ve onunla birlikte yiiriiyen yan tepkimelerin iiriinleri
ve bunlarin ¢evreye etkileri iglenir.
b. Cesitli komiirlerin 6zgiil yanma isilart karsilastirilir.

Baglamlar ile flgili Dikkat Edilecek Noktalar
Bashk: Sanayici Ulkeler Kémiirden Vazgegemiyor

Soru: Yukaridaki gazete haberinde komiiriin nemi vurgulanmaktadir. Insanlar ve
devletler i¢in komiir ni¢in 6nemlidir? Giinliik hayatinizdaki faaliyetlerinizi
diistinerek degerlendiriniz.

Yonlendirici Tiimceler:

- Enerji kaynagi olarak komiir

- Komiiriin maddi degeri

- K&miir madenlerindeki isciler
- Evinizde kullandiginiz elektrik

Muhtemel Cevaplar:

Devletler i¢in

a. Onemli bir enerji kaynagidir. Elektrik iiretimi.

b. Parasal degeri yiiksektir. Ulke ekonomisine katk1 saglar.
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Insanlar icin

a. Is olanag saglar, ge¢im kaynagidir (madenlerde).
b. Evlerde 1sinmay1 saglar.

c. Evlerde elektrik saglar

Bashk: Temiz Komiir Olur Mu?

Soru: Yukaridaki makaleden de anlasilacagi iizere komiir kullaniminin insan
sagligina ve dogaya verdigi birgok zarar vardir. Bunula birlikte bir yakit olarak
komiiriin Ustiin yonleri de vardir. Kémiiriin iistiin yonlerini ve komiir kullaniminin
sakincalarini tartiginiz.

(Gruplar halinde tartismalar yapilabilir.)

Yonlendirici Tiimceler:

- Komiiriin dogalgaza gore daha ucuz mu?

- Komiirii tilkemizde mi iiretiyoruz, dis iilkelerden mi aliyoruz?
- KOmiiriin iletilmesi mi daha kolay dogalgazin iletilmesi mi?

- Koémiirden kaynakli saglik problemleri var m1?

- Elektrik iiretmek i¢in komiir kullanilir mi?

Muhtemel Cevaplar:

Ko6miiriin iistiin yonleri

a. Uretim maliyeti ucuz, tiiketici igin de ucuzdur.

b. Yerli kaynaktir, iilkemizin dogal zenginligidir. Ulkemizi disa bagimli yapmaz.
c. Ihtiyag duyulan yerlere ulastirilmasi kolaydir.

d. Elektrik santrallerinde kullanilir.

Ko6miiriin kullanim sakincalari

a. Cevreye, dogaya zararli gazlar yayar. Komiiriin yapisinda azotlu ve kiikiirtlii
bilesenler vardir, bu ylizden yanma esnasinda zararli gazlar yayilir.

b. Yaydig1 gazlarin insan sagligina zararl etkileri vardir.

c. Uygunsuz kullanim sonucu CO zehirlenmesi olaylar1 yasanmaktadir.

Bashk: Asit Yagmurlar

Soru: Bireysel olarak asit yagmurlarinin olusmasindaki payinizi azaltmak igin
giinliik aktivitelerinizde ne gibi degisiklikler yapabilirsiniz? Her birinin nasil asit
yagmuru salintmini azaltici etkisi oldugunu aciklayarak uygulayabileceginiz ii¢ adet

aktiviteyi yaziniz.

(Gruplar halinde tartismalar yapilabilir.)
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Yonlendirici Tiimceler:

- Ipucu: Asagidaki iki tablo size fikir verebilir. Asagidaki tablolarda asit
yagmurlarina neden olan SO ve NOx gazlarinin salinim kaynaklar1 verilmistir.
Glinliik aktivitelerinizi diisiiniin.

- Isinmak i¢in evlerde kullandigimiz yakit diisiiniildiigiinde, giinliik hayatimizda
neler yapabiliriz?

- Giinliik ulasimimiz diisiiniildiigiinde, neler yapabiliriz?

- Kullandigimiz endiistriyel tirtinler yerine dogal tiriinler (ahsap, cam, yiin, pamuk
gibi) kullanabilir miyiz?

Muhtemel Cevaplar:

1. Ozel arag yerine toplu ulasimi tercih ederim. (Daha az NOx salinimi olur; ulasimin
yiizdesi ¢ok fazla)

2. Yakin mesafelere yiirliyerek giderim.

3. Endiistriyel iiriinler yerine dogal iiriinleri tercih ederim. Ornek: plastik kalemlik
yerine ahsap kalemlik, Ornek: plastik saklama kab1 yerine cam saklama kab1

4. Isinmak icin kullandigim yakit miktarini azaltirim (kombiyi kisarim ya da sobaya
daha az komiir atarim). Evde biraz daha siki giyinirim.

Degerlendirme Sorular: (1) Cevap Anahtari:

momgom >

kok

. antrasit
. komiir
10. linyit
11. diisiiktiir
12. Dogru
13. Yanlis
14. Dogru
15. Yanlis
16. Dogru
17. Yanlis
18. Dogru

CoNoOAWNE
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APPENDIX F

SAMPLE STUDENT LESSON MATERIALS

FOSIL YAKITLAR

KOMUR

SANAYiCi ULKELER KOMURDEN VAZGEGEMIYOR

Diinya sanayisinin liderleri elektrik iiretiminde komiirden vazge¢miyor. ABD, Gin ve

Almanya en fazla komiir tiiketen iilkeler siralamasinda bas! tutuyor.

Cin, diinyada en fazla komiir iireten, tiiketen ve ithal eden iilke. Diinya toplam komiir
tiiketiminin yarisini tek basina yapiyor. Diinyanin en fazla elektrik tiiketen ekonomisi Gin,
toplam elektrik ihtiyacinin yiizde 79'unu kémiirden saghyor. Elektrik iiretiminde ABD ve
Almanya yiizde 40 oraninda komiire bagimli durumda bulunuyor. Bu iilkelerde komiir

elektrik iiretiminin ana kaynagi oluyor.

Diinyada elektrik liretiminde komiiriin egemenligi devam ediyor. Kémiir, diinyada toplam
iiretilen elektrigin yiizde 41'ini saglarken, onu en yakin yiizde 21,3'le dogalgaz kaynagi takip

ediyor.
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SORU: Yukaridaki gazete haberinde kamiiriin énemi vurgulanmaktadir. Insanlar
ve devletler igin kémir nigin onemlidir? Glnlik hayatinizdaki faaliyetlerinizi
diigiinerek degerlendiriniz.

Koémiir nasil olusur?

Koémdir, bitki artiklarinin bataklik alanlarda birikmesi sonucunda olusan tabakalarin
degisime ugramasi ile meydana gelir. Zaman igerisinde bu tabakalar Uzerine ¢esitli
¢cokeller birikir ve yer kabugunun hareketleri sonucunda derinliklere gémdultrler.
Gomulmuas olan bu tabakalar arasindaki organik seviyeler; artan 1s1 ve basinca
maruz kaldiklarinda fiziksel ve kimyasal degisiklige ugrayarak kémurlesme olarak
tanimlanan bir slire¢ gegirir. Bu slire¢ milyonlarca yil surer.

Su
100 milyon yil 6ncesi

e

Bataklik
300 milyon yil 6ncesi

kayalar & ortli seviyeler

dip ¢cokelleri

olii bitkiler

Zaman icerisinde artan basing ve sicaklia maruz kalan organik malzemeler
kdmurlesmeye baslar.
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Hangi ortamlar kémiir olusumu igin uygundur?

. Deltalar (en kalin kdmur damarlarinin olugtugu ortamlardir)

. Goller, nehirler (gdl kiyilari, kalin kdmur damarlarinin meydana geldigi uygun
bataklik ortamlardir)

. Lagunler (deniz etkisinin oldugu ince komur damarciklarini meydana
getirirler)
. Akarsu tagsma ovalari (ince kdmur damarciklarini olustururlar)

Kémur, yapisinda c¢ogunlukla karbon (C), az miktarda hidrojen (H), oksijen (O),
kikurt (S) ve azot (N) elementleri bulunduran bir kayagctir. Belli bir kimyasal formdille
gosterilemeyen kdmir dogada kil, aliivyon gibi anorganik yapili maddelerle karigim
halinde bulunur. Heterojen goérinumli olan koémur; gevrek, kirilgan, yanabilen bir
maddedir.

Bilindigi gibi yerkurede, cekirdege dogru inildikge sicaklik artar. Ayni zamanda
volkanik faaliyetler ve fay hareketleri nedeniyle de sicaklik yikselir. Diger taraftan
tortul kayac tabakasi kalinlastikga bitki kalintilarina daha fazla basing uygulanir.
Sicaklik ve basingtaki bu ylkselme, turba adi verilen organik maddelerden su
buharinin uzaklagmasini saglar. Eger sicaklik ve basing artigi devam ederse
organik maddelerin yapisinda sirasiyla karbondioksit (CO), oksijen (O2) ve hidrojen
(H2) gazi ayrilir. Sonucta turba olarak bilinen ancak komiur olarak kabul edilmeyen
organik kitle, kbmure déntsmus olur. Bu surece komiirlesme denir.

Bitki kalintilarindan koémUr olusum slrecine dikkatlice irdelenirse komurlesme
zamani, nem miktari, kil ve ugucu madde igerigi vb. acilardan kémurlerin cesitlilik
goOstermesi gerektigi sOylenebilir.

Koémdrler, tane boyutu, kil, kikirt ve nem igerikleri, mineral madde igerikleri,
kalorifik degerler, yikanabilirlik, kurutulabilirlik, biriketlenebilirlik ve koklasabilirlik
parametrelerine gore siniflandirilir.

Kdémdrler  organik  olgunluklarina  gore linyit, alt  bitiimld  kémdir, bitdmlii
kémlir ve antrasit tiplerine ayrilirlar.

Linyit ve kismen alt bitimli kémdirler genellikle yumusak, kolayca ufalanabilen ve
mat gorunustedirler. Bu tip kdmurlerin ana 6zelligi goreceli olarak ¢cok yuksek nem
icerirler ve karbon icerikleri disuktir. Antrasit ve bitiimlii kémdirler ise genellikle daha
sert, dayanikh, siyah renkli ve camsi parlak gortunustedirler. Géreceli olarak nem
icerikleri daha dusuk olup, karbon oranlari daha ylksektir.
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e e m Kiitlece karbon
Komiir turu

ylizdesi
Linyit % 70
Alt Bitiimlii % 75
Bitlimlii % 85
Antrasit % 94

Kémurlerin 1sil degerlerine, yapilarindaki karbon ve nem oranlarina gore
siniflandiriimasi asagida goésterilmistir.

YUKSEK - YUKSEK
DEGER \REONENERIMIKTAR) DEGER
|
TAS KOMURD DUSUK KALORILI KOMURLER
%50 %50
|
| | - 1
' BITUMLU A
ANTRASIT S CALT LINYIT
a mur
Tas komird $ BITUI'MLU Tas komard
' l | |
; L, I ! |
METALURJIK TERMAL
| Koklagabilir Kamir Buhar Kémird | !
' : | |
v \ { vV v v
Teshin/Sanayii Demir ve Gelik . . Buyik Oranda
Dumansiz Yakit Dahil Endustrisi Elektrik Enerjisi Elektrik Eneisi
Uretimi retimi
Gimento Fabrikalan
ve diger Endistriler
Komiir tiirii Ozgiil 1s1 (kal/g)
Komur.turlerlnln ozg_ully_anma" |s"|I?r| Linyit 3400
yandaki tabloda verilmistir. Komuarun Alt Bitimli 5300
o6zgul yanma 1sisi, 1 gram komurdn t Bitumlu
yakilmasiyla agiga ¢ikan 1si miktaridir. Bitlimli 6400
Antrasit 7500
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Temiz Komiir Olur Mu?

Fosil yakitlarin en kirlisi... Yilda tiikettigimiz kbmiir miktari 7,2 milyar ton,
lizerimizdeki etkisi ise giderek biiyiiyor. Ve bugiin Diinya’nin yiizlegmesi
gereken soru su: Temiz Kémiir Olur mu ?
Cevreiler temiz kémdirtin bir efsaneden ibaret oldugu gériisiinde. Elbette byle.
Ornek mi?
ABD'de, derinlerde yatan kémiire ulagmak igin Apalas zirvelerinin vadilere
dénagtirdldig, derelerin asitli su nedeniyle turuncu renkte aktigi Bati Virginia'ya
bakin. Ya da havaalanlarindaki sigara salonlarindan bile daha duman alti olan
Pekin kent merkezine... Gin'de hava kirliliginin temel kaynadi ve yilda bir milyondan
fazla kiginin erken 6liim nedeni kbmdir. Bu sayilanlarin yani sira bir de maden
kazalarinda élen binlerce insan var; gerek Cin'de gerekse diger (ilkelerde...
Koémiir elimizdeki en kirli, en éliimciil enerji kaynagi. Ama ayni zamanda da birgok
acidan en ucuz olani. Ve ona bel baglamis durumdayiz...

(National Geographic, 22/08/2014)

SORU: Yukaridaki makaleden de anlasilacagr lzere komdir kullaniminin insan
saghgina ve dogaya verdigi birgok zarar vardir. Bunula birlikte bir yakit olarak
kémiirin lstiin yonleri de vardir. Kémiiriin lstiin yonlerini ve komdir kullaniminin

sakincalarini tartisiniz.

Kémurln esas bileseni karbon (C) ve hidrojendir (H). Kdmurin yapisinda az da olsa
azotlu (N) ve kukurtli (S) bilesikler de bulunur.

Kémirin esas yanma tepkimesi, C (kati) + O, (gaz) — CO: (gaz) + Enerji
seklindedir. Kbmarin bu esas yanma tepkimesi ile birlikte ylriyen yan tepkimeler
de vardir. Bu yan tepkimeler neticesinde SO, ve NO gibi gazlar agida ¢ikar.
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Kémurdan kullaniimasi sonucu olugan zararl etkilerden birisi de asit yagmurlaridir.
Kémdir yakildiginda atmosfere CO,, H.O, NO ve SO gazlari salinir. Bu gazlardan
CO,, SO, ve NO ise asit yagmurlarina sebep olur. Asit yagmurlari ormanlara ve tim
ekosisteme zarar verir. Asagidaki resmin sol Ust kdsesindeki tepkimeleri inceleyiniz.

3NO,+ HO — 2HNO, + NO

Asit Yagmurlarinin Dogaya Etkileri

)

daha bazik

8 9 10 11 12 13 14

Ozellikle su bulunan bdlgelere diisen asit yagmurlari, suyun pH dengesini
bozdugu icin su igerisinde yasamakta olan canlilari etkiler. Ozellikle su
icerisinde yasayan baliklarin oldukca fazla etkilenmesi dogadaki besin zincirini
onemli dlgude degistirir ve bu durum eninde sonunda insan hayatini da 6nemli

Olcltide eftkiler.

Solunum yoluyla ¢evremizde bulunan havay! akcigerlerimize cekmekteyiz.
Bu havanin igerisinde eder ¢ok fazla miktarda sulfat bulunursa, astim, bronsite
ve kanser gibi pek ¢ok hastaliga yakalanma riski artar.

Agaclar kokleri sayesinde
topraktan su ve besin alabilmektedir.
Adaclarin bu islemi

gerceklestirebilmeleri icin, topraktaki

aliminyuma ihtiyag vardir. Asit
yagmurlari ise toprakta bulunan
aliminyumun ¢dzllmesine neden

olur ve bu sebeple agaglar topraktan
yeteri kadar beslenemez. Bu durum
da dogadaki oksijen oranini oldukga
etkiler.
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o Asit yagmurlarinin bir bagka zarari
da hi¢c kuskusuz tarihi eserler
Uzerindedir. Tarihi eserler yapi
itibariyle asidik maddelerden
oldukca etkilenir ve Uzerlerine
dusen asit yagmurlari nedeniyle de
belirgin bir sekilde tahrip olurlar.

Asit Yagmurlarinin insan Hayatina Etkileri

Ozellikle kentlerde yasayan birgok insanin astim hastali@i ile miicadele ettiklerini
gbrmekteyiz. Bunun yaninda kanser gibi hastaliklarin kent hayati sirdiren
insanlarda ¢ok daha fazla géruldiglu de aciktir. Bunun temel sebebi sehir
yasaminda c¢evre havasinin asiri derecede Kkirletiimesidir. Bu kirlilik ilk etkilerini
insanlarin soluk alis veriglerinde gosterir. Bu kirli havayi soluyan insanlar belirli bir
sure sonra c¢esitli hastaliklara karsi direnclerini kaybederler. Bunun yaninda asit
yagmurlarina maruz kalmis olan besinleri tlketen insanlarin vicuduna yabanci ve
zarar verici maddeler karisir ve bir middet sonra vicut bu zararli maddeler ile bas
edemez hale gelip hasta duser. Hava kirliligin sebep oldugu bu hastaliklarin kent
yasaminda kirsal yagsama oranla 2 kat daha fazla géruldigu yapilan arastirmalarla
ortaya konmustur.

SORU: Bireysel olarak asit yagmurlarinin olusmasindaki payinizi azaltmak igin
glinliik aktivitelerinizde ne gibi degisiklikler yapabilirsiniz? Her birinin nasil asit
yagmuru salinimini azaltici etkisi oldugunu agiklayarak uygulayabileceginiz iig
adet aktiviteyi yaziniz.

(Ipucu: Asagidaki iki tablo size fikir verebilir. Giinlik aktivitelerinizi disdinin)

Kaynaklara gore diinyada SO, salinimi Kaynaklara gore diinyada NOx salinimi
Yakit yakma (termik %836 Yakit yakma (termik %38
santraller, 1Isinma vb.) santraller, 1Isinma vb.)

Ulasim %5 Ulasim %57
Endistriyel strecler %9 Endustriyel sliregler %5
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DEGERLENDIRME SORULARI - 1

1. Komiirlesmenin  baslangic  evresi

asagidakilerden hangisidir?

A) Turba

B) Linyit

C) Antrasit

D) Tas komiirii
E) Kok

2. Komiir ile ilgili asagida verilen

ifadelerden hangisi yanhstir?

A) Karbon orani arttikga 1s1l degeri artar.

B) Antrasit, en kalitesiz komiir ttirtidiir.

C) Kok, dogada bulunmaz fabrikalarda
iiretilir.

D) Fosil atiklardan uzun yillarda olusur.

E) Olusumu ne kadar eski ise kalitesi o kadar
yiiksek olur.

3.
I. Bitkilerin &ldiikten su altinda
kalarak bakteriler etkisiyle degisime ugramasi

sonra,

sonucunda olugur.

II. Olmiis bitkilerin gece fotosentez yaparak
fosillesmesi sonucu olusur.

III. Batakliklarda uygun nem ve sicakligin
olugsmasi gerekli organik maddelerin ortamda
bulunmasiyla bozunmus, ¢iiriiyen bitkilerin

fiziksel ve kimyasal degisime ugrayarak
yerkabugunun hareketleri sonucu su altina
inmesi ve batakligin zamanla {istiiniin
oOrtiilmesi gibi olaylar sonucu olusur.
Yukaridakilerden  hangileri  komiiriin
olusumunu aciklamak icin kullanilabilir?
A) Yalniz |

B) Yalmiz 11

C) Yalmz III

D) lvelll

E) I I1velll
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4. 1. Demir — gelik sanayisi
II. Buharli motorlar
III. Elektrik Gretimi

Yukaridakilerden  hangileri  komiiriin

kullanim alam olabilir?
A) Yalniz 1

B) I vell

C) Ilve

D) I ve 1l

E) I, Il velll

5. Komiir ile ilgili,
I. Tim koOmiirlerin fiziksel ve kimyasal
ozellikleri aynidir.

I1. Saf maddedir.
II1. Yogun olarak C ve H den olusmustur.
ifadelerinden hangileri dogrudur?
A) Yalnmiz I
B) Yalniz II
C) Yalmz III
D) Il ve 111
E) I've lll

6. Komiirde istenmeyen ve kaliteyi diisiiren
etmenler
l. nem,
I1. kdl,
I11. yiiksek azot
verilenlerden hangileridir?

A) Yalmz II
B) lvell
C)lvelll
D) Il ve 1l
E) I, 11velll



Asagidaki ciimlelerde bos birakilan yerleri
uygun sekilde doldurunuz.

7. Tas komiiriiniin firinlarda 1sitilarak i¢indeki
gazlarin ayrilmasiyla elde edilen kati yakita

8 kalorisi en yiiksek ve en sert
dogal komiir tiirtidiir.

9 , ¢ok miktarda bitkisel
maddenin, havasiz bir ortamda ve basing
altinda degismesi sonucunda olusan, sert, kati
ve koyu renkli organik bir kayactir.

10. Komiirler organik olgunluklarina gore
alt bitimli komir, bitimli
komir  ve antrasit  tiplerine gore

siniflandirilirlar.

11. Linyitin kalorifik degeri antrasitinkinden
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Asagidaki  ciimlelerde  verilen

dogru/yanhs oldugunu belirtiniz.

bilginin

12. Komiirler yogunluk, gdzeneklilik, sertlik
ve parlaklik bakimindan farklilik %}sterebilir.

13. Komiirler anorganik kokenli maddelerdir.

]

14. Tas komiirii, kalorisi yiiksek oldugundan

ilkemizde demir-gelik sanayisinde yakit
olarak kullanilir. [-y:]
1sinmada

15. KoOmiirler kullanildiginda

yalnizca atmosfer kirliligine neden olur.

C_J

16. Komiir igerisinde C, H, S, N ve O
elementleri bulunabilir.

n

17. Turba bir komiir tiridiir.

18. Kiil ve nemi yiiksek olan komiiriin kalorisi
diigiiktiir.

]
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APPENDIX G

SAMPLE GROUP PROJECT

GRUP PROJESI

Okul:

Sinif:

Grup
Ogrencileri:

Proje adt: Hidroelektrik Enerji Santralleri (HES): Kim Hakl1?

Siire: 5 Hafta

Projeyi hazirlama siireci

Hidroelektrik enerji, temiz enerji kaynaklar1 arasinda gosterilmesine ragmen son
yillarda tilkemizde hidroelektrik enerji santrallerine (HES) yonelik yerel bazda
tepkiler oldugu bilinmektedir. HES’lerin yapildig1 yerlerde olusan bu tepkilerin
nedenleri nelerdir, 6rneklerle aciklaymiz. Devlet yoneticileri agisindan ve yerel
halk agisindan hakli ve haksiz olunan yonleri irdeleyiniz.

Bu projede su sorulara cevap verilmelidir;

1. HES’lerin yapilmasini destekleyen taraflar ve bu taraflarin goriisleri nelerdir?

2. HES’lerin yapilmasin1 desteklemeyen taraflar ve bu taraflarin goriisleri
nelerdir?

3. HES’lerin yapildig1 yerlerde olumlu ve olumsuz ne gibi degisiklikler meydana
gelmistir?

4. HES lere alternatif olabilecek enerji kaynaklar1 var midir?

Biitiin bunlar i¢in;

1. Bir arastirma plani olusturunuz; bu planda yapilacak isleri, gerekiyorsa gorevli
kisileri ve ¢aligma takvimini belirtiniz.

2. Aragtirma i¢in dergiler, kiitiiphaneler, internet, yakin ¢evrenizdeki kisi ve
kuruluglardan yararlanabilirsiniz.

3. Projenizin sonunda hazirladiginiz raporu 10 dakikalik siirede sunulacak sekilde
poster/sunum olarak hazirlayiniz.

4. Posterin/Sunumun gorselligini resimlerle, grafikler vb. caligmalarla
artirabilirsiniz.

5. Arastirmanizi €n geg¢ ..................... tarihine kadar bitirmelisiniz.
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