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ABSTRACT

EFFECTIVENESS OF CONTEXT-BASED APPROACH THROUGH 5E
LEARNING CYCLE MODEL ON STUDENTS’ UNDERSTANDING OF
CHEMICAL REACTIONS AND ENERGY CONCEPTS, AND THEIR
MOTIVATION TO LEARN CHEMISTRY

CIGDEMOGLU, Ceyhan
Ph. D., Department of Secondary Science and Mathematics Education
Supervisor: Prof. Dr. Omer GEBAN

June 2012, 244 pages

The aim of study was to investigate the effect of context-based approach (CBA)
through 5E learning cycle (LC) model over traditional instruction on students’
understanding, achievement, and chemical literacy on chemical reactions and energy
concepts. The effect of instruction on students’ motivation to learn chemistry and the
factors of motivation questionnaire were also explored. Additionally, the effect of
gender difference was investigated. Six eleventh grade classes with 187 students
taught by three teachers from two public Anatolian high schools of Ankara in 2011-
2012 fall semester were enrolled in this study. Each teacher had experimental and
control group. These classes were assigned randomly as experimental and control
groups. The experimental groups were treated with CBA through SE LC model,
control groups were treated with traditional instruction. Chemical reactions and
energy concept test and chemistry motivation questionnaire were administered as
pre- and post-tests to groups. Achievement test and open-ended chemical literacy
items on chemical reactions and energy were administered as post-tests to all groups.

Science process skill test was administered to all groups at the beginning of the

v



instruction. Multivariate Analysis of Covariance (MANCOVA) was used for the
analysis of data. The results revealed that CBA through 5E LC model was superior to
traditional instruction on students’ understanding, achievement, and chemical
literacy in the chemical reactions and energy unit. Although, students’ overall
motivation scores did not changed across the groups, experimental groups intrinsic
motivation and relevance of learning chemistry to personal goals was superior than

control groups. No gender difference was found.

Keywords: Context-based approach, SE learning cycle model, chemical reactions and
energy, understanding, achievement, motivation, chemical literacy, gender, and 11"

grade science major students.



0z

BAGLAM TEMELLI YAKLASIMLA DESTEKLENMIS 5E OGRENME
DONGUSU MODELININ OGRENCILERIN KIMYASAL REAKSIYONLAR VE
ENERJI KONULARINI ANLAMALARINA, VE KIMYA OGRENMEYE KARSI

MOTIVASYONLARINA ETKISININ ARASTIRILMASI

CIGDEMOGLU, Ceyhan
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boliimii

Tez Yoneticisi: Prof. Dr. Omer GEBAN

Haziran 2012, 244 Sayfa

Bu calismanin amaci baglam temelli yaklasim ile desteklenen SE 6grenme dongiisii
modelinin ve geleneksel 6gretimin 6grencilerinin kimyasal reaksiyonlar ve enerji
konularint anlamalarina, basarilarina ve kimya okuryazarliklarina etkisini
arastirmaktir. Ayrica uygulamanin deney ve kontrol grubu o6grencilerinin kimya
O6grenmeye karst motivasyonlari ve motivasyon anketinin boyutlar1 {izerine etkisi de
arastirilmistir. Ilaveten cinsiyet etkisi de arastirilnustir. Bu ¢alismaya, 2011-2012
Ogretim yilmin giiz doneminde Ankara’daki iki devlet okulunda ii¢ kimya
Ogretmenine ait alti on birinci siiftan toplam 187 Ogrenci katilmistir. Her
Ogretmenin bir deney bir de kontrol grubu mevcuttur. Bu simiflar deney ve kontrol
grubu olarak rastgele secilmistir. Deney gruplari, baglam temelli yaklagim ile
desteklenmis SE 6grenme dongiisii modeline gore 6gretim alirken, kontrol gruplari
ise kimyay1 geleneksel 6gretimle almistir. Kimyasal reaksiyonlar ve enerji kavram
testi ve kimya motivasyon anketi hem deney hem kontrol grubuna 6n ve son test
olarak verilmistir. Basar1 testi ve a¢ik u¢lu kimya okuryazarligi sorular1 da son test
olarak tiim gruplara dagitilmistir. Bilimsel siire¢ islem beceri testi uygulamadan 6nce

tiim gruplara dagitilmistir. Cok degiskenli kovaryans analizi (MANCOVA) verilerin
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analizi i¢in kullanilmigtir. Calismanin sonuglart baglam temelli yaklasimla
desteklenmis SE 6grenme dongiisii modelinin geleneksel 6gretime gore kimyasal
reaksiyonlar ve enerji konularini1 anlamay1 ve basariy1 cinsiyet farki gézetmeksizin
artirdigini ortaya koymustur. Farkli gruplardaki 6grencilerin kimya 6grenmeye karsi
motivasyonlar1 anlamli farka sahip olmasa da, deney grubunun i¢ motivasyonlari ve
kimya O6grenmeyi kisisel amaglara uygun bulmalar1 kontrol grubuna goére artmistir.
[laveten, acik uglu kimya okuryazarlik sorularina verilen cevaplar, deney grubundaki
ogrencilerin, geleneksel Ogretimdeki Ogrencilere gore kimya okuryazarlik

bakimindan daha iyi oldugunu gosteriyor.

Anahtar Kelimeler: Baglam temelli yaklagim, SE 6grenme dongiisii modeli, kimyasal
reaksiyonlar ve enerji, anlama, basari, motivasyon, kimya okuryazarligi, cinsiyet, ve

11. sinif fen 6grencileri
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CHAPTER 1

INTRODUCTION

“The student who can begin early in life to see things as connected has
begun the life of learning. The connectedness of things is what the educator

contemplates to the limit of his (or her) capacity”

Mark Van Doren

“Why do I need to learn this topic?” is the foremost popular question which students
ask their teachers throughout teaching learning process in their school years. Having
been directed to be overloaded by curriculum and being unable to relate theoretical
knowledge with real-world they live, students could not organize their knowledge
into a coherent-cognitive-structure of transferable knowledge which in turns makes
them to question “why to learn” a particular topic. Students’ need for -why they learn
any particular topic- brought about researchers and policy makers to reorganize
curriculum by making extensive reforms in a need-to-know basis by embedding

concepts to contexts.

Contextual learning is the process of teaching and learning that focuses on the
importance of context for incorporation of concepts. Ingram (2003) states that;
although studies indicated how students’ learning was put in order by contextual
learning approaches, schools go on with contemplating on fragmented instruction
which is not suitable to connect real world issues. Reforming curriculums
implemented in schools necessitates critical reconstructing efforts constituted with

active student engagement. According to Bern and Erikson (2001), contextualized



teaching and learning method feeds the pedagogical guide lines for reconstructing
efforts. Therefore, in order to construct meaningful learning in schools, the
concentration should be loaded on restructuring traditional instruction with

contextualized curriculum reforms.

The last two decades have witnessed many curricular activities in science education
field which mainly centers the attention on usage of real-world contexts through
contextual teaching. Therefore, a renewed interest has emerged to investigate “why
to use / how to use” a real world contextualized instruction (Belt, Leisvik, Hyde &
Overton, 2005; Bennett & Lubben, 2006; Bulte, Westbroek, De Jong & Pilot, 2006;
Campbell & Lubben, 2000; Fensham, 2009; King, Bellocchi & Ritchie, 2008;
Newting, Demuth, Parchmann, Grisel & Ralle, 2007; Pilot & Bulte, 2006;
Schwartz, 2006). In late 1980s, designing concepts through real and meaningful
contexts initiated extensively in a number of countries with innovative projects.
These initiatives take its roots: in USA by National Science Foundation since 1983,
in Canada by Science Council of Canada since 1984, in UK by Royal Society
since1985. The most and the well-known projects are, CHEMCOM in USA,
SALTERSs in England and Wales, LORST in Canada, and PLON in Netherlands. All
these curriculum projects tried to find research-based evidence for impact of
contextualized teaching and learning in chemistry, physics, and biology by using real
world contexts while explaining concepts. Kortland describes context-based
curriculum as “practical applications and/or socioscientific 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” (2007, p.1).
The common point of above-mentioned projects is, contextual learning is
accomplished by “context-based” approaches in which activities are students-

centered and concepts are introduced on a need-to-know basis.

Context-based learning approaches, sometimes called as “context-led approach”
(Holman and Pilling, 2004), or “contextualized approach” or “contextual approach”,
or “context-based approach” (De Jong, 2005; Bennett and Lubben, 2006), or

“context based instruction” (Taasoobshirazi and Carr, 2008) or “context based
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learning” (Acar and Yaman, 2011; Whitelegg and Parry, 1999) all utilizes “contexts”
in teaching learning process and are used synonymy. These approaches to teach
science started in early 1970s and have become increasingly popular in current
research area. Bennett and Lubben (2006) point out usage of contexts at the
beginning of construction of scientific understanding in context-based approaches as
a major development in science education. These approaches are expected to
overcome the deficiencies of students in; connecting concepts to the real-world they
live, associating scientific knowledge to societal issues. Pilot and Bulte (2006)
explain context-based approaches as; focusing on inquiry and relating the science-
technology to socio-scientific problems. Additionally, Bulte et al. (2006) states that
many context-based approaches propose, as an instructional framework, contexts as
raising questions in students and making students to see the motive for extending
their knowledge. They also mention such an instructional framework should
incorporate in a need-to-know principle thus constructs students learning intrinsically
meaningful. In this study, context-based approach (CBA) is preferred to use rather

than others.

Context-based approaches are rooted in varying methodological concerns such as
problem/project-based learning (PBL), science-technology-society approaches
(STS), and inquiry-based science teaching which make learning more meaningful for
students. As King (2010) stated these methodological concerns are aroused from
sociocultural perspective on learning that is described by Vygotsky (1978, as cited in
King, 2010) as discourses and communities are centre for knowledge construction. In
the same study, King (2010) mentions that according Vygotsky, a persons’
intellectual functioning takes its roots from his/her surroundings and interactions
with others. Therefore, students should have learning environment in which a
continuous relation between conceptual knowledge is constructed through students’
experiences, application of knowledge, cooperation on societal issues and real world
problems. So that, a well designed lesson integrating these issues is expected to

develop students intellectual functioning.



Recent initiatives like inquiry-based and context-based approaches are both devoted
to constructivist curricular developments by using real-world issues in science
education. Anderson (2007) mentions on inquiry as being quite prominent theme for
science curriculum reform initiatives in terms of content, learning, and teaching since
1950s. Hofstein and Kesner (2006) describes inquiry-based science activities as
promoting the interest of students in the field of science education and they also
states that such inquiry activities, makes students to ask better questions, also it gives
students to have a good feeling of ownership on the scientific problems. Similarly,
contextual learning is seen as a means to motivate and encourage students in
developing more positive attitudes towards science by connecting knowledge to the
real-world situation (Bennett, Campbell, Hogarth & Lubben, 2007). On this basis,
both inquiry-based and context-based instructions promote students’ interest in
science learning therefore these instructions have a great potential to be integrated in

designing real-world curriculum materials for meaningful learning.

Learning cycle (LC) finds its place among inquiry-based teaching approaches.
Abraham (1997) describes LC as being appropriate for teachers in developing; well-
designed curriculum materials and instructional strategies in science education field.
He also explains the model as “is derived from constructivist ideas of the nature of
science, and the developmental theory of Jean Piaget” (p.l1). At the same time,
Bybee, Taylor, Gardner, Scotter, Powell, Westbrook, and Landes (2006), mark the
continuous effort of science teachers in developing instructional patterns in order to
improve their students’ learning. Bybee et al. (2006) also mentions, for fulfilling
science teachers’ aims, the systematic attempt of curriculum reformers to reveal
research findings incorporating the materials which enhance the connection through
curriculum, teachers, and students. Additionally, they states that “Recently, the use
of coordinated and coherent sequencing of lessons -learning cycles and instructional
models- has gained popularity in the science education community” (p.1). Therefore,
designing materials incorporating LC with context-based instruction have latent
capacity to reconstruct science curricula around real-world problems so that students
will construct knowledge and develop skills required for a science and technology

rich world; teachers will improve their instructional practices.
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SE instructional model of LC was used widespread while developing new curriculum
materials for Biological Sciences Curriculum Study (BSCS) (Bybee, et al. 2006).
According to Bybee et al. (2006), SE instructional model takes its roots from
constructivist philosophy of education and it supports inquiry-based science learning.
In constructivism, the aim is making students to feel conflict with their existing
thinking so that to think in a different way. Bybee et al. (20006), states that SE model
has been used in widely in curriculum development. There are five phases in a SE
model of instruction which are engagement, exploration, explanation, elaboration
and evaluation. Based on the Bybee et al. (2006) description, each “E” of 5E is a
phase which functions differently to support teachers’ instruction and students

understanding, attitudes, and skills.

A great deal of research on CBA focused on positive influence of context-based
instruction on students’ interest, motivation, attitudes, problem solving,
understanding, achievement, and/or scientific literacy (Acar & Yaman, 2011, Barker
& Millar 1999, 2000; Bennett, Lubben & Hogarth, 2007; Demircioglu, Demircioglu
& Calik, 2009; Ilhan, 2010; Ingram, 2003; Kelly, 2007; Ramsden, 1997). Murphy’s
(1994) and Hennessy’s (1993) (as cited in Whitelegg & Parry, 1999) suggest that
context-based instruction has the possibility of enhancing students’ interest provided
that an appropriate context was used. The meta-analysis of Bennett, Hogarth and
Lubben (2003) indicates that there are evidences to conclude CBA increases
students’ motivation in science courses and these approaches develop positive
attitude towards science. Additionally, their study has also evidence to support no
adverse affect of context-based approaches on students’ understanding of scientific
concepts. Moreover, in their review study in 2005, Lubben, Bennett, Hogarth, and
Robinson states that courses using context-based and STS approaches took attention
both nationally and internationally since these approaches are seen to have a serious

role in improvement of students’ scientific literacy.

CBAs have a widespread application especially in Chemical Education field in which
active debates and reforms are proceeding for improvements of teaching and

learning. As De Jong, (2005) stated, an important reason for debates and reform for

5



improvement of chemistry teaching is the dissatisfaction with the chemistry
curricula. He described the curricula as being “quite isolated from students’ personal
interest, from current society and technology issues, and from modern chemistry”
(p.1). A critical effort for healing current curriculum isolation is the use of
meaningful real-life contexts in teaching and learning process of chemistry by means
of CBAs. Therefore, from the late 1980s, context-based curriculum projects were
implemented particularly in chemistry courses, for instance, ChemCom: the USA
project of “Chemistry in the Community”, CiC: the USA project of ‘Chemistry in
Contexts: Applying Chemistry to Society’, and Salters: the UK project of ‘Salters
Chemistry’, and ChiK: the German project of ‘Chemie im Kontext’. Bulte et al.
(2006) considered context-based chemistry curricula as a way of remedying deficient
outcomes (i.e.: being abstract, difficult to learn, and irrelevance of concepts to the

world students live) of current school chemistry, specifically in the affective domain.

A considerable number of studies have investigated the effectiveness of CBAs in
chemistry education. Bennett and Lubben (2006) found research-based evidence to
positive responses of students to context-based approach used in Salters Advanced
Chemistry; they also concluded a comparable level of understanding with respect to
conventional course. Several studies tried to explore the impact of approaches on
different chemistry topics. For instance, Belt et al. (2005) studied thermodynamics,
kinetics, and electrochemistry for undergraduate physical chemistry. Barker and
Millar (1999) investigated students’ reasoning on chemical reactions in a context-
based post-16 chemistry course. Ilhan (2010) explored the effect of context-based
approach on 11™ grade high school students’ learning of chemical equilibrium and
the change in students’ motivation and attitude level across the experimental and
control groups. Demircioglu et al. (2009) studied with 9th grade students’
conceptions on Periodic Table and compared attitudes of students in context-based
course with traditional course. Unal (2008) conducted an experimental study with
secondary-level students on the concept of heat and matter by implementing a
context-based approach across traditional approach. Most of the studies investigating
the effects of CBAs in chemical education focus on students’ learning outcomes,

students’ motivation and their attitudes towards chemistry. Studies conducted in
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Turkey particularly concentrate on one chapter from the chemistry curriculum rather

than a whole course.

Recent reforms and innovative curriculum projects have direct impacts on Turkish
national curriculum system. Although, Ultay and Calik (2011) states that secondary
science curricula, particularly chemistry and physics, are reorganized according to
context-based approach, chemistry curriculum do not clearly mentions on context-
based teaching as well as the physics. Objectives about: relating concepts to contexts,
introducing the knowledge on a need-to-know basis, relating science-technology-
society, science process skills are commonly used in science and technology
curriculum for elementary level, even these objectives are established for physics and
chemistry. However, only physics curricula clearly explain that the changes made in
physics curricula are affected by CBAs. Moreover, several context-based activities
and contexts as initiation of concepts are provided by physics curriculum for
teachers’ use. Thus new chemistry curricula may not be evaluated as a context-based
curricula as much as the physics curricula; so, studies conducted in chemistry
education field will probably bring about the needs, deficiencies, or any other

demands related with the program, students, and teachers.

Chemical reactions and energy concepts have been studied widespread since
understanding the basic ideas of the topic has some difficulties because of its
abstractness, popularity in society (Barker & Millar, 1999; 2000; De Vos & Verdonk,
1985a; Goedhart & Kaper, 2002). These concepts are introduced to students
gradually from elementary school years. The chemical reactions and energy chapter
has also been in previous 10™ grade curriculum, although the name of the chapter is
the same as it was in the previous curriculum, the content and the concepts included
in this chapter have changed radically. Concepts of thermochemistry and
thermodynamics are introduced together in this new chapter of eleventh grade
recently changed curriculum. Despite introducing students the main concepts of
thermochemistry, the topic of thermodynamics is given in high school level in this
new curriculum first time and the design of chapter is different from internationals’.

The concepts of energy is currently quite popular in society and since recently
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changed no studies on methodological concern or any other have been reported on
this chapter in spite of many research has been conducted abroad. For these
particular reasons, this study purposes to reveal the effect of context-based approach
through SE learning model on students’ achievement, motivational constructs,
chemical literacy on chemical reactions and energy concepts of eleventh grade

students.

1.1 The Purpose of the Study

Having been reported some advances of context-based approaches on chemistry
education field, studies focusing on effectiveness of CBA on chemical reactions and
energy for Turkish context is relatively untouched. Although, contextual teaching has
been remained implicit for national chemistry curriculum, it is claimed to not only
support understanding concepts by connecting real-life situations but also enhance
chemical literacy, and increase motivation. In spite of extensive literature for these
claims, there have been quite few studies testing those claims on current national
chemistry curriculum in Turkey. For this reason, this study aimed to investigate the
effectiveness of CBA through 5E learning cycle model on students’ understanding,
achievement, and chemical literacy on chemical reactions and energy unit and

students motivation to learn chemistry.

1.2 Significance of the Study

Despite the innovative changes in Turkish national science curriculum, the approach
to teach chemistry primarily has remained unchanged. The lack of enthusiasm to
learn chemistry at high school level stems from traditional chemistry has been taught
in which the focus is covering an overloaded curriculum with rote learning of a body
of knowledge. Therefore, students cannot realize the relation of content of such
curriculum to their everyday lives which later result in many students not to interest
in chemistry since it is seen as irrelevant to their concerns. There is a growing need
to improve the way of chemistry is taught in schools thus the students will see the

connectedness concepts to the real world they live. Context-based learning activities
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are supposed to satisfy the needs to improve chemistry teaching by broadening
students’ knowledge base, interest, and scientific literacy through a context relevant
to students. Thus, developing lessons which are claimed to improve quality of
teaching becomes quite important for a recently reformed Turkish national chemistry

curriculum.

Many studies reported how effectively context-based approaches could be
implemented in class settings (Campbell & Lubben, 2000; Bulte et al., 2006; De
Jong, 2006; Pilot & Bulte, 2006). Bennett et al. (2003) carried a systematic review on
CBA and STS approaches, the study revealed that quality of the studies allow
confidence in findings. Their conclusions were to benefit from systematic maps for
implementations regarding a full STS course, attitudes/understanding/gender/ and
pupils with different ability range. Therefore, designing the lessons incorporating
learning cycle with context based approach, investigating their effectiveness for
Turkish national chemistry curriculum is an area of interest for researchers. Despite
the differences in international and national chemistry curriculum, embedding the
concepts into contexts is the same for both but the nature of context is expected to be
different. Testing the materials developed for this study is another significant point
for teachers who want to utilize lesson plans which are not as usual as they are

accustomed to use.

Recently a few studies from Turkey reported the effectiveness of context-based
lessons over conventional lessons; most of these studies are dissertation studies. For
instance, Ilhan (2010) investigated the effectiveness of CBA on 11" grade high
school students’ learning of chemical equilibrium and the change in students’
motivation and attitude level across the experimental and control groups. He found
that context-based activities have positive impact on affective domain of students in
experimental group. Similarly, Demircioglu (2008) studied with 9" grade students’;
she focused on students’ conceptions on Periodic Table and compared attitudes of
students in context-based course with traditional course. She explored that students
from context-based course are more engaged in the lessons. Chemical reactions and

energy unit has not been studied neither as a dissertation nor a research study yet,



therefore, findings will contribute to policy makers in chemistry education field and

prospective chemistry teachers.

Although, many international studies have reported the advantages or critiques of
context-based courses in terms of varying aspects, very limited number of studies
from Turkey reported as such if any. Degirmenci (2009) prepared a dissertation in
physics education field for the unit of “waves”; he discussed improving, applying
and investigating new materials based on the context-based learning approach for the
9™ grade. If exists any, this study will also report problems associated with course

design and implementation.

Even though studies on teaching chemical reactions and thermodynamics through
CBA exist, the concepts covered in the chapter are different across the countries
because of their curriculum structures. For example, Barker and Millar (2000)
conducted a research with high school students to compare students’ responses to
chemical reactions through context-based course and traditional course. The content
of chemistry they covered was chemical reactions, thermodynamics, and chemical
bonds; they found a slight advantage in developing understanding of students in the
context-based course. The main focus of the study was students’ reasoning more
qualitatively. Another group of studies investigated the effects of CBAs on students’
motivation and attitude (affective variables) in chemistry. Ramsden (1997)
conducted a research with high school students in UK; the content in her study was
elements-mixtures-compounds and conservation of mass in chemical reactions-
chemical change and periodic table as a unifying theme. She found out those students
from CBA interested in chemistry more than conventional class students. Therefore,
investigating the effect of CBA on chemical reactions and energy chapter which
mainly cover thermochemistry and thermodynamics concepts from varying aspects is

worth to study.

In Turkey, CBA in chemistry field has just become popular, even if it is widely
studied in the other countries especially England, Germany, Netherlands, USA, and

Australia. There are several studies which are not published or ended yet. The pool
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of such studies on CBAs in Turkey is expected to contribute chemistry teaching.
Studying context-based chemistry is worth to deal with because it is claimed to
improve students’ chemical literacy level too, which was not investigated previously

for this topic in Turkey.

To sum up, the developed course design is expected to help students to increase their
motivation, to increase their interest in dealing with chemistry course, to have an
achievement better than traditional course, raise students’ awareness of the
connections between chemistry and real-life issues. Additionally students in context-
based course are expected to have more chemical literacy that traditional course.
Moreover, the study will contribute teachers as it added some materials to their
teaching repertoire. Besides, it will contribute to national policy makers. Finally, not
only this study, but also others conducted in Turkey will bring a platform on which
deficiencies, problems, advantages will be discussed not only in national borders but

also in international borders.

1.3 Definition of Important Terms

The constitutive and operational definitions of important terms are given as follow;

Traditional instruction: It is a kind of instruction in which students are introduced to
topics primarily with lecturing method. Taasoobshirazi and Carr (2008) explain
traditional instruction as “business as usual” in the classroom. They also describe
traditional instruction as a lecturing with no intervention such as inquiry-based. It is a

teacher-centered instruction.

Context-based approach (CBA): In this approach real-life contexts are used to
introduce concepts. Glynn and Koballa describe it as “using concepts and process
skills in real-world contexts that are relevant to students from diverse backgrounds”
(2005, p.75). Additionally, CBA is described by Lubben, Bennett, Hogarth, and
Robinson (2005) as an approach adopted “in science teaching, in which contexts and

applications of science are used as the starting point for the development of scientific
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ideas. This contrasts with more traditional approaches, which cover scientific ideas

first and conclude with a brief mention of applications” (p.10)

SE Learning cycle model: An inquiry-based model of teaching having five different

phases which are: engagement, exploration, explanation, elaboration, and evaluation.

Motivation: According to Glynn, Aultman, and Owens motivation is an internal state

that arouses, directs, and sustains human behavior (p.1, 2005).

Achievement: A task that is accomplished successfully, especially by means of effort,

skill, practice, or constancy.

Chemical Literacy: The definition of this term is quite similar to definition of
scientific literacy. Witte and Beers (2003) explain chemical literacy as (1) being able
to use and deal with given information related with a chemical problem (2) being
able to use knowledge of chemistry and skills in order to understand information

associated with everyday problems.

Context: A cultural psychologist, Cole (1996) explains context as; it comes from the
Latin verb “contexere” meaning as “to weave together”. It can also be defined as

collection of parts and the connection between them.

1.4 Problems and Hypotheses

The main problems, sub-problems and hypotheses of the study will be stated in this

section.
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1.4.1 The Main Problems and Sub-problems

1.4.1.1 The Main Problems

1. What is the effect of context-based approach (CBA) through 5E learning
cycle (LC) model and gender on eleventh grade public Anatolian high
schools science major students’ understanding and achievement in chemical
reactions and energy concepts, and their motivation to learn chemistry when

compared to traditional chemistry instruction?

2. What is the effect of CBA through 5E LC model and gender on eleventh
grade science major students’ motivational factors (Intrinsic motivation to
learn chemistry, Extrinsically motivated chemistry learning, Relevance of
learning chemistry to personal goals, Responsibility or Self-determination for
learning chemistry, Confidence or Self-efficacy in learning chemistry, and

Anxiety about chemistry assessment)?

3. What is the effect of CBA through SE LC model on eleventh grade science
major students’ chemical literacy level on the concepts of chemical reactions

and energy?

1.4.1.2 The Sub-problems

Sub-Problem 1

Is there a significant population mean difference between the groups exposed to
CBA through 5E LC and traditionally designed chemistry instruction on eleventh
grade science major students’ understanding of chemical reactions and energy

concepts when students’ science process skills test scores are controlled?
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Sub-Problem 2

Is there a significant population mean difference between the groups exposed to
CBA through 5E LC and traditionally designed chemistry instruction on eleventh
grade science major students’ achievement of chemical reactions and energy

concepts when students’ science process skills test scores are controlled?

Sub-Problem 3

Is there a significant population mean difference between the groups exposed to
CBA through 5E LC and traditionally designed chemistry instruction on eleventh
grade science major students’ collective chemistry motivation when students’ science

process skills test scores are controlled?

Sub-Problem 4

Is there a significant mean difference between males and females with respect to
students’ understanding of chemical reactions and energy concepts when students’

science process skills test scores are controlled?

Sub-Problem 5

Is there a significant mean difference between males and females with respect to
students’ achievement of chemical reactions and energy concepts when students’

science process skills test scores are controlled?
Sub-Problem 6
Is there a significant mean difference between males and females with respect to

students’ collective chemistry motivation when students’ science process skills test

scores are controlled?
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Sub-Problem 7

Is there a significant effect of interaction between gender and treatment with respect
to students’ mean scores of collective dependent variables in chemical reactions and

energy concepts when science process skills test scores are controlled?

Sub-Problem 8

Is there a significant mean difference between the groups exposed to CBA through
SE LC model and traditional designed chemistry instruction with respect to students’
motivational factors scores (Intrinsic motivation to learn chemistry, Extrinsically
motivated chemistry learning, Relevance of learning chemistry to personal goals,
Responsibility or Self-determination for learning chemistry, Confidence or Self-

efficacy in learning chemistry, and Anxiety about chemistry assessment)?

Sub-Problem 9

Is there a significant mean difference between males and females with respect to
students’ motivational factors scores (Intrinsic motivation to learn chemistry,
Extrinsically motivated chemistry learning, Relevance of learning chemistry to
personal goals, Responsibility or Self-determination for learning chemistry,
Confidence or Self-efficacy in learning chemistry, and Anxiety about chemistry

assessment)?

Sub-Problem 10

How students’ chemical literacy level on chemical reactions and energy concepts

differs across groups exposed to context-based approach through 5E learning cycle

model and traditional designed chemistry instruction?
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1.4.2 Hypotheses

The above-mentioned problems were stated as hypothesis in null form to be tested

further.

Null Hypothesis 1

There is no significant population mean difference between the groups exposed to
context-based approach through 5E learning cycle model and traditionally designed
chemistry instruction on eleventh grade science major students’ understanding of
chemical reactions and energy concepts when students’ science process skills test

scores are controlled.

Null Hypothesis 2

There is no significant population mean difference between the groups exposed to
CBA through 5E LC model and traditionally designed chemistry instruction on
eleventh grade science major students’ achievement of chemical reactions and

energy concepts when students’ science process skills test scores are controlled.

Null Hypothesis 3

There is no significant population mean difference between the groups exposed to
CBA through 5E LC model and traditionally designed chemistry instruction on
eleventh grade science major students’ collective chemistry motivation when

students’ science process skills test scores are controlled.

Null Hypothesis 4

There is no significant mean difference between males and females with respect to
students’ understanding of chemical reactions and energy concepts when students’

science process skills test scores are controlled.
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Null Hypothesis 5

There is no significant mean difference between males and females with respect to
students’ achievement of chemical reactions and energy concepts when students’

science process skills test scores are controlled.

Null Hypothesis 6

There is no significant mean difference between males and females with respect to
students’ collective chemistry motivation when students’ science process skills test

scores are controlled.

Null Hypothesis 7

There is no significant effect of interaction between gender and treatment with
respect to students’ mean scores of collective dependent variables in chemical

reactions and energy concepts when science process skills test scores are controlled.

Null Hypothesis 8

There is no significant mean difference between the groups exposed to CBA through
SE LC model and traditional designed chemistry instruction with respect to students’
motivational factors scores (Intrinsic motivation to learn chemistry, Extrinsically
motivated chemistry learning, Relevance of learning chemistry to personal goals,
Responsibility or Self-determination for learning chemistry, Confidence or Self-

efficacy in learning chemistry, and Anxiety about chemistry assessment).

Null Hypothesis 9

There is no significant mean difference between males and females with respect to
students” motivational factors scores (Intrinsic motivation to learn chemistry,

Extrinsically motivated chemistry learning, Relevance of learning chemistry to
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personal goals, Responsibility or Self-determination for learning chemistry,
Confidence or Self-efficacy in learning chemistry, and Anxiety about chemistry

assessment).
Null Hypothesis 10
How students’ chemical literacy on chemical reactions and energy concepts differs

across groups exposed to context-based approach through 5E learning cycle model

and traditional designed chemistry instruction
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CHAPTER 2

LITERATURE REVIEW

Chemistry education in secondary level has not enough popularity among students in
many western industrialized countries and in any other non-industrialized countries.
Osborne and Dillion (2008) explained the reason for this situation as; students find it
difficult to learn and they consider it will add little value to their lives and profession.
The research concerning problems of many chemistry curricula revealed some
critical issues associated with varying aspects. Gilbert (2006) categorized these
problematic issues and clarified them in detail. A substantial research proposed that
chemistry curricula if designed in the framework of context-based approach (CBA)
will overcome the problems of conventional chemistry curricula (Bennett et al. 2003;
Bennett et al. 2007; Bulte et al. 2006; Pilot and Bulte 2006). In the light of these
international findings, investigating effectiveness of CBA has become a popular
trend among national researchers as well. In this section firstly, contextual learning,
projects promoting context-based approach, methodologies of context-based
approach, variables affected by context-based approach, international-national

studies, and studies conducted on chemical reactions and energy will be reviewed.
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2.1 Contextual Learning

Parnell (1995) explains the term “contextual learning” (CL) as an educational
philosophy and an educational strategy that focuses on enabling students to acquire
meaningfulness in their education. CL endeavors to help students connect knowing
(knowledge) with doing (application). In CL the major role of the teacher is to
develop students’ perceptions in a way that meaning becomes clear and the aim of
learning becomes understandable immediately. Parnell (1995) additionally, add that
helping students to follow the specific objectives of a course is not enough, instead,
teachers have better to make students to understand the widespread meaning of a

specific task — how this specific task is related to real-life issues and actual life roles.

“The striving to find a meaning in one’s life is the primary motivational force in
humankind”.

Viktor Frankl

The contextual approach to education is intentionally adapted from the study of
Viktor Frankl, who established the psychological practice named as “legotherapy”.
He worked on the importance of meaning for human experience. Frankl mentions
that for an individual the importance of struggling to catch a concrete meaning or
aiming to find personal existence is the primary motivational for living. This
principle is expected to be applicable for education as well, since revealing the
“why” of concrete world is quite essential motivational drive in learning. In line with
Frankl view, Parnell (1995) states that if students are motivated to learn something,
they will understand the relatedness and meaning of concepts in their educational
practices. Moreover, he describes the best teachers of all times were trying to teach

the meaning of concepts to their students consciously or simply instinct.
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Table 2. 1 Description of contextual learning from Parnell 1995

Contextual learning is...

Contextual learning is not...

...a relentless search for meaning in the
process of teaching-learning.

..an avenue to education reform with
emphasis upon the integration of content
with context.

...an emphasis upon continuity in
learning.

...a way of helping every student
experience success in learning.

...a means of helping students learn to
use resources, information, technology,
and systems, and to work as effective

team members.

..just another gimmick in education
under a new name.
...emphasis only upon knowing or only

upon doing.

...an unconnected series of school or
college courses.

...a tracking system that separates the
“dumb” students from the “smart” ones.
...a system in which students works
alone with little understanding of how
their learning connects with real-world

applications.

Frankl (as cited in Parnell 1995), briefly summarizes what CL is and what it is not in

table 2.1. The table 2.1 clearly emphasizes on certain aspects of CL specifically

describing it as an avenue for focusing on integration of content with context.

Connecting content with context has almost become a slogan for context-based

approaches which constitutes the main framework for recent curriculum innovations.

“The beginning of teaching should be made by dealing with actual

things. The object must be a real, useful thing, capable of making an

impression upon the senses... if visible, with the eyes, if audible, with the

ears; if tangible, with the touch, if odorous, with the nose; if sapid, with

the taste.

First the presentation of the thing itself ... then the real

explanation for the further elucidation of it”
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As statement of Comenius in 1592-1670, contextual teaching also suggests
teaching/learning environment should be prepared in a way that students’ attention
was taken by their sensations, their experiences through actual things around them.
The way to accomplish such learning can be done by using contexts aroused from
daily-life activities, such as breathing, eating, drinking, and using medicines. The
usage of natural and/or technical phenomena as context can be enriched with relevant
questions and discussions which students engage in and hoped to be more motivated
to deal with these activities. Cultural and societal issues are also authentic contexts

for scientific investigations.

2.2 Problems Associated with Chemistry Education

Conventional instruction has been leaned on the active teachers and inactive
students. However, an increasing awareness about the passive roles of students in
traditional instruction has emerged since being inactive is not expected to advance
varying aspects of students’ development. Thus, an initiative in chemistry curricula
has sustained to change classroom environment toward a frame which centres
students as active agents of learning process. The problems of chemistry education
are not restricted to students and teachers’ role, Gilbert (2006) states that chemical
education field has some inter-related problems. He summarizes these five problems
in his study on “on the nature of context in chemical education”. Additionally, Pilot
and Bulte (2006) mention these problems too. In this section, the problems
associated with current chemistry education based on Gilbert’s 2006 study will be
elaborated. These problems have to be addressed while designing effective lessons

which make concepts more meaningful to students.

Overload. The accumulation of scientific knowledge has a great acceleration in this
rapidly evolving technological environment. Millar and Osborne (2000) states that as
a consequence of this knowledge accumulation, curricula have turned out to be over-
loaded with content. This situation is interpreted by De Vos, Bulte and Pilot (2002)

as gathering of isolated facts that are from their scientific sources.
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Isolated Facts. Gilbert (2006) stresses that the content of the curricula are instructed
to students regardless of whether they know how to connect within and between the
isolated facts. He additionally states that the achieving great number of isolated facts
is not meant to formation of mental schema. Similarly, Pilot and Bulte (2006)
emphasizes that students do not understand the meaning of concepts they have

learned.

Lack of transfer. The way students solve problems is possibly the way that their
teacher taught them. Therefore, unfortunately, students usually fail to solve problems
related with the same concepts when the presentations of the problems have changed.
Osborne and Collins (2000) stated that students fail to perceive the relevance of
problems to their everyday lives at the moment or in the future. Gilbert (2006)

interprets this finding as lack of transfer of chemistry learning to everyday situations.

Lack of relevance. Gilbert (2006) states that if chemistry were not a compulsory
course, a majority of the students would not select it as an elective course since many
of the students do not find chemistry relevant to them. He also mentions that students
perceive chemistry a tool, rather than seeing it worth to study. They also do not sense

why they are required to learn a specific subject.

Inadequate emphasis. According to Gilbert (2006), chemistry curriculum has some
traditional emphases on three bases which are “solid foundation”, ‘“correct
explanation”, and “scientific skill development”. These bases are not considered as
adequate for more progressive study of chemistry. Additionally, these emphases are
not appropriate to students who will not prefer chemistry or chemistry-related-

profession as a career.

2.3 Potential Solutions and Three Characteristics of Meaningful Chemistry

The challenges associated with these five problems revealed by Gilbert (2006) are
different, so each requires different way of solution. Gilbert (2006) states that using

“context” as a base for chemistry curricula has potential to address these challenges.
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He also explains that the educational design which embodies the context should
support sufficient answer to the problems associated with curricula and society.
There are some ways to address each of these problems; first, the context should be
used to both simplify and reduce the content overload. The concepts having
widespread usage in chemistry should be identified and the focus on learning should
be given to them. The contexts could be used to lighten the content load of chemical
curriculum, to exemplify the concepts. Secondly, Gilbert (2006) states that the series
of used contexts must be able to support the basis for students’ improvement of
coherent mental structures of relatedness between concepts. Subsequently, the
collection of contexts utilized should provide likelihood of transferring concepts to
other contexts as well. This solution is interpreted by Pilot and Bulte (2006) as
“enabling transfer”, they clarified this as important characteristics which have
potential to improve students in making connections between the knowledge they
had learnt and other situations. The fourth issue to address is the participation of the
students to the activities at hand; some students should become very interested in
these activities too. The collection of contexts utilized should have potential to make
chemistry relevant to students, and these contexts should enhance the development of
a personal relevance to chemistry content knowledge. Thus, students will be more
willing to and engage in chemistry education. The last issue is selection of well-
balanced curriculum emphases. Gilbert (2006) states that the collection of contexts
utilized should be flexible enough to give permission to the design of curricula for a
group of students with varying range of prior achievement and for students having

future ambitions in chemistry.

As we explained the potential solutions based on Gilbert (2006) study, there are
some more attempts to reduce the problematic characteristics of chemistry education
by designing meaningful lessons (e.g. Bennett & Holman, 2002; Campbell, Lazonby,
Millar, Nicolson, Ramsden & Wadding, 1994). As mentioned above, these range
from: isolated-facts, adding some more content to the existing curriculum. Based on
Westbroek (2005), there are three intertwined features of meaningful chemistry
education. These three features are obtained from reviewing the literature, especially

projects on improving chemistry education. How these features are considered as a

24



solution to above-mentioned problems, and how they make chemistry learning more

meaningful is described below.

Context. It 1s the use of a well defined group of related situations which are
recognizable by students. The real world context is described by Yam (2005) as a
way of allowing students to connect concepts to their applications from their lives as
a member of society and family, student and worker. Westbroek (2005) states that

contexts make students to utilize concepts meaningful and motivate them.
According to De Jong (2006), contexts are situations in which students are helped to
make meaning about concepts, rules, laws, and so on. He describes that contexts

have four different domains. These domains are clarified in below table.

Table 2. 2 Origins of contexts

Origin of a context Example of a context

Personal domain Personal health care

Social and society domain Acid rain effects on the environment
Professional practice domain Practices of chemical engineers
Scientific and technological domain Historical models and theories

These domains are considered to give more precise information to enhance the
clarity of discussions on contexts and how to use them in chemistry education.
According to De Jong, there are four points which a context is required to: be well-
known and relevant for both boys and girls, take attention of students, lack of

complexity and confusion for students.

Need-to-know. Constructing a base for students to need knowledge is a requirement
for meaningful chemistry instruction. Addressing the questions on a need-to-know
platform implies that students will properly build new concepts on their pre-existing
knowledge thus they will be more involved in teaching-learning activities.
Westbroek (2005) mentions that establishing a need-to-know base along with a well-

defined context contributes the improvement of coherent emphasis. The questions
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such as “why do I have to learn this topic” mentioned earlier will be clarified if a

strong need-to-know base is established.

Attention for student input. This is quite related with need-to-know base. Westbroek
(2005) states that if students are truly engaged in a need-to-know base, that is clearly
an indication of real attention for student input. When the need-to-know base was
established successfully, students will carefully follow the course, they will feel the
functionality upcoming concepts. Therefore, teachers will easily continue on

progression of content, and they will be able to pay attention to students’ input.

2.4 The Use of “Context” in Chemistry Education

The term context, perceived as a tool to promote chemistry education, requires some
clarifications. As previously mentioned the word originates from the Latin verb
“contexere”, in its noun form “contextus” means coherence, connection and
relationship. Gilbert (2006) describes a context as tool to provide a rationale
structural comprehension of something newly introduced in a broader perspective.
In, chemistry education field, the use of context means ensuring a base for learning
chemistry through introducing some relevant-experienced aspects from students
lives. Duranti and Goodwin (1992), perceived the exact definition of context as
impossible; however, they have some clues about the definition of the term. Based on
their clues, Gilbert (2006) describes context as a non-verbal behavior, using a
diagram, an animation, or a photograph have potential to be a context over which a
talk or a discussion will start. Duranti and Goodwin call this as a “focal event”, they
describes context a focal event which embeds in cultural settings of society. Their

educational context description requires four attributes:

a. a context requires a platform on which a social-spatial, framework is
established for mental encounters to be settled with focal events.

b. It is a behavioural environment for encounters, the way that the concepts are
associated with the focal event, addressed, is used to make a frame for the

talk that then will take place.
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c. It is the use of language, as the conversation related with the focal event will
occur.

d. [Itis the relationship to extra-situational attained knowledge.

The clarification of attributes is given by Gilbert (2006) from science and technology
field. He exemplifies an earthquake occurring in place on planet, a platform or a
setting is the devastated place requiring rebuilding. Considering the societal issues of
the country, population density-distribution, and weather conditions are determinants
of rebuilding (attribute a). Then, the behavioural environment assign the activities in
which architects, materials scientists, and city planners engage in to decide resources,
methods for construction (attribute b). The language used constitutes discussion
around houses resistant to earthquakes, usage of materials, and the types of structures
(attribute ¢). The background knowledge is dialled when the action of forces on

buildings is involved (attribute d).

According to Gilbert (2006), the four attributes of a focal event have potential to
address his pre-mentioned five curricular challenges. If a context contributes a
coherent-structural-framework for students by amplifying each of the four attributes
then it is expected that students’ personal relevance to concepts will be associated
with their understanding of why they learn a particular topic of chemistry. Gilbert
(2006) critiques that classification is limited on how learning will take place,
therefore, the need for investigation of which educational psychology seems to reveal
the way the attributes’ of “context” can be carried out in context-based chemistry
instruction. The relation of educational psychology with four attributes of context is

clarified in following section.

2.4.1 Approaches of Making Meaning

According to Gilbert (2006), among many approaches, constructivism, situated
learning and activity theory seems to have particular importance in usage of contexts.
Based on Gilbert’s description, while designing context-based learning

environments, any of these approaches could be utilized.
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Constructivism. According to Gilbert, this approach supports how to address
attributes ¢ and d. Ogborn (1997, as cited in Gilbert, 2006) states the importance of
expressions and background knowledge in learning a chemistry concept related to
task, in active construction of knowledge (attribute c, d). Ogborn describes that
constructivism insist on four points: students’ active involvement; respecting for both
students and for their ideas; the notion of creation of science by human beings;
designing teaching which makes sense by students, capitalizing students prior

knowledge, and answering difficulties of students about images of things to be.

Situated Learning. According to Gilbert, how attributes a-d are connected to
context-based education are explained by ideas of situated learning. First idea is
participation in a group of activities which means students and teachers must accept
themselves as engaging together in “community of learners”. The next idea is the
effective involvement of students and teachers to develop their identities by means of
constructive interactions. Participation of students in productive interactions could be
assisted by teachers and students to improving students’ identities as learners.
Thirdly, Greeno (1998, as cited in Gilbert, 2006) states that learning is situated
however the outcomes of this situation should be carried over the situations since
knowledge transfer is most important outcome of learning and it must be investigated
actively. Finally, Gilbert (2006) mentions the quality of task as a requirement for
involvement in community of practice. Students’ engagement in activities related
with learning and knowledge construction consists of affiliations and identity of
communities of practices (Greeno, 1998 as cited in Gilbert, 2006). Greeno associates
attribute a, b, ¢ and d (setting-behavioural environment-talk-background knowledge,
respectively) by stating participation in activities require students reasoning in

subject domain and reasoning in concepts and methods of subject domain.

Activity Theory. According to Vygotsky (1978, as cited in Gilbert, 2006), learner and
subject being studied are not dissociated objects; they are mutually defined by human
activity. A person’s interpretations from his life on a subject, makes meaning of
subject. In this approach, the focal event or context is the object that is studied.
Gilbert (2006) describes Vygotsky perspective of cognitive apprenticeship a place

where learner and teacher, who have experience in interpreting the context, interact.
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In other words, the teacher has the mission of bringing together the socially admitted

attributes of focal event and the attributes of a focal event recognized by students.

Finkelstein (2005) also accepts the attributes of context described by Duranti and
Goodwin (1992) as framework of context-based learning and effective learning.
Attribute b (task), situation and idioculture are differentiated by Finkelstein from a
wide conceptualization of situation (attribute a). The above-mentioned approaches to
learning along with four attributes of a context constitute the framework for
successive context-based chemistry instruction. The discussion around the attainment
of context-based learning of chemistry makes Gilbert (2006) to propose four models

of context. Below these models are explained in detail.

2.4.2 Four Models of “Context”

Gilbert (2006) describes four models of “context” which can be used in chemistry
education. These models implicitly or explicitly support context and successful

context-based instruction. Each of these is explained in detail in following sections.

Model 1: Context as the direct application of concepts: The word context is
generally used to mean the application of concepts or the significance of these
applications. Gilbert (2006) describes that if a curriculum is based on the context that
means curriculum provides some situations or circumstance from students’ personal-
social life and from the industrial perspective in which applications of chemistry
concepts are presented. The approach refers to one-way rigid association among
concepts and their applications: which totally means how chemistry concepts are
employed in applications. These kinds of courses are fixed to application at the end
of the instructing theoretical parts of the concepts. The application of context
contains some situations which are considered as objects and usually omits the
cultural importance of it. In this model of context, the focus is to concentrate on
abstract learning of concepts without reorganizing the educational setting and the
behavioral environment of teaching-learning process. Gilbert (2006) states that it is a

post-hoc illustration to attempt to make a concept meaningful after its learning
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process. According to Gilbert (2006) the model of context does not satisfy the

features of context-based curriculum since:

e Introduction of community of practice does not include social-spatial-
temporal framework for students.

e A qualified learning task is not provided since insufficiency of behavioural
environment.

e Itisnot a tool for students to acquire meaningful use of specific language.

e It does not appeal background knowledge of students.

Because of limitations for an effective context-based learning of chemistry, some

more models are described by Gilbert.

Model 2: Context as reciprocity between concepts and applications: According to
Gilbert, this model does not only relate concepts with applications of but also
applications impact on meaning attributed to the concepts. The position of context is
alongside of the concepts and their applications in students’ cognition. In this model,
many subgroups associated with chemical context have potential to be mentioned.
For biochemistry as a context; the knowledge of chemistry technology, ethical
social-scientific issues are all sub-contexts. The change between sub-contexts
explicitly or implicitly has potential to infer different meaning of concepts. This

situation can cause confusion among students and teachers.

Based on the Gilbert’s (2006) description, the degree of reciprocity within the
coherence of concepts and their applications means as in the extensive definition of
content used the Science-Technology-Society (STS) movement. The content in this
movement contains interaction of science-technology, or science-society, and any

one or below combinations:

e A technological product, process, or competence
e Interaction among technology and society

e Societal issues of science or technology
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e The content of social science which enlighten the societal issues of science
and technology
e In the community of science and technology, it is a philosophical, historical,

or social issue.

According to De Vos et al. (2002), the existing chemistry curriculum includes
sedimentary structures with sequential layers of contexts given in varying historical
periods. Gilbert (2006) evaluates this model as having potential to cause students to
perceive subjects confusing. When compared to first model of context, this model
seems to have a sounder base for context-based chemistry learning; however, it still
has a missing parameter for effective context-based instruction. The missing part in
this model is establishment of need-to-know base for introducing the concepts of
chemistry. According to Gilbert (2006), similar to Vygotsky view, teachers must
introduce contexts which have the attribute of socially accepted contexts and the
attributes of a context recognized by students. A teacher can perceive a context clear
and having the ability of addressing certain issues of the focal event, but this does not
mean that the context will function for students in the same way. Students need to
understand the connection between an issue and the reason they should learn some
concepts of chemistry. In brief, Gilbert (2006) states that context of teacher does not

always mean the context of students. Therefore a new model is described.

Model 3: Context as provided by personal mental activity: Based on Gilbert
description, this model has different terminologies with three elements contributing
the keys of successful chemistry education. Stocklmayer and Gilbert (2002) used
some terms from Duranti and Goodwin’s work (1992) while explaining keys of

successful chemistry education
e Situations: are the settings for focal events

e Contexts: product of transformation of situations from mental process.

Existing mental models are used to make meaning on the settings
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e Narratives: are described as the links between contexts and some aspects
from students’ lives. The links constitutes the transfer of learning from one

setting to the other.

Mendeleyev was given as example, was fixed in time and space while investigating
periodic trends of elements. In this example the representation of narrative, context
and situation is successful. Using a book as medium, the parameters of effective

chemistry education are:

I.  Provided that student could empathize in the activities, and value the
narrative, the criterion of model will be satisfied.
II.  Provided that activities and talk are prepared effectively, the teacher must
guide students extensively.
III.  The language must be developed and used influentially.

IV. A significant amount of background knowledge is required.

When this model is interpreted, it seems the model has a serious value when
implemented in major events of chemistry field. To value the description of a
context, students need to empathize with the context. Unfortunately, this does not
mean students will be engaged in actively. The missing part in this model is
involvement of students in community of the practice. Therefore, Gilbert (2006)

describes one more model of context.

Model 4: Context as the social circumstances: This model reveals the necessity of
social aspect of a context which is situated as cultural stuff in the society. Chemical
topics and students’ activities which are significant for communities within the
society are related to each other. According to Gilbert, a context can be some popular
recent discussions about global climate, healthy food and obesity and the hydrogen
economy. There are two ways of meaning making in this model: one views context
as social surrounding, the other views it as social activity. The setting (attribute a)
determines the talk which will be conducted in a context as social surrounding.

Gilbert states that experiencing a setting result in learning however students’
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meaning making about the “talk” in context as a way of social activity is identified
from involvement in the actions of community (attribute b). Briefly, context as the
social situations is established on situated learning and activity theory. According to

Gilbert, if a course is designed according to this model, the following will occur:

e Both students and teachers are involved in “community of practices” through
effective interactions. The interactions will enable relevant zones students’ of
proximal developments.

e This will be satisfied when the course is based continuous enquiry in an
existing setting.

e Based on Finkelstein (2005) task form, the task is required to contain clearly
illustrated problems about important chemistry concepts so that students will
develop a comprehensive use of chemistry language.

e Learners will combine what they have learnt from a focal event to other focal
event.

e Developing such a course in not frequently found, possibly because this

makes resources demand for teachers.

According to Gilbert (2006), the field of education generally has a gap between a
new theoretical idea and initiations on implications of the idea in practice. He also
states that although situated learning and activity theory are known for 20 years,

designing curricula on this base and implementations of it are now emerging.

To sum up, Gilbert described four models context from Duranti and Goodwin’s
perspective of language. Extend and the ways of four models of context in answering
the challenges that chemistry education faces has been said already. There are
distinct differences among the models identified. The brief introduction of these
models causes a high proportion of oversimplification. The transitions from model 1
to model 4 obviously have a steady progression in terms of their impact on how they

satisfied the criteria for effective context-based courses.

In line with Gilbert emphasis on dissatisfying aspects of chemistry curricula, many

educational committees concluded that chemistry curricula are outdated, overloaded,
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have isolated facts, and unable to lead knowledge transfer. To avoid using chemistry
curricula which are not successful: in taking attention of students, motivating
students, relating concepts to students personal lives many context-based chemistry
curricula are developed and implemented internationally. Although these reforms are
substantial internationally, the impact of these innovations on national chemistry
curriculum is limited. Such studies have potential to contribute curriculum

improvement projects.

Based on Gilberts’ descriptions of models of context, in this study the model four is
utilized since it is expected to satisfy criteria of successful context-based chemistry
more than the other models. Substantial literature focused on how to use context-
based learning approaches (Bulte et al. 2006; Campbell & Lubben, 2000; Fensham,
2009; King et al. 2008; Newting et al. 2007; Pilot & Bulte, 2006; Schwartz, 2006).
In late 1980s, concepts were introduced through real-world meaningful contexts.
Recently, many innovative projects in chemistry education focused on designing
course materials based on context-based approaches. The first initiative started with
Salters project in England and Wales then spread other countries like USA as
ChemCom, ChiK in Germany. In the following sections the well-known context-

based chemistry projects will be described.

2.5 Context-Based Curriculum Projects

Context-based approaches (CBA) to teach science are continuously gaining
popularity among curriculum reformers, educational researchers and organizations
since 1980s. Many curriculum projects utilized CBA as a framework for
reconstruction of chemistry, physics, biology, and science curricula and courses. All
these courses and projects aim to increase students’ interest by presenting theoretical
knowledge in everyday situations. Examples of projects in chemistry field include:
Salters in England and Wales, ChemCom in USA, ChiK in Germany, LORST in
Canada, and PLON in Netherlands. Each will be clarified in detail.
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2.5.1 The Salters Approach

The story of Salters has started almost 30 years ago and has not ended yet. A group
of teachers and educators from science education field gathered in a meeting in 1983
at York to make a discourse on how to teach chemistry in a better way so that
students’ interests should be increased to learn chemistry. At the end of the meeting,
the group decided on developing five context-based chemistry chapters for students.
More Salters courses were developed and these courses were spread out biology and
physics for the age range of 11-18 (high school) in England and Wales. Additionally,
these courses attracted the attention of other countries such as; China, New Zealand,
Belgium, Spain, and USA, they benefited from Salters’ courses in their science

coursces.

Rationale: The framework behind the Salters courses was to design a new kind of
science teaching which is expected to be more appealing to students. The approach
was to find a context which is relevant to students’ everyday lives and their interests
and this context is expected to make students to engage in varying classroom
activities. Campbell et al. (1994) states that the concepts and contexts should be
selected in way that they will enhance students’ appreciation of the contribution of
chemistry to their lives and they should improve students’ understandings of the
natural environment. Presenting scientific concepts through students’ lives is

common for context-based approaches.

The Design Characteristics: The Salters approach has three characteristics in
designing courses. Campbell et al. (1994) states that the units of the course have
better to begin with some parts of students’ lives, students could experience it either
personally or from the media, and the ideas-concepts should be introduced in a way
they need it. First, the contexts are presented through the storylines which are
prepared in a way that increase students’ interests and make them to involve in
learning process. Then, the need-to-know base was established by unfolding the
storylines to obtain deeper insights from students’ scientific concepts. The story will
ensure a context with concepts and ideas are presented together. These concepts and

ideas have an obvious function which makes learning meaningful. That means,
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throughout the storylines students will feel a need for related scientific concepts in
order to follow the storyline. Finally, to provide transfer of content knowledge, the
course should have varying learning activities which require active students’
engagement. The usage of activities in lessons will promote student discussions. In
their study, Bennett and Holman (2002) stated that usage of active-learning
approaches is a significant characteristic of the Salters’ courses. Additionally, they
emphasized that students are more in action in activities like presentation,

discussions, and decision making than conventional courses.

Evaluation: Many studies were conducted to evaluate the effectiveness of context-
based Salters’ courses. Barker and Millar (1996) conducted a research on students’
reasoning about chemical reactions and they revealed what changes have occurred in
a context-based chemistry course. Additionally, Ramsden (1997) conducted a
research with high school students in UK; the content of Salters’ course in was;
elements, mixtures, compounds, conservation of mass in chemical reactions,
chemical change, and periodic table. She found out that students from context-based
Salters course were interested in chemistry more than conventional class students.
Westbroek (2005) stresses that studies are not addressed; -whether students
experienced a need to know through stories, -did students experience content as
relevant and useful, though, they focused on how and to what extend the design

contributed to characteristics of meaningful learning in detail.

2.5.2 ChemCom: Chemistry in the Community

One of the important curricula innovation movements is ChemCom: Chemistry in the
Community prepared in USA. The American Chemical Society (ACS) with National
Science Foundation (NFS) was the sponsors of development of secondary school
text. ACS, as a leader in reforming chemistry curricula, made many efforts to
improve educational changes in United States. Professors from universities and
teachers from high schools were worked together to write ChemCom. They prepared
this book on a need-to-know base, used students-centred activities and a context-

based approach, and then they tested it extensively. The first version of ChemCom
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was introduced in 1988, and the fifth edition was printed in 2005. Up to now, there
are approximately 500,000 sold copies and more than 2,000,000 students learned
chemistry from it. In between years 1982 and 2000, the percentage of students who
enrolled a formal chemistry course has increased from 32% to 62%. This book is

translated to other languages too.

Rationale: The problems leading emergence of this project is in line with the
problematic characteristics as mentioned before. ChemCom similar to other projects
changed its emphasis from solid foundations towards applications of concepts to real
life and social-environmental connections of scientific and technological innovations.
The book aims to prepare students as effective elements of society by involving them

in decision-making activities.

The Design Characteristic: The units of ChemCom begin with a societal or
technological issue which is usually introduced as a problem for students to be
interested in (first characteristic). These issues are designed on a need-to-know
basis; students are expected to relate such societal or technological issues to concepts
of chemistry so that they could catch the need to comprehend relevant chemistry to
their lives. This experience is expected to motivate students by making them to feel
themselves as owners of the new knowledge (second characteristic). The learning
process in ChemCom is framed through group discussions, cooperative learning
methods as problem solving. This can be stated as attention of students input (third

characteristic).

Evaluation: The evaluation of this project lacks in depth studies related with the
process and how the methodology used supported three characteristics (Westbrook,
2005). According to Schwartz (2006) studies focusing on assessment of ChemCom
revealed that students from ChemCom have succeeded at least as well as the students
using conventional texts. He emphasizes that ChemCom proved itself as successful
in instruction and commercial issues, and also the book has the role of being model
for other context-based curriculum studies in chemistry; Chemistry in Context is an

example. Throughout five years, Sutman and Bruce (1992) evaluated ChemCom and
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they reported that students’ responses to context-based course materials were
positive and they were enthused to involve in. The feedbacks obtained from teachers
caused the revision. Whether the students really find the materials relevant to their
life? Whether the materials were designed on a need-to-know characteristic? If
students used chemistry in decision making proves or not? Whether the design
provided the sharing of experiences or not? were not addressed in the studies

evaluating the project.

2.5.3 Chemistry in Context (CiC)

Due to late specialization in American educational system, students usually do not
have commitment to a specific field of study (Schwartz, 2006). Students in the first
two years of a four year undergraduate program generally enrol in varying courses
even if students are certain about their career goals. Students are required to enrol in
courses of science, humanities, fine arts, and social sciences since the aim is develop
and deepen their knowledge base. For that reason, there are some students enrolled in
chemistry courses with little or no intention to continue their careers in chemistry or
any other natural science field. Some students may have taken a chemistry course in
high school, some may have not. There is a significant difference in these two group
students’ interests, goals preparations, so it is not useful to prepare the same courses
for these groups. Some universities offer an introductory chemistry course designed
especially for nonscience major students. According to Schwartz, although, some of
nonscience courses are innovative and effective in design, many of these courses are
not. The Chemistry in Context (CiC) was designed to address the needs for

meaningful chemistry instruction.

Rationale: The aim of developing CiC was consistent with development of
ChemCom: it was to enhance students’ chemical literacy, and also the aim was to
prepare an effective text book rather than to carry out a research on teaching-
learning. According to Schwartz, thanks to this book, poets, philosophers, painters,
and politicians of near future would see the beauty and utility of the chemistry.

University level chemistry professors and chemistry education professors prepared
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the texts for curriculum. Based on the discussions of this team, six goals are emerged

to empower students in many aspects of technological age. These goals are:

e To affect students to learn chemistry and its impact on society with
motivation.
e To make an instruction of basic chemistry concepts.
e To make students to feel the theoretical and practical importance of
chemistry.
e To equip students to construct information and question technical issues.
e To improve students to have analytical skills, critically judge the situations, to
evaluate risks and benefits.
e To provide students to participate in activities related with chemical
phenomena.
Schwartz (2006) states that the course they developed may specifically attract some
groups like women, ethnic minorities, African-Americans, Hispanics and native-
Americans who are underrepresented in science. Schwartz concluded that the
integration of below themes would increase the success of CiC. These themes are:
interaction of science and society, vocabulary and concepts of chemistry, nature and
methodology of science, analysis risks and benefits, evaluating information,
importance of scale, science as a human endeavour, finally, putting chemistry in

perspective. They spread through the all texts, however were not stated directly.

The Design Characteristics: As in the ChemCom, CiC project utilized context-based
approach to motivate students for chemistry learning. The followings are design

characteristics

e The chemistry curriculum is loaded with real world societal issues and with
important chemistry content.

e The facts, principles of chemistry are given on a need to know base to create
a context for core problems.

e Significant connections with other disciplines are made through the

curriculum.
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e As much as possible, chemistry is instructed through the way it is practiced.

e The chemistry curriculum contains methodology, theory as well as the
laboratory-library-class activities.

e Emphasize on student centred discussions and group work.

e Problem solving and critical thinking are stressed considerably.

Schwartz mentions that many of students have interests in their majors, so CiC
provides these students opportunities to combine their expertise on the themes of the
course. The course is designed in a way that supports high student participation and
class contribution. The activities are concentrated on responsibility to society more
than students’ self interests. The organization of the textbook is quite different than
other chemistry textbooks. The concepts are put in order in a way that one is built on

the other logically. Here, Schwartz describes his popular metaphor of ladder.

Climbers
Molecular 1
Structure
Chemical
Bonding
Atomic
Structure
Chemical
Formulas and
Equations
Atoms and
Molecules
Matter and
Measurements

Figure 2. 1 The ladder metaphor (“climbers’) Schwartz (2006)
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Schwartz states that “some students enjoy climbing this ladder as part of their
education. Others do not see the connection between the successive rungs, and before
long they may develop vertigo” (2006, p.982). According to Schwartz, although most
of us liked to climb the ladder, unfortunately, most of the students do not have an
overview of connecting the steps of ladder. Students are not able to see how to climb
and why to climb so they usually fall off which later cause them to distaste for

science.

Evaluation: During the 1990-91 academic year, nearly 200 students were chosen to
focus on the evaluation of the project. The achievement of students through exams
and assignments along with the philosophy and pedagogy of the book was assessed.
The students were interviewed about their conceptions on the course and curriculum.
Students’ responses revealed many useful suggestions, corrections and revisions. A
broad class testing was conducted to detect the strength and weakness of the text.
Many institutions and universities had interested in CiC, to use it so they were
trained for three days in a workshop by engaging in experiments and activities. Time
was limited for testing instruction or practice, thus, many ways were used in utilizing
materials. The instructors evaluated many aspects of CiC, they have positive
experiences about assignments and examinations. About 2000 students were enrolled
for testing of the projects, students attitudes towards chemistry was addressed but a
significant difference was not found even the positive responses of instructors.
Schwartz stated that, the same research problems should have better to be tested with

a larger sample of students and the fifth version of the book.

2.5.4 ChiK: Chemie im Kontext

The aim of the project is to improve secondary level chemistry instruction and
learning along with the support of connecting teachers and science educators for
cooperation. It is a German project initiated in 1999 by universities like Dortmund,
Oldenburg. ChiK is inspired from other context-based projects such as Salters
Advanced Chemistry, ChemCom or CiC. According to Newting at al. (2007), this

program supports teachers through guidelines, examples, advices, and collections of
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materials which can be used to construct lessons based on the provided framework.
The purpose of ChiK is to improve students the decontextualize fundamental

concepts that they could apply to varying situations relevant to them.

Rationale: The roots of project are emerged by the studies revealing low
performances and attitudes of German students in science education. Studies
indicated that German students are not different from other students and they are
good at reproducing the facts but they have difficulty in applying their knowledge to
the real world around. The problems of chemistry curricula all around the world are
also diagnosed in Germany; therefore, development of new curricular frameworks
has become essential. ChiK is a context oriented project, according to Westbroek
(2005) this project is slightly different from other projects described previously in
drawing attention to knowledge transfer. The philosophy underlying in development

of project was obviously affected by three theoretical constituents:

1. The concept of scientific literacy
2. Theories of motivation

3. Approaches of situated learning

Each theoretical component is addressed with questions: what students will learn in
chemistry course, how students’ motivation to learn chemistry can be increased, how

situated learning environments can be formed respectively.

The Design Characteristics: The units of ChiK begin with a problem or a question
which can be considered as relevant to students’ lives (first characteristic). Then,
chemical knowledge is introduced to students in detail to address the problems raised
at the beginning which embodies learning process into authentic problems. So that
students get the knowledge and ability in handling with interesting and relevant
issues, students can solve problems stated at the beginning effectively (second
characteristic). Newting et al. (2007) states that the context is red topic through
which the search for the issue stated in question is addressed. They also describes

context: beginning with students prior knowledge and experiences, being guided with

42



students interests, and having linkage with as many real world situations as possible.
According to Westbroek, multiple contexts are used for creation of situated
knowledge, which means that learners will expand on new information in a sequence
of different themes in which the knowledge is established on a need to know base.
Self-directed and cooperative frameworks as teaching methodology is expected to

increase students “input (third characteristic).

Evaluation: According to Newting et al. (2007) the evaluation of Project focused of
two areas: the teaching learning process in the classroom and the Professional
development of teachers involved. First initiatives to evaluate Project showed
positive impacts on both areas. Pre-post studies are conducted to reveal students’
perceptions, students made a sense of learning chemistry. Doctoral studies are also
conducted to evaluate ChiK, one study is focusing on learning outcomes at the end of
the unit, and the other one is investigating use of real world contexts, the third one is
seeking transfer of basic concepts in contextualized questions, and the fourth one
investigates usage of scientific knowledge on decision making processes. Newting at
al revealed that teachers’ development is indication of perceived relevance of
cooperation in school as strongest predictor of success. They also states that possibly
other aspects such as instructional methodologies, teachers’ perceptions on feasibility

and effectiveness of ChiK will be elaborated in one year.

Above mentioned projects commonly use context-based approaches in designing
chemistry lessons. The methodologies which can be integrated with CBA generally
satisfy the required characteristics of meaningful chemistry instruction. Below these

methodologies will be described.

2.6 Methodologies to Integrate with Context-Based Approach

Introducing contexts and concepts have different orders among teaching approaches.
Based on De Jong (2006) description, in traditional approaches, context follows
concepts and the function of context is an illustration or/and application. Secondly,
he states that in more modern approaches, context precedes concept in which it

functions as orientation or/and motivation. Finally, De Jong describes that in recent
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teaching approaches contexts precede concepts and other contexts follow them. The
function of context in these approaches covers illustration, application, orientation,
and motivation. Although, the order of presentation of contexts and concepts are
described by De Jong, how to introduce concepts through contexts have some
ambiguity. Possible solution to this ambiguity is embodied in the use of methodology

or strategy in implementing context-based approach (CBA).

CBA has potential to be integrated with variety of methodologies for
implementation. These varying methodologies are required to consider: a context as
a critical component and students as active agents of teaching-learning environment.
As long as the main characteristics of CBA is satisfied, these methodologies or
strategies can be used individually or integrated with one or more of the others.

Below each of these methodologies and strategies will be elaborated for readers.

2.6.1 Problem-Based Learning

Problem-based learning (PBL), as an inquiry-based methodology has great
popularity especially in medical education, gained popularity in science art and
humanities as well. PBL appeal a scenario, a case, a simulation or a real life problem
at the beginning of teaching-learning process. These scenario, case or simulation is
required to have a problem situation to be solved and it serves as a context and
triggering force for learning. The learning of concepts is carried out within the
context of the problem situations. Students need to use their critical thinking skills as
well as a systematic approach while investigating the problem that need a solution.
Real life problems that are relevant to students’ own lives, families, experiences from
society-school have greater potential to attract students. The same aspects are also

stressed in CBA thus PBL and CBA have close similarities in some characteristics.

Serin (2009) compares PBL with constructivism and he states that PBL has
compatible characteristics with constructivism in many aspects. The elaboration of
these characteristics revealed that many of these are also embedded in CBA, thus

integration of CBA with PBL is attainable for effective teaching-learning process.
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First, both claim that education should have capability not only on cognitive domain
but also on affective domain. PBL classes offer students to engage in real life
problems more than traditional classes thus lead to: an increase in motivation to
learning and promotion in affective domain. This characteristic is in line with CBA
since both PBL and CBA tend toward the meaning orientation. Parnell (1995) states
that rather than focusing on memorization (main aspect of medical education in the
past), students in PBL endeavour to understand the applications of the acquired
knowledge. Additionally, Parnell (1995) mentions that medical students practicing
teaching in the context of application have more potential to transfer their knowledge
to solve new problems than students in more conventional classes. Secondly, Serin
(2009) states that PBL utilizes real-life and ill-structured issues that are related to
students’ experiences as a context for promotion of learning. Such characteristic
directly stresses the use of real-life context as described by CBA. Thirdly, students in
PBL environment are faced with a problem and try to resolve this problem at the
initial step of learning process; therefore, it makes them to investigate why they are
learning such a particular topic. Similar to PBL, CBA establishes a need-to-know
base for students to question why they need to learn a particular subject. Finally, both
PBL and CBA aim to provide learning process which is selected deliberately through
real-world problems from students’ life. These problems are supposed to be relevant

to students’ life and so to increase students’ interest.

CBA and PBL commonly claim that students will be more motivated and could
develop transferable skills as outcome. They both support independent and
collaborative learning environments in which students can communicate effectively
on the task. Therefore, they both contribute students’ judgments and decision making
since students critically address the problem situation or contexts. In a curriculum
which is designed based on the CBA, contexts are selected carefully according to
content and learning outcomes, similarly in PBL problems are chosen with regard to
content and learning outcomes. CBA does not put a limitation on methods to be
integrated; however, some of the strategies or methodologies satisfy the requirements
of this approach. In PBL, students usually work in groups, lectures are not held, they

involve in self-directed learning. If CBA is integrated with PBL, three
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characteristics; -relevant context, need-to-know base, and students’ interest — of CBA

will be supported and the processing of the lesson will be structured.

2.6.2 Cooperative Learning

Cooperative learning is another teaching methodology which supports some aspects
of context-based approach (CBA). One common point which both CBA and
cooperative learning poses is that they support students’ motivation to learn.
Johnson, Johnson and Stanne (2000) describe cooperative learning as the use of
small groups in teaching leaning process through which students cooperate to work
in order to increase their own and group members’ learning. They also states that
compared with other methodologies, cooperative learning has more positive impact
on: students’ achievement, relationship among class members, and psychological
health. Although, CBA does not claim to enhance these characteristics, the

interaction of students on the context is expected to contribute learning.

Framed from social interdependence theory, cooperative learning increases students’
communication and cooperation in a CBA lesson. When integrated with CBA,
cooperative learning will support teaching-learning process since context is a social
situation in which students will work in teams or interdependent groups. The
integration of CBA with cooperative learning should provide opportunities for small
group work rather than individualistic learning. The role of teacher is moderator, that
is s/he guides students by directions, encourages students to investigate, cooperate
and communicate to solve problems or to understand the context. Cooperative
learning serves social interactions to context-based approach, which in turn leads
students to set the same goals. Thus, they seek meaningful outcomes not only

personally beneficial but also beneficial for their groups.

The meta-analysis study of Johnson et al. (2000) revealed that cooperative learning
method provides higher achievement when compared to individualistic methods.
This claim produces a potential to CBA in increasing achievement as well as the
affective issues. A context-based approach through cooperative learning method

should accommodate certain characteristics of the approach along with the definite
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steps of methodology. Such a learning environment has opportunity to enhance
students both in affective and cognitive domain. Experimental studies might be

conducted to reveal the effect of this integration.

2.6.3 Project-Based Learning

Another method of learning which can be integrated with context-based approach is
project-based learning (PJBL). The integration of this approach with the method has
some application as well. “The Evolution of Water” is a project which is based on
contextualized teaching through PJBL science. Rivet (2003) states that the project
purposes to assist students to learn the content while also helping students to make

meaning of context through inquiry.

Context-based approach (CBA) aims that through inquiry students involve in
addressing scientific process, as well as the way new knowledge is constructed.
According to Rivet (2003), PJBL integrated with real life context stimulates active
engagement of students in the process of knowledge construction and give
potentiality for students’ enthusiasm. Westbrook (2005) interpret this as an
underlined change from rhetoric of conclusions to process orientation. Rivet
describes features of contextual instruction in her thesis; she claims that contextual
instruction will support more emphasis on the process of orientation of science as
human activity. The followings are her claims;
e Using meaningful problems, situations for students will make sense of
implications of these problems and situations in their life out of the school.
e Such kind of real life problems will provide a need-to-know base in which
students will learn scientific concepts.
Rivet clarifies the difference between introducing application at the end of the lecture
or at the beginning of it. She states that although need-to-know base is introduced in
similar way with introduction of application at the end of a unit, contextual learning
reveal the need for learning so rather than simply introducing the application
knowledge following an abstract setting. According to Rivet, “These instructional

models are similar in that there is a single overarching problem or setting that drives
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the instruction and provides a purpose for learning”(2003, p.22). Rivet describes the
concepts as learning needs and these concepts constitutes reasons for students to
involve in tasks actively. The integration of this method with the approach will make
students involve in the task, which is not different for the requirement of method or

approach.

2.6.4 Relating Experiencing Applying Cooperating Transferring

An important design strategy for context-based approach (CBA) is Relating-
Experiencing-Applying-Cooperating-Transferring (REACT) strategy. This strategy
has emerged as contextual teaching strategy especially in USA by the center for
occupational research and development (CORD). Ingram (2003) described REACT
as grounding on the bases of the constructivism, in which student involve in critical
thinking and problems solving activities in order to improve students’ understanding

of concepts.

Relating: In which the concept to be learned is linked with students’ life experiences
which are something they already knows. In this step students will construct new
knowledge based on their prior experiences. It is expected that students having high
experiences will probably assimilate new information with existing knowledge
higher than the other students. Ingram (2003) states that students sometimes cannot
connect new information with existing ones, therefore, it is required to activates
students’ existing knowledge, reorganize related knowledge. She also states that
classroom environments should be settled in a way that student percept the relevance
of learning to their experiences. Ingram also states that usually students lack
meaningful experiences before instruction. Additionally, she compares males with
females and she states that boys engages in building games, disassemble toys more
than girls therefore, boys are in a more advantageous place than girls in especially

physics and chemistry classes.

Experiencing: According to Kolb, (1994 as cited in Ingram 2003), experiencing in

learning by doing something is important in construction of new introduced
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concepts. In the case of irrelevant experiences and lacks in prior knowledge, students
could not relate new information. Ingram states that a classroom which utilizes active
learning environments, discovery and interaction leads students to relevant
experiences which are contributor in constructions of newly introduced concepts.
According to Ingram, in step, some experiences or hand-on activities that require
problems solving situations, laboratories are provided by teacher explanations to

allow students to discover new knowledge.

Applying: In this step students apply their new knowledge to real-world situations
which they have experienced as a citizen, family member or other life roles. It is
expected from students to engage in activities possessing problem solving situations
from their own lives so that to be more motivated to learn science. If students could
apply concepts to their context which are relevant and interesting for them, possibly
they will be intrinsically motivated to learn. Ingram (2003) mentions that if this step
is satisfied successfully, students will understand the “why” in their learning. As
described by Gilbert (2006) CBA is application oriented within the cases, scenarios
from students on going lives outside of the classroom, thus application strategy helps

students to construct knowledge rather than memorization of knowledge.

Cooperating: This strategy provides students to learn in the context of interaction
and sharing. According to Johnson et al. (2000), cooperative learning uses small
groups in teaching learning process through which students cooperate to work on a
task in order to increase their own and group members’ learning. They also revealed
that the achievement of students is higher in cooperative learning than individualistic
learning strategies. In CBA contexts are generally real world complex issues in
which team work is preferred than traditional instruction. Students working in groups
socially interact to solve complex problems without an outside intervention so,
Ingram (2003) sates that they are expected to gain greater understanding from group
members. She also states that cooperation not only supports learning, it also supports
collaborative skills as well as the critical thinking skills. CBA emphasizes on
incorporation of laboratory experiments, if conducted with collaboration these

activities are expected to increase students learning.
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Transferring: One of the main curricular problems in chemistry is lack of transfer.
Students generally have problems when they encounter an issue represented in
another way. The reason of this is possibly about being unable to transfer their
existing knowledge into other contexts or situations. Therefore, Ingram (2003) sates
that activities which simply contribute rote memorization and low level thinking
should not be used since they fail in transferring knowledge. She also states that in
conventional classrooms, teachers just obey the facts and procedures, however, in
CBA classroom teachers usually expand the knowledge into other learning contexts

by focusing on understanding rather than memorization.

2.6.5 Learning Cycle

Learning cycle, as an inquiry base design, proposes to improve students’ scientific
understanding (Abraham, 1997; Marek and Cavallo, 1995; Marek, Laubach &
Pedersen, 2003; Marek, 2008). Marek (2008) describes LC as “a way to structure
inquiry and occurs in several sequential phases”. According to Marek et al. (2003),
cycles of this design move students through a scientific inquiry by fostering them
first to explore materials, and then construct new knowledge, and finally apply or
extend the newly acquired knowledge into other situations. There are three phases in
LC: exploration, concept development and expansion. Marek et al. (2003) also states
that the phases of LC lean on Piaget’s frame of mental functioning. Based on their
description, the first phase is exploration; students are allowed to assimilate the need
for science concept. To improve understanding of concepts, students are exposed to
information from their experiences until they live a disequilibrium situation. The
second step of LC is concept introduction phase in which students are guided to
interpret information they exposed up to a new equilibrium and accommodation of
concepts is established. The last phase is called as concept application phase. In this
step, students have opportunities to make connection between new acquired science
concepts and their applications along with other concepts. According to Marek et al.

(2003) Piaget names this cognitive process as organization.
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There are some different statements on whether LC is a method or model or strategy.
According to Marek, Gerber and Cavallo (1999), LC is not a method or a model for
teaching instead it is a procedure to teach science. They stress that LC, an extensive
approach, includes phases with integrity of full and the connection between phases
for experiencing science through inquiry. Additionally, Marek et al. (2003) explains
that LC design hold all tools and methods of teaching such as: questioning, group
work, demonstrations, laboratory experiments, lectures, field trips, technology as

well as other models of teaching as: cooperative learning, direct instruction.

Based on Marek et al. (2003) description, LC’s nature directs students to scientific
inquiry through asking questions, formulating problems, making reflections on
information, constructing knowledge from acquired data, collaborating in
investigating solutions, and developing connection among concepts and experiences.
Substantial research indicates the effectiveness of LC on students’ outcomes
(Abraham, 1997; Cavallo, McNeely, and Marek., 2003; Ceylan, 2008; Odom and
Kelly, 2001; Papuggu, 2008). Cavallo et al. (2003) examined ninth grade students’
explanations regarding the concepts of chemical reactions by using open-ended essay
questions in LC classroom. The findings of their study indicated students instructed

with LC have significant positive understanding.

The contemporary research findings associated with science education through
learning cycle have indicated that LC has positive effects on students’ creative and
critical thinking, understanding of scientific concepts, and attitudes to science
learning, reasoning skills and science process skills (Anderson, 2007; Ceylan, 2008;
Cakiroglu, 2006; Papuccu, 2008). Papuccu (2008) conducted a study with eleventh
grades on their conceptions about acids and bases; they revealed that students
instructed with LC have better understanding than students in conventional
classrooms. They also indicated the contribution of science process skills to students
understanding of acids and base concepts. Similarly, Ceylan and Geban (2009)
compared LC with traditional instruction on tenth grade students understanding of
matter and solubility concepts along with their attitudes and motivation. They had

revealed that instruction based on LC significantly resulted in better acquisition of
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science concepts than conventional instruction. Additionally, they concluded that LC
improved students’ attitudes toward chemistry and motivational constructs such as

intrinsic/extrinsic goal orientation, task value, and elaboration /organization strategy.

Recent studies continue to reveal the positive gains related with learning cycle
strategy. SE instructional model/procedure was integrated with CBA in this study.

The 5E model will be clarified in the following section.

2.6.5.15E Instructional Model

This model of instruction was used widespread while developing new curriculum
materials for Biological Sciences Curriculum Study (BSCS) (Bybee et al. 2006).
According to Bybee et al. (2006), SE instructional model takes its roots from
constructivist philosophy of education and it supports inquiry-based science learning.
In constructivism, the aim is making students to feel conflict with their existing

thinking so that to think in a different way.

Bybee et al. (2006), states that SE model has been used in widely in curriculum
development. There are five phases in a 5E model of instruction which are
engagement, exploration, explanation, elaboration and evaluation. Based on the
Bybee et al. description, each “E” of 5E is a phase which functions differently to

support teachers’ instruction and students understanding, attitudes, and skills.

Engagement, as a first step, aims to create a disequilibrium situation in students
mind or to relate something to students experiences from their lives so that to
motivate students. To achieve this aim, some activities such as demonstrations,
stories, or cases can be used to take students’ attention and the relatedness of new
information with students existing lives should be established. The engagement
activities -either physical or mental- can also be some questions or problem

situations. The role of teacher is to ask questions or to create some interesting
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situations in which students’ curiosity will increase. If this step is not attained

satisfactorily, the next steps will become meaningless.

Exploration phase begins when students engaged in activities. Bybee et al. (2006)
states that the disequilibrium which was formed in engagement phase, start to reach
equilibrium in this phase. Activities of phase are developed in way that students will
share common and concrete experiences in constructing concepts and skills. The role
of the instructor is to facilitate a guided or open inquiry through experiences and
questions to detect students’ misconceptions. In this phase students can also work in
groups without a direct instruction so that they can test their predictions and
hypotheses by discussing with group members. Teacher should support cooperation
and group discussion through probing questions and serving as a resource for them.
Papuggu (2008) states that although verbal methods are used frequently, teachers can

use videos, books, presentations from multimedia and computer courseware.

Explanation, the third phase, provides students to be focused on specific aspect of
their experiences in engagement and in exploration along with providing them to
reveal their conceptual understanding. Here, teacher has opportunity to introduce
concepts or process directly. This phase is perceived as the step for lecturing or
discussion with students. Bybee et al. (2006) emphasize that students are encouraged
to state their explanations regarding the situation in exploration step at early stage of
explanation phase. Students are also encouraged to fallow their peers and teachers
critically. The teacher should help students comprehend explanations and
terminology of scientific concepts as well as providing a common language for
students regarding the content. The evidences from exploration and engagement
phases are connected with scientific explanations and it was related to students’
explanations. Once again, videos, multimedia and as such can be used as verbal
methods. This step goes on with mental ordering and provides students some terms

for explaining their experiences in exploratory and engagement phases.

Elaboration, the fourth phase, provides students to extend previously understood

science concepts and students experiences in first three phases. Students are required

53



to apply their knowledge and skills to new, but acquainted cases as well as employ
definitions and labels. According to Bybee (1997), the main aim of this phase is to
make generalizations about concepts, processes and skills. He states that some more
questions or problems should be provided for students to make them to: apply their
newly acquired knowledge, give solutions, decide on and/or draw acceptable
conclusions, and use scientific terms in explaining concepts. To sum up, this phase
establishes a base for students to apply newly acquired knowledge to new situations

in order to expand conceptual understanding.

Evaluation, the fifth phase, provides students to assess what they have learnt, and
provides teachers to evaluate the progress of students to attain objectives. According
to Bybee et al. (2006), even this stage is proposed to be last stage of the model; the
evaluation should be addressed at the end of each phase. The main focus of
evaluation is students’ conceptual understanding as well as their developments
regarding learning outcomes. No matter the evaluation is formal or informal,
reasonable assessment tools such as performance assessments, interviews, creative
writing with scientific terms, concept maps, portfolios, laboratory notebooks can
used for assessing students performances. In brief, by means of this phase, correct
conceptual understanding of students and the generality of these scientific

conceptions to other contexts are addressed.

Most recently, Bektas (2011), investigated effectiveness of SE LC model over
conventional instruction. The topic was particulate nature of matter, and they
investigated students’ understanding and gender differences. Students treated with
SE LC model indicated significant mean difference on conceptual understanding and
epistemological beliefs regarded with chemistry. They found no interaction with
gender and treatment, gender and epistemological beliefs, and gender and conceptual
understanding. They also collected some qualitative data, and the data supported
students’ responses to tests. Similarly, SE model was also studied by Demircioglu,
Ozmen and Demircioglu in 2004. They investigated the impact of the model on

solubility equilibrium after a six week period of instruction. They revealed that
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students in experimental group indicated better performance on relating events to

daily life and misconceptions are remedied better.

Chemistry education has a number of learning and teaching approaches,
methodologies, and strategies which have been propounded as a guide to practice.
Many of these approaches, methods, strategies, procedures, and models are used
chemistry curricula today. While designing a lesson based on CBA, many activities
such as team teaching, cooperative learning as such explained above can be utilized.
This methods or strategies usually support CBA in many aspects. Their similarities
and differences are mentioned in above sections. These activities are used in
classrooms to support inquiry, problem solving as well as helping students construct
knowledge meaningfully. Kortland (2007) states that in CBA applications of
concepts or socioscientific issues bridge abstract concepts to world students live in.
Kortland also emphasize that relating science to everyday situation have potential to
make teaching more interesting and this will make large proportion of students more

motivated to learn so that students will better understand concepts.

To design an effective course based on CBA, all above-mentioned strategies can be
presented in the teaching/learning environment. Implementation of CBA through
these methods or strategies requires specific designs. While integrating context-base
approach with any strategy the requirements of both approach and method should be
satisfied. In this study, the CBA was integrated with 5SE model to broaden and

deepen students’ conceptual understanding, achievement and chemical literacy.

Kortland (2007) states that studies on developing didactical structures for
enhancement of teaching learning of concepts uses sequences in designing lessons.
This didactical structure has four subsequent phases; each with specific function
requires satisfying the conditions to relate activities of students. Kortland developed
a contextual lesson on traffic situations. The aim of the lesson was to increase
students’ awareness, and responsibility in real life traffic situation. When he
reorganized subsequent phases of didactical structure with theoretical framework, the

below four phases are emerged:
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1. Orientation and association of a global interest and motivation on traffic
safety and measurement for its enhancement.

2. To narrow down this specific interest on traffic safety measures which need
content knowledge about force and motion so that students will understand
the necessity of knowledge.

3. To extend students’ pre-knowledge on physics regarding force and motion
concept

4. To apply the acquired knowledge into situations where knowledge is
extended. That means, teachers extends force and motion knowledge will

make students to fill necessity of traffic-safety measures.

As clarified in detail in previous sections, the phases described by Kortland have
quite similarity with learning cycles as described by Bybee (1997). Kortland states
that only the second phase is not presented in the LC as described by literature.
Kortland (2007) also mentions that LC almost considers cognitive learning of
students, the integration of these cycles with contextual learning will also consider

students motivation.

The integration of CBA with 5E LC model has common characteristics for
improvement of teaching and learning. As constructed for contextual learning by
Kortland, the phases (cycles of learning) and CBA was embodied in this study to

improve both cognitive learning, and motivational factors.

2.7 Chemical Literacy

The reasons of reconsiderations in chemistry curricula are described based on
Gilbert’s (2006) descriptions. These reconsiderations are mainly surrounded by the
question of -how to involve students in teaching-learning process- since chemistry
curricula are seen as insufficient to attain students engagement (Westbroek, 2005).
She emphasizes on two main reasons for such insufficiency of current chemistry
education. Firstly, students could not get accurate view of function of chemistry in

society and in scientific developments. Secondly, the connectedness problem, which
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means, students could not acquire sufficient qualifications regarding chemistry as a
member of modern and democratic society. This second issue is frequently addressed

as “scientific literacy” (Laugksch, 2000).

Assessment is an essential ingredient of teaching learning process. According to
Shwartz, Ben-Zvi and Hofstein (2006) assessment is also important when
achievement of scientific literacy (SL) is considered as fundamental learning goal.
There are two very well-known survey programs which aim to investigate students’
scientific literacy: International Student Assessment (PISA) of the Organization for
Economic Co-operation and Development (OECD), and Trends in Mathematics and
Science Studies (TIMSS). TIMSS generally focuses on the ability of remembering
the content knowledge, however, PISA usually concentrates on use of practical
knowledge in action. Based on the study of Shwartz, Ben-Zvi and Hofstein (2006),
there are different philosophies, theoretical frameworks, and research guided the

design of tools which aim to assess an aspect of SL by focusing on the followings:

e The measurement of recall of science knowledge. According to Laugksch and
Spargo (1996a, 1996b), content knowledge is critical element of SL, thus
teachers and researchers usually assess this aspect while measuring SL.

e The measurement of the students’ ability of using scientific principles in
authentic context. The performance of students is assessed through tools
designed in authentic tasks. The information on a gas or electricity bill can be
an example for authentic task. In this framework, the assessment is mainly
focused on distinctly appearing skills rather than content knowledge.

e The measurement of literacy skills in scientific situations, evaluating
students’ abilities in reading, writing, reasoning, and asking for more
information. According to Norris and Philips (2003), this approach also
assesses students’ abilities to utilize media news and reports about science.

o The measurement of students’ understanding of science, nature of science,
and their attitudes towards STS concepts. An instrument measuring these

aspects is also developed by researchers.
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OECD investigates students’ literacy in science and other domains through
Programme for International Students Assessment’s (PISA) world-wide. PISA
defines SL as the capacity to benefit from scientific knowledge, to diagnose
problems and to make evidence-based conclusions in order to understand and make

decisions on natural world and the changes caused by human activities.

A comprehensive theoretical framework is proposed by Bybee (1997) and the BSCS
(1993) to assess students SL in science courses. There are some levels of SL in the
framework they provided. First, scientific illiteracy: students who lack in relating to
or responding to a reasonable question related with science knowledge means that
they do not have sufficient terms, contexts, concepts, or cognitive potential in order
to perceive given question as scientific. Secondly, nominal scientific literacy: in this
level, students diagnose a given concept as related to science; however their
understanding level obviously shows misconceptions. Thirdly, functional scientific
literacy: in this situation, the description of a concept is given correctly by students;
however, students don’t have enough understanding of concepts. Fourthly,
conceptual scientific literacy: students have some understanding related to most of
conceptual knowledge of a domain and relate that knowledge to their general science
understanding. This level of literacy also includes students’ procedural abilities and
understanding regarding the processes in scientific inquiry and technology. Based on
Shwartz et al. (2006) study, the finally level is multidimensional scientific literacy.
According to this perspective, SL embodies comprehension of science which goes
beyond the concepts of scientific domains and procedures of scientific inquiry
including many aspects of science and technology. Students understand and
appreciate science and technology and its impact on their daily lives through making
connections between science concepts, scientific disciplines, science- technology,
and other issues challenging society. According to Bybee (1997), the framework of
SL has unique view in directing people who are corresponding of curriculum,
assessment, professional development, research, and teaching science to large
number of students. Shwartz et al. (2006) make comments on Bybee (1997)

statements regarding multidimensional SL; they stated the achievement of this goal is
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not seen as possible since it is a lifelong task. A person can have high level of

literacy about a specific topic, however a low level of literacy o another topic.

Shwartz et al. (2006) states that taxonomy of SL level is not for proposing a teaching
sequence, but rather, it suggests a horizontal perspective and vertical development
for students. Students’ functional literacy can be developed by increasing their
vocabulary in a way that will also improve their conceptual literacy through making
them to connect concepts with basic ideas serving for details. The material
developers should determine and improve all literacy levels according to students’
personal concerns. In assessment procedure of SL, it should be considered that SL is
a life-long process, so it has varying degrees and forms in different duration of
students’ lives. Students’ attitudes and values towards science in early ages will
prepare a base for them for high SL level in his adult years. According to Shwartz et
al. (2006), assessment of SL at a certain grade level does not mean students’ final
literacy level. They additionally mention that assessment of SL in school years is

direct indication of whether the seeds of literacy are sprinkled in students’ minds.

The study of Shwartz et al. (2006) was designed in line with two theoretical bases,
the first was about different levels for SL proposed by Bybee (1997) and the BSCS
(1993), and the second was about the unique characteristics of chemical literacy. By
consulting chemistry professionals, educators, and chemistry teachers a
comprehensive definition for chemical literacy was stated by Shwartz and others.

Table 2.3 gives an overview of chemical literacy described by Shwartz et al. (2006).
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1, Chemical content knowledze

A person who is chemically literate understands the following:
A Gensral chemical idsas

¢ Being an exparimental discipline, chemists carry out scisntific investigations,
eeneralize findings, proposa theories to explain world.

*  Chemistrv serves knowlsdes to other fields in order to explain phenomena
B. Characteristics (key ideas) of chemisoy

# It trias to explain macroscopic level by means of molseular strueturs of mattar
# [t seaks the dynamics of processes and reactions
* Inwvestigats the energv changss accompanied in a reaction
*  Aims to understand/sxplain life bv chemical processes and structures of
living svstams
* A chemically literate studant should appraciats the contribution of scisntific
langnage to this discipline
1. Chemistry in context
Chamically litarats studants ars abls to:
*  Admitthe significance of knowlades of chemistry in explaining svervday situations
#  Ttiliza their understandines ragarding dailv lifa chemistry, such as baing user of naw
products/tachnology, dacision process, and involving in social arsumentation on
chemistry-ralatad issues.

#  Saa the ralatedness of innovations in chemistry and sociology.
3. Higher-order learning skills
Studants who ars chemically literats, ask quastion, investigate ralavant information whenrequired.
Additionallv, ha'she can svaluats pros/cons of and dsbates.
4, Affective aspects

Studants who ara litersts have fair and rationals parspactive of chemistrye and its applications.
Furthermore literate studsnts show intarest in issues of chemistry, spacifically in non-formal

environment liks mass madia.

Figure 2. 2 Chemical literacy: an overview from Shwartz et al. (2006)

In line discussions on SL and chemical literacy have been continued by other
researchers. Witte and Beers (2003) stated that in a symposium conducted at Utrecht,

PISA definition guided to identify below scientific processes.

e To recognize questions which are scientifically investigable

e To identify evidence required through scientific investigation
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e To make or to evaluate conclusions
e To have valid conclusions

e To reflect understanding of science concepts

The items assessing students’ SL in PISA have real life situations to challenge
students to use their scientific knowledge, to comprehend a given situation, to solve
related problems, to have judgement and to share findings and opinions. Witte and
Beers (2003) stated that in the same symposium Osborne critiqued curriculum
reforms as being unable to teach scientific literacy effectively since knowledge of
how to assess literacy skills does not exist. To prevent this, Witte and Beers
explained that in chemistry exams they used the idea and they would assess chemical
literacy when they assessed students’ ability in using and dealing with given
information in a chemistry problem and students’ ability in using chemistry
knowledge/skills in order to comprehend information regarding a everyday problem

as well.

Based on Witte and Beers (2003) description, if students have following skills on
using and dealing with given information along with the skills in argumentation that

means students have high chemical literacy levels. These skills are;

e Understanding given information
e Being able to select needed information from text
e Being able to alter given information to another form

e The ability of assessing information from acceptability or plausibility aspects.
Witte and Beers (2003) additionally states that in argumentation and in deciding on

an issue, the following skills are also required for high chemical literacy.

e Being able to manage valid arguments pro or con a given idea.

e Being able to have a standpoint during arguments.
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Having contexts with real-life situations give students the possibility of showing their
literacy skills. According to Witte and Beers, the chemistry examinations assessing
these skills may be presented in the form of: a newspaper article, information on a
product or drug, print from web, a comic book chapter, story or advertisement. A
context in these forms can be industrial process, an environmental issue, everyday
life problem from school or science. Witte and Beers described questions constructed
by OECD and they stated that when questions are presented in this form, they
propose to assess students’: chemistry knowledge, chemical skills, and several other
skills. The questions are context-based and they mainly try to assess students’

chemical knowledge and skills (75%) and other skills in (25%).

In line with PISA statement about literacy, Westbroek stated that the aim of
chemistry education should be qualifying students in a way that they could use
scientific knowledge, to solve problems, to show evidence-based results, to evaluate
the changes in nature made through human activities. It is possible to see such kind
of expressions in majority of curriculum related studies, as well as Turkish national
science and chemistry curriculum. The common point in these studies is to increase
students ‘chemical literacy skills. Whitelegg and Parry (1999) stated that context-
based learning has a meaning of presenting students real world controversial and
social issues in order to make argumentations. They also stated that context-based
learning means integrating social or civic lessons to increase social awareness. In this
study we can improve students conceptual understanding of chemistry while
increasing their environmental awareness by using an appropriate context which

meets both society’ and students’ needs.

Assessment of students’ chemistry knowledge, chemical literacy skills and ability of
using scientific terms in their explanations or argumentations could be carried
through contextual questions, problems or situations from students’ everyday lives
and potential experiences. Taber (2003) states that standardized examinations with
multiple-choice and open-ended questions are altered to more structured questions
that are embedded into real life contexts. Therefore, a considerable effort has been

put into the integration of real life contexts into context-based activities conducted in
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classroom and assessment tools since these activities and assessment tools are

perceived as relevant for students (Kelly, 2007).

According to Cavallo et al. (2003) the use of open-ended structured questions
through authentic contexts in eliciting students’ understanding is an effective tool for
assessment since students’ answers represent their mental models regarding the
concepts that are inquired. Students’ mental models indicate their conceptual
understanding which in turn indicate their chemical content knowledge which is an
aspect of chemical literacy. Real-life contexts are proposed to establish a base for
explaining the everyday issues by chemical concepts and make discussions around
chemistry related social events. Eliciting higher orders thinking skills and affective
domain, open-ended structured questions can be used to assess students’ chemical
literacy on specific knowledge domain. Therefore, in this study, some structured

open-ended questions are offered to students through real-life contexts.

2.8 Chemical Reactions and Energy

In this section the place and the role of the chemical reactions and energy concepts in
chemistry education will be clarified through research-based practices. Goedhart and
Kaper (2002) states that there are some reasons of why the concepts related with
energy are critical not only in secondary level, but also in university level. Goedhart
and Kaper order these reasons as following: first, students experience these concepts
in classroom or outside the school. The chemical reactions which students face with
sometimes indicate a dramatic change which is referred as “energetic” such as flames
and drastic temperature changes. Secondly, it is related with theory. The
comprehension of reaction energy and relevant concepts provides students to predict
some parameters regarding the chemical processes. The third reason is related with
scientific literacy. Because energy is a popular societal discussion platform, students

as educated citizens are expected to have certain understanding of this concept.

Students in secondary school level are taught different forms of energy and energy

changes, in physics they learn sound, light, heat, and movement, in biology they
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learn adenosine three phosphates as energy source, and in chemistry they learn
energy change accompanied by a chemical change. The energy change of chemical
reaction can be in the form of electricity (electrochemistry), but it is usually in the
form of heat which also most evident for students since they can usually feel the

change by their senses.

The role of energy accompanied in a chemical reaction is an area of investigation for
chemical thermodynamics. The concept of thermodynamics provides chemists to
predict the progress of reactions under specific conditions. According to Goedhart
and Kaper (2002), this property makes thermodynamics to have an important role for
professional chemist and chemistry industry. Therefore, studying thermodynamics
effectively in secondary level as well as college level is critical for students and
teachers because understanding, using concepts of thermodynamics is seen as
difficult. The question of how much thermodynamics should be taught in high

schools has an importance too.

Heat and Energy in Chemical Change, students are introduced to these concepts in
elementary school years. First they learn chemical changes like burning of a candle
or magnesium, decomposition of sugar or ammonium dichromate, combustion of
hydrogen gas, etc. According to Goedhart and Kaper (2002) these illustrations
indicates fantastic visual effects like light effect, colour change, temperature change
so that they are chosen to discriminate a chemical change from a physical change as
well as indicating a dramatic start to lesson so that students will be motivated to
lesson. Starting to lesson with combustion plays significant role because students are
familiar and hear about the importance of these reactions in society as combustion of

fuels.

De Vos and Verdonk (1985a) states that the energy effects are quite noticeable and
consequently students express the heat and energy as absorbed or released related
with a chemical reaction. Boo and Watson as cited in Goedhart and Kaper (2002),
students generally see heat as the reason for chemical reactions, although it cannot be

refuted, in combustion reactions generally heat is required to trigger the reaction.
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This the indication of confusion in discriminating activation energy and the heat
effect of a process. Similarly, some students also think that cold is required for
rusting of nail. Barker and Millar (2000) revealed that some students consider the
weight of products is less than the weight of reactant if the products are gases. An
example for this conception is that the gases exhausted from a car engine are
considered to weigh less than the petrol used. Barker and Millar (1999) studied
students’ reasoning regarding chemical reactions, and they found many students
begin post-16 studies with substantial misconceptions regarding the concepts of the
topic. Some students in their study stated that when phosphorus was burned, the mass

is loosed in the form of energy.

Endothermic or Exothermic? Many students have also problems in discriminating
whether a reaction is exothermic or endothermic. De Vos and Verdonk (1985b)
reported that in their study students had difficulties in classifying reactions as
endothermic or exothermic. The burning of candle is conceptualized as an
endothermic reaction since without heat this reaction cannot proceed. Similarly, in
their study some students classified the oxidation reaction of copper as endothermic

because to initiate reaction the copper sheet should be heated in the flame.

Energy and Chemical Bond the relation of energy effect and making/breaking of
bonds in chemical reactions is also a problematic area for students. In their study,
Boo and Watson (2001) revealed that students categorize bond formation as energy
needed reactions and bond breaking as energy releasing reactions. According to Boo
and Watson this is about students’ ideas from macroscopic world in which energy is
usually required to do something. Additionally, they stated that such kind of
conceptualization might be related with students’ everyday lives or biology lessons
in which they learn degradation of food is energy source for livings. Barker and
Millar (2000) revealed that some students aging 16-18 have the idea that energy is
released from fossil fuels. Students consider that when bonds are broken energy is
released. Goedhart and Kaper (2002) state that students conceptualization may be
aroused from their biochemistry knowledge since in this lesson they learn ATP

contains energy-rich bond.
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Heat and Temperature are two important terms used in both chemistry and physics.
The literature about heat and temperature is closely associated with literature of
energy and thermodynamics concepts. According to Goedhart and Kaper (2002),
these two terms are used in synonym way in people’ daily lives thus may cause an
incorrect conceptualization. Both chemistry and physics education aim to improve
students’ understanding about these concepts which are connected in equation of heat
capacity (Q = C AT). Goedhart and Kaper (2002) states that this equation is essential
to solve problems of students regarding non-additive of temperatures since this
equation discriminate heat from temperature. They also mention that students
consider temperature as measurement of heat or effect of heat thus no difference

exist between them.

Energy and thermodynamics are important terms in this topic. Students’ ideas
regarding energy are affected both by physics and chemistry instruction. Goedhart
and Kaper (2002) states that there are some proposals to alter the way energy is
taught and they are based on students’ prior ideas. First, the decrease in energy
should be given in line with conservation of energy. Then, conceptual change can be
used to persuade students on conservation of energy. According to Goedhart and
Kaper, the concepts of heat and energy mentioned so far are different from heat or
energy in thermodynamic. In the teaching and learning of thermodynamics, the
concerns can be ‘system’, ‘surroundings’, and °‘state/process quantities’. They
explain that the literature on energy in chemistry is divided into two: one is stated
previously, the other uses thermodynamic framework.

Although, the introduction of thermodynamic concepts in secondary school level is
new for Turkish National Chemistry Educational program, it is under study for
nearly 30 years in other countries. Even if the chapter name is the same with
previous chemistry curriculum, the content of the chapter has almost changed. In
both curricula the energy effects of chemical reactions are introduced to student in a
quantitative way. For example the ‘heat reaction’, ‘enthalpy of reaction’ are given in
new curriculum, and they had been given in the previous one as well, but the
concepts like ‘free energy’ or ‘entropy’, ‘laws of thermodynamics’ are totally new

for students. Ceylan (2004) studied with tenth grade students about students
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understanding of chemical reactions and energy concepts through a conceptual
change oriented instruction. Even, the concepts introduced in that curriculum was
different from current one, they revealed conceptual change instruction was
significantly superior to acquisition of concepts of chemical reactions and energy.
Additionally, their results showed that science process skill was a strong predictor in

understanding these concepts.

Johnstone, MacDonald and Webb (as cited in Goedhart and Kaper 2002) collected
data from 98 students who are firstly introduced to chemical thermodynamics since
the change in curriculum. Their study aimed to support the curriculum reform by

evaluating it. The followings are misconceptions they reported:

e Endothermic reactions cannot proceed spontaneously.

e The amount of free energy change is associated with rate of reaction.

e Heat and work are not related in a chemical reaction.

e The term ‘reversible’ is confusing because of having different meanings in
chemical: kinetics, equilibrium and thermodynamics

e The terms ‘reversible’ and ‘infinitely small’ are understood in a way that
provides a base for considering the reaction of oxygen and hydrogen at

standard conditions as reversible.

e System and surroundings are not different.
e The term ‘disorder’ has potential to be considered as its use in real life

although redefinition is made through accessible microstates.

The authors mention the use of some terms in everyday life interferes with their
meanings in chemistry. According to Goedhart and Kaper (2002), the concepts of
thermodynamics should not be given in way that describes reaction energetic in
secondary level since students do not have opportunity to meet such circumstances.
They think that -form of energy- framework is sufficient for secondary level

students. Moreover, Goedhart and Kaper (2002) stress that the concepts of
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thermodynamics should be introduced by questioning why a chemical reaction takes
place in observed direction and why equilibrium occurs provided that the concepts of

reaction direction and equilibrium are introduced prior to this topic.

Holman and Pilling (2004) tested Salter approach with 95 undergraduate students in
university of York and 125 from university of Leeds. In York, the researchers
evaluated the progress of course with a questionnaire of 1-5 scale at the end of the
course. They compared the previous approach and new approach since an identical
questionnaire was administered to students of same instructor in previous term. Even
students’ initial grades are only 2 % different, their findings are not quite strong since
students participated in new and old approaches were not the same. Findings
indicated that students from new approach found thermodynamics more interesting
and they see the principles more clearly. Since new course required more time for
contextual materials, students evaluated this course as more challenging. The authors
also held small group discussions with seven students just completing the course.
Students have stated that the course was interesting and relevant through popular
demonstrations. Oppositely, some stated tutorial questions were difficult and they
required a high pre-knowledge level from high school. The researches attributed the
difficulty of problems to introducing problems through unfamiliar context to

students.

Greenbowe and Meltzer (2003) focused on students’ learning of thermochemical
concepts through solution calorimetry. They analyzed a student’s performance
regarding the problems of these concepts in a freshman level general chemistry
course. They collected data from 207 students’ exam sheets with written responses as
well as extensive longitudinal interviews with a member of this large class. They
found out that considerable number of problems about learning, most of these are
aroused from lack of understanding about net increases/decreases in energy of bonds
in aqueous reactions resulted from energy absorption or releases. They developed
tutorial worksheets and animations to overcome difficulties students have.

Greenbowe and Meltzer (2003) concluded that significant curricular reforms or
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enhancements, much more time for instructional time is seriously required for better

understanding of thermochemical concepts.

Marechal and Bilani (2008) investigated students’ fundamental understanding in
chemical thermodynamics. They hypothesized that better representation of concepts
will help pre-university students to conceptualize bonding energy, reaction heat and
changes in states of matter. The authors designed an innovative sequence with four
tasks for teaching of these concepts. The originality of their design was creating
suitable conditions for students to engage in convenient model when they encounter
conflicting situations. Their model helped participant in confusion about
energy/temperature, exothermic/endothermic reactions, energy of breaking/making
bonds, and chain energy model. Although students still have difficulties, the

evaluation of design is promising.

Studies integrating both chemical reactions and thermodynamic concepts are
relatively untouched area for researchers in Turkey since chemistry curricula for 11th
grade level is currently reorganized. International studies generally focused on these
concepts separately. Chemical reactions and heat related energy concepts are studied
both in Turkey and abroad with primary and secondary level students however they
concepts of thermodynamics are usually studied at university level. This study will
explore the effect of context-based chemistry through learning cycle on students’
achievement and motivation in concepts of chemical reactions, energy, and
thermodynamics all together. The topic of thermodynamics is firstly introduced in
high school level with recently reformed curriculum therefore; no studies on
methodological concern or any other have been reported on this chapter in Turkey
even though researchers have conducted studies about chemical reactions and
thermodynamics separately in international literature. The curriculum design, the

order of concepts in Turkish curriculum is different from international design.
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2.9 Motivation

Affective issues such as motivation and attitudes are closely linked to science
learning (Koballa and Glynn, 2007). Koballa and Glynn state that attitude and
motivation are constructs which are used to explain and figure out the patterns of
students’ thinking of science concepts, their emotions and actions regarding science.
These constructs have potential to be relatively permanent for a person; however, if

conditions are satisfied they can be changed.

Motivation has varying definitions, one of which is given by Schunk (2000) as
process of seditious and maintenance on goal-directed behavior. Schunk states that
this definition is cognitive since motivation hypotheses that learners determine their
goals, they employ cognitive processing (such as planning) and behaviors (such as
efforts) to reach their goals. Furthermore, Schunk likens motivation with learning in
a way that they both are not directly seen but rather inferred from some of learners’
indexes like verbalizations, preferences on tasks, and activities that direct to goals.
Schunk perceive motivation as an explanatory concept because it provides

information to understand reasons of learners’ behaviors.

According to Schunk (2000), although some kind of learning can take place without
motivation, the role of motivation is undeniable. Students who are motivated to learn
participate in teaching-learning and they engage in process through practicing
information, relating it to their previous knowledge, and asking questions.
Additionally, according to Schunk (2000), motivated students do not leave a task
when they confronted with a difficulty, rather they put greater effort. Furthermore,
motivated students deal with different tasks when they don’t have to work on; they
engages in activities such as reading books related with their interest, solving
problems, analyzing puzzles, and working on computer projects in their free time.
Motivation is driving force for student to engage in teaching activities which
facilitate learning. Schunk states that some variables like instruction, context, and
personal variables come to contact in learning. Teachers, the feedbacks given,

materials used are considered as instructional variables, contextual variables can be
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social and environmental; the temperature of classroom, time of the day, personal
variables are related with learning such as self regulation and motivational indexes.
According to Schunk (2000), these variables have effect on motivation of students

for continues learning.

In line with Schunk definition, Glynn et al. (2005) define motivation as “an internal
state that arouses, directs and sustains human behavior” (p.150). They state that
currently motivation has a serious role in learning more than the past. The motivation
of students is under discussion for researchers since this area always require
innovative approaches due to a changing pattern in societal issues which have
important role in motivation. According to Glynn et al. (2005), to foster students’
level of motivation effectively, the reason of why students strive for a specific goal,
how concentrated are they in striving, how long they strive, and which emotions

distinct them in such a process is required to be understood clearly.

The definition of Koballa and Glynn (2007) about motivation is the same as the
others. Researchers in science education field try to explain the reasons behind why
students endeavour for specific goals in science learning, and their force and time
effort to strive. They also state that if science concepts are instructed effectively, it
has the possibility to improve students’ attitudes toward science and increase their
motivation to learn science. They mention the importance of hands-on activities,
laboratory experiments, and inquiry-based lessons in improving attitudes and
motivation. Additionally, these constructs can be used for comparisons of science

programs as well as the evaluation of the programs.

What motivates students to learn science? The answer of this question can be given
through integrating evaluations of Schunk (2000), methods and instruments of the
constructs, and from findings. Koballa and Glynn (2007) described these constructs
as arousal, interest, curiosity, and anxiety. They have significant role on intrinsic
motivation of the students. And also intrinsic motivation is affected by how self-

determined students are, how goal-directed behaviour they show, how self-regulated
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they are, how is their self-efficacy, and the expectations of their teachers about them.

Below are general constructs described by Koballa and Glynn about motivation.

Arousal and Anxiety. Koballa and Glynn (2007) relate arousal to students’ alertness
and activation level. Arousal is associated with students’ physical and psychological
state of being ready for acting on a task. If it is limited in students, that means
students can be inactive, bored, daydreaming, and sometimes even sleeping during
the lessons. If it is quite high in students that means students have anxiety. Anxiety is
described as feeling of tension, and the level of anxiety is important. Cassady and
Johnson (2002) states that students sometimes experience anxiety in different
extends, if it is not extreme, it helps students to be more motivated to learn science,

but if it is very small, it slows down the performance.

Interest and Curiosity. These two terms are generally used interchangeably in the
literature. Koballa and Glynn (2007) states that if students are interested or curious
about something that means they are ready to learn it. These terms have significant
role in students’ achievement. Pintrich and Schunk (1996) stress that both interest
and curiosity are obtained from activities that provide students information or ideas
which are different from their current knowledge or belief, provided with moderately
novel and complex phenomena. According to Koballa and Glynn (2007) the use of
analogies in science instruction makes concepts relevant to students.

Intrinsic and Extrinsic Motivation. If students perform an activity for their own sake
that means they are intrinsically motivated, if they do that for an external effect that
means they are extrinsically motivated. Arousals, interests and curiosity contribute to
intrinsic motivation that is they learn science concepts for their own sake not for
physical rewards. Koballa and Glynn (2007) state that extrinsically motivated
students learn concepts for earning grades or avoiding punishments. Usually,
students accomplish tasks with intrinsic and extrinsic motivation. For example, is a
student participate in a science fair can enjoy the process and also can enjoy for

being awarded with a prize other external factor.
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Self-Determination. It is described in Koballa and Glynn (2007) as the ability of
possessing choices and definite amount of control in the process. People are
responsible for their behaviours which explained by Koballa and Glynn as being
captain of our own ships. According to Deci (1996), in self-determination students
should be competent and free, intrinsically motivated activities enhance these
emotions, but extrinsically motivated activities disable these emotions. Additionally,
students who are self-determined have more potential to achieve higher and more

adjusted emotionally.

Goal-Directed Behaviour. Pintrich and Schunk (1996) describe goal as an objective
that students try to attain, and goal-directed behaviour is the process of it. For
example a student in laboratory try to reveal properties of a substance, the steps
students followed are goal-directed behaviours. It is stated in Koballa and Glynn
(2007), setting goal is very important for students since it directs students be focused
on, to develop different strategies to attain they goals. Two types of goals; learning
(mastery) goals and performance goals exist. They also mention some properties of
students with learning goals; these students do not consider the mistakes during the
process or how they are appearing to others, rather they master the activities and
related strategies. In short students with learning goals take responsibility for
learning, have self-confidence and interest for learning. Contrast to this, student with
performance goals focuses on gaining social status, making their teachers pleased

with them and they don’t want to take extra work.

Self-regulation. Koballa and Glynn (2007) states that self-regulation is a construct
helping students to know they want to achieve in their science learning process. Self-
regulated students use appropriate strategies; always control their progress in getting
through their goals. Neber and Schommer-Aikins (2002) describes self-regulated
learning as a cognitive process having two parts, use of regulator strategy (planning
and monitoring) and use of cognitive strategy (organizing elaborating). The
Motivated Learning Strategies Questionnaire measures these subscales of motivation
Koballa and Glynn (2007) states that students controlling their learning process use
challenging tasks and spend effort on assignments. Additionally, Students who feel
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control in their learning, easily overcome this situation when they fail, attributes the
reason of failure to controllable and internal causes. They use appropriate strategies
to learn science in order to increase their future success. Based on Koballa and Glynn
description, contrarily, students not feeling in control attribute it to their limitations

and they are not concerned about science learning.

Self-Efficacy. Bandura (as cited in Koballa and Glynn, 2007) defines this term as
beliefs of a person on his/her capabilities in arranging and performing the courses of
actions that are needed to given attainments. Koballa and Glynn (2007) states that
self-efficacy is used by science educators to refer students evaluations’ of their
competence to achieve in a science domain. That means a student may poses high
level of self-efficacy of knowledge and skills in chemistry, but low self-efficacy in
physics. That is the indication of domain specific characteristic of self-efficacy. They
also states that domain specific characteristic of self- efficacy makes questionnaires
which are on a particular area of science useful than questionnaires addressing since

in general.

Context-based approaches (CBA) to teach science specifically aims to influence
students’ affective issues in a positive manner (Acar & Yaman, 2011, Barker &
Millar 1999; Bennett et al. 2007; Demircioglu et al. 2009; Ilhan, 2010; Ingram, 2003;
Kelly, 2007; Ramsden, 1997). Bulte et al. (2006) states that CBA have potential to
increase affective issues provided relevant context are chosen. As stated earlier the
meta-analysis of Bennett et al. (2003) indicated that evidences to conclude context-
based approaches increases students’ motivation in science courses and these
approaches develop positive attitude towards science. Additionally, their study
reveals no adverse affect of context-based approaches on students’ understanding of

scientific concepts.
Many researchers involved in studies regarding enhancement of teaching and

learning believe that considerable benefits associated with context-based approaches

exist. Therefore, this study also focuses on students the effect of CBA through 5E
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learning cycle on different constructs of motivation across experimental and control

groups.

2.10 Gender

The gender issues in science related fields have been concern of research studies for
a long time. Scantlebury and Baker (2007) stated that Trends in International
Mathematics and Science Studies (TIMSS) data indicates that gender differences
starts at fourth grade level and goes on through the final year of secondary school in
favor of males, and this gap widens at each level in European countries. The gender
difference may exist in cognitive or affective domain; Taasoobshirazi and Carr
(2008) stated that a large gender difference is found in students’ achievement level
specifically in physics education. According to Glynn and Koballa (2007)
physiological and sociological functions have direct effect on the reason of why
attitude toward science is low in females than males. Thus, avoiding situations or
contexts which will favor males or females becomes important in using specific
methodologies in classrooms. Taasoobshirazi (2007) stated that gender differences in
achievement as well as the motivation to learn physics may be minimized by context-
based instruction by making the lesson more relevant to students. The selection of
context in context-based approach becomes also critical in order to avoid superiority
for males or females. According to Gilbert (2006) a context should be designed in a
way to engage all students, the collection of contexts should have better to make
chemistry more relevant to all students. Therefore, this study found it necessary to

explore the role of treatments on gender as well.

2.11 Review of International and National Studies

In this section the studies focused on implication of context-based approach and
investigated varying impacts of the approach will be summarized. Because CBA is
already popular for international researchers, first studies conducted abroad will be

reviewed, then national studies particularly, focused on chemistry will be reviewed.
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Belt et al. (2005) have used CBA in undergraduate introductory physical chemistry
course through a case study. The case was designed to teach students’
thermodynamics, concepts of kinetics and electrochemistry through eight sessions
consisting of 1-2 hours. The authors have chosen the generation of energy as a
context, their case contained a city which they named as Los Verdes and it is in
south-west region of USA. Students worked in groups to solve familiar and novel
problems using principles of physical chemistry course regarded with fossil fuel
combustion, hydrogen combustion, and fuel cells with hydrogen, solar power and
energy of geothermal source. The study aimed to develop a case study which would
enhance students understanding of different aspects of an early level physical
chemistry course. They expected students to see the relevance of CBA thus would be
more motivated. They also evolved storylines for their case, expecting it would
provide students opportunity of working of different kind of problems. Their findings
revealed some progress has been achieved for the aim of the study. Students were
pleased to study chemistry through an application based context, it lead enhancement
of knowledge and relevance. Furthermore, the implementation increased confidence

of some students in their approach to solve problems in future.

Ramsden (1997) investigated the effect of context-based approach on students’
understanding of key chemical ideas for 16+ levels. Her study aimed to compare the
performance of students on some diagnostic questions instructed with a CBA and
traditional approach in a high school chemistry course. She used a questionnaire with
eight structured questions related with elements-compounds-mixtures, mass
conservation in chemical reactions, chemical change and periodic table. The
questionnaire was administered to 216 students, of which 124 were from Salters’
course and the rest from other courses. The findings indicated positive and negative
conclusions for chemistry teachers. Students learning and understanding in a context-
based course seems to be more effective than conventional course about chemical
ideas. However, whatever the approach used in the course, some key ideas of the
chemistry are not conceptualized by students. Majority of students stated that further
study of the course is not worth to study regardless of the type of chemistry course

they followed. Such statement indicated that students do not prefer to chemistry as
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career choices even they do not prefer any science related field. High achievers’
statements of about the process; as doing too much science rapidly is perceived by
Ramsden as worrying. Ramsden recommended a more explicit implementation for
these basic concepts, would improve students understanding. Furthermore, students
treated with CBA stated that they had enjoyed in the course and the course increased
their interest in the concepts they studied. In brief, the difference between students
understanding level of chemical ideas across context-based instruction and
conventional instruction was very small. Also, it is evident to propose that CBA is
better in terms of supporting students to be aware of what is worthwhile in their

science course.

Barker and Millar (1999) is in line with Ramsden (1997) study, they explored
students’ reasoning through a context-based Salters Advanced Chemistry (SAC)
course. Their study was a longitudinal work including 250 participants; they
investigated students reasoning on chemical reactions. The course was designed in a
way to emphasize especially chemistry used in industry and the applications of
chemistry aiming to keep students motivated to learn chemistry in order to study it.
There were 36 schools complementing 23 diagnostic questions at the beginning, after
7 and 16 months over 20 month course schedule. The questions were related with
mass conservation in chemical reactions proceeding in open-closed systems. The
focuses of questions were about students understanding phosphorus, precipitation
and solution aspects of chemical reactions. The responses of students indicated that
high proportion of students start post-16 level with many misunderstandings
associated with chemical reactions. By the time the course has progressed, students’
conceptualization improved slowly. Although Salters’ advanced course did not
address some of students’ misunderstandings, they have decreased in a noticeable
proportion since the students become familiar to concepts and their chemical ideas
developed. Barker and Millar (1999) stated that if teaching could be more directly,
that could accelerate remedying the misunderstandings. Some misunderstandings
seem to have resistance to change regardless of the type of the intervention used in

the classroom. They stated that the approach should be reviewed continuously.
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Campbell and Lubben (2000) studied with junior secondary school students to
investigate the impact of science through contexts in order to support students to
make sense of everyday situations. The way students deal with everyday situations
used in a context-based science classroom was the focus of the study. Students’
written responses, their explanations about social and economic applications of
science, students’ skills in proceeding an experiment for solving everyday dilemma,
and students abilities on using their knowledge of science in relevant real-life
problems was collected in this study. Four secondary schools participated in this
study, the students were ninth grade, and nine probes were administered to 118
students. Students were allowed to use the knowledge provided in the materials
developed by a curriculum project according to contextual teaching. While giving
their responses, students provided information about the source of knowledge they
used. The results indicated that less than half of the participants lack in displaying the
proposed abilities. A considerable number of students showed experimental design
skills implying to gain these skills from science they learnt in classroom; however,
very limited number of students had related social-economic appreciation and
problem solving to the school science. Campbell and Lubben (2000) suggested
teachers to dilemmas about everyday contexts since they are assumed to show
students implications of science around them. Such kind of dilemmas can be use of
nuclear energy, generation of electricity or hybrid crops. They also suggest that using
science knowledge to solve everyday problems through contexts is not enough only;
rather students should work on projects about real-life problems. The situations
students encounter in their everyday routines can be used both at the beginning and
at the end of a science course. Campbell and Lubben (2000) concluded that if such
and education is constructed in meaningful way, which means students will
experience a two-way interaction of knowledge and understanding between what

they have learned in schools and their experiences of everyday life.

Parchmann et al. (2007) and the ChiK Project Group worked on ChiK project to
improve students understanding in chemistry at secondary level. The developed
framework obtained from theoretical and empirical data of process, researchers-

teachers focused on transforming the theory into practice. The founding communities
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developed and implemented nearly all topics for secondary education in upper and
lower levels and they revealed the different effects on the motivation of students. The
units used in ChikK indicated the relevance aspect of chemistry for students, however
the approach of student centred teaching made students to feel they have lost in the
context. Parchmann et al. think that the reason of this situation is about teachers’
high emphasis on realization of an effective context than the development
fundamental concepts. The evaluation of data obtained from communities indicated
that teachers are supported to alter their current teaching with context-based and
active student engagement process. They progressed to work on enhance student

learning with better guideline and assessment of varying competencies of science.

Lubben et al. (2005) reviewed systematically the studies on CBA and STS
approaches in terms of gender, low ability students, understanding, and attitude.
They stated that these approaches took attention of both nationally and
internationally since they have important role to develop students’ scientific literacy.
In their review, they examined 61 studies from different aspects. The studies they
reviewed ranged across the approaches; 25 were context-based course, 13 were
context-based unit, 11 were full STS course, and 12 were STS enrichment. The 44 of
studies found the relation between intervention and attitudes, 41 had reported about
effect on understanding, 24 of these studies explored both understanding and
attitudes. 21 studies focused on skill development, 17 investigated effect of gender,
and 7 focused on low ability students. Low ability and gender are especially
investigated in age ranges of 11-16 since science courses are must-courses for these
grade levels. Table 2.3 briefly summarize some of the studies included in review

Process.
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Table 2. 3 Summary of some of the reviewed studies

Age Outcomes
Study Intervention Discipline
Range Attitude Gender  Ability
Banks Salters
17-18 Chemistry V
(1997) course
Barber Salters
17-18 Chemistry \ \
(2000) course
Salters
Barker and 17-18 Chemistry \
Millar (1996) course
Salters )
Key (1998) 17-18 Chemistry \
course
Ramsden Salters
11-16 Science \ \ \
(1997) course
Smith and ChemCom
. 11-16 Chemistry V \/
Bitner (1993) course
Ben Zvi STS
11-16 Science \ V
(1999) course
Yager and STS
s 11-16 Science \ V
Weld (1999) course
. STS )
Tsai (2000) 11-16 Science \
course
Zoller et al. STS
11-16 Science \ \
(1990) course
Zoller et al. STS )
17-18 Science \
(1991) course

Note: The table is adapted from Lubben et al. (2005) Review study; some more
studies are added as well. The implementations of all above-mentioned studies

continued throughout the course rather than a unit.

In addition to studies summarized in table 2.4, some studies were conducted to report
effectiveness of projects, to assess these projects. Sutman and Bruce (1992) have
conducted a study for assessments of ChemCom through five years. They assessed

the 3700 students and reported that students’ responses to context-based course
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materials were positive and they were enthused to involve in course materials. The
in-depth review of Lubben et al. (2005) has shown that the qualified studies have
been carried out to reveal the effect of the interventions to provide reasonable

confidence on the findings.

Demircioglu et al. (2009) explored the impact of CBA on ninth grade students’
conceptions about periodic table. They developed storylines by embedding them in
CBA. The design of the study was non-equivalent pre-test-post-test control group
design, with two intact classes; the participants were 80 students with and age range
of 15-16. The experimental group was treated with materials developed based on
CBA; control group was treated with traditional approach in which the teacher was
active to explain concepts. The implementation took six teaching sessions utilizing
six different lesson plans. The researchers administered  an achievement test,
attitude questionnaire, and retention test to participants. The findings indicated that
CBA was more effective in construction of knowledge in long-term memory than
traditional approach. Furthermore, results showed that students treated with CBA
have developed more positive attitudes towards chemistry than other students. They
suggested that such kind of activities should have better to be integrated with

students textbooks and teachers guide book.

Demircioglu (2008) studied CBA on the topic of states of matter in her dissertation.
She developed instructional materials for pre-service teachers enrolled in general
chemistry course. The effectiveness of materials was investigated through bringing
out alternative ideas and participants’ achievement. The design of the study was case
study. The data was collected both quantitatively and qualitatively through a concept
achievement test by 35 pre-service teachers and semi-structured interviews with 12
pre-service teachers and attitude test as well as classroom observations. The findings
indicated that the context-based course materials have effect on replacement of pre-
service teachers’ alternative conceptions with scientific ones as well as providing
high retention period. Contrast to substantial literature, Demircioglu found that CBA
also increased pre-service teachers’ academic achievements. In line with other

studies, participants’ attitudes towards chemistry changed in positive manner.
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Students enrolled in the study stated that lesson designed according to CBA were

more enjoyable and interesting.

[Than (2010) developed context-based materials for chemical equilibrium concept in
eleventh grade chemistry curriculum. The study was a dissertation completed in
2010. It was a mixed method design with qualitative and quantitative data.
Additionally, to reveal students and teachers responses on contextual learning some
more data was collected. Four distinct classes of a state high school having totally
104 students constituted the sample of the study. An achievement test was
constructed for the study. Quantitative data was collected from achievement test,
questionnaire of chemistry motivation, and survey of constructivist learning
environment. Appropriate quantitative data analysis producers were carried out to
reveal if any differences exist across the groups. Qualitative data was analyzed
through content analysis. Findings indicated that students in CBA have better in
terms of achievement and motivation when compared to conventional instruction.
Students treated with CBA were more satisfied with the instruction. Furthermore,
CBA contributed constructivist learning environment more than the conventional

instruction.

Currently, significant numbers of studies believing curriculum enrichment with
context-based and science-technology-society approaches are on progress in Turkey
in science, physics, and biology domains as well as the chemistry. These studies
generally focus on whether this approach will help students to learn concepts better,
whether students affective domain will be affected in positive way, whether the
effect of implementation changes across the gender or not, and if the implantation

differently affect low ability or high ability students.

Although there are some more studies than above mentioned national studies, we
generally tried to focus on studies concentrated on CBA on chemistry education. It is
clear that studies conducted in Turkey generally has chosen to focus on a unit for
implementation new designed curriculum materials based on CBA, however,

international studies are more organized in the duration of the implementation. The
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studies reviewed in the table 2.4 were all carried out throughout the course. The
possible reason for Turkish researchers to focus on only one unit is possibly related
with the organization of Turkish national curricula in any subject domain. Although
the distributions of chapters are spiral across the grade levels, the concepts given in a
grade level are usually difficult to make connections. Therefore, national researchers
usually prefer to focus on a unit which has almost 5-8 weeks for implementation.
They try to explore the effect of the instruction on student’s achievement,

understanding, attitudes, motivation, problem solving skills and gender issues.

In the light of findings of related literature, this study aim to compare groups on the
issues of, conceptual understanding, achievement, and chemical literacy in chemical
reactions and energy concepts in which experimental groups were instructed with
context based approach through S5E learning cycle instruction and traditional
instruction. Additionally students’ motivation to learn chemistry and the factors of
motivation questionnaire were compared for groups instructed with the context-based
approach through 5E learning cycle model and traditional instruction. The materials
designed for implementation primary tried to make students to involve students in
learning chemistry, its application in industry so on society. Therefore, this study
investigated the effect of CBA through 5E learning cycle on 11th grade students’
understanding, achievement, motivation, motivational constructs, and chemical

literacy level.
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CHAPTER 3

DESIGN OF THE STUDY

In the previous chapters, the rationale of the study is given through the justifications
from related literature; the problems and hypothesis are stated in the framework of
the purpose of the study. This chapter briefly describes the research design,
population and subjects, variables, instruments used to collect data, treatments, data
analyses, treatment fidelity and verification, power analysis, unit of analysis, and

assumptions of the study in detail.

3.1 Experimental Design of the Study

Frankel and Wallen (2000) describe experimental research as the best way of
building cause-effect relationship between variables among other types of research
designs. They additionally state that experimental research is unique in two
significant aspects: “it is the only type of research that directly attempts to influence
a particular variable, and, when properly applied, it is the best type of testing
hypothesis about cause effect relationships™ (p.283, 2000). In line with the purpose

of the present study, experimental research methodology is used.

The quasi-experimental design as a type of experimental research was utilized for the
study. In order to compare the effect of context-based approach through SE learning
cycle model versus traditional instruction on students’ understanding and
motivational constructs in chemical reactions and energy concepts, the already
formed classes were randomly assigned as experimental or control groups.

Conducting the research with intact classes avoids disruption of students and school
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administrative rules. Therefore, the intact classes were randomly assigned to
treatments rather than assigning students to treatments. The research design of the

study is given in table 3.1.

Table 3. 1 Research design of the study

Groups Pre-tests Treatments Post-tests
CRECT CRECT
EG CMQ CBALC CREAT
SPST CMQ
CLI
CRECT CRECT
CG CMQ TI CREAT
SPST CMQ
CLI

Note. EG: Experimental Group, CG: Control Group, CRECT: Chemical Reactions
Energy Concept Test, CMQ: Chemistry Motivation Questionnaire, SPST: Science
Process Skill Test, CBALC: Context Based Approach through 5E Learning Cycle
Model, TI: Traditional Instruction, CREAT: Chemical Reactions and Energy
Achievement Test, CLI: Chemical Literacy Items

Chemical reactions and energy is the topic for investigation of treatment effect. As
seen from the Table 4.1, students in experimental group (EG) were treated with
CBALC while to students in control group (CG) with traditional instruction (TT).
Chemical Reactions and Energy Concept Test (CRECT), Chemistry Motivation
Questionnaire (CMQ), and Science Process Skill Test (SPST) were administered to
both experimental and control groups before the treatments. The post tests were,
Chemical Reactions and Energy Concept Test (CRECT), Chemical Reactions and
Energy Achievement Test (CREAT) and Chemistry Motivation Questionnaire
(CMQ). CLI had been also distributed to all groups after treatments, but having
higher percentages of missing data; the scores of these items had not been taken in

main analysis. All groups took these tests after six weeks of treatment period.
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3.2 Population and Subjects

Eleventh grade science major students in public high schools of Ankara - capital city
of Turkey - were identified as target population of the study. Having the difficulty to
reach all target population, accessible population was determined. All science major
eleventh grade high school students in Cankaya district constituted as accessible
population of the study. Nonscience majors of 11th grade do not have a chemistry
course, so they were taken neither as target nor as accessible population. The results

of this particular study will be generalized to accessible population.

There are 15 public Anatolian high schools in Cankaya district with almost 1500 11
grade students in science major. Two Anatolian high schools which are well-
equipped with technology and laboratory were selected from these schools
conveniently. The level of students in high school entrance exam for two schools was
close to each other. Four intact classes of two different teachers from the first school
and two intact classes of one teacher from the second school were selected for
implementation. These three teachers were volunteers for participating in the study.
Each teacher had an experimental group and control group, that is, there are three
experimental groups and three control groups. The subjects consisted of 187 eleventh
grade science major students. Of these, 98 were females and 89 were males. 96 of
the participants (45 male, 51 females) were in experimental groups and 91 of them
(44 males 47 females) were in control groups. The age range of the students was

between 16-18 years.

The study was conducted in the fall semester of 2011-2012 academic years. The
topic of chemical reactions and energy was the first unit of eleventh grade chemistry
curriculum, for that reason, during the early September the researchers and teachers
met to discuss the contexts and lesson plans that will be covered in that unit. Also
they had consensus on each activity related with the unit. The teachers obtained all

materials to study before the implementation had started.
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3.3 Variables

Fraenkel and Wallen (2000) state a variable as a concept that stands for variation
within a class of objects. The classification of wvariables as dependent and
independent is one way which is the most frequently used in the literature. This study
had six variables, three of which were dependent variables and the three were
independent variables, of which science process skills was covariate. Below, these

variables are described in detail.

3.3.1 Dependent Variables

The dependent variables of the study were students’ conceptual understanding scores
obtained from chemical reactions and energy concept test (CRECT), chemistry
achievement scores which was measured by chemical reactions and energy
achievement test (CREAT) and students’ motivation scores to learn chemistry which
was measured by chemistry motivation questionnaire (CMQ). Each construct of
CMQ; intrinsically motivated chemistry learning (Int), extrinsically motivated
chemistry learning (Ext), relevance of learning chemistry to personal goals (Rel),
responsibility or self-determination for learning chemistry (Sdet), confidence or self-
efficacy in learning chemistry (Seff), anxiety about chemistry assessment (Anx)
constituted a different dependent variable. All of these variables were in interval

scale and continuous.

3.3.2 Independent Variables

The independent variables included in this study were type of instructional method
(context-based approach through S5E learning cycle model and traditional
instruction), gender of students, and science process skills test scores of students. The
type of instruction and gender were considered as categorical variables and measured
on nominal scale. Science process skills test scores of students was considered as

continuous variable and measured on interval scale. Among these variables; science
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process skills test (SPST) scores were used as covariate. The summary on

categorization of variables is given Table 3.2.

Table 3. 2 Description of variables

Name of the Type of the Nature of the Type of the
Variable Variable Variable Data
CRECT Dependent Continuous Interval
CMQ Dependent Continuous Interval
CREAT Dependent Continuous Interval
CLI Dependent Continuous Interval
SPST Independent Continuous Interval
Gender Independent Categorical Nominal
Treatment Independent Categorical Nominal

CRECT: Chemical Reactions Energy Concept Test, CMQ: Chemistry Motivation
Questionnaire, CREAT: Chemical Reactions and Energy Achievement Test, CLI:
Chemical Literacy Items, and SPST: Science Process Skill Test.

3.4 Instruments

Five instruments were used in this study, they were; Chemical Reactions and Energy
Conceptions Test (CRECT), Chemistry Motivation Questionnaire (CMQ), Science
Process Skill Test (SPST), Chemical Reactions and Energy Achievement Test
(CREAT), and Chemical Literacy Items (CLI). CLI was an open-ended questionnaire
with real life contextual problems, it was administered to students in order to see the
differences in chemical literacy of experimental and control groups. The researcher
also carried out non-systematic classroom observations in the experimental and

control groups to verify the treatments.
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3.4.1 Chemical Reactions and Energy Concept Test (CRECT)

This test was used to reveal students’ pre-conceptions about chemical reactions and
energy concepts. Having some objectives in common with previous chemical
reactions and energy unit, CRECT was adopted from Ceylan (2004) dissertation
study. In its original form CRECT had 20 multiple choice items. This test was
constructed for the previous chemistry curriculum so some of the items were suitable
to objectives (see appendix A for objectives) of recently changed curriculum. In its
original form CRECT had 15 questions developed by Ceylan (2004), and five items
had been taken from the study of Yeo and Zadnik (2001). Each item of the test has a

correct answer and four distracters.

The first five questions (QI, Q2, Q3, Q4, and Q5) of CRECT were taken from
Ceylan (2004); these questions were related to heat-temperature and energy.
Students’ prior knowledge on these concepts establishes a base for construction of
new knowledge so these questions were retained in CRECT. All the other items
except for these first five were totally related to objectives of recent chemistry
curriculum. The questions; Q6, Q7, Q17, and Q18 were again taken from Ceylan
(2004), these questions were serving objectives of recent curriculum. Additionally,
questions; Q8, Q9, and Q16 were taken from Ceylan (2004) but small revision had
done on these items. The rest of the instrument, questions; Q11, Q12, Q13, Q14,
Q15, Q19, and Q20 were developed by researchers.

The questions were classified into categories as; heat-temperature and energy, energy
release/absorption of bond dissociation and bond formation, endothermic and
exothermic changes, heat of reactions; enthalpy, spontaneous changes, systems and
energy, entropy changes, Gibbs free energy. The last version of CRECT had again 20
items (see Appendix C). 13 items were taken from the original version of the test and
based on the objectives of the unit; the rest was developed by researchers. This
version of the test was piloted with 12" grade high school students just at the
beginning of the 2011-2012 fall terms. The item difficulties and discrimination
indexes were checked with ITEMAN; item analysis program. The results of the item

analysis revealed that some questions needed revisions, and one question should be
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dropped from the test. Instated of not-functioning item, a new one was generated.
The table 3.3 explains the details about the items of the test based on the pilot study

SCOres.

Table 3. 3 Description of items in CRECT

Question Item Discrimination
umber Content domain of questions difficulty index
1 Heat flow 0.756 0.296
2 Temperature and heat 0.585 0.433
3 Heat as a form of energy 0.648 0.219
4 Heat and temperature 0.261 0.539
5 Heat, thermal conductivity 0.767 0.339
6 Bond formation-dissociation 0.472 0.381
7 Endo/exothermic reactions 0.563 0.406
8 Exothermic reactions 0.563 0.372
9 Endo/exothermic reactions 0.697 0.387
10 System and surroundings 0.790 0.339
11 Absolute temperature, 3™ law 0.500 0.316
12 Spontaneity and exceptions 0.625 0.394
13 Spontaneity and entropy 0.608 0.441
14 Enthalpy change 0.605 0.523
15 Entropy of systems/universe 0.533 0.325
16 Oxidation reactions 0.352 0373
17 Bond Energies 0.403 0.456
18 Temperature, heat flow 0.159 0.258
19 Gibbs free energy 0.542 0.338
20 Entropy, order 0.382 0.422

Students correct responses were coded as 1 and incorrect responses as 0, therefore
the maximum score that a student can get from CRECT was 20 and the minimum
was 0. The reliability of the instrument was computed from students’ responses to

Pilot study. There were 168 students from 12" grade in the pilot study. The Cronbach
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alpha reliability of the pilot study’ test scores were found to be .72. Validity of the
test was established by three experts from chemistry education field, and a chemistry
teacher. Feedbacks of one Turkish language expert and a chemistry teacher were
used for both understandability and face validity of the instrument. Final version of
the test was administered to experimental and control groups both as a pre-test and as
post-test. The pre-test scores were used to compare whether both groups have equal
conceptions regarding the topic they would be treated. The administration process

took approximately half an hour in each classroom.

3.4.2 Chemical Reactions and Energy Achievement Test (CREAT)

The test, CREAT, was developed by the researchers in order to assess students’
achievement in both conceptual and algorithmic problems of chemical reactions and
energy unit. Based on the objectives of the 1" grade chemistry curriculum, the
items of the test were constructed by researchers utilizing textbooks, available
question banks, University Entrance Exam (YGS). There were 25 multiple choice
questions in CREAT, each question had five alternatives, of which one was the
correct answer. And each question at least met one of the objectives of the unit. The

overall test is provided in Appendix D.

The first version of the test was piloted in state high school with 85 12" grade
students before the treatment. According to the results obtained from item analysis
(item difficulty and discrimination indexes were checked), some of the questions
were revised, some were dropped, and instead new ones were constructed. The
Cronbach alpha reliability of the final version of the test scores was found to be .74.
The appropriateness and content validity of the test was established by chemistry
teachers, chemistry education experts. Students correct responses were graded as 1
and incorrect responses as 0. Thus, the maximum score that a student can obtain
from the test was 25, the minimum score was 0. The distributions of items according

to objectives of the unit are described in Table 3.4

91



Table 3. 4 Distribution of questions of CREAT based on the objectives

1.Systems and types of 2.Enthalpy change 3.Changes and
energy spontaneity
Objl.1 QL,Q2 Obj2.1 Q6, Q8 Obj3.1 QI11,Q12
Objl.2 Q2,Q1 0bj2.2 Q7,Q9 Obj3.2 Q13,Q14
Ob;j1.3 Q3 Ob;j2.3 Q9 Ob;j3.3 Ql3
Objl.4  Q4,Q06,Q8,Q22  Obj2.4 Q10,Q24 Obj3.4 Q19, Q20
Objl1.5 Q5,Q25 Ob;j3.5 Ql1, 14
Objl.6 Q2 Obj3.6 Q18,Q25

0bj3.7  Ql16,Q17
Obj3.8  Q15,Q23

Note: Obj: Objective, Q: Question number in CREAT. As seen from the numbers,

the unit has totally 18 objectives. See appendix B for overall objectives.

The test was administered o both experimental and control groups after the treatment
in regular class hours as a post-test to determine effect of treatments on students’
achievement on chemical reactions and energy concepts. The administration took

approximately 30 minutes.

3.4.3 Science Process Skill Test (SPST)

Okey, Wise and Burns developed the instrument: Science Process Skill Test (SPST)
in 1982. Later, Geban, Askar, and Ozkan translated and adopted this test into Turkish
in 1992. The instrument was constructed to measure intellectual abilities of students
about identifying variables, stating and identifying hypotheses, defining and
designing investigations operationally, graphing and interpreting data. There are 36
items in this test and each question is in multiple choice forms with four alternatives.
The Cronbach alpha reliability of the test scores was found to be .88. Experimental
and control groups took this test before the instruction. Students’ correct responses to
items were scored as 1 and wrong responses are scored as 0, thus, possible maximum
score that a student could obtain from the test was 36 (see Appendix F for the entire
instrument).
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3.4.4 Chemistry Motivation Questionnaire (CMQ)

Science Motivation Questionnaire (SMQ) developed by Glynn and Koballa, in 2006
was used to gather information about students’ motivation to learn chemistry. In
their study they gave permission to researchers to extend the usage of SMQ to
different versions such as the Biology Motivation Questionnaire (BMQ), Chemistry
Motivation Questionnaire (CMQ), and Physics Motivation Questionnaire (PMQ).
Glynn and Koballa (2006) reported that the SMQ as reliable in terms of its internal
consistency, they measured reliability from coefficient alpha as .93. In the version

used in this study, only the word “science” was replaced with the word “chemistry”.

According to Glyn and Koballa (2006), the items 1, 16, 22, 27, 30 ask students to
report on intrinsically motivated chemistry learning (Int). The items 3, 7, 10, 15, and
17 are demonstrating extrinsically motivated chemistry learning (Ext). Items 2, 11,
19, 23, and 25, are showing relevance of learning chemistry to personal goals (Rel).
Items 5, 8, 9, 20, and 26 are related to responsibility or self-determination for
learning chemistry (Sdet). Confidence or Self-efficacy in learning chemistry (Seff)
are represented by the items 12, 21, 24, 28, and 29, and finally Anxiety about
chemistry assessment (Anx) are investigated with the items 4, 6, 13, 14, and 18.
Students respond to each of the 30 randomly ordered items on a 5-point Likert type
scale ranging from 1 (never) to 5 (always). The anxiety about chemistry assessment
items are negative, which means, a higher score on this construct means less anxiety
thus these items were reversed in PAWS Statistics 18 through recode procedure for

necessary computations.

Ranging from 1 to 5 the questionnaire included 30 items. The maximum score was
150 and minimum score was 30. According to Glynn and Koballa (2006) a score in
the range of 30-59 is relatively low, 60-89 is moderate, 90—119 is high, and 120-150
is very high. The entire instrument is available in appendix E. The total score on the

CMQ served as a comprehensive measure of the students’ motivation.

In order to establish an evidence to whether CMQ assess six constructs proposed by

Glynn and Koballa (2006), the confirmatory factor analysis (CFA) was conducted for
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pre-test scores of CMQ and post-test scores on CMQ, having similar results, CFA
from pre-test was reported. In order to perform CFA, the reliability of the scores
must be at least .70 (Pallant, 2007). The Cronbach alpha coefficient of reliability was
computed for both students’ scores obtained from preCMQ results and postCMQ
results, the values were; .89, .88 respectively. Additionally, the reliability
coefficients of factors were found as .72 for Int, .67 for Ext, .77 for Rel, .67 for Sdet,
.82 for Seff, and .75 for Anx for pre-test scores. According to Barrett (2007) the
sample size to make structural equation modeling should be at least 200. The sample
in this study was 177, although the value is below 200, Tabachnick and Fidell (2007,
p.683) explained that the sample size could be less if the variable was reliable. They
stated that 16:1 ratio is enough for CFA. In this study, the ratio was 177:6 which
gives 29.6. The descriptive of the CMQ and related dependent variables were
controlled for assumptions of CFA, skewness, kurtosis, linearity, outliers were all

checked, and assumptions of CFA were not violated.

CFA as conducted to verify the factor structures of proposed constructs for pretest
scores of CMQ. CFA let researchers to see the relationship among the observed
variables and the underlying latent construct existed or not. Chemistry motivation
score was latent variable and it predicts six constructs: Int, Ext, Rel, Sdet, Seff, and
Anx. At the beginning the model and the observed data did not indicated good fit
according to pretest scores. To obtain a good fit, some modifications had to be done
based on modification indices suggested by the LISREL program and covariance
were added to the model. Four modifications had to be done in order to obtain a good
fit value. Firstly a covariance had to be added between Ext and Anx, then another
was added between Seff and Anx, thirdly, between Int and Ext, and finally between
Rel and Anx. The last version of the model which has good fit values (3* = 9.30, p =
0.09, GFI= 0.98; AGFI= 0.93; RMSEA= 0,070; SRMR= 0.040) is given in the figure
3.1.
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Figure 3. 1 The model with good fit indices through modifications.

In order to see whether CMQ assess six motivational constructs, the researchers
conducted confirmatory factor analysis. The first model obtained from pretest scores
had not given good fit values so modifications required. Modifications suggest
correlation between the constructs, when four modifications have performed, good fit
values were obtained. Although, the correlations among four constructs, CMQ assess
the six constructs since goodness of fit values were acceptable for pretest scores. In
addition to pretest scores, CFA had been performed also for posttest scores similar

results were obtained.

In this study, the instrument Chemistry Motivation Questionnaire (CMQ) was used
for overall motivation score and for six factors (Int, Ext, Rel, Sdet, Seff, Anx). The
questionnaire was administered to students of experimental and control groups both
before the treatment and after the treatment since the effect of intervention on
students’ motivation was investigated. Each of the construct of CMQ served as a

separate dependent variable in this study.
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3.4.5 Chemical Literacy Items

Problems through everyday contexts were developed by researchers to assess
students’ chemical literacy skills on chemical reactions and energy unit. Based on the
objectives of the unit, everyday contexts which have applications of concepts are
investigated. The questions assessing students’ scientific literacy skills in PISA 2009
and the questions developed Witte and Beers (2003) to reveal students’ chemical
literacy skills were inspired the researchers to develop these open-ended questions.
Some science related news which has covered by media was perceived to make
students to be interested in the tasks. The everyday contexts used in these problems
not only ask knowledge base questions to students but also investigate students
discourse abilities, interpretations by using pro and con ideas from the given data.
The problem contexts were constructed in a way to reveal students’ understanding of
given information, their ability to select needed information from text, their ability to
alter given information to another form, and their abilities to make interpretations on

the information provided (see appendix G for the entire items).

There are four different themes for questions. The first theme was related with the
combi boiler which approximately every house in Cankaya distinct poses one.
Student are familiar this context since each of them has it in their houses.
Additionally they are accustomed to problems associated with use of combi boiler
from the media. A piece of newspaper along with a fundamental knowledge about
two kinds of combi boiler is provided for students to reveal their chemical literacy
skills on heat, exothermic reactions, and related calculations. Students were also
expected to mention molar heats of some chemical species. The second theme was
about energy concepts in biological systems. To avoid mentioning only the
application of energy on technological aspects, the researchers needed to construct
questions through biological aspects. The energy required for teenagers was provided
for students as problems task. They were expected to connect their chemistry
knowledge to both biology and physics. Bond dissociation energies and bond
formation energies were investigated in biological systems; they were expected to

connect this conceptual knowledge to putting on weight and the role of activities for
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healthy body. The third theme was about the elastics bands which have widespread
usage in daily life, students were expected to connect their pure conceptual
knowledge of order of molecules to entropy of system and entropy of surroundings.
The formulas were given to students in order to provide evidence for their
conclusions. The final theme was related with the volcanoes, types of systems and
changes, the sign of basic quantities such as AG, AH, and AS were investigated
through this context. The first and second laws of thermodynamics were provided in
the text, and students were expected to draw this information from the text provided.
In each theme some questions are knowledge based; simply asking comprehension,
some questions are interpretive. For the first theme, the options; “a”, “b”, and “c”
were knowledge based, the rest were interpretive. For the second theme “a” and “b”
were knowledge based, “c” and “d” were interpretive. For the third theme, option “a”

was knowledge based, b was interpretive. Finally, for the last theme, “a” was

knowledge based, “b” was interpretive.

The evaluation of these problem contexts were carried through a rubric prepared
according to correct answers of the questions. For the first theme, the options “a”,
“b”, “c”, “d”, and “e” has maximum score of 3, partial score of 2 or 1 and minimum
score of 0; the options “f” had maximum score of 1; the option “g” and “h” had
maximum score of 2, partial score of 1 and minimum score of 0. For the second
theme, option “a” had maximum score of 1; option “b” had maximum score of 3,
partial score of 2 and 1; option “c” had maximum score of 4, partial score of 2; the
option “d” had maximum score of 2 and partial score of 1. For the third theme,
option “a” had maximum score of 2, partial score of 1; option “b” had maximum
score of 3, partial score of 2 and 1. For the fourth theme, the option “a” had
maximum point of 7, that is, each blank (totally seven blanks) in this task had one
point for correct answer; the option “b” had maximum score of 3 and partial grades
as 2 or 1. The problem contexts and rubric were controlled by another researcher too.
Students’ responses were categorized according to content domains of the questions.
The qualitative data given in the responses was transformed to quantitative data by
means of the answer key rubric. Students’ correct answer responses were given in

percentages. The percentages were divided into categories of point intervals. The

97



answers obtained by experimental groups and control groups were compared to

reveal whether any change exist across the groups or not.

3.5 Procedure

This study aimed to investigate the effect CBA through 5E learning cycle model on
students’ understanding and achievement on chemical reactions and energy unit, and
their motivation to learn chemistry as well as the students’ chemical literacy on this
topic. The initiation of this study begins with to popularity of the topic to propose
attractive outcomes for meaningful learning. First a detailed search for related
literature started. The key terms such as “context-based approach”, “learning cycle”,
“SE learning cycle model”, “motivation”, “chemical literacy”, and ‘“chemical
reactions and energy” were searched through academic data bases, libraries and
goggle scholar. The thesis studies conducted nationally-internationally and books
related with effective chemistry-science teaching through real-life contexts were
examined. The most struggling process was to develop materials which the
implementation was established over. A serious time were spent on connecting the
objectives of the unit with the real life contexts. When the main framework was
drawn, the instruments required to measure the related aspects of students which
were proposed to be affected by the implementation were started to construct. The
concept tests used in the literature were investigated and some questions were
adapted from them, some new questions were constructed based on the
misconceptions widely stated in the literature concerning chemical reactions and
energy concepts. The item analyses were conducted to see the discrimination and
difficulty indexes based on the pilot study scores of the students. Then achievement
test were constructed by researchers, the same computation were also carried for this
test too. The chemical literacy items through real-life problems of everyday contexts
were also developed by researchers. The tests developed by the researchers were
piloted in order to reveal the item analysis; the validity of the constructs was
established by chemical education experts. Based on the pilot study, some items were
revised, some dropped, and some more were added. The science process skill test

and the chemistry motivation questionnaire were used from the literature.
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After the material and test development process, the permission was taken from the
related organizations. Schools participating in the study were selected conveniently.
The schools were visited and informed about the process at late summer of 2011.
The teachers were in the schools because of seminars prior to new education year.
The administrative units of the schools informed the teachers, some teachers were
volunteers to participate in the study but some were not. Classes of these teachers
were randomly assigned to experimental and control groups. The volunteer teachers
were firstly informed on experimental research design and CBA through 5E learning
cycle model to teach chemistry and the possible effects of it. The teachers were
specifically informed on steps of SE LC model, and the main requirements of CBA.
The teachers and researcher discussed on the materials and some parts of the
materials were revised according to feedbacks of the teachers. All lesson plans were
given to teachers before the implementation started. The technological tools were
checked before the lessons, the student handouts, laboratory materials for performing
experiments were provided by the researcher at the beginning of the term. The unit of
the chemical reactions and energy were the first unit of the eleventh grade chemistry
curriculum. Just before the lessons started, the pre-tests CRECT, CMQ, and SPST
were administered to students of both experimental and control groups in order to
reveal if any significant difference across the groups exist or not. The handout related
to historical development of cars, their engines from past to today was distributed to
students before the first lesson has started. The context used in this study had been
prepared according to the attributes of an educational context which were reported by
Duranti and Goodwin (1992). The details of an educational context had been
reported by Gilbert (2006) in literature review part of this study. Table 3.5 briefly
describes the attributes of context used in this study in the framework of Gilbert

(2006) description.
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Table 3. 5 Attributes of the context for car engines

Attributes Focal event: development of car engines

a Where, when, how is the focal

event situated?

Historical development of cars,
from steam engines to 4 stroke

engines

Production of more efficient
cars, more efficient fuels, bio-
fuels, high octane ratings,
reduction of environmental

hazards

b What do people do in the
situation, what actions do they
take?

c In what language do people

speak about their actions?

Related to efficiency of car
engines, 1.4 — 1.6 — 2.0 capacity,
different energy types, energy

related discussion in society

d What is the background
knowledge of those who act?

Chemical reactions and energy
terms in car engines; system,
surrounding, heat, work, internal

energy

The discussion on which the concepts would be introduced on the context had been
distributed to teachers before the treatments. The figure 3.2 briefly gave the concepts
of the unit around the context of the study, the researcher and teachers had discussed
on the spider web metaphor for learning chemical reactions and energy concepts. It

was designed according to Schwartz (2006). The teachers had perceived that they

could make interconnectivity among the concepts of the unit.
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Figure 3. 2 The spider web metaphor for learning chemical reactions and energy

The researcher participated each class hour to observe the teacher and class by taking
notes on the classroom observation checklist (see appendix K) when the
implementation has started. The checklists were adopted from Pesman (2012). There
were six classes in the study; a few hours of the lectures were at the same time, thus
the researcher attended to classes for one week and attended to the other for the next
week. Although, a research assistant from secondary science and mathematics

department had also observed the class hours, some of them had been missed during
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the implementation. To verify the implementations of CBA through 5E learning
cycle model and traditional approach, the researcher observed the classrooms both
experimental and control groups. The researcher was a non-participant observer. The
classroom observation checklist given in the appendix L was filled by researcher and
sometimes by a colleague for almost all class hours. Sometimes some additional
notes had been taken by the researcher. Based on the notes and classroom
observation checklist results, it can be concluded that the teachers treated their
classrooms as proposed by the researcher, students engaged in activities, teachers
connected the concepts to the context in each class hour, and in traditional classes
they gave the applications of concepts after introducing concepts. The researcher and
the other observer had consensus on the requirements given in the classroom

observation checklists.

After each class hour, the teacher and researcher evaluated the implementation of a
context based course through learning cycle model. The same procure continued with
other teachers too. Researcher always supported the teachers in any problem about
the implementations, as well as giving feedbacks and suggestion to make
intervention more proper. Additionally, the teachers were informed to teach in their
control groups in the way that they were accustomed to. Control groups were also
observed but not as much as the experimental groups because of having six different

classes for the study.

At the beginning of the first lesson the teachers informed their students about the
implementation they will be treated through this unit. They told students that the
concepts would be taught through their application around them, and should ask
questions whenever they wondered a concept. Then the teacher asked students about
historical development process of cars, their engines, he tried to make students to
remember the handout they have read. The teacher directed many questions given in
the lesson plan to students and waited them to think and give answer. The aim was to
establish a need to know base for students to acquire this novel concepts. Students in
experimental groups watched the animation movie about how car engines works, and

then the teacher again directed the questions to students. The students discussed and
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give some correct and incorrect answers. The teacher informed them they would
learn the answers throughout the lesson. The experimental setup was always
prepared by researcher. The teacher followed the guide lines given in the lesson plan,
and made students to engage in the process properly. The experiments were carried
in normal class hours, students are not taken to laboratory to perform experiments
and these experiments were carried out as demonstrations on a table of middle line in
the classroom. Students and teachers usually discussed on the issues and new
discussion topics were emerged for the next lesson. The teachers always took
attention on connecting the concepts to the contexts provided for students at the
beginning of the course. In some parts of the lesson, the teacher connected his or her
notes to the appropriate part of the lesson plan. When the introduction of concepts
ended, the teacher repeated to ask the same question to the students, and students
discussed to find some more files of applications for these concepts. The each class
session the teacher followed the lesson plan. At the end of each class session the

teachers distributed the hand outs to relate to next lesson plan.

In control groups the teachers did whatever they were doing in their usual class
hours. The lessons were mainly teacher centred, and the approach was traditional.
The teacher used lecturing and questioning and sometimes discussion methods to
solve problems to teach concepts of chemical reactions and energy. The real-life
contexts were not served to students to see the connection of concepts through real-
life context. Instead after introducing main concepts the teacher generally focused on
the question banks, they selected question and solved them for university entrance
examination. At the end of the lesson the teacher usually distributed some questions
to students as homework, these homework were given to both experimental and

control groups.

The implementation took totally six weeks. In each week, students had three
chemistry lecture hours, that is, they had overall 18 hours to study the chemical
reactions and energy concepts. The post tests were distributed to the students at the
end of the implementation, both experimental and control groups took these tests.

The first midterm examination was just after the implementations.
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3.6 Treatments

Two types of treatments were implemented in this study: The first was context-based

approach with 5E learning cycle model, and the second was traditional instruction.

3.6.1 Context-Based Approach through 5E Learning Cycle Model

Based on the descriptions of main characteristics of the context- based approach, SE
learning cycle was enriched. Gilbert (2006) stated some actions to overcome
problems related to chemistry instruction, these problems and actions to resolve them
are given in related literature. According to those descriptions, context based
approach must have some requirements. Westbroek (2005) examined context-based
curriculum projects and concluded that the requirements for meaningful chemistry
are, use of (a) context, (b) need-to-know, and (c) attention for students input.
Briefly, the collection of contexts utilized should provide likelihood of transferring
concepts to other contexts to improve students in making connections between the
knowledge they had learnt and other situations. The context should provide a need to
know base for knowledge construction and it should enable the participation of the

students, that is, the activities at hand should take students’ attention.

SE learning cycle model has five phases; (1) engagement, (2) exploration, (3)
explanation, (4) elaboration, and (5) evaluation. In the engagement phase, students’
curiosity had been taken by asking questions related to context followed in lesson
plans “Cars”. That means, at the beginning of the lesson, the context was presented
to students as a form of discussion; teachers took students’ responses, and asked
further questions to deepen the discussion as much as possible. For example, in the
first lesson plan, the teacher asked students about the handout delivered; teachers
asked the applications of chemistry in cars (see appendix H). The simulation video of
“how car engines work™ had been shown to students and further questions were again
asked to deepen to create a need to know base for new knowledge construction.
Related to systems and energy types, students had guessed a 4-stroke engine cylinder

as an open system and further discussed was carried for other system types. The
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energy transformations in a cylinder the teacher asked more questions and students
made some guesses. The discussion was taken to matter-energy transformations,
heat-mechanical energy-internal energy changes and first law of thermodynamics by

context-related questions.

Then, from contextual questions and discussions the teacher continued with
experimental activity. The next steps of learning cycle model as described by Marek
and Cavallo (1997) were fallowed. In exploration phase, the activity given in the
related lesson plan had been prepared by the teacher in class, on the desk of teacher
and teacher asked questions related to the activity to increase students’ curiosity. For
example, when setting the experimental apparatus, the teacher asked students how
the reaction of zinc with hydrochloric acid will move the piston, why the piston
moved up, is the work done by the system or by the surroundings. Students are asked
to write their hypothesis regarding to questions, then students performed experiment
and tested their hypothesis by working in groups. The next step was explanation
phase, the teacher wanted students to answer the questions given in previous phases.
Teacher always guided, asked additional questions to students explain their ideas,
observations. For example the teacher asked which parameters were important in
work, heat and internal energy. Along with waiting answers from students, the
teacher made some explanations when needed. The teachers briefly explained,
clarified students’ ideas and observation related to work-heat-energy transitions. The
teacher gave the formula related to internal energy and parameters that contributes
internal energy. In, elaboration phase, students have watched another video (a closed
system); the teacher asked some more questions for elaborateness. For example,
asked how heat of the system has changed (enthalpy change), how this change is
related to internal energy of the system. Teacher wanted students to give some more
examples from daily-life to teach type of systems; open-closed-isolated-isothermal,
energy transformations and heat-work-and energy relation in systems. The final step
of learning cycle was evaluation. In this phase the context-related questions were
directed to students and main concepts were clarified in detail. The knowledge

constructed was transferred to other contexts or problem situations.
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To sum up, the CBA was integrated with steps of SE LC model. Bybee et al. (2006)
stated that the disequilibrium or with context-based approach the “need to know”
base was formed in engagement phase. As done in the sample lesson plans given in
the Turkish National Physics curriculum, the basics of CBA were specifically
integrated with LC model in the engagement and evaluation phases. The table 3.5
briefly summarizes the whole framework of activities implemented CBA through 5E

LC “model in experimental groups.

Table 3. 6 Overall activities of CBA through S5E LC treatment

The context for chemical reactions and energy unit: “CARs”
Systems and Enthalpy change of Spontaneity of Entropy and Gibbs
energy types a system changes free energy
Lesson plan I: Lesson plan II: Lesson plan III: Lesson plan IV:
“4 stroke engines:  “Rxn of fossil fuels “Air conditioners” Reading
how car engines in engines” -How refrigerators assignment:

work” Exp: Heat of Rxn

work?

Liquid nitrogen

“What is free about

Gibbs free energy”

Related objectives; Related objectives:

Related objectives:

Related objectives:

1.1,1.2,1.3, 1.4, 2.1,2.2,23,24 3.1,3.2,3.3, 3.7,3.8
1.5,1.6 34,35
3.6.2 Traditional Instruction

The basic framework for traditional classroom was being teacher-centered. The
teacher started to introduce basic concepts briefly, solved some simple exemplary
problems then increased the difficulty level of questions and wanted students to solve
these problems. For example just at the beginning of the lesson, the teacher wrote a
title on the board and wrote the types of systems and clarified them in detail then s/he
read the notes from the notebook and students followed the teacher to write the notes

to their notebooks. The definitions, formulas related to heat and work, internal
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energy were directly presented by teacher, definitions were explained. Actually, the
teachers were doing whatever they were doing in their routine class hours. The
methods were mainly lecturing and questioning, sometimes discussions were also
carried by students around the questions asked by the teachers. The real-life contexts
were not introduced to students to see the connection of concepts through real-life
contexts at the beginning of the course. Instead, after introducing main concepts the

teacher generally focused on the question banks.

During the breaks, the students from different classrooms were in touch and this was
unavoidable. Experimental group students were usually talking to each other about
the activities they were following; some of the students from control groups might
have been demoralized and such a situation may affect these students’ performances
in a positive or negative way. Hake (1998) describes this as attitude of subjects and it
was called as John Henry effect. To reduce the impact of such variables, the
demonstration used in context-based approach through learning cycle were shown to
traditional classroom students at the end of concept introduction. The teachers only

showed the movies or simulation and they gave them as applications of concepts.

3.7 Data Analysis

The study had quantitative data to reveal the effect of implementation. The
quantitative data was collected by some instrument; Chemical reactions and energy
concepts test (CRECT), Chemical reactions and energy achievement test, (CREAT),
Chemical literacy items (CLI) on chemical reactions and energy, and chemistry
motivation questionnaire (CMQ). Students background knowledge of gender, GPA,
mother and father educational level were also taken. The data obtained from students
was entered to Predictive Analytics Software (PASW) Statistics 18. The whole data
gathered from students were typed to SPSS, the students were in the rows, and each

of the variables was inserted to columns.

The independent variables were; treatment (experimental vs. control groups) and

gender (males vs. females). The dependent variables are; understanding and
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achievement in chemical reactions and energy concepts (post-CRECT and CREAT
scores) and motivation to learn chemistry scores (post-CMQ). Although, CLI was a
dependent variable of the study, the percentages of missing for these open-ended
items were higher than other missing percentages, therefore, students scores
regarding these items were not taken in main analysis. Students’ responses to these
items were reported based on percentages of groups. Additionally, each construct of
motivation questionnaire (Int, Ext, Rel, Sdet, Seff, and Anx) was dependent variable.
Science process skill test (SPST) was a confounding variable, it constituted as a
covariate. The variables were categorized as string or numeric. First, the string
variables such as students’ responses of “A” or “B” or others were transformed into
numeric variables; the answers of pre-CRECT, SPST, post-CRECT, CREAT were
dichotomized. The item analysis has been computed before the actual
implementation, item descriptions were stated in previous parts. Responses to the
negative items on the chemistry motivation questionnaire (CMQ) were reversed for
pre-test and post-test scores then the confirmatory factor analysis was conducted for
CMQ. Each of the factors was renamed to constitute a dependent variable for the
study. These constructs were intrinsically motivated: items 1, 16, 22, 27, 30, extrinsic
motivation: items 3, 7, 10, 15, 17, relevance of chemistry: items 2, 11, 19, 23, 25,
self-determination: items 5, 8, 9, 20, 26, self-efficacy: items 12, 21, 24, 28, 29, and
anxiety: items 4, 6, 13, 14, 18.

Then, missing data analysis was conducted by excluding students who were in the
pre-test but were not in post-tests. This process has done before computing the
descriptive and inferential statistics. The missing data of pre-CRECT and pre-CMQ
were almost the same participants since they had administered to the students at the
same day. The missing data of CREAT and post-CMQ were also almost the same
since they have been administered to students at the same day. Numbers of missing
cases were detected for pre-test and post-test scores. Cases 27, 63, 69, 73, 82, 83, 94,
98, 142, 161, 163, 168 were missing for the post-test scores, cases 30, 31, 42, 54, 61,
92, 93, 123, 185, 186, 187 were missing in pre-CMQ. The percentage of missing
students on post-CMQ and CREACT was 6.4 % for both. 11 students were missing
for pre-CRECT and pre-CMQ, 13 for SPST, and the percentages are 5.9 % and 7 %
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respectively. Students who were missing in post test were excluded from the data set
and the item missing in CRECT and CREAT were coded as “0”, others were
replaced with the mean for statistical analysis. The missing data was high in open-
ended CLI, so students’ scores could not be used in main analysis, rather, correct
response percentages are given across the groups. The details regarding percentages

of missing are given in result section.

Before descriptive and inferential statistics, reliability estimates have been computed.
The values are given in the related parts. Statistical analyses of the study were
categorized in two parts; descriptive statistics and inferential statistics. The PASW
Statistics 18 were used for analysis, since the study had three dependent variables
with a covariate, the statistical method of multivariate analysis of covariance
(MANCOVA) was used to test the hypothesis of the study. This method makes it
possible to equate the groups on more independent variables; it controls type 1 error.
According to Pallant (2007), by reducing the error variances, analysis of covariate
allows us a powerful comparison of groups’ means. Subsequent to the MANCOVA,
follow-up ANCOVAs were computed to test the effects of the independent variables
on each dependent variable separately. Additionally, multivariate analysis of
variance (MANOVA) was used to investigate the effect of treatment on each

construct of motivation questionnaire.

The data obtained from the open-ended chemical literacy items were evaluated
according to rubric prepared as answer key. The responses were used to compare
experimental and control groups. Students’ scores were categorized for each theme,
the percentages of correct responses were given and some sample responses were

reported for both experimental and control groups.

3.8 Treatment Fidelity and Verification

Treatment fidelity is required to ensure no other variable except for treatment to be
responsible for the difference expected on dependent variable. The experimental and
control groups were treated with pre-designed lesson plans which are developed

according the requirements given in the literature and definitions of key terms. The
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lesson plans of experimental group were prepared based on the Gilbert’s (2006)
description of an effective context along with the sample lesson plan provided in
Turkish National Physics curriculum which is developed based on context-based
approach through learning cycle. Since the CBA is integrated with SE LC, the
requirements of LC were also established according to descriptions of Marek and
Cavallo (1997). The activities that teachers should follow were determined prior to

implementations, revised based on teachers’ suggestions.

To verify the treatments, almost all lessons except for the one which was at the same
time with another, were observed by the researcher and rarely observed by a research
assistant of Secondary Science and Mathematics department of Middle East
Technical University. A check list (provided in appendix K) is used by researcher
and observer to verify the consistency of treatment with lesson plans developed. The

observer and researcher has consensus on verification of treatments.

3.9 Power Analysis

Power of a study is described by Hinkle, Wiersma and Jurs (2003) as probability of
rejecting a null hypothesis in the case of being false. The power of this study was
established to .80 prior to implementation. Based on the formulation of Cohen,
Cohen, West and Aiken (2003), the following equation was used to calculate the

sample size which is necessary for obtaining the pre-established power value.

L

n=f_2+kA+kB+kC+1

In this equation, “n” means sample size, the L value is taken from the table given in
Cohen et al. (2003, pp.650-651) according to alpha level. The f* constitutes effect

size; ka represents number of covariates used in the study, kg means the number of

independent variables, and k¢ represent the number of interaction terms.

The alpha level (probability of making type 1 error) was set to .05 in this study. The
covariate of the study is students’ scores of SPST. The dependents variables are post-
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CMQ, post-CRECT, and CREAT; the independents variables are the treatments and
gender in main analysis. The independent variables are categorical and they were
transformed to dummy variables. The ku value is 1, the kg is 2, and k¢ is 2 (1x2). To
find the L value the table given in Cohen’ book on page 651 was used and L is found
to be 9.64. According to Cohen et al. (2003), f* (the effect size) is proposed to be .15
for medium effect size. Since the effect size is considered to be medium for this
study, the value of f*is used as .15. When all values are inserted into equation given,
the minimum size of the sample is found to be 69.26. The inferential statistics used in
this study was carried out with 175 subjects, that is, the effect size is determined as

equal as or larger than medium effect size with power higher than .80 value.
3.10  Unit of Analysis

The unit of analysis is the major thing that we are trying to analyze in our study.The
unit of analysis may be individuals, groups or any other things. In experimental
studies, the independence of observation is satisfied when the unit of analysis is the
same with experimental unit. In this particular study, the unit of analysis is student
individually; experimental unit is intact classes, thus independence of observation
was not met. Fortunately, it can be assumed that teachers avoided interactions of

students in data collection process.

3.11 Assumptions

The study assumes the followings;
e Experimental group students were not interacted with control group students.
e Teachers are not biased about the implementation carried out in classrooms.
e The tests, questionnaires are distributed to the students in equal conditions
e Students respond the items seriously and independently.
e The teachers have equal enthusiasm to implement this novel methodology.
e Different schools do not influence results of the study.

o Different teachers do not affect the results of the study.
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3.12 Limitations of the Study

e The results of the study are limited to units of chemical reactions and energy.

e The participants are restricted to 187 eleventh grade science major students,
who are small proportion of accessible population.

e The classroom observations are restricted to researchers and only one
colleague.

e The independent observation assumption for statistical analysis has the
possibility of being improper.

e Students participating in this study may not be representative of the
accessible population since all of them are from Anatolian High schools.

e The generalizability is restricted to Anatolian High schools.

e The multiple choice test items may also be a limitation because of its nature.

e The motivation questionnaire was broad, it could be limited to chemical
reactions and energy concepts

e The implementation took only 6 weeks, majority of international studies
focus on a course designed by CBA throughout a course.

e The misconceptions covered in the study could be obtained from the sample
before study, and a diagnostic test could be used to reveal the misconceptions

of that sample.
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CHAPTER 4

RESULTS

The results of the study are categorized into five sections. Firstly, the missing data
analysis was described. Secondly, statistical analysis based on pre and post tests were
reported, and then inferential statistics regarding the hypothesis were carried out.
Subsequently students’ responses to open-ended chemical literacy items were given.

Finally, the results of classroom observation checklist were reported.

4.1 Missing Data Analysis

Subjects who were not present in pre-tests/post-tests or students’ background
information of grades and gender are called as missing. The table 4.1 briefly
summarizes the missing values for pre-test scores, post-test scores and other

variables.

Table 4. 1 Missing values based on variables

Variable Present (N) Missing (N) Mzi/ii)ng
Pre-CRECT 175 11 5.9
Pre-CMQ 175 11 5.9
SPST 170 13 7.1
Post-CMQ 175 12 6.4
CREAT 175 12 6.4
GPA 187 12 6.4
Gender 187 0 0

N: Number of participants
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The pre-test and post-test scores indicated that 187 students took the instruments
however; they all could not constitute the sample size of the study because of
missing values. Students who took all the post-tests constituted the participants
whose scores were taken for main analysis. 186 students had taken the all pre-tests,
11 students were missing for pre-tests thus their scores were replaced by the mean of
the sample. Although, the overall number of participants of study was 187, 12
students did not take the post-CMQ and CREAT, having a percentage of higher than
5, these participants was excluded from the data set instead of replacing their scores
with mean. Before removing these participants’ scores from data set, a dummy
variable was constructed to control if there was a pattern in missing values of post-
CMQ and CREAT scores. Participants with missing values were coded as 1 and the
rest as 0, having no evidence to claim a statistically significant difference between
missing and present participants, dummy variable was not needed to use for further

analysis.

All of the participants taking the post-tests were retained in data set thus the total
number of participants included in inferential statistics was emerged as 175. Students
who do not have pre-test scores retained and the missing values were replaced with

series means.

4.2 Statistical Analysis of Pre-test Scores

Before the treatment, independent sample t-tests were used to determine if a
statistically significant mean difference exist between experimental and control
groups with respects to their; conceptual understanding scores through Chemical
Reactions and Energy Concepts (CRECT), Test, Science Process Skills Test (SPST)
scores and Chemistry Motivation Questionnaire (CMQ) scores. Then, a MANOVA
statistics was conducted for six factors of motivation questionnaire. Statistical
analyses were conducted at .05 significance level with SPSS 18 program. The

descriptive statistics based on pre-tests and post-tests scores were reported as well.
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4.2.1 Statistical Analysis of Pre-CRECT, SPST, and Pre-CMQ Scores

The descriptive statistics for the Pre-CRECT, SPST, and Pre-CMQ scores are given

for both experimental and control groups. Table 4.2 summarizes these descriptions.

Table 4. 2 Descriptive statistics for Pre-CRECT, Pre-CMQ, and SPST scores

Test N Mean Std Dev Skewness Kurtosis
CG EG CG EG CG EG CG EG CG EG
Pre-CRECT 84 91 11.30 11.45 2.63  2.50 -.199 228 .005 S15
Pre-CMQ 84 91 100.3  103.9 12.88 148 171 -.091 .141 -208
SPST 84 91 1833 2241 6.56 733 -.149 -.674 -.526 -127

EG: Experimental Group, CG: Control Group

Students’ mean scores of pre-CRECT were 11.30 for control groups, 11.45 for
experimental groups. A high score of chemical reactions and energy concepts test
means having higher prior knowledge based on these concepts. The mean scores of
experimental and control groups were close to each other, which means students in
both groups have approximately close prior knowledge on chemical reactions and

energy concepts.

Students’ mean scores of pre-CMQ is slightly different for experimental and control
groups; control group students have a mean score of 100.3 where as experimental
groups have 103.9. The difference means that students in experimental groups have
higher motivation to learn chemistry than the students in control groups before the

treatment.

Experimental and control groups students’ mean scores of SPST is 22.41 and 18.33
respectively. This numbers imply that students in experimental groups have higher
abilities in solving problems related to science process than students in control

groups before the treatments.

The differences between experimental and control groups’ means on pre-CRECT,

pre-CMQ, and SPST required to compare group means by t-test if there was a
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statistical significant mean difference across the groups. Before this computation, the
assumptions of t-test; normality, independence of observations along with the
equality of variances have been checked. The distribution was normal, the skewness
and kurtosis were in the range of -2 and +2 that means the assumption of normality
was not violated. The teachers were informed to make their students to answer the
tests independently, thus it was assumed the assumption of independence of
observation has been met. The table 4.3 indicates the population variances of

experimental and control groups for pre-CRECT, pre-CMQ and SPST as equal.

Table 4. 3 Levene’s test of equality of variances

F p
Pre-CRECT 453 502
Pre-CMQ 2.023 157
SPST .296 587

After checking the assumptions, the output of independent samples t-tests were
examined to control if experimental and control groups have statistically significant
different means of pre-CRECT, pre-CMQ, and SPST. Table 4.4 indicates the t-test

results.

Table 4. 4 Independent-samples t-tests for pre-CRECT, pre-CMQ, and SPST

t df P
Pre-CRECT -.382 173 702
Pre-CMQ -1.704 173 .090
SPST -3.371 173 .000

As seen from table 4.4, the mean difference of experimental group (EG) (M= 11.45,
SD= 2.50) and control groups (CG) (M= 11.30, SD= 2.63) was not statistically
significant with respect to pre-CRECT scores, t (173) =-.382, p > 0.05. Additionally,
when the results of pre-CMQ have been examined from table 4.4, it obvious to

conclude there was no significant mean difference across the EG (M= 103.9, SD=
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14.8) and CG (M= 100.3, SD= 12.88) with respect to students’ motivation to learn
chemistry prior to treatment which is addressed by pre-CMQ t (173) = -1.704, p >
0.05. Unlike the pre-CRECT and pre-CMQ scores, EG (M= 22.41, SD= 7.33) and
CG (M= 18.33, SD= 6.56) have a statistically significant mean difference with
respect to SPST scores; students of EG had better scores than CG t (173) =-3.371, p
< 0.05. Such a pre-existing difference in SPST scores, requires it to be controlled for
statistical analysis of post-CRECT, CREAT, and post-CMQ scores, thus it was

assigned as a covariate.

4.2.2 Statistical Analysis of Pre-CMQ Scores Based on its Factors

As mentioned in method section, CMQ has six factors: intrinsic motivation to learn
chemistry (Int), extrinsically motivated chemistry learning (Ext), relevance of
learning chemistry to personal goals (Rel), responsibility or self-determination for
learning chemistry (Sdet), confidence or self-efficacy (Seff) in learning chemistry,
and anxiety about chemistry assessment (Anx). Before the treatment, in order to
explore whether a significant mean difference between EG and CG exist in terms of
collective dependent variable of motivation, multivariate analysis of variance
(MANOVA) was computed. Table 4.5 shows the descriptive statistics for each of
these dependent variables for both EG and CGs.

Table 4. 5 Descriptive statistics of Int, Ext, Rel, Sdet, Seff, and Anx for groups

N Mean Std. Dev Skewness Kurtosis

CG EG CG EG CCG EG cCG EG CG EG
Int 8 91 17.13 1794 3.40 3.19 -367 -394 -179 -384
Ext 84 91 1897 19.59 279 3.12 -209 -707  .887 277
Rel 84 91 15.13 16.57 348 346 397 -307 .544 101
Sdet 84 91 17.86 18.61 2.89 294 -566 -094 .647 -.391
Seff 84 91 17.15 17.15 3.17 3.68 -040 -176 -.456 .100
Anx 84 91 14.09 14.05 3.34 442 -008 .182 560 -.363
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Before the interpretation of MANOVA output of collective dependent variable of
motivation, the sample size, normality and outliers, linearity, multicollinearity-
singularity, and homogeneity of variance-covariance matrices assumptions were

checked.

4.2.2.1 Assumptions of MANOVA

According to Pallant (2007), number of cases should be more than the dependent
variables for each cell, thus the sample size of the study was large enough to met

sample size assumption of MANOVA.

To check the normality and outliers assumptions, the values of skewness and
kurtosis examined for dependent variables. These values are given in table 4.5. As
seen from the table 4.5 the skewness and kurtosis values were in the range of -2 and
+2 for both experimental and control groups which means that normality assumption

was met.

To check the multivariate outliers, the Mahalanobis value was controlled from
Mahalanobis distance output. Tabachnick and Fidell describes Mahalanobis distance
as “the distance of a particular case from the centroid of the remaining cases” (1996,
p.67). A Chi-square table is provided in Pallant (2007) for comparison of critical
values based on the number of dependent variables. For six dependent variables the
critical value is given as 22.46 from the table provided in Pallant (2007). The value
for this study was found 19.79, which means no multivariate outliers exist in the data

so the outliers’ assumption is not violated.

The linearity assumption controls the existence of a straight-line relationship among
the each pair of dependent variables (Pallant, 2007, p.223). The scatter-plots between
pairs of dependent variables indicated linearity which means the linearity assumption

was satisfied.
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The multicollinearity and singularity is related with the correlations between
dependent variables. According to Pallant (2007), MANOVA function best if
dependent variables are correlated moderately. A high correlation (.8 or .9) among
dependent variables means multicollinearity while a low correlation implies
singularity. To control these, correlations between Int, Ext, Rel, Sdet, Seff, and Anx
were checked. Based on the correlations among the dependent variables, the table 4.6

was formed and as seen from the table, the assumption was met.

Table 4. 6 Correlations between dependent variables

Int Ext Rel Sdet Seff Anx
Int ---
Ext 411 ---
Rel .673 .566 ---
Sdet 617 493 516 -
Seff .595 291 456 433 -
Anx 281 -.229 .067 -.210 487 -

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

The next assumption of MANOVA was homogeneity of variance/covariance
matrices and checked through Box’s M Test of Equality of Covariance Matrices and
the Levene’s Test of Equality of Error Variances. Based on the Box’s test results
table, the covariance matrices of the dependent variables were equal for EG and CGs
F (21, 108589) = 2.163, p = .002. According to Tabachnick and Fidell (1996), if sig.

value is larger than .001, then the assumption is not violated.

Table 4. 7 Box's test of equality of covariance matrices

Box's Test of Equality of Covariance Matrices

Box’s M 47.160
F 2.163
dfl 21
daf2 108589
Sig. 002
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Homogeneity of variance was checked from Levene’s test table; the results are
indicated in table 4.8. According to results, each dependent variable of motivation
questionnaire except for Anx has equal variances for EG and CGs. Having normal
skewness and kurtosis values along with a not large F value implies that the

assumption was not violated.

Table 4. 8 Levene’s test of equality of error variances

F dfl df2 »

Int 312 1 173 577
Ext 2.875 1 173 092
Rel 150 1 173 699
Sdet 606 1 173 437
Seff 1.122 1 173 291
Anx 4.258 1 173 041

Subsequently, the assumptions have been checked, MANOVA analysis was

computed.

4.2.2.2 MANOVA for Pre-CMQ Scores Based on its Factors

Before the treatment, MANOVA was conducted to see if there was a significant
mean difference across EG and CG based on scores of Int, Ext, Rel, Sdet, Seff, and

Anx. The results are given in the table 4.9.

Table 4. 9 MANOVA results based on Int, Ext, Rel, Sdet, Seff, and Anx

Source Wilk’s Lambda F Sig. (p)

Treatment 942 1.71 A21

The MANOVA output indicated that EG and CG have not statistical significant

mean difference based on the collective motivation dependent variables of Int, Ext,
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Rel, Sdet, Seff, and Anx, F (6, 168) = 1.71, p = .121; Wilks’ Lambda = .942. Such
numbers implied that students in experimental and control groups had not significant

difference with respect to chemistry motivation before the treatment.

4.3 Statistical Analysis of Post-test Scores

The hypotheses stated previously were tested using Multivariate Analysis of
Covariance (MANCOVA) with post-CRECT, CREAT, and post-CMQ scores.
MANCOVA was used because experimental and control groups have significant
means difference with respect to SPST scores at the beginning of the study. In this
analysis, post-CRECT, CREAT, and post-CMQ were dependent variables, SPST was
covariate and treatment and gender were independent variables. The analyses were

conducted at .05 significance level through PAWS Statistics 18.

The descriptive statistics of post-test scores are given for both experimental/control
groups and males/females. Number of participants was; 84 from control groups, 91
students from experimental groups for post-tests. Table 4.10 gives these statistics for

EG/CQG, table 4.11 summarizes these statistics for males/females.

Table 4. 10 Descriptive statistics for Post-CRECT, CREAT, and Post-CMQ across
the groups

Mean Std. Dev. Skewness Kurtosis

CG EG CG EG CG EG CG EG

Post-CRECT ~ 11.92 13.22 2.35 2.38 222 435 -247 781
CREAT 14.88 18.34 3.80 294  -583 -295 1.125 .040
Post-CMQ 101.14 10690 14.49 13.50 .033 .000 1.180  -911

As seen from the table 4.10, EG’s mean scores on post-CRECT, CREAT and post-
CMQ were higher than the CGs. Whether these differences were significant or not
were analysed later. The skewness and kurtosis values were in the range of -2 and +2

verifying the normal distribution. The descriptive statistics of dependent variables of

post-CRECT, CREAT, and post-CMQ were given across gender in the table 4.11.

121



Table 4. 11 Descriptive statistics of Post-CRECT, CREAT, Post-CMQ for gender

Mean Std. Dev. Skewness Kurtosis

Male Female Male Female Male Female Male Female

Post-CRECT 12.19 1295 239 245 -.028 576 .045 285
CREAT 16.20 17.10 342 4.05 -.830 -.635 1.768  .670
Post-CMQ 103.2 104.92 15.53 13.05 -223  .336 441 -586

Totally 175 participants took the post-tests, of which 81 were male and 94 were
female. The mean scores of females on post-CRECT, CREAT and post-CMQ were
slightly higher than males. Whether a statistical significant mean difference across
males and females exists or not would be analyzed in the main analysis. The
skewness and kurtosis values were also in between -2 and +2 which supports the

normal distribution.

4.3.1 Assumptions of Multivariate Analysis of Covariance

Before computing the Multivariate Analysis of Covariance (MANCOVA), the
assumptions of it were checked. First, the sample size should be large enough to
conduct a MANCOVA. As mentioned previously and based on Pallant (2007)
description, number of cases should be greater than dependent variables for each cell.

Since the study satisfied this condition, this assumption was met.

Secondly, the normality and outliers assumption was controlled. The skewness and
kurtosis values of all dependent variables were examined for the assumption of
univariate normality. All values were in the range of -2 and +2 for EG and CG so we

could conclude that the assumption was satisfied.

Whether there were some outliers in the data set or not, the Mahalanobis value was
investigated for testing the multivariate outliers. The value was checked against the t-
critical value given in Pallant (2007) for three dependent variables. This critical

value for three dependent variables was given as 16.27 in the table, in this study the
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value was 16.62. Since the value was larger than the critical value, it was required to
determine multivariate outliers. The related procedure was carried out as described
by Pallant (2007) and extreme values were identified. Only one case was slightly
higher than the critical value, so as suggested by Pallant (2007), the case was

retained in the data set, and it assumed the assumption has met.

The linearity assumption requires a direct relationship among each pairs of
dependent variables. According to Pallant (2007) drawing a scatter-plot matrix
between each set of dependent variables make is possible to control this assumption.
Having linearity in scatter-plots, it was concluded that the assumption of linearity

was satisfied.

The next assumption of MANCOVA was multicollinearity and singularity. This
assumption requires a moderate correlation between dependent variables. Based on
Pallant (2007) description, in the case of a high correlation, the situation is called as
multicollinearity, in low correlation situation, it is called as singularity. The values
around .8 and .9 implies for multicollinearity. The table 4.12 indicated the

correlations among dependent variables.

Table 4. 12 The correlations of dependent variables

Post-CRECT Post-CMQ CREAT
Post-CRECT —
Post-CMQ 361 —
CREAT .360 200 —

Table 4.12 indicated that there were moderate correlations among the dependent
variables to conclude that the assumption of multicollinearity and singularity was

verified.

The assumption of homogeneity of variances and covariance matrices was also
controlled from the Box’s test output. Based on the Box’s text results, it was

concluded that the covariance matrices of dependent variables were not different
123



across the groups F (18, 94904.78) = 1.136, p = .308. The numbers given in the table

4.13 mean that the assumption of variance/covariance matrices was verified.

Table 4. 13 Box's test of equality of covariance matrices

Box's Test of Equality of Covariance Matrices

Box’s M 21.125
F 1.136
dfl 18
df2 94904.78
Sig. 308

The homogeneity of variance was also checked to control if the groups have same
variance or not. The Levene’s test of equality of variances output (table 4.14) was
examined. Based on the numbers given in that table 4.14, it can be concluded that

dependent variables has equal variance for groups.

Table 4. 14 Levene’s test of equality of error variances

F dfl df2 »
Post-CRECT 174 3 171 914
Post-CMQ 160 3 171 923
CREAT 2.917 3 171 036

According to the results of Levene’s test table, each dependent variable of except for
CREAT has equal variances. Having normal skewness and kurtosis values along

with a not large F value implies that the assumption was not violated.
The next assumption was homogeneity of regression slopes for MANCOVA and

follow up ANCOVAs. According to Pallant (2007), in this assumption we were

checking if there was interaction between the covariate and the treatment. A syntax
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based on the descriptions given in Tabachnick and Fidell (2007, pp.281-284) was

written in SPSS. The figure 4.1 indicates the written syntax.

MANOVA SPST,PostCMQ, PostCRECT,CREAT by Treat,Gender(0,1)
/PRINT=SIGNIF(BRIEF)

/ANALY SIS=PostCMQ, PostCRECT,CREAT
/DESIGN=SPST,Treat,Gender, Treat by Gender,SPST by Treat by Gender
/ANALY SIS=PostCMQ

/DESIGN=SPST,Treat,Gender, Treat by Gender,SPST by Treat by Gender
/ANALY SIS=PostCRECT

/DESIGN=SPST,Treat,Gender, Treat by Gender,SPST by Treat by Gender
/ANALYSIS=CREAT

/DESIGN=SPST, Gender,Treat by Gender,SPST by Treat by Gender.

Figure 4. 1 SPSS syntax to check homogeneity of regression for MANCOVA

Based on the statements given in Tabachnick and Fidell (2007, p. 281), the alpha
level was set to .01. The output obtained from running the syntax indicated that the
assumption of regression slopes was satisfied to compute MANCOVA and the
follow-up ANCOVAs. The related values for performing the analysis, the F (3,167)
= 1. 806, p = .148, Wilks’ Lambda = .968, and to perform the follow-up ANCOVAs
F(1,56.57)=31,p=.578, F(1,56.57)=3.73, p=.055, and F (1,56.57) = 1.01, p =
480, respectively for post-CMQ, post-CRECT, and CREAT.

Additionally, a linear relationship between dependent variables and covariates
required for MANCOVA analysis that is correlation of these variables is needed to
be significant to verify the assumption. The correlation of; post-CMQ with SPST (p
=.000), post-CRECT with SPST (p =.780), and CREAT and SPST (p = .000) were

all significant. That means this assumption was also met.

Furthermore, the covariate must be a reliable instrument, Pallant (2007) states that
the Cronbach alpha should be at least .70 for a covariate. As mentioned before, the
reliability of SPST scores were .88 which is a good value for a covariate.

MANCOVA was computed to test the related hypotheses given in the first chapter.
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4.3.2 Multivariate Analysis of Covariance

Providing the assumptions of Multivariate Analysis of Covariance, the outputs

obtained from MANCOVA were discussed.

Table 4. 15 MANCOVA results regarding the collective dependent variables.

S Wilks’  Multivariate Hypothesis Error Sig. Eta- Observed
ource
Lambda F df df (p)  Squared Power

Treatment 770 16.731 3 168  .000 230 1.000
Gender 969 1.793 3 168 .151 031 461
SPST .879 7.681 3 168  .000 121 987
Treatment*

991 495 3 168  .686 .009 .149
Gender

Based on the results given in the table 4.15, it clear to conclude that the experimental
and control groups had significant mean difference with respect to their
understanding of chemical reactions and energy topic when their SPST scores were
controlled (F (3, 168) = 16.731, Wilks’ Lambda = .770, p < 0.05)). This difference
between groups was obtained from the effect of treatment, and it is possible to state
that the effect size was large since the value of eta-squared is found to be .230. An
eta-squared value larger than .14 is said to large. That means, 23 % of the variance of

dependent variables was aroused from independent variables.

In addition to effect size, the observed power (1.00) of the study indicated that the
source of difference across the experimental and control groups was related to effect
of treatment. Furthermore, such a value indicated that the effect of the treatment had
practical importance too. Since the contexts chosen for the study were generally
technological issues, it was quite necessary to investigate the effect of the treatment
across the gender. The results revealed that there was no significant mean difference
between males and females with respect to collective dependent variables of the
study when their science process skills test scores were controlled (F (3, 168) =
1.793, Wilk’s Lambda = . 969, p > 0.05). The difference among the males and
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females was calculated as .031 from the eta-squared value. The value means 3.1 % of
multivariate variance on collective dependent variables was associated with gender.
Table 4.15 showed the interaction values related to gender and treatment, based on
these values, it was clear to state that no interaction existed between treatment and

gender (F (3, 168) =.495 Wilk’s Lambda = .991, p > 0.05).

Students’ science process skills scores was a significant contributor of their
collective dependent variables on chemical reactions and energy concepts; the related
values are (F (3, 168) =7.681 Wilk’s Lambda = .879, p < 0.05). To differentiate the
effect of treatment and gender separately on each dependent variable, the multiple
univariate ANCOVAs were performed. The univariate or follow up ANCOVA

results are given in the table 4.16.

Table 4. 16 Univariate ANCOVA results based on each dependent variable.

Dependent ) Eta
. df1 F Sig. (p) Power

Variable Squared

Post-CMQ 1 2.710 102 .016 373
Treatment Post-CRECT 1 13.269 .000 .072 952

CREAT 1 31.584 .000 157 1.000

Post-CMQ 1 126 7123 .001 .064
Gender Post-CRECT 1 3.811 .053 .022 493

CREAT 1 1.069 .303 .006 177

Post-CMQ 1 .843 .360 .005 150
Treatment™

Post-CRECT 1 .065 799 .000 .057
Gender

CREAT 1 466 496 .003 104

According to table 4.16, the hypothesiss H,1, Hy2, Ho3, Ho4, HoS5, Ho6 and H,7 were
answered. H,l was stating no significant population mean difference between the
groups exposed to context-based approach through learning cycle and traditionally
designed chemistry instruction on eleventh grade science major students’
understanding of chemical reactions and energy concepts when students’ science

process skills test scores were controlled. The results related to post-CRECT given in
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table 4.16 indicated that a statistically significant mean difference across EG and CG
exists, and this difference was in favor of EG when SPST was controlled (F =13.296
p = .000). That result is indication of rejecting the null hypothesis. The power of the

results indicated the treatment had also practical significance.

The hypothesis of number two (H,2) was about no significant population mean
difference between the groups exposed to context-based approach through learning
cycle and traditionally designed chemistry instruction on eleventh grade science
major students’ achievement of chemical reactions and energy concepts when
students’ science process skills test scores were controlled. The values given in table
4.16 indicated that null hypothesis is rejected since EG and CG’s mean differences
on CREAT were statistically significant (F = 31.584, p = .000) in favor of EG when
SPST was controlled. The power of the results indicated the treatment had also

practical significance.

The third hypothesis (H,3) were stating no significant population mean difference
between the groups exposed to CBA through 5E LC and traditionally designed
chemistry instruction on eleventh grade science major students’ collective chemistry
motivation when students’ science process skills test score was controlled. Based on
the related values of post-CMQ in table 4.16, we could not reject the null hypothesis,
that means EG and CG students did not have statistically significant mean

differences (F =2.710, p = .102) when their SPST scores were controlled.

The fourth hypothesis (H,4) were claiming no significant mean difference between
males and females with respect to students’ understanding of chemical reactions and
energy concepts when students’ science process skills test score is controlled.
According to table 4.16, we failed to reject the null hypothesis, which means males
and females mean scores on post-CRECT were not statistically significantly different
(F = 3.811, p =.053) when their SPST scores were controlled. Such result implied
that the contexts that followed in lessons did not differently affected males and

females.
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The next hypothesis (H,5) was stating; there is no significant mean difference
between males and females with respect to students’ achievement of chemical
reactions and energy concepts when students’ science process skills test scores were
controlled. The values given in table 4.16 about CREAT revealed that there was no
statistical significant mean difference between males and females with respect to
their achievement on chemical reactions and energy concepts when their SPST
scores are controlled (F = 1.069, p =.303). The results means that we fail to reject the
null hypothesis by stating males and females mean achievement mean scores are not

statistically different.

The six hypothesis (H,6) was claiming that there is no significant mean difference
between males and females with respect to students’ collective chemistry motivation
when students’ science process skills test scores were controlled. When we examined
the related values from table 4.16, it obvious to conclude that male and females do
not have statistically significant differences on mean scores of post-CMQ (F=.126
p= .723). That means we failed to reject the null hypothesis. As mentioned
previously, results implied that students’ collective motivation score are not different

across the males and females when SPST scores are controlled.

Subsequently, the seventh hypothesis (H,7) was also checked based on the
MANCOVA results. It was stating no significant effect of interaction between
gender and treatment with respect to students’ mean scores of collective dependent
variables in chemical reactions and energy concepts when science process skills test
scores were controlled. The interaction cell of MANCOVA table (table 4.16) showed
that gender and treatment did not interacted for post-CRECT, CREAT and post-
CMQ, we again failed to reject null hypothesis regarding the interaction effect. The
results regarding this hypothesis means that the treatment did not significantly
changed for females or males. Such a result is desired for an effective context, since

context should not favor females or males.

Students’ responses to post-CRECT had been examined for each item separately

through SPSS program. The proportions of correct responses had been computed for
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both experimental and control groups. There were 84 students in control groups and
91 students in experimental groups. The findings indicated that in some questions the
proportion of correct responses were almost the same for both groups. For example,
the percentage of correct responses to 4™ item of post-CRECT was almost the same
experimental group (36 %) and control group (37 %). This misconception was
related to heat-temperature-thermal equilibrium and it was taken from the literature.
Similarly, the item 6 had the same proportion of correct responses for both groups;
46 % for experimental and control groups. This question was related to energy
release or absorption associated with bond formation and bond dissociation and again
the question had been taken from the literature with small revision. The question
number 10 had again close proportion of correct response for both groups, the
experimental had 80 %, and the control had 79 %. This item was about the
definitions of the terms; system, surroundings and energy transfer regarding these
issues and it was taken from the literature. Although the experimental group slightly
had higher proportion, the treatment of CBA through 5E LC model was almost
effective as the traditional instruction. The item 11 was about the terms absolute
temperature, 3" law of thermodynamics it was written by the researchers. The
proportion of correct responses was 58 % for control group and 60 % for
experimental groups. The treatment slightly increased students’ conceptions

regarding these issues in favor of experimental groups.

Students’ responses to some items were distinctly higher in favor of experimental
groups. After the treatment, for example the second item which was about the terms
heat and temperature, was answered in 65 % correctly by experimental groups and
57 % by control groups. This means experimental group students better catch the
difference between heat and temperature and they perceived that temperature is not
the amount of heat which a substance poses. Another question regarding the heat and
temperature were the same thing was assessed by item 5, and it was again taken from
the study of Ceylan (2004). The percentage of correct response to this item was 84 %
for experimental group, 71 % for control groups. Such numbers indicated that the
treatment remedy better students’ misconceptions regarding heat and temperature

when compared to traditional instruction. There was a striking difference between
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the proportions of correct responses of two groups on the item regarding the
endothermic and exothermic properties of bond formation and bond dissociation
(item 7). Experimental group responded the item correctly in a 75 %, control group
has percentage of 49 %. The item 12 was about spontaneity of phase changes and
spontaneity and exceptions to minimum energy trend in changes at specific
temperatures and experimental group percentage of correct response was 74 % and
the percentage of control group was 55 %. The treatment of CBA through 5E
learning cycle favored experimental groups especially on items 16, item 17 and item
18. The percentage for item 16 was 64 % for experimental group, 35 % for control
group students. This item was about oxidation reactions. The treatment remedies
misconception about the oxidation reactions in experimental groups better than
improvement in control groups. The item 17 which was again related to endothermic
and exothermic properties of bond formation and bond dissociation, experimental
group responded the item 68 % correctly; control groups answered the item 45 %
correctly. The item 18 was about the relation of size and temperature; experimental
group had 43 % correctly, whereas control group had answered correctly in 29 %.
The item 19 was about the term Gibbs free energy, students generally think that the
AG°’, AGt, AG, AG’, G° are all the same things. Experimental group had percentage
of correct response slightly higher than control groups; 71 % and 68 % respectively.
Although the difference is not sharp, the treatment of CBA through 5E learning cycle
remedies students’ misconception about donation of Gibbs free energy. Finally,
students’ percentages of correct responses on item 20 were obviously different for
both experimental and control groups; they are 81 % and 69 % respectively. This
item was related to misconception regarding the term “disorder” and entropy of the
substance. The treatment of CBA through SE LC again favored experimental group
more than the improvement effect of traditional instruction which control groups
were exposed. Students in control groups had perception of entropy as synonymous

of the terms “disorder” more than the experimental groups.
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4.3.3 Statistical Analysis of the Post-CMQ Based on its Factors

As mentioned previously, Chemistry Motivation Questionnaire (CMQ) had six
factors: Intrinsic motivation to learn chemistry (Int), Extrinsically motivated
chemistry learning (Ext), Relevance of learning chemistry to personal goals (Rel),
Responsibility or Self-determination for learning chemistry (Sdet), Confidence or

Self-efficacy in learning chemistry (Seff), and Anxiety about chemistry assessment

(Anx).

Each factor of CMQ was taken as a dependent variable (Int, Ext, Rel, Sdet, Seff and
Anx), treatment and gender were taken as independent variables to test the null
hypothesis of number 8 and hypothesis 9. After the treatment, a two way MANOVA
was computed to test these hypotheses. Table 4.17 shows the descriptive statistics

regarding Int, Ext, Rel, Sdet, Seff and Anx across the treatment groups.

Table 4. 17 Descriptive statistics of Int, Ext, Rel, Sdet, Seff, Anx for groups

N Mean Std. Dev Skewness Kurtosis
CG EG CG EG CG EG CG EG CG EG
Int 84 91 17.38 18.87 3.88 3.10 -300 -221 431 -.503
Ext 84 91 19.12 19.60 3.51 3.07 -877 -347 2163  -.588
Rel 84 91 1586 18.01 3.84 3.60 .094 -433  .000 -.181

Sdet 84 91 17.87 18.62 3.64 286 -883 -191 1.297 018
Sefft 84 91 1737 17.67 3.80 3.77 -.038 -302  .637 129
Anx 84 91 1354 14.13 3.74 424 149 -049 209 -.165

Table 4.17 indicated that experimental group students had higher mean score of Int,
Ext, Rel, Sdet, Seff, and Anx. The skewness and kurtosis values are almost in the
range of -2 and +2, which supported the normal distribution. Whether these

differences of dependent variables across groups were significant or not had been
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investigated by MANOVA. Table 4.18 described the statistics of Int, Ext, Rel, Sdet,

Seff, and Anx for males and females.

Table 4. 18 Descriptive statistics of Int, Ext, Rel, Sdet, Seff, Anx for gender

N Mean Std. Dev Skewness Kurtosis

Male Female Male Female Male Female Male Female Male Female
Int 81 94 1799 1830 3.70 3.45 -426 -.381 646 .017
Ext 81 94 18.83 19.83 3.48 3.07 -944 -277 1981 -.435
Rel 81 94 16.78 17.15 398 3.77 -378 .015 -220 -.522
Sdet 81 94 17.23 19.14 386 235 -475 .087 382 -.346
Seff 81 94 18.85 17.25 425 331 -389 .055 316 .091
Anx 81 94 14.54 1324 421 374 -.087 .103 -322 454

As seen from the table 4.18, the mean score of females for Int, Ext, Rel, and Sdet
were higher than the males, whereas males mean scores of Seff and Anx were higher

than the females. The skewness and kurtosis values were in the range of -2 and +2.

Before the interpretation of MANOVA output of collective dependent variables of
motivation, the sample size, normality and outliers, linearity, multicollinearity and
singularity, and homogeneity of variance/covariance matrices assumptions were

checked.

4.3.3.1 Assumptions of MANOVA

As stated previously, Pallant (2007) proposes that number of cases should be more
than the dependent variables for each cell, thus the sample size of the study was large

enough to met sample size assumption of MANOVA.

To check the normality and outliers assumptions, the values of skewness and
kurtosis examined for all dependent variables. These values are given in table 4.17

and 4.18. As seen from the both tables the skewness and kurtosis values are in the
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range of -2 and +2 for both experimental and control groups and males and females

which mean that normality assumption is met.

To check the multivariate outliers, the Mahalanobis value was controlled from
Mahalanobis distance output. Tabachnick and Fidell describes Mahalanobis distance
as “the distance of a particular case from the centroid of the remaining cases” (1996,
p.67). A Chi-square table is provided in Pallant (2007) for comparison of critical
values based on the number of dependent variables. For six dependent variables the
critical value is given as 22.46 from the table provided in Pallant (2007). The value
of maximum distance for this study was found 33.07, which meant multivariate
outliers existed in the data so the outliers were investigated from extreme value table.
Based on the extreme value table, only one case had the value of 33.07 and two cases
had value of 23.06. Then, these extreme cases were dropped from the data set and
new Mahalanobis distance value was found as 22.33 therefore we could conclude

that the assumption of outliers was met.

The linearity assumption controls the existence of a straight-line relationship among
the each pair of dependent variables (Pallant, 2007, p.223). The scatter-plots between
pairs of dependent variables indicated linearity which means the linearity assumption

for six dependent variables was satisfied.

As followed for pre-test analysis of factors of motivation, the multicollinearity and
singularity was again checked. This assumption is related with the correlations
between dependent variables. According to Pallant (2007), MANOVA function best
if dependent variables are correlated moderately. A high correlation (.8 or .9) among
dependent variables means multicollinearity while a low correlation implies
singularity. To control these, correlations between Int, Ext, Rel, Sdet, Seff, and Anx
are checked. Based on the correlations among the dependent variables, the table 4.19

was formed and as seen from the table, the assumption was met.
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Table 4. 19 Correlations between dependent variables

Int Ext Rel Sdet Seff Anx
Int -—-
Ext 404"
Rel 607" 570"
Sdet 569" 462" 3917
Seff 545" 3427 339" 4917
Anx 2217 299" -.037 017 389"

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

The next assumption of MANOVA was homogeneity of variance/covariance
matrices and checked through Box’s M Test of Equality of Covariance Matrices and
the Levene’s Test of Equality of Error Variances. Based on the Box’s test results,
table 4.20 was formed, the covariance matrices of the dependent variables were equal
for EG and CGs F (63, 60572.68) = 1.127, p = .229. According to Tabachnick and

Fidell (1996), if sig. value is larger than .001, then the assumption was not violated.

Table 4. 20 Box's Test of Equality of Covariance Matrices

Box's Test of Equality of Covariance Matrices

Box’s M 75.928
F 1.127
dfl 63
df2 60572.68
Sig. 229

Homogeneity of variance was checked from Levene’s test table; the results are
indicated in table 4.21. According to results, each dependent variable of motivation
questionnaire except for Sdet has equal variances for EG and CGs. Having normal
skewness and kurtosis values along with a not large F value implies that the

assumption was not violated.
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Table 4. 21 Levene’s test of equality of error variances

F dfl df2 »

Int 529 3 168 663
Ext 333 3 168 801
Rel 268 3 168 848
Sdet 3.785 3 168 012
Seff 1.287 3 168 281
Anx 1.124 3 168 341

After verifying the assumptions of MANOVA, the analysis have been conducted to

see the differences if exist.

4.3.3.2 MANOVA of Post-CMQ Scores Based on its Factors

After the treatment, MANOVA was conducted to see if there was a significant mean
difference across experimental/control groups and males/females based on scores of

Int, Ext, Rel, Sdet, Seff, and Anx. The results are given in the table 4.22.

Table 4. 22 MANOVA results based on Int, Ext, Rel, Sdet, Seff, and Anx

Source Wilk’s Lambda F Sig. (p)
Treatment .900 3.023 .008
Gender .855 4.617 .000

According to MANOVA output H,8 and H,9 were answered. The results given in
table 4.22 indicated that EG and CG have statistical significant mean difference
based on the collective motivation dependent variables of Int, Ext, Rel, Sdet, Seff,
and Anx, F (3, 168) = 3.023, p =.008; Wilks’ Lambda = .900. Such numbers implied
that students in experimental and control groups had significant difference with
respect to factors of chemistry motivation questionnaire after the treatment. The
hypothesis 8 (Ho8) which were stating no significant mean difference between the

groups exposed to context-based approach through 5E learning cycle model and

136



traditional designed chemistry instruction with respect to students’ motivational
factors scores was clarified based on the table 4. 22. We rejected null hypothesis
because there was statistical significant mean difference between experimental and
control groups with respect to factors of motivation. Additionally, table 4.22 clarified
the null hypothesis 9 (H,9) which was about no significant mean difference between
males and females with respect to students’ motivational factor. We rejected null
hypothesis because there was statistical significant mean difference between males
and females with respect to factors of motivation F (3, 168) =4.617, p = .000; Wilks’
Lambda = .855.

To reveal which dependent variable of motivation had significant difference, fallow
up ANOVAs were performed. Table 4.23 shows the details regarding each dependent

variable.
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Table 4. 23 Fallow-up ANOV As for pairwise comparisons

Dependent . Eta
dfl F Sig. (p) Power
Variable Squared
Int 1 6.193 .014 .036 .696
Ext 1 323 570 .002 .087
Rel 1 12.114 .001 .067 933
Treatment
Sdet 1 .638 426 .004 125
Seff 1 454 .501 .003 .103
Anx 1 2.481 117 .015 .347
Int 1 .001 972 .000 .050
Ext 1 3.140 .078 018 422
Rel 1 .004 951 .000 .050
Gender
Sdet 1 12.488 .001 .069 .940
Seff 1 1.149 285 .007 187
Anx 1 3.496 .063 .020 460
Int 1 1.413 236 .008 219
Ext 1 613 435 .004 122
Treatment* Rel 1 121 .729 .001 .064
Gender Sdet 1 2.520 114 .015 352
Seff 1 .008 928 .000 051
Anx 1 1.272 261 .008 202

The results of fallow-up ANOVAs revealed that the treatment had effect on Intrinsic
motivation to learn chemistry (Int) on chemical reactions and energy unit F= 6.193,
p=.014. When we checked the mean scores of experimental and control groups, they
are 18.87, 17.38 respectively. The experimental group students’ intrinsic motivation
to learn chemistry had positively affected. Additionally, the findings also indicated
that Relevance of learning chemistry to personal goals (Rel) had also changed across
the groups F= 12.114, p= .001. Comparing the mean scores of experimental (18.01)
and control groups (15.86) from table 4.17, it can be concluded that students is
experimental groups found learning chemistry relevant to their personal goals. The

other dependent variables of Extrinsically motivated chemistry learning (Ext),
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Responsibility or Self-determination for learning chemistry (Sdet), Confidence or
Self-efficacy in learning chemistry (Seff), and Anxiety about chemistry assessment
(Anx) had not statistically different across the experimental and control groups even

experimental group has slightly higher mean scores on these variables.

When males and females mean scores regarding the Int, Ext, Rel, Sdet, Seff, and Anx
had examined at significance level, it was obvious to conclude that only
Responsibility or Self-determination for learning chemistry (Sdet) had differed
across the gender. The mean of males was 17.23, the mean of females was 19.14 (see
table 4.18), that result indicated that female student’s responsibility or self
determination for learning chemistry had positively affected by the treatment F=
12.488, p=.001 with a high power value of .940. The other factor of motivation; Int,
Ext, Rel, Seff, and Anx had not changed across the males and females in statistically

significant ranges by the effect of treatment.

4.4 Analysis of Students’ Responses to Chemical Literacy Items

The items included in this section had been designed based on the sample questions
of PISA measuring students’ scientific literacy. Students’ responses were categorized
according to themes of the questions. In each theme, questions were categorized into
knowledge-based and interpretive questions and the percentages of students’ correct
responses were divided into score intervals to avoid overestimate of each response.
These percentages are given across experimental and control groups for each of the
theme. The first theme was related to Combi Boiler, which almost each student has it
in their house in order to heat their house and to have hot water every time. The
second one was related chemistry of healthy life, the third one was about order and
entropy terms which were tried to be assessed by elastic polymers and their entropies
and the last one was about volcanoes and related chemical terms. A rubric was
prepared as an answer key to score students responses. Based on the rubric, each
student’ responses were evaluated and graded thus each student had scores obtained
from the themes. The maximum score of each theme was different, and the

distribution of total score to each question was not equal. The percentages of correct
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responses specifically in each interval had been summarized across experimental and

control groups in related tables.

The combi boiler theme had 8 questions; of which first three was knowledge based
questions (9 points) and the rest were interpretive questions (11 points). The
percentages of students’ correct responses were given according to their score ranges
and comparatively across the experimental and the control groups. Students’ scores
obtained from their responses were categorized as scores of knowledge based
questions and scores of interpretive questions, and they are reported for both
experimental and control groups. Table 4.24 briefly summarizes these percentages
for first theme which was about combi boiler and maximum scores 20, minimum of 0

of these.

Table 4. 24 The percentages of correct responses to combi boiler

Combi boiler (20 point)
Knowledge score Interpretation score
intervals intervals

0-3 4-6 79 02 35 68 9-11
Experimental Group 3,70 22,22 74,07 0,00 7,41 2222 70,37
Control Group 17,39 60,87 21,74 21,74 30,43 30,43 17,39

As from the table 4.24, knowledge-based scores were ranged from 0 to 9 and
interpretive questions are ranged from 0 to 11. The scores obtained from knowledge-
based questions were divided into three intervals, and interpretive scores are divided
into 4 intervals for both experimental and control groups. The percentage of correct
response to knowledge-based questions of combi boiler was 74.1 % in 7-9 point
intervals for experimental group, whereas, it was 21.7 % for control group. Majority
of control group students had taken point in the interval of 4-6 for knowledge based

questions. Students interpretive scores changes across the groups sharply; majority of

140



experimental group students took point in the ranges of 9-11, whereas, majority of

students in control group took scores in ranges of 3-5 and 6-8.

The first item of combi boiler was related to balancing chemical reaction occurring in
combi, experimental and control groups students’ responses were not differentiated
on this question. The second item in combi boiler theme was asking what type of a
system is the combi boiler. Experimental group students generally correctly
answered which kind of system was combi boiler, but they generally lacked to state
both matter and energy exchange in combi systems. A sample response from

experimental group is as follow;

- Combi boiler is an open system since natural gas is entering to combi

For example a student in experimental group answered the question related to “what

can be the main advantages of CHy to be used in combi boiler” as follows;

- When CH,yburned in combi boiler, more energy can be released, or since it
has only one Carbon atom, it will produces less CO,, thus is less harmful to
natural environment, or additionally it may be cheaper than other kinds of

hydrocarbons

Although, these statements were the ones which covered in the answer key, majority
of students in experimental groups could gave generally two possible reasons as
advantage of CH4. Contrarily, responses of students in control group indicated that
they generally could propose only one reason as an advantage, for example a student
in control group stated that “having only one C atom, CHyis more efficient than other

types of hydrocarbons”.

The results of combi boiler theme indicated that whether the questions were
knowledge based or interpretive, experimental group students had high points than
control group students. Moreover, 65 students in control groups, 76 students in

experimental groups responded to this theme; these numbers of students was highest
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when compared to responses given to other themes. The possible reason for this
much involvement may be aroused from being familiar this news from media in

recently, and the event had happened in Ankara.

When students responses to the item asking more scientific explanation of reason of
dead, had examined it is seen that they could gave the reason of that more
scientifically by stating the damages of carbon monoxide (CO) on human health. One

of the students from experimental group stated that,

- Possible there was problem with the combi boiler system in that house, so the
products of burning reactions were entering into the house, instead of going
out. That means the concentration of oxygen in house was decreasing so both
people and burning reaction has affected from. The product of reaction had
become carbon monoxide instead of carbon dioxide, which is seriously
harmful to other body. Since this gas was leaked in to house, the people had

died because it poisoned them.

Surprisingly, a few students from both experimental and control groups stated that,

- CO; molecule cannot combine with the complex molecule of hemoglobin.
When the concentration of gases had changed in the room, CO concentration
increased and CO molecule combine with hemoglobin with a coordinated
covalent bond thus the nature of blood, its pH will be destroyed to result in
dead.

The next theme of open-ended chemical literacy items in chemical reactions and
energy concepts was about the chemistry of the healthy life. 64 experimental group
students and 59 control group students responded this theme. As done for the first
theme, students’ responses were scored according to knowledge-based questions and
interpretive questions. The maximum score of this theme was 10, and 4 of this was
knowledge-based, and 6 was interpretive. Again the scores are divided in to intervals

to elaborate percentages of responses more detail. The knowledge-based questions
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were requiring students to make simple calculations. Especially the second item of
theme was about converting units, combining energy knowledge to physics
knowledge which is indication of interdisciplinary point of chemical literacy. The
table 4.25 elaborates the percentages of correct responses obtained from second

theme.

Table 4. 25 The percentages of correct responses to chemistry of healthy life

Chemistry of healthy life (10 point)

Knowledge score intervals Interpretation score intervals

0-2 3-4 0-3 4-6
Experimental Group 44,4% 55,6% 55,6% 44,4%
Control Group 41.2% 58.8% 82,6% 17,4%

As seen from the table, experimental group students slightly differed on their score
intervals on knowledge-based questions. Surprisingly control group students had
higher correct response percentage on knowledge-based questions specifically, 3-4
score intervals (58.8). The items in knowledge-based question were requiring simple
algorithmic calculations, and converting the units thus regardless of the treatments,

groups had close percentages.

When percentages of responses to interpretive questions had been examined, the
striking difference among experimental and control groups had emerged. Although,
both groups’ scores are in 0-3 score interval, experimental group had higher
percentage (44.4 %) than control group (17.4 %) in 4-6 score ranges. That means
experimental group students had better responded interpretive items regarding the

healthy life chemistry.

The third item of chemistry of health life theme was about biological reactions of
metabolism occurring in cells. A small information text was provided for students

about the coupling reactions occurring in human body. This information says that
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“the energy produced from oxidation of glucose in human body is used to initiate
many reactions as well as converting ADP to ATP”. Then it was reminded to
students that in chemistry course they had learned bond formation produces energy
and bond dissociation requires energy. In the light of this information, students were
expected to write their ideas in an argumentative discourse to decide on classification
of the conversion of ADP to ATP and ATP to ADP as endothermic or exothermic
reactions and to state whether bonds associate or dissociate in these reactions.
Students’ responses indicated that a vast majority of them had dilemmas about
whether bonds formation and dissociation requires energy or releases energy. They
had misconception about energy release or energy absorption of reaction occurring in
metabolism. Although some students in experimental and control groups correctly
classified the relationship of energy with ADP and ATP molecules, critical number

of students lacked to explain their reasons to make this classification.

One important misconception that many students hold was “when ATP is converted
to ADP, bonds are broken and bond breaking releases energy”. Although, some
students could successfully classified these conversions as endergonic or exergonic,
almost all experimental and control group students failed to explain the concepts
correctly. Many students stated that they had dilemmas and could not decide on
which one was correct. A student from experimental group responded to the question

as follows:

- ADP + P — ATP + Energy,
ATP — ADP: Requires Energy, Endothermic
ADP — ATP: Energy Releases, Exothermic

A student from experimental group explained the issues as following;

- Energy + ATP - ADP + P, the free phosphate obtained from this reaction
is released to cytoplasm (Breaking of phosphate bonds)
ADP + P — ATP + Energy (phosporilization reaction)
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Another student from experimental group explained the terms as follows:

- When ATP is converted to ADP the diphosho ether bond is broken in
nucleotides and energy is released. I think we have also learned in chemistry

that bond formation requires energy, bond dissociation produces energy.

Regardless of their groups, vast majority of the students failed to explain correct
conceptualization. Below are some more sample explanations from control group
students;
- ADP + P + Energy — ATP , endothermic
- ATP — ADP + P +Energy, exothermic
One student from control group wrote that;
- Converting ATP to ADP requires more energy because in order to break the
bonds in ATP we have to give energy.
Another stated that;
- ATP — ADP in this conversion we get one phosphate so this means bond
breaking occurs in this reaction, thus energy is released. When ADP — ATP

conversion occurs, energy is required for this reaction.

Although, experimental group students had higher percentage of correct responses in
4-6 interval (44, 4 %) than control group students (17,4 %), both groups lacked to
explain the terms correctly. The reason of these high scores was that experimental
group could classify more correctly than control groups but failed in their

explanations.

Interestingly, when responses were examined, researchers noticed that many of the
females explained the concepts according to the information they had that learned in
biology lesson, contrarily, males explained concepts based on their knowledge from
chemistry course. Furthermore, the students having high total score from all themes

had better explained energy relation of bond formation and bond breaking.
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The third theme in questions of chemical literacy on chemical reactions and energy

concepts was related to the terms order and disorder.

Table 4. 26 The percentages of correct responses to order-disorder

Ordered-disordered (5 points)

Knowledge score Interpretation score
intervals intervals
0 1-2 0 1-3
Experimental Group 22.2% 77,8% 33,3% 66,7%
Control Group 24.8% 75,2% 50,9% 40,1%

Totally 104 students responded this theme; 59 were from experimental groups, 45
were from control groups. When compared to other themes, the responses on this
were least. There were two questions, one was knowledge based the other was more
interpretive. The maximum score of this theme was five, 2 from knowledge question,
3 from interpretive question. The correct answer percentages were again categorized

according to intervals.

When students responses to knowledge based question is examined, it is seen that the
percentages of correct response were close to each other across the groups. Majority
of the students from both groups could know that when we stretch an elastic
polymer, the molecules of it become more ordered. Surprisingly, although some
students could state molecules become more ordered, they could not relate how
entropy will change. Furthermore, results revealed that some students still had

misconceptions about entropy-order-disorder terms.

An experimental group student explained how entropy will change as follow;
- When we stretch it, molecules become more disordered, and that means the
entropy of the system will increase.
Similar explanations were also given from control groups students, one of them
stated that
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- Entropy (disorder) will increase since the molecules will become more

ordered.

Correct conceptualization was also given from students of both groups. A student
from experimental group stated that “the entropy of the system will decrease since
entropy means probability of microstates that molecules exists that means when we
stretch it molecules become more ordered, probability of alternative microstates
decreases”. A student from control group mentioned that “stretching the elastic
polymer will make the molecules of it to be more ordered, thus its entropy will
decrease. Entropy means probability of alternative places that molecules could
arrange”. The percentages of correct responses for experimental group was 77,8 %
for experimental group, 75, 2 % for control groups in 1-2 interval. This numbers

imply that both groups have similar knowledge about these issues.

When students responses to interpretation question had been examined, as seen from
the numbers given in the table 4.26, experimental group students had high
percentages of correct responses (66, 7 %) than control group students (40,1 %).
Although the related formula was given as a hint to predict how heat of the system
will change for an isothermal compression, majority of the students lacked to explain
the relationship among the terms correctly. Surprisingly, high majority of control
group students stated the system should release heat to keep the temperature
constant, but they usually failed to explain the reason. Sample response from a
control group student is presented below;

- Heat should be released by the system. ASgysiem = qsysiem / T, that means to
keep temperature constant we must take heat from the system.

A few students from control group correctly elaborated the question, for example one
stated that;

- When we stretch the polymer, the heat of the system will increase, so we
should take heat from the system to keep temperature constant. As seen from
the formula, ASsgem = qsysiem / T, the entropy and the heat are directly
proportional, entropy is decreasing, so we should decrease the heat in order

to have constant temperature.
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Experimental group students had higher percentage of correct responses in 1-3 score
intervals than control groups that mean more students in experimental groups
correctly answered the question or made more correct comments that control group
students. Regardless of their group, a large number of students could not state
anything for the second question of order-disorder theme; this may imply that this

theme was most difficult for students to answer.

The last theme was about volcanoes and related chemical terms. Totally, 134
students responded these items. Possibly because of being “fill in the blank” type,
majority of the students responded the first question of the theme. Table 4.27

represent the percentages of correct responses according to intervals for the theme.

Table 4. 27 The percentages of correct responses to volcanoes and related chemical
terms

Volcanoes and related chemical terms (10 points)

Knowledge score intervals  Interpretation score intervals

0-2 34 5-7 0 1-3
Experimental Group 7,4% 18,5% 74,1% 48,1% 51,9%
Control Group 8,7% 17,4% 73,9% 52,2% 47,8%

There were two questions; one was knowledge-based, the other was interpretive. The
maximum score of the theme was 10, of this 7 was from knowledge-based question,
3 was from interpretive questions. In this theme students were expected to connect
their knowledge of thermochemical and thermodynamic chemical terms to an
eruption of volcano. In the first question students would fill in the blanks on a text of
information about eruption of a volcano. The second question was utilizing
information from a given text; students were expected to connect their knowledge of

laws of thermodynamics to give information text.

Students’ percentages of correct responses were almost the same in each interval, for

both experimental and control group students. That means they did not differed on

148



connecting thermochemical and thermodynamics terms to an eruption of volcano.
Majority of the experimental and control groups students correctly filled the blanks
related to open-system, energy, heat, exothermic, decrease correctly, but they had
problems in filling the blanks related to entropy and Gibbs free energy. As seen from

the table, both groups had high percentage of correct response on 5-7 score interval.

When students’ responses to second questions were examined, results revealed that
nearly half of students in both experimental and control groups had problems in
relating the given information to laws of thermodynamics 48,1 %, 52,2 %
respectively (0 score). Students correct response percentages are slightly higher for
experimental groups (51, 9 %) than percentages of control group students (47,8 %).
A student from experimental group wrote the below statement,
- The energy of the universe is conserved, this is about first law of
thermodynamics and given 3" sentence of the text, additionally, the entropy
of the universe increases for spontaneous changes which is about second law

of thermodynamics, again it is stated in 3" sentence.

Findings indicated that generally students, who could fill the sixth and seventh blank
of the text, could successfully comprehend the related laws of thermodynamics stated

in the text.

To sum up, in general, experimental group students had higher percentage of correct
responses than control groups for all themes. Experimental group students had more
concerned on the topics. Combi boiler theme was most answered by students;
chemistry of healthy life theme had striking difference of correct response percentage
on interpretive questions in 4-6 intervals. Majority of the students had difficulty in
connecting chemistry knowledge and biology knowledge. Order-disorder theme was
possibly most difficult for students; few students from experimental and control
groups could answer the second question correctly. Volcanoes and chemical terms
theme was also answered by majority of the students. Students of different groups

were not different about their knowledge specifically related to thermochemistry
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concepts, however; experimental group students were better in connecting given

information to the terms of thermodynamics than control group students.

4.5 Conclusion of Results

e CBA through 5E LC model caused a better conceptual understanding than
traditional instruction on chemical reactions and energy concepts.

e CBA through 5E LC model better remedied students’ misconceptions than
traditional instruction on chemical reactions and energy concepts

e CBA through 5E LC model caused higher achievement than traditional
instruction on chemical reactions and energy concepts.

e CBA through 5E LC model did not interact with gender, that is males and
females were not affected by the treatment differently in chemical reactions and
energy concepts both in understandings and achievement.

e CBA through 5E LC model did not contribute differently to students’ overall
motivation to learn chemistry than traditional instruction

e CBA through 5E LC model improved students’ intrinsic motivation to learn
chemistry better than traditional instruction

e CBA through 5E LC model improved students’ relevance of learning chemistry
to personal goals better than traditional instruction

e CBA through 5E LC model improved females self determination more than
males

e CBA through 5E LC model contributed to students’ chemical literacy on
chemical reactions and energy concepts more than traditional instruction on
chemical reactions and energy concepts.

e Experimental group students used more scientific terms in explaining the

phenomena than control group students.
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CHAPTER 5

DISCUSSION, IMPLICATIONS, AND RECOMMENDATIONS

5.1 Discussion of the Results

This study aimed to investigate the relative effectiveness of context-based approach
(CBA) through 5E learning cycle (LC) model and traditional instruction on 1"
grade students’ understanding, achievement, and chemical literacy on chemical
reactions and energy concepts, and their motivation to learn chemistry. In this study,
both experimental and control groups were administered to pre-tests regarding
students’ conceptual understanding of chemical reactions and energy concepts
(CRECT), students’ motivation to learn chemistry (CMQ), and science process skills

test (SPST). The t-tests were conducted to compare the groups before the treatments.

The analysis of the pre-tests indicated that students’ prior knowledge on chemical
reactions and energy concepts were not different across the experimental and control
groups (11.45, 11.30 respectively). The maximum score of pre-CRECT was 20, thus,
both groups had almost knew the half of the questions. Those mean scores refer to
average prior knowledge in chemical reactions and energy concepts. Some items
which were related with heat and temperature were specifically used to reveal
comprehension of these concepts since they underlie a base for positive or negative
construction of knowledge of chemical reactions and energy concepts. Since prior
knowledge has critical importance in knowledge construction, it was good to study
with groups having almost the same prior knowledge level. Gooding, Swift, Schell,
Swift, and McCroskery (1990) stated that students’ prior achievement and attitudes

explain 70 % of the variation in their final scores. Therefore, in this study, it can be
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concluded that the variation in understanding of experimental and control groups are

not aroused from the prior differences of the groups.

Students overall chemistry motivation scores obtained from pre-CMQ were not also
statistically different for experimental (103.9) and control groups (100.3). According
to Pintrich, Marx, and Boyle (1993), not only cognitive variables, but also affective
variables are important to facilitate students’ understanding. Therefore, analysis of
students’ prior CMQ scores is also necessary before the process of knowledge
construction. It could be concluded that if a difference were observed in students’
post motivation scores, the variation is not aroused from the prior differences of the
groups. Glynn and Koballa (2006) stated that a score in the range of 30-59 is
relatively low, 60—89 is moderate, 90119 is high, and 120-150 is very high, thus in
thus study the students of experimental (103.9) and control groups (100.3) had high
chemistry motivation scores. Having high motivation score for both groups might be
aroused from the season of the implementations since it was just at the beginning of
the semester. The students had not seen any topic after the summer holiday and they
had not any exam yet, thus at the beginning of the term they filled the questionnaire
quite positively. Another reason of high motivation score might be aroused from
studying with science major students of Anatolian high schools since their success is

higher than many other majors and high schools.

Students scores of pre-CMQ factors has also been analysed before the treatment.
MANOVA statistics was conducted to reveal whether experimental and control
groups had different mean scores with respect to factors of motivation to learn
chemistry questionnaire. Results indicated that students’ mean scores based on
intrinsically motivated to learn chemistry (Int), extrinsically motivated to learn
chemistry (Ext), relevance of learning chemistry to personal goals (Rel),
responsibility or self-determination for learning chemistry (Sdet), confidence or self-
efficacy in learning chemistry (Seff), and anxiety about chemistry assessment (Anx)
were not different between groups before the treatments. Again, it can be concluded
that the variation in groups’ motivational factor scores are not aroused from the prior

differences of the groups.
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When students mean scores on Science Process Skills Test (SPST) had been
analysed by t-test before the treatment, it has seen that the groups had statistically
significant mean differences. The experimental groups had higher mean scores
(22.41) than the mean score of control group students (18.33). To avoid the effect of
this score on post-tests scores, students’ SPST scores were controlled since as
mentioned by Papugcu (2008) SPST reflects students’ intellectual ability of
identifying variables, stating hypotheses, designing investigations and interpreting
the data. Therefore, to avoid unwanted effect of SPST scores during the analysis of

post-tests scores, MANCOVA statistics is used.

To reveal the effect of treatments on students’ conceptual understanding, chemical
reactions and energy concept test was distributed to groups as a post test (post-
CRECT). To reveal the effect of treatments on students’ achievement in chemical
reactions and energy concepts, the CREAT, to reveal the effect of treatments on
students’ motivation to learn chemistry and, motivational factors on Int, Ext, Rel,
Sdet, Seff, and Anx, the post-CMQ had been distributed to groups after the
implementation. That means the dependent variables of the study were post-CRECT,
CREAT and post-CMQ. SPST scores were different across the groups, thus it was
used as a covariate. Treatments and the gender were independent variables of the
study. Post-CRECT, CREAT and post-CMQ were all put in MANCOVA statistics
together since the relationship among; post-CRECT and post-CMQ was .361, post-
CRECT and CREAT was .361, and post-CMQ and CREAT was .200 that means
variables have moderate correlations. The probability of having type I error is

reduced by MANCOVA statistics.

Students’ scores on post-CRECT indicated that experimental groups had higher
mean score than control groups (13.22 and 11.92 respectively). Although, the mean
scores of groups still seems to be low, statistical analysis indicated that experimental
group had considerable improvement from the implementation. CBA through SE LC
model had better improved students’ conceptual understanding from traditional
instruction. The proportion of variance in students’ conceptual understanding of

chemical reactions and energy concepts explained by the treatment is 7.2 % which
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means medium effect size. The results of the study are consistent with findings of
considerable number of national and international studies which had focused on the
positive outcomes of LC model (Abraham, 1997; Balci, Cakiroglu & Tekkaya, 2005;
Bektasg, 2011; Cavallo, McNeely, & Marek., 2003; Ceylan, 2008; Demircioglu,
Ozmen & Demircioglu, 2004; Odom & Kelly, 2001; Papuggu, 2008). The findings of
studies indicated that students instructed with learning cycle have better
understanding of concepts. CBA and LC both take their roots from constructivist
philosophy of education and they support inquiry-based learning. Specifically, the
engagement phase of SE LC aimed to create a disequilibrium situation in students
mind or to relate something to students’ experiences from their lives so that to
motivate them. Some activities utilized in this study, such as, demonstrations,
reading stories, discussions may have taken students’ attention and the relatedness of
new information with students existing lives. The engagement activities -either
physical or mental- could create some questions or problem situations in students’
mind. The role of teacher was to ask questions or to create some interesting situations
in which students’ curiosity would increase. Similarly, CBA supports many activities
such as; discussions and cooperative learning which had potential to increase
students understanding. The activities used in classrooms had supported the
connection of concepts to contexts, problem solving related to context and concepts
as well as helping students construct knowledge meaningfully. Kortland (2007) states
that in CBA, applications of concepts or socioscientific issues bridge abstract
concepts to world students live in. Kortland also emphasize that relating science to
everyday situation have potential to make teaching more interesting and this will
make large proportion of students more motivated to learn so that students will better
understand concepts. Therefore, the characteristics of CBA and SE LC had been
examined; it might be expected to have such results from integration of CBA with
LC model. Inquiry-based activities, small and whole class discussions used in CBA
through SE LC model contributed to students’ conceptual learning too. Discussion of
concepts through real life experiences has possibility of affecting students’
conceptual understanding in chemical reactions and energy concepts. Teacher-
student and student-student interactions had also probability of increasing the

conceptual understanding. Ramsden (1997) had reported little benefits of conceptual
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understanding of CBA but some benefits related to students’ interests. Barker (1999)
revealed that a course designed according to context-based approach steadily
improved conceptual understanding when the course had progressed. This findings
are consistent with findings of the study, thus it can be stated that both CBA and LC
contribute students conceptual understandings. In line with the post-CRECT results,
CBA through 5E LC model supported students’ achievement more than traditional
instruction. Chemical reactions and energy achievement test (CREAT) had been
distributed to the groups only after the treatments. Students’ scores on CREAT
indicated that experimental groups had higher mean score than control groups (18.34
and 14.88 respectively). Statistical analysis indicated that experimental group had
considerable higher achievement when compared to traditional instruction. Context-
based approach through SE LC model had better supported students’ achievement on
chemical reactions and energy concepts than traditional instruction. The proportion
of variance in students’ achievement on chemical reactions and energy concepts
explained by the treatment is 18 % which means large effect size was observed. The
finding also supported that CBA integrated with SE LC model broadened and
deepened students’ conceptual understanding and achievement. Similar to the effects
of treatment on conceptual understanding, the same effects; -discussion of concepts
through real life experiences, teacher-student, and student-student interactions had
also probability of increasing students’ achievement. Toroslu (2011) have reported
similar results about achievement of students through 7E learning cycle supported by
CBA, she stated that the implementation favored experimental group on conceptual

achievement.

Moreover, gender difference had been investigated; no significant mean difference
between males and females with respect to students’ conceptual understanding and
achievement of chemical reactions and energy concepts was found when students’
science process skills test score was controlled. Such result implied that the contexts
that followed in lessons did not differently affected males and females. Selection of
context is quite important in context-based approaches, since some concepts have
probability of favoring males or females. For example, Fensham (2009) reported that

when real life contexts used in PISA 2006 had been examined, results obtained from
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Australia, had indicated that females outperformed males on health issues. The
context used in this study did not favored males or females, that is, an important
characteristic of good context has been satisfied. Additionally, Nieswandt (2005)
revealed that males and females were differently affected from implementations;
females usually work better when they are engaged in social activities, and small
group works, contrarily, males usually prefer to work individually. Despite, the
findings of Nieswandt (2005), in this study, females and males were engaged in
group works, no significant interaction between treatment and gender had been
observed. The possible reason behind such results may be attributed to the
widespread use of cars, almost every family had a car and students were familiar to
the context. Having no interaction effect with the treatment, it is possible to conclude

that the context used did not favored males or females.

Student chemical literacy level on chemical reactions and energy concepts had been
assessed by open-ended items generated from real-world contexts. Based on the
description of Shwartz et al. (2006), a chemically literate person should; know
content-knowledge of a particular topic, key characteristics of chemistry to explain
phenomena of other fields; investigate the energy changes accompanied in a reaction;
understand and explain life by chemical processes and structures of living systems. A
chemically literate student should appreciate the contribution of scientific language
to this discipline (see figure 2.2 in review of literature part for the rest of the
description). Experimental group students had higher percentages of correct
responses regarding four themes given through open-ended chemical literacy items.
The first theme was related to combi boiler and it was mostly answered by students;
the second theme; chemistry of healthy life, had striking difference of correct
response percentage on interpretive questions in 4-6 intervals. Majority of the
students had difficulty in connecting chemistry knowledge and biology knowledge;
furthermore, many students had misconceptions regarding energy requirement or
energy release of bond formation and bond dissociation. Students could not state that
in ATP-ADP conversion both bond dissociation and bond formation occurs. Students
possibly had lack of knowledge related to issues, thus they generally could not gave

valid pro and con ideas related to information. Boo and Watson (2001) revealed that
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students categorize bond formation as energy requiring reactions and bond breaking
as energy realizing reactions. According to Boo and Watson this was about students’
ideas from macroscopic world in which energy is usually required to do something.
Additionally, they stated that such kind of conceptualization might be related with
students’ everyday lives or biology lessons in which they learn degradation of food is
energy source for livings. Barker and Millar (2000) revealed that some students
aging 16-18 have the idea that energy was released from fossil fuels. Students
consider that when bonds are broken energy is released. Goedhart and Kaper (2002)
state that students conceptualization may be aroused from their biochemistry
knowledge since in this lesson they learn ATP contains energy-rich bond. In this
study, students’ perceptions regarding these issues are consistent with the related

literature.

Order-disorder theme was possibly most difficult for students; few students from
experimental and control groups could answer the second question correctly.
Analysis of open-ended items related to stretching of an elastic polymer indicated
that students especially in control groups had misconceptions related to the terms;
order-disorder-entropy. Sozbilir and Bennett (2007) revealed that students define
entropy as “disorder”, they considers these terms as synonymous. The same results
were also obtained from these items. Volcanoes and chemical terms theme was also
answered by majority of the students. Students of different groups were not different
about their knowledge specifically related to thermochemistry concepts, however;
experimental group students were better in connecting given information to the terms
of thermodynamics than control group students. As Bennett et al. (2007) stated the
courses designed according to CBA played important role in increasing students’
chemical literacy levels. Having contexts with real-life situations gave students the
possibility of showing their literacy skills. According to Witte and Beers (2003), the
chemistry examinations assessing these skills may be presented in the form of: a
newspaper article, information on a product or drug, print from web, a comic book
chapter, story or advertisement. A context in these forms can be industrial process,

an environmental issue, everyday life problem from school or science.
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Although, there was no significant difference between experimental and control
group with respect to students’ motivation to learn chemistry (post-CMQ),
substantial literature claim that context-based approaches to teach science
specifically aims to influence students’ affective issues in a positive manner (Acar &
Yaman, 2011, Barker & Millar 1999; Bennett et al. 2007; Demircioglu, Demircioglu
& Calik, 2009; Ilhan, 2010; Ingram, 2003; Kelly, 2007; Ramsden, 1997). Bulte et al.
(2006) states that CBA have potential to increase affective issues provided relevant
context chosen. The possible reason of steady state of overall motivation scores was
related to students’ high motivation scores before the treatments. The unit of
chemical reactions and energy concepts was the first unit of eleventh grade chemistry
program, the students had just returned from summer holiday and they have not any
exam or lecture before administration of the questionnaire, thus they had high
motivation scores before the treatment. Additionally, the questionnaire was not
limited to the concepts of chemical reactions and energy, thus the implementation
regarding the unit could not differentiated students overall motivation scores itself.
Moreover, the implementation was restricted to six weeks; such a period of time
might be regarded as a short duration to change students’ motivation scores. Lubben
et al. (2005) reviewed studies to reveal the effect of CBA on affective issues, they
concluded that the approach result in more positive attitudes to science in both boys
and girls, however, the majority of the studies they had reviewed were conducted

throughout a term rather than a unit.

Chemistry Motivation Questionnaire (CMQ) had six factors: intrinsic motivation to
learn chemistry (Int), extrinsically motivated chemistry learning (Ext), relevance of
learning chemistry to personal goals (Rel), responsibility or self-determination for
learning chemistry (Sdet), confidence or self-efficacy in learning chemistry (SefY),
and anxiety about chemistry assessment (Anx). Each factor of post-CMQ was taken
as a dependent variable (Int, Ext, Rel, Sdet, Seff and Anx), the MANOVA analysis
of post-CMQ scores based on the factors revealed that there were differences across
the groups and gender. The fallow-up ANOVAs indicated that experimental groups
had statistically significant higher mean scores of intrinsically motivated chemistry
learning than control groups (XeG = 18.87 and XcG = 17.38 respectively). As Deci and
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Ryan (2000) stated, intrinsic motivation is related to students’ activity level, curiosity
and interest; it is the tendency of pursuing interest and exercises capabilities. Based
on the results, we can claim that the treatment of CBA through 5E LC model
intrinsically motivated students to learn chemistry, and required students’ active
participation. This situation may have increased students’ curiosity and interest;
experimental groups were inherently motivated to learn chemistry. Additionally, the
discussions which were conducted on social and technological issues of context of
cars (which students are familiar from their own lives) had increased students’
interest and curiosity to learn chemistry intrinsically. King et al. (2008) revealed that
the student, the case of their study, reported real-world connections of concepts and
contexts increased her engagement and context-based tasks were interesting and
productive for her. Such result supports the finding of this study and these outcomes
are desirable since the aim of meaningful learning is to increase motivation

inherently.

Additionally, students’ Rel (relevance of learning chemistry to personal goals) scores
were significantly different in favor of experimental groups (Xec = 18.01 and XcG =
15.86 respectively). Pintrich and Schunk (1996) describe goal as an objective that
students try to attain, and goal-directed behaviour is the process of it. It is stated in
Koballa and Glynn (2007), setting goal is very important for students since it directs
students to be focused on, to develop different strategies to attain their goals. The
results of this study had revealed that experimental group students found learning
chemistry more relevant to their personal goals, thus they possibly interested in
mastering the task and task related strategies (Pintrich & Schunk, 2002). When the
effect of treatments on collective motivational constructs had been examined across
the gender, findings indicated that only responsibility or self-determination for
learning chemistry (Sdet) had differed across the gender. The mean of males was
17.23, the mean of females was 19.14 (see table 4.18), that result indicated that
female student’s responsibility or self-determination for learning chemistry had
positively affected by the treatments. Such a gender difference can be explained by
the statement of Smith (1998) as females generally value more intimacy and

affiliation.
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Lubben et al. (2005) reviewed systematically the studies on context-based and
Science-Technology-Society approaches in terms of gender, understanding, and
attitude. They stated that these approaches took attention of both nationally and
internationally since they have important role to develop students’ conceptual
understanding and scientific literacy. In their review, they examined 61 studies from
different aspects. The studies they reviewed ranged across the approaches; 25 were
context-based course, 13 were context-based unit, 11 full STS course, and 12 STS
enrichment. The 44 of studies found the relation between intervention and attitudes,
41 reported about effect on understanding, 24 of these studies explored both
understanding and attitudes. 21 studies focused on skill development, 17 investigated
effect of gender, and 7 focused on low ability students. In this study, the findings
revealed that the integration of CBA with SE LC model has common characteristics
for improvement of conceptual understanding but contrary findings from the
literature on overall motivation scores. As mentioned before, the possible reason of
such a result was aroused from using a broad questionnaire rather than a

questionnaire restricted to the unit.

5.2 Internal Validity

Threats to internal validity have potential to explain the outcomes of a particular
study (Frankel and Wallen, 2000). Therefore, controlling these threats is required for
preventing their effects on dependent variables. Characteristics of subjects is one of
the threats that has effect on validity; age, gender, intelligence, prior knowledge
constitute the characteristics of subjects. Students SPST scores, chemistry motivation
scores, and concept test scores were obtained before the implementation; and SPST
scores were used as a covariate to control their effects on observed difference of
dependent variables. Students in experimental and control groups were in the same

age ranges, same grades, same types of schools.

Loss of subjects’ threat is common in many educational studies. Some of the subjects
were absent while data collection process, students who were absent during the post-

test were removed from the data. The percentages of these missing have been
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calculated and it was seen that it is below 10 percent. Additionally some of the
subjects were absent during the pre-tests, for that, a dummy variable was constructed
and the post-test scores were investigated whether a difference exist among them or
not. No difference was observed between the scores, therefore, loss of subject threat
(mortality) was not considered as a threatening issue. Location was another threat to
internal validity. In school A, there were two experimental and two control groups, in
school B, there was one experimental and one control group. The activities have been
carried out in classrooms which students constantly use, the classrooms of each
school had equal conditions so it could be concluded that location threat was

controlled.

The way instrumentation was used has potential to be a threat to internal validity.
Students and teachers were informed about data collection process, pre-post test were
administered by the same teacher of each class. The teachers were informed about to
follow standard procures of test administration in order to avoid data collector bias.
The instruments of study; CRECT, CMQ, CREAT, SPST were all in multiple choice
format, that means scoring of the constructs was not a problem for instrumentation
decay. The chemical literacy items on chemical reactions and energy concepts were
open-ended, and it was scored based on a rubric prepared as an answer key to control
instrumentation decay. Testing was another threat to internal validity, the use of pre-
test may affect the scores of post-tests. Since each group was influenced by this
effect, we could conclude it was minimized. The events that might have impact on
students’ performances are defined as history effect. No such event was observed
during the implementation so, it could be concluded that this threat was also

controlled.

Maturation threat was not a serious issue in this study since the implementation took
only six weeks, and the students age ranges were almost the same. Attitude of
subjects, a threat which was related to students’ views and participation in that study.
Students of experimental and control groups shared the same schools, so they were in
contact in breaks; they have possibility of mentioning the novel activities that are

carried out in their classrooms. To avoid this threat, the teachers were permitted to

161



demonstrate the same videos shared in experimental groups however not at the
beginning of the lesson, rather at the end of lesson as an example to application of
concepts. Therefore, it was assumed attitude of subjects was controlled. Regression
was related to studying with a group of students who are extremely low or high in
their performances. Since experimental and control groups were chosen from similar
types of schools and scores which are different across the groups were chosen as
covariate, this threat was also assumed to be controlled. Implementation threat was
related to characteristics of teachers who will implement the treatments. Before the
implementation, the researcher and teachers were met to discuss the importance of
the process and how they will follow the implementation. The teachers accepted to
implement the methods in their regular classes, so it was assumed the

implementation threat was also controlled.

5.3 External Validity

Frankel and Wallen (2003) states that external validity is related to extend to which
the results of a particular study can be generalized beyond the sample. The
generalizability of result depends upon the environmental conditions as well as the
nature of sample. Two Anatolian high schools which are well-equipped with
technology and laboratory were selected from these schools conveniently. The
convenient sampling was used since obtaining a sample through random selection of
subjects is not generally possible in experimental studies. Four intact classes of two
different teachers from the first school and two intact classes of one teacher from the
second school were selected for implementation. The sample of the study was 187
students which correspond approximately 8 % of the accessible population. Because
of low proportion sample to accessible population along with the convenience
sampling, the generalizability of the study was limited. Additionally, the results
might only be generalized to students of Anatolian high schools since their prior
achievement level is higher than general high schools. Furthermore, two schools
which are well equipped with technology participated in the study; to increase the

generalizability, some more studies can also be conducted with other kind of schools.
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5.4 Implications

The findings of the study may contribute to our national chemistry education
by integrating context-based approach through 5E learning cycle model. The
studies integrating the approach and model are restricted on chemical
reactions and energy unit. The materials developed and findings might serve
teachers, textbook writers, curriculum development organization and
researchers in designing effective courses.

CBA through 5E LC seems to be more effective than traditional instruction
on students understanding of chemical reactions and energy as well as the
students’ chemical literacy skills. CBA through 5E LC seems to support
assessment of students with more context-based problems. Generally,
students find it difficult to answer open-ended long problem situations, if
such implementations could be widely used; students’ responses to these
kinds of items might be increased.

The findings of the study also implies that CBA through 5E LC seems to be
more effective than traditional instruction in increasing students intrinsic
motivation to learn chemistry and relevance of learning chemistry to personal
goals as well as increasing females responsibility or self-determination to
learn chemistry. Rather than traditional instruction CBA through 5E LC may

be used to increase students’ interest and curiosity about chemistry learning.

5.5 Recommendations for Further Study

As recommended by Pesman (2012), CBA may provide students with some
other skills such as problem solving skills, scientific process skills. Some
more studies may focus on these issues.

Designing context-based lessons or courses, may improve students’ abilities
to solve context-based real-life problems as assessment tools.

A motivation questionnaire which is more specific to content domain or

implementation can be used.
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Implementations of longer durations can be carried out by researcher on
different concepts.

The sample size, school type can be enlarged by researchers to increase
generalizability.

CBA with 5E LC can be implemented to different grade levels, and units.
Further studies can be conducted to explore the effect of CBA with SE LC on
retention of concepts.

Further studies can collect qualitative data from students and teacher to
support the results.

Further studies can also investigate the discourse abilities of students in

discussion carried out during the implementations.
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APPENDIX A

OBJECTIVES OF THE UNIT

1. Related to types of systems and energy, the students will;

1.1 Be aware of importance of relationship among systems and surroundings.

1.2 Classify systems according to heat exchange, temperature, pressure, and
volume.

1.3 Explain internal energy of a system based on its atoms/molecules

1.4 Relate change in internal energy with heat exchange and mechanical energy
for constant volume and constant pressure systems.

1.5 State the first law of thermodynamics

1.6 Give examples to applications of thermodynamics from daily life.

2. Related to enthalpy change of system, the students will;

2.1 Explain enthalpy change (AH) with heat of reaction (Qp)

2.2 Relate empathy change of a reaction with standard enthalpy of formation.

2.3 Associate enthalpy change of a system with enthalpy change of intermediate
steps

2.4 Establish a relationship between enthalpy change of a chemical reaction and

bond energies.

3. Related to spontaneity of changes, students will;

3.1 Investigate spontaneous/nonspontaneous changes
3.2 Give examples to tendency of minimum energy for spontaneous changes
3.3 Give examples to spontaneous changes which do not obey the tendency of

minimum energy.
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3.4 Explain the term entropy as unused thermal energy and probability.

3.5 Establish a relationship between entropy change (AS) and spontaneity.
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APPENDIX B

STUDENTS BACKGROUND QUESTIONNAIRE

Sevgili 6grenciler,

Bu caligmanin amaci sizlerin kimyasal reaksiyonlar ve enerji iinitesindeki kavramlari
anlamanizi, bu iiniteye ait basarinizi ve kimya 6grenmeye olan motivasyonunuzu
ortaya cikarmaktir. Bu dogrultuda, sizlere bazi anketler uygulanacaktir. Bu
calismadan elde ettigimiz veriler kimya derslerinin gelistirilmesine katkida
bulunacaktir. Simdiden ¢ok tesekkiir ediyoruz.

1. Adiniz, Soyadiniz:
Sinifiniz:
Okulunuz:
Cinsiyetiniz:
Dogum tarihiniz:

Genel not ortalamaniz;

NS kR

Annenizin egitim durumu:

Herhangi bir ) } Lisansiistii
okul mezunu Ilkokul Ortaokul Lise Universite (Y. Lisans,
degil Doktora)

(| O O a a a

8. Babanizin egitim durumu:

Herhangi bir ) } Lisansiistii
okul mezunu Ilkokul Ortaokul Lise Universite (Y. Lisans,
degil Doktora)
O O O O O O
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APPENDIX C

CHEMICAL REACTIONS AND ENERGY CONCEPT TEST (CRECT)

1.

Soguk bir ortamda, metal bir cetvel ile odun bir cetveli elimizde
tuttugumuzda, metal cetvelin daha soguk oldugunu hissederiz. Bu durumu
sizce asagidaki climlelerin hangisi daha iyi agiklamaktadir?

A) Metal elimizdeki 1s1y1 oduna gore daha hizli iletir.
B) Odun dogal olarak daha sicak bir nesnedir.

C) Odun cetvel daha fazla 1s1 icermektedir.

D) Soguk metalde daha iyi hissedilir.

E) Soguk olmak metallerin 6zelligidir.

Bir grup 6grenci radyodan hava durumunu dinliyor. Sunucu “Bu aksamki
hava sicaklig1 diin aksam 10 °C olan hava sicakhigindan daha soguk; yaklasik
5 °C olacak” diyor. Bu durumda guruptaki insanlardan hangisinin yorumu
sizce daha dogrudur?

A) Ayse “Bu aksam diin aksama gore 2 kat daha soguk olacak” diyor.

B) Doruk “Ayse’nin bu yaklasimi yanlhs bir yaklasim, 5 °C, 10 °C den iki kat
daha soguk anlamina gelmez” diyor.

C) Tuna “Ayse’nin yaklasimi kismen dogru ama 10 °C, 5 °C den iki kat daha
sicak demeliydi” diyor.

D) Mehmet “Bana gore de Ayse nin yaklasimi kismen dogru, 5 °C, 10 °C’nin
yarist kadar soguk” diyor.

E) Simge “ Hava sicakliklarini tam olarak kiyaslayabilmek i¢in hissetmek
gereklidir” diyor.
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3. Bir bisiklet pompasi ile tekerlek sisirilirken pompanin 1sinmasini
asagidakilerden hangisi agiklamaktadir?

A) Sicaklik pompaya transfer edilmistir.

B) Elimizden pompaya 1s1 akisi olmustur

C) Pompanin metal olusu sicakligin artmasina neden olmustur.
D) Enerji pompaya transfer edilmistir.

E) Pompanin i¢indeki hava 1sinmaya neden olmustur.

4. iki sise su disiinelim ve her birinin igerisinde 20 °C de su oldugunu
varsayalim. Iki siseden birini 1slak digerini kuru yiin pargasi ile saralim. 20
dakika sonra siselerin igerisindeki suyun sicakligini dlgelim. Islak yiin ile
sarilan 18 °C, kuru yiin ile sarilan 22 °C de oldugunu goérmiis olalim. Sizce bu
deney esnasinda oda sicaklig kag °C olabilir?

A) 26°C
B) 21°C
C) 20°C
D) 18°C
E) 17°C

5. ki kutu siit diisiinelim; birisi dolapta digeri de mutfak rafinin iizerinde olsun.
Ikisine birden dokunalim. Buzdolabindan ¢ikan siiti daha soguk
hissedersiniz. Bunun nedeni, soguk kutu;

A) Daha fazla soguk icermektedir.

B) Daha az 1s1 icermektedir.

C) Daha zayif bir 1s1 iletkenidir.

D) Isiy1 elimizden daha hizli iletmektedir.
E) Sogugu elimize daha fazla iletmektedir.

6. Kimyasal bir reaksiyonda,

L. Bag kirilmasi sirasinda enerji agiga ¢ikar
II. Bag olusumu sirasinda enerji tiiketilir
I1I. Hem bag olusumu hem bag kopmasi i¢in enerji gereklidir.

Yargilarindan hangisi veya hangileri yanlistir?

A) Yalniz I
B) Yalniz II
C) Yalmz III
D) Ivell

E) I, I veIll
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7.

10.

Asagidaki olaylardan hangisi endotermiktir?

A) Suyun yogunlagmasi
B) Mumun yanmasi

C) Metalin yanmasi

D) Bag kirilmast

E) Bag olusumu

Is1 veren (ekzotermik) tepkimelerde

L. Sabit basingta sistemin toplam 1s1s1 azalir.
II. Diisiik sicakliklarda iiriinler daha kararlidir.
I1I. Ortamin sicaklig artmistir.

Yargilarindan hangisi veya hangileri dogrudur?
A) Yalmz I

B) Yalniz II
C) Ivell
D) I ve III
E) I, T vell

Asagidaki yargilardan hangisi dogrudur?

A) Bir tepkimede bag olusumu sirasinda enerji tiiketilir.
B) Mumun yanmasi endotermik bir reaksiyondur.

C) Suyun yogunlasmasi ekzotermik bir degisimdir.

D) Endotermik reaksiyonlar kendiliginden gerceklesemez.
E) Demirin paslanmasi endotermik bir reaksiyondur.

Laboratuar sartlarinda bir tiipiin icerisinde bir tepkime gerceklestirdigimizi
diistiniirsek;

L. Tiipiin icerisinde yiiriittiigiimiiz tepkimeye ortam ad1 verilir.

II. Tiip, sistemi ortamdan ayiran sinirdir.

I1I. Icinde bulundugumuz laboratuar ise sistemdir.

Yargilarindan hangisi veya hangileri dogrudur?
A) Yalmz I B) YalmzII C) Yalmz I

D) Ivell E) I IIvell
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11.

12.

13.

14.

15.

Mutlak sicaklik ile ilgili asagida verilenlerden hangisi dogrudur?

A) Mutlak sicaklikta tiim maddeler kristaldir.

B) Mutlak sicaklikta maddenin hacmi minimuma iner.

C) Mutlak sicaklikta maddeler minimum enerji halindedir.

D) Mutlak sicaklikta maddenin i¢ diizeni degisir, kristal olur.

E) Mutlak sicaklikta atomlar daha ¢ok titresim hareketi yaparlar.

Asagidaki degisimlerden hangisi kendiliginden olusmaz?

A) 150 C°ye 1sitilmis bir metal parcasmin 40 C° deki suya atildiginda suyun
1S1INmast

B) Oda sicakliginda naftalinin siiblimlesmesi

C) Su buharinin oda kosullarina geldiginde yogunlagmasi

D) Elimize aldigimiz bir buz par¢asinin erimesi

E) Oda sicakliginda metan gazinin karbon ve hidrojene ayrismasi.

Izole bir sistemde kendiliginden gerceklesen bir degisimin entropisi ile ilgili
olarak asagidakilerden hangisi dogrudur?

A) Entropisi azalir

B) Entropisi degismez

C) Entropisi artar ya da azalir
D) Entropisi artar

E) Yetersiz bilgi

Asagidaki yargilardan hangisi dogrudur?

A) Ekzotermik reaksiyonlar endotermik reaksiyonlardan daha hizlidir.
B) Elementlerin en kararli hallerinin standart entalpi degisimi “0” dur.
C) Endotermik degisimlerde entalpi degisimi negatiftir.
D) Ekzotermik degisimlerde entalpi degisimi pozitiftir.
E) Entalpi deki degisim sabit hacimdeki 1s1 degisimidir.

Oda sicakliginda bir giin kalan giinliik stitiin eksidigini fark ettiniz. Bu
degisimde siitiin entropisi arttigina gore, asagidaki ifadelerden hangisi
yanlistir.

A) Sitemin diizensizligi artmigtir
B) istemli degisime drnektir

C) Serbest enerji degisimi negatiftir
D) Sistemin enerjisi artmustir.

E) Evrenin entropisi azalir.
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16. Yanma reaksiyonlar1 i¢in;

L. Ates ve alev icermeyen reaksiyonlar yanma reaksiyonu degildir.
II. Her zaman ekzotermik reaksiyonlardir.
III.  Yanma reaksiyonlar1 temel anlamda farkli nesneler i¢in farklilik gosterir.

Yargilarindan hangisi ya da hangileri dogrudur?

A)Yalniz I
B) Yalniz II
C)Yalniz III
D) Ivell
E) I ve Il

17. X5 - 2X doniisiimii endotermiktir.
2Y - Y, doniisiimii ise ekzotermiktir.

Buna gore, asagidaki yargilardan hangisi ya da hangileri dogrudur.

L. Bag olusumu sirasinda enerji agiga ¢ikar.
II. Baglarin kirilmasi enerji gerektirir.
I1I. Bag olusumu igin reaksiyon 1sis1 sifirdan biiyiiktiir.

A) Yalniz I
B) Yalniz II
C) Ivell

D) Il ve III
E) I, T velll

18. Ahmet buzdolabinda bir giindiir beklemekte olan bir kutu kolay1 ve plastik
sise kolay1 ayn1 anda disar1 ¢ikartyor. Sonra hemen kutu kolanin igerisine bir
termometre daldirip sicakligiim 7 °C oldugunu goriiyor. Sizce plastik sise ve
igindeki kolanin sicakligi kag derece olabilir?

A) Her ikisinin sicakligi 7 °C den azdir.

B) Her ikisinin sicakligi da 7 °C dur.

C) Her ikisinin sicakligi da 7 °C den fazladir

D) Kolanin sicakligi 7 °C, siseninki 7 °C den fazladir
E) Kolanin miktarina ve sisenin biiyiikliigiine baghdir.
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19. Asagidakilerden hangisi bir maddenin “standart olusum serbest enerji
degisimini” gosterir.

A) AG°
B) AG;
C) AG
D) AG®
E) G°

20. Birbiri ile tepkime vermeden karisabilen ayni sicaklik ve hacimdeki iki ideal
gaz hareketli bir pistonda karistiriliyor, bu durumla ilgili asagidakilerden

hangisi yanlistir?

A) Entropi artar.

B) Kullanilamayan termal enerji artar.

C) Diizen artar.

D) Molekiillerin farkli konumlarda bulunma ihtimali artar.
E) Entropi degisimi pozitiftir.
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2)

3)

APPENDIX D

CHEMICAL REACTIONS AND ENERGY ACHIEVEMENT TEST
(CREAT)

Verilen sistem orneklerinden hangisinde sistem ve ortam arasindaki etkilesim

en fazladir?

A) Yalitilmis kaptaki ¢ay

B) Yanan bir mum

C) Buz torbasi

D) Termometredeki civa

E) Agz1 kapali beherdeki etanol

Kimyasal reaksiyonlar sonucu ag¢iga ¢ikan ya da sogurulan enerjinin

hesaplanabilmesi i¢in enerji alis-verisini en aza indiren izole sistemler

kullanilir. Asagida verilenlerden hangisi izole sisteme bir 6rnek degildir?

A) Buzdolab1

B) Termos

C) Kalorimetre

D) Diidiiklii tencere
E) Derin dondurucu

Bir sistemde bulunan atomlarin/molekiillerin sahip oldugu farkli enerji
tiirlerinin toplami1 o sistemin i¢ enerjisini verir. Asagidakilerden hangisi
Helyum (He) gibi tek atomlu gaz taneciklerinin i¢ enerjisine katkida
bulunmaz?

A) Titresim hareketlerinden kaynaklanan enerji
B) itme ve gekmeden kaynaklanan enerji

C) Cekirdek yiikiinden kaynaklanan enerji

D) Oteleme hareketlerinde kaynaklanan enerji
E) Elektronik hareketlerden kaynaklanan enerji
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4) Sabit basingl1 ve sabit hacimli sistemler g6z 6niinde bulunduruldugunda
asagidaki onermelerden hangileri dogrudur?

I Sabit basin¢li sistemlerde yapilan is hesaplanabilir.

Il. Sabit hacimli sistemlerde is yapilamaz.

Il. Sabit hacimli sistemlerde agi8a ¢ikan ya da alinan 1s1 i¢ enerji degimine
esittir.

A)Yalnizl B)YalmizIl C) YalmzIll D)Ivell E) L 1L, III

5) Asagidakilerden hangisi termodinamigin birinci kanunu ifade eder?

A) Kiitlenin korunumu
B) Minimum enerji
C) Enerjinin korunumu
D) Mutlak sicaklik
E) Kimyasal denge

6) Siirtlinmesiz hareketli bir pistonda gerceklesen bir tepkimeden agiga ¢ikan 1s1
asagidakilerden hangisine esittir?

A) AU

B) AU - w
C)AU +w
D) AU - qp
E) AU+ qp

7) Besinlerden aldigimiz glikozun viicudumuzdaki yanma reaksiyonu asagida
verilmigtir.

CeH 1206 (k) + 6 Oz(g) - 6CO; (g) + 6 H,O (S)

Bu reaksiyonun entalpi degisimini (AH) nedir? (AHf’ C¢H1206) = - 1273
kJ/mol, AHf COy) = -394 kJ/mol, AHf H,0() = - 286 kJ/mol)

A) -2743 kJ/mol
B) 2743 kJ/mol
C) 2907 kJ/mol
D) 2807 kJ/mol
E) -2807 kJ/mol
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8)

“Patm

System

HCl{aq)

Zn(k) + 2HCI (suda) — ZnCly(suda) + Hx(g) AHr <0

Yukaridaki reaksiyon sabit basingta gerceklesmektedir ve agiga c¢ikan gaz
pistonu itmektedir. Bu sistemdeki; i¢ enerji degisiminin (AU), 1smin (qp) ve
isin (w) isareti ile ilgili olarak asagida verilenlerden hangisi dogrudur?

AU v w
A) + - -
B) + ] N
Cc - + -
D) - - -
E) + + +

9) CiHs(g) + 505(g) — 3CO,(g) + 4H,0(s) AHr=?

Yukaridaki reaksiyonun entalpi degisimini (AHr) ara basamaklarin entalpi
degisimleri cinsinden ifade edilisi hangi secenekte dogru verilmistir?

CsHg(g) — 3C(k) + 4Ha(g) AH,
3C(K) +30xg) — 3COs(e) AH,
4Ha(g) +202(g) — 4HO(s) AH;

A)AHr= AH, +3 AH? (CO,) - AH;
B)AHr= -AH, + AH, + 4 AH{ (HzO(S))
C) AHr = - AHfO (CgHg ) ) + AH2 + AH3
D) AHr = AHf0 (C3H8 (2) ) - AHQ - AH3

E) AHr= -AH; + AH, - AH;
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10) Dogal gazin 6nemli bir bileseni olan Metanin (CHg4), yanma tepkimesi
asagida verilmistir.

CH,(g) + 20,(g) — COx(g) + 2H,0(g)

Standart sartlarda 1 mol Metanin (CH4) yanma entalpisi nedir? (Bag Kirilma
Entalpileri; C [1 C:350 kJ/mol, C [1 H:410kJ/mol, O [ H : 460 kJ/mol,
C=0:732kJ/mol, O =0 : 498 kJ/mol)

A) -3304 kJ/mol
B) 668 kJ/mol
C) -668 kJ/mol
D) -6040 kJ/mol
E) 6040 kJ/mol

11) Asagidakilerden hangisinde verilen olaylarin Entropi degisimi dogru olarak
belirtilmistir?

-18 °C ye koydugumuz Oda Sicakliginda

Suyun Donmast Suyun Buharlasmasi
A) Artar Degismez
B) Artar Artar
O Azalir Azalir
D) Degismez Azalir
E) Azalir Artar

12) 1 atm basingta asagidakilerden hangisi ya da hangileri kendiliginden
gergeklesir.

L. -1°C de buzun erimesi,
II. 0°C de suyun donmasi,
L. +1°C de buzun erimesi,

A) Mvelll
B) L IIvelll
C) Yalniz III
D) Yalniz II
E) Yalniz I
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13) Kendiliginden gergeklesen tepkimeler ¢ogunlukla ekzotermiktir. Asagidaki
olaylardan hangisi ya da hangileri bu kurala ters diiser?

L. Oda sicakliginda buzun erimesi
1L Siv1 dietil eterin agik bir beherden buharlasmasi
III.  Amonyum nitratin suda ¢dziinmesi

Al
B) I-1I

C) II-111
D) I- 1T
E)I- II- 1T

14) 2 PCly(g) + Ox(g) — 2 POCIi(s) AHP = - 620.2 kJ/mol

Asagidakilerden hangisinde 25 °C ve 1 atm basingta yukarida verilen tepkimenin
standart serbest enerjisi ve sistemin istemlilik-istemsizlik-tersinirlik durumu
dogru olarak belirtilmistir? S° PCls(g) = 311.7 J/K.mol, S° O,(g) = 205.0
J/K.mol, S°POCls(s)=222.4 J/K.mol

A) 505 kJ/mol, Istemli
B) -505 kJ/mol, Istemli
C) -0.5 kJ/mol, Tersinir
D) 5050 kJ/mol, Istemsiz
E) -5050 kJ/mol, Istemsiz

15) NH4CI(s) — NHsi(g) + HCI(g)
T=25°C, AS’ =+285)/K.umol, AH’ =+177kJ/mol, AG" =+91.9kJ
Yukaridaki tepkimenin istemlilik durumu 25 °C de ve 500 K de nasildir?

(Sicakligr 500 K ¢ikardigimizda AH ve AS degerlerinin degismedigini kabul
ediyoruz)

25°C de 500 K de
A) Istemli Istemsiz
B) Istemsiz Istemli
O) Istemli Istemli
D) Istemsiz Istemsiz
E) Dengede Dengede
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16) Gibbs Serbest Enerjisi ile ilgili olarak verilenlerden hangisi dogru degildir?

A) Serbest enerji is yapmaya hazir enerjidir.

B) Bir olayin istemliligini bulmakta yararlanilir.

C) Bir olay istemliligi, ortamin 6zelliklerine gore anlasilir.
D) Bir olayn istemliligi, sistemin 6zelliklerine gore anlagilir.
E) Degisimlerin istemliligini etkileyen faktorleri birlestirir.

17) 2NO(g) +Ox(g) —»  2NOx(g)
25 °C ve 1 atm basingta tepkimenin kullanilamayan termal enerjisi — 146.2 J/K
dir. Asagidakilerden hangisinde kullanilabilir standart serbest enerjiyi ve sistemin

istemlilik-istemsizlik durumu dogru olarak belirtilmistir? (A°H = - 114.1 kJ/mol)

Kullanilabilir serbest enerji  Istemlilik durumu

A) -70.5k] Istemli
B) 157.26kJ Istemsiz
C) -157.26kJ Istemli
D) +70.5kJ Istemsiz
E) -157.26k] istemsiz

18) Asagidakilerden hangisi termodinamigin ikinci kanunu ifade eder?

A) Sistem diizenli bir yapiya yaklagir.

B) Her istemli olayda evrenin toplam entropisi artar.

C) Evren zaman gectikge bir dengesizlik haline dogru yaklasir.

D) Sistemdeki molekiillerin sahip olduklar1 konumlarinin sayis1 azalir.

E) Mutlak sifir noktasinda biitlin saf maddelerin kristallerin entropisi sifirdir.

19) Asagidakilerden hangisinin entropisi en yiiksektir?

A) 0°C ve 1 atm de H,0(k)
B) 0 °C ve 1 atm de H,O(s)
C) 25 °C ve 1 atm de H,O(s)
D) 50 °C ve 1 atm de H,O(s)
E) 50 °C ve 1 atm de H,O(g)
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20) 0 °C de 1 mol buzun erimesi olayinda ( H,O(k) - H,O(s) ) sistemin entropi
degisimi (ASgsistem), Ortamin entropi degisimi (ASeram), Ve toplam entropi degisimi
(ASioptam), hangi segenekte dogru verilmistir?

ASgis ASor ASup
A) Pozitif Negatif Pozitif
B) Pozitif Negatif Negatif
0] Negatif Negatif Negatif
D) Negatif Pozitif Pozitif
E) Pozitif Pozitif Pozitif

21) Asagida verilen madde Orneklerinin entropileri az ya da cok olusuna gore
siralandiginda hangi segenekte verilen her iki siralamada da ortada kalir?

Madde Entropisi
A) 10°C ve 2 atm de 1 mol CO; (g) S
B) 10°C ve 1 atm de 1 mol CO; (g) S,
C) 10°C ve 1 atm de 0.1 mol CO; (g) S;
D) 50°C ve 1 atm de 1 mol CO; (g) S4
E) 50°C ve 1 atm de 2 mol CO; (g) Ss

22) Bir elektrik motoru mekanik is olarak saniyede 15 kJ liikk enerji liretip cevreye
saniyede 2 kJ liik enerji verirse motorun 1 saniyedeki i¢ enerji degigmesi kag kJ olur?

A) 17K
B) 13kJ
C)-13kJ
D)-17kJ
E)-34 kJ

23) 1. Ny(g + 3H,(g) — 2NH3(g) AG’=-329k]
IL 12Ny(g) + 0,(g) — NO2(g) AG’=+513kJ
M. Hy(g) + 120,(8) — HO() AG" =-237.1kJ

Yukarida denklemeleri ve standart serbest enerji degisimleri verilen
reaksiyonlardan hangilerinde bilesiklerin elementlerinden olusmasinda
entropi azalmis, degisim istemli gerceklesmistir.

A) Yalmiz I
B) YalmzII
C) Yalniz III
D) Ivell

E) Tvelll
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24) Np(g) + 3Hx(g — 2NH;(g)

Standart kosullarda, yukarida ki tepkimenin entalpi degisim degeri nedir? Gerekli
bag kirilma enerjileri; N = N: 946 kJ/ mol, H-N: 389 kJ/ mol, H-H: 436 kJ/ mol
diir.

A) -60 kJ/ mol
B) -40 kJ/ mol
C) -80 kJ/mol
D) 50 kJ/mol
E) 160 kJ/mol

25) Asagidaki temalardan hangisi termodinamigin yasalari ile ilgili degildir?

A) Termal denge durumu

B) Enerjinin korunumu

C) Istemli olaylarda entropinin artmasi

D) Mutlak sicaklikta, saf miikemmel kristallerin entropisinin sifira inmesi
E) Sabit basingta reaksiyon 1s1 degisimine entalpi denmesi
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APPENDIX E

CHEMISTY MOTIVATION QUESTIONNAIRE (CMQ)

Kimya dersi hakkinda ne diislindiigiiniizii ve nasil hissettiginizi daha iyi anlamak i¢in

asagidaki ifadeleri su perspektiften bakarak degerlendirin:

01. Kimya 6grenmekten hoslanirim.

"Higbir zaman [Nadiren [Bazen [Genellikle [Her zaman
02. Ogrendigim kimya kisisel amaglarimla baglantilidir.

"Hig¢bir zaman [Nadiren [/Bazen UGenellikle ['Her zaman
03. Kimya sinavlarinda diger 6grencilerden daha basarili olmak isterim.
[Higbir zaman [/Nadiren [Bazen [Genellikle [Her zaman
04. Kimya testlerinin nasil gececegimi diistinmek beni endiselendirir.

[JHi¢bir zaman [JNadiren [IBazen [Genellikle [Her zaman
05. Eger kimyay1 6grenmekte zorluk ¢ekersem sebebini bulmaya ¢aligirim.
"Higbir zaman [Nadiren [Bazen [Genellikle [Her zaman
06. Kimya siav zamani geldiginde endigelenirim.

"Hig¢bir zaman [Nadiren [/Bazen UGenellikle ['Her zaman
07. Kimyadan iyi bir not almak benim i¢in dnemlidir.

[Higbir zaman [/Nadiren [Bazen [Genellikle [Her zaman
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08. Kimyay1 6grenebilmek icin gerekli cabay1 gosteririm.

[JHi¢bir zaman [JNadiren [/Bazen [Genellikle [Her zaman
09. Kimyay1 iyi 6grenmemi saglayacak stratejiler kullanirim.

"Higbir zaman [Nadiren [Bazen [Genellikle [Her zaman
10. Kimyay1 6grenmenin iyi bir i bulmama nasil yardimer olacagini diistintiriim.
"Hig¢bir zaman [Nadiren [/Bazen UGenellikle ['Her zaman
11. Ogrendigim kimyanin bana nasil yararl olacagini diisiiniiriim.

[/Higbir zaman [/Nadiren [Bazen [Genellikle [Her zaman

12. Kimya dersi basarimin diger 6grencilerle ayni seviyede ya da onlardan daha iyi
olacagini diisliniiriim.

[Higbir zaman [/Nadiren [Bazen [Genellikle [Her zaman
13. Kimya sinavlarinda basarisiz olmaktan endiselenirim.

[JHi¢bir zaman [JNadiren [IBazen [Genellikle [Her zaman
14. Diger 6grencilerin kimyada daha basarili oldugunu diisiinmek beni endiselendirir.
"Higbir zaman [Nadiren [Bazen [Genellikle [Her zaman
15. Kimya notumun genel not ortalamami nasil etkileyecegini diisiiniiriim.
"Hig¢bir zaman [Nadiren [/Bazen UGenellikle ['Her zaman
16. Benim i¢in kimyay1 6grenmek aldigim nottan daha 6nemlidir.

[Higbir zaman [/Nadiren [Bazen [Genellikle [Her zaman
17. Kimyay1 6grenmenin kariyerime nasil katkisi olacagini diistiniirtim.
[JHi¢bir zaman [JNadiren [IBazen [Genellikle [Her zaman
18. Kimya simavlaria girmekten hoglanmam.

Higbir zaman [Nadiren [Bazen [Genellikle [Her zaman
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19. Ogrendigim kimyay1 nasil kullanacagin diisiiniiriim.

[JHi¢bir zaman [JNadiren [/Bazen [Genellikle [Her zaman
20. Kimyay1 anlamiyorsam bu benim hatamdir.

"Higbir zaman [Nadiren [Bazen [Genellikle [Her zaman

21. Kimya laboratuarinda ve projelerinde basarili olacagim konusunda kendime
glivenirim.

[JHi¢bir zaman [JNadiren [IBazen [Genellikle [Her zaman
22. Kimya 6grenmeyi ilging bulurum.

"Higbir zaman [Nadiren [/Bazen UGenellikle ['Her zaman
23. Ogrendigim kimya yasantimla alakalidir.

[/Higbir zaman [/Nadiren [Bazen [Genellikle [Her zaman
24. Kimya derslerindeki bilgi ve becerileri tam anlamiyla 6grenebilecegime inanirim.
[JHi¢bir zaman [JNadiren [/Bazen [Genellikle [Her zaman
25. Ogrendigim kimya benim igin pratik énem tasr.

"Higbir zaman [Nadiren [Bazen [Genellikle [Her zaman
26. Kimya sinavlar1 ve laboratuarlar i¢in iyi hazirlanirim.

"Higbir zaman [Nadiren [/Bazen UGenellikle ['Her zaman
27. Beni zorlayan kimya hosuma gider.

[Higbir zaman [/Nadiren [Bazen [Genellikle [Her zaman
28. Kimya siavlarinda basarili olacagim konusunda kendime giivenirim.
[JHi¢bir zaman [JNadiren [IBazen [Genellikle [Her zaman
29. Kimya dersinde en yliksek notu alabilecegime inanirim.

"Higbir zaman [Nadiren [Bazen [Genellikle [Her zaman

30. Kimyay1 anlamak bana basar1 duygusu verir.
[JHi¢bir zaman [JNadiren [/Bazen [Genellikle [Her zaman
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APPENDIX F

SCIENCE PROCESS SKILLS TEST (SPST)

ACIKLAMA: Bu test icinde, problemdeki degiskenleri tanimlayabilme, hipotez
kurma ve tanimlama, islemsel agiklamalar getirebilme, problemin ¢dziimii igin
gerekli incelemelerin tasarlanmasi, grafik c¢izme ve verileri yorumlayabilme
kabiliyetlerini 6lgebilen sorular bulunmaktadir. Her soruyu okuduktan sonra

kendinizce uygun secenegi isaretleyiniz.

1. Bir basketbol antrenérii, oyuncularin giigsiiz olmasindan dolayr maglari
kaybettiklerini diistinmektedir. Gli¢lerini etkileyen faktorleri arastirmaya karar verir.
Antrenér, oyuncularin giicinii etkileyip etkilemedigini 6lgmek ic¢in asagidaki

degiskenlerden hangisini incelemelidir?

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

d. Yukaridakilerin hepsini.
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2. Arabalarin verimliligini inceleyen bir arastirma yapilmaktadir. Sinanan hipotez,
benzine katilan bir katki maddesinin arabalarin verimliligini artidig1r yolundadir.
Ayni tip bes arabaya aym1 miktarda benzin fakat farkli miktarlarda katki maddesi
konur. Arabalar benzinleri bitinceye kadar ayni yol iizerinde giderler. Daha sonra her

arabanin aldig1 mesafe kaydedilir. Bu ¢aligmada arabalarin verimliligi nasil 6l¢iiliir?

a. Arabalarin benzinleri bitinceye kadar gecen siire ile.
b. Her arabnin gittigi mesafe ile.
c. Kullanilan benzin miktart ile.

d. Kullanilan katki maddesinin miktari ile.

3. Bir araba fireticisi daha ekonomik arabalar yapmak istemektedir. Aragtirmacilar
arabanin  litre basina alabilecegi mesafeyi etkileyebilecek  degiskenleri
arastimaktadirlar. Asagidaki degiskenlerden hangisi arabanin litre basina alabilecegi

mesafeyi etkileyebilir?

a. Arabanin agirhigi.
b. Motorun hacmi.
¢. Arabanin rengi

d.aveb.

4. Ali Bey, evini 1sitmak i¢in komsularindan daha ¢ok para 6demesinin sebeblerini
merak etmektedir. [sinma giderlerini etkileyen faktorleri arastirmak i¢in bir hipotez

kurar. Asagidakilerden hangisi bu arastirmada sinanmaya uygun bir hipotez degildir?

a. Evin ¢evresindeki agac sayisi ne kadar az ise 1sinma gideri o kadar fazladir.
b. Evde ne kadar ¢cok pencere ve kapi varsa, 1sinma gideri de o kadar fazla olur.
c. Biiyiik evlerin 1sinma giderleri fazladir.

d. Isinma giderleri arttikca ailenin daha ucuza 1sinma yollar1 aramasi gerekir.
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5. Fen sinifindan bir 6grenci sicakligin bakterilerin gelismesi iizerindeki etkilerini

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

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

SO NON S

Asagidaki grafiklerden hangisi bu verileri dogru olarak gostermektedir?

a.
A r N
1 12
8 10
12 8
Kolonilerin 6 Kolonilerin 6
sayisl sayisi
2 4
0 2
0 5 10 15 25 50 70 0 10 20 30 40 50 60 70
Sicaklik(°C) Sicaklik(°C)
C. 4 d. A
70 70
60 50
50 25
40 15
Sicaklik(°C)30 Sicaklik(°C)10
(]
20 5
[ )
10 r 0
[ )
0t >
0 36 9 12 15 18 0 3 6 9 12 15 18
Kolonilerin savyisi Kolonilerin savisi
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6. Bir polis sefi, arabalarin hizinin azaltilmasi ile ugragsmaktadir. Arabalarin hizim
etkileyebilecek bazi faktorler oldugunu diisiinmektedir. Siiriictilerin ne kadar hizlh

araba kullandiklarin1 asagidaki hipotezlerin hangisiyle sinayabilir?

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

b. Kaza yapan arabalar ne kadar biiyiikse, i¢indeki insanlarin yaralanma olasilig1 o
kadar azdir.

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

d. Arabalar eskidikce kaza yapma olasiliklar artar.

7. Bir fen sinifinda, tekerlek ylizeyi genisliginin tekerlegin daha kolay yuvarlanmasi
tizerine etkisi arastirilmaktadir. Bir oyuncak arabaya genis yiizeyli tekerlekler takilir,
once bir rampadan (egik diizlem) asag1 birakilir ve daha sonra diiz bir zemin tizerinde
gitmesi saglanir. Deney, ayni arabaya daha dar yiizeyli tekerlekler takilarak

tekrarlanir. Hangi tip tekerlegin daha kolay yuvarlandigi nasil 6l¢iiliir?

a. Her deneyde arabanin gittigi toplam mesafe dl¢iliir.
b. Rampanin (egik diizlem) egim acis1 dlgiiliir.
c. Her iki deneyde kullanilan tekerlek tiplerinin ylizey genislikleri dl¢iiliir.

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

8. Bir ¢ift¢i daha ¢ok musir iiretebilmenin yollarin1 aramaktadir. Misirlarin miktarini
etkileyen faktorleri arastirmayi tasarlar. Bu amacla asagidaki hipotezlerden hangisini

siayabilir?

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

d. Misir diretimi arttikca, iiretim maliyeti de artar.
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9. Bir odanin tabandan itibaren degisik yiizeylerdeki sicakliklarla ilgli bir ¢alisma
yapilmis ve elde edilen veriler asagidaki grafikte gosterilmistir. Degiskenler
arasindaki iliski nedir?

A

28
26
Hava Sicakhgi 24
(°C)
22 .
20

50 100 150 200 250 éOO
Yikseklik(cm)

a. Yukseklik arttikca sicaklik azalir.

b. Yiikseklik arttikca sicaklik artar.

c. Sicaklik arttikca yiikseklik azalir.

d. Yiikseklik ile sicaklik artigi arasinda bir ilski yoktur.

10. Ahmet, basketbol topunun i¢indeki hava arttik¢a, topun daha yliksege sigracagini
diisiinmektedir. Bu hipotezi arastirmak i¢in, birka¢ basketbol topu alir ve iglerine

farkli miktarda hava pompalar. Ahmet hipotezini nasil stnamalidir?

a. Toplar1 ayni yiikseklikten fakat degisik hizlarla yere vurur.
b. i¢lerinde farkli miktarlarda hava olan toplari, ayn1 yiikseklikten yere birakir.
c. Iclerinde ayn1 miktarlarda hava olan toplari, zeminle farkli agilardan yere vurur.

d. iclerinde aym miktarlarda hava olan toplari, farkli yiiksekliklerden yere birakir.
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11. Bir tankerden benzin almak i¢in farkli genislikte 5 hortum kullanilmaktadir. Her
hortum i¢in ayni pompa kullanilir. Yapilan calisma sonunda elde edilen bulgular

asagidaki grafikte gosterilmistir.

15
Dakikada 12
Pompalanan
Benzin Miktan 2
(Litre) 6 .
3 L]

-
=

5§ 10 15 20 25

Hortumun Capi {mm)

Asagidakilerden hangisi degiskenler arasindaki iligkiyi agiklamaktadir?

a. Hortumun ¢ap1 genisledik¢e dakikada pompalanan benzin miktar1 da artar.
b. Dakikada pompalanan benzin miktar arttikca, daha fazla zaman gerekir.
¢. Hortumun c¢ap1 kiigiildiikge dakikada pompalanan benzin miktar1 da artar.

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

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

aciklama kismindan sonra verilen paragrafi okuyarak cevaplayiniz.

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

Ayse, gilinesin karalar1 ve denizleri ayni derecede 1sitip 1sitmadigin1i merak
etmektedir. Bir aragtirma yapmaya karar verir ve ayni biiyiiklikkte iki kova alir.
Bumlardan birini toprakla, digerini de su ile doldurur ve ayni miktarda giines 1sis1
alacak sekilde bir yere koyar. 8.00 - 18.00 saatleri arasinda, her saat basi

sicakliklarini Olger.
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12. Arastirmada asagidaki hipotezlerden hangisi sinanmigtir?

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.
¢. Giines farkli maddelari farkli derecelerde 1sitir.

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

13. Aragtirmada asagidaki degiskenlerden hangisi kontrol edilmistir?

a. Kovadaki suyun cinsi.
b. Toprak ve suyun sicakligi.
c. Kovalara koyulan maddenin tiiri.

d. Herbir kovanin giines altinda kalma siiresi.

14. Arastirmada bagiml degisken hangisidir?

a. Kovadaki suyun cinsi.
b. Toprak ve suyun sicakligi.
¢. Kovalara koyulan maddenin tiirii.

d. Herbir kovanin giines altinda kalma siiresi.
15. Arastirmada bagimsiz degisken hangisidir?
a. Kovadaki suyun cinsi.

b. Toprak ve suyun sicaklig1.

¢. Kovalara koyulan maddenin tiirii.

d. Herbir kovanin giines altinda kalma stiresi.
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16. Can, yedi ayr1 bahgedeki ¢imenleri bigmektedir. Cim bigme makinasiyla her
hafta bir bahcedeki ¢imenleri bicer. Cimenlerin boyu bahcelere gore farkli olup
bazilarinda uzun bazilarinda kisadir. Cimenlerin boylari ile ilgili hipotezler kurmaya

baslar. Asagidakilerden hangisi sinanmaya uygun bir hipotezdir?

a. Hava sicakken ¢im bigmek zordur.
b. Bahgeye atilan giibrenin miktar1 6nemlidir.
¢. 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 sicakliginin, su iginde ¢ozlinebilecek seker miktarini etkileyip
etkilemedigini aragtirmak ister. Birbirinin ayni1 dort bardagin herbirine 50 ser mililitre
su koyar. Bardaklardan birisine 0 °C de, digerine de sirayla 50 °C, 75 °C ve 95 °C
sicaklikta su koyar. Daha sonra herbir bardaga ¢oziinebilecegi kadar seker koyar ve

karistirir.

17. Bu arastirmada sinanan hipotez hangisidir?

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

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

¢. Sicaklik ne kadar yiiksek olursa, ¢6ziinen sekerin miktar1 o kadar fazla olur.

d. Kullanilan suyun miktar arttik¢a sicakligi da artar.

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

b. Her bardaga konulan su miktari.

c. Bardaklarin sayisi.

d. Suyun sicaklig1.
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19. Arastimanin bagiml degiskeni hangisidir?
a. Her bardakta ¢6ziinen seker miktari.

b. Her bardaga konulan su miktari.

¢. Bardaklarin sayisi.

d. Suyun sicakligi.

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

b. Her bardaga konulan su miktari.

¢. Bardaklarin sayisi.

d. Suyun sicaklig1.

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

a. Farkli miktarlarda sulanan tohumlarin kag giinde filizlenecegine bakar.

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

¢. Farkli alanlardaki bitkilere verilen su miktarini 6lger.

d. Her alana ektigi tohum sayisina bakar.

22. Bir bahgivan tarlasindaki kabaklarda yaprak bitleri goriir. Bu bitleri yok etmek
gereklidir. Kardesi “Kling” adli tozun en iyi bocek ilact oldugunu soyler. Tarim
uzmanlari ise “Acar” adli spreyin daha etkili oldugunu séylemektedir. Bah¢ivan alti
tane kabak bitkisi secer. Ug tanesini tozla, ii¢ tanesini de spreyle ilaglar. Bir hafta
sonra her bitkinin {izerinde kalan canli bitleri sayar. Bu ¢alismada bocek ilaglarinin
etkinligi nasil 6l¢iiliir?

a. Kullanilan toz ya da spreyin miktar1 6l¢iiliir.

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

c. Her fidede olugan kabagin agirlig: 6lgiiliir.

d. Bitkilerin iizerinde kalan bitler sayilir.
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23. Ebru, bir alevin belli bir zaman siiresi icinde meydana getirecegi 1s1 enerjisi
miktarini dlgmek ister. Bir kabin i¢ine bir litre soguk su koyar ve 10 dakika siireyle
wsitir. Ebru, alevin meydana getirdigi 1s1 enerjisini nasil 6lger?

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 i¢in gecen zamani dlger.

24. Ahmet, buz pargaciklarinin erime siiresini etkileyen faktorleri merak etmektedir.
Buz parcalarmin biiytkligli, odanin sicakligi ve buz parcalarinin sekli gibi
faktorlerin erime siiresini etkileyebilecegini diisiinlir. Daha sonra su hipotezi
sinamaya karar verir: Buz pargalarinin sekli erime siiresini etkiler. Ahmet bu hipotezi

simamak icin asagidaki deney tasarimlarinin hangisini uygulamalidir?

a. Herbiri farkli sekil ve agirlikta bes buz parcasi alinir. Bunlar ayni sicaklikta benzer
bes kabin igine ayr1 ayr1 konur ve erime siireleri izlenir.

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

c. Herbiri aym1 agirlikta fakat farkli sekillerde bes buz pargasi alinir. Bunlar aym
sicaklikta benzer bes kabin igine ayr1 ayr1 konur ve erime siireleri izlenir.

d. Herbiri ayn1 agirlikta fakat farkli sekillerde bes buz pargasi alinir. Bunlar farkli

sicaklikta benzer bes kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.
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25. Bir arastirmaci yeni bir giibreyi denemektedir. Calismalarini ayni biiyiikliikte bes
tarlada yapar. Her tarlaya yeni giibresinden degisik miktarlarda karistirir. Bir ay
sonra, her tarlada yetisen ¢imenin ortalama boyunu dlger. Olgiim sonuglar1 asagidaki

tabloda verilmistir.

Gubre miktar (kq) Cimenlerin ortalama boyu (cm)
10 7
30 10
50 12
80 14
100 12
a. b.
. . Gubre
Cimenlerip miktar
ortalama
boyu
Gibre miktar Cimenlerin ortalama boyu
. Y d. 4
Cimenlerin Gidbre miktar
ortalama
boyu

Gibre miktarn Cimenlerin ortalama boyu

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

a. Farelerin hizimi dlger.

b. Farelerin, glinliikk uyumadan durabildikleri siireyi dlger.

c¢. Hergiin fareleri tartar.

d. Herglin farelerin yiyecegi vitaminleri tartar.
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27. Ogrenciler, sekerin suda ¢dziinme siiresini etkileyebilecek degiskenleri
diistinmektedirler. Suyun sicakligini, sekerin ve suyun miktarlarin1 degisken olarak
saptarlar. Ogrenciler, sekerin suda c¢Oziinme siiresini asagidaki hipotezlerden
hangisiyle siayabilir?

a. Daha fazla sekeri ¢6zmek icin daha fazla su gereklidir.

b. Su sogudukca, sekeri ¢ozebilmek icin daha fazla karistirmak gerekir.

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

d. Su 1sindik¢a seker daha uzun siirede ¢6ziiniir.

28. Bir arastima grubu, degisik hacimli motorlar1 olan arabalarin randimanlarini

Olcer. Elde edilen sonuclarin grafigi agagidaki gibidir:

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

Mator hacmi
{litre)

Asagidakilerden hangisi degiskenler arasindaki iligkiyi gosterir?

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

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

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

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

biiylik demektir.

212



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

Topraga kanstirilan yapraklarin  domates {retimine etkisi aragtirilmaktadir.
Arastirmada dort biiylik saksiya ayni miktarda ve tipte toprak konulmustur. Fakat
birinci saksidaki topraga 15 kg., ikinciye 10 kg., tiglinciiye ise 5 kg. ciirlimiis yaprak
karistirilmistir.  Dordlinci  saksidaki  topraga ise hi¢  c¢lirlimiis  yaprak
karistirilmamistir. Daha sonra bu saksilara domates ekilmistir. Biitiin saksilar giinese
konmus ve ayni miktarda sulanmigtir. Her saksidan elde edilen domates tartilmig ve

kaydedilmistir.

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 cliriik yaprak karistirilirsa, o kadar fazla domates elde edilir.

30. Bu arastirmada kontrol edilen degisken hangisidir?

a. Her saksidan elde edilen domates miktar1
b. Saksilara karistirilan yaprak miktart.
¢. Saksilardaki toprak miktari.

d. Ciiriimiis yapak karistirilan saksi sayisi.

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

b. Saksilara karistirilan yaprak miktari.

c. Saksilardaki toprak miktari.

d. Ciirtimiis yapak karistirilan saksi sayisi.
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32. Aragtirmadaki bagimsiz degisken hangisidir?

a. Her saksidan elde edilen domates miktari
b. Saksilara karistirilan yaprak miktart.
c. Saksilardaki torak miktari.

d. Ciiriimiis yapak karistirilan saksi sayisi.

33. Bir 6grenci minatislarin kaldirma yeteneklerini arastirmaktadir. Cesitli boylarda
ve sekillerde birka¢c miknatis alir ve her miknatisin ¢ektigi demir tozlarini tartar. Bu

calismada miknatisin kaldirma yetenegi nasil tanimlanir?

a. Kullanilan miknatisin biyiikligii ile.
b. Demir tozlarin1 ¢eken miknatisin agirligi ile.
¢. Kullanilan miknatisin sekli ile.

d. Cekilen demir tozlariin agirlig ile.
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34. Bir hedefe cesitli mesafelerden 25 er atis yapilir. Her mesafeden yapilan 25

atistan hedefe isabet edenler asagidaki 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?

a. b.
A 104
25
Hedefi bulan Hedefe olan 50
atis sayisi 20 uzaklik (m)
A 25
15
15
10
5
5
20 40 60 80 100
Hedefe olan uzaklik
(m)
c. d.
100 1 25
Hedefi bulan
Hedefe olan 80 atis sayisi 20
uzaklik (m)
60 15
40 10
20 5
5 10 15 20 25
Hedefi bulan
atig sayisi
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35. Sibel, akvaryumdaki baliklarin bazen ¢ok haraketli bazen ise durgun olduklarini
gbzler. Baliklarin hareketliligini etkileyen faktorleri merak eder. Baliklarin

hareketliligini etkileyen faktorleri hangi hipotezle sinayabilir?

a. Baliklara ne kadar ¢ok yem verilirse, o kadar ¢ok 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 1s1k alirsa, baliklar o kadar hareketli olur.

36. Murat Bey’in evinde bir¢ok elektrikli alet vardir. Fazla gelen elektrik faturalar
dikkatini ¢eker. Kullanilan elektrik miktarini etkileyen faktorleri arastirmaya karar
verir. Asagidaki degiskenlerden hangisi kullanilan elektrik enerjisi miktarini

etkileyebilir?

a. TV nin agik kaldig: stire.
b. Elektrik sayacinin yeri.
¢. Camasir makinesinin kullanma siklig1.

d.avec.
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APPENDIX G

CHEMICAL LITERCY ITEMS

KOMBI KiMYASI

Turkiye buyiuk
aclyla uyandi

Yukarida 3 Ocak 2009 tarihinde tiraji yiiksek bir gazetenin manseti verilmistir.
Ankara’da yilbasi gecesi yedi gencin 6liimiiyle sonuglanan olaya kombinin neden
oldugu agiklandi.

Kombiler ¢alisma prensibine gore bacali, hermetik ve yogusmali olmak {izere {ige
ayrilirlar.

Bacali kombi ile hermetik kombi arasindaki fark nedir?

Bacali kombilerde fan yoktur. Atik gaz, sicakligindan dolay1 genleserek yiikselir,

tabii bir ¢ekim ve baca vasitasiyla dis ortama atilir. Bu nedenle bacali kombi
cihazlar1 standartlara uygun yapilmis bir bina bacasina baglanmalidir. Aksi takdirde
bacadan sizan atik gaz ortamdaki kisileri zehirler. Hermetik kombi ise fanlidir. Atik
gaz fan ile i¢ borudan dis ortama zorunlu olarak atilirken, dis borudan da yanma icin
gereken havay1 yanma odasina ¢eker. Bu nedenle hermetik kombi cihazlarinin bina
bacasina ihtiyaci yoktur, evin dis ortama acilabilen herhangi bir mekanina monte
edilebilirler. Ortamdaki havay1 tiilketmezler ve baca ¢ekis problemi olmadigi igin
ortamdaki havay1 kirletmezler.
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Kombiler dogal gazin yanmasindan ag¢iga c¢ikan 1siy1 kullanirlar. Dogal gazin
yaklasik % 95 ini metan (CH4) olusturur; bunun disinda, etan (C,Hs), propan (C;Hs),
biitan (C4H ) gibi diger hidrokarbonlar da dogal gazin bilesenleridir.

Kombilerin 1s1 odasinda gergeklesen yanma tepkimesinin bir iiriinii de su buharidir

(H20(g))-

a) Yukaridaki tepkimede eksik yerleri doldurunuz, reaksiyon 1sisinin isaretini
yaziniz.

b) Kombiler nasil sistemlerdir? Sebebiyle agiklaymiz (acik, kapali, izole, vs.).

c) 1 mol CHy iin yanmasindan 212 kcal 1s1 aciga ¢ikiyorsa 256 g oksijen
kullanildiginda kag¢ kcal 1s1 agiga ¢ikar? Tepkime endotermik mi, ekzotermik
midir? (O, = 32g/mol)

d) CHs kullaniminin diger hidrokarbonlara oranla daha avantajli oldugu
bilinmektedir. Sizce bu avantajlar neler olabilir?
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e) Oksijenin yetersiz oldugu durumlarda yanma tepkimesi tam anlamiyla
gerceklesemez, yanma tepkimesi tam gerceklesemediginde iirlinlerden biri olan
karbon dioksit (CO,) yerine daha ¢ok karbon monoksit (CO) olustugu biliniyor.
Karbon monoksit ise konsantrasyonu normalin istiine ¢iktiginda insanlar
zehirlemektedir. Bu ve par¢ada gecen bilgiler 1s18inda gazetede anlatilan 6lim
nedenini daha bilimsel bir dille agiklayiniz (Facianin yasandigi evde bacali
kombi kullanilmaktaydi).

f) Parcada gegen “ tabii bir ¢ekim” itfadesini bilimsel bir dille agiklayiniz.

g) Mersin’ in Tarsus ilgesine bu sene ilk kez dogal gaz alt yapisi kullanima hazir
hale gelmistir. Mustafa Bey evine kombi taktirmak istemektedir. Mustafa Bey’e
hangi tip kombiyi neden Onerirsiniz? Kanitlarinizla agiklayiniz.(Yogusmali ve
hermetik kombi benzer 6zelliklerdedir).

h) Arkadasiniz bacali kombisi olan bir evde yasamak zorundadir, bdyle bir faciadan
korunmak adina arkadasiniza neler 6nerirsiniz?
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SAGLIKLI YASAM KiMYASI

11-K siifindaki Ahmet’in kilo problemi oldugu i¢in diyetisyene gitmisti. Diyetisyen
ergenlik donemine ait enerji ihtiyacini saptamak i¢in kullandigi tablodaki bilgileri
Ahmet’le paylasti.

Ergenlik cagindaki genc¢lerin enerji ihtiyacinin hesaplanmasi

*Bazal Metabolizma Hizi, ** Viicut Agirlig1 ***Fiziksel aktivite standardi

YAS (¥il) ERKEK ( kkallgiin) KADIN { kkaligin)
10-12 36,5 % A% x 175 330° kA" x 164
1224 325kA X178 285xAX155
1416 295xAx 160 265xAx155
1618 275xA X160 255xAX153

Ornegin:

14 Yasinda 55 kg erkek bir
ergenin glinliik enerji ihtiyac1 =
32,5 x 55 x 1,78 = 3182 kkal/giin

a) Ahmet’in giinliik enerji ihtiyact nedir? (Ahmet 17 yasinda, 80 kg agirligindadir)

b) Giinliik ihtiyacindan 2000 kkal fazla enerji tiiketen Ahmet bu miktar enerjiyi 50
kg lik kiitle kaldirarak harcamak istemektedir. Bu enerjiyi harcayabilmek i¢in
Ahmet bu kiitleyi ka¢ defa kaldirmalidir? (Her seferinde 2 m kaldirdigin1 ve
agirhgl asagi indirirken is yapilmadigim farz ediniz, g = 10 m/s*, 1 Kcal = 1000

cal, 1 cal = 4,18 J diir).
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Biyolojik sistemler genellikle kendiliginden gergeklesen bir tepkimenin
tetiklemesi ile kendiliginden gerg¢eklesmeyen bir tepkimeyi tetikler. Bu
reaksiyonlara birlestirilmis (coupled) reaksiyonlar denir. Kendiliginden
gerceklesmeyen cogu tepkimeyi baglatmak icin gereken enerji yiyeceklerin
kimyasal degisimi (metabolizma) ile saglanir. Ornek: sekerin oksitlenmesi

CsH206(k) + 602(g) — 6COs(g) + 6H,0(s) AG =-2880 kJ.

Aciga c¢ikan bu serbest enerji, adenozin iki fosfatin (ADP), bir fosfat daha
baglanarak adenozin ii¢ fosfata (ATP) donlismesine katkida bulunur.

Kimya dersinde bag olusumlarini 1s1 agiga ¢ikaran, bag kirilmalarini ise 1sialan
tepkimeler olarak siniflandirdigimizi hatirlayalim.

c) Parcada anlatilanlar ve kimya bilgileriniz 1s515inda ATP — ADP, ADP — ATP

doniistimlerini bag olusumu, bag kirilmasi seklinde siniflandirarak hangisinde
enerji agiga ¢iktigini hangisinde enerji gerektigini sebepleriyle a¢iklayiniz?

d) Kilo almamasi icin Ahmet’ e yukaridaki bilgiler ¢ercevesinde kanitlar bularak

beslenme-aktivite konularinda neler onerirsiniz?
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DUZENLI Mi, DUZENSIZ Mi?

Cesitli amaglarla giinlik hayatimizda kullandigimiz paket lastikleri elastik
polimerlerdir. Herhangi bir elastik paket lastigini gerdirdigimizde, sekilde gorildigi
gibi, molekiiller ilk duruma gore daha diizenli duruma gelir. Bir paket lastigini
sekildeki gibi gerdirdiginizi diisiiniiniiz,

a) Sistemin (paket lastiginin) entropisi artar m1? Azalir m1? Nedeni ile aciklayiniz.

b) Paket lastigini izotermal olarak gerdirmek istiyorsunuz, sicakligin degismemesi
icin sistemin 1s1 almasi mi yoksa vermesi mi gerekiyor? Aciklaymz (Ipucu:

izotermal islem i¢in ASgistem = Gsistem / 1’ 0ldugunu hatirlayiniz).
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VOLKANIK PATLAMA ve KIMYA TERIMLERI

2010 yilinda izlanda’daki yanardag patlamasini hepimiz hatirliyoruz. Bir yanardag

(ya da volkan), magmanin (Diinya'nin i¢ tabakalarinda bulunan, yiiksek basing ve
yiiksek sicaklikta erimis kayalar) yeryuvarlaginin yiizeyinden disar1 piiskiirerek

ciktig1 cografi yer sekilleridir.

Asagidaki bosluklar1 uygun kelimelerle doldurunuz.

Yanar dag .................. sistemdir ¢iinkii madde ve ............... ¢ikist vardir.
Sistemden ¢evreye .............. akis1 oldugundan bu degisim ....................... tir.
Sistemin i¢ enerjisinin ..................... nedeni sistemin i yapip, ¢evreye 1s1
vermesindendir. Evrenin toplam enerjisi sabit olsa da ...................... artmaktadir
ciinkii bu patlama istemlidir. Istemli olaylarda ............................... enerjisinin

isareti negatiftir. AG=AH-TAS formiilii olaydaki enerji doniisiimlerini 6zetler.

Sizce parcada termodinamigin deginilen ve deginilmeyen yasalar1 hangileridir?
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APPENDIX H

SAMPLE LESSON PLAN I

OTOMOTIiV: GECMISTEN GUNUMUZE

1942, Kabriyple Peugoot 404

Y-

Tarih boyunca her zaman ihtiyaglar, yeni buluslar1 ortaya koydu. Binek

hayvanlarinin kullanimini kolaylastiran at arabalar1 zamanla ihtiyaglar1 gidermede
yetersiz kaldi ve daha iyiye ulagsma gabasiyla ilk bisiklet yapildi. Iki tekerlekli
bisikletten sonra, hizla ligtekerliye gecildi. Sanayi Devrimi ile her alanda makine

kullanim1 yayginlasti, yeni buluslar yapildi.

Buhar giicii kullanilmaya baglandi ve ilk olarak buhar giiciiyle kullanilan

makineler yapildi. Bu makineler, tekerli arabalara uyguland. Ilk buharli araba, 1770
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yilinda Cugnot tarafindan yapildi. Béylece otomobilin icadinda ilk adim atilmis oldu.
Ardindan da hizla motorlu tasitlara gecildi. Boylece hiz kazanan teknoloji, insanlari
da beraberinde gotiirmiis, artik onlara da hiz kazandirmisti. Hizlanan caligsmalar
sonucu ilk motorlu tagit 1885 yilinda Alman Karl Benz tarafindan yapildi. Yaklasik

bir y1l sonra Gottlieb Daimler motoru atli arabalara monte etti.

Ulasilan bu sonuglardan sonra ¢aligmalar hizlanmist1 ve klasik tip araba icadi
fazla gecikmedi. 1891 yilinda, Fransiz Rene Levassor bilinen ilk klasik tip arabay1
icat etti. Her an etrafimizda gorebildigimiz bu araglara insanlar o donemde o kadar
yabancilardi ki, 6nden giden bir kisi elinde bayrak sallayarak tasita yol agiyordu.
1908'de Henry Ford'un fazla para kazanamayanlarin bile otomobil satin alabilmesini
sagladi. Ford'un basarisinin gizi "zincirleme iiretim" deydi. Cok sayida otomobil

yapmak i¢in bilyiik insan ekiplerini sistemli bicimde calistirmaktaydi.

19. yiizyilin sonlarinda insanlarin hayatina giren otomobil, 20.yy ile birlikte
insan hayatinin bir parcast olmustu. 1900’li yillara gelindiginde arabalar artik
insanlarin zevklerine hitap etmeye baslamisti. Genellikle siyah renkte iiretilen
otomobiller 6nce c¢esitli renklere biiriindii, 1960’11 yillarla birlikte ise adeta giicii
simgeleyen biiyiik arabalar iiretilmeye baslandi. ilk otomobillerin iiretim asamasinda

karsimiza ¢ikan modeller ile otomobil c¢esitlerinin artmasiyla karsimiza c¢ikan

modeller arasindaki fark, yapilan ¢aligmalarin hizin1 ve verilen 6nemi anlattyor.

Hayatimizin bir parcasi haline gelmis arabalardaki KIMYA uygulamalarin biliyor
musunuz?

Referanslar:

1 http://www.teknoalem.org/otomobillerin-teknolojik-gelisimi-arabanin-tarihi.html

2. www.obitet.gazi.edu.tr/download/Otomotiv_Sekturu_io.doc
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1. Merak Uyandirma Asamasi (Excite)

Ogretmen derse girer, elindeki ara¢ gereci masanin iizerine koyarak, dgrencileri selamlar.
Gecen dersi 6zetletir. Okuma pargasi olarak dagittigi metni okuyup okumadiklarini sorgular,
birkag 6grenciye sorular yonlendirerek metnin anlattiklar1 hatirlatihir. Ogretmen simf
mevcuduna dikkat ederek Ogrencilerden yanlarindaki arkadaglar ile 2-3 kisilik gruplar

olusturmasini ister.

Ogretmen Ogrencilere benzinli araba motorlarinin nasil ¢alistigini sorar, 6grencilerin fikirleri
alindiktan sonra, araba motorunun c¢alisma sistemini gosteren bir animasyon videoyu

Ogrencilere izletir.

http://www.nasilbilgi.com/araba/araba-motoru-calisma-sistemi-animasyon-video/

Ogrencilerin varsa sorular1 yanitlandiktan sonra 6gretmen asagidaki sekli agar ve
smiftakilere sorular yonlendirir, kisaca cevaplarini alir ve bu dersin sonunda bu

sorularin cevaplarini bulacaklarini belirtir.

a. Sistem ve ortam kavramlarini tarif ediniz
b. Araba motorlar1 nasil sistemlerdir? (Ac¢ik, Kapali, zole, Sabit basinglr)
c. Motorda gergeklesen enerji doniisiimleri nelerdir?

d. Motorda gergeklesen olaylar1 endotermik ve ekzotermik olmasi bakimindan
tartisiniz

e. Sistem mi ig yapmaktadir, sistemin iistiine mi is yapilmaktadir?

f. Motorun i¢ enerjisini, 1s1 enerjisini ve yaptigl isi artma ve azalma yoOniinden
tartiginiz

Kam milleri

Emme siibabi

Egzoz slibalkb

Buji

Yakit ve hava girisi
Yanmis gaz cikisi (egzoz)
Silindir kafas\

Piston

Sogutma suyu

AL =-IO0MOOP

Silindir blogu
Piston kolu
Krank mili

: Dengeleme agirhig

ZEORLSZIOTINOODER

Motor yagan

Bir benzinli araba motorunun kesiti ve calisma prensibi

226



2. Arastirma Asamasi (Explore)

Ogretmen asagidaki deney diizeneklerini siras1 ile en &n siranin iizerine kurar.

I = ?iﬁi
: ‘ |
Piston “‘Li
|
f= - [ H,; gas . .
YRS plus original |
" atmosphere
B _
2N J | LY )
){;—/ Ny Bl : \/» X
[ | | 1
\ /

. ,HCI solution HCl solution

Ogrencilerin yukaridaki sorulara cevap bulabilmeleri igin izlenilen animasyondan ve

yukaridaki deney diizeneginden yola ¢ikilarak sorulara yanit aramalar1 saglanir.

a. Oncelikle (a) diizenegi kurulur. “Zn katisim HCI ¢ozeltisine eklersek ne
olur?” sorusunu dgrencilere yonlendirir. Ogrencilerin muhtemel cevaplar

dinlenir. (Zn katist HCI cozeltisi ile ile reaksiyona girer ve H> gazi aciga

ctkar, Olusan gaz pistonun yukart dogru hareket etmesine neden olur).

b. Ogretmen kat1 Zn yi ¢ozeltiye ekler ve degisimleri gdzlemlemeleri istenir (b

diizenegi kurulur). Daha sonra 6grencilere;

1. Piston neden yukar: dogru hareket etmektedir?

2. Bu diizenekte Sistem mi Ortam mu is yapmaktadir?
3. Yapilan i kime karst yapilmaktadir?

Sorularint yonlendirilir. Buna gore dgrencilerin muhtemel cevaplart alinir.

(Reaksiyon kabinin basincinin sabit kalabilmesi icin sistem yani H, ortam iizerine

is vapmaktadir. Bu is acitk hava basincina karst yapimaktadir).
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Bunun iizerine Ogretmen Ogrencilere yapilan isin biiyiikliigiiniin nelere baglh
oldugunu, piston daha yukari hareket ederse yapilan is nasil etkilenir sorularini
sorar. Ogrencilerin muhtemel hipotezler (tahminleri) sunlardir. Piston daha yukart
hareket ederse is artar/azalir. Ogretmen reaksiyondan daha fazla H; gazi agiga
cikarsa yapian is nasil degigir? diye sorar. Ogrencilerin muhtemel hipotezler

(tahminleri) sunlardir. Daha fazla gaz ¢ikist yapilan isi artirir/azaltir.

Ogretmen Asit ¢ozeltisine biraz daha Cinko parcaciklari ekleyerek, dgrencilerin

hipotezlerine yanit aramalarini ister.

3. Aciklama Asamasi (Explain)

Ogretmen her gruba “Reaksiyondan daha fazla H, gazi ¢ikmasinin isi nasil
etkiledigini sorar?” ve “bu sonug sizin kurdugunuz hipotezle ayn1 midir?” diye sorar.

Ogrencilerden “Daha_fazla H, gazi_cikmast pistona_daha_cok_basin¢_yapilmasi

demektir, bu basinc pistonu daha fazla yukari hareket ettirerek tepkime kabinin

basincini sabit tutmaya calisir” demeleri beklenir.

Ogretmen yapilan isin biiyiikliigii pistonun hareket ettigi yiikseklife ve pistona
etkiyen kuvvete baglh oldugunu dogrular asagidaki denklemleri kullanarak

aciklamalarda bulunur.

Hareketli pistonun kesit alanini A ise, F biiylikliiglinde asag1 dogru bir kuvvet pistona

etki eder. Birim alana etki eden basing , P =F / A oldugu ifade edilir
Silindir i¢indeki H, gazinin pistonu Ah kadar yukari kaldirdigini kanaati ile,

Isin Biiyiikliigii = Kuvvet X Yiikseklik= F X Ah ve F yerine P X A ,Ah yerinede AV
yazildiginda

Isin Biiyiikliigii=F X Ah=P X A X Ah=P X AV oldugu 6grencilerce agiklanur.

Sistem ortamin iizerine is yaptig1 i¢in isin isaretinin negatif ve biiyilikliigliniin

w =- P AV oldugu, Eger sadece P-V isi yapiliyorsa, AU = Sistemin i¢ enerji
degisiminin=q+w= q-P AV oldugu konusulur
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Termodinamigin birinci yasas1 i¢ enerji degisiminin 1s1 ve is degisimi ile olan
iligkisini verir (Araba motorunda gerceklesen doniisiimleri birinci yasa ile

iligskilendirerek degerlendirilir).
Reaksiyon sabit hacimde ger¢eklesseydi, AU = qy (sabit basing) oldugu
Cogu reaksiyonun sabit hacimde gergeklestigi, bu durumda AU = q,- P AV veya

qp = AE + P AV (sabit basin¢) oldugu, sabit basingtaki 1s1 degisimine ise Entalpi
denildigi ve AH ile gosterildigi (qp = AH) agiklanir.

Ozetle, 6gretmen i¢ enerji degisiminin sabit hacimdeki kazamlan ya da kaybedilen
1s1 Ol¢limii oldugunu, entalpi degisiminin ise sabit basingtaki kazanilan ya da
kaybedilen 1s1 6l¢limii oldugunu agiklar. Sabit basingtaki AE ve AH arasindaki fark
yapilan P - AV isini verdigi, pek cok tepkimedeki hacim degisiminin sifira yakin
oldugu bu nedenle AU ve AH arasindaki farkin kiiciik oldugu sdylenir. Bu nedenle

genellikle tepkimelerin enerji degisiminin AH kullanilarak ifade edildigi sdylenir.

4. Genisletme Asamasi (Extend)

Bu asamada 6grenciler kapali- izotermal gibi baska sistem tipleri ile ilgili animasyon
video izleyecekler ve araba gibi diger motorlu araglarin motorlarinda gerceklesen
olaylar1 kimyasal reaksiyonlar ve enerji, is, sistem, i¢ enerji, acik-kapali-izole-
izotermal sistem, kavramlar1 bakimindan bu sistem iizerinde tartisirlar, benzeri
farkl1 sistem tiirlerine érnekler bulurlar (Ornek; Jeneratérler). Ogretmen 6grencilere
motorda benzin yerine baska bir madde kullanilmasi durumunu sorar, dgrenciler
gruplar halinde kullanabilecek yakitlarin 6zellikleri hakkinda fikirlerini yazarlar.
Ogretmen bir sonraki derste islenecek olan kimyasal reaksiyonlarda entalpi degisimi,
olusum entalpileri, ara basamaklarin entalpi degisimleri, bag olusum ve kirihim

enerjileri gibi konulara alt yapiy1 hazirlamis olur.
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5. Degerlendirme Asamasi (Evaluate)
1. Sistem ve Ortam kavramlarini tarif ediniz
2. Araba motorlar1 nasil sistemlerdir? (Acik, Kapali, izole, Sabit basinglr)

3. Motorda gergeklesen olaylart endotermik ve ekzotermik olmasi bakimindan

tartisiniz
4. Sistem mi is yapmaktadir, sistemin {istiine mi is yapilmaktadir?

5. Motorun i¢ enerjisini, 1s1 enerjisini ve yaptigi isi artma ve azalma yoniinden

tartisiniz
6. Motorda gerceklesen enerji doniisiimlerini sdyleyiniz?

7. Pistonlar motorlu araglarda ara¢ yakitini yakma ve hareketi saglama gorevini
istlenir. Bujilerin olusturdugu kivilcimlarin sebep oldugu patlama sonrasi biiyiik bir
enerji agiga cikar ve bu enerji piston hareketi saglar. Piston asagiya dogru itilirken
pistonun baglant1 ¢ubuklari ile bagl oldugu krank saftt doner. Bu dénme sonucu
olusan hareket tekerleklere iletilir. Benzindeki enerji hareket enerjisine g¢evrilmis
olur.

Benzer bir piston sisteminin igerisinde CO gazinin yanma reaksiyonu asagidaki

tepkimeye gore gerceklestirilmektedir
2CO (g) + O(g) — 2C0O1 (g)
Olusan bu reaksiyon sonucunda 563,5 kj kadar 1s1 aciga c¢ikarmaktadir ve sistem

194,3 kj is yapmaktadir. Bu bilgiler 1s18inda, yanma reaksiyonunun sonucunda

sistemde meydana gelen i¢ enerji degisimini hesaplaymiz?

230



APPENDIX I

SAMPLE LESSON PLAN II

BUZDOLABI NASIL CALISIR?

Buzdolaplar1 yiyeceklerin bozulmasini geciktirerek Omiirlerini uzattig1 igin,
yasamimizi olumlu yonde degistiren 6nemli icatlardandir.

Sogutma islemi c¢evrelenmis bir ortamdan veya maddeden 1simin alinarak,
sicakliginin disiiriilmesidir. Buzdolaplar1 buharlasan sivilarin ortamdan 1s1 almasi
prensibini kullanir. Bu sivilar ya da sogutucular ¢ok diisiik sicakliklarda buharlagarak
buzdolabinin i¢ini dondurucu sicakliklarina diistirtirler.

Genlesen gaz sogur ve yeterince soguyan bazi gazlar sivilasir. Farkli sicakliktaki iki
nesneyi birbirine yaklastirirsaniz ya da dokundurursaniz sicak olan sogur, soguk olan
1sinir. Bu iki yasa, bir buzdolabinin nasil soguttugunu agiklar. Bir buzdolabi, i¢inde
dolasan gazi 6nce sivilastirir, sonra sivinin 1sisini sogurur. Bu sayede de sogutur.

Buzdolabi, bes temel boliimden olusur sikistirici (kompresor), x__.~——)—-}
buzdolabinin dis arka boliimiinde bulunan ve 1s1y1 degistiren —

kivrimli borular, bir tarafinda yiiksek basing alani, diger S|
tarafinda diisiik basing alani bulunan bir delik olan genisletme

valfl, buzdolabinin i¢inde bulunan ve 1sty1 degistiren kiviimli |

borular, s1v1 haldeyken buharlasarak sogutmay1 saglayan hd

gaz. Bu boliimlerin temel isleyisi soyle,

Bir buzdolabinin yapisi

A) Buzdolabinin igi
B) Sikistirici
C) Genisletme valfi

L2000 How SUuflr Werks

Sikistiricr (B), sogutucu gazi sikistirir. Bu sikigtirma, gazin basincini ve sicakligini
artirir.  Boylece buzdolabinin  disindaki 1s1  degistirme borulari, sogutucunun
sikigmastyla olusan 1sinin disariya birakilmasini saglar (turuncu bolge). Soguyan gaz
sivilagir ve genisletme valfina akar (C). Sivi, genisletme valfina aktiginda, yiiksek
basing bolgesinden diisiik basing bolgesine dogru bir hareket olugsmasina neden olur.
Boylece genisler ve buharlasir. Buharlagsma sirasinda sivi 1siy1 sogurur ve ortami
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sogutur. Buzdolabinin i¢indeki 1s1 degistirme borulari, sogutma maddesinin 1s1y1
sogurmasini saglayarak buzdolabinin i¢ini sogutur. Bu dongii boylece devam eder.

Buzdolabt motorlarindan ortalama 15 dakikada bir ses gelmesinin nedeni ne
olabilir?

Buzdolabinda gergeklesen olaylari  kimya  bilgilerinizi  dikkate alarak
yorumlayniz?

Istemli- istemsiz degisim kavramlarim tarif ediniz, buzdolabimin ¢calismasindan
ornekler veriniz.

Enerji-entropi gibi kavramlari tarif ediniz.

1. Merak Uyandirma Asamasi (Excite)

Ogretmen derse girer, elindeki ara¢ gereci masanin iizerine koyarak, dgrencileri

selamlar. Gegen dersi Ozetletir. Araba motorlarinin nasil ¢alistigina kimya agisindan

baktiklarim1 hatirlarlar, arabalarin sogutma sistemlerinin nasil calistigindan yola

¢ikarak buzdolaplarinin ¢alisma prensipleri lizerinden kimya konusacaklarini sdyler.

Daha sonra 6grencilere sogutma sistemlerinin sagligimiz agisindan onemini sorar.

Ogrencilerin cevaplar1 alindiktan sonra, Buzdolaplarmin bu sogutma sistemlerinden

biri oldugu vurgulanir ve bu sistemlerin nasil c¢alistigt hakkinda onceki dersin

sonunda verdigi okuma pargasini hatirlatir. Bir 6grenciden buzdolabinin nasil

calistigini anlatmasini ister.

Daha sonra agagidaki animasyon video izlenir.

http://www.youtube.com/watch?v=mbCJ2Qy-how

Ogrencilerin varsa sorular1 yanitlandiktan sonra Ogretmen siftakilere sorular

yonlendirir, kisaca cevaplarini alir ve bu dersin sonunda bu sorularin cevaplarini

bulacaklarini belirtir.
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e Buzdolabindaki gazi kompresorde sikistirmak istemlimidir, istemsiz midir?

e Sikistirllmis gazin basincinin ve sicakliginin artmasi istemlimidir istemsiz
midir?

e Buzdolabimin i¢inde ki borulardaki maddenin 1s1ty1 sogurmasi istemlimidir,
istemsiz midir?

e Istemli degisimde enerji artar m1 azalir n?
e Istemsiz bir degisimde enerji artar m1 azalir n?

e (Oda sicakliginda buz eridiginde daha diizenli mi, daha diizensiz mi olur?

2. Arastirma Asamasi (Explore)

Ogretmen yaninda getirdigi deney malzemelerini 6n siraya koyar ve dgrencilerin

yaklagmasini ister.

Bir miktar aseton ya da kolonya 6grencilerinin ellerine dokiiliir ve zamanla nasil bir
his yasadiklar1 sorgulanir (1stnma, soguma gibi). Ogrencilerin muhtemel cevaplari

“Soguma hissi” dir.

Aseton (s) (CH 3;COCH ;) — Aseton (g) (CH 3;COCH 3)
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S1v1 halden gaz haline gecis olan bu fiziksel degisim ile ilgili olarak, dgretmen
ogrencilere olayin kendiliginden mi yoksa disaridan bir etki ile mi gergeklestigini

sorar. Ogrencilerin muhtemel cevaplar1 “ Viicut sicakliginda Aseton kendiliginden

buharlasti” dir.

Ogretmen yukaridaki sekildeki gibi s1v1 azotu beherin icerisindeki asetonun iizerine

doker ve bu olay ile ilgili olarak,

a) Oda sicakliginda azot sividan gaza gegince enerjisi nasil degigir?

b) Oda sicakliginda azotun sividan gaza gegisi esnasinda ortamin isisi nasil
degisir?

¢) Oda sicakhginda azot sividan gaza gegince molekiillerin farkli konumlarda
bulunma ihtimalleri nasil degisir?

d) Asetonun enerjisi nasil degisir?

e) Aseton molekiillerinin farkli ortamlarda bulunma ihtimalleri nasil degigir?

Sorularim1 dgrencilere yonlendirir ve azotun normal donma noktasinin -196 °C

civarinda oldugu hatirlatilir.

(a) ile ilgili olarak o6grencilerin muhtemel hipotezlerini (tahminleri) “Azot

sividan gaza gecerken ortamdan 1sis1 artar/azalir”
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(b) Ile ilgili olarak muhtemel hipotezler “Azot sividan gaza gecince enerjisi
artar/ azalir”

(c) ile ilgili olarak muhtemel hipotezler “Azot swvidan gaza gecince enerjisi
artar / azalir”

(d), (e) ile ilgili olarak “Asetonun enerji ve molekiillerin farkl ortamlarda

bulunma ihtimali artar/ azalir”

Ogrenciler behere hafifce dokunarak ve deney sonucunda asetonun dondugunu

gozlemleyerek, asagidaki sonuglara;

e Azot sividan gaza gecerken ortamdan 1s1s1 azahr
e Azot sividan gaza gecince enerjisi artar
e Azot sividan gaza gecince enerjisi artar

e Asetonun enerji azahr, diizensizligi artar

Ulasmalar1 beklenir.

3. Aciklama Asamasi (Explain)

Ogretmen istemlilik ve istemsizlik kavramlari, tek yonli basit

tepkimelerde, (demirin paslanmas1 gibi)

2Fe(s) + 3/20,(g) — Fe03(s)

ok yoniindeki olaym kendiliginden yiiriimesi; ters yondeki olayin o6zel
Oonlemler alinmadik¢a meydana gelmemesi seklinde acgiklamalara
ulasabilmeleri igin 6grencilere sorular yénlendirir. Istemlilik ile minimum
enerjiye yonelme egilimi arasindaki paralelligi, incelenen 6rnek degisimlerle

aciklamalarini ister

N2 (s) — Na(g)

Oda sicakliginda yukaridaki (sivi azotun kaynamasi) degisimin istemli oldugunu

ogrenciler aciklar. Ogretmen dgrencilere buzdolabinda benzeri (kaynama noktasinin
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oldukca diisiik) bir kimyasalin kullanildigin1 hatirlatir, 6grencilerin sivi azotun

buharlagsmasini buzdolabinda gerceklesen olaya benzetmeleri saglanir.

Ogretmen kuru bardagin icerisine bir parca buz koyar, baska bir bardaga biraz su
koyar. Asagidaki degisim denklemlerini tahtaya yazar ve oda sicakliginda bu
degisimlerin yoniinii sorar. Ogrencilerin istemliligin sicakliga bagl oldugunu fark

etmelerini saglar.
H,0 (k) — H,O (s) T > 0 °C igin istemli

H,0 (s) — H,0 (k) T < 0 °C igin istemli

Ogretmen ayrica istemli tepkimelerin/ degisimlerin ¢ogu zaman ekzotermik
oldugunu  ancak  istemli  oldugu  deneyimlerle  bilinen  endotermik
tepkimelerin/degisimlerin oldugunu 6rnekler vererek, ornekler isteyerek 6grencilerin

bu sonuca ulagmalarini saglar.

Bu tepkimelerde i¢ enerjinin degisim yoniinii irdelenir. Boyle olaylarda minimum
enerji egiliminden daha etkili bir bagka egilim olmas1 gerektigi sonucuna gotiirecek
yonlendirmelerde bulunur ve Entropi kavramini kullanilmayan termal enerji olarak

aciklar.

Istemli olaylarda entropinin artacagimm (AS > 0) agiklar, Entropinin arttig1 istemli

olaylara drnekler verilir. Termodinamigin 2. Kanununu agiklanmis olur.

H,0 (k) — H,O (s) T =25 °C deki
Buzun erimesi olayinda sistemin entropi degisiminin pozitif, ortamin entropi
degisiminin negatif, toplam entropi degisiminin pozitif oldugunu sonuglarina ulagilir

asagidaki esitlik anlatilir.

ASevren = ASsistem + ASortam = 0 Tel'SiIliI' i@in

ASeyren = ASsistem T ASortam > 0 Tersinmez i@in
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Benzer sekilde, sicakligi -30 °C olan bir odaya konmus, 0 °C da 1 mol s1v1 su igin,

evrenin toplam entropi degisiminin bu olayda pozitif oldugu sorgulanir.

4. Genisletme Asamasi (Extend)

Bu asamada buzdolabinda gerceklesen degisimler istemlilik, enerji, diizensizlik gibi
kavramlar bakimidan yeniden tartisilir. Termodinamige giizel bir uygulama olani
olan buzdolaplart disinda baska ne gibi sogutucu sistemler oldugu tartisilir. Hal

degisiminin izotermal bir siire¢ oldugu hatirlatilarak,

H,O (k) — HyO (s) T = 0°C, I atm basing ta

Degisimin 1s1 degisimi sorulur. Ogrencilerin onceki bilgilerini hatirlayarak, bu
degisimde sisteme q = AH .ime kadar 1s1 vermemiz gerektigini sdyler sOylemeleri
beklenir. Ogretmen sistem ve ortamin entropi degisimlerini iliskilendirmelerini ister,

Sistemin entropi degisiminin;

AS = Qrev/ T = q = AH 4ime / T 0ldugu,

Sistemin entropi degisimi AS ve ortamin entropi degisimi (-AH/T) ile gosterilip,
istemli olaylarda bu iki terim toplaminin > 0 olmasi ger¢eginden, AH — TAS < 0
sonucuna ulagilir. Buradan Gibbs serbest enerjisi (AG) tanimina gegilerek istemlilik,
AG nin isareti ile iliskilendirilir. Araba motorlarinda gerceklesen tepkimelerin

istemliligi, entropi degisimleri, AG leri irdelenir.

Arag klimalari, ev klimalar1 gibi cihazlarinda hal degisim 1silar1 sayesinde sogutma

yaptiklar1 vurgulanir.
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5. Degerlendirme Asamasi (Evaluate)

e Araba motorunda gerceklesen yanma tepkimesinin; istemliligi, entropisi, AG
degerleri nasil degisir?

e Buzdolabindaki gazi kompresorde sikistirmak istemlimidir, istemsiz midir?

o Sikistirllmig gazin basincinin ve sicakliginin artmasi istemlimidir istemsiz
midir?

e Buzdolabinin iginde ki borulardaki maddenin 1s1y1 sogurmasi istemli midir,
istemsiz midir?

e istemli degisimde enerji artar n1 azalir m1?
e Istemsiz bir degisimde enerji artar m1 azalir mi1?

e Oda sicakliginda buz eridiginde daha molekiillerin bulunma farkl
konumlarda bulunma ihtimallerinin nasil degisir?

e “Bir fincandaki sicak ¢ayin oda kosullarinda sicakliginin zamanla diismesi”
Bu olayla ilgili olarak, agsagidakilerden hangisi yanlistir?

a. Istemli degisime &rnektir

b. Minimum enerjiye yonelmistir.
c. Ekzotermik degisime ornektir
d. Sistemin i¢ enerjisi artmigtir.

e. Ortamin enerjisi yiikselmistir

e (da sicakliginda civa sivi halde bulunur. Civanin normal donma noktasi -
38.9 °C, molar erime 1s1s1 2.29kj/mol diir. Sistemin entropi degisimini 50 g
civa i¢in hesaplayiniz.(MA Civa= 209.59 g/mol)

e -196°Cvelatmdel molN;, ----- -196°C ve 1 atm de 5 mol N,
25°Cvelatmde2mol O,  ----- 25°C ve 5 atm de 2 mol O,
Standart sartlarda 1 mol H,O(s) ----- Standart sartlarda 1 mol H,O (g)

Yukaridaki ciftlerin entropi biiyiikliiklerini kendi aralarinda karsilagtiriz.
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APPENDIX J

GIBBS SERBEST ENERJISININ NESi “SERBEST” TiR?

Gibbs serbest enerji termodinamigin dikkate deger bir niceligidir. Cogu kimyasal
tepkime yaklasik olarak sabit basing ve sicaklikta gergeklestigi icin kimyacilar,
biyokimyacilar ve miihendisler AG nin isaret ve biiylikliiglinii olaganiistii faydal

bularak tepkimelerini tasarlamada ve uygulamada bu degeri kullanirlar.

Gibbs Serbest Enerjisini ilk 0grenenler genellikle “Gibbs Serbest Enerjisinin Nesi
“Serbest” tir?” sorusunu diisiiniirler. Onceden &grendigimiz baz1 kavramlar
kullanarak bu soruyu tartisacagiz. Termodinamigin ikinci yasasinin olaylarin
kendiliginde olup olamayacag: ile ilgili oldugunu &grendik. ikinci yasa ile ilgili

olarak

Tersinir Olaylarda 5 AS- AH/T =0
Tersinmez Olaylarda ; AS - AH/T >0 (Sabit P,T) oldugunu
hatirlayalim. Termodinamigin ikinci yasasinin AG ile arasindaki iliskiyi her iki

esitligi —T ile carparak gorelim.

Tersinir Olaylarda AG=AH-TAS=0

Tersinmez Olaylarda ; AG= AH - TAS <0 (SabitP,T)

Yukaridaki esitliklere bakarak, AG nin isaretinin bize tepkimelerin istemli, istemsiz
veya dengede oldugu hakkinda bilgi verdigi sonucuna ulasabiliriz. AG nin
biiyiikliigii de ayrica énemlidir. AG nin biiyiik ve negatif oldugu, petroliin yanmasi

gibi, tepkimeler oda sicakliginda buzun erimesi gibi AG nin kii¢iik negatif oldugu
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durumlara kiyasla ortamin iizerine daha fazla is yapma giiciine sahiptir. Aslinda
termodinamik bize serbest enerji degigsiminin , AG nin, sabit basin¢ ve sicaklikta
kendiliginden gergeklesen ve sistemin ortam iizerinde is yaptig1 bir olaydaki

maksimim kullanilabilen ise esit oldugunu agiklamaktadir.

AG = -Wnax
Bu iligki bize AG ye neden serbest enerji dendigini
aciklamaktadir. Yani kendiliginden gerceklesen bir
_ tepkimenin enerji degisiminin is yapmak i¢in
kullanilabilecek, serbest, olan kismdir.
. ( e Araba ve ug¢ak motorlarinda gerceklesen
’f__ yanma tepkimelerinin AG lerini isaret ve biiyiikliik

bakimindan karsilastiriniz.
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APPENDIX K

CLASSROOM OBSERVATION CHECKLISTS

GELENEKSEL YONTEM
Gozlemci S SUIE ti i
Okul/Simif L KOnu oo
YARGILAR H| K E

Ogretmen bu sinifta ders isledi

Ogretmen dgrencilere konuyla ilgili sorular sordu

Ogrenciler konuyla ilgili soru sordu

Ogrencilerin sorular1 ¢dzmelerine firsat verildi

Ogretmen konuyu diger konularla iliskilendirerek anlatt:

Ogretmen dersi geleneksel yontemle anlatti

Uygun yerlerde 6rnek videolar izlendi

H: Hayir, K: Kismen, E: Evet
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BAGLAMA DAYALI 5E OGRENME DONGUSU MODELI

Gozlemci S SUIE ti i
Okul/Simif S KOnu oot

YARGILAR H| K

Ders ilgi ¢ekici bir baglamla bagsladi

Baglam bu konuya uygundu

Ogrenciler baglamla ilgilendi

Baglamla ilgili sorular soruldu

Isindirma

Konuyla ilgili 6grenci goriigleri alindi

Ogrenciler bilgiye ihtiya¢ duydu

Derste 6gretmen ve 6grenciler birlikte aragtirma etkinlikleri yapti

Ogrenciler arastirma konusu ile ilgili hipotezler kurdu

Ogretmen irdeleyici sorularla arastirmay1 derinlestirdi

Ogretmenin gérevi 6grencilere rehber olmakt:

Arastirma

Ogretmen arastirma sorularmin cevaplanmasina firsat verdi

Ogretmen arastirma etkinliklerini baglamla iliskilendirdi

Arastirma sonuglariin rapor edilmesi saglandi

Ogrenciler agiklamalar1 gerekgeleriyle sundu

Ogretmen agilamalarmi dgrencilerin agiklamalari iizeriden yapti

Agiklamalar baglamla iliskilendirildi

Aciklama

Tiim 6grencileri agiklama yapmalarina firsat verildi

Ogrencilerin dgrendiklerini bagka bir baglama genisletebildi

Bilimsel agiklamalar yeni durumlarda kullanildi

Ogrencilerin yeni durumlarla ilgili bilgilerinin genisletilmesi
saglandi

-

Genisletme

Baglam iizerinden kavramsal bilgi genisletildi

5E OGRENME DONGUSU MODELININ ASAMALARI

Ogrenciler 6grendikleri kavramlari baglam iizerinden
iligkilendirebilmeleri degerlendirildi

Ogretmen baglama dayali sorularla 6grencileri degerlendirdi

Ogrenciler baglami ve kavramlari anladi

Ogrencilerin bilgi gereksinimlerinin karsilanip karsilanmadig
sorgulandi

Degerlendirme

H: Hayir, K: Kismen, E: Evet
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