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ABSTRACT

CONTENT ANALYSIS OF 9" GRADE PHYSICS CURRICULUM, TEXTBOOK,
LESSONS WITH RESPECT TO SCIENCE PROCESS SKILLS

YILMAZ SENEM, Beril
Ph.D., Department of Secondary Science and Mathematics Education
Supervisor: Assoc. Dr. Ali ERYILMAZ

September 2013, 296 pages

The purpose of this study is to investigate the extent in which science process skills are

included in 9" grade physics curriculum (TTKB, 2011), 9" grade physics textbook (MONE,
2010) and 9" grade physics lessons. Moreover, it investigates to what degree the curriculum,
the textbook and physics lessons were consistent with the inclusion of science process skills.

A content analysis was conducted to the curriculum, textbook and observation of three
physics teachers’ lessons. Science Process Skills Questionnaire and Observation Sheet were
used to collect data about the physics lessons. Science Process Skills Code Book was
constructed for analysis. NVIVO, software for content analysis was used during the data
analysis process.

The results showed that the 9" grade physics curriculum emphasizes collecting-interpreting
data whereas disregards predicting, experimenting and inferring. This investigation found
that 9™ grade physics textbook highly includes collecting-interpreting data and measuring
however, ignores hypothesizing and defining-controlling variables. The results of content
analysis of 9" grade physics lessons in Energy chapter revealed that modeling highly takes
place in lessons as use of mathematical equations in expressing the relationships among
physical quantities. In contrast, hypothesizing, inferring, defining-controlling variables,
experimenting and predicting almost never appear during physics lessons in Energy chapter.

The similarity of the curriculum, textbook and physics lessons is that collecting-interpreting
data highly involved in three of them. The physics textbook is parallel to the lessons
regarding the levels of skill-based domain. The skill of measuring is involved in knowledge-
based domain in all, while others are mainly included in the skill-based domain.

Keywords: Science Process Skills, 9™ grade physics curriculum, 9™ grade physics textbook
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9. SINIF FiziK PROGRAMI, DERS KITABI VE DERSININ
BILIMSEL SUREC BECERILERI YONUNDEN ICERIK ANALIZI

YILMAZ SENEM, Beril
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boliimii
Tez Yoneticisi: Dog. Dr. Ali ERYILMAZ

Eyliil 2013, 296 sayfa

Bu ¢alismanin amaci bilimsel siire¢ becerilerinin 9. smif fizik programi (TTKB, 2011), 9.
siuf fizik ders kitab1 (MEB, 2010) ve 9. sinif fizik derslerinde nasil ve ne derece yer
aldiklarin1 arastirmaktir. Ayrica, program, ders kitab1 ve fizik derslerinin bilimsel siire¢
becerileri i¢erikleri bakimindan ne derece tutarli olduklarini da incelemistir.

Ders programini, ders kitabini ve {i¢ fizik 6gretmeninin ders gézlem kayitlarini incelemek
i¢in igerik analizi uygulanmigtir. Bilimsel siire¢ becerileri anketi ve gézlem formu fizik
dersleri hakkinda veri toplamak i¢in kullanilmistir. Analiz i¢in bilimsel siire¢ becerileri kod
rehberi arastirmaci tarafindan gelistirilmistir. Veri analizi islemi sirasinda igerik analizi i¢in
NVIVO yazilim kullanilmistir.

Sonuglar 9. smif fizik programinin veri toplama-yorumlamaya énem verirken, tahmin etme,
deney yapma ve ¢ikarim yapmayi goz ard1 ettigini gostermistir. Bu arastirmada, 9. sinif fizik
ders Kkitabinin veri toplama-yorumlama ve 6lgmeye genis yer verirken hipotez kurma ve
degiskenleri tanimlamayi-kontrol etmeyi gbz ardi ettigi belirlenmistir. 9. sinif fizik dersi
Enerji boliimiiniin icerik analizi sonuglari, derslerde modelleme becerisine genis yer
verildigini ancak bu becerinin sadece matematiksel denklemler bazinda yer aldigini
gostermektedir.

Fizik programu, ders kitab1 ve fizik derslerinin benzerligi, iiclinde de veri toplama-
yorumlamanin en ¢ok igerilen beceri olmasidir. Fizik dersleri, igerdigi bilimsel siire¢
becerilerinin kategori boyutunda da kitap ile paraleldir. Diger taraftan, derslerde 6lgme
becerisi sadece bilgi boyutunda ele alimmustir, digerlerinde beceri boyutunda igerilmis
olmasina ragmen.

Anahtar Kelimeler: Bilimsel Siire¢ Becerileri, 9. sinif fizik programi, 9. sinif fizik ders kitabi
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CHAPTER 1

INTRODUCTION

The knowledge has been collected systematically since the first era. It becomes difficult to
follow new concepts and phenomena in science due the rapid change in knowledge and
technology. The pursuit of advancements would definitely be slow if scientists of a
generation simply learned the facts of earlier generations. It is the product of earlier scientists
that the results of investigations about the physical world. Science, on the other hand, is also
a method of discovery and learning which creates the collected knowledge. The collected
knowledge is important without a shadow of doubt; however, the process of generating
knowledge is essential for science which is a continuous and evolving method.

Science is usually defined as a noun; nevertheless it implies an active way or method of
obtaining knowledge; asking questions and finding answers systematically. Pollak (1993)
defines science as the “study of patterns in nature” (p.157) and argues that scientific
knowledge comes eventually from experience; it is not called as science when the knowledge
is not rooted in experience. He states that science cannot be considered without process;
without process there is always need to go back and start from beginning. Gottlieb (1997)
describes science as an intellectual activity carried on by humans that is intended to find out
information about the natural world in which humans live and to determine the ways in
which this information can be organized into meaningful patterns. A primary aim of science
is to collect facts by systematic and organized way.

Science, more than collected knowledge, is a process which should be taken into account in
science education. The development of science process skills should be involved in the goals
of science education as well as the transmission of science concepts (Rohaida, 2004). Like
riding a bike, or playing baseball, a person must be taught to ‘do science’ from a practical
point of view (Kujawinski, 1997). Therefore it is better for students to gain the skills of
accessing and analyzing the knowledge besides learning the accumulated scientific facts
(Bilgin, 2006; McDermott, 1991).

The ability to question, discover and inquire new ideas which are parts of process skills are
critical competencies for the 21st century. Developing these skills in school will lead
students to understand the dimensions of actual work of scientists and make meaningful
decisions in their life. Science process skills are mainly defined as the processes that
scientists use in the processes of doing science. Archimedes, Aristotle, or Galileo, scientists
have been constantly looking for answers to the questions about the world around them.
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Observing, measuring, calculating, and predicting are some of the processes they use as they
design and carry out, reason and communicate about their personal encounter with the
universe. Llewellyn and Rajesh (2011) state that students will get into a realistic view of
science and improve abilities in reasoning and communication by science process skills.

Many educators have stated that change in science curriculum has become inevitable in
today’s world in order to meet the needs of society (El-Sheikh Hasan, 2000; Flett & Wallace,
2005). During the twenty-first century, in many parts of the world, a shift has taken place
from industrial to technology based societies which also reflects on science education. The
teaching of scientific principles which dominated science curricula prior to 1950 has given
way, in proposal if not practice, to a greater consideration of scientific process (DeBoer,
1991). Science education is increasingly focusing on the instruction of the processes of
science as a valid educational objective.

The major reason in the popularizing of science process skills is the development of the
science program Science A Science Process Approach (S-APA). S-APA was the first
program that focused on skills that scientist used to solve problems. These process skills are
explained as a set of broadly transferable abilities, appropriate to many science disciplines
and reflective of the true behavior of scientists (Marshall, 1990). In addition, in US, the
science curriculum in 2009, emphasizes that the “science education is not just about learning
facts in a classroom, it's about doing activities where students put their understanding of
science principles into action” (NCES 2012, p.1). Similarly, the National Science Education
Standards outlined science as inquiry as the guiding principle for the organization of science
education. In doing so, the standards addressed a changing emphasis in science towards
promoting scientific inquiry as not only an instructional strategy, but also as an ability to be
developed and an idea to be learnt. Therefore, students are now expected to develop their
science process skills as well as their understanding of the scientific concepts (NRC, 2000 as
cited in Mitchell, 2007).

Curriculum plays a vital role in education; the quality and standards of the curricula promote
the quality of education. Countries organize their education programs according to
contemporary necessities of time. When a reform takes place in the curriculum, it necessarily
affects textbooks, lessons as the implementation of educational program, teachers’ lesson
plans, assessment tools, etc. are like the domino effect. In the light of this effect, the
curriculum has three aspects: the intended curriculum, the implemented curriculum, and the
attained curriculum. The intended curriculum is the one prescribed by curriculum developers,
the implemented curriculum is the one that is actually performed by teachers in their
classrooms, and the attained curriculum is the one gathered by students (Howson & Wilson,
1986). In education, there is frequently a mismatch between the intended, the implemented,
and the attained curriculum (Cuban, 1993). According to the changes in intended curriculum
other outcomes of curriculum like textbooks, and teaching activities are affected.

Textbooks, the fundamental materials for lessons, are predominantly used by teachers to
develop lessons. Most teachers rely on textbooks to define both what and how they teach
(Chiappetta, & Fillman, 2007). Having an essential role in reflecting the curriculum in terms
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of content and objectives, textbooks are important materials to achieve the goals of the
curriculum. Therefore, textbooks have a crucial part on achieving the goals of curriculum as
a teaching aid (Chieppetta, Fillman, & Sethna, 1991). In this perspective, to serve the
purpose of any curriculum, the textbooks written corresponding to the curriculum should be
consistent in terms of content, goals and objectives of the curriculum. Given the impact of
textbooks on learning, the content of physics textbooks must present science process skills,
rather than simply presenting collection of scientific facts.

There are many studies focusing on textbook analysis according to the science process skills
(Fuhrmann, Novick, Tamir & Lunetta; as cited in Nieddere, et al. 2002; Germann, Hasking,
& Auls, 1996; Soyibo, 1998; Tamir and Lunetta; as cited in Hanauer, Hatfull, Jacob-Sera,
2009). The results of these studies show that the materials analyzed in each study were
highly structured and students are seldom asked to formulate a question to be investigated,
formulate a hypothesis to be tested, predict experimental results, work according to their own
design, and formulate new questions based on investigation they conducted.

The curriculum shows the objectives of the teaching and learning process, and the teacher is
the person who should know how to implement these objectives. Therefore, any teaching
process ignoring the curriculum fails. Padilla (1990) says that it is possible to improve
students’ science process skills when these skills are a part of the curriculum, thus teachers
should plan classroom activities addressing the process skills. Observing actual classroom
activities provides a more complete understanding of the implementation of educational
reform and the potential effects of the educational curriculum. The teacher, a bridge between
intended and implemented curriculum, is the most significant figure in interaction with
students in educational settings. Hence, she/he is directly responsible for attaining the
general aims and objectives of the curriculum.

Examination of the curriculum implementation should be taken into consideration especially
in the periods when educational reforms take place. Because when these reforms take place,
a lot of changes and developments regarding education are expected to happen in the
educational settings. In order to be successful in the reforms, teachers should interpret the
changes and developments in the right way and reflect these changes into their teaching
activities in the classroom.

1.1 Need for the Study

In order to meet today’s needs in science education, reform on elementary science curricula
was made in Turkey similar to other modern countries by increasing value on science
process skills. In order to reflect changes in science, technology and society to the
educational system, Ministry of National Education in Turkey made deep-rooted changes.
These changes include the development of scientific literacy at the heart of the elementary
education curriculum (TTKB, 2005). The curriculum has being implemented at nationwide
since the academic year 2004/2005.



One of general aims of the elementary science curriculum is that: All students, regardless of
individual differences, should have the opportunity to attain high levels of scientific literacy
(TTKB, 2005, p. 5). The seven aspects of scientific literacy emphasized in the curriculum
were: Nature of science, key science concepts, scientific process skills, interaction of
science-technology-society-environment, scientific and technical psychomotor skills,
essential values of science, and attitudes and interests of science. One of essential features of
this curriculum is that it aims to develop students’ necessary abilities to do science within an
investigative framework and to capture perspectives of scientists.

In line with the changes in elementary science curriculum in Turkey, physics curriculum at
secondary level as a branch of science needed to be changed. Therefore, a curriculum
development process began and was finalized in September, 2007. The vision of the new
physics curriculum (TTKB, 2007) was to educate productive students who realize that
physics is the life itself and solve problems by using scientific methods (p.11). The important
features of the curriculum were being spiral for content development and including objective
of skills like problem solving skills, physics-society-technology- environment, informatics
and communication skills, and attitudes and values.

At secondary schools, students are expected to decide a branch like mathematics-science,
mathematics-social sciences, and social sciences in the end of 9" grade in Turkey. Physics
course is taken as compulsory by all secondary school students at the grade of 9. Therefore,
9" grade physics curriculum was planned to be more general and to include more skills than
the other grade physics curricula. The content of 9™ grade physics curriculum was
determined by taking into account that all high school students take physics course at the
grade level of 9. Since the 9" grade physics curriculum aims to educate all students at the
secondary school to solve daily life problems by using the fundamental physics concepts and
problem solving skills, it is chosen to be taken under investigation for this study.

It is essential for any curriculum reform to follow the changes in the features of the
curriculum like textbooks and implementation of the curriculum. Changes in physics
curriculum are supposed to be reflected to both textbooks used in physics course at
nationwide in Turkey and teaching activities of physics teachers. In this study, the focus is
on intended and implemented curriculum by way of analyzing the curriculum, the textbook
and the teacher activities. Adjacent to the curriculum itself, textbook is investigated under
the umbrella of intended curriculum. According to Flanders (1994), textbooks which are
given over-reliance by teachers are regarded as representing the intended curriculum. On
behalf of the implemented curriculum, classroom activities and the textbook used in the
physics lessons are analyzed.

Textbooks are extremely important for the education in Turkey; teachers are expected to use
the textbooks which were approved by the Ministry of National Education. Textbooks are
written with respect to the criteria developed by The Board of Education and are examined
through these criteria. The textbooks which meet these criteria are decided to be used in
schools (Ministry of National Education Regulations, 1993). Hence, textbooks used in
schools in Turkey are decided by the Board of Education at nationwide.
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Studies conducted in Turkey (Dokme, 2005, 2004; Koray, Bahadir, & Geggin, 2006) about
textbook analysis with respect to science process skills show the percentage of each science
process skill in the science and chemistry textbooks. The studies of Dokme (2005, 2004)
focus on the 6™ and 7™ grade science textbook published in Turkey and study of Koray,
Bahadir, and Geggin (2006) investigated the 9" grade chemistry textbook. Many studies
exist about the analysis of textbook focusing on evaluation of 9" grade physics regarding to
teachers’ views (Arslan, Tekniyik, & Ercan, 2012); the educational, visual, language and
expression point of view (Giizel & Adibenli, 2011); developing criteria for textbook analysis
(Demir, Maskan, Cevik, & Baran, 2009). However, there is a lack in the literature about the
analysis of 9" grade physics textbooks with respect to science process skills in Turkey.

Analysis of physics lessons are important in order to understand the transmission of the skills
implied in curriculum and included in the textbook written to corresponding curriculum into
the physics lesson. Since the aim of the changes in the curriculum and so in the textbook are
for the physics lessons to be more process-based. Therefore, 9" grade physics lessons are
necessarily affected by the improvement of 9" grade physics curriculum, and the changes in
the 9" grade physics textbooks.

In conclusion, the aim of this study is to reveal the extent of the presentation of science
process skills in the 9" grade curriculum, the 9" grade physics textbook, and the 9" grade
physics lessons. Moreover, the purpose of this study is to describe the gap among the 9"
grade curriculum, the 9" grade physics textbook, and the 9" grade physics lessons in terms
of inclusion of science process skills.

1.2 Research Problems

The purpose of this qualitative research study is to reveal to what extent the science process
skills are included in the Turkish 9" grade physics curriculum, 9™ grade physics textbook,
and 9" grade physics lesson. Specifically, the study addresses the following research
guestions:

1. To what extent are science process skills included in the Turkish 9" grade physics
curriculum?

2. To what extent are science process skills included in the content of the 9" grade physics
textbook published by Ministry of National Education?

3. To what extent are science process skills included in the 9™ grade physics lessons in the
Energy chapter?

4. To what extent are 9" grade physics curriculum, textbook and lessons consistent to each
other in terms of science process skills?

In order to answer the first and second research questions, Science Process Skills Code Book
(SPSCB) was constructed by the researcher. The 9" grade physics curriculum and 9" grade
physics textbook were coded by using the mentioned code book. For the third research
question, classroom observations were conducted in three lessons during Energy chapter.
The chapter of Energy was chosen because it is one of two chapters which have many skill
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and content objectives in number. The other one is Force and Motion however this chapter
has already covered by many teachers included in the study at the time observation started.
The physics teachers of these lessons were among teachers who have been chosen as the best
implementers who focus developing the students’ skills mentioned in the curriculum.
Furthermore, the teachers were interviewed to answer the third research question. All data
collected with respect to first three research questions were compared in order to answer the
fourth research question.

1.3 Definition of Important Key Terms
1.3.1 Science process skills

Science process skills are defined as the understanding of methods and procedures of
scientific investigation (Bilgin, 2006). In this study, eleven science process skills were
focused specifically; observing, classifying, measuring, inferring, predicting, scientifically
communicating, formulating hypotheses, controlling variables, interpreting data,
experimenting, and modeling. The first six skills are categorized as the basic science process
skills, while the last five skills are categorized as the integrated science process skills
(Burrchfiel, & Gifford, 1995; Ostlund, 1998; Rohaida, 2004).

1.3.1.a Domains and dimensions in the code book

In this content analysis, codes are grouped under two main domains named as knowledge-
based and skill-based. Knowledge-based codes refer to the any information about science
process skills like historical facts, specific events, generalizations, explanations about
science process skills. On the other hand, skill-based codes refer to any action to develop
students’ science process skills in physical, mental aspects and/or both. These domains have
two dimensions; the codes of these dimensions for each science process skill are explained in
the SPSCB (Appendix A). In this part, the definitions for them are given in brief.

Knowledge-based domain

Declarative-knowledge: Learner is informed about facts, generalizations and vocabulary
terms defined by Marzano, and Kendall (2008). Facts convey information about specific
person, places, things, and events. Generalizations are statements for which examples can be
provided. Vocabulary term is a word or phrase about which a student has an accurate, but not
necessarily deep, level of understanding (Marzano & Kendall, 2008).

Procedural-knowledge: Learner is informed about procedure of the skills and explained
“how-to” perform the skills. It typically starts with declarative knowledge; the individual
cannot perform the procedure but is aware of the requirements. With practice over time, the
individual learns to execute the procedure (Marzano & Kendall, 2008).

Skill-based domain

Task-based skills: Learner is given a well-defined task to perform the skills.
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Transferable skills: Learner is expected to transfer the skills from one phenomenon to
another.

1.3.2 The 9" grade physics curriculum

The physics curriculum published by Board of Education has been used since September,
2007. In this research, the last edition, August, 2011 is taken under consideration (TTBK,
2011).

1.3.3 The 9" grade physics textbook

The 9" grade physics textbook published by the Ministry of National Education has been
used nationwide since 2008. Third edition, published at 2010 is investigated in this study
(MEB, 2010).

1.3.4 The 9" grade physics lessons

The activities including all behavior of teachers and students are observed at 9" grade
physics lessons during the chapter “Energy” in the second academic semester of 2012-2013
academic year.

1.4 Significance of the Study

This research provides insight into issues related to science process skills to curriculum
developers, textbook authors, and physics educators. The results obtained from the study
may help curriculum developers to determine the gap between the curriculum, textbook and
the lessons as the implementation of the curriculum about the inclusion of science process
skills. This knowledge may provide implicit guidance to physics curriculum developers as
they design the new physics curriculum focusing to develop science process skills. If physics
educators understand the science process skills and recognize them in existing curriculum,
they will be better equipped to make informed judgments concerning their implementation.
There is a documented gap between intended and implemented curriculum. It is important to
determine this gap for the studies of the curriculum leaders who aim bridging the gap
between curriculum and textbook and physics lessons in terms of science process skills.

Textbooks are frequently used by teachers and students and convey a great deal of
information based on the curriculum in physics lessons (Chieppetta, Fillman, & Sethna,
1991). There have been many researches in the literature about textbooks due to the
importance as teaching aids in the classroom. However, only few studies focused on
implementation of science process skills in textbooks (Chiappetta, & Fillman, 2007; Dokme,
2004; Karamustafaoglu, & Ustun, 2004). This study aims to expose to what extent science
process skills included in the textbook and how it is congruent with curriculum. Textbook
writers may benefit from the results of this study as they read and interpret the curriculum
while writing the textbooks.



In this study, physics lessons of teachers who claim they follow the curriculum and focus on
skill objectives in the curriculum are observed. By observing these physics lessons,
comprehensive information is gathered about how teachers include science process skills.
These findings obtained from observations will be valuable to develop in-service teacher
education to understand how these skills can be included in classroom setting.

For the purpose of determining to what extent the 9" grade physics curriculum, the 9" grade
physics textbook, and the 9™ grade physics lessons include science process skills, content
analysis was conducted. In order to construct a content analysis, the fundamental step is to
prepare a codebook. The detailed explanation of the procedures for preparing the SPSCB for
curriculum, textbook and observation of classroom are another contribution of the study to
the literature on science process skills and content analysis. Moreover, the SPSCB can be
used to analyze any written document with respect to science process skills in order to
determine what extent these skills are included in the document.



CHAPTER 2

CONCEPTUAL CONTEXT

In this chapter, theoretical framework that informed this research and the literature
discussing the prior studies that contributed to the research is covered. In the first section,
theoretical construction of each science process skill is clarified. Next, the second part
focuses on review of literature on how science process skills are analyzed in science
curricula, textbooks or laboratory materials, and instruction. By doing so, the rationale of the
study will be made clear within the ongoing literature.

2.1 Theoretical Framework of the Study

In this section, theoretical framework of the study and literature review on science process
skills are covered in two main sections. In the first section, brief information on science
process skills is presented to provide the context for the problems of the current study. Each
skill under investigation is defined and explained with respect to the literature. These
definitions and explanations construct the framework of the study. Then, importance of these
skills is stated in the light of literature.

In the second section research on science process skills are presented accordingly three
research questions of the study; studies about curriculum, textbooks and instructions are
involved, respectively. In these parts of the second section, literature review is given without
criticism. Researches associated with this study are criticized in the summary of literature
review part which is the last one in this chapter.

2.1.1 Science process skills

The concept of science process skills has been always underlined as a critical feature of
science education for over a hundred years (DeBoer, 1991). Layton, in his book named as
Science for the People, 1973 (as cited in Marshall, 1990) stated that the characteristics of
science was the method in which knowledge was acquired. That is the inductive aspects of
scientific method which means more than conclusion of scientific activity. Layton reported
that science was considered in the schools not only for its informational benefits but also
because it trained the power of observation and reasoning. Similarly Gagne, (1963, 1965)
Livermore, (1964) and Nordland & Devito, (1974) also emphasized teaching science as a
process. The rational basis upon Gagne’s view is that knowledge develops inductively from
sensory experience. This view of induction as the method of science was proposed by



Francis Bacon in 1602, Robert Boyle in 1672, and Sir Isaac Newton in 1687. According the
basic views of induction, science consists of four stages:

Observation and the collection of facts,

Analysis and classification of those facts,

Inductive derivation of generalizations from the facts, and
Further testing of the generalizations.

Hwnh e

Gagne’s view of science as inductive is consistent with the classical position of Bacon,
Boyle, and Newton. Science begins with observation and proceeds through systematic
organization of data, the inductive formation of inferences, and the testing of those
inferences. According to Gagne (1970), concepts are formed from individual sensory
impressions that are similar and adjacent in the experience of an individual. At the same time
Gagne underlined the prerequisite knowledge of concepts and principles can be obtained
only if the students have certain capabilities to practice and understand science. The key
features of these processes across content are:

1. Each process is a specific intellectual skill used by all scientists and applicable to
understanding phenomena.

2. Each process is an identifiable behavior of scientist that can be learned by students.

3. The processes are generalizable across content domains and contribute to rationale
thinking in everyday affairs (Gagne, 1965).

Gagne in brief, defines science process skills as intellectual skills used for developing
knowledge and understanding. The skills are a set of broadly transferable abilities,
appropriate to all of the science disciplines, and reflective of the true behavior of scientist
when conducting experiments and solving problems. Science process skills are described by
Tobin and Capie (1982) as follows:

Intellectual skills used in collecting and analyzing data to solve problems. Students
can use process skills to formulate responses to questions, to justify viewpoints, to
explain events and procedures, and to interpret or describe data. Processes such as
observing, classifying, and recording data, which are typically taught in elementary
grades, act as prerequisites for integrated processes such as hypothesizing, controlling
variables, and defining operationally... (p.113)

Kujawinski (1997) emphasized that today’s students are being prepared to understand the
dynamic nature of science as they are part of the world as scientist. Students can understand
the world by science process skills (Kaptan, 1999). In addition, Huppert, Lomask, and
Lazarowitz (2002) emphasized the function of science process skills in global society that
those skills are not only needed by scientists, but by every citizen in order to become a
scientifically literate person.

Science processes skills are defined in different ways by many scientists; similarly they are
considered in different categories. According to SAPA, primary process skills are observing,
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classifying, measuring, communicating, inferring, predicting, using time/space relationships,
and using numbers (Padilla, & Okey, 1984). Martin’s (1997) classification includes
observing, classifying, communicating, measuring, predicting, and inferring in basic process
skills. Temiz (2001) considered observing, measuring, using time/space relationships,
predicting, and classifying in the category of basic science process skills. Lancour classifies
the basic process skills similarly; the difference is that Lancour’s classification does not
include using time/space relationships, and using numbers. In this study, similar to Lancour
classification, basic science process skills are consist of observing, measuring, classifying,
inferring, predicting and communicating. Using time/space relationships and using number is
not taken to the study, because based on the ages eleven at which Piaget (as cited in
Casasanto, Fotakopoulou, Boroditskyc, 2010) reported that children set their confusion about
space and time. Therefore, at secondary school students at the ages between fifteen and
eighteen have already gained the skills of using time and space relationships.

Integrated process skills at SAPA are formulating hypotheses, naming and controlling
variables, making operational definitions, experimenting, interpreting data and investigating
(Padilla, & Okey, 1984). Martin’s (2007) classification involves determining and controlling
variables, formulating hypotheses, interpreting data, making operational definitions,
experimenting and modeling as integrated process skills. Saat’s (2004) classification similar
to Martin’s, involves controlling variables, making operational definitions, formulating
hypotheses, and experimenting in the category of integrated process skills. Temiz (2001)
included formulating and testing hypotheses, determining and controlling variables, making
operational definitions, modeling, designing and generating experiment, comprehending
cause-effect relationship as experimental skills in his master thesis. In this study, formulating
hypotheses, identifying and controlling variables, making and designing experiment,
collecting and interpreting data, and modeling are considered in the category of integrated
science process skills. In the following sub-sections, the definitions of each science process
skills in the framework of this study are given.

2.1.1.a Observing

Observing, the essence of all science, is the basis of collecting data by using all appropriate
senses and instruments that extend the senses to gather information and/or describe a
process, object or event (Buxton, & Provenzo, 2007; Carin & Bass, 2001; Harlen & Qualter
2009). While making observations; specifications of objects, changes in their movements
and structures, changes in the events are taken into consideration (Buxton & Provenzo, 2007).
In observing, all appropriate senses are used which are the five basic senses of sight, sound,
taste, smell, and touch. The sense of balance, the sense of muscle contraction, the sense of
muscle memory, the sense of direction, and the muscular senses can also be used, for
example when we investigate how heavy something is. Observing is fundamental for all
other skills since the concrete information gained through observation forms a basis for
higher levels of thinking.

Observation may be qualitative, quantitative, or both in the same activity. Qualitative
observations are the ones that are made directly with sensing organs; such as observing the
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growth in length of a flower, roughness of the surface, smell of spoiling fruit. Quantitative
observations are based on data with standard or non-standard units related to things or events
(Martin, 2006). For example, indicating the growth in the length of a flower with numerical
figures is a quantitative observation. Moreover in both type of observation where attention to
detail or to slight changes is required it will be proper to extend senses by using an
instrument such as a hand lens or stethoscope and to use measuring instruments to quantify
observations (Harlen & Qualter, 2009)

Systematic and controlled observation is fundamental to scientific inquiry. What makes
systematic and controlled observation different from the observations made in daily life is
that it starts with a guiding question (Buxton, & Provenzo, 2007). Systematic observation is
based on direct experience with the object, event or process without regard to inferences.
However, interpretations of observations are based on prior personal relevant knowledge and
ideas brought into the situation (Carin, & Bass, 2001). Planning the observation makes it
easy to control the process, not to skip any important things or repeat observations
unnecessarily, and to observe not only expected things but also unexpected and important
things as well. It is important to be curious and have an open mind while observing; be
aware of discrepancies; ask questions that can lead to new observations and new
information.

Teaching students to be discriminating observers is one of the major objectives of science
education. In the science lessons it is important to keep in mind that science begins with
observation, in this sense making careful observations is needed in the study of science. The
role of observing should be emphasized for other skills like inferring and predicting.
Moreover, experimenting involve the collection of data which is attained by making
observations (Gabel, 1993).

While planning the lesson including observation, it is important to maintain class discussion
on the observation level until a number of responses have gathered. With the intention of
waiting for more responses, students are given chance to join the discussion and time to
build explanations for what they observe. Students’ observational information can be written
to compare and discuss on it in order to emphasize the difference between systematic
observation and the observation in daily life (Carin & Bass, 2001).

Moreover teacher can put exploration, observation, and description to the focus of the lesson
by asking open ended questions. For example, teacher can ask questions of “what are some
of the things you noticed during the demonstrations”. This may let many students to
contribute valuable responses during observation process (Carin & Bass, 2001; Gabel, 1993).

2.1.1.b Measuring

Measurement is counting and comparing with its simplest meaning. It involves the use of a
variety of tools to quantify the dimensions of an object or event (Buxton & Provenzo, 2007).
Measuring is describing measurable things by means of standard or non-standard units.
Measurement process can be made either with standardized devices or non-standardized
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methods. Informal measurement is called when measuring takes place like comparing shoes
end to end, using length of arm, hand, or any other uniform objects which is not standardized
in unit. For example, students can use/count how many shoes long a wall of a classroom and
count the number of steps taken, and represent the length of the wall in terms of a length of
shoes of a student. Formal measurement is defined as using a particular standards as well as
specific devices for measuring. For instance, when students measure the length of the wall
with a ruler in meters, it means they used standardized device and made formal measurement
(Wolfinger, 2000).

In science classes students should practice in using both standardized and not-standardized
measuring instruments. According to Carin and Bass (2001) and Buxton and Provenzo,
(2007) students should begin to understand

e How to use a variety of measuring instruments;

e  The meaning and use of various standard units of measurement;

e How to interpolate between numbers in reading thermometers, rulers, and
other instruments;

e  How to express measurements in terms of decimals when appropriate;

e How to estimate measurements and when the estimation is appropriate.

Additionally, the skill of measuring includes estimating, or approximating a measurement
without using a measurement tool. Measurement is an important science process skill
because the quality and precision of predictions and explanations can be improved by
making measurements (Carin & Bass, 2001; Buxton & Provenzo, 2007).

2.1.1.c Inferring

Inference is described as the best guess of a person about why something happened by
Settlage & Southerland (2007) and Martin (2006). It involves drawing a conclusion about
something happened, based on past experience and previously gathered information. For an
experiment setting, inference is the interpretation of the observations made during an activity
or experiment (Buxton & Provenzo, 2007). According to Carin and Bass (2001) inferring is
to interpret the observations that is based on pre-existing knowledge and experiences.
Inferences are made up of three interacting components: (1) observations; (2) prior
knowledge and experiences; and (3) interpretation. In addition, an inference may also be
defined as a statement showing a relationship among the parts of a system detailing a cause-
and-effect relationship (Wolfinger, 2000).

Prior experiences and knowledge are very important while constructing an inference. For
example, if an inference is made about natural phenomena the prior knowledge must consist
of related and dynamic, rather than isolated and static ideas. The pre-existing information
like “Air often contains water vapor”, “Water vapor comes from evaporated water “, “When
warm, moist air is cooled to a temperature called the dew point, water vapor from the air will
condense onto available cool surfaces” are necessary to support the inference “the moisture
on the glass of ice water comes from the surrounding air” (Carin & Bass, 2001).
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It is important to distinguish inferring from observing and predicting. Carin and Bass (2001)
highlighted that observations are statements about information directly gathered through five
senses; inferences are interpretations of these observations. Past experiences and prior
knowledge are used to fill in gaps about observed events and information. Next, inferring is
different from predicting; predicting is statement about what will happen whereas inference
is a statement about cause of something that happened before (Martin, 2006).

Inferences are opinions informed by facts, but they are not facts themselves. An inference is
better when it makes sense in explaining the several numbers of observations. In other
words; the more reliable inference is possible with more valid observations. Scientific
inferences are evaluated by scientist, and tested whether they are still satisfactory by
gathering evidence. If it is not sufficient any more, a scientist can propose a new inference,
and so as the old inference can be discarded because the new one does a better job of
explaining the data (Settlage & Southerland, 2007).

As students are asked to make inferences, they will construct more ideas to be tested. They
can be tested in different ways; reading, careful observations, and generating activities.
Making inferences and testing these inferences allows students to work like scientists.
Making inferences and testing starts a circle between other science process skills; making
predictions, observing, collecting data, measuring, etc. (Wolfinger, 2000).

2.1.1.d Classifying

Classifying is the process of placing objects into groups based on observable properties,
characteristics either do or do not possess. The ability of classifying starts from placing
objects according to a single criteria which is simply, and easily observable and goes to more
complex hierarchical classifications. For example classifying regarding to color, smell, or
shape of object is simple classification whereas biological classification system is a complex
one (Buxton & Provenzo, 2007; Settlage & Southerland, 2007; Wolfinger, 2000).

Classification, an important way of organizing the information, depends on knowledge
and/or the data which were obtained by observations (Wolfinger, 2000). Classification
should be conducted according to properties of objects or events that can be observed.
Observing is an important skill for classifying, on contrary inferring has no place in
classifying. Five senses provide powerful observational tools to understand the world around
us and then to classify what is observed (Buxton, & Provenzo, 2007).The best parameters to
be used for classifying are those that are unambiguous, clear, and based on observations, not
inferences. In brief, classification parameter should be objective. For example, classifications
of cinema films in terms of their type is much better method than classifying them by boring
or funny (Settlage & Southerland, 2007). Parameter should be clear; it should clearly
separate the object into one of two different categories.

Preoperational child can deal with only one attribute at a time where an early concrete
operational child recognizes that the same objects may have more than one attribute. The
ability of devising parallel classification occurs during the mid-concrete operational stage. At
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this level students are able to abstract the specific cases of general common attributes
possessed by each item that make some difference in classifying. Students need workout
developing parallel classification systems for a better classifying skill. It is critical to ask
students why they grouped in the way they did so as to learn their rationale about the process
of classification. Students in the late concrete operational or early formal operational stage of
cognitive development, can group hierarchical systems of classification that require higher
levels of cognitive skills (Martin, 2006).

It is essential to understand that the ability to classify does not appear instinctively within
students; they must be exposed to the phenomenon. In the classroom, students must be
encouraged to do many activities sorting of using many different kinds of things to gain
experience in the skill of classification (Martin, 2006). However, classification itself can be
used as a direct teaching method to develop a particular concept or can be used as a way of
introducing a new topic of study (Martin, 2006).

Moreover a classification made by scientists can also be the topic of a lesson. While present
classification systems are important to scientific literacy, it is also important for students to
learn how to construct classification systems by comprehending the scientific examples
(Buxton & Provenzo, 2007). In this case, it is important to emphasize how scientists
classified the objects or events. The information about the classification parameter should be
explained with the properties of it. Moreover, Settlage and Southerland (2007) states
students should be shown that any current classification system is only the most recent in a
continued process of pattern seeking and sense making. In other words, knowing about
existing classifications is as important as knowing how to classify and being given the
opportunities to develop classification skills (Wolfinger, 2000).

Therefore, the materials in this study was analyzed according to giving information about
classification itself; that is how to classify objects and events, comparing common and
different characteristics of objects and events, mentioning about the properties of objects or
events and making students to develop classifying skill by sorting objects or events.

2.1.1.e Predicting

Predicting is foreseeing the possible outcomes of an unrealized event depending on the past
experiences and collected data. In other words, a prediction is an individual’s best guess
based observation, or other evidence as to what will happen next in a given situation.
(Buxton & Provenzo, 2007; Carin & Bass, 2001; Martin, 2006; Wolfinger, 2000). A
prediction is not simply a guess. A guess has no basis in data, whereas a prediction must
have a rigorous base in data that was previously collected or experienced (Wolfinger, 2000).
For example, when rolling toy cars down a ramp carpeted by different textures in an
experimental setting, students might use their past experiences riding a bike or rollerblading
to predict that the toy car will travel faster on a smooth piece of plastic than on a piece of
artificial grass (Buxton & Provenzo, 2007). Predicting has three interacting components: (1)
Prior scientific knowledge, (2) A forecast, and (3) A possible outcome.
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Predicting is related to other process skills; observations and meaningful inferences play an
important role in making reliable predictions. Ordered observations often result in the
recognition of patterns which may be used to predict what will be observed in the future.
Testing a prediction makes the investigator observe new phenomena and make inferences
about the outcome of observation (Rezba, et.al, 2007). The inter-relationship among these
science process skills can be presented as in Figure 2.1;

/'

OBSERVING _—

Figure 2.1 Inter-relationship of predicting with observing and inferring

As the figure shows that observing, predicting and inferring are interconnected process
skills. Testing the predictions leads to making more observations; they either support or not
support the proposed predictions. As new observations are in agreement with the prediction,
it will become stronger and convincing. On the other hand, when new observations do not
support the prediction, it will be rejected and need to be re-examined. Then, new
observations cause new inferences and new predictions. Hence, the relationship between
these three skills looks like Figure 2.1. As new observations are held as a process of
gathering data, inferences and predictions are proposed to explain what has been observed
and what has not been yet (Rezba, et al., 2007).

Despite of having some logical similarities with inferring; predicting has some critical
differences. Predictions look forward, state what might happen next, while inferences look
backward, explain the reason of what has already happened (Carin & Bass, 2001).

Prediction is crucial for doing science and students should be encouraged to predict before
they test. By doing so, students learn to compare what in fact happens with what they
thought would happen, rather than merely accepting what happened without thinking about
it. The discrepancies between predicted and actual occurrences lead students to further
investigations. Moreover, students realize that their predictions may be correct, wrong or
deficient; so they should test their predictions to determine the validity. Students’ predictions
may be tested through reading or use of concrete materials. Events may result in the way
they predicted or not, but the point is to learn if the prediction is correct, wrong or deficient
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by testing it. Once the predictions have been tested, students can modify predictions
according to the new data and finally when all of the evidence is in, they can draw
conclusion. Thus they will take part in scientific research which is a process of continuously
predicting and proving or disposing of an argument (Martin, 2006; Wolfinger, 2000).

In science classes, the most important question can be asked to students “What would
happen if ...” in order to develop the skill of predicting. This question arises from the
observations and curiosity about the result of the observation (Buxton & Provenza, 2007).
Thinking about predictions in terms of three components mentioned above, teachers might
ask “Why do you think so?” to make students state the prior knowledge base supporting the
prediction (Carin, & Bass, 2001).

2.1.1.f Communicating scientifically

Communication is transmission of information to other people in any formats. It includes
nonverbal behavior as well as verbal behavior. Writing, drawing, talking, gesturing, telling
stories, giving oral presentations, pantomiming, singing are different ways of communicating
(Martin, 2006; Wolfinger, 2000). Likewise, communication can take many forms: graphs,
charts, concept maps, graphic organizers, diagrams, posters, symbols, maps, and
mathematical equations (Buxton, & Provenzo, 2007; Martin, 2006; Wolfinger, 2000).

Communicating scientifically, on the other hand means sharing and making discussions
about the whole or a part of a scientific research. Sharing, judging and analyzing of scientific
researchers are very important not only for improvement of the science, but also for
repeatability of the investigations, and experiments. Scientific discovery relies on a continual
process of communication within the scientific community so that its members can build
upon the work of others. For example; Faraday built his ideas on electromagnetic properties
by the help of the electrical experiments conducted by Franklin, Volta, and Lavosier which
was published in detail in the nineteenth century (Buxton, & Provenzo, 2007). Thus, it plays
a critical role in many significant discoveries.

Sharing the process of an experiment and the result of the experiment is a very important
science process skill (Buxton, & Provenzo, 2007; Martin, 2006; Wolfinger, 2000).
Communication about scientific findings generally improves precision, clarity, and
consciousness of new scientific investigations. Communication can be generated at and
about any step of scientific method for any type of research (Martin, 2006).

In order to develop students’ scientific communication skill in the classroom, students can be
given chance to discuss, describe, and explain the work they done. In the classroom, students
communicate in small or large groups, in individual conversations with each other, in
discussion sessions, and so on. For example, the results of observation can be shared with
other students in the classroom, the way of collecting data may be discussed in group
discussion session, and the whole process of an experiment may be explained by a group of
students to the rest, and so on. The important point is to give students the maximum
opportunity to develop accurate communication skills. For example, they can present their
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activities and the results of their investigations orally in the form of class demonstrations
(Martin, 2006).

2.1.1.g Formulating hypotheses

A hypothesis is a testable statement of the investigator’s best guess depending on experience
and observation as to the relationship between two variables (Martin, 2006). Hypothesis can
be made either for a problem or for some events and properties, even for discovering the
relationship between variables. Hypothesis is a kind of prediction that proposing how the
effect of independent variable on dependent variable will be (Bailer, Raming, Ramsey,
1995). However hypothesis formulation is different from prediction. In prediction, it is
answered that what would happen if we did something; it is related to only the result of not
occurred event yet. In hypothesis formulation, it is stating what would happen to one
variable if we change an interacting variable.

Hypothesis is also called an educated guess (Wolfinger, 2000). However, when the
hypothesis is defined as educated guess it is more likely to be confused with prediction. For
example an educated guess can be simple as “It will rain tomorrow”. It is only a prediction
not a hypothesis to test through control of variables. On the other hand, when the hypothesis
is called an “if... then” statement, it will provide the student with a format for writing a
hypothesis. Moreover, this statement will cover the way for identifying the dependent and
independent variables in an experiment for students (Wolfinger, 2000). For example, if the
height of object falls through is increased, then it will fall faster. The experimenter can tell
that the height of the object is to be purposely changed; it is the independent variable. From
this change in the height of the object, the experimenter expects a change in the velocity of
it. The velocity of the object depends on the height that it falls through and the velocity is the
dependent variable. Thus, the hypothesis let the researcher design the experiment.

In this study, evaluating a hypothesis being testable is important as constructing a testable
hypothesis. Hypothesis pointing the center point of a research, guides researchers about the
independent and independent variables. The steps for writing a good hypothesis are given by
Raming and Ramsey (2006) as:

Identify variables in a given event or relationship

Identify a pair of variables that might be logically related.

Identify the manipulated and responding variables

Write the hypothesis using the following format: If the (manipulated variable)
increases or decreases, then the (responding variable) will increase or decrease
(p.101).

Awnh e

For the skill of hypothesizing it is important to inform students that being testable is more
important than being correct for a hypothesis. Researchers do not know what is going to
happen and so the hypothesis may not be validated by the experiment. This should not be
interpreted as failure for the students in an experiment, actually, it should be taken as a result
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to learn what happens and how to correct the prediction and make a new hypothesis
(Wolfinger, 2000).

2.1.1.h Identifying and controlling variables

A variable is a quantity or a characteristic that takes different numbers or changes over time.
There are two basic type of variable namely; independent and dependent variable.
Independent variable is the one which cause changes in other variables resultant to its
changes, and dependent variable is the one which changes in response to change in
independent variable.

Carin and Bass (2001) defined the variable as a property of objects or events that can change
and have differing amounts. For example the amount of rainfall in a day, the height and
weight of a growing child, the time a candle can burn under a glass jar. Beside the terms
independent and dependent variable Carin and Bass chose to use the terms “Manipulated”,
“Responding”, and “Controlling Variables”. A manipulated variable is a variable that the
experimenter purposely changes; independent variable. A responding variable is a variable
that changes in an experiment in response to changes in the manipulated variable; dependent
variable. Control variables are variables that are purposely stayed constant in an experiment
in order not to confound the results.

Similarly, a variable is defined by Buxton & Provenzo (2007) as any factor that could
change, intentionally or unintentionally, during the course of scientific inquiry. In an
experiment only one variable is changed at a time in order to understand which variable
effect the dependent one. While changing only one variable, the rest should be stayed
constant which is called as controlling the variables. An investigator conducting an
experiment needs to identify all possible variables which may have an effect of dependent
variable. Next, each time only one variable should be changed while the others are being
controlled in order to find the affecting variable on the test result. Thus, influence of the
independent variable on dependent variable can be explained in an experiment. Moreover,
the investigator should identify the variables that cannot be controlled in order to interpret
the result of the experiment (Peters, & Stout, 2006).

Controlling the variables is a process that only becomes possible when an individual has
reached the level of formal operational thought, the final stage of development hypothesized
by Piaget (as cited in Wolfinger, 2000). When children reach the age thirteen and fourteen,
they can gain the skill of controlling variables.

In brief, in this study as identification of variables is defined as enouncing all effecting
factors, and independent variables for an experiment. Controlling variables is; not only
determination of the variables which will be changed and/or controlled, but it is also
changing only independent variable, which will be tested, by stabilizing all other variables
excluding independent one (Arthur, 1993).
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2.1.1.i Making and designing experiments

Scientists attempt to realize and clarify the natural world through the experimental method.
But, they do not simply work unprepared in the laboratory or in the field. Scientists have a
purpose for their work. They break down events into variables in order to handle one
variable effect on another one in order to eliminate the complex effects of many factors or
variables. If enough variables are taken in the study in the investigation, clear understanding
may be the result. Ramign and Ramsey, (2006) stated that scientists ask a question about
how one variable will affect another variable in an experiment. Similarly, Martin (2006)
defined experimenting as the scientific process in which the investigator explores the effect a
change in one variable has on the change in a different interacting variable. For example,
investigator may wish to examine the effect of changing the length of a resistor on the
electric current of a circuit.

As Settlage & Southerland (2007) mentioned that to design an experiment needs to bring
together all of the process skills, both basic and integrated, for the purpose of testing an
investigable question. Making an experiment is a complex skill that involves all other skills.
Basic purpose of making experiment is to test the hypothesis or predictions, in such a way
that making an effective plan to detect the effect of a selected independent variable on the
dependent variable.

Experimenting is different from formulating hypotheses. While a hypothesis is constructed,
no systematic attempt is made to examine verification of the hypothesis. Defining effect of a
variable on a different interacting variable is even not enough for experimenting. It is called
as experimenting when the investigator makes careful plans to explore the effect of changing
one variable on the change in the other interacting variable (Martin, 2006).

Experimenting starts with determining the purpose, so students should make purposeful
experiments or activities as a part of their work in science classes. Experimenting skill
involves the skills of; choosing suitable tools and devices for prediction or hypothesis, using
those tools and devices properly, building up suitable setup according to the purpose of the
experiment, obtaining data by controlling variables, evaluating the prediction or hypothesis
by reaching to a rational conclusion (Settlage & Southerland, 2007). As experimenting
involves all other skills it may be difficult to differentiate this skill from others. Therefore
both of below aspects should be checked:

e Predicting the result of the experiment or making hypothesis for explaining the
relationship between two variables before starting to the experiment.
e  Testing the prediction or hypothesis.

In this study, the skill of experimenting is handled in two way; (1) making an experiment
which means teacher-structured experiments, cook-book experiments, structured
experiments and (2) designing experiments which means student-structured experiments.
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Making an experiment

In this structured experiments, the hypothesis, steps of the procedure are given to students by
textbook and/or teacher. Students are expected to follow the steps of procedure. This type of
experimenting allows students to see how an experiment is constructed; beginning with
hypothesis, how to control variables, how to collect and organize data, draw conclusion
about the hypothesis with respect to result of data, etc. Because of their difficulty in using
experimental processes, students’ first experience can be a structured experiment, with the
teacher/textbook giving the hypothesis, the procedure, and the means for collecting the data.
The point is to discuss with students about the way of conducting experiment and to start
with a question asking the purpose of the experiment. In the structured experiments, it is
important to highlight the procedure; how to control variables, how to collect and organize
data and etc. by means of developing students’ experimenting skills.

Designing an experiment

When students are given background information and a problem to solve, they are free to
develop their own hypothesis to solve the problem and choose the experiment settings. In
this stage, they are not given the hypotheses and the procedure to follow any more. The use
of science process skills has been shown to be strongly correlated with the development of
formal operational thought processes of Piaget (Padilla, Okey, and Dellashaw, 1983). At this
final stage it is also possible to have students generate experiments from operational
guestions. Because of the need for formal levels of thought, many children may be unable to
carry out a true experiment without extensive teacher direction. For these students, they may
be given the opportunity to investigate scientific phenomena through the use of operational
guestions and no controlled activities (Wolfinger, 2000).

2.1.1.j Collecting and interpreting data

Collecting data skill is gathering qualitative and/or quantitative data depending on prediction
and hypothesis. Transforming the data into different forms such as table, graph, and chart is
also included in this science process skill. Interpretation is the ability to determine the
relationship between dependent and independent variables by inferring the data in a logical
way (Raming, & Ramsey, 2006; Martin, 2006; Wolfinger, 2000). Three important aspects of
collecting and interpreting data are;

(a) Data should be collected according to the purpose,
(b) Data should be organized in most suitable format for reaching in a valid conclusion,
(c) Thinking on the data to conclude with logical result.

The first step in interpreting data is to decide on what data to gather and what kind of
information is needed in the light of hypothesis (Martin, 2006). Then, before conducting a
meaningful investigation, it is important to learn how to organize the collected data.
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Collecting data may include observation, measuring; however the point in collecting and
interpreting data is to interpret what has been observed and/or measured to draw conclusion
for the aim of collecting data. It is impossible to interpret data in any shape; collecting and
interpreting data in this manner include organizing data in a most suitable shape for drawing
strong conclusions. Quantitative data may be organized by using data tables and charts,
graphs; bar graphs and line graphs; that allows researcher to get a visual image of the
observations and measurements. It is extremely important to keep in mind that valid
conclusions depend on good organization and clear interpretation of data (Ramign &
Ramsey, 2006; Wolfinger, 2000).

2.1.1.k Modeling

A model is understandable, concrete and visual format of a concept, event, fact or systems,
which are not normally, can be detected by five sense organs. Any object, drawing,
mathematical equivalence, computer program or similar things can be models. Value of the
model is its specification that explains how something works (Wolfinger, 2000; Martin,
2006).

A model is a simplified imitation that can help understand the real object or phenomenon
better. Model engines, model skeletons, model solar systems, or model airplanes are
examples for physical model. The benefit of making a physical model is to make smaller the
object or phenomenon in order to control the experiments. Moreover it is also possible to
make the object or phenomenon larger that its real size like as models of atom. Beside
physical models, conceptual models are analogies or metaphors based on some characteristic
or relationship to the real thing. Visualizing the human brain as a computer can help develop
understanding about how a computer works. The important point for a conceptual model is
to reflect the complexity of the phenomena; it should not be very simple for complex issues.
Otherwise, it may not give a clear thought and may be impractical to use. Mathematical
model shows a mathematical relationship that allows behavioral prediction without a
physical model. For instance, mathematical modeling allows us to send satellites to orbit the
moons of Jupiter without recourse to physical models of rockets, planets, moon, or satellites
(Wolfinger, 2000).

To foster the skill of modeling, students should be encouraged to make their own
representations to explain phenomena they observe (Martin, 2006). The use of models can be
increased as students reach the six, seventh, and eighth grades levels. At these grade levels
students begin to make the transition into formal operational thought processes. Physical
models can be easily understood by students who reach these more abstract thought
processes. In addition, students can create their own models for abstract objects or
phenomenon (Wolfinger, 2000). Inhelder and Piaget (as cited in Wolfinger, 200) states by
the formal operational stage, students are able to use mental models of reality; they are able
to “go beyond known explanations to search for explanatory models, to extend models, and
to compare alternative models of reality in order to account for the data obtained during an
experiment or an activity” (p116). When using physical models, the late formal operational
students can evaluate the model how it resembles to actual one.
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2.1.2 Importance of science process skills

Remembering the enormous accumulation of facts has become gradually difficult and
impractical by the rapid development in knowledge over the past few decades (Kuhn, 1993).
According to this need of the new age, science education should focus on developing the
skill related to obtaining data and information; evaluating it, communicating and etc. There
may be several other benefits of the integration of processes into science curricula.
According to Scharmann (1989), science courses including process skills influence the
development of science content achievement as well as development of a better
understanding of the nature of science. Harlen (1999) argued that science process skills
should be put on and practiced in the context of science since they are one of the major goals
of science education. The aim is to educate students to become scientifically literate in order
to function in a society by using and applying them in their daily life. Therefore, science
learning has to engage students in activities which require higher cognitive stage; namely the
science process skills.

There are many studies from different areas like chemistry, biology, computer science, and
physics which have shown that the development of students’ process skills increased their
problem-solving skills (Akkus, Kadayifci, Atasoy, & Geban, 2003; Alparslan, Tekkaya, &
Geban, 2003; Chang & Weng, 2002; Huppert, Lomask, & Lazarowitz, 2002). The similar
results of these studies show that science process skills are not context based and should be
used in education because of being beneficial in the classroom. These studies emphasize that
science process skills used in each showed increase in student achievement in problem
solving.

Developing science process skills increases students’ stability of learning science concepts.
Science process skills are also generalizable skills to other disciplines. Developing science
process skills (SPS) in science education will affect students” usage of these skills in
different learning areas. According to the study of Thiel and George in 1976 and Tomera in
1974 (as cited in Aldous, 2005) basic science process skills can be taught and that when
learned, can be transferred to new situations. Moreover, development of these skills has
positive effect on students to control relationships and deal with problems in daily life
(Temiz & Tan, 2000). Similarly, Bagci1-Kili¢ (2003) states that science process skills are
used in daily life experiences such as observing changes in objects or events, gathering data
in order to make decision about daily life problems. Solving problems and changing
relationships and/or attitudes are dynamic similar to procedure of developing science process
skills.

Science process skills have an essential part in science curriculum. They represent the
rational and critical thinking skills used in science. Competence in the process skills enables
students to act on information to produce solutions to problems (Burns, et al., 1985).
Similarly, Arena (1996) claims that science process skills should be a progressively larger
part in science education because they help the students stay engaged in learning by citing
the study of Roth and Roychoudhury (1993) in which students successfully used science
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process skills in solving an open-inquiry problem. According to the results of the study, the
process skills are learned and made sense to the students in the context of inquiry.

Colvill and Pattie (2003) explain the importance of science process skills in a science
curriculum as that they are inextricably linked to acquisition of new science knowledge. The
study of Flehinger in 1971 supports this statement by pointing out a significant positive
correlation between the level of process skills and level of knowledge acquisition for the
experimental subjects. Students with high process skills level acquired significantly better in
subject matter than students with low process skill level. In addition, Galgam and Grange
(2003) found that most of the science content in process-based science curriculum was
learned and remembered well by the learners.

Ostlund (1998) states that research points out process-based curriculum at sixties and
seventies like Science-A Process Approach (SAPA), Science Curriculum Improvement
Study (SCIS), and Elementary Science Study (ESS) were more effective in increasing
performance and attitudes of students rather than the traditional programs were. Shymansky
et al. (as cited in Ostlund, 1998) conducted a meta-analyses at 1993 on students’
performance across these activity-based programs and the results show that these elementary
science programs were more effective in improving student achievement and problem-
solving skills than were traditional programs. According to results, students involved in at
least one of these three curricula accomplished significantly better on the three of five
performance areas.

The literature has included several studies addressing the effectiveness of teaching science
process skills, reading skills, and problem solving skills to middle school students. Padilla,
Okey, and Garrard (1984), stated that integration of science process skills in science
curriculum systematically, increases students’ skills mostly, in the areas of hypothesizing
and identifying variables. Ostlund (1998) indicates the studies showing the positive
relationship between science process skills and reading skills, and problem solving skills in
mathematics. As stated with the result of studies of Barufaldi & Swift, 1977; Carter &
Simpson, 1978; Lucas & Burlando, 1975; Mechling & Oliver, 1983; Murray & Pikulski,
1978; Simon & Zimmerman, 1980 and Wellman, 1978 (as cited in Ostlund), process-based
science program emphasizing hands-on manipulative experiences provides the development
of reading skills. For example when students used the process skills of observing,
identifying, and classifying, they are better to classify the letters and syllables and to
recognize the contextual and structural clues when attacking new words. Moreover, Wellman
(as cited in Ostlund, 1998) concludes that process-based science program provides an
alternative teaching strategy that motivated students who have reading difficulties.

The study of Linn, Clement, Pulos, and Sullivan (1989) showed that students’ problem
solving ability can be developed even when the instruction with these skills has given from
seven to ten lessons. The studies of Mechling & Oliver in 1983; Coffia in 1971 and Shann in
1977 (as cited in Ostlund, 1998) show that students can apply mathematics to real-world
problems through science experiences when the contrived problems were replaced with real-
world science problems. Thus, it has the potential to improve the problem-solving abilities of
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students, while promoting a greater appreciation of the usefulness of problem solving in a
multitude of situations. Furthermore, Bitner (as cited in Ewers, 2001) and Lee (1993) found
significant positive relationships between students’ logical reasoning ability and science
process skills.

2.2 Research about Science Process Skills

There is vast amount of research studies in the literature about science process skills,
investigating the effect of a special teaching strategy on these skills (Burchfield and Gifford;
as cited in Myers, 2004; Mitchell, 1995; O’Sullivan, 1985), assessing and/or constructing a
new instrument for assessing these skills (Aldous, 2005; Edward, 1990; Kujawinski, 1997;
Mohamed, 2006), developing material for the improvement of science process skills in
learners (Esprivalo-Harrel and Bailer, 2004; Greene & Greene, 2001; Gren, 1994; Solano-
Flore 2000), etc. Burchfield and Gifford (as cited in Myers, 2004) found no significant
difference in science process skill gains of students in the traditional class and those in the
computer-assisted instruction class. O’Sullivan, (1985) investigated the effects of
cooperative biological research experiences on high school teachers, students, and university
scientists. The researcher found no significant difference for teachers’ or students’
understanding of science process skills. Mitchell, (1995) examined the effects of using a
guided research format, in a block of laboratory sessions, on the achievement and integrated
process skills ability of college students who varied in their level of cognitive development.
He found that guided research treatment was beneficial in advancing the integrated science
process skills, molecular biology achievement even the students who have lower cognitive
development. Moreover, the studies Atwood and Howard (1990); Wilson and Chalmers-
Neubauer (1990); Renner, staffordi Coffia, Kellog & Weber (1973) show that the process-
based curriculum like SCIS, ESS, and S-APA provided students’ performance noticeably
superior to traditional programs The results of the study of Onder (2006) investigating the
effect of conceptual change approach on students’” understanding of solubility equilibrium
concept indicated that there was a significant contribution of science process skills on
students’ understanding of solubility equilibrium concept. Bagdas (2007) investigated the
effect of hands-on science learning in “Matter and Heat” unit on sixth grade students’
science process skills, achievement, and motivation in his master’s thesis. He found that
experimental group students got significantly higher scores in all measures than those in the
control group.

There are many studies focusing on the assessment of science process skills. Kujawinski
(1997) investigated how science process skills of students may be accurately and reliably
measured and evaluated. The researcher developed assessment instruments for evaluating
student self-evaluation and performance of the science process skills. Mohamed (2006)
developed the Scientific Creativity Test for fifth-grade students to identify scientific
creativity with three subtests; problem and solutions, grouping flowers and design an
experiment. Aldous, (2005) assessed genetics students’ competencies in some of the science
process skills required by practicing geneticist. Edward (1990) used the Test of Basic
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Process Skills in Science (BAPS) for elementary and middle school students in order to
gather evidence of the construct validity of the test.

Some activities are designed to develop only one or two science process skills while others
develop a range of skills. Gren developed a test instrument in 1994 to diagnose and
remediate this skill of observation. Similarly, Greene and Greene (2001) explained the use of
amphibians and reptiles in the classroom to develop the skills of observation. In another
study by Moore (2003), the skill of sorting and classifying was the focus of designed
activities. Moreover, Esprivalo-Harrel and Bailer (2004) constructed a novel set of science
activities for improving general biological skills using mealworms. These activities made
students build understandings of how valuable science process skills are to understanding
and making valid conclusions about science investigations. Solano-Flore (2000) designed an
open ended activity called as “bubbles task” related to the concepts of force and motion in
physics. The activity provides opportunities for students to find solutions which make the
longest- and the shortest- lived bubbles by designing and conducting experiments.

The literature about science process skills is plentiful including studies on different grade
levels, different research approach for varied research questions. The importance of teaching
science process actively is also mentioned in much research. However, the reported literature
in this review is bearing on the research questions for this thesis. The boundary of the
literature review are the analysis of curriculum, analysis of textbook, analysis of instructional
materials, and analysis of lessons, teaching/learning activities. The driving force behind the
implementation of teaching science process skills is the curricula. Much literature brings out
the degree of success of various curricula in the teaching of science process skills. Textbooks
prepared accordingly process-based curricula are analyzed in terms of corresponding skills.
Besides research on science process skills exploring methods for teaching science, teacher
activities, and instructional materials are included in this review.

2.2.1 The research on analysis of curriculum on science process skills

The study of Jimarez (2005) emphasized the use of constructivist strategies promoted
conceptual understanding while facilitating development of science process skills. The study
focused on the following science process skills; (a) problem solving, (b) posing hypotheses,
(c) selecting and testing variables, (d) experimental design, (e) recording data, (f) graphing
results, and (g) explaining findings. A mixed research design embedded in a case study
approach was used. Both quantitative and qualitative methods of data collection were used
for robust interpretation of findings. 29 students at 9" grade physical science classes were
participated in the study. The study suggested that the use of constructivist strategies
promotes conceptual understanding of science concepts and development of science process
skills. For example, the windmill laboratory activity provided scaffolding for students to
make connections between theories (concepts) and practice (science process skills). The data
from field notes and videotapes during observed classroom interactions showed the
development of students’ science process skills as students engaged in the windmill activity.
For example student recognition of the meaning of changing only one variable at a time
confirmed development of science process skills. Students constructed their own hypothesis
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and collected data to test their hypothesis in collaboration with their peers. Another evidence
for the development of science process skills of students was that students were able to
explain their models whether the model worked or not. Another finding of the study is that
student responses for three integrated science process skills; use of variables and hypotheses,
experimental design and graph interpretation showed a high increase in gains with the
windmill activity. Moreover, researcher summarized that because of the sequential nature of
the effects of the constructs, it was shown that meaningful learning of concepts and science
process skills are dependent on each other and cannot be isolated. Science process skills are
needed to conduct an activity; to achieve these skills; students must understand the
applicable science concepts.

Turpin (2000) investigated the effect of an integrated, activity-based science curriculum on
science content achievement, science process skills, and attitudes toward science. The
research was conducted in seven integrated science classrooms using integrated science for
the first time and seven traditional science classrooms. A quasi-experimental, non-equivalent
control group design was used for the study. Analysis of covariance (ANCOVA) was used in
order to establish group equivalence. Science process skills were one of the dependent
variable in the study which was expected to be different in the integrated science curriculum
program from traditional science curriculum. Students were given the Serve Process Skills
Test as a pre-test at the beginning of the school year and were post-tested with same test at
the end of the school year. In the experimental group 531 matches were made pre-test to
post-test while 398 matches were made in the control group. The experimental group
adjusted post-test mean score on the process skills test was significantly higher than the
control group. When specific science process skills were examined, the experimental group
adjusted post-test mean score was significantly higher that of the control group on
identifying experimental questions, identifying variables, designing investigations, and
interpreting data. The experimental and control groups showed no significant differences in
adjusted post-test means of formulating hypotheses and graphing data.

Gill (2010) attempted to verify points of intersection (POIs) between mathematics and
science in the eighth grade Sunshine State Standards (SSS), and to develop a valid and
reliable instrument to evaluate these POls as they were presented in the respective
mathematics and science textbooks approved for use in Florida public schools. Content
analysis was conducted in the study; the process began with the analysis of the SSS to
uncover POls between mathematics and science; considered effective strategies for
presenting these points of intersection in the classroom; and examined the textbooks for a
mutually supportive presentation of the POIs between the two domains. First, following
guidelines were used for the development of the codebook regarding the quality indicators of
the textbook components.

1. Does the textbook identify the standards for both mathematics and science?

2. Does the identified pair of one mathematics textbook and one science textbook
use the same vocabulary for the identified POIs?

3. What terms are missing?
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4.  Are there superfluous terms? Do the superfluous terms in one domain support the
second domain?

5. s each term presented accurately such that it supports cross disciplinary usage?

6. Does the presentation of content follow a logical sequence with consideration for
prior knowledge?

7. Is the concept presented through a balance of problem solving activities such that
the combination of textbooks provide sufficient mixed practice with a variety of
both cover stories and structural design? (p. 43).

After the levels of integration were identified in the Gill’s study (2010), the next step was to
include an examination of the grade level expectations first for the purpose of determining
eighth grade POls. After that, the Test Item and Performance Task Specifications (TIPTS),
in both mathematics and science, for the identified POIs were examined in order to
determine the minimum requirements of those integrated concepts and skills based on the
assumption that those minimum requirements were included in approved textbooks. The
POls were identified as integrated objectives that filtered for levels of integration. These
integrated objectives included;

1. The student solves problems using mixed units of measure related to energy,
waves, distance, size and temperature.

2. The student designs an experiment to answer a real-world question.

The student assigns variables to be tested by experimental design.

4. The student chooses the appropriate form of statistical analysis to answer a real-
world question.

5. The student analyzes and interprets data to draw a conclusion.

6. The student uses formulas to solve problems related to rate, speed, acceleration
and volume (p.144).

w

Then the 8" grade POIs through a review of the eighth grade level expectations was analyzed
in both mathematics and science. One of the findings of the study overlap with the related
literature that, integration increased as the lesson moved to the center of the continuum
where the two disciplines (mathematics and science) became one. This study recommended a
more flexible model with three axes such that mathematics, science and integration.
Moreover, researcher stated the reliance that many new teachers revealed on textbooks for
curricular decisions as an obstacle to integrated curriculum. Therefore she added that it was
reasonable to assume that the textbook would present the minimum required curriculum as
was garnered from the Test Item and Performance Task Specification documents for
mathematics and science for this investigation.

Temiz (2001), in his Master thesis investigate the 9" grade physics curriculum in term of
science process skills. He constructed a test assessing science process skills; observing,
interpreting data, measuring, using numbers, making space and time relationships, modeling,
predicting, classifying, experimenting, defining the variables, hypothesizing, recording data,
and inferring. This test was implemented to 80 students in the 9" grade at both beginning and
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end of the academic year. According to the results, the 9" grade physics curriculum was
found to be insufficient in developing students’ science process skills.

Tasar, Temiz, & Tan (2002) examined the elementary science curriculum with respect to
science process skills in order to answer why the curriculum is unsatisfactory to develop
students’ science process skills. The framework of Temiz (2001) was adopted for the study;
including 12 science process skills; observing, interpreting data, measuring, using numbers,
making space and time relationships, modeling, predicting, classifying, experimenting,
defining the variables, hypothesizing, recording data, and inferring. The researchers evaluate
576 objectives of elementary science curriculum from the grade levels of 4,5, 6, 7, and 8
concerning these twelve science process skills. Researchers summarized the findings as;

1. The distribution of objectives in each curriculum was balanced with respect to
grade level.

2. The skill of predicting was not included in any objectives of all five curricula,
in addition hypothesizing and interpreting data were not included enough in
the objectives of all curricula.

3. The most mentioned skill was observing in each curriculum, one of reason can
be that there were a lot of objectives addressing students give examples about
the concepts.

4. At least thirty-three percentages of objectives does not address any science
process skills.

5. There was not any systematic approach observed in each curriculum aiming to
develop science process skills of students.

According to the mentioned findings, the researchers implied that science curriculum needs a
new systematic approach which addresses science process skills.

2.2.2 The research on analysis of textbook/laboratory manuals on science process skills

Several studies have analyzed the textbooks and manuals used in science classes. Fuhrmann,
Novick, Tamir, and Lunetta (as cited in Niedderer, et.al. 2002) developed The Laboratory
Structure and Task Analysis Inventory (LAI) at 1978. Tamir and Lunetta (as cited in
Hanauer, Hatfull, Jacobs-Sera, 2009) coded three high school curricula; biology, chemistry
and physics at 1981. The inventory had two sections as Laboratory Organization, and
Laboratory Tasks. Laboratory organization part had 14 categories and included subparts
namely structure, relation to text, cooperation mode, and simulations. On the other hand,
laboratory tasks part had 24 categories and included subparts of planning and design,
performance, analysis, and application. The researchers coded every laboratory
investigations in the books according to the LAI. Researchers checked categories according
to the classification of activities in each investigation for the coding of laboratory
organization categories. While coding the laboratory task categories, the researchers checked
the appropriate behavioral category according to each statement of a laboratory
investigation. The number of the checks were counted, and divided by the total number of
investigations and represented this value in percentages. According to their findings, almost
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all investigations were highly structured and students were seldom asked to a. formulate a
guestion to be investigated; b. formulate a hypothesis to be tested; c. predict experimental
results; work according to their own design; d. formulate new guestions based on
investigation. In addition to these researchers point out that students are “often asked to
perform a variety of manipulative and observational procedures and to interpret the results of
their investigations”. Tamir and Lunetta (as cited in Kdksal, 2008) emphasized that
laboratory experiences differentiate according to subject matter, for example inquiry skills in
biology are not same with those in physics, even in the same subject area variances occur.
The researchers suggested that the LAI can be used in order to evaluate laboratory
curriculum, inquiry skills development of students, and selecting laboratory activities and
also when developing laboratory activities for inquiry by teachers.

Germann, Haskins and Auls, (1996) used the same tool in their descriptive study to analyze
nine biology laboratory manuals to determine how well they promote the basic and
integrated science process skills that are involved in scientific inquiry. Researchers reviewed
90 activities selected from the reviewed manuals in 11 topic areas. Each activity included
two subsamples of five experimental and five descriptive exercises. Results of this study
indicated similar findings with Tamir and Lunetta that these laboratory manuals are
organized in a strict way and that students rarely provided with opportunities to pose a
question to be investigated, formulate a hypothesis to be tested, predict experimental results,
design observation, measurement and experimental procedures, work according to their own
design, or formulate a new question or apply an experimental technique based on the
investigation they performed. According to seldom representation of science process skills in
the laboratory manuals the researchers proposed to modify cookbook laboratories to promote
students’ inquiry.

Another research using the LAI was conducted by Soyibo (1998) in order to assess level of
Caribbean integrated science textbooks' tasks in the practical activities. Soyibo described the
structure and skill level of the tasks in the practical activities of three sets of books and
evaluates the degree to which the suggested students’ practical activities could promote the
acquisition of scientific process skills. A total of 805 suggested student practical activities
were analyzed, coded by a two-person rating team using the LAI. Each person made a tally
for the appropriate behavior category of LAI if the instruction to the pupils called for it at
least once. These tallies were summed up for each unit of the books. The totals of the tallies
for the two coders were obtained for each unit and the three sets of books. The total number
of tallies was then divided by the total number of activities in each set of books and
expressed as a percentage. According to the findings, all the texts' activities are highly
structured (93.00-96.80%) and deductive in approach with an emphasis on low level inquiry
skills (90.10-97.90%) and many of the activities follow the texts' subject matter; only a few
activities precede the texts' subject matter, and student practical activities in the textbooks
were highly emphasized (81.00-97.60%). In addition, findings showed that post-laboratory
activities were not covered in the textbooks and students were not required to do different
tasks at the same time. Researcher concluded that it seems doubtful that the activities could

30



facilitate the development in pupils of the inquiry skills they will need in order to carry out
open-ended scientific investigations in the future.

A different approach to the definition of scientific inquiry was developed by Chinn and
Malhotra (2002). The researchers compared the epistemological and reasoning aspects of
professional science with school manifestation of scientific inquiry. 468 inquiry tasks in nine
textbooks written for upper-elementary and middle schools and 26 inquiry tasks developed
by researchers were analyzed. The school textbooks for hands-on activities were examined
and three types of simple inquiry tasks: simple experiments (a single factor experimental
design), simple observations (the careful observation and description of an object), and
simple illustrations (following a specific procedure) were distinguished. These inquiry tasks
were compared to authentic scientific inquiry regarding the cognitive process involved and
the epistemological aspects of the tasks. The cognitive processes includes generating
research question, designing studies, making observations, developing theories, and studying
research reports. The differences in these cognitive processes between in-school scientific
inquiry and authentic inquiry are marked. According to the results, in schools students follow
directions of textbook and teachers’ orders, whereas, scientists function much more as
independent problem solvers. In addition, for making observations in schools, students were
been addressed straightforwardly research questions without addressing the problems of
observer bias. For other cognitive processes explaining results and developing theories, the
results were similar: in-school scientific inquiry thought processes are directed toward
straightforwardly addressing research questions without addressing the problems of data
transformation, experimental flaws, generalizability, theory development, conflicting data
and inconsistencies, and more extensive literature. On the other hand, in authentic science
the complications and ontological status of any scientific statement is a consistent concern,
researchers highlighted.

Moore (2009) used guided inquiry in a series of six laboratory assignments during the
instruction of Life Sciences to examine the performance of science process skills of data
analysis and conclusion synthesis. Emphasis was placed upon examining the content of the
laboratory reports which required students to analyze their experiments and draw a
conclusion based upon their findings. According to the results of the study, most students did
grasp the desired scientific principles but they had difficulty in formulating a structured and
detailed account of their experiences without guidance. Data analysis was the inquiry
assessments went from 9% in the pre-inquiry to 88% in the post-inquiry. Students’
performance in the laboratory exercises changed with complexity of science concept in the
laboratory exercise in a different way. Students were able to formulate a relevant analysis of
the data 90 % of the time in the diffusion lab which is the easiest concept, their performance
decreased with the complex concepts; -formulating a relevant analysis of the data- 60 % of
the time in the osmosis lab and 82 % of the time in the respiration lab and increased with the
more complex concept; 87 % of the time in the cell membrane selectivity lab. Students’
performance in conclusion synthesis went from 6 % in the pre-inquiry to 88 % in the post-
inquiry. The researcher mentioned that students may struggle to formulate a conclusion
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because they need many opportunities to practice the basic science process skill of
observation and inference, as well as more discussions with other students and their teacher.

Aziz and Zain, (2010) compared the science process skills included in the 10™-12" grade
physics textbooks content utilized in Yemeni schools. The measuring instrument was a form
that included definitions for each element of the SPS supported by examples relevant to the
three physics textbooks’ content (10th-12th grades). All units and topics except the goals and
guestions of each textbook were included in the study. According to content analysis,
observation (38.4% for 10" grade, 63.94% for 11" grade, 30.2% for 12" grade) was the most
emphasized skill in all three textbook content. For the integrated science process skills the
maximum percentage differs with the grade level; for 10" grade experimenting had the
highest percentage (41%), interpreting had the highest percentage (35.53%) for 11", and
operational definitions had the highest percentage (46%) for 12" grade. On the other hand,
hypothesizing was neglected in both the 10" (2%) and 11" (0.66%) grade textbook. For 12"
grade textbook controlling variables had the minimum percentage (4.3%). The highest
percentage of SPS in the content of the three physics textbooks focuses on BSPS, while the
lowest percentage of SPS focuses on ISPS.

Dékme (2005, 2004) evaluated the 6™ and 7™ grade science textbook published by Turkish
Ministry of National Education in terms of science process skills. Observing, classifying,
measuring and using numbers, communicating, inferring, predicting, collecting and
interpreting data, defining and controlling variables, defining, hypothesizing, experimenting,
modeling were selected for investigation in these studies. Observation skill had the highest
percentage (89.06%) for the 6" grade science textbook whereas the hypothesizing had the
minimum percentage (1.56%). Predicting (14.06%), and classifying (6.25%) were ignored as
skill of hypothesizing in the 6" grade science textbook which reveals that there is no
systematic distribution of science process skills overall the book. According to results of 7"
grade textbook analysis, the skills of observing (50.8%), measuring and using numbers
(55.7%), inferring (68.8%) and experimenting (54.1%) were included more than the
classifying (8.2%), communicating (22.9%), predicting skills (14.7%) in the activities of the
book. According to the results of both studies of her, Dokme suggested that communication,
and prediction (and classification) skills should be involved more in the activities of
textbooks; the activities should emphasize the skills clearly, i.e., by emphasizing which skill
to be used through bold characters. Moreover, she suggested including activities addressing
developing students’ communication skills by preparing reports of their studies and
presenting them others.

Koray, Bahadir, and Geggin, (2006) identified how much space has been allocated to the
science process skills in the chemistry textbooks and curriculums for the grade 9. Content
analysis technique was used for the chemistry textbooks and curriculum. Science process
skills were divided into three categories; basic skills including observing, measuring,
comparing and classifying, recording data, making space and time relationships and casual
skills including predicting, determining variables, interpreting data, drawing conclusion and
lastly experimental skills including hypothesizing, using data and modeling, making
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decisions, controlling variables, experimenting and designing experiments. Meeting form
was constructed to measure the level of interest in the students towards the chemistry
textbook and curriculum. In addition to content analysis of the curriculum and the textbook,
structured interview was conducted with students about chemistry course in general and
chemistry course textbook. Since there was not a chemistry curriculum approved by the
Board of Education, the curriculum mentioned in this study were the chemistry curricula of
high schools participated in this study. Findings showed that the most coded skill in both
document was the observation skill (20.28% for the textbook and 36.36% for the
curriculum). The skills recording data, measuring, and experimenting were the least coded
(1.01%) in the chemistry curriculum whereas they were came upon pretty more in the
textbook. On the other side, predicting was coded in the curriculum (13.13%) more than it
was coded in the textbook. The skills of comparing and classifying (13.04% for the textbook
and 20.20% for the curriculum) and interpreting data (13.76% for the textbook and 9.09%
for the curriculum) were in balance regarding the frequency of being included in both
documents. Neither the skill of controlling variables nor the skills of making decision coded
in the documents analyzed in this study. In both documents modeling (2.17% for the
textbook, 2.02% for the curriculum) and designing experiment (0% for the textbook and
1.01% for the curriculum) were not included enough. According to the findings, it was
concluded that the chemistry textbooks, which were studied in terms of the science process
skills, do not fully overlap with the curriculum. It was also stated that the students were
interested in the chemistry lesson and the textbook was suitable for their level.

2.2.3 The research on analysis of instruction on science process skills

The practice and improvement of the science process skills in the science classroom has also
been focus of a number of science education studies. For example, the studies of Padilla,
Okey, and Garrar, (1984); Rubin and Norman, (1992); Tobin and Capie (1980) showed that
students can be assisted by the instruction in the process skills; teacher modeling of a
specific process skill improves students’ attainment of the corresponding skill.

In the Master’s research of Ellis (2009) the utility of a T-chart technique for supporting
students’ scientific reasoning during inquiry based laboratory was investigated. The study
took place at a college preparatory high school in an urban Northern California city. The
focus group was a high school physics class (n=28) including students of multiple ethnicities
and various socio-economic statuses. Students collected and examined data then made
claims that answered the research questions. Students’ T-charts and conclusions were scored
on a rubric, revealing common errors. Teacher reflections tracked class discussions and
student behavior. Surveys were given before, during, and after the intervention to assess
students’ attitudes and science process knowledge. Average rubric scores increased in all
rubric categories, showing that the intervention slowly improved students’ scientific
reasoning skills on inquiry-based laboratory investigations. Most students expressed on
opinion surveys that the strategy helped them understand the physics content in labs more
deeply. A comparison of students’ prior performance in the class against their rubric scores
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on each laboratory showed a very weak correlation (Pearson r2 < 0.1), indicating that
students of all ability levels were challenged to produce scientific reasoning.

Mandl (2008) identifies the kinds of activities taking place, the level of integration of
gardening into standards-based science and other curricular areas, and the presence of
scientific process thinking and inquiry. Science process skills addressed in this study were
observing, communicating, comparing, ordering, categorizing, relating, and inferring.
Surveys were completed by teachers at 59 different elementary schools in Los Angeles
Unified School District. Interviews with 13 of these teachers were conducted in the study.
The results showed that teachers commonly develop strategies to use the garden as an
extension of the classroom, emphasize biology content and foster development of science
process skills, and values hands-on, kinesthetic, and inquiry based nature of gardening with
children.

Ferreira (2004) conducted a qualitative research to answer the question what roles do a
science story, multi-sensorial activities designed to accompany the story, and classroom
dialogue associated with the story-all modeled on the Philosophy for Children curriculum-
play in the learning processes of a class of fifth graders with regard to the basic science
process skills of classification, observation, and inference. Qualitative data was collected
during participatory study in a bilingual private religious school in Brasilia for one semester.
Twenty-one students from a predominantly middle and upper class social background
participated in the study. Interview with students, class reflection sheets, written learning
assessments, audiotapes of all class sessions of group discussion, and videotaped of one class
session were conducted for data collection. According to findings the story, activities and
dialogue facilitated the children’s learning in a number of ways. The story modeled the
performance of classification, observation and inference skills for the children as well as
reflection on the meaning of inference. The majority of the students identified with the
fictional characters, particularly regarding traits such as cleverness and inquisitiveness, and
with the learning context of the story. The multi-sensorial activities helped children learn
observation and inference skills as well as dialogue. Dialogue also helped children self-
correct and build upon each other’s ideas. Some students developed theories about how ideal
dialogue should work.

Smith (1997) investigated the effect of inquiry-based instruction in elementary school
science on the frequency and/or appropriateness of student’s use of science process skills. In
addition, Smith also examined the level of cooperation exhibited by students working in
groups to solve problems for the students who had been taught with inquiry-based
instructional strategies. The science process skills of observing, measuring, predicting,
communicating, forming hypotheses, experimenting, controlling variables, recording data,
interpreting data, and applying and generalizing results were measured. Results of analyses
showed that experimental groups used science process skills more frequently overall than the
control groups.

Zeitler (1981) compared the effect of two different practice method for teaching science
process skills in the elementary classroom. The participants of the study were twenty-nine
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female senior undergraduates who was taking elementary science methods course. There
were two treatment groups; microteaching (n=13) in which mini-lessons were created
pertaining to the science process skills, and modeling (n=16) in which students put together
process skills activities modeled after the instructor used them to teach the skills.
Undergraduate teachers taught their lessons to elementary students and then elementary
students’ science process skills were assessed. According to the results pre-service teachers
in both groups made significant and head-to-head gains in acquisition of the science process
skills. However, it is also underlined that due to including more process skill activities in
lesson plans of microteaching group, students taught by this group scored significantly
higher on a process skill test than did the students of modeling group.

2.2.4 Summary of literature review

There are many research studies (Colvill & Pattie, 2003; Flehinger, 1971; Galgam & Grange,
2003; Jimarez, 2005; Padilla, Okey, & Garrard, 1984; Ostlund, 1998; Turpin, 2000)
emphasize that a process-based curriculum has a positive effect on the development of
science process skills. These studies are mostly experimental; the numbers of qualitative
studies focusing on content analysis of the process-based curricula are a few. The qualitative
studies (Gill, 2010; Tasar, Temiz, & Tan, 2002) examined the corresponding document by
content analysis without constructing a codebook with respect to science process skills.

Several studies analyzes science textbooks with respect to different criteria; regarding to
teachers’ views (Arslan, Tekbiyik, and Ercan, 2012); perspectives of educational, visual and
language (Gilizel & Adibenli, 2011); the criteria for textbook analysis (Demir, Maskan,
Cevik, & Baran, 2009). There are many studies considering inclusion of science process
skills in the textbooks (Dékme, 2004, 2005; Koray, Bahadir, & Geggin, 2006, Soyibo, 1998,
Chinn & Malhotra, 2002). Similarly, science laboratory manuals are also analyzed by many
researchers. For example, Tamir and Lunetta, at 1981 (as cited in Hanauer, Hatfull, &
Jacobs-Sera, 2009), and Germann, Haskins, and Auls, (1996) analyzed science laboratory
manuals by using LAI. Similarly, Soyibo used same tool to assess the level of Caribbean
integrated science textbooks' tasks in the practical activities. According to results of these
studies, activities in selected textbooks and laboratory manuals are highly structured in terms
of including science process skKills.

Research on analysis of instruction on science process skills reviewed in this study is
conducted on elementary level (Mandl, 2008; Ferreira, 2004; Smith, 1997; Zeitler, 1981).
There is a lack of studies in the literature on secondary school level about how science
process skills are included in science lessons. Ellis (2009) investigated the effectiveness of
T-chart technique supporting scientific reasoning in the laboratory sessions in high school
and concluded that the strategy helped students to understand physics concepts more deeply.
However, even this study does not reveal how these skills are included in the laboratory.

There is a lack in the related literature analyzing the gap among curriculum, textbook and
instruction in term of science process skills inclusion although the gaps between them are
mentioned. Gill (2010) for example, compared the Florida Sunshine State Standards with the
textbooks in the area of mathematics and science. Yet, no research revealing the gap among
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curriculum, corresponding textbooks, and lessons according to science process skills is
found.
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CHAPTER 3

METHODOLOGY

This chapter presents an overview of the overall design of the current study. The research
method is introduced in the first section. Secondly, data sources and sampling are explained
for the physics curriculum, textbook and lessons. Data collection process for physics lessons
is clarified in the third section. Fourth section, instrument for data analysis, presents the
construction of the codebook used in this study. Then, data analysis processes are explained
for curriculum, textbook and physics lessons in the fifth section. The reliability and validity
issues for the code book are stated in the sixth, ethical issues, profile of the researcher and
limitations are placed in the seventh, eighth and ninth sections, respectively. Finally, the
procedure of the study is given in tenth section with a timeline figure.

3.1 Research Method and Design

The purpose of this qualitative research is to reveal to what extent science process skills are
included in the Turkish 9™ physics curriculum, textbook and lessons. Specifically, the study
addressed the following research questions:

1. To what extent are science process skills included in the 2007, 9" grade physics
curriculum?

2. To what extent are science process skills included in the content of the 9™ grade physics
textbook which is written corresponding to 2007 physics curriculum and published by
Ministry of National Education?

3. To what extent are science process skills included in the 9™ grade physics lessons in the
chapter of energy?

4. To what extent are 9" grade physics curriculum, textbook and lessons consistent to each
other in terms of science process skills?

The research questions were categorized in three parts. Firstly, for the first and the second
questions, the procedure of content analysis was constructed. Secondly, 9" grade physics
lessons of well-known physics teachers were observed for the third research question.
Finally all data gathered from content analysis of curriculum, textbook and observations
were compared in order to answer the fourth research question.

Qualitative research is an inquiry process rooted in the understanding of a social or human
problem that attempts to build a complex, holistic picture using words and reporting detailed
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views of informants carried out in a naturalistic setting (Creswell, 1994). Case studies are
frequently utilized in the field of education in order to gain a better, detailed understanding
of a specific situation and to identify the meaning for those involved in the situation. Cases
are not chosen for representativeness, a case can be selected because of its uniqueness or the
case may be used to illustrate an issue (Stake, 1995). Case studies are recommended when
the item under study is a single social phenomena or a single unit of analysis, such as one
policy implementation or one concept (Singleton, Straits, & Straits, 1993). The cases
investigated in this qualitative research are the 9" grade physics curriculum, the 9" grade
physics textbook published by the Ministry of National Education, and the 9" grade physics
lesson. The new high school physics curriculum was developed in 2007 in Turkey. It is
different from the other curriculums implemented up to this curriculum in terms of including
skills as well as organization of content. The rationale for this case study is to share with the
curriculum developers, textbook authors, and physics educators how the 2007 physics
curriculum includes science process skills in order to make sound enhancements. This case
study is based on content analysis of the physics curriculum, textbook, and physics lessons in
the 9" grade.

Content analysis is mainly described as the analysis of written contents of a communication
(Fraenkel & Wallen, 2006; Martinez-Gracia, Gil-Quilez & Osada, 2006; Tamir, 1985).
Actually, it is a technique that facilitates researchers to study human behavior in an indirect
way, through an analysis of their communications in order to make valid and replicable
inferences from texts to the context in use (Krippendorff, 2004). Content analysis is used for
coding textual information in a standardized way that allows curriculum evaluators to make
inferences about the information. It is a method used to reduce many words of text into fewer
content categories with particular focus based on explicit rules of coding (Krippendorff,
2004; Weber, 1985). In addition, Tamir (1985) states that content analysis can be useful for
the curriculum developers and evaluators in exposing to what extent the objectives are
represented in a particular text. Grobman (as cited in Tamir, 1985) mentions the need for a
systematic content analysis as a major phase of formative evaluation.

Although content analysis has been defined in many various ways over the years, it
has been perceived as a rigorous form of statistical examination. Being a part to
advances in the technology force, content analysis emphasizes the term systematic
procedure as an important aspect. Lazarsfeld (as cited in Pegues, 2006) expresses that:
“The historian, three decades ago, would pick out quotations from newspapers
according to his judgment; today, systematic procedures of content analysis for mass
communication have developed” (p. 138).

In the current study, content analysis is used to describe to what extent the 9" grade physics
curriculum and textbook present science process skills. 9" grade physics lessons were
observed and analyzed for the third research question; what extent the 9™ grade physics
lessons focus on science process skills in the energy chapter. Figure 3.1 shows the research
design of this study.
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Figure 3.1 Research design of the study
3.2 Data Sources and Sampling

In this content analysis, there are three different samples depending on the three research
questions as part of the whole study. The first sample is the 9" grade physics curriculum.
The 9" grade physics textbook constitutes the second sample of the study. Finally, the third
sample is the 9™ grade physics lessons in the chapter of Energy. The following sections
explain the sampling procedure for these samples.

3.2.1 The 9" grade physics curriculum

According to the first research question of current study, 9" grade physics curriculum is one
of the data sources for the content analysis. There is only one nationwide physics curriculum.
Studies to construct framework of the 9" grade physics curriculum started to develop as
January 2007 by curriculum developing committee. First draft of the curriculum was finished
in June 2007. Teachers from public and private schools, members of Board of Education (the
committee in the Ministry of National Education which is responsible for determining the
curriculum, textbooks, materials for each courses used in the schools in Turkey), curriculum
developers, and experts on measurement and evaluation were involved in the curriculum
development process. In order to introduce the 9™ grade physics curriculum to teachers from
all cities of Turkey, two seminars were organized. After these seminars, the teachers were
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asked to evaluate the curriculum. Depending on the feedbacks the curriculum was revised.
Finally, the 9" grade physics curriculum was published at September, 2007 with the approval
of Board of Education. The 9" grade physics curriculum has been used in the high school
since September, 2007. Revision progress was continued till August, 2011 with respect to
feedbacks of teachers as they implement the curriculum. In this research, final version of the
9™ grade physics curriculum which was revised at August, 2011 was taken under study.

The 9" grade physics curriculum (TTKB, 2011) is 104 pages with references and contact
information pages. It is consisting of six main parts namely; (1) Basics of the Physics
Curriculum; (2) Learning Areas of the Physics Curriculum; (3) Expectations from Textbook
Writers and Physics Teachers; (4) Publications; (5) Changes in the Physics Curriculum; (6)
Content Organization of 9" Grade Physics Curriculum. In the first part fundamentals of the
curriculum are explained; importance of teaching how to access knowledge is mentioned.
Daily life contexts of physics are also emphasized in the curriculum. It is requested to use
these contexts as a bridge between physics concepts and daily life. In the second part
objectives are given in two areas: skill objectives and content objectives. The skill objectives
are also divided into four areas; (a) Problem Solving Skills (PSS); (b) Physics-Technology-
Society-Environment (PTSE); (c) Informatics and Communication Skills (ICS); (d) Attitudes
and Values (AV). Expectations from textbook writers and physics teachers are expressed in
the third part of the curriculum. Publications, concerning the curriculum development
process of the curriculum development committee, are placed in the fourth part. In the fifth
part revision process of the curriculum is explained with their reasons. Lastly in the sixth
part, the objectives with expressions, limitations, misconceptions, measurement units,
examples for learning and assessment activities are given for all content in detail.

In this study, second and sixth parts of the curriculum are focused: they are “Learning Areas
of the Physics Curriculum” and “Content Organization of 9" Grade Physics Curriculum”.
These parts correspond to skill and content objectives, in brief. In the second part, as
mentioned above, there are four components; (a) Problem Solving Skills (PSS); (b) Physics-
Technology-Society-Environment (PTSE); (c) Informatics and Communication Skills (ICS);
(d) Attitudes and Values (AV). PSS include scientific process skills, creative thinking skills,
critical thinking skills, analytical and spatial thinking skills, data handling and computational
operations, and higher order thinking skills. A systematic approach is presented for solving a
problem by integrating these skills altogether. Three general objectives stated for these skills
are as follows: Students should be able to (a) identify a problem to be investigated and make
a plan to solve the identified problem; (b) Make an experiment to solve the identified
problem and collect data, (c) Process obtained data to solve the problem and interpret them.
PTSE skills include objectives that are related to understanding, interpreting and analyzing
relationship among physics, society, technology and environment. ICS take account of
informatics (information technologies), communication and basic computer skills. AV
contains self-control and self-development skills, organization and working skills and
scientific attitudes and values.
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The sixth part, “Content Organization of 9" Grade Physics Curriculum”, covers content
objectives in chapters for physics contents in such a way that; 9" grade physics content is
chosen with attention to the fact that all students may face these physics concepts in real life.
9" grade physics course is taken by all high school students. After this grade, some of
students do not take physics courses anymore because it becomes an elective course for other
levels. Contents in 9" grade physics curriculum are “Nature of Physics”, “Matter and
Properties”, “Force and Motion”, “Energy”, “Electricity and Magnetism” and “Waves”.

Skill objectives are associated with content objectives in the curriculum. The physics
curriculum is modeled as a fruit tree, which is shown in Figure 3.2 (TTKB, 2011). In this
model, tree refers to student, roots refer to skill objectives and fruits refer to the content in
the curriculum. Water droplets are used to show that outcomes of skill and content objectives
support and feed each other. According to this model, students are engaged with skill and
content objectives which are expected to be useful in daily life. Thus, students are able to
integrate content knowledge learned by using these skills for solving daily life problems.

MATTER
and PROPERTIES

ELECTRICITY and
ENERGY MAGNETISM

NATURE OF PHYSICS FORCE and MOTION

PHYSICS 9

Figure 3.2 Three model of the 9" grade physics curriculum
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3.2.2 The 9" grade physics textbook

The second research question of this study addresses content analysis of 9" grade physics
textbook which was written with respect to 2007 9™ grade physics curriculum. 9" grade
physics textbook published by the Ministry of National Education was the first and the
unique textbook for the first year of application of the curriculum. It was approved on 3"
June 2008 by Board of Education. Another 9" grade physics textbook was approved in 2011
by the committee to be used in the schools. The textbook published by the Ministry of
National Education has been used for longer time than the secondly approved one, so it had
time to be revised. It has been revised for many times since 2008 according to the feedbacks
from teachers and Board of Education. Hence the book published at 2010, last version of the
textbook was chosen for this study. Moreover, the chosen textbook is the one widely used at
the secondary schools in Turkey.

In this study third edition of the book published at 2010 was chosen to be analyzed. Because
it was the current press when the textbook analysis took place in the research. The book has
six chapters which are; (1) Nature of Physics, (2) Energy, (3) Properties of Matter, (4) Force
and Motion, (5) Electricity and Magnetism, and (6) Waves. All chapters were analyzed with
respect to the SPSCB.

3.2.3 The 9" grade physics lessons

For the aim of answering the third research question of the present study, 9" grade physics
lessons are analyzed as the data source. In order to decide sample for physics lessons,
teachers were taken into account. Teachers who think that she/he follows the curriculum by
means of content and skill objectives were included in this study. In this section, the
sampling procedure for physics teachers is explained.

3.2.3.a Physics teacher selection for the physics lessons

The sample for physics lessons was selected by extreme sampling which is a type of
purposeful sampling. Extreme sampling focuses on cases that are special. The findings of
research on extreme cases can provide an understanding of more typical cases (Gall, et al.,
2003). The physics teachers, because of being the implementers of curriculum played crucial
role in determining the lessons for the study. In this study, teachers who implement the
physics curriculum by both following the content of curriculum and focusing on the skill
objectives, were sought to be the special case. After a detailed procedure was conducted,
three physics teachers were decided to be included in the study. This process is expressed in
the following paragraphs.

For the process of selecting teachers whose lessons would be observed, two stage selections
were conducted. Firstly the 9™ grade physics teachers in Ankara were determined by
snowball sampling technique. Snowball technique is choosing a few people who can
recommend other people who can recommend still other people that might be worthy
participants for a study (Gay & Airasian, 2000). The teachers accessed were asked if they
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follow the 9™ grade physics curriculum focusing not only the content but also skills
objectives. Teachers who told that she/he is not addressing the objectives for skills in the
curriculum were eliminated. Seventeen teachers were accessed and then, the teachers who
accepted the observation of their class were visited in their schools for clarification about
aim of both the study and observation. Ten teachers agreed to participate in the study after
having face to face meetings and meetings on phone. These teachers are from different types
of schools; five teachers from Anatolian high school, two teachers from vocational high
schools, two teachers from science high school, and one teacher from public high school
took part in the study. Teachers were asked to videotape their physics lessons; some teachers
did not accept this request. In lessons of teachers who did not accept her/his lessons
videotaped, researcher took notes on Science Process Skills Observation Sheet (SPSOS).
Lessons of these ten teachers were observed by the researcher during two or three weeks.
The aim of these observations, in the first stage, was to eliminate teachers according to what
extend science process skills were included in their 9™ grade physics lessons. Teachers were
given Science Process Skills Questionnaire (SPSQ) in order to determine how extend they
think they include SPS in their lessons. However making observations of lessons makes
researcher understand how they include SPS in the classroom setting and make decision
about the physics teacher to be included for deep investigation. Table 3.1 shows duration of
the observations focus on the content of the lessons and type of the schools.
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Table 3.1 Details about observation of physics lessons for stage 1

Teacher Dates of Time of Duration of Video Chapter  School Type
Observation  Observation  Observations Record

T 18.02.2013 08:15 - 09:55 70 Yes Energy Anatolian
25.02.2013 08:15-09:55 70' Yes High School
19.02.2013 08:55 - 09:40 40' Yes Anatolian

T2 22.02.2013 08:55 - 09:40 40' Yes Energy High School
26.02.2013 08:55 - 09:40 40' Yes

T3 20.02.2013 08:00 - 09:40 64' Yes Energy Anatolian
27.02.2013 08:00 - 09:40 40' Yes High School
07.02.2012 09:10 - 10:50 70' No Anatolian

T4 14.02.2013 09:10 - 10:50 60' Yes Energy High School
21.02.2013 09:10 - 10:50 73 Yes
14.02.2013 12:20-14:00 40' Yes Forceand  Anatolian

T5 21.02.2013 12:20-14:00 70' Yes Motion High School
28.02.2013 12:20 - 14:00 40' Yes

T6 14.02.2013 14:55-16:25 70' Partial Forceand  Vocational
21.02.2013 14:55-16:25 70' No Motion High School
25.02.2013 12:30-13:10 36' Yes Science High

T7 04.03.2013 12:30-13:10 40' Yes Energy School
11.03.2013 12:30-13:10 37 Yes

T8 01.03.2013 12:00 - 13:40 64' Yes Energy Vocational
08.03.2013 12:00 - 13:40 66' Yes High School

T9 18.02.2013 10:45- 11:55 70' No Energy Science High
25.02.2013 10:45-11:55 70' No School

T10 21.02.2013 14:30-15:15 30 No Energy Public High
28.02.2013 14:30-15:15 30' No School

For the second stage, in order to be special cases of content analysis the number of teachers

needed to decrease to two or three. The Observation Sheet; SPSOS (Appendix D) is prepared
by the researcher in the light of SPSCB. Physics lessons of ten teachers were observed
during periods mentioned in Table 3.1. After observations were completed for the first stage,
teachers were given SPSQ (Appendix E) asking personal information with demographic
guestions, teaching experience, and how often they think they include science process skills
practices in their physics lessons especially in the Energy chapter. Observations were
watched for many times and analyzed according to SPSCB and questionnaires were analyzed
according to teachers’ answers with the intention of deciding teachers who include SPS more
than others do. The results of observations and SPSQ are given Appendixes D and E,
respectively.

Videotaped observations and notes taken during observations were coded according to
SPSCB and total number for codes was divided into number of hours observed for each
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teacher. Table 3.2 presents the total SPS codes and duration of observations in hour and the
ratio of them.

Table 3.2 Results of observations in the first stage

Teachers
TL T2 T3 T4 T5 T6 T7 T8 T9 TI10
Observation duration 4h. 3h. 3h. 5h. 4h. 3h. 3h. 4h. 4h. 2h.
Total SPS 20 32 44 29 47 10 22 29 12 15
SPS/hour 5 107 147 58 118 33 73 73 30 717

According to Table 3.2, ratio of SPS per hour of teachers T2, T3, T5 are more than the ratio
of others. SPSQ was also considered in the process of deciding teachers for second stage of
sampling. The frequency level for inclusion of SPS was asked in the questionnaire, and
average frequency level was calculated due to teachers’ answers. Table 3.3 displays the
average frequency value for all teachers.

Table 3.3 Results of questionnaire in the first stage

Teachers
T1 T2 T3 T4 T5 T6 T7 T8 T9 TI10

Average frequency value 30 32 37 30 32 32 28 30 30 31

(1: Rarely, 2: Occasionally, 3: Periodically, 4: Usually)

The average frequency value of SPS in physics lesson especially in Energy chapter is almost
same for all teachers. Teachers think that they include SPS periodically in their lessons.
Therefore, results of observations in the first stage are more effective than the questionnaire
in decision making process. Nevertheless, teachers who are indicated by results of
observations have higher values for frequency level of SPS inclusion although the
differences are small.

Three physics teachers were selected according to the results of observations and SPSQ. The
lessons of two teachers were observed during the Energy Chapter. The other teacher was
observed during the Force and Motion Chapter in the first stage of observations. When she
passed to the Energy Chapter, observations started again and continued until the end of the
chapter. Each lesson was videotaped in order be more accurate for content analysis. Table
3.4 shows the details about the weeks, dates, time and duration of observations of three
teachers.
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Table 3.4 Details about observation of physics lessons for stage 2

Teacher Dates of Time of Duration of  Video  Chapter
Observations Observations Observations Record
19.02.2013  08:55-09:40 40' Yes
22.02.2013  08:55-09:40 40' Yes
26.02.2013  08:55-09:40 40' Yes

T2 01.03.2013  08:55-09:40 33 Yes Energy
05.03.2013  08:55-09:40 37 Yes
08.03.2013  08:55-09:40 40' Yes
12.03.2013  08:55-09:40 40' Yes
20.02.2013 08:00-09:40 64' Yes
27.02.2013  08:00-09:40 40' Yes
T3 06.03.2013  08:00-09:40 80' Yes Energy
13.03.2013  08:00-09:40 80' Yes
20.03.2013  08:00-09:40 80' Yes
27.03.2013  08:00-09:40 70’ Yes
27.03.2013 08:15-09:55 70’ Yes
03.04.2013  08:15-09:55 70' Yes
05.04.2013 11:00-11:45 35' Yes
T5 12.04.2013  11:00-11:45 35' Yes Energy
16.04.2013  10:05-10:50 35' Yes
17.04.2013 08:15-09:55 70’ Yes
19.04.2013  11:00-11:45 35' Yes

3.2.3.b Profile of teachers

In this section, information about three teachers is presented. The teachers are denominated
as T2, T3 and T5.

Teacher denoted as T2 is male, 43 years old. He graduated from Faculty of Education,
Department of Physics Education with a master degree. He had worked at a technical high
school for 4 years, an elementary school for 5 years, an Anatolian vocational school for 3
years and Anatolian high school for 8 years. Totally he has 20 year experience on teaching
physics. He had taken three in-service seminar organized by Board of Education five days at
2009, two weeks at both 2010 and 2011.

The second teacher called as T3 is male, 38 years old. He has Bachelor Degree from the
Faculty of Art and Science, Department of Physics. He has 11 years’ experience on teaching
physics working at a public high school for 2 years, an Anatolian teacher high school for 1
year and Anatolian high school for 8 years. He had taken three in-service seminar organized
by Board of Education five days at 2009, ten days at both 2010 and 2011.
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The third teacher called as T5 is female, 43 years old. She has Bachelor Degree from the
Faculty of Art and Science, Department of Physics. She has 23 years’ experience on teaching
physics working at a vocational school for 3 years, at a public high school for 11 years, an
Anatolian high school for 9 years. She had taken five in-service seminar organized by the
Board of Education fifteen days at both 2010 and 2011, twice for a week at 2011 and three
days at 2012.

3.3 Data Collection

There are several methods of collecting data; for example observation, document reviewing,
narratives, life histories, and interviews in qualitative research (Marshall & Rossman, 1995).
In this study, for the first and second research questions, the data were already ready the 9"
grade physics curriculum and the 9™ grade physics textbook. The data for the third research
question were collected by SPSQ and observation of physics lessons. In this part, data
collection instruments are introduced and information observation is supplied in detail; aims
and properties of them are presented.

3.3.1. Science process skills questionnaire

The SPSQ was prepared by the researcher for the aim of determining teachers’ thoughts of
how often they use science process skills in their Energy lessons. In the first part of
observation, ten teachers accepted to take part in the study. Afterwards, the physics classes
of these teachers were observed for two or three weeks by the researcher. Three teachers
were decided to be observed as cases for the second part of observation in order to make in-
depth investigation. One purpose of this study was to reveal how science process skills are
exposed in the physics lesson and compare it with the results of the curriculum and textbook.
Teachers are the organizers of the lessons; they shape the activities in the classroom. In order
to observe physics lessons including science process skills, it was essential to find out
physics teachers who aim to include science process skills in their lessons as it is in the
curriculum. Thus, the questionnaire was developed to help to select the teachers who
implement the curriculum appropriately and include science process skills in their lessons.
The purpose of the questionnaire is to reveal how frequently teachers think that they focus on
science process skills in physics lessons. Beside science process skills, it is important for the
study whether teachers follow both 9™ grade physics curriculum and the 9" grade physics
textbook. Another main purpose of the questionnaire was to determine the teachers who
claim that she/he follows both 9" grade physics curriculum and the 9™ grade physics
textbook in the physics lessons.

The questionnaire includes seven demographic questions of teachers’ background in the first
part. In the second part, there are ten short answer questions asking teachers’ professional
information including questions also focusing on the chapter of energy. The third part
includes thirty-nine, 4-point Likert-type statements standing for the frequency level of each
activity. The questions in the third part were prepared according to the science process skills
literature. However it does not contain detailed questions for each skill as it is the case in the
codebook. The purpose of this questionnaire is to determine the teachers who claim that s/he
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focuses on science process skills in their physics lessons. Since the quality of the lesson or to
what degree the teachers focus on these skills is not focal point of the questionnaire, detailed
guestions are not included in the questionnaire. Nevertheless, each science process skills
contain at least three different questions indicating the level of the skill; information based,
process based or skill based.

Another reason of constructing thirty-nine statements on science processes for the
guestionnaire is the feasibility of the questionnaire. It was aimed to prepare the questionnaire
long enough to cover all necessary statements for science process skills and short enough to
be filled without undue amount of time and energy.

3.3.2 Interview sheets

The method of interviewing is useful for the study to understand how the teacher is aware
how s/he is focusing on science process skills. The interviews with teachers were used as
conclusion triangulation for observations. The purpose of interviewing with teachers is to
validate the findings that the researcher reached.

The main structure of the interview questions was appeared after all observations were
coded. Because the findings of each teacher were different from each other, the interview
sheets were prepared individually. The interview sheets were composed of two sections; a
table and descriptions of details. SPS that teachers emphasized and neglected in lessons were
summarized in a table. These tables are showed to teachers and asked whether they are
meaningful to them. Then, each skill was discussed one by one according to information
given in the second part of interview sheets.

Interviews were recorded according to permission of the teachers. It took almost one hour for
each interview. Researcher met with teachers where they wanted, and tried to make them
feel comfortable. After interviewing, each record was transcribed and used for the validation
of physics lessons’ observations.

3.3.3 Observation

In this study, 9™ grade physics course setting, students and teacher were observed by the
researcher. Observation was held on at two stages. Firstly, physics lessons of ten teachers
were observed for two/three weeks in the second semester of the academic year 2012/2013.
Then, after analyzing the observation of ten physics teachers’ lessons with respect to SPSPC,
the observations went on with three of teachers. The observations of second stage were also
done in the second semester of the academic year 2012/2013. The classes were observed
during the chapter “Energy” which is the first chapter of second semester with respect to 9"
grade physics curriculum. However, in some classes the observation started before the
“Energy” chapter, in this way teacher and students got used to the camera. Observations of
the chapter “Force and Motion” were not analyzed in this study. Only the records on
“Energy” chapter were used for content analysis. There are two physics classes in a week for
the 9" grade in each school’s weekly lesson schedules. Each class took forty five minutes;
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the detailed information about the duration of observation in each class was given at Table
3.1 and Table 3.4.

The researcher was a non-participant observer. The role of the researcher was just to observe
what is conducted in the lesson. The researcher was introduced to the students by each
teacher before the observation started. The researcher explained the purpose of the study and
the purpose of observing the physics lessons to the students of each class participated in the
study. It was emphasized that researcher would record the lessons without disturbing the
students and the teachers.

When many behaviors to be recorded occur at the same time and/or closely together, it is
helpful to video record the setting aimed to be observed (Bell, 2005). In addition, video
recorded data provide contextual data when the study deals with real people in real
situations, doing real activities. Video recording of the events enables researcher replay the
needed moments several times. Hence, missing data can be reduced in this way which is very
important for the validity of the qualitative study. For this reason, a portable video camera
was used during the observations of the physics classes.

During the video recording phase of implementation, the researcher paid attention not to
distract teachers and students. In order to achieve this, the researcher sat in the back of the
class taking the students and teacher forefront. In addition, the researcher set the equipment
during the break time just before the lesson starts in order not to distract the lesson. Similarly
researcher left the classroom in the break time.

The information source in the observation was mainly the teacher; focusing the teaching
activities including science process skills and their practices. The other source was the
students in the learning setting; focusing the participation to the class activities, interaction
with teachers and each other.

3.4 The Instrument for Data Analysis

The specific nature of the research question in this study needs the development of a new
instrument. Therefore, a detailed codebook was developed by the researcher for recognizing
science process skills in text and in learning setting. In this section, the SPSCB is introduced
which is the only instrument for data analysis in this study. The development procedure is
explained in detail in the following sections. Information about experts, who evaluate the
code book, is given in the first subsection. Unit of analysis and context units are explained in
the second and third sub section. In the fourth one, the processes of recognizing the SPS are
clarified.

3.4.1 The science process skills code book

Before starting to prepare the SPSCB, literature was reviewed about SPS in order to have an
idea of how these skills are included in a text and in learning setting. Each skill was defined
specifically with respect to the literature. It was difficult for some science process skills to
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make distinction between them. In order to understand the science process skills, books
(Bell, 2008; Carin & Bass, 2001; Dorothy, 1993; Friedl, 2005; Harlen & Qualter, 2009;
Lawson, 2010; Llewellyn, 2007; Martinello & Gillian, 2000; Moyer, Hackett and Everett,
2007; Ostlund, 1992; Rezba, et al., 2007; Ronald, 1970; Schaffer, 2006; Wallace Cave and
Berry, 2009; Wolfinger, 2000) related to science process skills were read in detail.
Especially the part of the books stating the objectives of developing science process skills
had an important role in understanding the small differences among the skills. Alongside the
dictionary definitions of skills, it was important to define how to recognize them in a text and
learning setting.

It took one year to end up with the final version of the SPSCB. Firstly, all keywords for each
skill were extracted from the literature about science process skills. A table including brief
definitions of science process skills with keywords was prepared (Appendix I). It was not
enough to make clear identification of science process skills. Detailed explanations about the
process skills were needed. By analyzing PhD studies (Binns, 2009; Phillips, 2006; Wang,
1998) which include the process of constructing a codebook, the organization and
presentation style of the code book became clear to the researcher. Then the frame of the
code book came into view including detailed definitions, expressions of how to recognize the
skills. After constructing the first draft of the code book (Appendix H), it was given to three
Ph.D. students in the Faculty of Education at Middle East Technical University to take
feedback. The evaluators were asked to check the clearness; clarity, sufficiency of both
definitions and expressions of science process skills. The evaluators recommended to revise
some unclear statements and to be consistent in using phrases. However, the important
recommendation that change the style of the code book was that “explain how to use the
code book”; means add a part called as rules of analysis. Through a more detailed literature
review, the content of the codebook was extended. To develop the SPSCB, beside the
literature about science process skills, guidelines for procedure of content analysis were
reviewed. For example, Procedures for Conducting Content Analysis of Middle School
Science Textbook which was written by Chiappetta, Fillman, and Sethna in 2004 (as cited in
Phillips, 2006) was reviewed for better understanding of how to construct the instrument for
content analysis. As a result of detailed literature review, the second draft of the codebook
was consisted of four main parts namely; (1) Introduction; (2) Unit of analysis; (3) Rules for
analysis; and finally (4) Categories for Science Process Skills with definitions, codes, and
examples from the textbook.

The second draft of the code book was also given to same evaluators; doctorate students for
feedback. They were again asked about the clarity, and sufficiency of the new parts which
were added during revision. Meanwhile as a pilot study, the 9" grade physics textbook was
coded by the researcher with respect to the second draft of the code book. What was realized
during this pilot study was that the codes were needed to be distinguished according to the
type of information they have like being knowledge-based, and skill-based. In the light of the
literature on taxonomies the codes were categorized as (1) “knowledge based” which was
also separated as (1.a)“declarative knowledge” and (1.b) “process knowledge” and (2) “skill
based” which was divided as (2.a) “task based skills” and (2.b) “transferable skills”.
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Feedback from evaluators for the second draft was not effective for this time since the main
part of second draft was similar to first draft. The experience of the researcher during pilot
coding influenced herself to revise the codebook and end up with the first version. By
grouping the codes under the sub categories as mentioned above, the first version of the code
book was attained (Appendix J).

Following the construction of the first version, the experts who have been working on
science process skills were asked to evaluate the code book. The experts were asked to
evaluate the code book according to SPSCB evaluation form prepared by the researcher
(Appendix L). The pattern of evaluation form was prepared accordingly to the parts of
SPSCB. For example introduction part has its own questions about clarity, quality and
adequacy. Moreover, a checklist which shows each code to be criticized with respect to
clarity, quality, adequacy, being limited, being in the right category, etc. was included the
form. The questions for unit of analysis, context unit, and codes in the form were constructed
with respect to literature on content analysis, investigating answers for how unit of analysis
should be decided, how codes should be defined, etc.

The feedback given by nine experts were analyzed item by item for each part. Detailed
summary for evaluation of experts’ opinion is given in Appendix M. Nevertheless, here are
some feedbacks and important suggestions of them which cause specific modifications in the
code book parts in the codebook; introduction, unit of analysis, categories, and rules of
analysis, respectively.

Almost all experts (seven of them) agreed that the aim of the code book is given clearly,
sentences are open and clear enough and the given information is enough in the introduction
part. However, three experts criticized the introduction part being insufficient because of not
highlighting the importance of science process skills. Due to this criticism, importance of
science process skills was emphasized with adding a part stating “developing science process
skills improve students’ skills of problem solving, critical thinking and decision making.”

The second part, unit of analysis was consisting of two sub-parts, namely context unit and
recording units. Each part of the textbook like “Let’s Investigate”, “Activity”, and “Problem
Solving” was defined as context unit. Paragraph or paragraphs which are coherent were also
defined as context unit. Three experts suggested elaborating the definition of paragraph and
paragraphs in order to make clear the distinction between two of them or combine them.
Since it is confusing to define the meaning of being coherent, paragraph and paragraphs were
combined.

In the second sub-part there were tiny changes made due to the suggestions of expert. The
statements “table which students are expected to fill”, “figure which students are expected to
use, interpret, etc.” and “photograph which students are expected to use, interpret, etc.” were
added to clarify the recording units table, figure, and photograph.

In spite of the fact that the experts did not criticize the context unit, the supervisor advised to
the researcher to redefine the context unit. Because, the parts of the textbook may not be
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sufficient to decide a unit of recording is a science process skills code or not. There need to
expand the context unit, so context unit was defined part of textbook for each main
objectives of curriculum. The borders between the parts written for each main objective were
determined and mentioned in the final version of the code book.

The third part of the code book is the categories for SPS. Experts agreed on the clarity,
suitability, relevance of the rules of analysis in the fourth part. However, small modifications
were done like changing the verb “read the codebook until you are familiar to it” with “read
the codebook until you comprehend the codes.”

Not only the feedbacks but also discussions with the supervisor contribute to revision of
SPSCB. The evaluation of the experts’ critics and recommendations were reflected on the
code book for the final version. The suggestion for the introduction part “emphasizing the
importance of science process skills” also affected the codes. A new code was added to each
category stating the importance of science process skills in science. The last version of
SPSCB in Turkish (Appendix A) was accomplished after all these procedure done and it was
used in data analysis process. It was also translated into English (Appendix B), however it is
not a professional translation.

SPSCB was prepared firstly for the textbook and then it was modified for the curriculum.
Categories for SPS are the same; there are small differences in the rules of analysis
depending on the type of the document. The context units are different in two documents and
examples are not included for the curriculum one. The code book for the curriculum is given
in Appendix C; only the different parts are presented.

In the following sections, firstly profiles of experts are explained. Then units of analysis and
context unit constructed for the code book are described respectively. Next, the process of
recognizing the SPS is expressed.

3.4.1.a Profiles of the experts

The SPSCB was sent to nineteen experts from different universities in Turkey. Only nine of
them filled the evaluation form about the code book, gave feedback on the code book and
sent the form back. All experts except one are academicians from different universities of
Turkey. Four associate professors, two assistant professor, two researcher assistant, an one
physics teacher, who is also doctorate student, evaluated SPSCB with respect to SPSCB
evaluation form (Appendix J). All experts are academic member of a university and have
studies on science process skills.

One of the associate professor experts has her PhD, Master and Bachelor degrees in the area
of Elementary Science Education. Her research area is mainly about creative and critical
thinking, problem solving skills in education. She also has articles about science process
skills focusing on how they were included in chemistry curriculum and textbook.
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One of the experts is an associate professor at the Department of Curriculum and Instruction
of the Faculty of Education. Her doctoral dissertation is about the effect of project-based
learning on creative thinking, problem solving skills of elementary students. In addition, she
has many publications mostly on problem solving skills, assessment and evaluation;
alternative assessment technique; portfolio. She has a publication offering V-model and |
diagrams as effective tools to develop process skills at science laboratories.

Another associate professor expert has her all degrees on secondary school science and
mathematics education; physics education. She has studies about instrument development,
and determining problem solving skills level of elementary students.

The two assistant professor experts are asked to evaluate SPSCB, since they studied on
science process skills in their Ph.D.’s. One of them also examined the physics curriculum
regarding to science process skills in his master thesis and has many publications especially
on science process skills totally and specifically on some of them.

The teacher, who is doctorate student, is making content analysis for his research. Before
being a teacher at school, he was a research assistant at a university.

Other research assistant experts of this study are doctorate. students. One of them is also
making content analysis for her Ph.D.

Beside seven experts having experience about science process skills and/or content analysis,
two of the experts have experience neither on science process skills nor content analysis.
One of the associate professor experts has no studies on science process skills, he was asked
to be the evaluator of SPSCB he had his doctorate about assessment and measurement and
statistics. He was asked to evaluate the code book through assessment aspects.

The other expert, graduated from the Department of Mathematics, has a master degree on
mathematic education and studying mathematics education for her Ph.D. Her research is
totally different from this study. The aim of asking her to evaluate the SPSCB is to
understand the clarity of the code book for a person from unrelated area.

3.4.1.b Unit of analysis

Krippendorff (2004) defined coding units as “units that are distinguished for separate
description, transcription, recording, or coding” (p.97). Units are wholes that analysts
distinguish and treat as independent elements. In order to make meaningful outcome, the
objects that are counted must be distinct. For example, it makes sense to count words or
sentences but not the text. Meanings are also countable when it is possible to make a
distinction among meanings and ensure that one does not depend on another.

The units are aspects of text that convey messages to the reader including complete
paragraphs, one or more than one sentence(s), questions, figures with captions, tables with
captions, pictures with captions, and each complete step of an activity. Each of these text
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parts are referred to as a unit of analysis (Chiappetta, Fillman, & Sethna, 2004). In preparing
coding unit each part of the text which can convey message addressing science process skills
was taken into account. The coding units for content analysis of each text included in this
study were decided as:

Complete paragraphs,

One or more than one sentence(s),
Questions,

Each complete step of an activity,
Tables with captions,

Figures with captions,

Pictures with captions.

No ok~ owdheE

3.4.1.c The process of defining context unit

Context units are units of “textual matter that set limits on the information to be considered
in the description of recording units” (Krippendorft, 2004, p.101). Unlike coding unit,
context units do not need to be independent from each other, they can be related or even
overlapped. The main idea of context unit is that it helps analysts in identifying coding units
by determining the big frame of the unit. Although context units generally enclose the coding
units they help to identify, they may go before the occurrence of a coding unit or be located
elsewhere, such as in footnotes, indices, glossaries, headline, or introduction. In this study
each part included in the 9" grade physics curriculum and in the 9" grade physics textbook
was defined as context units. Each part defined and described with the examples from the
sources in the SPSCB.

The size of the context unit depends on the research gquestion and the type of information
which has been sought for. So, there is no rational limit to the size of context units.
Generally, larger context units conclude more precise and semantically more satisfactory
accounts of coding units than do smaller ones, but they also require more effort on the part of
analysts (Krippendorff, 2004). In this study the size of each context unit was different from
each other depending on the size of each part in the curriculum and textbook. However, it is
also emphasized in the codebook that when it is difficult to decide for the coding unit,
analyst can move to the previous or next context unit.

3.4.1.d The process of recognizing the science process skills presentation

Primarily, books related to teaching and assessing science process skills (Bell, 2008;
Ostlund, 1992; Rezba et al., 2007) were reviewed in detail. The idea how science process
skills can be included in a text and in a learning setting was discovered through reading the
objectives written for each skill in these books. Activities included in the books were
analyzed to conclude general definitions for recognizing the skills.

There are eleven science process skills which were divided into two; basic science process
skills and integrated science process skills included in the codebook. Observing, measuring,
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inferring, classifying, predicting, and communicating scientifically are in the first group
which is named as basic science process skills. The second group; integrated science process
skills are hypothesizing, defining and controlling the variables, experimenting, collecting and
interpreting data, and modeling. Each skill was explained in the SPSCB.

While determining science process skills two dimensions were taken into account. The two
dimensions were named as “knowledge-based” and “skill-based”. Codes for each skill in the
code book were collected under these two dimensions. “Knowledge-based” codes were
divided into two domains; “declarative-knowledge” and “procedural-knowledge”. Skill-
based codes were also separated into two domains as “task based skills” and “transferable
skills”. Table 3.5 summarized the dimensions and the category for a science process skill,
and Table 3.6 is an example of the organization for codes of classifying in the SPSCB.

Table 3.5 Summary of the dimension of skills

Dimensions
Knowledge-Based Skill-Based

Declarative-Knowledge Procedural-Knowledge Task Based Skills Transferable Skills

Learner is informed Leaner is informed Learner is given a Learner is
about facts, about procedure of the defined task to expected to
generalizations and skills; explained “how- perform the transfer the skills

vocabulary terms. to” perform the skills. skills. form one
“what” of human phenomena to
knowledge another one.
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Table 3.6 Organization of codes for a skill; Classifying

Domains Dimensions  Code Explanation
Knowledge-  Declarative ~ LKD1  States that classification is one of science
Based Knowledge process skills.

LKD2  States that scientist classifies objects, events
while doing science.
LKD3 Explains the importance of classification in

science.
Procedural LKP1  Gives information about the skill;
Knowledge classification.
LKP2  Explains how to classify the objects or
events.

LKP3  Explains important points considered while
classifying the objects or events.
Task-Based  LST1  Makes students identify the common
Skills characteristics of the objects/events.
Makes students identify the different
Skill-Based characteristics of the objects/events.
LST2  Asks students make classification based on
the information given.
Asks students determine the common
characteristics of a well-known classification.
Asks students determine the different
characteristics of a well-known classification.
Transferable LSR1  Asks students classify the objects or events
Skills with respect to the criteria which they
determine.

3.5 Data Analysis

Data analysis is the process of systematically searching and arranging all data collected for
the study. It involves interpreting and making sense of the accumulated data in order to
increase the understanding of them and to enable the researcher to present what was
discovered (Bogdan & Biklen, 1998). In this study, 9" grade physics curriculum, textbook
published by Ministry of National Education, and physics lessons were aimed to be analyzed
with respect to science process skills. Content analysis was conducted to all data gathered in
the study. In other words, all types of data were analyzed by coding; texts in the 9" grade
physics curriculum, textbook, transcriptions of observation records, and interview records.

In the analysis of all data, a qualitative data analysis program; NVIVO 10 was used. Using a
computer software package for analysis is helpful because of availability of keeping huge
amount of data in order and it also eases of manipulating the codes at different times during
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the analysis, and availability of coding video-records. Moreover, the program allows analyst
make comparison among the sources.

3.5.1 Data analysis of the curriculum

Content analysis was conducted to 9" grade physics curriculum in this study. In this section,
the procedure of this content analysis in explained. Obtaining the curriculum, making it
feasible for analysis, determining unit of analysis and procedure of analysis are included in
this section.

3.5.1.a Obtaining the document

The 9" grade physics curriculum (TTKB, 2011) was attained in electronic format (PDF)
from the webpage of Board of Education. The curriculum converted from PDF to Word
document and saved page by page in order to upload to NVIVO. It was also possible to
upload the document as one word document, however when the pages were uploaded
separately it was easy to follow codes on each page.

3.5.1.b Determining the unit of analysis

Units of analysis in coding the curriculum were defined as paragraph, sentence(s), questions,
each skills objective, content objective and explanation for objectives. Moreover, each part
in the curriculum was considered as context unit with sub-parts separately: (1) Basics of the
Physics Curriculum, (2) Learning Areas of the Physics Curriculum, (3) Expectations from
Textbook Writers and Physics Teachers, (4) Publications, (5) Changes in the Physics
Curriculum, (6) Content Organization of 9" Grade Physics Curriculum. These explanations
are covered in the SPSCB for the curriculum (Appendix C).

3.5.1.c Analysis of the curriculum

All of the parts in the curriculum were subjected to content analysis; (1) Basics of the
Physics Curriculum, 17 pages; (2) Learning Areas of the Physics Curriculum, 11 pages; (3)
Expectations from Textbook Writers and Physics Teachers, 3 pages; (4) Publications, 1

page; (5) Changes in the Physics Curriculum, 2 pages; (6) Content Organization of 9" Grade
Physics Curriculum, 60 pages. Two parts in the curriculum were coded more relative to other
parts; first sub-part of second part; the objectives of skills in the learning areas of the
curriculum and the last part; Content Organization of 9" Grade Physics Curriculum. The
objectives of skills in the learning areas of the curriculum have four sub-titles as (a) Problem
Solving Skills; (b) Physics-Technology-Society-Environment; (c) Computational and
Communicational Skills; (d) Attitudes and Values.

One of the characteristics of the curriculum is that each objective has also skill dimension
listed and abbreviated in the second part of the curriculum. For example, the first objective
of the first concept; Nature of Physics, is “1.1 investigates the question what is physics”. At
the end of the statement some abbreviation is written in brackets like PTSE-1a, b, ¢, d; BIB-
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1.a-d. These abbreviations referring to the skill objectives mentioned in the second part of
the curriculum mean that these skills should be also taken into consideration in teaching. For
instance, in the previous objective teacher should read the objectives numbered as PTSE1a,
PTSE1b, PTSElc, PTSELd, BIB1a, BIB1b, BIB1c, and BIB1d and feed the main objective
with these skill objectives while planning the lesson.

Due to this characteristic of the curriculum, each objective of the concepts was first coded
regarding to itself. Then they were coded according to each objective of skills given in the
brackets. For example, the objective “2.1 explain the importance of observing and
experimenting in physics” was first coded as OKD3: “mentions the importance of observing
in science” and EKD3: “mentions the importance of experimenting in science”. However,
this coding was not enough since the objective in the bracket (PTSE1b) addresses another
code which was DSR2: “makes assumptions about the generalizability of the results obtained
through scientific method”. In brief, the objective 2.1 was coded as OKD3, EKD3, and
DSR2.

Another characteristic of the curriculum is that it has explanation for almost all objectives.
These explanations may be in six different way; in-physics association, Nobel Physics
Reward, associating with other courses, misconception, warning, limitations. These
explanations were also coded regarding science process skills. In the previous situation it is
the objective coded according to skills objectives given in brackets, whereas this time it is
the explanation coded. For instance, the explanation“[!] 1.2 informs students the reasons
behind the connection way of circuit elements such as ammeter, voltmeter, and rheostat
while students are setting up the circuit for discovering Ohm’s Law” was coded as SKP2:
“informed about how to measure any physical quantity”. This explanation is a warning for
teacher while planning the lesson for the objective “1.2 discovers the relation between
current flowing through a conductor and potential difference between the conductor’s two
ends” in the Chapter of Electricity and Magnetism. Only the explanation was coded as
SKP2, not the objective itself.

The 9" grade physics curriculum was read many times with the intention of getting used to
the material to be coded. After getting used to material, the curriculum was coded according
to the SPSCB with the qualitative data analysis software program; NVIVO 10. The coding
process was due to the sequence of the curriculum. Thus, objectives for skills were coded
before coding the objectives of content. It was also inevitable because of the mentioned rule
above. The first coding process started at end of February, 2013 after the first analysis of the
textbook. The findings of first coding process of curriculum and textbook are given in
Appendix N and O, respectively by tables representing the frequencies of each code. The
researcher decided to code the textbook again after the curriculum was coded in order to
check and revise the coded and not coded units of analysis. Therefore, after textbook’s
second analysis, the curriculum was re-coded in April 2013. The tables representing
frequency of each code organized through the second coding process are given in Appendix
P and R for the curriculum and textbook, respectively. The results at Chapter 4 are based on
and drawn from the second coding process of the curriculum.
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3.5.2 Data analysis of the textbook

Content analysis was conducted to 9™ grade physics textbook in this study. In this section,
obtaining the textbook, determining unit of analysis and analysis procedure are explained.

3.5.2.a Obtaining the document

The hardcopy of 9™ grade physics textbook was scanned and saved page by page and
uploaded to NVIVO by grouping chapter by chapter. It was possible to upload the textbook
in one document, but the researcher preferred to upload textbook page by page and group
pages into chapters of the textbook. Thus, it was easy to follow codes during the checking
and revising processes. Moreover, uploading document page by page does not force the
software, supplying researcher to work on it for a longer time than working with one large
document.

3.5.2.b Determining the unit of analysis

The unit of analysis for content analysis of 9" grade physics textbook was similar to the units
defined for the curriculum; paragraph, sentence(s), questions, each step of activities, tables
asking students to fill, figures and photograph with explanations, etc. The context unit was
defined according to objectives of contents in the curriculum. The beginning and end points
of context units for the textbook were written on the codebook with respect to objectives.
The parts of the textbook were also mentioned in the code book; however they are not either
unit of analysis or context units. Detailed description for unit of analysis is explained in
SPSCB which is given in Appendix A.

3.5.2.c Analysis of textbook

Before the analysis began, the codebook had been read in details for dominating the codes
and dimensions of the science process skills. In addition, the textbook was also read many
times with the purpose of getting familiar with the material. After familiarization, the
textbook was coded according to the SPSCB with the qualitative data analysis software
program; NVIVO 10.

The textbook was started to be coded in September, 2012 as one document. Because of
problems with the software and difficulty in following the codes in one document, it was
decided to upload the document page by page. The coding process of textbook with page by
page ended in December, 2012. After analysis of the curriculum, the researcher needed to
check the analysis of textbook due to her experience. Finally, the textbook was coded for the
second time in February, 2013.

3.5.3 Data analysis of physics lessons

The lessons of three physics teachers, who claim that they follow the 9" grade physics
curriculum and take into consideration in the skill objectives, were observed. Three physics
teachers were decided after observing lessons of 10 physics teachers during two and/or three
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weeks. The details about the date, time, and duration of the observation for each three
physics teachers’ lesson were given in Table 3.2.

The physics lessons were recorded by a camera. The videos were watched twice or more
when needed, and coded accordingly SPSCB. Only the coded parts were transcribed because
of huge amount of data. It would also be difficult to upload the video records to the software.
The researcher preferred to code the video records firstly and then transcribed the coded part.
However, not only the coded sentences or learning setting was transcribed, but the session of
coded minutes or seconds were also transcribed in order not to miss data.

Analyses of the physics lessons were started after the 9™ grade physics curriculum and the 9"
grade physics textbook were analyzed. When the observation of all lessons finished, the
researcher began to analyze the videos. The coding process took from middle of April, 2013
till end of May, 2013. After all videos were coded, the researcher shared the results with the
teachers for validating them. Teachers were interviewed and asked whether the results are
meaningful to them.

3.6 Reliability and Validity of Science Process Skills Code Book

In this section, the reliability and validity issues of SPSCB are presented. The procedure for
calculating Krippendorff’s a for intra-coder and inter-rater reliability is explained. The steps
for constructing the validity of SPSCB are expressed in the second part of this section.

3.6.1 Reliability of science process skills code book

Reliability is tremendously essential to content analysis. High reliability indicates the
technique or the procedure of the content analysis can be trusted. Moreover, it assures that
the results can be reproduced. What makes a content analysis to be trusted is the coding; it
must be reliable (Chiappetta, et al., 2006; Krippendorff, 2004; Neuendorf, 2002). Two types
of reliability were used in this content analysis. The first one is intra-coder reliability which
shows how consistent the analyzer with him or herself. It is also named as stability (Althide,
1996; Krippendorff, 2004; Miles & Huberman, 1994). In order to establish intra-coder
reliability the same text was reanalyzed after a certain amount of time. The time between two
analyses should be enough to ensure that the analyzer is not remembering how the text was
coded at the first time. The 9™ grade physics textbook analyzed during the period from the
middle of December 2012 to end of January 2013 including the pilot coding process. After
two months one of the chapters in the textbook, randomly selected, was recoded. The codes
were compared, and o agreement for coding, Krippendorff’s a was used in order to calculate
the intra-coder reliability. According to comparison of codes done by the researcher at
different times, Krippendorff’s o was calculated as 0.82. The detail about calculation of a is
mentioned in the following paragraph because both the intra-coder and inter-coder reliability
coefficient was calculated in the same way.

The second type of reliability was inter-rater reliability which is described as reproducibility
by Krippendorff (2004). Reproducibility is reached when two or more coders working

60



independently, under varying conditions, generate the same results by analyzing the same
text (p.215). To establish inter-rater reliability, one coder who is an expert in content
analysis was trained in how to use the SPSCB. The code book was introduced to the coder
by the researcher during two hours. After two weeks, the coder read the code book by his
own; another discussion session was organized to discuss the guestions of him about coding
process. The codebook and the 9" grade physics textbook were given to the coder after he
told that he understood the procedures. The coder was a PhD student studying content
analysis in his research. The coder independently analyzed and coded the “Energy” chapter
in the 9™ grade physics textbook. The reliability coefficient was calculated according to
Krippendorff’s a, because it is the most general agreement measure with two observers
(Krippendorff, 2004). The Krippendorft’s a was calculated for two observers and many
nominal categories. Firstly a table was prepared which shows all codes of two observers for
each unit of analysis. Then it was transformed to a matrix of observed coincidences.
According to the matrix, the agreement coefficient was computed as 1- [D,/De¢] (p. 228), and
found 0.76 for the “Energy” chapter. It was not enough for the study, then coders came
together to compare and analyze each unit of analysis coded differently. After discussing
about the codes another coding process was started and another chapter of the textbook was
re-coded. The chapter of “Electricity and Magnetism” was coded by the researcher and the
coder. The Krippendorff’s o for inter-rater reliability was calculated as 0.83.

3.6.2 Validity science process skills code book

Another important issue for the quality of content analysis is validity or trustworthiness of
the results. The quality of a content analysis is related to testing and increasing the
trustworthiness of the research. When it is possible to increase the trustworthiness of the
research, it leads to the acceptance and verification of the results. A procedure or method is
regarded as valid if it “measures what is supposed to measure and performs the functions that
it purports to perform” (Pattob, 2002, p. 53). Neuendorf (2002) defines validity as the extent
to which a measuring procedure represented the intended, and only the intended, concept.

A content analysis is valid when there has been a meaningful relationship between the
examining texts and the conceptual framework (Chiappetta et al., 2006). Chiappetta et al.
(2006) suggested a list of areas in which validity is concerned with for content analysis
research:

1. The accuracy of the selected sample (e.g., words, paragraphs, pages) represent the
sample is analyzed,

2. The extent to which the categories of an analysis of texts correspond to the meanings
these text have within the chosen conceptual framework, and

3. The accuracy of the adopted analytical constructs (i.e. categories) stand for the
established uses and meaning of the text in the chosen context.

For establishing the validity mentioned in the first step, the sample accurately represented
the whole sample in this content analysis. Because, the 9" grade physics curriculum and the
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9" grade textbook were analyzed entirely. For the physics lessons, best teachers were
selected to be observed.

For the second step, the codebook constructed by literature review on science process skills
was examined by the experts. The experts assessed the accuracy of representation the
meaning in the text and the accuracy of how to recognize science process skills in a text. The
first version of the codebook was revised after the feedback was given by the experts. The
pilot study for analysis of the textbook was helpful for further refinement of the codebook.

The final step, establishing validity is to use analytical constructs, or categories, that properly
denoted the established meanings in the chosen context. The validity of the categories was
directly related to the chosen conceptual framework and also to the conclusions drawn from
the content analysis. In this study, the conceptual framework came from the literature about
content analyses. The categories in codebook were also grounded from science process skills
literature.

3.7 Ethical Issues

For the ethical issues, the most important point is to neither physically nor psychologically
harm anyone during the research (Fraenkel & Wallen, 1996). In this study ethical issues
emerged during the data collection process for the third research question. That is
observation of 9™ grade physics lessons. There are three main ethical issues taken into
account during the research:

3.7.1 Protecting participants from harm

Since the data collection includes only observation of the physics lessons, there was no
possible harm for anyone participated in this study.

3.7.2 Confidentiality of research data

Confidentiality of the data was ensured, and the participating students, teachers, and schools
were assured any personal information would be protected in publications based on the
research. Personal identifiable information was not asked to any student during the research.
Background information of teachers was asked and teachers were guaranteed about the
confidentiality of any information gathered from them. Moreover, the participants were told
that participation could be withdrawn at any time.

3.7.3 Deception of subjects

The purpose of the research and the details about data collection process were explained to
the principals, teachers, and students in each school. There was no problem to inform
participants about the research. Thus, deception was not needed and involved in this study.

In addition, permission to make observations in the high schools was taken from Rectorship
of METU, the Graduate School of Natural and Applied Sciences, the Ethical Committee, and
the Ministry of National Education (Appendix S). Also consent forms (Appendix T) for both
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students and parents were prepared; students and parents were asked them to read and to sign
the consent form before accepting to be participant in the study.

3.8 The Profile of the Researcher

As Creswell (2003) mentions qualitative research in which the researcher has endured a
focused relationship with the participants, is interpretive in nature. Clearly in this study, the
researcher interacts between the 9™ grade curriculum, the 9" grade textbook, and the teachers
and the students in the 9" grade physics lessons.

There is always a tendency in both qualitative and quantitative researches to easily overlook
prior assumptions, knowledge, or positions the researcher brought into their studies (Roman,
1992). Such “missing research” phenomenon neglects the fact that the process of selection
and interpretation, which the researcher described and explained, resulted in only a limited or
partial framework of understanding their works.

First, the researcher was non-participant observer. She did not manipulate students and the

teachers about the teaching activities. Multiple observations continued about nine weeks in

each of the settings, thus the study was a long term study. Lastly, focus of observations was
on single element, on the teaching of science process skills.

3.9 Limitations of the Study

This study focuses on science process skills in the 9" grade physics textbook, the 9" grade
physics textbook and the 9™ grade physics lessons in Turkey. Thus, the conclusion can be
generalized with regard to the themes generated in this study and these cases under
investigation.

All categories within the analytic framework were generalized based on the literature review
proposed contributions to science process skills. There could be additional categories
depending on the framework generated for this study. The results of this study were limited
with the themes generated with respect to literature on science process skills. Beside the
categories, coding for the science process skills is another limitation. The validity of the
study relies on two coders’ understanding of the science process skills and its categories.

Content analysis is limited by the availability of documents. In this case study, the results
were valid only the 9™ grade physics curriculum, the 9™ grade physics textbook, and the 9"
grade physics lessons of those selected teachers participated in this study. The results cannot
be generalized to all physics curriculum, textbooks or any other physics textbook or teachers.
The results are limited specifically to the physic curriculum, the physics textbook and the
physics teachers investigated in this study.

This study is limited with the case in the third research question; the 9" grade physics
lessons in Ankara, Turkey. Although the physics lessons were observed and analyzed, it does
not provide a systematic understanding of how all physics teachers use the curriculum and
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the textbook content to teach the science process skills. The results of third research question
were limited with the teachers participated in this study. Thus we can interpret the results as
in the case of teachers’ lessons who claim that she/he implement the 9" grade physics
curriculum focusing also objectives of skills. In addition to the limitation for the third
guestion, the results were also limited to the energy chapter.

3.10 Procedure
3.10.1 Researched databases and keywords

The databases at METU and UMD were examined. The databases accessed are listed below;
Academic Search Complete, American Institute of Physics (AIP), American Physical
Society (APS), Dissertations and Theses, Education Research Complete, ERIC, Science
Direct, SocINDEX with Full Text and Taylor & Francis Online Journals.

Key words used for this study are; science process skills, inquiry skills, observing,
measuring, classifying, inferring, communicating, predicting, hypothesizing, defining
variables, controlling variables, gathering data, interpreting data, experimenting, designing
experiment, modeling, content analysis, codebook, science curriculum, reform in science
education, reform in physics education, textbook analysis, physics curriculum, evaluation of
textbook, science textbook, physics textbook, physics instruction, physics teachers, science
educators, etc. These key words not only used separately but also binary and triple, for
example, “science process skills” + “science curriculum” and “inferring” + “textbook
analysis” + “science education”.
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CHAPTER 4

RESULTS

This chapter is composed of four sections accordingly to research problems. In the first
section, findings relate to the first research problem, what extent are science process skills
included in the Turkish 9" grade physics curriculum, are presented. The findings in the first
section are organized into three segments. These segments present the inclusion of SPS in
skill objectives, content objectives, and combination of all parts of the curriculum,
respectively. The second section responds to research problem two: What extent is science
process skills included in the content of the 9" grade physics textbook published by Ministry
of National Education. In the third section, the findings for the third research problem, what
extent are science process skills included in the 9th grade physics lessons in the energy
chapter, are presented. Finally, the last research problem, what extent is 9™ grade physics
curriculum, textbook and lessons consistent to each other in terms of science process skills,
is addressed in the fourth section of this chapter.

4.1 Representation of Science Process Skills in the 9" Grade Physics Curriculum

In this section, the findings of content analysis of 9" grade physics curriculum with respect
to SPS are presented. Brief descriptions about aims and vision of the curriculum are given in
the beginning and then sequence of sub-section is explained.

The 9" grade physics curriculum has been developed to provide students with the basic
physics concepts that they will need to cope with in real life problems. It aims to prepare the
students to solve real life problems using scientific methods, analyze the interactions
between Physics-Technology-Society and Environment, develop positive attitudes towards
himself/herself and society. In addition, one of the purposes of the curriculum is to develop
students’ information literacy skills such as using computer and internet in an effective way,
and being objective when expressing personal thoughts (TTKB, 2011).

Vision of the curriculum is not only to teach physics but also to develop students’ skills. The
curriculum intends to teach physics concepts by the skills which are composed of four main
titles (1) Problem Solving Skills (PSS), (2) Physics-Technology-Society-Environment
(PTSE), (3) Information and Communication Skills (ICS), (4) Attitudes and Values (AV). It
aims to develop these skills by using the physics contents. The physics concepts in 9" grade
are given in six chapters namely (1) Nature of Physics, (2) Properties of Matter, (3) Force
and Motion, (4) Energy, (5) Electricity and Magnetism and (6) Waves. Therefore, the
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curriculum states two types of objectives; skill objectives and content objectives. In brief, the
purpose of the curriculum is to teach physics by using the skills and develop these skills by
using physics content (TTKB, 2011).

In data analysis of the curriculum, the skill objectives and content objectives are analyzed
separately and then they are combined according to the pairings given in the curriculum.
Beside the objectives, the parts named as “aim of the chapters”, “daily life context”,
“scientific concepts”, “mathematical equations and units” are analyzed. In this section, the
findings of each step are given, respectively. Firstly, the results of skill objectives’ analysis
in the four areas are presented. Then, the findings of content objectives’ analysis in six
chapters are given. Lastly, the final results of 9" grade curriculum which are the combination

of results of skill and content objectives and the parts mentioned above are represented.
4.1.1 Representation of science process skills in the skill objectives

In the curriculum, the skills of science process, creative thinking, critical thinking, analytical
and spatial thinking, and higher order thinking are grouped under the heading of PSS as the
first part of skill objectives (TTKB, 2011). There are 22 skill objectives of problem solving
skills given in three parts; “defining the problem and planning the solution”, “collecting data
and making experiment” and “interpreting the data”. The result of document analysis showed
that only 1 objective does not include any SPS. Other 21 PSS objectives out of 22 include
science process skills of at least of the skills as collecting-interpreting data, experimenting,

defining-controlling variables, hypothesizing, modeling and measuring.

In the second part of skills, PTSE, there are three parts having 40 objectives in total. The 37
of 40 objectives take account of at least one SPS of collecting-interpreting data, scientifically
communicating, experimenting, inferring, defining-controlling variables, hypothesizing and
observing. However, the skills of modeling, measuring, predicting and classifying are not
involved in this part of the curriculum.

There are 22 objectives defined for the skill of ICS which is the third part of skill objectives.
Depending on document analysis 20 of these 22 ICS objectives include mostly the science
process skills of collecting-interpreting data, and scientifically communicating. Only one
objective includes the skill of modeling. Other skills except collecting-interpreting data,
communicating scientifically and modeling are not taken into consideration in the objectives
of Information and Communication Technology part.

In the fourth and the last part of skill objectives there are 28 objectives grouped under the
heading of AV. 14 of these 28 AV objectives are corresponding to science process skills of
collecting-interpreting data, scientifically communicating and experimenting.

As the result of content analysis of these skill objectives, science process skills frequency
distributions are given in Table 4.1. Science process skills are given in the first column; the
names of skill area in abbreviation are placed in the first row. The numbers written under the
abbreviations for the area of skills are the total number of objectives in each skill. The
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numbers written alongside each science process skill indicates number of objectives
including the corresponding process skill. The objectives which do not include any science
process skills are given as “Not SPS” in the table. There are some objectives referring more
than one science process skills. For example, the objective in PTSE “makes a technological
design and explains the scientific knowledge used in this process” represents both
experimenting and scientifically communicating. Since this objective has two verbs, it
implies two different science process skills. There are two objectives in both PTSE and ICS
including two different SPS. That is why the sum of the numbers of “SPS Total” and “Not
SPS” does not equal to the total number of objective skill in PTSE and ICS. Moreover,
having objectives which involve more than one SPS causes the sum of percentage of skills
and “Not SPS” becomes more than a hundred. The sum of percentage of all items equals to
103.5 meaning that 3.5 percent of the skill objective involve more than one SPS.

Table 4.1 Frequency distribution of science process skills for skill objectives

PSS PTSE ICS AV # TOTAL %in

objectives
22 40 22 28 112 (n=112)

Collecting & Interpreting Data 9 27 11 8 55 49.1
Communicating scientifically 3 10 3 16 14.3
Experimenting 3 2 3 8 7.1
Defining & Controlling Variables 3 1 4 3.6
Hypothesizing 2 1 3 2.7
Modeling 2 1 3 2.7
Measuring 2 2 1.8
Inferring 2 2 1.8
Observing 1 1 0.9
# of SPS Total 21 37 22 14 94 83.9
% in objectives (n=112) 188 330 196 125 83.9

# of Not SPS 1 5 2 14 22 19.6

(PSS: Problem Solving Skills; PTSE: Physics-Technology-Society-Environment; ICS:
Informatics and Communication Skills; AV: Attitudes and Values)

Table 4.1 shows that, there are 112 defined objectives for the skills in the physics
curriculum. According to content analysis, 94 of these objectives refer to science process
skills which mean 83.9 percent of the skill objectives. Collecting-interpreting data,
communicating scientifically and experimenting belong to skills which highly take place in
these objectives. Defining-controlling variables, hypothesizing, modeling, measuring,
inferring and observing are rarely mentioned in the skill objectives of the curriculum. These
rarely mentioned skills have the percentage of 13.5 altogether which is smaller than quarter
of skill objectives. Additionally, the skills of predicting and classifying do not take place in
the table, because they are not cited in the skill objectives in the physics curriculum.
Moreover, according to Table 4.1, 19.6 percent of the skill objectives do not contain any
science process skills.
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According to Table 4.1, collecting-interpreting data is involved in 9 PSS, 27 PTSE, 11 ICS
and 8 AV objectives. The total number of objectives involving the skill of collecting-
interpreting data is 55 out of 112. In order to calculate the percentage of involvement of this
skill among the total objectives 55, is divided by 112 and multiplied with 100, and after this
calculation, the percentage is calculated as 49.1.

The maximum emphasized skill is collecting-interpreting data with 49.1 percentage
indicating nearly the half of total skill objectives. PTSE has the maximum proportion (.68)
for this skill; it is calculated as the division of the objectives coded as collecting-interpreting
data (27) to the total objectives in PTSE (40). The skill objectives in PTSE emphasize the
relation between physics, technology, society and environment. Students are expected to
collect mostly qualitative data about physics as a branch of science and analyze nature of
physics due to collected data. The objectives in PTSE expect students to realize the relation
between physics and technology, physics and society, physics and environment. For
example, the PTSE objective “investigate interaction between physics and technology”
(TTKB, 2011, p.25) expects students to collect information about the physics, technology
and interaction between physics and technology. Here are some PTSE skill objectives
mentioning the skill of collecting-interpreting data in the curriculum (TTKB, 2011, p. 24-
26);

e  Defines physics and comprehends that physics helps understanding phenomena in
the universe as a branch of science (PTSE1a).

o Realizes that the physics knowledge is developing rapidly (PTSELc).

e Investigates the relation between physics and philosophy (PTSELIi),

e  Comprehends the importance of relation between physics and technology in
solving daily life problems (PTSE2d).

e Explains how person, society and environment affect physics and technology
(PTSE3a).

e Investigates the relation between application of physics and ethical
issues”(PTSE3f).

e Be acquainted with the importance and requirements of financial support for
physics and technology projects (PTSE3i).

e  Explains the contribution of our country to physics and technology (PTSE3p).

The skill of collecting-interpreting data is mentioned highly in the ICS objectives; 20.0
percent of objectives (n=55) involving these skills belong to ICS. The objectives referring to
the skill of collecting-interpreting data are, for example “Verifies whether the source of
information is valid and reliable” (ICS1b), “Investigates, attain, and select the information in
relation to determined aim” (ICS1d), “Synthesizes the data and attain new information”
(ICS2a) (TTKB, 2011, p. 27). Actually, the ICS objectives referring to these skills are
emphasizing collecting data by using computer skills in general since the aim of ICS part is
develop students’ informatics, communication and computer skills.
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Similar to PTSE and ICS, PSS has the maximum frequency for the skill of collecting-
interpreting data; 40.9 percent of PSS objectives (n=22) refer to these skills. In addition, 16.4
percent of objectives (n=55) mentioning these skills are from PSS. Here are some example
PSS objectives pointing out the skill of collecting-interpreting data in the curriculum (TTKB,
2011, p. 22, 23);

e Collects information from various sources to begin research by using pre-
knowledge and experiences (PSS1b).

e  Distinguishes scientific knowledge from personal thoughts and values” (PSS1c)

o Records the data in a systematic way with the units which are gathered from
observation and measurement (PSS2f)

e Analyzes data obtained by experiment and observation by using tables, graphs,
statistics or mathematical processes (PSS3a)

e Takes the limitations of the research into consideration while interpreting the
result of the research (PSS3h)

e Makes a relation between the results of the research with others by comparing
(PSS3i).

Collecting-interpreting data are also the highly emphasized skills among the AV objectives;
28.6 percent of AV objectives (n= 28) refer to these skills. The aims of AV part are to
develop students’ self-control, organization, study skills with scientific attitudes and values.
Here are some examples for the objectives mentioning the skill of collecting-interpreting
data in the curriculum (TTKB, 2011, p. 29, 30);

o Makes decisions according to evidences (AV1c).

e Evaluates his/her or others’ work objectively and critically (AV1d).

o Knows the actual limitations of physics and technology and behave in accordance
with these limitations (AV2b).

e Recognizes the importance of physics and technology for the development of our
country and feel him/her responsible for the development of them (AV2f).

e Be willing to learn as a result of realizing the importance of lifelong learning
(AV3a).

o Realizes the need of continuous improvement of his/her knowledge as a result of
non-stop development of scientific knowledge (AV3c).

To sum up the result for the skill of collecting-interpreting data, they are the most
highlighted skills in the skill objectives. PTSE, ICS and AV objectives are highly involve the
skills of collecting qualitative data about physics, nature of physics. However, the PSS
objectives are different from others in means of implying the process of problem solving.

Beside collecting-interpreting data, intensively covered process skills in the curriculum are
communicating scientifically and experimenting. Total percentage (70.5) of above
mentioned three science process skills is dominating the skill objectives. Communicating
scientifically is emphasized mostly in the ICS objectives (62.5 %, n=16), frequently in the
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PTSE and AV objectives. On the other hand, there is no PSS objective that involves the skill
of scientific communication. The scientific communication skill takes place in the ICS,
PTSE and AV objectives (TTKB, 2011, p.25-29);

e  Prepares appropriate presentations for the determined aim (ICS3a).

e Uses proper terminology in the any type of communication (verbal, written
visual, etc.) about physics (ICS4c).

e Improves necessary internet skills to obtain, develop and share information about
physics (ICS5e).

e Makes a technological design and explains the scientific knowledge used in this
process (PTSE2.1).

e  Takes part in the discussions based on physics and technology that can affect the
future of person, society and environment (PTSE3d).

o Explains importance of sharing the scientific or technological results by using
proper communication medium (conferences, meetings, seminars, internet,
television, radio, etc.) (PTSE3m).

e  Listens and values others’ opinions (AV1i).

e  Values the work of scientists (AV1j).

e Follows and appreciates the development in physics (AV2a).

Skill of experimenting is the third involved one in the skill objectives of the curriculum that
has percentage of 7.1. It is emphasized in both PSS and AV objectives (37.5 %; n=8) and
also in PTSE objectives (25.0 %; n=8). Document analysis shows that no ICS objective
refers to the skill of experimenting in the curriculum. Here are some example skill objectives
which include experimenting (TTKB, 2011, p. 22-30);

o Recognizes and uses safely the appropriate experiment tools and materials
(PSS2a),

o Designs an experimental setup in order to test a hypothesis (PSS2c),

o Makes a technological design and explains the scientific knowledge used in this
process (PTSE2f),

o Knows basic principles to use experiment tools and materials safely (PTSE3r),

o Applies physics when necessary in order to make decisions about daily life
problems (AV2c),

o Insists on making new trials to achieve the goal (AV3d).

Defining-controlling variables, hypothesizing, modeling, measuring, inferring, and observing
are the science process skills which are involved but not given enough emphasis in the skill
objectives. The percentages of these skills among all skill objectives are smaller than 5.0
(n=112), even the total percentage of these six skills is 13.5. Only 15 out of 112 objectives
cover these skills and 14 of them belong to PSS and PTSE. The objectives PSS directly
point out the skill of defining-controlling variables such as;

e  Defines the problem (PSS1a),
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e Defines the dependent, independent and controlled variables in a problem or
research (PSSle),

e Investigates the effect of independent variable on the dependent variable while
controlling the other variables while testing a hypothesis (PSS2d).

The skill of hypothesizing is also given in the PSS and PTSE objectives directly;

o  Makes a testable hypothesis for a defined problem (PSS1d),

e  Designs an appropriate solution for a defined problem (PSS1g),

e Propose solutions by using physics and technology for corresponding social
problems while taking the needs of person, society and environment into
consideration for a better life (PTSE3k).

Modeling, on the other hand, is included in the skill objectives not directly but in terms of
mathematical equations. For example the objectives pointing out the skill of modeling are;
“Expresses the findings obtained as a result of data analysis in models like mathematical
equations” (PSS3c); “Uses the proper mathematical equations when necessary in order to
solve problems” (PSS3g) and ‘“Prepares simple simulation and animations in order to make
abstract concepts concrete, simulate physical activities which are expensive, dangerous and
difficult” (ICS5f) (TTKB, 2011, p. 22-30).

Measuring, inferring and observing are rarely mentioned in the skill objectives of the
curriculum. The total percentage of these objectives indicating these three skills is 4.5. The
skill of measuring is involved only in two PSS objectives as; “Determines the appropriate
measuring tool in order to measure variables” (PSS1f) and “Makes a sufficient number of
measurements carefully with appropriate tools in order to reduce the error rate in
measurement” (PSS1e). Inferring is involved only two PTSE objectives as; “Realizes and
gives examples that physics-science-technology itself is neither good nor bad, but decisions
about the use of products and systems can lead to desired or undesired results” (PTSE11) and
“Gives examples that physics and technology in rare cases cannot find the solutions to the
problems of the person, society and environment with current knowledge” (PTSE3I). Finally,
the skill of observing in mentioned in only one PTSE objective which is “Observe how the
physics and technology are used by society to make decisions about environmental
problems” (PTSE3h) (TTKB, 2001, p. 22-30).

To sum up, there are 112 skill objectives defined by the curriculum and 94 of them are found
to involve SPS. The most emphasized SPS in the skill objectives are collecting-interpreting
data whereas the skills of classifying and predicting are not involved in any objective.
Communicating scientifically and experimenting are occasionally mentioned while defining-
controlling variables, hypothesizing, modeling, measuring, inferring and observing are rarely
cited in the skill objectives. According to content analysis of skill objectives, there are 22
objectives which do not cover any SPS. In addition, most of these objectives belong to AV
with 63.6 percentage, others belong to PTSE (22.7 %), ICS (9.1 %) and PSS (4.5 %).
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4.1.2 Representation of science process skills in the content objectives

The objectives, as mentioned before in the physics curriculum are grouped in two categories
as skill objectives and content objectives. Due to one of the characteristics of the curriculum,
almost each content objective is supported by more than one skill objective. The curriculum
states that the skill objectives given in brackets for each content objective should be taken
into consideration together. The content objectives are grouped in 6 chapters as (1) Nature of
Physics, (2) Properties of Matter, (3) Force and Motion, (4) Energy, (5) Electricity and
Magnetism and (6) Waves.

As a result of the content objectives’ analysis, the frequency distributions of science process
skills are given in Table 4.2. The first row of Table 4.2 indicates the chapters of content
proposed by the 9" grade physics curriculum. The numbers written in the second row
demonstrate the total objective number offered by the corresponding chapter. In the eighth
and ninth column the total number of objectives and their percentage for each science
process skills are placed. For example, according to Table 4.2, the skill of classifying is
mentioned in 13 out of 69 content objectives which mean 18.8 percent of all content
objectives.

Table 4.2 Frequency distribution of SPS in the content objectives

Chapters # total %

NoP PoM FM ENJ EM WV Obj in obj.
# of objectives 15 8 13 17 7 9 69 (n=69)
Collecting & Interpreting Data 3 1 5 8 0 0 17 24.6
Classifying 2 6 1 3 0 1 13 18.8
Experimenting 1 0 5 0 5 0 11 15.9
Modeling 2 1 2 0 1 1 7 10.1
Measuring 2 1 0 0 0 1 4 5.8
Observing 2 0 0 0 0 0 2 2.9
Def!nlng & Controlling 0 0 0 0 0 1 1 14
Variables
# of objectives including SPS 12 9 13 11 6 4 55 79.7
% in objectives (n=69) 174 130 188 159 87 58 797 79.7
# of Not SPS 3 0 2 6 1 5 17 24.6

(NoP; Nature of Physics, PoM; Properties of Matters, FM; Force and Matter, ENJ; Energy,
EM; Electricity and Magnetism, WV; Waves.)

The results obtained from analysis of the content objectives indicate that the skill of
collecting-interpreting data is the mostly involved science process skills. The percentage of
involvement of these skills is 24.6 among the all content objectives (n=69) whereas it is 30.9
percent among the content objectives including SPS (n=55). According to Table 4.2 almost
half of the objectives (47.0 %, n=17) containing the skill of collecting-interpreting data are
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from the energy chapter. For instance, the content objectives pointing out collecting-
interpreting data are;

o Realizes that energy can be defined in different ways (Energy, 1.2).

e Realizes that physics investigate objects, phenomenon and events in the universe
in different sub-branches (Nature of Physics, 1.2).

o Realizes that motion is a relative phenomenon (Force and Motion, 1.1).

The skills of classifying, experimenting and modeling are belong to science process skills
which are mostly included in the content objectives. Classifying is mostly involved in the
chapters of Properties of Matter (46.2 %, n=13) and Energy (23.1 %, n=13). Because
classifying is not included in the skill objectives, it depends on the content in the curriculum.
Examples for content objectives referring the skill of classifying are;

e  Classifies the matters according to their phases (Properties of Matter, 1.2).

e Compares advantages and disadvantages of renewable and non-renewable energy
sources (Energy, 3.1).

o Classifies the magnitudes in physics as scalar and vector (Nature of Physics, 2.6).

e Classifies the waves according to energy and the direction of vibration (Waves,
1.6).

Experimenting is emphasized mostly in the chapters of Force and Motion and Electricity and
Magnetism with the same percentage (45.5 %, n=11) among the all chapters. The skill of
experimenting is given more emphasis in the content objectives (15.9 %, n= 69), rather than
the skill objectives (7.1%, n=112). This difference in percentages indicates content
dependency of the experimenting skill like classifying in the physics curriculum. Examples
for the content objectives implying the skill of experimenting are given below;

e  Explains the role and importance of observing (qualitative and quantitative) and
experimenting (Nature of Physics, 2.1).

e Discovers the dependent variables of friction force by experimenting (Force and
Motion, 4.1).

e Shows the dependent factors of a conductor’s resistance with experiment
(Electricity and Magnetism, 1.3).

Modeling is included in 12.7 percent of content objectives, which involves SPS and 10.1
percent of all content objectives. The frequency distributions of modeling for content
objectives in chapters are close to each other, excluding the chapter of Energy in which no
evidence is found. Since using mathematical equation properly is included in the skill of
modeling, the objectives about calculation in which mathematical equations needed are
coded as SPS, modeling. The objectives referring to the skill of modeling in the curriculum
are;
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e Explains with examples that, in the case of necessity, modeling and mathematics
are used while describing physical events (Nature of Physics, 3.1).

e Calculates the density of solid and liquid matters by utilizing mass-volume
graphics (Properties of Matter, 1.4).

e Calculates the displacement by using speed-time graphics for linear motions
(Force and Motion, 1.5).

e  Designs a simple electrical motor (Electricity and Magnetism, 2.3).

e Makes a model that avoids loss of life and properties caused by earthquake
(Waves, 1.9).

Having a total percentage of 10.1 for measuring, observing, defining-controlling variables
skills, it can be said that these skills are rarely mentioned in the content objectives. The
content objectives including the skill of measuring are; “Measures some basic physical
quantities by using proper measuring devices and units” (Nature of Physics, 2.3); “Measures
the volume of solid and liquid matters” (Properties of Matter, 1.3) and “Explains wavelength
and frequency with examples and indicates their units” (Waves, 1.2). The observation skill
takes place in the content objectives as “Explains the role and importance of observing
(qualitative and quantitative) and experimenting” (Nature of Physics, 2.1) and “Realizes by
comparing that quantitative observations in physical phenomenon are more objective and
confident than qualitative objectives” (Nature of Physics, 2.1). Finally, the skill of defining-
controlling variables is placed in the objective “Determines the relationship between period
and frequency” (Waves, 1.3). Beside these rarely mentioned science process skills, the skills
of predicting, inferring, communicating scientifically and hypothesizing do not take place
among the content objectives in the physics curriculum.

4.1.3 Representation of science process skills in the curriculum

Since the curriculum states to feed the content objectives in harmony with the skill
objectives, there is a need for handling these objectives altogether for one more time. By
doing so, it will be more comprehensible to bring up the involvement of science process skill
in the physics curriculum. Therefore, the content objectives were analyzed by taking into
account the corresponding skill objectives. Moreover, in the curriculum the content
objectives have explanations consisting of warning, limitations, relations with other
disciplines and misconceptions. These explanations were also analyzed and the results were
combined with the findings of analysis of content and skill objectives. Eventually, the
frequency distributions of SPS in three parts of objectives are attained as portrayed in Table
4.3.

Table 4.3 displays the frequency distribution of science process skills in content and skill
objectives and explanations of content objectives per chapter. In the first row, six chapters
are given in abbreviations. In the second row, the total numbers of objectives in chapters are
given in the first line and the numbers of corresponding objectives from content and skill
ones with explanations are given in the second main line. Since the content objectives are
basics of the curriculum, they are written in the first line. In the second line the details are
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presented; the number of content objectives, skill objectives and explanations are given
separately in main second line. C/S/E stands for the number of content objectives, skill
objective, and explanation, respectively. For instance, there are 8 content objectives in the
Chapter of Properties of Matter. The numbers in in the second line 8-55-12 mean that there
are 8 content objectives and 55 skill objectives and 12 explanation items attached into these
8 content objectives.

In the following rows, the total frequency of SPS for each chapter is given with the detail;
SPS frequency for each type of objective and explanation is given in brackets with the same
manner. For example, the skill of collecting-interpreting data is included by three objectives
in total. The numbers in bracket under 3, (1/3/0) points out that the skill of collecting-
interpreting data is included by only 1 content objective, 3 skill objectives which were
attached to the content objectives. The last number in bracket “0” indicates that these skills
do not take place in any explanation of the content objective. When the content and skill
objectives and explanations are coded by unique SPS, the total number of coding should be
the sum of all. In the mentioned example, the total number is expected to be 4 as the sum of
(1.3.0). However, the total number is 3; that means one SPS is common in content and skill
objectives. As stated in the rules for analysis in the SPSCB, the repeated code for a unit of
analysis should be counted as one (Appendix A). According to this rule, the total number can
be equal but not be bigger than the sum of the numbers in a bracket.

In Table 4.3 the occurrence distributions of science process skills with the details are shown
in the third row of the table. In the fourth row, the total SPS per chapters and their
percentages with respect to both total number of objectives and sum of SPS are presented. In
the first line of the last row, the total number for SPS in each chapter is given and the total
number of SPS for content and skill objectives and explanations are placed in the second line
in brackets. Due to the rule mentioned in the previous paragraph, the number in the first line
can be equal or smaller than the sum of the numbers in the bracket. The third line displays
percentages of total SPS in total objectives (n=69). Lastly, the fourth line shows the
percentages of total SPS in the sum for all chapters (n=219). For example, the total SPS
involved in the Properties of Matter chapter is 23. This value is the combination of SPS from
content objectives (9), skill objectives (14) and explanations (6) which is presented as
(9/14/6) in the table. In addition, 33.3 percent of 69 objectives involve SPS in the Properties
of Matter chapter. When the percentage is calculated for 219 coded SPS, it makes more
sense to state that the 10.5 percent of SPS are covered by the second chapter in the
curriculum.

The total number of SPS of a specific skill is presented in the eighth column with details in
brackets showing how many SPS come from content, skill objectives and explanation items.
For instance, the skill of experimenting is coded for 29 times in 69 objectives. According to
the numbers given in the bracket, 11 experimenting units belong to content objectives, 26 of
them belong to skill objectives and 1 belongs to explanations. In the last column, the
percentages for SPS in the objectives and total SPS are given. The ones in the first line of
corresponding skill show the percentage in 69 objectives, the others in the second line which
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is given in bracket show the percentage in 219 SPS. For the skill of experimenting it means
that 42.0 percent of 69 objectives and 13.2 percent of 219 SPS coded in the objectives
involve this skill.
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Table 4.3 Frequency distribution of SPS in the 9" grade physics curriculum objectives

Chapters # total %
NoP PoM FM ENJ EM wv obj
Objectives 15 8 13 17 7 9 69 n=69
Content O. 15 8 13 17 7 9 69 (n=219)
Skill O. 41 55 169 127 61 56 509
Explanation 16 12 12 20 14 18 92
Cl. Int. D. 12 3 13 14 5 9 56 81.2
(C/SIE) (3/11/0) (1/3/0) (5/12/0) (8/14/0) (0/5/0) (0/9/0) (17/54/0) (25.6)
Sci. Com. 1 6 10 16 3 4 40 58.0
(0/1/0) (0/6/0) (O/10/0) (O/16/0) (O/3/0) (0/4/0)  (0/40/0)  (18.3)
Exp. 6 2 5 4 7 5 29 42.0
(1/5/0) (0/2/0) (5/5/0)  (0/4/0) (5/5/1) (0/5/0) (11/26/1) (13.2)
Measr. 4 2 6 2 5 3 22 31.9
(2/3/11) (1/1/1) (o/6/0)  (0/2/1) (O/4/2) (1/2/1)  (4/18/6)  (10.0)
Class. 2 8 1 3 1 5 20 29.0
(2/0/0) (6/0/5) (1/0/1) (3/0/1) (O/0/1) (1/0/5) (13/0/13)  (9.1)
Hypt. 2 1 6 3 4 3 19 27.5
(0/1/1) (0/1/0) (O/6/0)  (0/3/0) (O/4/0) (0/3/0)  (0/18/1) (8.7)
Model. 2 1 3 0 5 3 14 20.3
(2/2/0) (2/1/0) (2/3/0) (0/0/0) (1/4/0) (1/2/0)  (7/12/0) (6.4)
Df. Ct. V. 1 0 6 0 4 2 13 18.8
(0/1/0) (0/0/0) (O/6/0)  (O/0/0) (O/4/0) (1/2/0)  (1/13/0) (5.9)
Obsrv. 3 0 1 2 0 0 6 8.7
(2/0/1) (0/0/0) (O/0/1)  (0/2/0) (O/0/0) (O/0/0)  (2/2/2) (2.7)
# SPS 33 23 51 44 34 34 219 100.0
(C/SIE) (12/24/3) (9/14/6) (13/48/2) (11/41/2) (6/29/4) (4/27/6) (55/183/23)
% (n=69) 47.8 33.3 73.9 63.8 49.3 49.3 317.4 317.4
% (n=219) 15.1 10.5 23.3 20.1 15.5 15.5 100.0 100.0

(Chapters: NoP; Nature of Physics, PoM; Properties of Matters, FM; Force and Matter, ENJ;
Energy, EM; Electricity and Magnetism, WV; Waves. Objectives: C: Content objectives, S:
Skill Objectives, E: Explanations. Science Process Skills: Cl. Int. Dt.: Collecting-Interpreting
Data, Sci. Com.: Scientific Communication. Exp.: Experimenting, Measr.: Measuring,

Class.: Classifying, Hypt.: Hypothesizing, Model.: Modeling, Df. Ctr. V.: Defining-
Controlling Variables, Obsrv.: Observing)

According to Table 4.3, there are two SPS which is involved in only skill objectives:

communicating scientifically and hypothesizing. Communicating scientifically is the second
skill for the frequency distribution of SPS in the skill objectives (Table 4.1) whereas it is not
mentioned in the content objectives (Table 4.2). It can be concluded that the skill objectives

of Communicating scientifically are connected with several content objectives in the
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curriculum. For example, the content objective from the chapter of Waves “1.1 Explain the
concepts of vibration and wave with examples” is fed by the skill objectives ICS 1a, b, c, d,
2a, 4c, d in which the communicating skill is mentioned. The objectives of ICS4c; “Uses
proper terminology in the any type of communications (verbal, written visual, etc.) about
physics” and 1CS4d; “Expresses the complex information in a clear and understandable way”
point out the importance of using proper terminology and clarity in communicating. These
40 units coded as communicating scientifically belong to the skill objectives as it is shown in
the table (0/40/0). As a result, the physics curriculum covers the skill of communicating
scientifically in 40 objectives (58%).

Similar to the skills of collecting-interpreting data, hypothesizing is mentioned by only skill
objectives except from one explanation. According to the Table 4.1, 2.7 percent of skill
objectives include hypothesizing. When it is compared with the corresponding value in Table
4.3:19 (0.18.1); it increased from 3 to 18. That means the skill objectives indicating
hypothesizing repeated in many times in the content objectives. This skill is underlined by
three skill objectives which are (1) PSS1d. “Makes a testable hypothesis for a defined
problem”, (2) PSS1g. “Designs an appropriate solution for a defined problem” and (3)
PTSE3K. “Propose solutions by using physics and technology for corresponding social
problems while taking the needs of person, society and environment into consideration for a
better life”. The most involved skill objective is PSS1g (12 out of 18) in the content
objectives, next is PTSE3k (4 out of 18) and the last one is PSS1d (2 out of 18).

Opposite to the scientific communication and hypothesizing, the skill of classifying is not
involved in the skill objectives whereas it is the second highly involved SPS in the content
objectives. Due to the combination of skill objectives with the content objectives, classifying
takes place in the result of combined analysis with 20 (13.0.13) corresponding objectives. It
is highly involved in the Properties of Matter; the chapter itself covers the concept of
classifying. According to Table 4.3, the skill of classifying is coded for 20 times in the 69
objectives. 40 percent of these objectives belong to the chapter of Properties of Matter, 25
percent belong to the chapter of Waves and 15 percent belong to the chapter of Energy.

Beside to the content objectives, some classifying units belong to the explanations. For
instance, the content objective from the chapter of Waves “1.3 Determines the relationship
between period and frequency” is not coded as the classifying unit. The skill objectives of
PSS 1e, f, g, 23, ¢, d, and f are attached to this content objective, however none of them
includes the skill of classifying. The explanation of this content objective includes the
classifying as stating that “Emphasize that every movement having frequency and wave
length is not a wave, such as simple harmonic motion and pendulums”. In the corresponding
content objective, the concepts of frequency and period and their relationship are aimed to be
learnt, in the explanation these properties of waves are underlined. Since these properties are
common with some other motions like simple pendulum, in the explanation it is expressed
not to generalize all motions which have frequency and period as wave. This information is
about the classification of motions that is why the explanation is coded as SPS.
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According to Table 4.3, there are nine SPS involved in the objectives as whole; the
combination of content objectives with explanations and skill objectives of the curriculum.
The skills of predicting and inferring are not included by these objectives. Looking back to
Table 4.1 and Table 4.2, predicting do not take place in neither skill nor content objectives
However, the skill of inferring takes place in the PTSE skill objectives. According to Table
4.3, inferring is not included in the curriculum. Thus, it is revealed that the PTSE objectives
which refer to the skill of inferring are not attached to any content objective. Since they are
not collaborated with content objectives, the skill of inferring is not emphasized in the
curriculum in spite of being involved by two PTSE objectives. In brief, the physics
curriculum does not cover the skills of predicting and inferring.

Table 4.3, in accordance with Table 4.1 and 4.2, shows that the skill of collecting-
interpreting data (25.6 %, n=219) are the most emphasized ones in the curriculum. Similarly,
they are the most involved skills in three chapters. 56 (out of 69) objectives include these
skills which means the 81.2 percent of all objectives and 25.6 percent of all SPS coded in the
objectives (n=219). As indicated by Table 4.3, the skills can be grouped in five regarding
their SPS frequency levels in the curriculum. Table 4.4 shows distribution of SPS due to
their frequency level in the 9™ grade physics curriculum objectives.

Table 4.4 SPS accordingly their frequency level in the objectives

Frequency Level

Generally Periodically Occasionally Rarely Never
(%=25) (24>%=>11) (10>%2>5) (4>%=>1)  (0)
Collecting- Scientific- Measuring Observing  Predicting
Interpreting Data Communicating Classifying Inferring
Experimenting Hypothesizing
Modeling
Defining-

Controlling Variables

According to Table 4.4, the skill of collecting-interpreting data are generally; communicating
scientifically, experimenting, measuring are periodically; classifying, modeling,
hypothesizing, defining-controlling variables are occasionally; observing is rarely; inferring
and predicting are never emphasized in the combination of skill and content objectives with
explanations.

Beside the objectives, in the analysis of curriculum other parts namely “aim of the chapters”,
“daily life context”, “scientific concepts”, “mathematical equations and units” were also
coded. For example, mathematical equations are aimed to be learnt in the curriculum. The
students are expected to understand the relations among quantities by using pre-established
mathematical models. Therefore, the parts of mathematical equations in the curriculum are
coded for modeling. In addition, there is information about the units of physical quantities in

the curriculum. These parts emphasize the importance of using proper units for quantities to
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be learnt. Thus, the parts including information about the units are coded for measuring.
Figure 4.1 summarizes SPS’ frequency levels:

Observing,
Inferring,
Defining-  Ppredicting
Controlling 49
Variables
5%

Collecting &
Interpreting Data

Hypothesizing 230

8%

Modelling
9%
Occasionally

Classifying
10%

Scientifically
Communicating
16%

Periodic

Experimenting
12%

Measuring
13%

Figure 4.1 Frequency level of SPS (n=255) in the 9™ grade physics curriculum

When the results of content analysis of objectives are combined with the other parts’
findings, slight differences occurred in the ranking of the SPS. For instance, the skill of
measuring which was the fourth one rose to third, while experimenting at the third line
dropped to fourth in the last ranking. Similar to measuring, modeling also raised from
the line seven to six by passing the skill of hypothesizing. Moreover, the skills of
inferring and predicting were included in the last distribution.

In the content analysis, the researcher aimed to distinguish the involvement of SPS according
to their domains; knowledge-based and skill-based. The mentioned frequencies are the total
of knowledge-based and skill-based SPS. In Table 4.5, the frequency distributions of SPS for
whole curriculum are given in two domains.
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Table 4.5 Distribution of SPS in the knowledge and skill based domains

Knowledge- Skill-Based Total %

Based (%) (%) (n=255)
Collecting & Interpreting Data 1(1.7) 57 (98.3) 58 227
Communicating scientifically 1(2.5) 39 (97.5) 40 157
Measuring 15 (45.5) 18 (54.5) 33 129
Experimenting 6 (18.8) 26 (81.3) 32 125
Classifying 1(3.7) 26 (96.3) 27 10.6
Modeling 4(18.2) 18 (81.8) 22 8.6
Hypothesizing 2 (10.0) 18 (90.0) 20 7.8
Defining & Controlling Variables 1 (7.7) 12 (92.3) 13 51
Observing 4 (50.0) 4 (50.0) 8 3.1
Inferring 1 (100.0) 0 (0.0) 1 0.4
Predicting 1 (100.0) 0 (0.0 1 04
Total 38 (15%) 218 (85%) 255 100.0

According to Table 4.5, except the skills of measuring and observing almost all SPS are
emphasized in the curriculum belong to skill-based domain. That means curriculum
emphasizes developing the skills of students rather than informing them about these skills.
Only the skills of measuring and observing have balance between the domains. In order to
clarify the difference between the domains, the examples are given below. Knowledge-based
domain is divided as declarative knowledge and procedural knowledge. They were explained
in the Introduction under the heading of “1.3.1.a Domains in the code book” (p. 9). Here are
examples of skills of measuring and observing from the curriculum for both declarative (DK)
and procedural knowledge (PK). These examples are given from the curriculum, the
explanations are written in brackets whether they are skill objective, content objective or an
explanation for objective:

o  kHz, MHz units and their conversions are given (Measuring,DK; Explanation for
objective 1.2, Waves).

e  Converts the unit of some basic physics quantities into its upper and lowers by
defining them in SI (Measuring, DK; obj.2.4, Nature of Physics).

e Explains the importance of observing (quantitative and qualitative) and
experimenting in physics (Observing, DK; PTSE 1b).

e It is emphasized that quantitative and qualitative observations are not opposing
terms and they can be used together (Observing, DK; Explanation for objective
2.2, Nature of Physics).

e  Students are informed about the reasons of connection styles of circuit elements
such as ammeter, voltmeter and rheostat, while setting up circuits to explore Ohm
law (Measuring, PK; Explanation for objective 1.2, Electricity and Magnetism),
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e Use of solid (metal couples,...), liquid (with mercury, alcohol, ...) and gas
thermometers are specified (Measuring, PK; Explanation for objective 4.2,
Energy).

e Volume of non-soluble solids in uniform shapes, excluding sand or similar, are
calculated. Others are measured by the help of graduate. It is emphasized that the
gases gets the form of the cup in which they are (Measuring,PK; Explanation for
objective 1.2, Properties of Matter).

e Commonly used equaled arm balances explain the working principles of analog
and digital bath scales (Measuring, PK; Explanation for objective 2.3, Properties
of Matter).

e  Stationary and non-stationary observer terms should be expressed so carefully,
and it is emphasized that there is no absolute reference point in the universe
(Observing, PK; Explanation for objective 1.1, Nature of Physics).

To sum up, Table 4.5 also presents the final frequencies of SPS as the result of content
analysis of each part in the 9" grade physics curriculum. The content analysis of the
curriculum shows that collecting-interpreting data are the most underlined skills.
Communicating scientifically, measuring and experimenting are also given emphasis by the
curriculum. However, modeling, hypothesizing, defining-controlling variables are rarely
mentioned. There are also some science process skills which are almost never included in the
curriculum; these are observing, inferring and predicting.

4.2 Representation of Science Process Skills in the 9" Grade Physics Textbook

Based on the second research problem of this study, the 9" grade physics curriculum was
analyzed according to the SPSCB. In this section, firstly the procedure of data cleaning for
repeated SPS in the textbook is explained; how intersections of codes in the same domain
were determined and handled. Then the results of 9" grade physics textbook’s content
analysis are presented. The skills which are highly emphasized in the textbook are clarified
with example excerpts in the second part. The textbook is in Turkish, the example excerpts
given in this part are translated in English by the researcher. The second part also includes
the distribution of SPS in the parts of the textbook and in the knowledge-based and skill-
based domains. This section ends with a figure which shows the frequency levels of skills in
the textbook.

4.2.1 Data cleaning for the analysis of 9th grade physics curriculum

According to the analysis rules, one coding unit should not be coded by the same SPS code.
However, it is possible to code an excerpt in the textbook as the same SPS for many times.
Because the codebook states different definitions for some of the skills in the same domain,
the coding unit can include more than one code. For example, collecting-interpreting data
has four different codes in the skill-based domain as DSTP, DSTM, DSR1 and DSR2. DSTP
refers to collecting data, DSTM refers to organizing data, DSR1 refers to interpreting
collected data and DSR2 refers to make generalizations according to the interpretations.
They are related to each other and have a hierarchy among them; DSR2 includes other three
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codes, DSR1 includes first two codes and DSTM includes DSTP. In order to prevent coding
an excerpt by the same code more than one time, the “Matrix Coding Query” was run by
NVIVO. This matrix shows intersections among each code in the coding units. The results of
the Matrix Coding Query are given in Appendix U. According to these results, the common
units were re-analyzed and coded by the comprehensive one. For instance, when an excerpt
is coded as DSTM and DSR1, it was revised and marked as DSRL1. In this way the codes are
prevented to be distended.

The textbook was uploaded to the NVIVO page by page; the numbers in the table of matrix
(Appendix U) refers to the page numbers in which the corresponding codes are included.
However, there can be more than one coding unit in a page. Because of this fact, there are
some intersections of codes; nevertheless they are small in number. In addition, the codes
from different domains as knowledge or skill based were not induced to one code since they
are not belonging to same domain. Moreover, it is important for this study to distinguish the
codes with respect to being knowledge-based or skill-based. Therefore, excerpts coded by
different codes of same skill, but from different domains are coded for more than one SPS.

4.2.2 Representation of science process skills in the textbook

The 9" grade physics textbook contains of six chapters; they are “Nature of Physics”,
“Energy”, “Properties of Matter”, “Force and Motion”, “Electricity and Magnetism” and
“Waves”. The textbook consists of many parts; these are given in Table 4.6 with the

explanations translated from the textbook:
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Table 4.6 Parts in the 9™ grade physics textbook

Name of Parts

Explanations in Textbook

Let’s Investigate
Activity

Do You Know
This?
Example
Project

Homework

Let’s Discuss
Introduction of
Chapters
Assessment &
Evaluation

Problem Solving

Have You Ever
Thought?
Context of
Chapter
Attention

Let’s Do More

Learned concepts are investigated, different sources are explored to
find relationship with daily life and results are shared in class
Students are asked to discover intended information by themselves,
utilizing supplied tools and devices

Principle and noteworthy information about learned subjects are
supplied

Develop students’ ability of using information that they discovered
Make students transfer information they discover into
implementation in a system

Involves studies and activities of students outside the school in order
to extend some objectives

Some laws or theories are discussed

Contains main subjects and objectives to be taught

Learned knowledge is tested with different type of questions (true-
false questions, open ended questions, fill in the blank type questions
etc.) in both classical and new approaches

Ask students to find solutions for problems that can be faced in daily
life

On behalf of better preparation for subjects, attractive questions
according to main goals of the corresponding part are asked
Concepts in the parts and tools, devices and events from daily life are
associated.

Describes precautions should be taken against possible dangers that
be encountered during some activities and investigations

That is the part which aims to make the learned concepts become
permanent.

Beside these defined parts in the textbook, the researcher added a few parts during the
content analysis. These are chart, table, figure, box, and paragraph in the textbook. Box
refers to text in the book given in a box. Cases from daily life, history in physics or passing
events are given in these boxes. In content analysis of the textbook, these parts are taken into
consideration to determine in which part of the textbook includes SPS. The results of content
analysis for the distribution of SPS among the parts of the textbook are presented in Table
4.7. Parts in the textbook are placed in the first main row; second main row represents the
distribution of skills in each part and third main row shows the total number for SPS in each
part with the percentages.
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Table 4.7 Distribution of SPS in the parts of 9" grade physics textbook

Parts in Textbook

AC PR LI AE PS EX BX LD AT FG HW DM CH TB Total
Sci.Com. 2 1 299 0 0 0 0 3 0 2 4 0 0 0 4
Infer. 39 20 1. 3 1.0 O 1 O 1 1 O O O 667
Dfn.Cnt.V. 2 3 o 0 120 0 O O O O O o0 0 17
Exper. 1 3 2 1 0 0 2 1 111 0o O O O 32
Obser. 50 19 0 3 0 0O 1 O O O O 1 o0 0 74
Hypot. 1 7 11 1 0 0 O O O O O 0 o0 11
Model. 8 37 1 1 6 151 0 0 0O O o0 o0 1 &0
Meas. 42 66 1 12 100 9 1 1 1 0 1 0 2 146
Class. 7 40 3 8 0 0O O 3 O 4 1 3 6 2 7T
Pred. 30 6 0o 2 0 0 O O O O O 1 o0 0 39
ColintD. 62 26 30 11 4 2 2 2 0 1 4 2 0 2 148
Total SPS 254 238 68 42 34 17 15 11 12 10 10 8 6 7 732
NA 0 308 0 1120 3 16 3 0 7 1 0 1 2 452
‘(’/rc::lr;;:ZF;S 343 321 9.2 57 46 23 20 15 16 13 1.3 1.1 0.8 09 9838
% inall

286 268 7.7 47 38 19 17 12 14 11 11 09 0.7 08 824
(n=1184)

(Sci. Com.: Scientific Communicating, Infer.: Inferring, Dfn.Cnt.V.: Defining-Controlling
Variables, Exper.: Experimenting, Obser.: Observing, Hypo.: Hypothesizing, Model.:
Modeling, Meas.: Measuring, Class.: Classifying, Pred.: Predicting, Col. Int. D.: Collecting-
Interpreting Data. AC: Activity, PR: Paragraph, LI: Let’s Investigate, AE; Assessment &
Evaluation, PS; Problem Solving, EX: Example, BX: Box, LD: Let’s Disscuss, AT:
Attention, FG: Figure, HW: Homework, DM: Let’s Do More, CH: Chart, TB: Table.)

According to Table 4.7, SPS are mainly covered by the activities (%634.3) in the textbook.
After “Paragraphs” (%32.1) in the texts, the parts of “Let’s Investigate” (%9.2), “Assessment
and Evaluation” (%5.7) and “Problem Solving”(%4.6) also include SPS. On the contrary,
the parts of “Figure”, “Project”, “Do You Know This” and “Context of Chapter” are not
included in the table, because they contain 1.6 percent of SPS in the textbook. The
interpretation of Table 4.7 skill by skill will be given in the following paragraphs while
mentioning representation of SPS in the textbook.

The results of content analysis shows that collecting-interpreting data is the most included
skill in the textbook. Experimenting is the second skill which is highly involved. The skills
which are periodically covered in the textbook are modeling, classifying, observing and
inferring. Scientific communicating, predicting and experimenting are occasionally involved
in the textbook. Rarely mentioned ones in the textbook are defining-controlling variables and
hypothesizing. The details about the involvement of these skills are presented in Table 4.8.
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Table 4.8 presents the frequency distribution of SPS in chapters of 9" grade physics textbook
published by MONE. The names of chapters are placed in the first main row with their
abbreviations. In the second main row, the frequency distributions of SPS per chapters are
given with the detail of the domains they belong to. The numbers in brackets represent the
frequency domains; Knowledge-Based and Skill-Based Domains. For example, there are 19
measuring units involved in the chapter of Properties of Matter; 14 of these are knowledge
based whereas 5 of them are skill based units. In the last main row, totality and percentages
of SPS in the chapters are given. The total number for frequency in knowledge (T in KB)
and skill based (T in SB) are also presented under the “Total” line. In the following line, the
numbers of units which do not include any SPS are given. Finally, the percentages of each
skill among SPS and all units (sum of SPS and NA units) in the chapters are presented in the
last two lines. The total number of frequency for each skill is given in the eighth column; the
numbers in the first line represent the sum of knowledge and skill based units which are
given separately in the second line in brackets. The last column presents the percentages of
skills in all SPS in the first line and all units (sum of SPS and NA units) in the second line in
brackets.
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Table 4.8 Frequency distribution of SPS in the 9" grade physics textbook

Chapters % in SPS,
NoP ENJ PoM FM EM WV Total  (all) n=ra4
(n=1203)
Col.Int.D. 21 26 18 38 26 21 150 20.2
(4-17) (0-26) (0-18) (1-37) (0-26) (0-21) (5-145) (12.5)
Meas. 55 21 19 18 24 11 148 19.9
(37-18) (15-6) (14-5) (6-12) (11-13) (7-4) (90-58) (12.3)
Model. 11 10 11 23 19 8 82 11.0
(8-3) (3-7) (3-8 (11-12) (4-15) (3-5) (32-50) (6.8)
Class. 4 16 47 7 0 5 79 10.6
(0-4) (0-16) (35-12) (3-4) (0-0) (4-1) (42-37) (6.6)
Obser. 26 6 8 9 15 11 75 10.1
(17-9) (0-6) (1-7) (1-8) (0-15) (0-11) (19-56) (6.2)
Infer. 8 11 6 16 10 16 67 9.0
(0-5) (0-11) (0-6) (1-15) (0-10) (0-16) (1-66) (5.6)
Sci. Com. 6 14 3 9 4 6 42 5.6
(1-5) (0-14) (0-3) (0-9) (0-4) (0-6) (1-41) (3.5)
Pred. 3 1 7 9 17 2 39 5.2
(1-2) (0-1) (0-7) (0-9) (0-17) (0-2) (1-38) (3.2)
Exper. 18 4 4 2 4 1 33 4.4
(17-1) (4-0) (4-0) (2-0) (4-0) (1-0) (32-1) (2.7)
Dfn.Cnt.V. 1 0 0 9 4 3 17 2.3
(1-0) (0-0) (0-0) (2-7) (0-4) (0-3) (3-14) (1.4)
Hypot. 9 0 0 1 1 1 12 1.6
(7-2) (0-0) (0-0) (1-0) (0-1) (0-1) (8-4) (1.0)
Total 162 109 123 141 124 85 744 100.0
TotalinKB 93 22 57 28 19 15 234 315
TotalinSB 69 87 66 113 105 70 510 68.5
NA 58 75 53 121 77 75 459 61.7
% in SPS
(n=744) 218 147 165 19.0 16.7 11.4  100.0
% in all

(n=1203) 135 91 102 117 103 71 618

(NoP: Nature of Physics, ENJ: Energy, PoM: Properties of Matter, FM: Force and Motion,
EM; Electricity and Magnetism, WV: Waves. Col. Int. D.: Collecting-Interpreting Data,
Meas.: Measuring, Model.: Modeling, Class.: Classifying, Obser.: Observing, Infer.:
Inferring, Sci. Com.: Scientific Communicating, Pred.: Predicting, Exper.: Experimenting,
Dfn.Cnt.V.: Defining-Controlling Variables, Hypo.: Hypothesizing. KB: Knowledge-Based
Domain, SB: Skill-Based Domain.)
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According to Table 4.8, the SPS are involved 61.8 percent of the 9" grade physics textbook.
31.5 percent of these skills are knowledge-based whereas 68.5 percent are skill-based.
Conversely, 38.2 percent of excerpts in the textbook do not include any SPS. To begin with,
collecting-interpreting data is the most highly emphasized skill (20.2%) in the textbook; 96.7
percent of this skill is in the skill-based domain, 3.3 percent is in the knowledge-based
domain. It is involved in knowledge-based domain only in the Nature of Physics chapter. For
example, it is mentioned in the paragraph as;

While investigating an event relevant to physics, determining effecting or not effecting
factors on this event is not always possible only by making observation. In such cases
physicist collect data by making some experiments in natural environment or laboratory.
In those experiments, like the experiments done in Science and Technology lectures
dependent, independent and control variables are determined. By this means, the effect
of independent variable on dependent variables using the control variables is tried to be
explained. Physicists explain the data that are obtained from experiments by interpreting
them (p.24).

In this excerpt, it is stated that scientists collect data, make experiments and determine
variables. By this information students have idea about what scientists do, however the
percentage of this type of knowledge is so small that can be negligible. On the other hand,
collecting-interpreting data is involved prominently in the skill-domain. It is highly involved
in the Energy chapter, Properties of Matter and Electricity and Magnetism. The reason
behind being the most emphasized skill in the textbook is that it has four definitions in the
codebook as: DSTP: Gathering qualitative and/or quantitative data depending on purpose;
DSTM: Transforming the data into different forms such as table, graph and chart; DSR1:
Interpreting the collected data; DSR2: Make generalizations according to interpretation of
the collected data. The numbers of units with the percentages in the skill-domain for each
code are: DSTP:29 (20.0%), DSTM:11 (7.6), DSR1:80 (55.2%) and DSR2:25 (17.2%).

The first code in the skill-based domain, gathering qualitative and/or qualitative data, is
mostly emphasized in “Let’s Investigate” part of the textbook in which students are asked to
search about mainly daily life examples of concepts for deep understanding. The textbook
suggests students search on internet, go to library or read scientific articles. Here are some
examples for research questions from “Let’s Investigate” part which ask students
investigate:

e Investigate the process of the laws of Gravitation and Conversation of Energy
(Nature of Physics),

e How and in which areas, the properties of matter are used in industry and
technology (Properties of Matter),

e Give daily life examples for motion with constant velocity and acceleration.
Search for effects of change in velocity in the examples (Force and Motion),

e Role of renewable energy sources on the studies about decreasing the effect of
greenhouse gases which cause global warming (Energy),
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e Investigate how power switch of electric heaters and studying lambs work. Also
investigate the corresponding element for the power switch in an electric circuit
that you have learnt so far (Electricity and Magnetism),

e Investigate the travel of sound starting from the source to hearing; distinguish in
which parts of its travel the sound behaves like a wave and make vibration
(Waves).

Secondly, transforming the data into different forms such as table, graph and chart is
included in the parts of “Activity”, “Let’s Investigate” and “Problem Solving”. Students are
asked to draw graphs according to the collected data in activities, fill in tables according to
given or collected information, in some cases first fill in tables then draw graphs regarding
data in the table and calculate the value of a quantity by using the properties of graphs. For
example, students are leaded to solve a problem by using a graph in the “Problem Solving”
part of the textbook as;

Problem Case
Physics teacher asks Biisra to find the distance an object travels, whose velocity-time
graph is given below, to the starting point at the end of ten seconds. As a clue the
teacher says that at the moment t; the object travels 100 m away from the starting point.
Biisra finds the answer of the question by using this clue.
If you were in her place, how would you solve this problem?

0 f, 10 1)

The Procedure

According the graphic above, let’s find how many meters is each of the identical squares
which form the magnitude of the displacement till time t1.

Result

1. Can you find how many identical squares form the whole area that is bordered by
velocity-time graph and the axis of time? If you can find, explain the procedure.

(p.141)

* Translated in English by the researcher
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The third definition given for collecting-interpreting data is mostly emphasized one among
other codes in the skill-based domain (55.2%). Interpretation of collected data, comparisons
of results of an experiment with the predictions, make conclusions with respect to collected
or given data are covered under the DSR1 code. In the textbook, this code is emphasized
mainly in parts of “Activity”. This skill takes place in the textbook in different forms; it
appears as interpretation of the results of observation, measurement, tables, collected
qualitative data or previous experience one at a time. Moreover, it mostly appears as
comparison of the results of observations, measurements or calculations with the predictions
made before conducting them. The process is almost the same in the activities; students are
asked to predict first, then observe or measure or make calculations and finally compare
predictions with the results. For instance, this repeated structure in the textbook is like that;

Activity- Let’s Make a Distinction between Heat and Temperature

I Be careful while using spirit stove in the activity.

Equipment

2 thermometers, 2 beakers, 2 spirit stoves, Water (1.5 L), 2 tripods

Procedure

1. As shown in the photograph build the set up carefully by putting water into the
beakers as one of them has water twice as much as the other.

2. Measure the temperature of the water in each beaker.

3. By discussing, make a prediction about the values indicated by the thermometers will
be the same or not if heat is given to each of the beakers for equal periods of time.

4. Light the spirit stoves carefully.

5. By observing the values indicated by the thermometers at regular intervals, fill in the
table similar to the following to your notebooks.

Time t=0 t 2t 3t 4t
Temperature of lesser water
Temperature of greater water
Total heat given

Result

1. Is there a difference between your prediction and observation? If there is, what is the
reason of this difference in your opinion?

2. What is the reason of the difference between the temperature changes of the
substances in the table although the same amount of heat is given?

(p.81)

* Translated in English by the researcher

The last definition for collecting-interpreting data is to make generalizations according to the
collected or given data. This code indicates situations such as when students are asked to
construct relations among variables due to collected data, make generalizations about
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quantities in physics. For example, students are expected to attain generalizations like
“Gases have volume”, “object, with a net force greater than zero accelerates” and “resistance
of a conductor is proportional directly with length and type of conductor and inversely with
cross section of it”. It is mostly included in parts of “Activity” in the textbooks. However,
the following paragraph after the activities usually explains the generalizations implied in the
activity part. For instance, making generalizations according to collected data is given in the
excerpt below;

Activity- Current, Voltage

Equipments

Bulb (1.5 V), Light socket, 3 batteries (1.5 V), Connection cables, Voltmeter,

Ampermeter, Switch, Battery holder

Procedure

1. Make a group of 5 or 6 and share the tasks by considering the steps of the activity
given below.

2. Set up the circuit as in the photograph.

3. Make a prediction about how the values of the voltmeter and ampermeter will change
if the number of the batteries in the circuit is increased.

4. Read the values in the voltmeter and ampermeter by closing the switch. Write the
predictions and the observed values to your notebooks by filling the table similar to
the following one.

Prediction Observation
1 batt. 2 batt. 3 batt. 1 batt. 2 batt. 3 batt.

Result
1. Is there a difference between your prediction and observation?
2. Did the current in the circuit change when the number of the batteries was increased?
3. By considering the observation column in your table, can you tell that there is a
correlation between the values of the voltmeter and ampermeter? What kind of
correlation is this?
4. In your opinion, explain the meaning of obtaining a line as the sketched graph related
with the observation?
There is a correlation between the voltage applied to the end points of the circuit and
the current in this circuit. This correlation is directly proportional. When the voltage
is doubled, the current is also doubled. Therefore, the ratio of the voltage to the
current remains constant. This ratio is called the resistance of the conductor between
the end points of the voltmeter. Resistance is shown by the symbol R. George Simen
Ohm revealed this fact for the first time. Hence, this law is called Ohm’s Law as it is
taken from his name. This law is expressed with the equation of R=V/ |

(p186)

* Translated in English by the researcher
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Measuring is the second skill highly covered in the textbook. According to Table 4.8, 37.2
percent of this skill belongs to “Nature of Physics” chapter and the coding units in this
chapter are mostly paragraphs. The emphasized domain in this chapter for the skill of
measuring is knowledge-based one. The ratio of codes in this domain in “Nature of Physics”
chapter to the sum of all codes in the same domain is 41/100. It is also same for measuring
skill in the sum of all chapters; the skill is emphasized mainly in the knowledge-based
domain (60.8%). There are two main codes that are included in mentioned domain. One of
them is giving information or asking questions about the units of physical quantities which is
in declarative dimension of knowledge-based domain. Due to content analysis, the textbook
gives information about the units of fundamental and derived physical quantities such as
mass, volume, length, density, energy, work, current, force and so on in all chapters. The
second one is giving information about how to measure any physical quantity that placed in
the procedural knowledge dimension. It takes place in the textbook as;

When any solid matter which is water insoluble is put into water, there is a change in
the water level. The difference between the first and the last levels of the water is the
measurement of the volume of the matter that is put into the water. If the volume of
the water before the solid matter is put is shown as V1 and the total volume after the
solid matter is put is shown as V2 then the volume of this solid matter is found as V=
V2 - V1 (p. 103).

The potential of a battery’s (+) and (-) poles are different from each other. Therefore,
there is a difference of potential between the poles of a battery. The difference in
potential has a tendency to be balanced. This tendency causes a current occur between
the poles of the battery. In the Sl unit system, the unit of the potential difference is
volt and it is shown as V. This is measured by the equipment called voltmeter (p. 183).

In balanced scales, we learned that in order to make mass measurements unit masses
are utilized. In digital scales however current is used for this measurement. In these
scales the current is adjusted according to the mass that is put onto these scales. The
adjusted current is reflected as numbers in the scale’s screen. So the mass
measurement takes place (p. 27).

The magnitude of an earthquake is related with its energy. Beside the energy,
earthquakes have also a ground shake. This shake is measured by the Richter scale. Its
range is from 1 to 9 (p. 228).

Temperature is the reflection of heat, a characteristic that is felt and it is not energy. It
is measured by a thermometer. In other words, temperature is the value of the average
motion in the environment. So if the temperature is high, the molecular motion in the
environment is also expected to be high (p.82).

(Translated in English by the researcher)
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The 39.2 percent of measuring codes belongs to skill-based domain and the coding
units are mainly the steps in the activities. Students are asked to perform the
measurements given in the steps of activities. Activities in the textbook explain how to
measure step by step and even direct students to note the measurements. In most of the
activities students are expected to follow the directions. For example, an excerpt given
below is coded as measuring in the skill-domain; it asks students to construct a
measurement tool which determine the ratio of water in milk. However, what students
need is to follow the steps in order to construct the tool. The excerpt is;

Activity Determining Water ratio in Milk

A group of students wonder about the water ratio of milk in different brands sold in the

markets. In order to determine this ratio they want to design an instrument and use it.

If you were in this situation, what would you do to solve this situation?

Equipments

Experiment tubes, Graph paper, Beaker, Band, Distillated water, Pure milk, A small

stone

Procedure

1. Make a group of 5 or 6 and share the tasks by considering the steps of the activity
given below.

2. In order to sink the experiment tube on which you stick band, enough into the water,
put the small stone into it.

3. After putting some water into the beaker, put the experiment tube into it. Write 100
to the sinking level.

4. After putting some milk into the beaker put the experiment tube into it. Write 0
(zero) to the sinking level.

5. Scale the tube by putting %10, %20, %30 ... water to the milk in the beaker.

Result

1. Can the percentage of every mixture of liquid prepared by this way be calculated?

2. What is the meaning of different sinking levels at the experiment tube for different
mixtures?

(p. 109)

* Translated in English by the researcher

In Table 4.8, the total number for distribution of SPS is given in the eighth column
showing how many of them belong to each domain in bracket. Results, given in Table
4.8, show that three skills namely measuring, experimenting and hypothesizing are
included in the textbook in the knowledge-domain, only one skill, classifying has
balance in domains and other skills are involved in the skill-based domain.

One of the skills emphasized mostly in knowledge domain is measuring which was
explained above with example excerpts. The other one is experimenting in which the gap
between two domains is the maximum. Similar to measuring and hypothesizing, codes of
experimenting in knowledge-based domain is mostly involved in the paragraph coding units
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of “Nature of Physics”. In this chapter, the statement “scientists make experiments” is
repeated in many paragraphs. Same example excerpt given for the collecting-interpreting
data in knowledge-based domain also involves experimenting skill in the same domain.
Moreover, almost all “Attention” parts in the textbook draw students’ attention to use the
equipment’s safely during activities. These parts were also coded as experimenting in
knowledge-based domain. Here are some examples from the “Attention” parts in the
textbook that are translated in English by the researcher:

o Since 220 V of city electricity will be used during the activity, be careful of the
electric shocks (p. 32).

e  Be careful that the hot water is at a degree that will not burn your hands (p.77).

e  Be careful that the injector used during the activity is without needle (p. 96).

e If an electric accident occurs in the laboratory, you need not to panic. In such a
case the first thing to do is closing the current of the electric circuit. For this, we
can disconnect the plug; open the fuse or the switch of the circuit. Until you cut
the current or isolate yourself, do not touch your friend who has electricity shock
(p. 181).

Experimenting which is synthesis of all other SPS is only involved in one activity.
However, the codebook makes distinction between following steps of an experiment
and designing an experiment. This activity coded as experimenting gives the steps and
expects students conduct the experiment step by step. Here is the activity which is the
only one for inclusion of the experimenting skill in the textbook:

Activity 7 Let’s Hypothesize
Equipments
Plastic bottle of water, Insulating tape, Nail, Water
Procedure
1. Make a group of 5 or 6 and share the tasks by considering the steps of the activity
given below.
2. Punch three holes on the plastic bottle of water in the same vertical direction. Close
those holes by using the insulating tape.
3. Put water in to the bottle and close its cover.
4. Make predictions about what will happen if you remove the insulating tape covering
the topmost hole.
5. Observe what will happen when you perform this step.
6. Was your prediction true? Your answer will be yes or no. How can you explain the
reason of this? (Those explanations will be your hypotheses.)
7. In order to validate these hypotheses, perform the experiment again by opening the
other holes on the bottle.
Conclusion
1. Why are the experiments required for the testing of the hypotheses?
2. Can you claim that a hypothesis is good or not? Why?

(p-39)
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* Translated in English by the researcher

The situation for hypothesizing is similar to experimenting in means of being included in
knowledge-based domain and mainly in “Nature of Physics” chapter. Likewise,
hypothesizing is involved in the texts stating that “scientists make hypotheses”. The previous
excerpt from an activity is also an example for hypothesizing in skill-domain. It is the only
one which informs students that their explanations for observation are also the hypotheses.
On the other hand, percentages of these skills have a slight difference; experimenting is
covered in the textbook by 4.4 percent, whereas hypothesizing is 1.6 percent. In addition,
hypothesizing is the least included skill in the textbook.

The skill of classifying in the textbook has balance between knowledge-based (53.2 %) and
skill-based (46.8%) domains. That means textbook informs students about classifying skills
as well as expects them make classifications. “Properties of Matter” includes this skill
mainly in knowledge-based domain; 83.3 percent of classifying codes in this domain belong
to the mentioned chapter. There is only one code cited for classifying in this domain which
was defined as “Informs about classification; its criteria, and/or common and/or different
specifications that is made before”. Texts in the chapter inform students about matter,
classification of matter, similarities or difference of these classifications and so on. For
example, paragraphs coded in knowledge-based domain of classifying are;

As we can classify the matters as observable and unobservable, also we can classify
them according to their common structural properties. One of these common
properties is the states of the matters in natural environment. Matters are found in
solid, liquid, gas and plasma state in nature. For instance, in the water cycle, snow or
hail is the solid state of water; rain is the liquid state and cloud is the gas state of water

(p.94).

As we can classify the matters as compressible and incompressible, also we can
classify them if they can or cannot do translational motion and can or cannot be
affected by magnet.

Translational motion is the movement of the molecules of the matter changing their
position without any rotation. Think about in which period of the water cycle, the little
water bulb do the translational motion (p.96).

(Translated in English by the researcher)

The skill-based codes are mainly from the chapter of “Energy” (43.2%) and “Properties of
Matter” (32.4%). The parts in the textbook that include classifying in skill domain are tables
in text, and “Let’s Investigate”, “Let’s Do More” and “Let’s Discuss” parts. The classifying
skills takes place in the 9" grade physics textbook as;
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Let’s Investigate

In this table, various energy sources and some assessment criteria for these sources
are given. Fill in the table by drawing a similar one on your notebook.

Energy Cost Effect to Reliability Renewable Un-
Sources environment renewable
Coal

Windmills

Sun
reactors
Nuclear
Energy
Stations

According to the table, investigate the advantages and disadvantages of renewable
and non-renewable resources. Decide which energy source you will prefer according
to the result of this investigation.

Share your results with your friends.

Nowadays, energy is low cost, not harming the environment, renewable and reliable.
According to the activity above, it should be concluded that the wind power is the
energy source that has these qualifications. Besides, what do you think about the role
of climate and natural structure of the countries in determining the energy source that
they would prefer? Let’s find answer for this question by an activity.

(p.73)

* Translated in English by the researcher

The gap between domains in the skill of modeling is also close to each other; they are 40
percent for knowledge-based domain and 60 percent for skill-based one. The definition of
modeling includes mathematical equations in the codebook. That is why mathematical
symbols and equations which express the relations among physical quantities are coded as
modeling in knowledge based. These coding comprises 72.8 percent of knowledge-based
domain units in modeling. 27.2 percent belongs to the statements which indicate the
importance of modeling in physics and that scientists make models. Similar to knowledge
about mathematical equations, units which expect students use these equations in order to
explain the relationship between quantities are coded in skill-domain. There are 40 coding
units expecting students use mathematical equations are signed as modeling unit. There is
only one activity in the textbook which ask students convert a form into another in such a
way that it will represent the original one. Here is the only example in the textbook which
intends to let students make a model;
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Activity / Make Modeling

Tools and Devices

One piece of closed box, Measure, Calculator,

Graph paper

Procedure

1. Make groups of five or six people and assign duties by taking the following
activity steps into consideration.

2. Try to collect some data about the inside shape of the given box together with
your group members.

3. By using collected data, draw a model for internal shape of the box that can
explain it best.

4. Discuss with your group members about the relationship between the model
and the data.

Draw a conclusion

1. Compare your model with model of other groups.

2. Can you say which model is the best? Why?

3. Are there any similarities between your and scientist’s modeling process?

(p. 42)

* Translated in English by the researcher

The skills of observing, inferring, scientific communicating, predicting and defining-
controlling variables are involved mainly in skill-based domain. The gaps between the
domains in these skills are very large except observing and defining-controlling variables.
Nevertheless, there is no balance in domains for observing and hypothesizing. The skills of
observing and defining-controlling variables in the textbook consist of 19 (25%) and 3
(17.7%) knowledge-based codes and 56 (75%) and 14 (82.3) skill-based codes. The
knowledge-based skill comprises less than 3 percent of the total codes of the skills of
inferring, scientific communicating and predicting. Therefore, the textbook cover these skills
almost never in the knowledge-based domain, but only in skill-based one.

Making observations, inferences and predictions take place in the “Activity” part of the
textbook. The structure of the activities is almost the same; they are composed of three
subtitles as “Equipment”, “Process” and “Conclusion”. Observing and predicting are mainly
covered in the “Process” part of the activity where inferring is covered in the “Conclusion”
part. Students are expected to follow the steps in activities as setting up the equipment,
making prediction about result of the activity, performing the directions; observing, making
calculation, measuring etc. and finally interpreting the results and making inferences.
However, the total percentage of these skills in the textbook is 15.0 and total percentage of
them among other skills is 24.3.

Defining-controlling variables are mostly emphasized in “Problem Solving” part of the
textbook asking students determine the dependent, independent and controlled variables in a
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problem case. However, the percentage of this skill in the textbook is 2.3 among SPS which
is very small. Similarly, scientific communicating is emphasized in only one part of the
textbook that is “Let’s Investigate”. After stating the subject of the investigation in this part,
students are asked to share their findings with others. However, these sharing include only
the collected data from sources like internet, scientific articles and so on; they do not belong
to students’ own experiences on experimenting or any scientific activity.

To sum up, textbook highly includes collecting-interpreting data and measuring skills
whereas almost never includes defining-controlling variables and hypothesizing. The skills
of measuring, experimenting and hypothesizing are involved mainly in the knowledge-based
domain. Classifying has balance in the domains in terms of being emphasized. Observing,
inferring and predicting are covered mostly in the steps of activities in the textbook. Figure
4.2 represents briefly the frequency level of skills in the textbook as a summary of this
section.

Inferring
9%

Collecting &
Interpreting Data

Observing 20%

10%

iodically

Measuring
20%

Defining &
Controlling

Variables
2%

Occasion

Predicting
5% Scientifically " EXperimenting\ _ Hypothesizing

Communicating 4% 2%
6%
Figure 4.2 Frequency levels of SPS (n=744) in the textbook
4.3 Representation of SPS in the 9" Grade Physics Lessons

In this section, findings of third research problem are presented. According to the research
problem, the lessons of three physics teachers were observed during the chapter of “Energy”.

100



Therefore, the results given in this section are limited by the chapter of “Energy”. Teachers
who were selected to participate in this study were named as T2, T3 and T5. Information
about these teachers was given in the section of “3.2.3.b the profile of teachers” in Chapter 3.
Lessons of physics teachers are different from each other although they cover similar science
process skills. In the following paragraphs, brief information about general flow of these
three teachers’ physics lessons is given and then the findings of the analysis of observation
are presented.

Teacher T2 mainly uses power point presentations which he prepares for his lessons and
occasionally asks students demonstrations of some activities in the physics textbook. He
follows the 9™ grade physics textbook during his lessons. Besides, he gives daily examples
not mentioned in the textbook and point out their connections with physics. In general, he is
more active than students during lessons.

Teacher denominated as T3 starts the chapter in the laboratory. He makes students work in
groups to conduct activities in the textbook. Each activity is assigned to one group. Students
are expected to make the activities in the first two hours at the beginning of the chapter. In
the following hours, students present the activities they made in the order of appearances the
activities during the “Energy” chapter. They also submit the activity report to the teacher
before they make presentation. Students read the 9" grade physics textbook in the lessons:
generally one student read the parts loudly. When it comes to activity part students who are
responsible for the corresponding activity make presentations as explaining the activity and
answering the questions of the teacher. The 9" grade physics textbook is followed during his
lessons. The energy chapter is covered in the way that students read the book loudly; they
make presentation of activities and discuss them directed by teacher’s questions.

The teacher named as T5 generally gives daily life examples and links them with
corresponding physics contents. She almost always creates a discussion environment in the
classroom. For the chapter of Energy, she assigns volunteer students to prepare presentation
about types of energy sources. Students investigate about energy sources and make
presentations during Energy chapter. She does not use the 9" grade physics textbook
regularly in the classroom for this chapter. Students are almost always mentally active and
occasionally physically active.

The purpose of observations’ analysis is to reveal how science process skills are included in
physics lessons. Video records of observations were watched and coded according to
SPSCB. However, unit analysis is not defined in this analysis. The results reflect only the
parts coded as SPS of the observation, so there is no any “Not SPS” in this part of the results.

According to analysis of observations of all teachers, the most included skill in physics
lessons was modeling. It was also the most emphasized skill in the lessons of teachers
individually. Collecting-interpreting data was the second skill which is highly covered in the
lessons. However it was the second one only in the lessons of teachers T2 and T5, separately.
The second skill highly involved in lessons of teacher T3 was measuring which comes in the
fourth line of SPS distribution in all physics lessons. Classifying, measuring and scientific
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communicating were periodically involved whereas observing was occasionally involved in
the lessons. On the other hand, there were skills that are almost never emphasized in these
lessons; they were inferring, hypothesizing, defining-controlling variables, experimenting
and predicting. Table 4.9 displays the frequency distribution of SPS among physics lessons
for each teacher and also displays the sum of them.

Table 4.9 Frequency distribution of SPS in all physics lessons of the teachers

Physics Classes

T2 T3 T5 Total i
(n=300)
K § T K S T K S T K

Model. 2 39 41 0 24 24 0 22 22 2 8 87 290
Col.intb. 0 22 22 2 8 10 0 20 20 2 50 52 173
Class. 0 11 11 1 18 19 2 17 19 3 46 49 163
Meas. 14 0 14 12 9 21 4 1 5 30 10 40 133
Sci.Com. 1 3 4 0 15 15 0 12 12 1 30 31 103
Obser. 0 5 5 0 5 5 1 6 7 1 16 17 5.7
Infer. 0 2 2 0 2 2 0 4 4 0 8 8 2.7
Hypo. 0 2 2 0 0 0O 0 3 3 0 5 5 1.7
Dfn.CntrV. 0 1 1 0 3 3 0 1 1 0 5 5 1.7
Exper. 0 1 1 1 0 1 0 1 1 1 2 3 1.0
Pred. 0 O 0O 0 3 3 0 0 0 0 3 3 1.0
Total 17 8 103 16 87 103 7 87 94 40 260 300 100.0

% (n=300) 5.7 28.7 343 5.3 29.0 343 2.3 29.0 31.3 13.3 86.7

(Model.: Modeling, Col.Int.D.: Collecting-Interpreting Data, Class.: Classifying, Meas.:
Measuring, Sci.Com.: Scientific Communicating, Obser.: Observing, Infer.: Inferring,
Hypoth.: Hypotesizing, Dfn.Cntr.V.: Defining-Controlling Variables, Exper.:
Experimenting, Pred.: Predicting. KB: Knowledge-Based Domain, SB: Skill-Based Domain;
TT: Total)

Table 4.9 shows SPS distribution in both knowledge-based and skill-based domain. The
distribution is given for the lessons of each teacher in the columns. The abbreviations KB,
SB and TT, under the lines of teachers’ labels, show the distribution of SPS in the domains
of Knowledge-Based and Skill-Based and in Total. In the end of teachers’ column, the sums
of frequencies of SPS for lessons of three teachers are given in the two domains and the
sums of the frequencies in the domains are given under the heading TT under Total. Finally,
the percentages of each skill in the total SPS of observations are presented in the last column.
Similar to last two columns, last two rows show the total frequency value of domains for
each teacher and the frequency of them in total SPS (n=300).

102



According to results of observations, modeling was the most included skill in the observed
physics lessons of three teachers. As mentioned in the definition of modeling in section
2.1.1.k part, the mathematical equations are counted as models in this study. In the lessons of
these teachers, the skill of modeling was emphasized since they included mathematical
equations in order to express physics concepts and their relationships. For example, the
concept of “Work” was stated as the multiplication of “Force” and “Displacement”. When
these relationships were mentioned by using the equation “W=F.Ax”, the researcher coded as
modeling in the first level that is “expressing the model that was constructed before”. This
code is labeled as MSTP in the SPSCB. When students were asked to use the mathematical
equations in order to comprehend the relationship between the physical quantities and to
solve a problem, it was coded as modeling in the second level (MSTM). The modeling code
in the second level states that “students explain the relationship among quantities by using a
previously constructed model”. It was coded as modeling at the third level (MSTMP) when
students were asked to make her/his own model.

According to Table 4.9, there were 87 modeling units involved in the lessons of teachers.
Only 2 of them were in knowledge-based domain, others were in skill-based domain. Most
of these skill-based units were raised through the situations when students used mathematical
equations, second level code of the skill. There were also units from first level however;
modeling code at the third level was not included in the lessons of the teachers. Students
were not asked to make a model in the physics lessons, during the Energy chapter.

Skills of collecting-interpreting data, classifying and measuring were involved in the physics
lessons in percentages of 17.3, 16.3 and 13.3, respectively. Collecting-interpreting data was
involved mainly in the skill-based domain in physics lessons. Students were asked to collect
data, draw graphs according to collected or given data and interpret the graphs that they draw
or were given. Although three physics teachers covered this skill, the lessons of two teachers
included more collecting-interpreting data units than teacher T3 did. Teacher T3 made
students collect and interpret data via activities in the textbook. Students collected data
according to steps in the activities and interpret them while answering the questions in the
“Make a conclusion” part of the activities. He warned students to be careful while searching
on internet to distinguish scientific knowledge from others. He informed students about web-
pages that they can access reliable information during their investigation.

Teacher T5 involved the skill of collecting-interpreting data by making students to
investigate the energy sources. Students collected information about the sources mainly via
internet. Besides these investigations that were done out of the classroom, students accessed
information about anything they discusses at that moment via their cell-phones by
connecting internet. She also made students to draw graphs according to given data in
problems and asked them interpret the cases and the graphs in the problems. Although some
problems were based on some mathematical equations and so calculations, she insisted on
interpretation of these values to understand the relationship among concepts. She
emphasized making interpretations of cases in the problems. However, in her lessons,
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students did not collect data during the lesson and so did not interpreted the data they
collected by activity or experiment.

In lessons of teacher T2, students were given different cases about the concept of “Work”.
Some of these cases were performed by students in the classroom; some of them were given
by photographs on power point presentation. These cases were asked to students to interpret
regarding the concept of “Work”. Teacher T2 also asked student to draw graph according to
a problem. Moreover, he gave some imaginary data about amount of some quantities, and
expected his students to interpret these data. Similar to teacher T5, he did not let students to
collect data in his physics lesson through an activity or an experiment.

The skill of classifying was included in the lessons of three teachers in Energy chapter and
emphasized in the skill-based domain. It was the content that includes the classifying skill
with the sub-headings as “types of energy”, “types of energy sources” and “types of
thermometers”. However teachers had some difference in the inclusion this skill in their
lessons. For example, teacher T3 asked students to classify the energy sources through the
activities in the textbook. All classifying units in lessons of him belonged to the activities
that students made in the laboratory and the situations when they discussed in the classroom.
Teacher T2 made students classify energy or energy sources with classroom discussion.
However, he only asked these types of energy or energy sources directly; ho did not give any
daily life examples. For example, here is a part of discussion from his class about types of

energy sources,

Teacher: Gravitational force... Friends, actually if somewhere there is force and if this
force makes an object move in the line of this force, it means an energy difference is
here. So, from the moment a pen starts to roll and falls below this point, that is to say
this point’s energy is higher than the energy of the base. In fact, this is due to the
potential energy... Then let’s review the types of energy. You know that energy has
been obtained from food. You know that heat is revealed when you rub your hands to
each other. When you compress a spring and put an object in front of it, you see that
the object flies away. How can we classify the energy according to these situations
encountered in daily life? It may be according to the source of the energy or how
can we classify the energy directly? For example, what types of energy do we
know?

Students: Potential energy, kinetic energy, mechanical energy, nuclear energy
Teacher: What do we call to kinetic and potential energy?

Students: Mechanical energy.

Teacher: Mechanical energy is called to the sum of them. Then, the first is mechanical
energy and how we classify it: Potential and Kinetic energy. What else?

Students: Heat Energy

Teacher: Friends, heat is energy already, so let’s do not say energy additionally, and
say heat. What else?

Student: Can we say wind?

Teacher: Wind Energy, what else?
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Student: Electric

Teacher: Electric Energy, what else?

Student: Sun

Teacher: Solar Energy, what else?

Student: If these are energy, also water can be

Teacher: Water energy? Is there something as Water Energy?

Student: Don’t we use the potential energy of water already?

Teacher: Yes, when electric energy is obtained from reservoirs, we use the potential
energy of water. Thereby, | will not write it.

Student: Teacher, if we don’t write water due to the potential energy, then we
shouldn’t write wind due to kinetic energy?

Teacher: Good, we may not write wind energy due to kinetic energy. Now we list
them, some of them can cause some questions in our minds; I do not write them
as much as possible. But what your friend has said is true: actually wind energy
is the energy released when the air molecules moves from one place to another
and as you know when there is movement there is also energy. Thus, wind may
prove to be a sort of Kinetic energy. Later we will classify them separately, but
now let's write them as they come to our minds.

Student: Light

Teacher: Light, good, the sixth is the Light energy... Now, as we mention mechanical
energy, potential and Kinetic energy come to our minds. Heat is already energy on its
own. Potential energy is equal to (EP = mgh, He writes on the blackboard) mgh. So
these are mass, gravitational acceleration and height. Do you understand now why the
object that | released here fell to the ground?

Look, there is a bottom-up height h. The potential energy at the top is high; the
potential energy at the bottom is low. So if | take the reference as the bottom, there
will be a movement from top to bottom. Then, | have been written the potential
energy. Look at kinetic energy.

Student: ¥ mv*

Teacher: Good, EK=% mv’. This is again mass and this is velocity. Now we can
include the wind energy into the Kkinetic energy. Electric energy... Actually
friends, if we draw a larger framework, there is Sun as the source of these
energies. Now why Sun is there? Now you see how what we call light is achieved?
How does it reveal? In fact, light is an electromagnetic wave, electromagnetic wave
as we know it. It is revealed by the stimulation of the atoms of the matter. So what
does this stimulation mean, for example, think about an iron, you heat it up, you heat it
by putting it on fire, after a while it becomes incandescent, light begins to spread.
What have you done here? You stimulate the iron atoms, and transfer enough energy
to them. By this way, electromagnetic light appears, look at its source, it is the atom.
And we can add the Atomic Energy here. The source of electric energy can be wind,
the waves, and the potential energy of the water. Energy derived from tidal wave event
is considered in waves. In addition, nuclear power can be, it is on the agenda at this
time in our country, and it was decided to be established. Here you will also get
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electric energy but the source will be the atom, the nucleus of atom. You will break
the atom and transfer the nuclear energy you create into heat, with the vapor pressure
and you know from power stations, and get electrical energy in the same manner.
When we have it as a separate class, then we cannot separate clear-cut. Can we obtain
electrical energy from solar energy?

Students: Yes.

Teacher: For example, what do we do?

Students: By solar panels.

Teacher: There are solar panels, solar batteries. From them, we get electric
energy again. Nuclear energy and atomic energy is used in the same sense,
ultimately the nucleus of the atom is the source of energy. So as a result, we can
say that the source of all of the energy types that we use, benefit and see is Sun
and they may be transformed into one another. For example, if you compress a
spring there is the elastic potential energy, and what will the elastic potential energy
stored in the compressed spring do? It provides the movement of the object; it can be
transformed into the energy of motion. Think of a ventilator. Electric energy in the
ventilator... It is transformed into the energy of motion. Consider the light, electric
energy comes to the light bulb, what is it transformed into? Light and heat... Then we
will not forget that energy can transform from one type to another.

On the other hand, teacher T5 asked students to classify the energy through some daily life
examples like saw or free-fall of Felix from space. Here are example classroom discussions
of her lessons;

T: Yesterday a question came to my mind; in fact | would like to ask it directly. You
know saw, don’t you? You cut wood with a saw. You start from a side of your desk.
What are the factors? What kind of energies exposes?

S: Heat, heat energy

T: What about cutting that wood, which means helping to cut?

S: We create friction with kinematic. Friction energy cuts the wood.

T: Is there an energy type as friction energy?

S: Friction force! Friction force cut the wood, while cutting wood it makes friction so
heat energy is created.

T: Do you remember that we tear a paper? In fact, what did we break down at that
paper?

S: Bonds

T: We broke down bonds. What is saw doing by the help of that force? It is breaks
down the bonds. Of course, as we discussed friction force also exists inevitably
because of roughness, as wood is so hard. However, we should indicate that friction
force is not only related to roughness.

T: Felix that we watched its video. It jumped from stratosphere. It observed the earth

is moving when it jumped from there... While watching that video, it is said that it
made free fall from spacecraft. Free fall, is there any friction during this motion?
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S: There is

T: Additionally scientists worried about flaming possibility.

S: Because of friction

T: Now let’s check energy conversions of Felix starting from its jumping time till
falling down.

S: Heating, speeding up, potential energy

T: Potential Energy

S: Decreasing

T: At the beginning while it was the maximum; man is falling dawn so fast, isn’t it?

S: Yes

T: Speed up, speed up speed up, sound

S: Speed of light

T: Of course not light velocity, it reached to sound wall. While falling dawn, it
reached to sound velocity and then opened its parachute. Can you comment on this
parachute opening time?

S: Is it possible to change its kinetic energy? Because it is slowing down...

T: Increment of its kinetic energy decreased, its kinetic energy was still increasing.
However amount of increment reduced. What is the reason of that?

S: Air friction

T: Potential energy is reducing. Kinetic energy is increasing. But after a while,
increment of kinetic energy is also reducing. Because air friction is increasing more
and more... Well, why is air friction increasing?

S: Because parachute is opened.

S: Air molecules are denser at dawn parts

The percentage of measuring units in knowledge-based domain was 75.0 in all measuring
units. The main code placed in measuring was about the units of physical quantities; the code
is to inform students about the units of concepts. They were, for example, joule, calorie and
watt in Energy chapter. All teachers gave information about these units; explained their
components by using mathematical equations. For instance, they expressed the joule equals
to” Newton.meter”. Besides giving the units directly, teachers gave information about
history of units or how a unit is discovered like;

Teacher: James Watt was a Scottish scientist. The 19th century was the period during
which the Industrial Revolution began. Of course, those days coal was precious metal.
In industry, coal is something like a locomotive. Those days coal was always extracted
from mine by manpower. But James Watt studied and produced an engine, as you see
this is a huge engine. Of course, till then coal was carried only by buckets. Now there
is the situation: we have energy but being able to work as soon as possible with this
energy is important or not? This is also a topic of discussion... These things are done
with horsepower mostly. It is attended that how much coal can be extracted and how
many rounds it can take per unit time. James Watt produced the motor and he would
sell it. For selling he needed to advertise it. So he based on the horses. According to
this, | would like you to think that question: What is power? Is power a type of energy
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or transformation of it? Or is it a term which is used to show the existing relationship
between time and energy?

Teacher: Developing the engine was not hard for him, but marketing was. He
developed some techniques to market it. He would get the engine to things done which
were done by people and animals until then, but at that time it was not really very easy
to impose or convince the people about that. So, he needed to embody the job of the
engine in the minds of people. He thought something like this: He observed that when
one horse can carry 1 bucket of coal per minute, another one can carry 5 buckets per
an hour. By this comparison, he stated that the horse that carried more coal in less time
is more powerful than the other one. It is important that who is doing more work in a
short time. Actually, the power unit, today which is called as horsepower, gets its
name from the power of pony. One Horsepower is about 736 Watts. The power of a
horse is considered as 0.7 power of a pony. The relationship between the power the
horse and the pony created the concept of horsepower that we use today.

Teacher: Guys! When the units are considered, for example we say 1 meter.
Everybody measured the length in meters previously, but now the length of the
equator is considered, isn’t it? You remember what was in the first unit, while learning
about the basic quantities, we accept “second” as the duration of some number of the
radiation which an atom makes. There was a benefit while using atomic clocks. But
before that, of course there was not so much technology. Always there was an
acceptance for units. In France, for example there was a metal with a radius of 39 mm.
We accept it as 1 kilogram and we make it as 1 kg. The hours are all acceptances.
Through Nm, when a force of 1N travels 1 meter path, it does a work of 1INM, we
accept this as 1 joule.

25.0 percent of all measuring units belonged to the skill-based domain of measuring.
Students of teacher T2 did not measure any quantity during Energy chapter in the classroom.
Teacher T5 made students to measure the height of a bottle from the ground in order to
calculate the potential energy of the bottle. However, students measured the height of the
bottle without a meter, so they thought how to measure it and then measured by comparing
the height of bottle with their handspan. The activity of measuring was happened only once
in her lessons during the chapter, 10 course hours. In teacher T3’ lessons, students made
measurements through the activities in the textbook. They followed the steps of the activities
to measure the intended quantities. In brief, the skill of measuring was involved mainly in
the knowledge-based domain in physics lessons; students are taught the units of physical
guantities rather than measuring them.

Scientifically communicating had 10.3 percent among all coded SPS in the physics lessons.
It was especially covered by teachers T3 and T5. These teachers expected students to prepare
presentations. Students of teacher T3 presented what they did in the first hour of the Energy
chapter in the laboratory. An activity was assigned for each group of students, they were
performed the activities in the laboratory in the beginning of “Energy” chapter. During the
lessons they presented the activities they were responsible for. Depending on the activities in
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the textbook, students explained how they collected data, made measurements and followed
the steps in the activities and answered questions of teacher and students. In the lessons of
teacher T5, students made presentations about types of energy sources which were assigned
them by teacher. Students shared the information mainly they collected through internet.
They did not mention even the process of collecting data while they were investigating the
energy sources.

Observing was covered by all teachers; however the percentage of it with respect to other
SPS in total is only 5.7. It was included in the lessons of teacher T3 mainly because of
following the textbook. Students made observations through activities. However, students
who were assigned the activities which include the skill, made observations. In the lessons of
teacher T2, students made observation in order to comprehend the concept of “Work™.
Teacher asked a few students to perform some activities in the classroom, and asked others
to observe them. They were asked to classify the activities whether they are work or not
according to their observations. Teacher T5 included observations in the demonstrations she
or students did in the classroom. For example, a student presented a demonstration that
shows the energy transfer through strings from a cub into another. Students were informed
about aim of the demonstration. Then, they watched the motion of cubs; and answered
questions of teacher due to their observation. Teacher asked the types of energies cubs had at
different times during the demonstration.

Skills of inferring, hypothesizing, defining-controlling variables, experimenting and
predicting were rarely mentioned during physics lessons in Energy chapter. Inferring is
involved by all teachers in their lessons; teachers asked students about reason of events.
They all use similar phrases like “What is the reason of ...” In the lessons of teachers who
follows the 9" grade physics textbook, skill of inferring is involved through the activities
conducted or discussed in the classroom. Beside the activities including this skill, teacher
asked students about reason of some observed events. For example, he released a board
marker from a height of 1.5 meter, and asked students why it fell down. Another example
from teacher T5, who is not following the textbook strictly, told that gardens are being
watered in the morning or evening, not in the noon or afternoon. Then, she asked the reason
behind this occasion and after listening students’ answers she connected the reason with the
Archimedes’ firing the ships with concave mirrors at BC 250.

Hypothesizing was not emphasized sufficiently in the physics lessons according to Table 4.9.
It is never included in lessons of teacher T3, in the lessons of teachers T2 and T5,
hypothesizing was involved. Students were asked to find a solution for a specific problem or
situation in the lessons of two teachers. However, students were not aware of what they were
doing; hypothesizing. For example, teacher T5 asked students to find solutions in order to
decrease the loss of energy in solar panel. In other words, they were asked to propose
solutions so as to make solar panel available to work with 100% efficiency. They were
answered, however it was not stated what they were doing was hypothesizing.

Defining-controlling variable was rarely included in the physics lessons during energy
chapter. In the ones included in the lessons, students were asked to determine dependent and
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independent variables in an activity or in a problem. Students were just mentally active for
this skill; they did not control any variable in an experiment or activity.

According to Table 4.9, experimenting is one of the skills that were not emphasized enough
in physics lessons (1.0%). It is coded in lessons of three teachers; one is in the knowledge-
based domain and other two are in the skill-based domain. The ones in the skill-based
domain are in the first level of the skill; that is following the steps of a constructed
experiment. In each one although they were from different classes, students just followed a
structured pattern. Moreover, these experiments were done by only a few students as a
demonstration in the classroom.

The skill of predicting was never included in lessons of two teachers, teacher T3 mentions
the skill however the percentage of it in all SPS only in his lessons is 2.9 which is very small.
It was included in the lesson of teacher T3 because he made students to perform the
activities. Since the textbook asks students to predict the result of the activity in only one
activity for Energy chapter, students made prediction in his lesson. Except from this
situation, predicting was not included even in his lessons.

To sum up, modeling is the mostly included skill among SPS in the physics lessons during
energy chapter. Modeling covered in these lessons mainly refers to the mathematical
equations and usage of them in explaining relationships among physical quantities or in
solving problems. Collecting-interpreting data, classifying and measuring are periodically
involved in the lessons of three teachers. The skills of scientifically communicating and
observing are occasionally covered whereas the skills of inferring, hypothesizing, defining-
les, experimenting and predicting are rarely mentioned during Energy chapter in physics
lessons of teachers. Figure 4.3 represents briefly the frequency level of skills in the physics
lessons as a summary of this section.
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Figure 4.3 Frequency levels of SPS in all physics lessons of all teachers in Energy chapter

4.4 Comparison of Science Process Skills’ Representations in the 9" Grade Physics
Curriculum, Textbook, and Lessons

In this section, findings of the 9" grade physics curriculum, the textbook, and physics lessons
are compared in order to reveal the consistency among them. Content analysis is applied to
the curriculum and the textbook, transcriptions of all observed physics lessons of all teachers
in Energy chapter. All of them are analyzed with respect to SPS. In this part, they are
compared in order to answer the fourth research problem of this study: To what extent are 9"
grade physics curriculum, textbook and lessons consistent to each other in terms of science
process skills?

The 9" grade physics curriculum and the textbook are compared for all parts they include,
however only the Energy chapter is compared for physics lessons. So, in order to compare
the physics lessons with curriculum and textbook, only the Energy chapter is considered.
Therefore comparisons of these components are given in two sections. First one is
comparison of the physics curriculum and the textbook with respect to their inclusion of
SPS. Second one is comparison of the physics curriculum, the textbook and physics lessons
in Energy chapter with respect to their inclusion of SPS. Comparisons of the findings are
presented from general to specific; it starts with inclusion of SPS in general for all
components and then continues with the comparison of findings in knowledge-based and
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skill-based domains. Finally, the levels, being only physically active, only mentally active or
both physically and mentally active, in the skill-based domain are compared.

4.4.1 Comparison of 9™ grade physics curriculum and 9" grade physics textbook

Findings show that the curriculum and the textbook have specific skills in common that they
emphasize, whereas they have certain gaps in particular skills. To begin with, collecting-
interpreting data is the mostly involved skill in both of them. Classifying is the only skill
which has the same percentage (10.6) for the curriculum and the textbook in all skills. The
percentages of modeling and defining-controlling variables are also close to each other in
both. However, skills of scientifically communicating, experimenting and hypothesizing are
not included in the textbook as they are covered in the curriculum. On the other hand, skills
of measuring and observing are included in textbook more than they are included in the
curriculum. In addition, inferring and predicting are not covered in the curriculum, regardless
of this textbook covers these skills, however in small than 10 percentages. Figure 4.4
presents comparison of SPS’ percentages in the curriculum and in the textbook. Moreover, it
also displays comparison of SPS’ percentages in knowledge-based and skill-based domains,
respectively.

It is important to keep in mind that there are interrelations among the skills. For example,
experimenting includes almost all skills in the framework of this study. When experimenting
is coded in a text, it means all skills are coded as well. However, because of the fact that
experimenting covers other skills, there is no need to code other skills. Some skills also
include others; for instance, measuring, inferring, predicting can cover observing,
hypothesizing covers predicting, defining and controlling variables can cover measuring,
observing, and so on.. These interrelationships make coding confusing when the rules are not
set definitely. In this study, texts are coded with the most comprehensive one that is
involved. For instance, hypothesizing is a systematic kind of predicting; however it does not
mean that all predictions are hypotheses at the same time. Hypothesizing covers predicting
by meaning, so when a text is coded as hypothesizing it means it also includes predicting.
The text coded as hypothesizing is not re-coded as predicting. Similarly, collecting-
interpreting data includes skills observing, measuring, predicting, and inferring. Yet, it is
higher level skill compared to others; because it is a combination of other low-level skills.
The rule is still valid; if a text is coded as collecting-interpreting data, it is not coded by other
skills.

While comparing the results of the curriculum, and the textbook the rule of coding a text by
the highest skill as it is possible is applied. That means when a text is coded as
experimenting, other skills are not coded for the text. Moreover, experimenting except being
defined in the codebook, it has some prerequisites in order to be coded. For example,
hypothesizing before designing an experiment and testing the hypothesizing are prerequisites
of experimenting. If these conditions are not satisfied in the text, it is not coded as
experimenting but can be coded as other skills like measuring, observing, collecting-
interpreting data, even predicting. In this part of study, findings are interpreted according this
rule.
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skill-based domains in the curriculum and textbook
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The bar charts in Figure 4.4 are interpreted together in order to understand the relationship
between the domains among the skills. It is important to interpret the Figure keeping in mind
that these percentages of skills in knowledge-based and skill-based domain due to the
curriculum and textbook are calculated accordingly the total coded excerpts in each skill. So,
the 100% may be deceitful that the curriculum or textbook seem to be include the skill with
100 percent. However, the fact is that the skill can be involved by 20%, and all these may
belong to skill-based domain. 1n this situation graphs show 100% for skill-based domain in
the corresponding skill. For example, skills of inferring and predicting have 100 % for skill
based domain in textbook. however, that only means all coded excerpt belongs to this
domain; that does not mean textbook include predicting and inferring with 100 percent.

According to Figure 4.4, collecting-interpreting data and scientifically communicating are
mainly involved in the skill-domain in both the curriculum and textbook. There is a balance
between the domains for the skill of observing in the curriculum. In the textbook, in contrast,
it is mostly included in skill-based domain. In addition observing is not included in the
curriculum as much as it is in the textbook. Similarly, inferring and predicting are involved
in the textbook despite of being not covered in the curriculum. Skills of experimenting,
classifying, modeling and hypothesizing are involved in the skill-based domain in the
curriculum whereas they are mostly involved in the knowledge-based domain in the
textbook.

The common characteristic of hypothesizing and predicting is that they do not include
ordered codes in the skill-based domain. According to Figure 4.4, hypothesizing is poorly
included in both the curriculum and the textbook with lower than 10%. However,
hypothesizing mostly belongs to skill-based domain in the curriculum whereas it belongs to
knowledge-based in the textbook. The skill of predicting is not aimed in the curriculum; in
contrast the textbook includes it almost all in skill-based domain mostly in the “activity”
parts. Even thought, the percentage of inclusion of predicting among all SPS in the textbook
is lower than 5.

In order to be more precise in the skills, the findings are compared by focusing the levels in
the skill-domain. The codes in the skill-based domain are in hierarchical order depending on
being physically active, mentally active or both. The first level, being physically active refers
to the situations when students are asked to follow the steps of observing, measuring and so
on. In this level, students do not need to be mentally active, what they do is only carry out a
given task. When students are mentally active in the second level; it is not necessary to
conduct the skill physically for this level. However, the important point is to think about the
skills; think about how to develop them or how to perform them well. The third level is the
combination of first two levels; students are both physically and mentally active. In general,
students are not given step by step procedures or not given explanations of questions already
asked. In SPSCB, two skills do not have this hierarchy; they are predicting and
hypothesizing. The findings for the comparison of the curriculum and textbook are given in
the previous paragraph. In the following, comparisons of these elements for other skills are
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explained. Table 4.10 presents the percentages of levels in skill-based domain for the skills
in the curriculum and in the textbook.

In Table 4.10, SPS are displayed in the first column; in the second one the compared
elements are presented: curriculum and textbook for each skill. The third main column
shows the percentages of coded units in levels expressed in the previous paragraph. The last
column shows the total unit numbers of skill in the corresponding sample. NA is written for
the second level of classifying, it means this skill is not defined in the second level.

Table 4.10 Percentages of skill-based levels for Energy chapter in the curriculum and
textbook

Level of Skills
Physically Mentally Both physically and
active active mentally active

% % % n

Scientifically Curriculum 12.8 12.8 74.4 39
Communicating Textbook 97.6 0.0 24 41
Measuring Curriculum 0.0 0.0 100.0 18
Textbook 43.1 36.2 20.7 58

Experimenting Curriculum 0.0 0.0 100.0 26
Textbook 100.0 0.0 0.0 1

Classifying Curriculum 100.0 NA 0.0 26
Textbook 100.0 NA 0.0 56

Modeling Curriculum 5.6 77.8 16.7 18
Textbook 6.0 88.0 6.0 50

Defining-Controlling ~ Curriculum 0.0 8.3 91.7 12
Variables Textbook 14.3 87.5 0.0 14
Observing Curriculum 0.0 25.0 75.0 4
Textbook 75.0 8.9 16.1 56

Inferring Curriculum 0 0 0 0
Textbook 42.4 15 56.1 66

Collecting-Interpreting Curriculum 3.5 29.8 66.6 57
Data Textbook 20.0 7.6 72.4 145

(n;Total unit number, NA; Not Applicable)

In this part, Figure 4.4 and Table 4.10 are interpreted together. According to them, the
curriculum and the textbook are in balance in skill of collecting-interpreting data. Both of
them involve mostly these skills rather than other SPS and emphasize the skill-domain.
Moreover, distributions of collecting-interpreting data’s percentages in the curriculum and
the textbook are more or less similar in the level of skill domain. Likewise, findings show
that classifying is included in two samples in the same percentage. However, there is no
consistency in the domains; curriculum emphasizes skill-domain in contrast textbook
emphasizes knowledge-domain. Nevertheless, Table 4.10 indicates that all SPS in the skill-
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based domain belong to first level in both the curriculum and the textbook. First level in
classifying asks students to classify things or events that were classified. The third level
(actually the second for classifying) asks students to create their own criteria and make
classification according to it. However, making classification is not included in this level
neither in the curriculum nor in the textbook. Therefore, they are similar in the inclusion of
the skill of classifying.

Skills of scientifically communicating, experimenting, hypothesizing and defining-
controlling variables are aimed in the curriculum; on contrary to curriculum they are not
involved in the textbook. In other words, the curriculum aims to develop these skills,
whereas the textbook supplies only information about them. Scientifically communicating as
it is involved in the textbook is found highly in the first level of skill-based domain whereas
it is found highly in the third level of skill-based domain in the curriculum. Thus, there is a
mismatch between the inclusions of scientifically communicating levels in the skill-based
domain. This means curriculum aims students to share any step in a scientific activity while
textbook make students to share any collected data for instance mainly via internet.

There is a mismatch between the domains for skills of experimenting similar to scientifically
communicating skill. For example for the skill of experimenting, curriculum uses verbs
“discovers” and “discovers by experimenting” in the content objectives. Curriculum aims
students make experiments in order to discover relationship between two physical quantities.
For instance, Objective 2.2 in the chapter of Electricity and Magnetism states “discovers the
variables affecting the force on a wire in a magnetic field by trying”. Curriculum expects
students define and control variables, observe the changes on the force by manipulating the
variables, interpret the findings and draw conclusion about the factors. In brief, curriculum
addresses experimenting. However, the activities in the textbook do not address the skill of
experimenting in the skill domain. For instance, in the activity of corresponding objective
students are asked “Have you ever think about the factors affecting the magnetic force? Let’s
discover it through an activity”. The activity is given in cook book style; students are
expected to follow the steps. They are not asked to make a hypothesis before performing the
actions which is defined as a prerequisite for experimenting. Activities in the textbook
neither involve the skill of hypothesizing nor experimenting. Moreover, activities are so
structured that that do not lead students discover the intention of the objectives in the
curriculum. Therefore, inclusion of experimenting in the curriculum is not consistent to the
textbook. Table 4.10 also shows that there are 26 experimenting excerpts all involved only in
the third level. On the other hand, there is only one experimenting unit in the textbook which
is in the first level. Therefore, the textbook does not include experimenting skill as it is
aimed in the curriculum.

Defining-controlling variables are included in skill-based domain in the curriculum whereas
included in knowledge-based domain in the textbook. Figure 4.4 and Figure 4.1 shows that
the curriculum covers this skill 5 percent in all skills. In addition it is covered by the
textbook in 2 percent among all skills. So, the curriculum and the textbook are parallel in
terms of ignoring this skill. Even percentages of defining-controlling variable are so small in
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the curriculum and in the textbook; there is a mismatch in domains of them. According to
Table 4.10, the curriculum aims students focus on controlling variables that can affect the
dependent variable and manipulate the independent variable in an experiment. However, in
the textbook, this skill is not covered in the third level of skill-based domain which is both
physically and mentally active, because textbook do not include the skill of experimenting.

Measuring, modeling, observing, interpreting and predicting opposite to skills of
scientifically communicating, experimenting, hypothesizing and defining-controlling
variables are involved more in the textbook rather than they are involved in the curriculum.
These skills are mainly involved in steps of activities in the textbook; steps include making
predictions first, then making observation and/or measurements and calculating a physical
quantity by using mathematical equations, making inferences about the reasons of result of
observation or measurement or calculation or comparison of them, respectively. According
to the results given in this section about skill of experimenting, textbook include these skills
while actually intending experimenting objectives in the curriculum. Now, comparisons in
levels of skill-based domain in these skills are presented. Since predicting does not have
ordered codes in skill-domain it is not explained in this section. In addition, the comparison
for predicting is previously stated.

The curriculum aims students to be active both physically and mentally in skills of
measuring and observing. Table 4.10 shows that in the curriculum these skills are highly in
the third level however, in the textbook they are not so much involved in the same level.
That is caused by the step by step procedure of the activities in the textbook. Students are
expected to follow the direction in order to make measurement or observations. So, they do
not need to be both physically and mentally active in the same time. This is another
mismatch between the curriculum and textbook.

The skill of inferring is not included in the curriculum, so the units in neither domains nor
levels of skill-based domain can be compared with the inclusion of it in the textbook. Only
the textbook findings are explained; it is involved in the first and third level of skill-based
domain in close percentages. The first level of inferring indicates that the textbook gives the
explanation of the reason it is asked. Usually, these explanations are given just in the
following line in the textbook. That makes students read the answer before thinking about
the reason of observed or explained phenomenon, event or attained result.

The last skill which is involved in the textbook with a larger percentage than the curriculum
is modeling. When only skill based domain is considered, the curriculum and textbook are
parallel. The distributions of percentages in frequencies in levels are similar to each other.
The second level comes first in two of them. That means the curriculum expects students to
use mathematical equations in order to explain the relationships among the physical
quantities. So, it is expected in the textbook in the same way. However, the curriculum still
aims student to make an original model while the textbook reflects this with a lower
percentage.
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4.4.2 Comparison of the 9™ grade physics curriculum, 9" grade physics textbook and 9"
grade physics lessons in energy chapter

The findings of content analysis in the 9" grade physics curriculum, textbook and lessons in
Energy chapter are compared in this section. These skills are compared in general first, and
then percentages are given in knowledge-based and skill-based domain in bar charts. Figure
4.5 displays these bar charts of percentages of SPS in the curriculum, the textbook and the
lessons. Similar to the way of presenting the findings in the previous section, after the bar
charts, a table is given that shows percentages of SPS in each level of the skill-based domain
for all elements compared. Then, Figure 4.5 and Table 4.11 are interpreted together in order
to draw a comprehensible conclusion.
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Figure 4.5 Comparison of SPS according to total SPS, knowledge-based and skill-based
domains in the curriculum, textbook and lessons in Energy chapter

According to Figure 4.5, the sum of percentages of SPS in the curriculum (first bar chart in
the figure) is more than 100. It is also mentioned in Table 4.3 that in the curriculum, each
content objective includes approximately three SPS. So as difference occurred between the
curriculum and the other elements in the first bar chart. The bar for the corresponding skill in
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the curriculum is taken into consideration by dividing three. Regarding this, the heights of
the bars decrease to levels that are close the levels of the skills for the textbook and the
physics lessons. According to first bar chart in Figure 4.5, skills of experimenting,
hypothesizing and inferring have discrepancy in the height of the bars. That shows the gap
between the curriculum, the textbook and lessons in involvement of these skills in the
Energy chapter.

Second and third bar charts in Figure 4.5 show SPS except experimenting and measuring are
included in the skill-based domain in all elements. So, results for experimenting and
measuring are explained first, others are given after displaying Table 4.11. Measuring is
highly involved in the knowledge-based domain in the curriculum, textbook and lessons in
the chapter of Energy. That means, they are parallel in the skill of measuring in the
mentioned chapter. Students are informed about the units about work, energy, heat and
temperature. Experimenting is also mainly covered in the knowledge-based domain.
However, the heights of bars are not close each other that means there is a discrepancy
among the considered elements. The curriculum aims to inform students about making
experiments; however the corresponding objective is coded as experimenting because of the
skill objective attached to this content objective. Figure 4.5 shows that textbook include
experimenting intensely in the knowledge-based domain so that it is more than in the
curriculum and in the physics lessons. This fact also is reflected to the bars in the skill-based
domain; the heights of bars for experimenting are not close to each other. According to the
third bar chart in the figure, experimenting in skill-based domain is considered in both
curriculum and lessons, however not in the textbook.

Table 4.11 presents the percentages of skill-based domain in the curriculum, textbook and
physics lessons. Table 4.11 is similar to Table 4.10 in terms of presenting the percentages.
The only difference is the third lines in each SPS that displays the percentages of skills in
levels in the physics lessons.
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Table 4.11 Percentages of skill-based levels for Energy chapter in the curriculum, textbook
and physics lessons

Level of Skills
Physically Mentally Both physically and
active active mentally active

% % % n

ientificall Curriculum 18.8 6.3 75.0 16

ig;"r::ufiiai’ing Textbook 1000 0.0 0.0 14

Lessons 83.3 0.0 16.7 30

Curriculum 0.0 0.0 100.0 1

Measuring Textbook 33.3 33.3 33.3 6

Lessons 30 40 30 10

Curriculum 0.0 0.0 100.0 3

Experimenting Textbook - - - -

Lessons 100 0 0 2

Curriculum 0.0 100.0 0.0 1

Modeling Textbook 14.3 85.7 0.0 7

Lessons 38.8 61.2 0 85

- . Curriculum - - - -

\[;z::;:JTSSControllmg Textbook i i i i

Lessons 0 100 0 5

Curriculum 0.0 0.0 100.0 2

Observing Textbook 50.0 0.0 50.0 6

Lessons 68.8 0 313 16

Curriculum - - - -

Inferring Textbook 54.5 0.0 45.5 11

Lessons 62.5 0 37.5 8

. Curriculum 0.0 28.6 71.4 14

Collecting- Textbook 385 7.7 53.8 26
Interpreting Data

Lessons 10 12 78 50

Table 4.11 presents distribution of SPS’s percentages in physics lessons is similar to
distribution of SPS’s in the textbook. Scientifically communicating, measuring, modeling,
observing, inferring, and collecting-interpreting data show a strong similarity in the
distribution of percentages in the levels of skill-based domain in the textbook and lessons. In
this part, these skills are explained.

Scientifically communicating is mostly included in the third level in the curriculum;
however, it is covered mostly in the first level in both in the textbook and lessons.
Curriculum include this skill in a way that expects students to generate scientific
communication not only communication. In the textbook, students are asked to share the
information they attain via library or internet.
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Measuring, similar to collecting-interpreting data, is emphasized in skill-based domain in the
curriculum whereas it is almost equally distributed among the levels in both the textbook and
lessons. Students are said what to measure and how to measure in the first level, think about
making measurements in the second level and to measure any quantity in physics in the last
level. However in the Energy chapter there is only one objective coded as experimenting in
the skill-based domain.

Modeling is matched with only one objective in the curriculum corresponds to second level
of the skill-based domain. Similarly, the textbook include modeling mostly in the second
level. Moreover, the textbook also include modeling in the first level which indicates giving
information about a model constructed before. In this case, it is the mathematical equation
expressing the relationship between work and energy. Physics lessons include the modeling
skill in the same way with the textbook; it is included mainly in the second level and also
included in the first level but not in the third level.

Skill of observing is coded for two objectives in the curriculum in the third level. However,
it is included in the different levels with different percentages in the textbook and physics
lessons. Both of them include this skill in the first and third level almost in the same
percentages. That means the textbook and the physics lessons are parallel for the inclusion of
the skill of observing.

Inferring is not covered in the curriculum, however it is included in both textbook and the
physics lessons. Moreover, they are almost equivalent in percentages in the levels of skill-
based domain; the first level is mostly included and the third level in covered in both of
them. On the contrary, the second level is not covered in neither of them. The difference
between two levels is providing the answer of the reason of asked event or phenomenon just
after the question without giving enough space to students to make inferences. It is the next
line after the question in the textbook, and for the lesson it is teacher’s explanation that gives
the answer.

All these skills explained are parallel in inclusion of them in the levels of skill-based domain.
Only the skill of collecting and interpreting data is similar in the curriculum, textbook and
the physics lessons. They involve this skill mainly in the third level; students are expected to
interpret the collected or given data. They are parallel in this perspective for the skill of
collecting an interpreting data.

The skill of experimenting is included by three objectives in Energy chapter in the
curriculum. They all belong to third level in the skill-based domain. In the textbook, it is not
given any space for this skill. In spite of ignorance of textbook, skill of experimenting is
included in physics lessons twice during the energy chapter. There is mismatch among the
curriculum, textbook, and lessons.

Defining-controlling variable is different from other skills that the only skill which is ignored
by the curriculum and textbook. These are occurred while students are making presentations
about their submitted activity. Students are asked about variables affecting the result in the
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activity. In this way, they are forced to think about different variables effecting on same
physical quantity.

In summary, SPS are compared among the 9" grade physics curriculum, textbook, and
lessons in the Energy chapter in this section. The basic finding of this part is that the physics
lessons is parallel to the textbook regarding the levels of skill-based domain. The other one is
that skill of measuring is involved in knowledge-based domain in all, while others are mainly
included in the skill-based domain. The curriculum, textbook, and lessons are close to each
other only in skill of collecting-interpreting data.
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CHAPTER 5

DISCUSSION, CONCLUSIONS, AND IMPLICATIONS

This chapter presents a discussion of and conclusions drawn from the study findings,
followed by the implications of these findings and suggestions for further research. The
purpose of this study was to investigate the extent to which 9™ grade physics curriculum,
textbook and lessons cover science process skills. Moreover, it is aimed to describe the
extent these elements are in concordance with each other. To accomplish this purpose, 9"
grade physics curriculum and textbook are examined through content analysis which is a
systematic research method used for coding textual information in a standardized way that
enables researchers to make inferences about that information (Krippendorff, 2004; Weber,
1990). This study analyzed all pages of both the curriculum and textbook. 9" grade physics
lessons whose teachers were purposefully selected were observed during chapter of Energy.
These teachers are ones who claim that she or he follows the 9" grade physics curriculum
with all aspects. Content analysis was employed to the transcriptions of physics lessons’
observations. To conduct this study, the researcher developed Science Process Skills Code
Book to analyze texts for their inclusion of science process skills. In the previous chapter,
findings were given under four sub-headings parallel to research questions of the current
study. In this chapter, conclusion and discussion of inclusion of SPS in 9" grade physics
curriculum, textbook, and lessons of three physics teachers are presented. Then,
implications, and suggestions for further research are presented.

5.1 Conclusion and Discussion
5.1.1 Conclusion and discussion on the curriculum

In this section, conclusions based on the findings about the curriculum are presented. The
conclusions and discussions are organized by considering direct and explicit information
emerging from the study.

Conclusion 1: 9" grade physics curriculum attempts to include SPS mostly in skill
objectives, however one skill objective includes approximately three SPS which is not
feasible.

The findings of this study show that 9™ grade physics curriculum has the potential to develop
science process skills of students. It seems to be an enhancement over the previous ones in
terms of its detail and emphasis on the interactions of skills and content. The emphasis on
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skills is very important because it offers the potential of moving the curriculum from being a
theoretical implementation to one that has implications for students’ daily lives. It may have
the potential of transforming content of physics from being only a subject matter to a reality
(Shamos, 1995). For instance, if students realize the implications of physics to their lives,
then they may carry on attaining scientific knowledge and to use it in their decisions as
citizens after they leave school.

Objectives in the 9" grade physic curriculum are given in two main headings; skill objectives
and content objectives. Skill objectives are divided into four areas; (a) Problem Solving
Skills; (b) Physics-Technology-Society-Environment; (c) Informatics and Communication
Skills; (d) Attitudes and Values. Content objectives are given in six physics content; Nature
of Physics, Properties of Matter, Force and Motion, Energy, Electricity and Magnetism, and
Waves. One of major feature of the curriculum is that content objectives are matched with
related skill objectives. It is strongly suggested in the curriculum to take attached skill
objectives into account while considering content objectives. According to the findings in
Table 4.3, there are 69 content objectives defined in the curriculum. 509 skill objectives are
matched to these content objectives, so the total number for the objectives equals to 578. The
findings show that 55 content, 183 skill objectives include SPS; after deleting the
overlapping SPS, objectives in the curriculum include 219 SPS units. That means one
content objective (content objective with attached skill objectives) includes three SPS
averagely. The present study shows that the ratio of SPS to the objectives in the 9" grade
physics curriculum makes the objectives not feasible in terms of developing SPS.

The combination of content objectives with skill ones can be confusing for teachers.
Moreover, some skill objectives as mentioned before are not feasible to be observed in the
classroom. It can be suggested to integrate the skill objectives with the content and rewrite
for each chapter in the curriculum.

Conclusion 2: The curriculum includes mostly collecting-interpreting data, scientifically
communicating and experimenting. Experimenting covers other skills indirectly in the
curriculum.

The curriculum aims to develop students’ collecting-interpreting data, scientifically
communicating, measuring, experimenting and classifying skills more than modeling,
hypothesizing and defining-controlling variables. On the other hand, it seems not to include
observing, inferring and predicting. This is because these skills are hidden in the skill of
experimenting. Experimenting, actually involve all other science process skills. The results
of this study show that 9™ grade physics curriculum covers other skills implicitly under the
heading of experimenting.

5.1.2 Conclusion and discussion on the textbook

Conclusion 3: 9" grade physics textbook is highly structured:; it includes SPS in step by step
activity procedures. However, step by step procedures in activities are weak to develop SPS
of students.
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The results of this study indicate that in general, 9" grade physics textbook is highly
structured in that it provides step-by-step detailed instructions in the activities. Activities
were made up of three following components: “equipment”, “procedure” and “conclusion”.
In the first part, equipment for the activity is given in detail. Then, students are asked to
follow well-defined steps in order to attain the goals of activities in the procedure part. In
conclusion, there are questions asking students make inferences and or interpretations
according to observations, measurements and/or calculations. In the majority of activities
reviewed, students are asked to follow the steps by using given equipment in order to attain a
conclusion. In general, students are asked to manipulate materials, make observations and
measurements, record results, make qualitative and quantitative relationships, draw
conclusions, make inferences and generalizations, interpret the results, and share what they
found in the activities which are communicating.

This result, having highly structured textbook, is consistent with the literature in science
education (Fuhrmann, Novick, Tamir & Lunetta; as cited in Nieddere, et al. 2002; Germann,
Hasking, & Auls, 1996; Soyibo, 1998; Tamir and Lunetta; as cited in Hanauer, Hatfull,
Jacob-Sera, 2009). It is found that activities including step by step procedures and activities
whose result is already known do not develop students’ SPS. Therefore, activities in the
textbook can be concluded that they are not designed in order to develop SPS. Due to poor
representation of SPS in the activities of textbook, it can be proposed to modify the step by
step procedure activities to promote SPS of students. It is suggested to be open-ended
investigations in order to facilitate the development of SPS in the literature (Soyibo, 1998).
The more involvement students have flexibility in observing, measuring, designing
experiments, hypothesizing and so on, the higher the level of process skills included
according to the SPSCB. Lower levels of process skills are characterized by activities with
directions including step by step procedures.

The activities in the textbook provide so many steps, explanations and crude exercises that
little space is left to students for thinking. Wang (1998) explained this situation as it is
almost a “dumb-down” strategy that merely betrays the fear that students will not “get” it,
but the results is that it leaves no space for students to grow. Imagination and creativity are
stifled by “hand-feeding” fashion of presentation (p.143). Moreover, the activities in the
textbook are mostly hands-on activities. However, being so structured is an obstacle for
developing skills of students. According to curriculum daily life problems that students solve
by using physics is desired and they are different from traditional “experiments” that tend to
be verification labs in which students seek the right answer. Instead of completing exercises
from a chapter in the textbook, students need to solve daily life problems by themselves.

Conclusion 4: Activities in the textbook are weak to make students hypothesize or pose a
testable question which is the starting point of science.

The activities in the textbook seldom provided opportunities for students to pose a question
to be investigated; formulate a hypothesis to be tested; design observation, measurement, and
experimental procedures; work according to their own design; or formulate a new question
or apply an experimental technique based on the investigation they performed. They are
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explained how to make observations and measurements; they are like appended exercises
rather than integral parts of the investigation. Students are rarely asked to use what they have
learned to make predictions or hypotheses or to explain common natural objects or events.
Similar to Tamir and Lunetta (as cited in Gerrnann, Haskins & Auk, 1996) stated that “If
scientific inquiry is using one’s own knowledge and experience to pose questions, solve
problems, investigate natural phenomena, and construct answers or generalizations, then
these manuals do not yet foster such activity”, these activities are poor to develop students’
science process skills.

Hypothesizing was found not to be included enough in the 9" grade physics textbook.
Students were rarely asked to formulate hypotheses or propose solutions for given problems.
However, generating hypothesis is very important for students developing science process
skills; it is the first step in experimenting (Kwon, Jeong & Park, 2006). It is also stated that
students develop a deeper understanding of concepts and skills when they make their own
hypotheses. Although it is included by skill objectives in the curriculum, these objectives are
not attached to a few numbers of content objectives. Nevertheless, the activities could
include making hypotheses as a step in the activities similar to the step of making predictions
before observing and measuring steps in activities.

5.1.3 Conclusion and discussion on physics lessons

Conclusion 5: Results of this study about physics lessons show that the teachers rely on
textbooks more than they rely on the curriculum.

9™ grade physics textbook influenced the inclusion of SPS in Energy chapter in the physics
lessons more than the curriculum did. This finding is consistent with the studies stating that
many teachers rely heavily on the assigned textbook to teach science content and how to
teach (Costenson & Lawson, 1986). Textbooks principally define what topics and ideas are
taught in the classrooms and how these topics are taught (Tyson, 1997). A study conducted
20 years ago found that 90% of all science teachers use a textbook 95% of the time (Harmes
& Yager, 1981; as cited in Stern & Roseman, 2004). Study of Ball and Feiman-Nemser,
(1988) indicated that many teachers count on curriculum resources like textbooks to provide
them with some or all the content or the pedagogical content knowledge. Similarly,
researches show that textbooks play a dominant role in teaching and learning science;
Horizon (2001) found that 96% of teachers in grade 9 through 12 rely on commercially
published textbooks, or programs. Moreover, 63 % of these teachers rely on only 1 science
textbook most of the time. However, in Turkey teachers are expected to follow the textbook
proposed by MONE. Textbooks in Turkey are extremely important for teachers as a bridge
between curriculum and teachers. Therefore, the finding of present study is not surprising
when the situation in Turkey is taken into consideration.

Conclusion 6: Physics lessons of 9" grade physics curriculum which aims to develop SPS of
students take place in traditional classrooms not laboratories.
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There are experimental procedures in the curriculum and also in the books which can be a
good approach in viewing the SPS aspects if they are applied adequately in the classrooms.
However, only one teacher used the laboratory only for a lesson hour in one chapter which is
totally twelve lesson hours. This problem is mentioned in the study of Ozden (2007) that one
of the problems teachers have in Turkey is the less laboratory opportunities, it is doubtful
that if these experiments are performed. Since teachers do not use laboratory because of
many reasons, they have physics course in the traditional classrooms. These traditional
classrooms setting are not suitable for creating an environment for students to develop
science process skills.

5.1.4 Conclusion and discussion on gap between curriculum, textbook, and lessons

Considering the findings of content analyses, gaps are determined among the 9™ grade
physics curriculum, textbook, and lessons. In this part, gaps among curriculum, textbook,
and lessons with the possible reasons behind them are discussed through the weakness of the
curriculum, textbook and lessons, respectively.

Conclusion 7: 9" grade curriculum includes SPS in skill-based domain whereas the
textbook, and lessons include them in knowledge-based domain.

According to the findings, there exists a discrepancy between the curriculum and textbook
regarding the inclusion of SPS depending on the domains. The curriculum includes SPS in
the skill-based domain whereas the textbook includes them in the knowledge-based domain.
Moreover, this discrepancy is reflected to physics lessons; SPS are aimed in the skill-based
domain by skill objectives in the curriculum. However, it is difficult to observe these skills in
the classroom. The distribution of SPS in the physics lessons is similar to the distribution of
the physics textbook, not the curriculum’s distribution.

Curriculum materials like textbooks, laboratory manuals and workbook and so on are
important for the implementation of curriculum. Poor curriculum materials can deprive both
students and teachers of ways that let them to comprehend and apply effective teaching
practices (Abraham, Grzybowski , Renner & Marek, 1992). Nevertheless, when used
accurately, good curriculum materials can be an influential catalyst for improving teaching
and learning (Ball & Cohen, 1996; Schmidt, McKnight & Raizen, 1997 as cited in Wang,
1998). Good curriculum materials which are consistent with the curriculum can positively
affect students’ learning in the desired way. Actually, some studies have suggested that
textbooks that use effective teaching strategies improve student learning and provide good
models for teaching (Bishop & Anderson, 1990; Lee, Eichinger, Anderson, Berkheimer &
Blakeslee, 1993). Like the 9™ grade physics textbook investigated in this study, the
curriculum expects textbook writers to provide teaching strategies for teachers to develop
SPS of students (Stern & Roseman, 2004). For these reasons, valid identification and
validation of curriculum materials that actually support learning in the light of curriculum is
essential.
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In this study, it is clear that the activities in the textbook are insufficient to develop SPS of
students as it is defined in the curriculum. Although the curriculum indicates high level skills
like experimenting, the textbook writers designed activities with have highly-structured
steps. These activities do not leave room for students to develop experimenting skills; they
are stuck with the skills of observing, measuring, predicting, and interpreting data. However,
students do not need to design any observing method and measuring tool or method for
obtaining data; they are given all steps needed. In brief, the activities in the textbook do net
help developing SPS of students aimed in the curriculum. In order to improve student
learning in the way that curriculum offers, textbooks should be consistent with the
objectives. High quality textbooks can be an important tool for improving learning for
students and teachers (Davis & Krajcik, 2005; Roseman, Stern, & Koppal, 2010; Weiss,
Pasley, Smith, Banilower & Heck, 2003). In the same way textbooks are vehicles for the
goals of curriculum. Therefore, it is important for the textbook to be consistent with the aims
of the curriculum and balanced in the domains of SPS.

Conclusion 8: The gap among 9" grade physics curriculum, textbook, and lessons can be
caused by ill-defined objectives in the curriculum.

Since education starts with the curriculum, first address is the curriculum itself to understand
reasons of gaps determined in this study. The gap between the curriculum, textbook, and
lessons can be probably of some objectives defined in the curriculum. Although most of
content objectives matched with one science process skill, some of them were not well-
defined; are not clear and or feasible. For example, the objective “students will be able to use
energy sources efficiently” is too broad and hard to be observed by teachers. Similarly, some
objectives are related to daily life applications and they are not feasible in the classroom.
However, objectives should use observable verbs; teachers cannot observe whether students
realize or not realize. According to some content objectives, it is expected from students to
“realize” that is not easy to be observed and evaluated by teachers. In these situations, it is
difficult for teachers to make lesson plans for these objectives. Similarly, it is also difficult
for writers reflecting these ill-defined content objectives to textbooks.

Conclusion 9: The gap among 9" grade physics curriculum, textbook, and lessons can be
caused by the innovation in the curriculum; skill objectives are defined and they are expected
to be integrated with content objectives.

9" grade physics curriculum has a different approach in defining the objectives; there are
two types of objectives defined in the curriculum that are skill objectives and content
objectives. The skill objectives are expected to be integrated with the content objectives
which they are matched with. The gap among the curriculum, textbook and lessons can be
because of structure of 9" grade physics curriculum; integration of skill objectives with
content objectives. This structure is new to textbook writers and teachers; content objectives
which are given at knowledge-based level are expected to be harmonized with skill-based
level objectives. The curriculum could include more explanations and examples describing
how to integrate skill objectives to content ones. It is challenging for teachers achieve goals
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of a curriculum in which objectives are not clear to teachers and not explained enough the
structure of objectives with satisfying examples.

Conclusion 10: The gap between the textbook and physics lessons are less than the gap
between the curriculum and textbook and gap between the curriculum and physics lessons in
terms of inclusion of SPS.

There is inconsistency among the curriculum, textbook, and lessons in terms of inclusion of
SPS. The textbook and lessons seems to be close to each other regarding distribution of SPS
whereas this distribution for curriculum is different from the textbook and lessons. The
reason behind this gap is probable because of how teachers use textbook. Teachers read
textbook more than they read the curriculum. Even these teachers, who took in-service
education for this curriculum, are influenced more by textbook than the curriculum. The gap
is understandable when the fact of that teachers mostly rely on textbooks is considered (Stern
& Roseman, 2004).

Conclusion 11: The gap between the curriculum and physics lessons can be caused by the
classroom setting which is so traditional.

The findings show that physics lessons do not include SPS as they are defined in the
curriculum. One of the main reasons behind this gap is the classroom setting. Three
classrooms observed in this study were traditionally set. It means that students sit two or
three together in a desk, and looking toward board. There are two or three lines of desk in the
classrooms and two rows between these desks where students and teacher can walk through.
That is totally traditional classroom. When the perspective of a curriculum is changed, all
elements should be taken into consideration in the light of this change. In this study, the
textbook and physics lessons were analyzed in order to reveal the consistency of them with
the curriculum regarding SPS. Due to findings, the curriculum aims students discover
relations between quantities by experimenting. However, it is difficult to make experiments
in a classroom which is traditional. There are researchers having applied experiential
learning to classroom-based projects and long term investigations that are student-centered
and contextualized ( Krajcik et al., 1994; Roup, Gal, Drayton & Pfister, 1993; Schwap,
1976). According to them, students construct their understandings by solving real-world
problems in laboratories where they can solve problems and do real science.

Conclusion 12: The gap among 9" grade physics curriculum, textbook and physics lessons
of three teachers can be due to nature of SPS.

The gap among the elements investigated in this study can be caused by the nature of SPS
since they are interrelated with each other. For example, experimenting includes other skills.
In the curriculum, skill of experimenting is included while predicting and inferring are not
included openly. However, it actually includes these skills by covering the skill of
experimenting. Still there is a gap between the curriculum and the textbook about the
inclusion of SPS. Textbook supplies activities in which students can develop the skills of
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predicting, inferring, observing, measuring, and defining-controlling variables but not
experimenting at all.

5.2 Implications

The findings of current study and previous studies confirm that inclusion of SPS in the
curriculum, textbook and physics lesson are less than ideal. The results of this study have
important implications for curriculum developers, textbook writers and teachers. This section
presents some implications due to the findings of the current study. The findings indicate
some points that should be taken into account by physics curriculum developers, textbook
writers and physics teachers, respectively.

5.2.1 Implications for curriculum developers

Implication 1: Objectives should be clear, feasible, observable, and skill oriented by using
content.

When objective is written for content as it is in the 9" grade physics curriculum investigated
in this study, and desired to be integrated with more than one skill objectives it is difficult to
combine these skills with the content. It is better when they are combined in one objective if
possible. Otherwise it becomes too many skill objectives expected to be integrated into
content skill.

Implication 2: There should be more explanation about new approach for objectives in the
curriculum and more examples for classroom activities meet the objectives especially for the
complex ones.

9™ grade physics curriculum has a different approach in writing objectives; objectives are
defined under two main heading. They are content and skill objectives which are supposed to
be attained together. Since this approach is new to all physics teachers in Turkey, the
curriculum is better to include more appropriate classroom activities designed for objectives
as example for textbook writers and teachers.

Implication 3: Curriculum is better being understood and applied when curriculum
developers publish source for classroom activities that teachers can choose the ones they
would like to include in their physics lessons.

Teachers who participate in this study are the ones who were trained about this physics
curriculum. They also trained other teachers in their schools and or teachers in their city
about the implementation this curriculum. Findings show that even these teachers have
difficulty in including SPS consistent to the curriculum. According to results, physics lessons
of three teachers is closer to textbook rather than the curriculum regarding inclusion of SPS
in knowledge-based or skill-based domain. In order to close the gap between the curriculum
and physics lessons, curriculum developers should publish a book consisting of classroom
activities addressing more than one for each objective. By doing so, teachers have the
opportunity to choose the activity which is the most appropriate for their classrooms.
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Implication 4: The curriculum should include more objectives addressing the skill of
hypothesizing.

Curriculum is weak about including and integrating the skill of hypothesizing in both skill
and content objectives. Hypothesizing is one of the most important skills of SPS;
experimenting starts with hypothesizing in other words, posing questions and proposing
testable solutions. However, the curriculum does not cover this skill as it includes skill of
experimenting. Although there are two skill objectives directing hypothesizing, they are not
matched with enough numbers of content objectives in order to be reflected into textbook
and physics lessons.

5.2.2 Implications for textbook writers

Implication 5: Activities in the textbook should leave more room for students to design and
perform their own experiment rather than being highly structured.

This study shows that teachers rely on textbook more than the curriculum that is why
textbook has an important role in science education. Moreover, the majority of teachers
continue to use the assigned textbook as an essential tool for teaching physics. According to
this role, it is important for a curriculum to have appropriate materials in order to be applied
in the desired way. The curriculum emphasizes developing students’ experimenting skills
whereas the textbook cannot go further than developing skills of observing, measuring and
predicting. In order to attain the objectives of the curriculum, activities in the textbook could
place more emphasis on experimentation, hypothesis-testing without step by step procedure.

Implication 6: Skill of hypothesizing should be covered more in the activities of the
textbook.

Activities in the textbook have a similar structure; after given the equipment, procedure is
given and then questions are asked to conclude the activity. In the procedure part, students
are asked to set the activity. Then, before starting the activity they are asked to predict what
will be happen. After making prediction, they conduct the activity; make measurements,
observations and also calculations. By the questions in the conclusion part students make
inferences. However, in the activities which aim to make students experimenting do not
include a step to make hypotheses. Although the step by step procedure is not desired in
order to develop SPS of students, it would better if these activities include making
hypotheses before generating the activities as a step. Nevertheless, the inquiry-oriented
activities have already included skill of hypothesizing. In other words, besides stating that
textbook should include inquiry oriented activities, it should include the ones that cover skill
of hypothesizing.

5.2.3 Implications for physics teachers

Implication 7: Teachers could use laboratories for physics course at least in order to let
students make the activities in the curriculum or and in the textbook.

133



Traditional classroom setting is not suitable for students to make experiments or activities. It
is essential for physics course to make experiments and activities in laboratory. Teachers can
create an environment so that students can feel as if they work like scientist in the
laboratories. Teachers can choose or design activities that facilitate the development SPS
instead of cookbook activities. Since SPS needs activities that students can engage in
physics, guided inquiries (Germann, 1989) can be used to help many students make the
transition from laboratories in which they work like scientists. The goal is to help students
get used to the complications of SPS so that they will be able to engage in independent open
scientific experiments as soon as they are able. The highest level of skills is achieved when
students have the greatest amount of independence, engaging in activities that come closest
to doing real science. Therefore, it is important to use laboratories in which students have
opportunity to make experiments in physics course.

5.3 Limitation of the Study

The nature of the skills is a limitation in the current study. Some skills are overlapping each
other that make it difficult to distinguish them. In addition, some skills are prerequisite of
some others that limit differentiation of skills. For example, observing is needed while
making measurement. Predicting is required while a hypothesis is constructed. Moreover, in
order to make an inference, one needs to observe. So it is challenging to decide whether to
code a text also as observing when it is measuring or code also as predicting when it is
hypothesizing or code also as observing when it is inferring.

In this study, this hierarchical structured is taken into account during coding process as; the
overlapping skill is coded not the prerequisite, and/or being overlapped skill. The
interactions among the skills and the rule of coding limits the results and conclusion of the
study.

5.4 Suggestions for Future Research

In this study, eleven SPS are decided to investigate in the 9" grade physics curriculum,
textbook, and lessons. They are aimed to examine deeply, however having eleven different is
focuses in three different sources limited the depth of the study. So, in order to understand
the skills more comprehensively, either number of skills or number of source can be
decreased. For example, skills can be handled only in a group: basic science process skills
and integrated science process skills. On the other hand, inclusion of skills can be
investigated only in textbook deeply. However, in this situation it will be impossible to
compare the sources in terms of inclusion of these skills. Therefore, it is more rationale to
focus on specified skills in these sources in order to attain deeper view of the representation
of skills in them.

Additional research is necessary to demonstrate how students attain goals of the curriculum.
By doing so the gap between intended, implemented and attained curriculums will be
determined. In the current study only the intended and implemented curriculum were
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investigated in terms of SPS. However there is a need of study which aims to reveal the SPS
level of 9™ grade students in physics content.

In this study, only 9" grade level is focused with the curriculum, textbook and physics
lessons as the implementation of the curriculum. In order to view the general inclusion of
SPS in secondary school, content analysis can be applied to other grade levels; 10, 11 and
12. By doing so, the level of SPS in different levels will be determined. In addition, the
findings can be compared and the consistency among the grade levels regarding SPS can be
found out. Moreover, the advancement in the SPS accordingly grade levels can be found.

This study showed that even the physics lessons of trained teachers do not fit very well with
objectives of the curriculum. More research in physics classrooms is needed to determine the
degree of congruence between the curriculum and physics education practice. Since the lack
in the literature, more classroom research to reveal any parallels or nonparallel with recent
literature findings is necessary. There is a need for research in curriculum especially when
there is an important reform with the curriculum materials, instruction and student learning.
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APPENDIX A

SCIENCE PROCESS SKILLS CODE BOOK (SPSCB)

This code book is prepared for qualitative and systematic analyses of the 9" class physics
curriculum (TTKB, 2011) in terms of science process skills. Code book is composed of four
sections; (A) Introduction, (B) Analyze units, (C) Analyze rules, (D) Categories. First
section is the introduction, with a brief description of content analysis. In the second section
information will be given about and unit of analyses, coding unit and context units are
explained. Analyzing rules which should be taken care are defined in third section. Last and
fourth section is composed of descriptions of science process skills categories with their
examples.

A. Introduction

Content analyze is converting the message, which is demanded to be searched, in
quantitative form from a written or illustrated document (Krippendorff, 2004). Berelson
(1952), described content analyze as a research technigue which makes objective, systematic
and quantitative definitions of open content of the communication. The purpose of content
analyzes is objective and systematical determination of extent of science process skills
involvement in 9™ Grade Physics Textbook in our country.

Science Process Skills are defined as “the basic skills which are simplifying the learning in
natural sciences, making the students active, improving the taking responsibility feeling for
their own learning, increasing the tenacity of the students, teaching to research methods” by
Cepni, Ayas, Johnson and Turgut, (1996). It is proved that; students learn science better,
getting positive attitude towards science in condition that science process skills take place in
a good applied science lecture curriculums (Colvill & Pattie, 2003; Flehinger, 1971;
Radford, 1992). Additionally; improving the science process skills enable students solve
daily life problems, think critically and make decisions (Temiz, 2001). Considering the
results of the researches in science education that prove the positive contributions of science
process skills, it is inevitable not to make them a part of the science education.

In this study, science process skills are considered on a preferentially in two categories. One
of them is basic science process skills, and the other is integrated science process skills.
Basic science process skills are; observing, measuring, inferring, classifying, predicting and
scientific communicating. Integrated science process skills are; hypothesizing,
experimenting, determining / controlling variables, collecting / interpreting data and
modeling skills. Detailed explanations of science process skills are supplied in “Categories”
section of this code book.
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B. Unit of Analysis

In this content analyze, coding process is carried out by taking coding and context units into
consideration. Coding unit is the smallest analysis unit of the communication content, which
will be categorized. Context unit is the unit which is limiting the information to be
considered in description of recording unit. (Krippendorff, 2004). As used unit types vary
depending on properties and content of the analyzed document, they should be described
separately for each. Descriptions for coding and context units, which are determined for
content analysis of 9" Grade Physics Textbook, are given below in details:

B.1. Context Units

In this codebook, main objectives of 9th Grade Physics Curriculum are taken as context
units. As the textbook is prepared according to these objectives and their orders, context
units are also arranged respectively.

B.2. Coding Units

Coding unit was described as the smallest analysis unit of the communication content, which
will be categorized. Coding units in this study are as below:

Paragraph (Should be differentiated from text parts)

Sentence or sentences

Questions

Each step or paragraph of activities (Each of them considered as an individual coding
unit).

Table with an explanation

Picture with an explanation

Figure with an explanation

Whole context unit

Hwnh e

N oo

C. Rules of Analysis,
Rules, which should be taken care while making content analysis, are listed below:

1. Before analysis, read and study the code book until understanding categories and
description deeply.

2. Before analysis, study 9" Grade Physics Textbook.

3. In order to attain goal of the analysis, take indicated coding units in to consideration in
the frame of specified context units.

4. While coding textbook; any context can be chosen as first. However, it is suggested to
follow the code book sequence as this will be easier in coding process. Making the coding
like this, as if reading the curriculum from beginning to end, not only make coding easier,
but also contribute to attain the goal of analysis.

5. In case of getting in difficulty for coding, previous or fallowing parts are checked in the
same, previous or following pages within the frame of same context unit.
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6. A context unit can involve more than one category, but one coding unit can be matched to
only one category.

7. If a code that belongs to one category is repeated in a part, the repeating code is coded
only once.

8. If there is no coding for science process skills in a part, that part is coded as NA.

D. Categories

Most Important step of content analysis is the determination of the categories where data will
be classified (Simon, 1969). Not having standardized or developed categories suitable for all
researches, literature based categories are identified for science process skills in this part.
Reliability of a content analysis is dependent on correctness and validity of the category.
Consequently, for the reliability of the analysis, it is so important for analyzing person to
understand the category deeply.

1. Observing (O)

Observation is a process in order to get direct information for the events and/or things by
using any sense organs and/or different devices. (Carin, & Bass, 2001; Buxton, & Provenzo,
2007; Harlen & Qualter 2009). It is data collecting process by using five senses (seeing,
smelling, hearing, tasting and feeling) separately or together (Martin, 2006). While making
observation; specifications of the things, changes in their movements and structures, changes
in the events are taken into considerations. (Buxton, & Provenzo, 2007). An efficient
observation is made by careful and systematic way for a specific objective. (Carin, & Bass,
2001). Observations can be qualitative or quantitative. Qualitative observations are the ones
that are made directly with sensing organs; such as observing the growth in length of a
flower, roughness of the surface, odor of spoiling fruit. Quantitative observations based on
data with standard or non-standard units related to things or events (Martin, 2006). For
example, indicating the growth in the length of a flower with numerical figures is a
guantitative observation.
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Observing Codes

Type Code Description
Knowledge Declarative | OKD1 | Express that observing is one of the science
Based Knowledge process skills
Domain Dimension | OKD2 | Express that scientist makes observations
OKD3 | Explains the importance of observing in science
or ask question
Process OKP1 Inform about observing skill and ask question
Knowledge | OKP2 Explains how the observation should be and ask
Dimension guestion
OKP3 Informs the important points while observing
and ask question.
Skill Task OSTP Makes student observe without a purpose; this is
Based Based the case that student is physically active but
Domain Skills does not think mentally about the purpose of the
observation
OSTM | Makes student think about how the observation
should be done. Student does not make
observation physically, but he/she is mentally
active for thinking about observation skill
OSTMP | Makes student observe. Ask students to identify

changes in objects by using their senses (visual,
hearing, smelling, touching and tasting senses)
Makes students qualitative observation for a
purpose. Request from students to describe
physical properties, states, movements and/or
changes in these

Example for Category of Observing

Procedure

Tools and Devices
Calcium tablet, balloon, test tube, water

Activity / Do gases have volume?

1. Fill the test tube with some amount of water and put calcium tablet in water.
2. Place the balloon on open side of test tube, as shown in the figure, as soon as
possible.
Draw Conclusion:
1.  What kind of changes at balloon did you observe after placing the balloon on tube?

What can be the reasons for that change?
2. Canyou give other examples from daily life similar to this event?
3. Depending on this activity, what can you say about the volume of gasses?

9" Grade Physics Textbook / Page 109
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Explanation for Coding of Observing Skill Activity: At first item of “Draw Conclusion” part,
it is requested to make observation for the change as a result of the activity. Student is asked
for observing the change in balloon and think about the reason for this change.
Consequently, this activity should be coded as OSTMP.

2. Measuring(S)

Measurement is counting and comparing with its simples meaning. It is describing
measurable things by means of standard or non-standard units. Measurement process can be
made either with standardized devices or non-standardized methods (Wolfinger, 2000). For
example, when the dimension of a room is measured by steps of a man, this measurement
was made with non-standardized method. When it is measured with a scaled ruler in meters,
this measurement was made with standardized “meter” unit. Quality and precision of
predictions and explanations can be improved by making measurement (Carin & Bass, 2001,
Buxton & Provenzo, 2007).

Measuring Codes

Code Description

Type

Knowledge
Based
Domain

Declarative
Knowledge
Dimension

SKD1

SKD2
SKD3

SKD4

Express measuring is one of the science process
skills.

Express scientists make measurements.

Explains or ask questions about importance of
measuring and using measuring devices in science.
Informs about units and their conversions that are
used in a measurement.

Process
Knowledge
Dimension

SKP1
SKP2

SKP3

Informs or asks questions about measuring skill.
Informs or asks questions about process of
measuring.

Informs or asks questions about the aspects to take
care while measuring.

Skill
Based
Domain

Task
Based
Skills

SSTP

SSTM

SSTMP

Makes student measure and/or use measurement
tool; this is the case that student is physically active
but does not think mentally about the measurement.
Makes student think about how measuring should
be done. Student does not make measurement
physically, but he/she is mentally active about
thinking about measuring skill.

Makes student measure and/or develop
measurement tool. Ask students to make
quantitative identifications. Difference between
SSTMP and SSTP; student is not only physically
but also mentally active in SSTMP.
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Example for Category of Measuring

Activity / Measuring Same Temperature in Thermometers Having Different with
Materials
Tools and Devices
Thermometer with mercury, thermometer with alcohol, Beaker, Spirit Stoves, Tripod,
Water
Procedure
1. Prepare a set up that is shown in the figure.
2. Draw a similar table as below on your notebooks. Record data of thermometers with
defined intervals till water starts to boil, into the relevant space at the table.

Measurements Thermometer with Alcohol | Thermometer with mercury
Measurement 1
Measurement 2
(Sample table)

Draw Conclusion
1. Is there any difference between measurements made with thermometers having
alcohol and mercury?
2. After which temperature it started to be different?
Which thermometer showed correct values?
4. What was the last value that you could measure with thermometer having alcohol?
9" Grade Physics Textbook / Page 79

w

Explanation for Coding of Measuring Skill Activity: At second item of “Procedure” part, it is
requested to make measurement with two different types of thermometers and record data of
them. Student is asked for recording quantitative data in second item’s coding unit.
Consequently, this activity should be coded as SSTMP.

3. Inferring (1)

Inference is making the best guess about the reason of a happening (Martin, 2006). Inference
requires interpretation of the events with past experience and knowledge (Carin & Bass,
2001; Buxton & Provenzo, 2007). Important point for this subject is; to distinguish the
difference between inference and guessing ability. Guessing is forecasting the result of an
event which has not been occurred. However, inference is commenting on the reasons of an
already occurred event. For making a correct and efficacious inference, good observation
and data collection procedures should be done. In this context, it is important to emphasis the
relationship between inference and observation skills.
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Inferring Codes

Type Code Description
Knowledge | Declarative | IKD1 | Express inferring is one of the science process
Based Knowledge skills.
Domain Dimension | IKD2 | Express scientists make interference.
IKD3 | Explains or ask questions about importance of
inferring.
Process IKP1 Informs or asks questions about inferring skill.
Knowledge | IKP2 Informs or asks questions about process of
Dimension inferring.

IKP3 Informs or asks questions about the aspects to take
care while inferring.

Skill Task ISTP Makes student infer without any requirement of
Based Based mental activity. This code can be used for parts in
Domain Skills textbook where the explanation is given just after

the part that ask student for make inference.

ISTM | Makes student think about interferences made by
other people. Student does not make measurement
himself/herself. But he/she is mentally active about
thinking about making interference skill.

ISTMP | Makes student explain about reason(s) of an event.
Ask students to make discussion about possible
reasons of an event depending on data.

Example for Category of Inferring

Activity / Observation of Wave

Tools and Devices

Wave basin, three pieces cork, necessary amount of water, light source, rheostat, and
power source.

Procedure

1.

Make groups of five or six people and assign duties by taking the fallowing activity
steps into consideration.

Place a light source on the setup that you prepared for this activity.

Vibrate first cork with your hand and observe changes, apparition at the bottom of
wave basin by the help of light source.

Draw Conclusion
1.

Do corks start to vibrate when the vibration reach to them according to view produced
by light that shows changes in wave basin?

After a while, although corks vibrate up and down in a sequence, they do not leave
their positions. What does it mean to you?

How can you explain the existence of created wave at the other locations of wave
basin?

9" Grade Physics Textbook / Page 216
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Explanation for Coding of Inferring Skill Activity: At third item of “Draw Conclusion” part,
it is requested to make interference for an occurred vibration event, by asking why waves are
observed at other locations of wave basin. So, the third item’s coding unit should be coded as

ISTM.

4. Classifying (L)

Classification, which is grouping the objects and/or events according to their similar or
different specifications, is an important way of organizing the information (Wolfinger,
2000). Classification is made depending on knowledge and/or the data which were obtained
by observations. It should be careful about having a clear classification parameter, to avoid
any confusion during classifying. Because of this reason, classification parameter should be
objective. For example, classifications of cinema films in terms of their types is much better
method than classifying them by saying boring or funny (Settlage & Southerland, 2007).

Classifying Codes

LSTM2

Type Code | Description
Knowledge| Declarative | LKD1 | Express classifying is one of the science process skills.
Based Knowledge |LKD2 | Express scientists make classifications in their studies.
Domain Dimension LKD3 | Explains or ask questions about importance of
classifying.
LKD4 | Informs about classifying; its criteria, and/or common
and/or different specifications that is made before.
Process LKP1 | Informs or asks questions about classifying skill.
Knowledge | LKP2 | Informs or asks questions about process of
Dimension classification.
LKP3 | Informs or asks questions about the aspects to take
care while classifying.
Skill Task LSTM1| Asks to determine common properties of objects or
Based Based events.
Domain Skills Asks to determine different properties of objects or

events.

Asks to put in order events or objects according to
their relationship.

Asks to classify depending on supplied data.

Asks to identify, express, discuss similar properties of
known classification groups.

Asks to identify, express, discuss differential
properties of known classification groups.

Informs, ask question or make think about specified
parameter in a known classification.

Transferring
Skill

LSRM

Asks from students to classify objects or event
according the parameter(s) that they specified by
themselves.
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Example for Category of Classifying Skill:

...When you observe circulation in nature carefully, you can detect solid, liquid and gas
forms of water in different stages of this cycle. Water is gas form while evaporating,
liquid form while raining, solid form while snowing or hailing.

During science and technology lectures, we described matter as an object that has mass,
volume and passivity. We learned that our world is composed of water which we drink,
air that we breath and soil on which we walk and many other matters.

Have you ever thought that matters in the world have similar and different properties?

It is supposed that you have already observed that small droplets are sometimes in water,
sometimes in vapor and sometimes in hail form during water cycle. May it be possible to
describe common properties for all of these three phases of this droplet?

9" Grade Physics Textbook / Page 92

Explanation for Coding of Classifying Skill Activity: In this paragraph section which is
taken from a main text; after informing about classification of matter according to its forms
(solid, liquid, and gas), common properties of three different forms of matter are asked for it.
So, coding unit of this sentence in the paragraph should be coded as LSTM2.

5. Predicting (P)

Predicting is foreseeing the possible result of an unrealized event depending on the past
experiences and collected data (Buxton & Provenzo, 2007). Differential property of
predicting compared to inferring is; predicting is related to the future events which are not
occurred yet. However, while inferring; it is stated on the reasons of an already occurred
event (Carin & Bass, 2001). Scientific research is, a continuously prediction making and
proving or disposing of an argument process. Predictions can be correct, wrong or deficient.
Events may results in as predicted or not. Important point is to learn if the prediction is
correct, wrong or deficient by testing it (Martin, 2006; Wolfinger, 2000).
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Predicting Codes

Type Code Description
Knowledge| Declarative | PKD1 | Express predicting is one of the science process
Based Knowledge skills.
Domain Dimension | PKD2 | Express scientists make predictions about objects or
events in their studies.
PKD3 | Explains or ask questions about importance of
predicting.
Process PKP1 | Informs or asks questions about predicting skill.
Knowledge | PKP2 | Informs or asks questions about process of
Dimension predicting depending on data.
PKP3 | Informs or asks questions about the aspects to take
care while predicting.
Skill Task PSTM1 | Makes student think about what can be predicted
Based Based depending on observations and collected data.
Domain Skills PSTM2 | Asks student to predict about possible results of a
future event, activity or experience.
PSTM3 | Asks student to predict about possible effects of a

new variable by using relationship of known
variables.

Example for Category of Predicting Skill:

Procedure

Tools and Devices
2 pieces empty detergent pack, rubber hose (15-20cm), and colored water

Activity / Observing Water Flow

1. Make groups of five or six people and assign duties by taking the fallowing activity
steps into consideration.

2. Prepare a set up that is shown in the figure.

3. Predict if there will be water flow when the taps opens; first for same amount of
water and then for different amount of water in the packs.

4. Observe if there will be water flow by opening the tabs.

Draw Conclusion

1. Is there any difference between you prediction and observation?

2. In which case there had been a water flow and until when it had continued?

3. From which pack to which pack did the water flow occurred?

9" Grade Physics Textbook / Page 182
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Explanation for Coding of Predicting Skill Activity: In this activity, after preparing the
activity setup, it is requested to make a prediction about the result of activity before starting
the process. Before opening the tabs, it is expected that a prediction will be made if there will
be water flow or not when tabs are opened. At the fallowing step, in order to check if the
prediction is correct, wrong or deficient; tabs are opened and results are compared with the
predictions. In that case, third item (coding unit) of “Procedure” part should be coded as
PSTML.

6. Scientific Communication (C)

Communication is transmitting and sharing idea and/or comments with others, in verbal or
written formats (Martin, 2006; Wolfinger, 2000). Scientific communication is, sharing and
making discussions about the whole or a part of a scientific research. Symbolic
representations such as; words, tables, graphs, models can be used for scientific
communication. Sharing, judging and analyzing of scientific researchers are very important
not only for improvement of the science, but also for repeatability of the researches (Buxton,
& Provenzo, 2007).
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Scientific Communication Codes

Knowledge
Based
Domain

Type

Code

Description

Declarative
Knowledge
Dimension

CKD1

CKD2

CKD3

Express scientific communication is one of the
science process skills.

Express scientists share data obtained from
experiments and observations to be checked,
confirmed, and repeated by other scientists.
Emphasize and think about the necessity of sharing,
discussing and criticizing / analyzing data for
improvement of science.

Emphasize the effect of communication on
construction or distribution of scientific knowledge.

Process
Knowledge
Dimension

CKP1

CKP2

CKP3

Informs or asks questions about scientific
communication skill.

Informs or asks questions about process of scientific
communication.

Informs or asks questions about the aspects to take
care during scientific communication.

Skill
Based
Domain

Task
Based
Skills

CSTP

CSTM

CSTMP

Asks to share researches, which are done from
written sources, with others. Student does not make
any contribution, search for existing knowledge and
share findings.

Make student think about scientific communication.
Student does not make any presentation and/or
discuss with others physically, but only thinks how
to do it well.

Asks to share observations, obtained data,
interferences and/or predictions, hypothesis, control
procedure of variables, design of experiments,
results of experiments, and result of studies, ideas
and/or comments.

Makes presentation about a scientific research,
experiment, observation.

Prepares report for a scientific research, experiment,
observation.
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Example for Category of Scientific Communication Skill

Let’s Investigate

Generally functions of devices that are used in daily life such as; electrical heaters,
adjustable table lambs, can be controlled by a single switch. Investigate the working
principle of this switch and try to figure out which circuit element that you learned up to
now, it can be matched. During your research, you can utilize from electrical and
physics engineers; electronic devices service people, internet and scientific articles
written about this subject. Prepare an open diagram of the investigated device depending
on obtained data and share this with your friends.

9" Grade Physics Textbook / Page 190

Explanation for Coding of Scientific Communication Skill Activity: At this “Let’s
Investigate” part of the textbook, students are requested to make a research about working
principle of switches of electrical devices and draw the diagram of investigated device
depending on obtained data from their research. Additionally, it is requested to transfer
obtained data from student to other students by sharing research and drawn diagram.
Because of that, paragraph coding unit at “Let’s Investigate” part should be coded as
CSTMP.

7. Hypothesing (H)

Hypothesize testable proposals that are aiming to show the relationship between variables
depending on experience, observation and idea (Martin, 2006). Hypothesis can be made
either for a problem or for some events and properties, even for discovering the relationship
between variables. Hypothesize is a kind of prediction that proposing how will be the effect
of independent variable on dependent variable, however prediction is related to only the
result of unrealized event (Bailer, Raming, Ramsey, 1995). Hypothesize guides researchers
to the variables that they need to concentrate on, as it identifies the center point of a research.
While hypothesizing important point is to be testable rather than to be correct. After
hypothesizing, hypothesis should be tested for its correctness with different methods
(Raming & Ramsey, 2006).
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Hypothesing Codes

Type Code Description
Knowledge | Declarative | HKD1 | Express hypothesing is one of the science process
Based Knowledge skills.
Domain Dimension | HKD2 | Express scientists hypothesize in their studies, give
part for hypothesis.
HKD3 | Explains or ask questions about importance of
hypothesing.
Process HKP1 | Explains what is hypothesis and/or how to
Knowledge hypothesis or asks questions.
Dimension | HKP2 Informs or asks questions about process of
hypothesing, and properties of a good hypothesis
(to be rational, clear and functional, testable).
HKP3 Informs or asks questions about the aspects to take
care during hypothesing.
Skill Task HSTM1 | Asks to evaluate supplied or created hypothesis in
Based Based terms of properties that a good hypothesis should
Domain Skills have.
HSTM2 | Asks to decide if a hypothesis can be tested or not.
Asks to make a testable hypothesis for a research or
an experiment to explain an event or relationship.

Example for Category of Hypothesing Skill:

... The most significant difference between scientific and other researches is that;
scientific researches depend on data. First of all, a scientific research needs a problem to
be investigated. After determination of the problem; necessary observations, experiments,
researches are made in order to obtain data for explanation of the problem. Having
obtained data, some hypotheses are made. Do you know what hypothesis is?

Hypothesis, which is made depending on data, is a temporary solution method of a
scientific problem. A scientific hypothesis should be able solve the problem within some
limitations and involve all existing data. Additionally, validity of a scientific hypothesis
should be testable by the help of some experiments. After that, correctness and validity of
predictions based on hypothesis, consequently the hypothesis, are tested by making
controlled experiments. This process is done by comparing test results with predictions.
Finally, it is concluded if obtained data from those controlled experiments are supporting
the hypothesis or not. In case of necessity, degree of support is also decided.

Scientists continuously collect data during their researches and make some statements
depending on those data. In order to solve a research problem, scientists hypothesize
based on data. These hypothesizes are exposed to a continuous testing process. During
this testing process, some of them strongly supported with experiments and become more
important, on the other hand it is concluded that some of them are not valid.

9™ Grade Physics Textbook / Page 39
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Explanation for Coding of Hypothesing Skill Activity: In this text, coding units of second
and third paragraph, scientific method, hypothesing skill are explained and it is expressed
that scientists continuously make hypothesing and test those hypothesizes. So, correct
coding unit should be HKP1 for second paragraph and HKD2 for third paragraph.

8. Defining and Controlling Variables (V):

Defining variables is enouncing all effecting factors for an experiment which will be done.
Control of variables is; not only defining variables which will be changed and/or stabilized,
but also changing only independence variable, which will be tested, by stabilizing all other
variables excluding independence (Arthur, 1993). Only one variable is changed in an
experiment, in order to find the affecting variable on the test result (Peters, & Stout, 2006).
Thus, influence of the independent variable on dependent variable can be explained in an
experiment.
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Defining and Controlling Variables Codes

Knowledge
Based
Domain

Type

Code

Description

Declarative
Knowledge
Dimension

VKD1

VKD2

VKD3

Express defining and/or controlling variables are one
of the science process skills.

Explains that one, some or all of the below aspects
are involved in the experiments carried out by
scientists: Defining and identification of variables,
procedure of controlling variables during the
experiment, Making decision of changing variables
and how to make such decisions, Procedure of
making a conclusion at the end of an experiment
depending on obtained data.

Explains or ask questions about importance of
defining and controlling variables in science.

Process
Knowledge
Dimension

VKP1

VKP2

VKP3

Informs or asks questions about defining and
controlling variables.

Informs or asks questions about process of defining
and controlling variables.

Informs or asks questions about the aspects to take
care during defining and controlling variables.

Skill
Based
Domain

Task
Based
Skills

VSTP

VSTM1

VSTM2

VSTMP

Explains how the variables will be controlled and ask
student to make it. This is the case in which student is
physically active but not mentally, as the method of
controlling variables is already explained.

Ask student to define dependent, independent and
controlled variables for a case, event or experiment.
Student is not physically, but mentally active as
he/she is thinking about defining and controlling
variables.

Ask students to define and/or identify variables for a
case, event or experiment. Also to think how to
control variables of an experiment. Student is not
physically, but mentally active as he/she is thinking
about controlling variables.

Makes students do at least one, some or all of these
activities for a case, event or experiment: Defining
variables, Defining dependent variables, Defining
independent variables, Defining controlled variables,
Defining un-controlled variables, Defining changing
procedure of independent variables, Expressing
relationship of two variables after an experiment,
Investigating the reason of an unexpected result,
based on variables when it occurs.
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Example for Category of Defining and Controlling Variables Skill:

Problem Solving

Salih Can and his father go for fishing at weekend by boat. They cast fishing lines into

sea and start to wait. Meanwhile wind is blowing slowly. During Salih Can fishing, he

also observes waves. He recognizes decrease in number of waves and distance between
each wave. He asks the reason of this case.

What can be the reason of change in speed and length of waves when they get closer to
coast, according to you?

Do you think most effective factor for this problem is depth or wave speed?
Determination of Variables:

Dependent Variables: ........c.iiirii it
Independent variables: ... ..ot e
Controlled Variables: ... ....o.oiiiii e
A T D301 1 LA Yo

9" Grade Physics Textbook / Page 229

Explanation for Coding of Defining and Controlling Variables Skill Activity: In this
“Problem Solving” part of textbook, an explanation is requested for a due diligence. Reason
of decrease in distance between waves is asked. In other words, it is requested to determine
dependent variables causing this case. Second question make students think about two
different variables. Then students are asked to determine dependent, independent and
controlled variables. In this part question sentence, which is the coding unit, should be coded
as VSTM.

9. Experimenting (E)

Making experiment is a complex skill that involves all other skills. Basic purpose of
experimenting is the test the hypothesis or predictions, in such a way that making an
effective plan to detect the effect of a selected independent variable on the dependent
variable (Martin, 2006). Experimenting skill involves the skills of; choosing suitable tools
and devices for prediction or hypothesis, correct utilizing of those tools and devices, building
up suitable setup according to the purpose of the experiment, obtaining data by controlling
variables, evaluating the prediction or hypothesis by reaching to a rational conclusion
(Settlage & Southerland, 2007). As skill of experimenting involves all other skills it may be
difficult to differentiate this skill. Therefore both of below aspects should be checked:

e Predicting the result of the experiment or making hypothesis for explaining the
relationship between two variables before starting to the experiment.

e  Testing the prediction or hypothesis.
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Experimenting Codes

Knowledge
Based
Domain

Type

Code

Description

Declarative
Knowledge
Dimension

EKD1

EKD2
EKD3

Express experimenting is one of the science process
skills.

Express scientists design and make experiment.
Explains or ask questions about importance of
experimenting.

Process
Knowledge
Dimension

EKP1
EKP2

EKP3

Informs or asks questions about experimenting skill.
Informs or asks questions about process of
designing and/or making experiment and how to use
experiment devices.

Informs or asks questions about the aspects to take
care during experimenting.

Skill
Based
Domain

Task
Based
Skills

ESTP

ESTM

ESTMP

Ask students to make experiment, of which steps
are designated, involving all below tasks:

o Ask students to predict result of experiment or
hypostasize.

o Ask students to prepare setup of experiment.

e Ask students to collect data.

e Ask students to interfere data.

e Ask students to decide on correctness of
prediction or hypothesis depending on obtained
data from experiment.

Does not ask students to make experiment

physically. However, Make them think about how

to make a set up for an experiment to test
hypothesis.

Ask student to choose appropriate tools and devices

for an experiment to be done. Request from students

to prepare a genuine experiment setup for one of the

following purposes; test a hypothesis, asses a

prediction, identify relationship between variables

or answer a question.
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Example for Category of Experimenting Skill Activity:

Activity- Let’s Make a Distinction between Heat and Temperature
I Be careful while using spirit stove in the activity.

Equipment
2 thermometers, 2 beakers, 2 spirit stoves, Water (1.5 L), 2 tripods

Procedure

1. As shown in the photograph build the set up carefully by putting water into the beakers
as one of them has water twice as much as the other.

2. Measure the temperature of the water in each beaker.

3. By discussing, make a prediction about the values indicated by the thermometers will
be the same or not if heat is given to each of the beakers for equal periods of time.

4. Light the spirit stoves carefully.

5. By observing the values indicated by the thermometers at regular intervals, fill in the
table similar to the following to your notebooks.

Time t=0 t 2t 3t 4t
Temperature of lesser water
Temperature of greater water
Total heat given

Draw Conclusion

1. Is there a difference between your prediction and observation? If there is, what is the
reason of this difference in your opinion?

2. What is the reason of the difference between the temperature changes of the
substances in the table although the same amount of heat is given?

9" Grade Physics Textbook / Page 81

Explanation for Coding of Experimenting Skill Activity: In this activity, firstly students are
asked to make a prediction for the result of experiment (Procedure, item 3). They are
expected to collect data and record these data by executing experiment steps (Procedure,
item 5). Test their predictions with the help of collected data. In this case, being a coding
unit as well as whole activity should be coded as ESTP.

10. Collecting and Interpreting Data (D)

Collecting data skill is gathering qualitative and/or quantitative data depending on prediction
and hypothesis and transforming the data into different forms such as table, graph, and chart.
Interpretation skill is the ability to determine the relationship between dependent and
independent variables by inferring the data in a logical way (Ramign, & Ramsey, 2006;
Martin, 2006; Wolfinger, 2000). Three important aspects are; (a) data should be collected
according to the purpose, (b) data should be organized in most suitable format for reaching
in a valid conclusion and (c) thinking on the data to conclude with logical result.

163



Collecting and Interpreting Data Codes

Type

Code

Description

Knowledge
Based
Domain

Declarative
Knowledge
Dimension

DKD1

DKD2

DKD3

Express collecting, sorting in a systematic manner,
cleaning data from irrelevant ones and/or interpreting
data are one of the science process skills.

Express scientists systematically collect data,
organize them and/or make logical interpretations.
Gives detailed example for collecting data and
interpretation studies (Gives examples not only with
general phrases such as “collected those data”, but
also including detailed information about how data
are collected, how they are organized, what kind of
aspects are taken care during that process).
Explains or ask questions about importance of
collecting and interpreting data

Process
Knowledge
Dimension

DKP1

DKP2

DKP3

Informs or asks questions about collecting and
interpreting data skill.

Informs or asks questions about process of collecting
and/or interpreting data. Gives examples about how
data of a study is organized.

Informs or asks questions about the aspects to take
care during collecting and interpreting data.

Skill
Based
Domain

Task
Based
Skills

DSTP

DSTM

Ask students to collect data: Requests from students
to record obtained data from their observations, Ask
students to collect data from trials made with
variables.

Ask students to organize collected data: Requests to
clean data from the unnecessary ones that are not
effective and/or can cause complication. Inquire to
convert from one form (text, graphic, tables, pie-chart
etc.) to another form (text, graphic, tables, pie-chart
etc.).

Transferable
Skills

DSR1

DSR2

Asks students to make interpret data. Requests from
students to use visual forms (graphs, tables, pie-
charts etc.). Inquire interpret a visual form (graphs,
tables, pie-charts etc.).

Asks students to compare predictions with results
depending on data obtained from observation/
experiment.

Asks students to draw a conclusion by interpreting
data.

Asks students to make prediction about general
applicability of obtained data.
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Example for Category of Collecting and Interpreting Data Skill

Problem Solving

Problem Case

In Ugurlu town, some of the students are curious about the magnitude of velocity of train
passing in this town. What kind of method can these students use to find magnitude of
speed of the train? (If there is no train in your location, prefer most suitable
transportation vehicle for you.)

Procedure

First of all, let’s find a linear part of train rail that train passes. Locate five students,
parallel to rails and at a distance safe enough, with fifty meters gap between each of
them. Note that they all have chronometer with them. Students should start chronometer
when train, locomotive as reference point, passes first student line and stop when train
arrive to his/her line. Let’s draw a table as shown below, fill it with measured durations
by the help of chronometer, and sketch the distance — time graph depending on the data
on table.

Distance (m) 0 50 100 150 200
Time (s)

While drawing distance — time graph, it is necessary to ignore mistakes caused by time
measurements.

Draw conclusion

1. How can students determine magnitude of velocity of the train by using their data?
Write and calculate in details.

2. What kind of other moving objects’ magnitude of velocity can you determine by
using similar method?

3. What can be other methods to calculate magnitude of velocity of the train? Please
write.

9" Grade Physics Textbook / Page 138

Explanation for Coding of Collecting and Interpreting Data Skill Activity: In this “Problem
Solving” part of the textbook, first of all students are asked to fill the collected data, which is
collected during observation by the help of an example table, in appropriate spaces of a table
(DSTP). After that, students are requested to transfer these data into another form that is a
graph (DSTM). At “Draw Conclusion” part, it is demanded from students to express their
opinions about how to calculate magnitude of velocity of a variable by utilizing sketched
graph (DSR2). In this case this part of the textbook should be coded as DSTP, DSTM and
DSR2 respectively.
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11. Modeling (M)

Model, is understandable, concrete and visual format of a concept, event, fact or system,
which are not normally can be detected by five sense organs. Any object, drawing,
mathematical equivalence, computer program or similar things can be models. Value of the
model is its specification that explains how something works (Wolfinger, 2000; Martin,

2006).

Modeling Codes

Knowledge
Based
Domain

Type

Code

Description

Declarative
Knowledge
Dimension

MKD1
MKD2

MKD3

Express modeling is one of the science process skills.
Express scientists make models to make concepts
objects and events more understandable which are
difficult to be understood. Informs in detail about
models that scientists did. (Who constructed the model,
similarities and differences between model and
reference)

Explains or ask questions about importance of
modeling in science.

Process
Knowledge
Dimension

MKP1

MKP2

MKP3

Informs about modeling skill. Emphasis or asks
questions about similarities and differences between
model and reference object /event.

Informs or asks questions about process of modeling.
Use models to explain events, objects or idea by
confirming below conditions:

* Emphasis it is the model of a narrative thing.

* Informs about similarities and differences between
the reference

Informs about the aspects to take care during modeling
Informs or asks questions about the importance of
collecting data of reference as much as possible to be
able to make modeling.

Skill
Based
Domain

Task
Based
Skills

MSTP
MSTM

MSTMP

Asks student to make previously constructed model.
Asks student to find similarities and/or differences
between model and reference (object, event concept
system etc.).

Asks students to explain relationship between events
and concepts by using previously made models.

Asks students to convert a form (i.e.; three dimensional
objects) into another form (i.e. two dimensional
drawing) in such a way that it will represent or explain
the reference.

Asks students to make original model of a new concept
or event.
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Example for Category of Modeling

Activity / Make Modeling

Tools and Devices
One piece of closed box, measure, calculator, graph paper

Procedure

1. Make groups of five or six people and assign duties by taking the fallowing activity
steps into consideration.

2. Try to collect some data about the inside shape of the given box together with your
group members.

3. By using collected data, draw a model for internal shape of the box that can explain
it best.

4. Discuss with your group members about relationship of this model with your data.

Draw Conclusion
1. Compare your model with model of other groups.
2. Can you say which model is the best? Why?
3. Are there any similarities between your and scientist’s modeling process?

9" Grade Physics Textbook / Page 42

Explanation for Coding of Modeling Skill Activity: In this activity, students are asked to
collect data and draw a best representative model of internal shape for three dimensional box
(Procedure, Item 2 & item 3). Moreover students are requested to compare all models and
choose the best drawn model (Draw Conclusion, item 1 & item 2). At the last item of
activity, it is demanded from students to compare their process with model construction
process of scientists (Draw Conclusion, item 3). In this case, item 2 and item 3 (coding units)
at “Procedure” part should be coded as MSTMP.
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APPENDIX B

BiLIMSEL SUREC BECERILERI KOD REHBERI

Bu kod rehberi, Ortadgretim 9. Sinif Fizik Dersi Kitabinin (Kalyoncu ve ark., 2010) nesnel
ve sistematik bir sekilde bilimsel siire¢ becerileri (BSB) agisindan incelenmesi igin
hazirlanmistir. Kod rehberi, (1) Giris, (2) Analiz birimleri, (3) Kategoriler, (4) Analiz
kurallar1 olmak iizere dort boliimden olusmaktadir. Birinci boliim, igerik analizi hakkinda
kisa ve &z bir agiklamadan olusan giris boliimiidiir. ikinci boliimde analiz birimleri hakkinda
bilgi verilip, calismanin baglam ve kayit birimleri agiklannmstir. Ugiincii boliimde bilimsel
siire¢ becerilerine ait kategorilerin tanimlar1 6rnekleriyle agiklanmistir. Son béliim olan
dordiincii boliimde ise dikkat edilmesi gereken analiz kurallarina yer verilmistir.

A. Giris

Icerik analizi, yazil1 ya da resimli bir belgeden arastirmacinin incelemek istedigi mesajin
nicellestirilmesidir (Krippendorff, 2004). Berelson (1952), ise icerik analizini iletisimin a¢ik
igeriginin nesnel, sistematik ve nicel tanimlarini yapan bir arastirma teknigi olarak
tanimlamistir. Bu ¢alismada yapilan igerik analizinin amaci, iilkemizde Ortadgretim 9.
Siiflar i¢in Talim terbiye Kurulundan onay almis Fizik Ders Kitabinda (Kalyoncu ve ark.,
2010) bilimsel siire¢ becerilerine ne kadar yer verildigini nesnel ve sistematik bir sekilde
ortaya ¢ikarmaktir.

Guniimiizde fen bilimleri egitimi; fen bilgisi yaninda, bilimsel diisiinme ve siire¢ becerilerini
gelistirmeye yonelik hedeflere vurgu yapmaktadir. Bu yaklagim 6gretim programlar1 bagta
olmak tizere ders kitaplarini da kapsayan tiim 6gretimsel siireclere yansimaktadir. Bu
yaklasimla gelistirilen ders kitaplari, gesitli etkinlik, uygulama ve sorularla 6grencilerde a)
bilimsel siire¢ becerileri, b) elestirel diisiinme becerileri, ¢) bilimsel muhakeme becerileri
olmak tizere li¢ yonlii diisiinme becerisini gelistirecek sekilde tasarlanmistir. (Dokme, 2004).

Bu diisiinme becerilerinden Bilimsel Siire¢ Becerileri, Cepni, Ayas, Johnson ve Turgut,
(1996) tarafindan “fen bilimlerinde 6grenmeyi kolaylastiran, 6grencilerin aktif olmasini
saglayan, kendi 6grenmelerinde sorumluluk alma duygusunu gelistiren, 6grenmenin
kaliciligini arttiran, arastirma yollar1 ve yontemlerini gosteren temel beceriler” olarak
tammlanmustir. lyi bir fen miifredatinda bilimsel siire¢ becerilerine yer verildigi takdirde
ogrencilerin fen konularini daha iyi 6grendigi, fen dersine olan tutumlarinin pozitif yonde
degistigi ve fen dersi ortaya konmustur (Colvill & Pattie, 2003; Flehinger, 1971; Radford,
1992). Ayrica bilimsel siire¢ becerilerinin gelistirilmesi 6grencilere problem ¢ézme, elestirel
diisiinme, karar verme, giinliik hayatta karsilastiklar1 sorunlart belirleme, ¢6ziim 6nerileri
sunma ve meraklarini giderme imkanlar1 verir (Temiz, 2001). Bilimsel siire¢ becerilerinin
fen egitimine katkilarini gdsteren galigsmalar dikkate alindiginda, bu becerileri fen
Ogretiminin bir pargasi haline getirmek kaginilmazdir.
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Bu ¢alismada bilimsel siire¢ becerileri, temel bilimsel siire¢ becerileri ve biitiinlesik bilimsel
stire¢ becerileri olarak iki boyutta ele alinmaktadir. Temel bilimsel siire¢ becerileri; gézlem
yapma, 0l¢me, ¢ikarim yapma, siiflandirma, tahmin etme ve bilimsel iletisim kurma
becerilerinden olusurken, biitiinlesik bilimsel siire¢ becerileri ise; hipotez kurma, deney
tasarlama/yapma, degiskenleri belirleme/kontrol etme, veri toplama/yorumlama ve model
yapma becerileridir. Bilimsel siire¢ becerilerinin detayli tanimlarina kod rehberinde
Kategoriler Boliimiinde yer verilmistir.

B. Analiz Birimleri

Bu igerik analizinde kodlama iglemi, kayit birimi ve baglam birimi dikkate alinarak yapilir.
Kayit birimi, “iletigim iceriginin belli bir kategoriye yerlestirilecek olan en kiiciik
¢ozlimleme birimidir. Baglam birimi ise, kayit birimini degerlendirmek i¢in, i¢inde yer aldig
baglami sinirlandiran en genis boliimdiir (Tavsancil, & Aslan, 2001). Kullanilan birim tiirleri
analiz edilen belgenin niteligine ve icerigine gore degisiklik gosterdiginden dolay1
incelenecek her belge i¢in ayri ayr1 tanimlanmalidir. Ortadgretim 9. Sinif Fizik Dersi Kitabi
icerik analizi i¢in belirlenen baglam ve kayit birimleri asagida detaylar1 ile tanimlanmistir.
Baglam ve kayit birimlerine ek olarak bu ¢alismada Ortadgretim 9. Simif Fizik Dersi
Kitab1’nda yer alan birbirinden farkli boliimler de analiz birimi olarak dikkate alinir. Baglam
birimi, kayit birimini dogru ve tutarli bir sekilde kodlamak icin belirlenirken ve hicbir
sekilde kodlanmazken, kitabin boliimleri bilimsel siire¢ becerileri kodlarindan bagimsiz bir
sekilde kodlanir.

B.1. Baglam Birimleri

Bu ¢alismada, 9. Simif Fizik Dersi Ogretim Programinda yer alan iist kazanimlar baglam
birimi olarak alinmistir. Kitap bu kazanimlara ve sirasina gore hazirlandigi i¢in baglam
birimleri de bu siralamaya uygun olacak sekilde belirlenmistir. Analiz sirasinda dikkate
almacak baglam birimleri her iinite i¢in asagidaki sekilde belirlenmistir:

Unite 1
1.1. Fizigin ugras alan1: 20. sayfadan 22. sayfadaki ‘“Naz’in Gézlemi” basliga kadar.

1.2. Fizigin dogasi: sayfa 22’deki “Naz’in Gozlemi” bashigindan 41. sayfadaki “Ayse Nine
Ne Yapmali1” basligina kadar.

1.3. Fizikte modelleme ve matematigin yeri: 41. sayfadaki “Ayse Nine Ne Yapmali”dan 43.
sayfadaki “Nereden Nereye” basligina kadar.

1.4. Fizik, giinliik yasam ve teknoloji: 43. sayfadaki “Nereden Nereye” basligindan 45.
sayfanin sonuna kadar.

Unite 2
2.1. Is, giig ve enerji: 52. Sayfanin basindan 60. Sayfadaki 3. Etkinlik; “Enerji Doniisiimii”ne

kadar.

169



2.2. Enerji doniisiimleri ve enerjinin korunumu: 60. Sayfadaki 3. Etkinlik; “Enerji
Doéniistimii’nden 69. Sayfadaki “Hayat Kaynagi Nereden Karsilanmakta?”” basligina
kadar.

2.3. Enerji kaynaklari: 69. Sayfadaki “Hayat Kaynagi Nereden Karsilanmakta?” basligindan
75. Sayfanin sonuna kadar.

2.4. Is1 ve sicaklik: 76. Sayfanin bagindan 82. Sayfanin sonuna kadar.
Unite 3

3.1. Maddelerin siiflandirilmasi ve 6zellikleri: 92. Sayfadan 111. Sayfadaki “Her Degisim
Zararli midir?” bagligina kadar.

3.2. Maddelerin degisimi: 111. Sayfadaki “Her Degisim Zararli midir?”” bagligindan 116.
Sayfanin sonuna kadar.

Unite 4

4.1. Bir boyutta hareket:126. Sayfanin bagindan 144. Sayfanin sonuna kadar.

4.2. Dogadaki temel kuvvetler: 145. Sayfanin bagindan 148. Sayfanin sonuna kadar.

4.3. Newton’un Hareket Yasalart: 149. Sayfanin sonundan 156. Sayfanin sonuna kadar.
4.4. Siirtiinme Kuvveti:157. Sayfanin bagindan 165. Sayfanin sonuna kadar.

Unite 5

5.1. Elektrik Akimi: 178. Sayfanin bagindan 198. Sayfanin sonuna kadar.

5.2. Elektrik akiminin manyetik etkisi: 199. Sayfanin bagindan 205. Sayfanin sonuna kadar.
Unite 6

6.1. Dalgalara ait temel biiyiikliikler: 214. Sayfanin basindan 239. Sayfanin sonuna kadar.
B.2. Kayit Birimleri

Kayit birimi, i¢erigin belli bir kategoriye yerlestirilecek olan en kiigiik ¢oziimleme birimi
olarak ifade edilmisti. Bu ¢alismada belirlenen kayit birimleri sdyledir;

1. Paragraf (Kitap boliimii olan Paragraf ile karistirilmamalr)
2. Climle ya da climleler

3.  Sorular
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Etkinliklerin her bir maddesi (basamagi) ya da paragrafi (her biri ayr1 bir kayit birimi
olarak degerlendirilir.)

Aciklamasi olan tablo
Agiklamasi olan resim
Aciklamasi olan sekil

Baglam biriminin tamami
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B.3. Kitabin Boliimleri

Tablo1. Kitap Boliimleri

Bolim adi1 | Kod Aciklama
Aragtiralim | AR | “Arastiralim” baglig1 ve biiyliteg
sembolil ile baslar. Agik yesil
cercevesi ile diger paragraf ve
béliimlerden ayrilir. Ogrenilen
kavramlar derinlemesine irdelenerek
giinliik hayatla baglantilar1 i¢in farkli
kaynaklardan aragtirtlir ve sonuglar
sinifta paylasilir.
Etkinlik ET | “Etkinlik” baslig1 ve bir sayfa iizerine
konmus biiyiite¢ ve kalem sembolii ile
baslar. Sar bir fon ile diger paragraf
ve boliimlerden ayrilir. Bu boliimde
Ogrencilerin, verilen ara¢ gerecleri
kullanarak istenilen bilgiyi kendi
gayretleriyle kesfetmeleri beklenir.

Bunlan BB | “Bunlan Biliyor musunuz” bashgi ile
Biliyor baslar. Ozel bir fon ve iizerindeki
musunuz? kafasinda 3 adet soru igareti bulunan

bir insan kafasiyla diger paragraf ve
boliimlerden ayrilir. Bu bolimde
Ogrenilen konularla ilgili dikkat ¢ekici
0z bilgiler sunulur.

Ornek OR | “Ornek” bashigi ile baslar. Sayfada
kahverengi ¢izgi ile ¢cergevelenmis

‘Ornek’ boliimiinde 6rnek sorular
¢ozlimleriyle yer almaktadir. Bu
kisimda soru ve cevap bir biitiin olarak |
kabul edilir.

Proje PJ | “Proje” baslig1 ve degisik boylarda 3
disli sembolii ile baslar. Ana
metinlerden acik sar1 fon ve yesil
cerceve ile ayrilir. Kesfedilen bilgiler

Ogrencilerce bir sistem iginde
uygulamaya donistiiriiliir.

Unite giris UG | Bu boliim her iinitenin, {inite

sayfasi basligindan sonra ilk sayfasinda yer
alir. Konu ile ilgili bir resim, ana konu
basliklar1 ve tinitede nelerin
Ogrenilecegine dair agiklamalardan

olusur.
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Tablo1. Kitap Boéliimleri (Devam)

Bolim adi

Kod

Agiklama

Ornek

Evde Ugras

EU

“Evde Ugras” basligi ile baglar. Sari
fonu ve sol kenarinda alt alta dizili
noktalariyla diger boliim ve
paragraflardan ayrilir. Ogrencilerin
bazi kazanimlar genigletmek amaci ile
siif disinda yapacagi ¢aligmalari
igerir.

ey i

Atomlarin dengeli yapilan bir dis etkiyle bozulabildigi gibi. dengl
olmaksizin kendiliginden 1g1ma yaparak kararl hale gegebilir. Uranyu
mektir, Bu tor buolaya da do
ment, kararli bir yapiya sahip kurgun kada

Tartisalim

TR

“Tartigalim” baglig1 ve kareli kagit
iizerinde yer alan birbirine bakan iki
kafa ve lizerinde degisik renklerdeki
soru isaretleriyle hazirlanmis bir
sembol ile baslar. Bazi yasa ve
teorilerin gelisim siireclerinin tartisilir.

Unite
Sorulari

us

“Unite Sorular1” bashg: ile baslar. Her
iinitenin sonunda yer alan degisik soru
cesitlerini igeren degerlendirme
sorularinin yer aldig1 boliimdiir.

Problem
Cozelim

PC

“Problem Cozelim” bagligi ile baglar.
Bir gerceve ile diger boliim ve
paragraflardan ayrilir. Fonu, yer aldig1
iinite renginin agik tonudur. Giinliik
hayatta karsilasilabilecek sorunlara
¢OzUm aranir.

Hig
diistindiiniiz
mii?

HD

“Hig¢ Diigiindiiniiz mii?” baslhigi ile
baslar. Unite boyunca islenecek
konularla ilgili hazirlik i¢in dikkat
¢ekecek nitelikte tinitedeki ana
amaglar1 iceren sorular kapsar. Her
iinitenin girig sayfasindan sonraki ilk
sayfadir.

Unite
Baglam

UB

Unitede gegen kavramlarla, giinliik
hayatta kullanilan teknolojik arag
gerec veya olaylarla iliski kurmak igin
yazilan bliimdiir. Unitelerde ‘Hig
Diisiindiinliz mii’ boliimiinden sonra
yer alir, bazi tinitelerde ise bu bdliime
yer verilmemistir.
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Tablo1. Kitap Boliimleri (Devam)

Bolim adi

Kod

Agiklama Ornek

Dikkat

DK

“Dikkat” baslig1 ve kirmizi bir tiggen
icerisinde beyaz bir iinlem isareti ile
hazirlanmig bir sembol ile baslar.
Bazi etkinliklerin ve aragtirmalarin
gerceklestirilmesi esnasinda
dogabilecek tehlikelere karsi

almmasi gereken tedbirleri igerir.

Pekistirelim

PK

“Pekistirelim” baglig1 ile baslar.
Unitede dgrenilen kavramlarim daha
kalic1 hale getirilmesinin
hedeflendigi boliimdiir.

Kutu

KT

Belli bir baglig1 olmayan, ana
metinden iiniteden {initeye degisen
renkteki fonu ile ayrilan boliimdiir.

Sema

SM

Bir gerceve ile ana metinden ayrilmis |
semalar1 kapsar.

Okuma
Parcasi

OP

Bazi iinitelerin sonlarmda bulunan
okuma pargalaridir. Ayri bir sayfada
baglar, mor renkli fonu ile ayirt
edilir.

Paragraf

PR

Ana metin igerisinde yer alan, anlam
biitiinliigl tasiyan paragraf.
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C. Analiz Kurallar

Ierik analizi yapilirken dikkate alinmasi gereken kurallara asagida yer verilmistir.

1.

Analize baslamadan 6nce kod rehberini, kategorilere ve tanimlara hakim oluncaya kadar
okuyunuz ve dikkatlice inceleyiniz.

Analize baglamadan 6nce Ortadgretim 9. Sinif Fizik Kitabini inceleyiniz.

Analizin amacina uygun olmasi i¢in belirtilen kayit birimlerini belirtilen baglam birimleri
gergevesinde ele aliniz.

Kitap kodlanirken istenilen baglamdan baslanabilir fakat kodlama islemine getirecegi
kolaylik agisindan iinite iinite ilerlenmesi, iinite igerisinde de kazanimlarin sirasi ile takip
edilmesi tavsiye edilir. Kitab1 bagtan sonra okur gibi ilerlenmesi kodlamay1
kolaylastirdig1 gibi analizin amacina uygun olmasina da katki saglayacaktir.

Kodlama isleminde zorluk ¢ekildigi zaman ayni baglam birimi i¢erisinde kalarak o ya da
bir dnce/sonraki sayfada yer alan bir 6nce/sonraki boliimlere gidilir.

Bir baglam birimi ve iinite boliimii birden ¢ok kategoriyi barindirabilecekken, bir kayit
birimi sadece bir kategoriyle eslestirilir.

Bir iinite boliimii igerisinde bir kategoriye ait bir kod tekrarlaniyorsa, tekrarlanan kod
sadece bir defa kodlanir.

Bir iinite boliimii iginde bilimsel siire¢ becerilerine ait herhangi bir kodlama yapilmiyorsa
0 bdliim NA olarak kodlanir.

D. Kategoriler

Icerik analizinin en 6nemli asamasi, verilerin simiflandirilacag kategorileri belirlemektir

(Simon, 1969). Her arastirmaya uygun, gelistirilmis ya da standardize edilmis kategoriler

listesi s6z konusu olmadigi i¢in bu boliimde, bilimsel siire¢ becerileri i¢in literatiir ¢alismasi

15181nda belirlenmis kategoriler tanimlanmistir. Analiz yapan kisinin kategorilere hakim
olmasi ¢alismanin gilivenirligi i¢in biiyiik dnem tagimaktadir, ¢iinkii bir i¢erik analizinin

giivenirligi, kullanilan kategorilerin uygunlugu ve gecerligine baglhdir.
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1. Gozlem Yapma (O)

Gozlem yapma, herhangi bir duyu organiyla veya farkli arag-gereclerle nesne ya da olaylar
hakkinda dogrudan bilgi elde etmek i¢in yapilan islemdir (Carin, & Bass, 2001; Buxton, &
Provenzo, 2007; Harlen & Qualter 2009). Bes duyunun (gorme, koklama, duyma, tatma ve
dokunma) ayr1 ayr1 ya da birlikte kullanilarak nesne ya da olaylar hakkinda veri
toplanmasidir (Martin, 2006). Gozlem yaparken nesnelerin 6zelliklerine, hareket ya da
yapilarindaki degisime, olaylardaki degisime dikkat edilir (Buxton, & Provenzo, 2007).
Etkili bir gbzlem, belirli bir amag¢ dogrultusunda dikkatli ve sistemli bir sekilde yapilir
(Carin, & Bass, 2001). Gozlemler nitel ya da nicel olabilir. Nitel gézlem gigegin boyunun
uzamasl, yiizeyin pliriizlii olmasi, ¢iirliyen bir meyvenin kokmasi gibi dogrudan duyu
organlariyla yapilan gézlemlerdir. Nicel gézlem ise nesne ya da olay ile ilgili verinin standart
olan ya da olmayan birim cinsinden ifade edilerek yapilan gézlemlerdir (Martin, 2006).
Ornegin ¢igegin boyunda meydana gelen degisikligi sayilarla ifade etmek nicel bir
gozlemdir.

Gozlem yapma kodlart

Tiir Kod Agiklama
Bilgi Ifadesel | OKD1 | Gézlem yapmanin bilimsel siire¢ becerilerinden biri
Boyutu | Bilgi oldugunu ifade eder.

OKD2 | Bilim adamlarinin gozlem yaptiklarini ifade eder.
OKD3 | Bilimde g6zlemin 6nemini agiklar ya da soru sorar.

Islemsel | OKP1 | Gézlem yapma becerisi hakkinda bilgi verir, soru sorar.
Bilgi OKP2 | Nasil gozlem yapilmasi gerektigini agiklar, soru sorar.
OKP3 Gozlem yaparken dikkat edilmesi gerekenler hakkinda
bilgi verir, soru sorar.

Beceri | Gorev OSTP Ogrenciye bir amag belirtmeden gdzlem yaptirir;

Boyutu | Becerileri 6grencinin sadece fiziksel olarak etkin oldugu fakat
zihinsel olarak gézlemin amacini diisiinmedigi durumdur.
OSTM | Ogrenciyi gdzlem yapma becerisi; nasil gézlem yapilmasi
gerektigi hakkinda diisiindiiriir. Ogrenci fiziksel olarak
bir gozlem yapmaz; fakat gozlem yapma becerisi
hakkinda diislinerek zihinsel olarak etkindir.

OSTMP | Ogrenciye gdzlem yaptirir. Nesnelerde meydana gelen
degisimi duyularini kullanarak (gérme, isitme, koklama,
dokunma ve tat alma) belirlemesini ister.

Ogrenciye belirli bir amag dogrultusunda nitel gézlem
yaptirir; Cisimlerin fiziksel 6zelliklerini, durumlarini,
hareketlerini ve/veya bunlarda meydana gelen
degisiklikleri betimlemesini ister.

176



Gozlem yapma kategorisi i¢in 6rnek

Gozlem, bir olayla ilgili olarak duyu organlar1 ya da ara¢ ve geregler kullanilarak yapilan
incelemelerdir. Fiziksel bir olay, duyu organlariyla veya yukaridaki teleskop drneginde
oldugu gibi duyu organlarini giiclendirebilecek birtakim teknolojik araglarla gozlenir.

Fizikle ilgili bir olay iki tiir gézlem yapilarak incelenir. Bunlardan ilki, nitel gézlem,
ikincisi ise nicel gozlemdir.

Nitel gozlem, bir insanin bes duyusunu kullanarak yaptig1 gdzlem olarak tanimlanabilir.
Ornegin Naz, iizerinden buhar ¢ikan bir miktar suyun sicakligini anlayabilmek igin nce
behere dokunuyor. Cikan buhardan da hareketle beherdeki suyun sicak oldugu yargisina
vartyor. Bu yargiya "suya kendisi dokunarak" veya "sudan ¢ikan buhari bizzat
gbzlemleyerek" ulasabilir mi? Herhangi bir 6lgme araci kullanmadan behere
dokundugunda sicakligi hissetmesi veya beherden ¢ikan buhari fark ederek "suyun sicak
oldugu yargisina varmasi" nitel gézleme 6rnek olabilir mi? Siz de nitel gdzleme, yakin
¢evrenizden Ornekler veriniz.

Ortadgretim Fizik 9/ Sayfa 23

Gozlem yapma kategorisi 6rnegi icin aciklama: Paragraf, gdzlem hakkinda bilgi verdigi i¢in
OKP1 olarak kodlanir.

2. Olgme (S)

Olgme en basit anlamda sayma ve kiyaslamadir; dlciilebilir biiyiikliikleri, standart ya da
standart olmaya birimler cinsinden ifade etmektir. Olgme islemi standardize edilmis aletlerle
yapildig: gibi standart olmayan yollarla da yapilabilir (Wolfinger, 2000). Ornegin bir odanin
uzunlugu 6l¢en kisinin adimu ile dlgiildiigiinde standart olmayan bir dl¢iim cinsinden, bir
metre yardimi ile 6lgiildiigiinde standart bir 6l¢iim birimi olan ‘metre’ cinsinden belirlenmis
olur. Ol¢iim yapilarak, agiklama ve tahminlerin niteligi, tanimlamalarin kesinligi arttirilir
(Carin & Bass, 2001; Buxton & Provenzo, 2007).
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Olgiim yapma kodlar

Tir Kod Aciklama
Bilgi Ifadesel | SKD1 | Olgiim yapmanin bilimsel siire¢ becerilerinden biri
Boyutu | Bilgi oldugunu ifade eder.

SKD2 | Bilim adamlarinin 6l¢iimler yaptiklarini ifade eder.

SKD3 | Bilimde 6lgmenin, 6l¢iim aract kullanmanin 6nemini
aciklar/ soru sorar.

SKD4 | Herhangi bir 6l¢iimde kullanilan birim, birim doniisgtimleri
hakk. bilgi verir.

Islemsel | SKP1 Olgiim yapma becerisi hakkinda bilgi verir, soru sorar.
Bilgi SKP2 | Herhangi bir seyin nasil dl¢iilecegi hakkinda bilgi verir,
SOoru sorar.

SKP3 Olgiim yaparken dikkat edilmesi gerekenler hakkinda
bilgi verir, soru sorar.

Beceri | Gorev SSTP Ogrenciye 6l¢iim yaptirir ve/veya dlgiim arac1 yaptirir;

Boyutu | Becerileri 6grencinin sadece fiziksel olarak etkin oldugu fakat
zihinsel olarak 6l¢iim yapma hakkinda diisiinmedigi
durumdur.

SSTM | Ogrenciyi 6l¢iim yapma becerisi; nasil dl¢iim yapilmasi
gerektigi hakkinda diisiindiiriir. Ogrenci fiziksel olarak bir
6lciim yapmaz; fakat 6l¢iim yapma becerisi hakkinda
diisiinerek zihinsel olarak etkindir.

SSTMP | Ogrenciden bir seyi 6lgmesini ve/veya dl¢iim araci

gelistirmesini ister. Ogrenciden nicel betimleme
yapmasini ister. SSTP den farkli olarak 6grenci bu
durumda hem fiziksel hem de zihinsel olarak etkindir.
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Olgme kategorisi igin 6rnek

Etkinlik / Farkli Maddelerle Yapilan Termometrelerle Ayn1 Sicakligin Olgiilmesi
Arac ve Geregler
Cival1 termometre, Alkollii termometre, Beher, Bunzen beki, Ucayak, Su
Nasil Bir Yol Izleyelim?

1. Resimdeki diizenegi kurunuz.
2. Su kaynayincaya kadar belli araliklarla her iki termometrenin gosterdigi degerleri,
asagidakine benzer bir ¢izelgeyi defterinize ¢izerek uygun yerlere yaziniz.

Olgiimler Alkollii Termometre Civali Termometre
1. Olg¢iim
2. Olgiim
(Ornek gizelgedir.)

Sonuca Varalim

Alkollii ve Civali termometrelerle yaptiginiz dlgiimler arasinda fark var mi?
Farklilik kag¢ dereceden sonra basladi?

Sizce hangi termometre sonuglar1 daha dogru gosterdi?

Alkollii termometre ile en son hangi degeri 6l¢ebildiniz?

Mo

Ortadgretim Fizik 9/ Sayfa 79

Olgme kategorisi 6rnegi igin agiklama: Bu etkinlikte “Nasil bir yol izleyelim” bdliimiiniin 2.
Maddesinde 6grencilerden iki farkli termometre ile 6l¢iim yapmalari ve bu verileri
kaydetmeleri istenmektedir, bu durumda 2. Madde kayit birimi 6grencilerden nicel verileri
kaydetmesi istendigi icin SSTMP olarak kodlanir.

3. Cikarim Yapma (I)

Cikarim, bir gézlem ya da olayin nedenleri hakkinda en iyi tahminin yapilmasidir (Martin,
2006). Onceki bilgi ve deneyimlere dayali olarak gdzlenen olaylart yorumlamay1 gerektirir
(Carin & Bass, 2001; Buxton & Provenzo, 2007). Burada dikkat edilmesi gereken nokta,
¢ctkarim yapmay: tahmin etme becerisinden ayurt edebilmektir. Tahmin etmek heniiz
gerceklesmemis bir olayin sonucunu 6nceden kestirebilmek iken, ¢ikarim yapmak
gerceklesmis olayin nedenlerini agiklamaya yonelik fikir yiiriitmektir. Dogru ve etkili
¢ikarim yapmak i¢in gdzlem yapilmali ve veriler toplanmalidir. Bu baglamda gézlem yapma
ile ¢ikarim yapma becerileri arasindaki iligkinin vurgulanmasi da énemlidir.
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Cikarim yapma kodlar1

Tiir Kod Aciklama
Bilgi | ifadesel | IKD1 | Cikarim yapmanin bilimsel siire¢ becerilerinden biri
Boyutu | Bilgi oldugunu ifade eder.

IKD2 | Bilim adamlarinin ¢ikarimlarda bulunduklarini ifade eder.
IKD3 | Bilimde ¢ikarim yapmanin 6nemini agiklar ya da soru

sorar.
Islemsel | IKP1 Cikarim yapma becerisi hakkinda bilgi verir, soru sorar.
Bilgi IKP2 | Nasil ¢ikarim yapilmasi gerektigini agiklar, soru sorar.

IKP3 Cikarim yaparken dikkat edilmesi gerekenler hakkinda
bilgi verir, soru sorar.

Beceri | Gorev ISTP Ogrenciye zihinsel bir siire¢ gerektirmeyecek sekilde
Boyutu | Becerileri cikarim yaptirir. Bu durum kitapta 6grencinin ¢ikarim
yapmasini istedigi boliimiin hemen ardindan cevabin
verildigi durumlar i¢in kodlanabilir. Daha 6nce ifade
edilmis durumlar i¢in de gecerlidir.

ISTM | Ogrenciyi baska birisi(leri) tarafindan yapilan bir ¢ikar
hakkinda diisiindiiriir. Ogrenci ¢ikarim yapmaz, fakat
yapilan ¢gikarim hakkinda diislinerek nasil yapilmasi
gerektigi konusunda zihinsel olarak etkindir.

ISTMP | Ogrenciden bir olaym nedenine dair agiklama yapmasini
ister. Ogrencilerden bir olayin olas1 nedenleri hakkinda

verilere dayali olarak tartigmalarin ister.

Cikarim yapma kategorisi i¢in drnek

Otobiis duraginda otobiis bekleyen bir yolcu, otobiisii kendine dogru hareket ediyor
goriir. Otobiisteki yolcular ise duraktaki yolcuyu kendine dogru hareket ediyormus gibi
goriir. Bu 6rnekte oldugu gibi birinci etkinlikte Mehmet, Figen ve Ali’yi kendisine
yaklastyor goriirken. Figen ile Ali de Mehmet’i kendilerine dogru yaklasiyormus gibi
gormektedir. Ayni sekilde Figen ile Ali de hizlar1 esit oldugundan birbirlerini duruyor
gibi gdormektedir.

Burada Mehmet, Fazli ve Yigit, kaykay iizerindeki Figen ile Ali’yi ayn1 hizla hareket
ediyor goriirken Figen ise Ali’yi duruyor gibi goriir. Bu durumun sebepleri sizce neler
olabilir.

Ortadgretim Fizik 9/ Sayfa 128

Cikarim yapma kategorisi 6rnegi agiklama: Birinci paragraf, kitaptaki bir etkinlikten hemen
sonra gelen bir agiklamadir. Etkinlikte gdzlenen olay agiklandiktan sonra nedeni soruldugu
icin, ornekteki ikinci paragraf ISTP olarak kodlanir.
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4.  Smiflandirma (L)

Bilgilerin organize edilmesinde 6nemli bir yol olan siniflandirma, nesne ya da olaylarin
sahip olduklar1 benzer ve farkli 6zelliklerine gore gruplandirilmasidir (Wolfinger, 2000).
Siiflandirma bilgi birikimi ve gdzlem yoluyla elde edilen veriler dogrultusunda yapilir.
Dikkat edilmesi gereken nokta siniflandirma parametresinin agik ve net olmast;
siiflandirma yapilirken herhangi bir karigikliga neden olmamasidir. Bu yiizden segilen
parametre dznel degil nesnel olmadir. Ornegin sinema filmlerini eglenceli, sikic1, komik gibi
kategorilere ayirmak yerine, filmleri tiirline gére siniflandirmak daha saglikli olur (Settlage
& Southerland, 2007).

Siniflandirma kodlari

Tiir Kod Acgiklama
Bilgi Ifadesel LKD1 | Simiflandirmanin bilimsel siire¢ becerilerinden biri
Boyutu | Bilgi oldugunu ifade eder.

LKD2 | Bilim adamlarinin ¢alismalarinda siniflandirma
yaptiklarini ifade eder.

LKD3 | Bilimde smiflandirma yapmanin 6nemini agiklar ya da
Soru sorar.

LKD4 | Daha 6nce yapilmis bir siniflandirma hakkinda bilgi verir:
siniflandirma kriterleri, ve/veya siniflandirmadaki ortak
ve/veya farkli 6zellikler hakkinda bilgi verir.

Islemsel | LKP1 Smiflandirma becerisi hakkinda bilgi verir, soru sorar.
Bilgi LKP2 | Smiflandirmanin nasil yapilmasi gerektigini agiklar, soru
sorar.

LKP3 | Smiflandirma yaparken dikkat edilmesi gereken hususlar
hakkinda bilgi verir, soru sorar.

Beceri | Gorev LSTM1 | Nesne ya da olaylarin istenen ortak 6zelliklerini

Boyutu | Becerileri belirlemesi istenir.

Nesne ya da olaylarin istenen farkli 6zelliklerini
belirlemesi istenir.

LSTM2 | Nesne ya da olaylari iligkilerine gore diizenlemesi istenir.
Verilen bilgiler dogrultusunda siniflandirma yapmasi
istenir.

Bilinen bir siniflandirmada gruplarin benzer 6zelliklerinin
belirlenmesi/ ifade edilmesi/ tartisilmasi istenir.

Bilinen bir siniflandirmada gruplari birbirinden ayiran
ozelliklerin ifade edilmesi/ belirlenmesi/ tartisiimasi
istenir.

Bilinen bir siniflandirmada belirlenmis olan parametre
hakkinda bilgi verir, soru sorar, diislindiiriir.

Transfer | LSRM | Ogrencilerden kendisinin belirleyecegi kistas(lar)
Etme dogrultusunda nesne ya da olaylar1 stniflandirmast istenir.
Becerileri
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Simiflandirma kategorisi igin 6rnek

... Dikkatlice incelendiginde dogada gerceklesen bu dongiiniin farkli asamalarinda suyun
kati, s1v1 ve gaz halini gérebiliriz. Su, buharlasirken gaz; yagmur halinde iken sivi; kar ve
dolu yagisi sirasinda kat1 haldedir.

Fen ve teknoloji derslerinde maddeyi kiitlesi, hacmi ve eylemsizligi olan nesne olarak
tanmimlamistik. Diinya’miz1 i¢tigimiz suyun, soludugumuz havanin, tizerinde
yliriidiigiimiiz topragin ve daha pek ¢cok maddenin olusturdugunu 6grenmistik.

Diinya’daki maddelerin ortak ya da farkli 6zelliklere sahip olduklarini hi¢ diisiindiiniiz
mii?

Su dongiisiinde minik damlanin bazen su, bazen buhar, bazen de dolu olarak seyahat
ettigini gdzlemlemissinizdir. Acaba bu damlanin bu li¢ durumunda tanimlanabilecek
ortak Ozellikler var midir?
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Simiflandirma kategorisi 6rnegi icin agiklama: Bu ana metinden alinan kesitteki paragrafta,
maddelerin hallerine gore siniflandirilmasi (kati, sivi, gaz) hakkinda bilgi verildikten sonra,
maddenin bu ti¢ farkli durumunda ortak olan 6zellikleri sorulmustur. Bu durumda
paragraftaki climle kayit birimi, LSTM2 olarak kodlanir.

5. Tahmin Etme (P)

Tahmin etme, heniiz ger¢ceklesmemis bir olayin olasi sonucunu, deneyime ya da verilere
dayanarak 6ngoriide bulunmaktir. (Buxton & Provenzo, 2007). Tahmin etmeyi, ¢ikarim
yapma becerisinden ayiran 6zelligi tahmin etmenin gelecekteki bir olay ile ilgili olmasidir.
Cikarim yaparken ise gerceklesmis olayin sonucuna etki eden olas1 faktorler hakkinda fikir
yiirttilir (Carin & Bass, 2001).

Bilimsel arastirma, siirekli bir tahmin etme ve yapilan tahmini dogrulama ya da ¢iiriitme
islemidir. Tahminler dogru, yanlis ya da eksik olabilir: olay beklendigi gibi ya da
beklenenden farkli sonuglanabilir. Bu noktada 6nemli olan yapilan tahminin dogru, yanlis ya
da eksik olup olmadiginin test edilerek 6grenilmesidir (Martin, 2006; Wolfinger, 2000).
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Tahmin etme kodlari

Tiir Kod Aciklama
Bilgi | ifadesel | PKD1 Tahmin etmenin bilimsel siire¢ becerilerinde biri
Boyutu | Bilgi oldugunu ifade eder.
PKD2 Bilim adamlarinin ¢aligmalarinda nesne ya da olaylar
hakkinda tahminlerde bulunduklarini ifade eder.
PKD3 Bilimde tahmin etmenin 6nemini agiklar ya da soru
sorar.
Islemsel | PKP1 Tahmin etme becerisi hakkinda bilgi verir, soru sorar.
Bilgi PKP2 Verilere dayanarak nasil tahmin yiiriitiilebilecegini

agiklar, soru sorar.
PKP3 Bir olay hakkinda tahmin yapilirken dikkat edilmesi
gereken hususlar hakkinda bilgi verir, soru sorar.

Beceri | Gorev PSTM1 | Ogrenciyi, toplanan verilere ya da yapilan gozlemlere
Boyutu | Becerileri dayanarak neler tahmin yiiriitiilebilecegi tizerine
diistindiirtir.

PSTM2 | Ogrencinin gelecekteki bir olay, etkinlik ya da deneyin
muhtemel sonuglar1 hakkinda gézlem ve tecriibeye
dayal1 olarak tahminde bulunmasini ister.

PSTM3 | Ogrenciden, degiskenler arasindaki iliskiden
yararlanarak yeni bir degiskenin olasi etkilerini 6nceden
kestirmesini ister.

Tahmin etme kategorisi igin 6rnek

Etkinlik/ Su Akisin1 Gozlemleme
Arag Geregler
2 adet bos s1v1 deterjan kabi, lastik hortum (15-20cm), renklendirilmis su

Nasil Bir Yol izleyelim?

1. Bes veya alt1 kisilik gruplar olusturunuz ve asagidaki etkinlik basamaklarini dikkate
alarak gorev paylasimi yapiniz.

2. Sekildeki diizenegi kurunuz.

3. Kaplara 6nce farkli, sonra ayn1 yiikseklikte su koyarak musluklar agtiginizda su
akis1 olup olamayacagini tartisarak bir 6ngoriide bulununuz.

4. Musluklan agarak su akisinin olup olmadigini gézleyiniz.

Sonuca Varalim

1. Ongoriiniizle gdzleminiz arasinda bir fark var mi?

2. Hangi durumda su akis1 olmustur ve ne zamana kadar devam etmistir?
3. Su akis1 hangi kaptan hangi kaba olmustur?
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Tahmin etme kategorisi 6rnegi i¢in agiklama: Bu etkinlikte deney diizenegi kurulduktan
sonra, herhangi bir islemde bulunmadan 6nce yapilacak olan miidahalenin sonucuna yonelik
tahminde bulunulmas istenmektedir. Iki kap arasindaki musluk acilmadan 6nce, acildiginda
kaplar arasinda su akis1 olup olmayacaginin tahmin edilmesi beklenmektedir. Bir sonraki
adimda yapilan tahminin dogru, yanlis ya da eksik olup olmadiginin anlasilmasi i¢in musluk
aciliyor ve yapilan tahmin gergeklesen sonug ile karsilagtiriliyor. Bu durumda bu etkinlikte
“Nasil bir yol izleyelim” boliimiindeki 3. Madde (kayit birimi) PSTM2 olarak kodlanir.

6. Bilimsel Iletisim Kurma (C)

Iletisim kurma, diisiince ve/veya yorumlarin sozlii ya da yazili sekilde baskalarna
aktarilmasi, paylasilmasidir (Martin, 2006; Wolfinger, 2000). Bilimsel iletisim kurma ise,
bilimsel bir ¢aligmanin herhangi bir boliimiiniin ya da hepsinin bagkalari ile paylasilmasi,
yapilan ¢alisma hakkinda tartisilmasidir. Bilimsel iletisim kelimeler, tablolar, grafikler,
modeller, kavram haritalari ve benzerleri gibi sembolik gosterimlerle kurulabilir. Bilimin
ilerlemesi igin, yapilan ¢aligmalarin paylasilmasi, sorgulanmasi ve analiz edilmesi biiyiik
onem tagidigi gibi, yapilan bir ¢alismanin tekrarlanabilmesi i¢in de 6nemlidir (Buxton, &
Provenzo, 2007).
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Bilimsel iletisim kodlar1

Bilgi
Boyutu

Tir

Kod

Aciklama

Ifadesel
Bilgi

CKD1

CKD2

CKD3

Bilimsel iletisim kurmanin bilimsel siire¢ becerilerinden
biri oldugunu ifade eder.

Bilim adamlarinin deney ve gozlemlerden elde etikleri
verileri diger bilim adamlarinin incelemesi/ onaylamasi
/yeniden denemeleri icin paylastiklarini ifade eder.
Bilimsel verilerin paylasilmasi, tartisilmasi, sorgulanmasi
veya analiz edilmesinin bilimin ilerlemesi i¢in gerekli
oldugunu vurgular, diigiindiirtir.

Bilimsel bilginin olugmasi ve yayilmasinda iletigimin
etkisini vurgular.

Islemsel
Bilgi

CKP1

CKP2

CKP3

Bilimsel iletisim kurma becerisi hakkinda bilgi verir, soru
sorar.

Bilimsel iletisimin nasil kurulmas1 gerektigini agiklar,
SOru sorar.

Bilimsel iletisim kurarken dikkat edilmesi gereken
hususlar hakkinda bilgi verir, soru sorar.

Beceri
Boyutu

Gorev
Becerileri

CSTP

CSTM

CSTMP

Yazili kaynaklardan yapilan arastirmanin bagkalart ile
paylasilmasini ister. Ogrenci kendinden bir sey katmaz
arastirmaya, var olan bilgiyi arastirir ve bulduklarini
paylasir.

Bilimsel iletisim kurma hakkinda 6grenciyi diigiindiirtir.
Ogrenci fiziksel olarak bir sunum yapmaz ya da
bagkalariyla tartismaz ama yaptig1 bilimsel ¢calismay1
baskalarina nasil aktaracagi hakkinda diisiiniir.

Gozlem, elde edilen veriler, ¢ikarim ve/veya tahmin,
hipotez, degiskenlerin nasil kontrol edildigi, tasarlanan
deneyler, ulasilan sonuglar, yapilan bir aragtirma
hakkinda elde edilenlerin, diisiince ve/veya yorumlarin
paylasilmasini ister.

Yapilan bilimsel bir ¢alisma; deney, gézlem vs. hakkinda
sunum yaptirir.

Yapilan bir ¢alisma, deney, gézlem vs. hakkinda rapor
hazirlatir.

Bilimsel iletisim kurma kategorisi i¢in drnek

Proje

arkadaslariniza anlatiniz.

... Olusturdugunuz elektrik motorunu sinifta ¢alistirarak, calisma prensiplerini
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Bilimsel iletisim kurma kategorisi 6rnegi i¢in agiklama: Kitabin bu “Proje” boliimiinde
ogrencilerden, basit bir elektrik motoru tasarlamalari istenmektedir. 2 hafta siiren ¢alisma
sonucunda tasarladiklar elektrik motorunu sinifta ¢aligtirmalari ve motorun galigma
prensibini anlatmalar1 beklenmektedir. Dolayisiyla, Proje boliimdeki son paragraf CSTMP
olarak kodlanur.

7. Hipotez Kurma (H)

Hipotez, degiskenler arasinda dne siiriilen iliskiyi diisiince, tecriibe ve gozleme dayali olarak
acgiklamaya yonelik yapilan test edilebilir onermelerdir (Martin, 2006). Problem ya da bir
sorun hakkinda hipotez kurulabilecegi gibi bazi olay ve 6zellikleri ya da degiskenler
arasindaki iligkileri ortaya ¢ikarmak i¢in de bir 6nerme ileri siiriilebilir. Tahmin etme, heniiz
gerceklesmemis bir olayin olas1 sonucuna yonelik olmasina karsin hipotez, bagimsiz
degiskenin bagiml1 degisken iizerine etkisinin nasil olacagini 6ne siiren bir ¢esit tahmindir
(Bailer, Raming, Ramsey, 1995). Hipotez deneyin odagini belirledigi i¢in, arastirmaciya
hangi veriler lizerinde yogunlagmasi gerektigi konusunda rehberlik eder. Hipotez kurulurken
onemli olan nokta dogru olmasi degil test edilebilir olmasidir. Hipotez kurulduktan sonra,
cesitli yontemlerle test edilerek ifadenin dogrulugu sinanmalidir (Raming & Ramsey, 2006).

Hipotez kurma kodlari

Tiir Kod Aciklama
Bilgi Ifadesel HKD1 | Hipotez kurmanin bilimsel siire¢ becerilerinden biri
Boyutu | Bilgi oldugunu ifade eder.

HKD2 | Bilim adamlarinin ¢aligmalarinda hipotez kurduklarini
ifade eder, hipotezlerine yer verir.
HKD3 | Bilimde hipotez kurmanin 6nemini agiklar ya da soru

sorar.
Islemsel | HKP1 | Hipotezin ne oldugu ve/veya nasil kuruldugunu anlatir,
Bilgi soru sorar.

HKP2 Nasil hipotez kurulmasi gerektigini agiklar; iyi bir
hipotezin 6zellikleri (rasyonel olmak, acik ve islemsel
olarak tanimlanabilir olmak, sinanabilir olmak) hakkinda
bilgi verir, soru sorar.

HKP3 | Hipotez kurarken dikkat edilmesi gereken hususlar
hakkinda bilgi verir, soru sorar.

Beceri | Gorev HSTM1 | Verilen ya da kendi olusturdugu bir hipotezin, iyi bir
Boyutu | Becerileri hipotezde olmasi gereken 6zellikler bakimindan
degerlendirilmesini ister.

HSTM2 | Bir 6nermenin arastirilip arastirilmayacaginin
belirlenmesini ister.

Bir olay1 ya da iliskiyi agiklamak, deney ya da arastirma
i¢in test edilebilir bir hipotez kurulmasini ister.
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Hipotez kurma kategorisi i¢in 6rnek

... Bilimsel galigmalari diger ¢alismalardan ayiran en 6nemli fark, bilimsel ¢aligmalarin
verilere dayali olmasidir. Bilimsel bir ¢aligmada en basta, incelenecek bir probleme
ihtiyag vardir. Problem belirlendikten sonra problem durumunu agiklayan verileri elde
etmek icin deneyler, gdzlemler, inceleme ve arastirmalar yapilir. Veriler toplandiktan
sonra baz1 hipotezler kurulur. Peki, hipotezin ne oldugunu biliyor musunuz?

Hipotez, bilimsel bir problemin verilere dayali olarak kurulan ge¢ici ¢6ziim yoludur.
Bilimsel bir hipotez, incelenen probleme bir 6l¢lide cevap verebilmeli ve eldeki tiim
verileri igermelidir. Bilimsel bir hipotezin bir takim deneylerle gecerli olup olmadig1
test edilebilmelidir. Bundan sonra kontrollii deneyler yapilarak hipoteze dayali
tahminlerin dolayisiyla hipotezin gegerliligi ve dogrulugu arastirilir. Bu islem, deney
sonuglarini tahminlerle karsilastirilarak yapilabilir. Bu kontrollii deneylerden sonra elde
edilen verilerin, kurulan hipotezleri destekleyip desteklemedigine, eger gerekiyorsa ne
Olciide destekledigine karar verilir.

Bilim insanlari, ¢aligmalar1 boyunca siirekli olarak veri toplarlar ve bu verilere dayali
olarak bir takim agiklamalar yaparlar. Bilim insanlar1 topladiklar1 verilere bagl olarak
inceledikleri problemi ¢ozebilmek i¢in dnce bir dizi hipotez kurarlar. Bu hipotezler,
kurulduktan sonra siirekli bir “test etme” siirecine tabi tutulur. Bu siiregte bazi
hipotezler, deneysel olarak gii¢lii destek bulur ve 6nem kazanir; bazilarinin da gegerli
olmadig1 sonucuna varilir.
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Hipotez kurma kategorisi 6rnegi i¢in agiklama: Bu metindeki 2. ve 3. paragraf kayit
birimlerinde bilimsel yontem ile baglayarak, hipotez kurma becerisini ve bilim adamlarinin
calismalarinda siirekli olarak hipotez kurup test ettiklerini anlatilmaktadir. 2. paragraf kayit
birimi HKP1 ve 3. Paragraf kayit birimi HKD2 olarak kodlanr.

8. Degiskenleri Belirleme ve Kontrol Etme (V)

Degiskenleri belirleme, yapilacak deneyi etkileyebilecek biitiin faktorlerin ifade edilmesidir.
Degiskenleri kontrol etme ise degistirilmesi ve/veya sabit tutulmasi gereken degiskenlerin
belirlenmesi ve etkisi test edilecek degisken (bagimsiz degisken) haricindeki degiskenlerin
sabit tutularak sadece bagimsiz degiskenin degistirilmesidir (Arthur, 1993). Deney sonucuna
hangi kosulun etki ettigini bulmak i¢in sadece bir degisken degistirilir (Peters, & Stout,
2006). Boylece deneyde bagimli degiskene etki eden bagimsiz degiskenin etkisi
aciklanabilir.
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Degiskenleri belirleme ve kontrol etme kodlari

Bilgi
Boyutu

Tir

Kod

Aciklama

Ifadesel
Bilgi

VKD1

VKD2

VKD3

Degiskenleri belirlemenin ve/veya kontrol etmenin bilimsel
stire¢ becerilerinden biri oldugunu ifade eder.

Bilim adamlarinin yaptiklar1 deneylerde asagidaki bilgilerden
biri, bir kag1 ya da hepsine yer verir: Degiskenleri belirleyip,
tanimladiklarina,

Deney siiresince degiskenleri nasil kontrol ettiklerine,

Hangi degiskeni degistirdikleri ve buna nasil karar
verdiklerine,

Deney sonunda elde edilen bilgilerden nasil sonuca
ulastiklarina.

Bilimde degiskenleri belir.ve/veya kontrol et.nin 6nemini
agiklar, soru sorar.

Islemsel
Bilgi

VKP1

VKP2

VKP3

Degiskenlerin belir. ve/veya kontrol etme hakkinda bilgi
Verir, soru sorar.

Degiskenlerin nasil belirlenmesi ve/veya kontrol edilmesi
gerektigini agiklar, soru sorar.

Degiskenleri belirlerken ve/veya kontrol ederken dikkat
edilmesi gereken hususlar hakkinda bilgi verir, soru sorar.

Beceri
Boyutu

Gorev
Becerileri

VSTP

VSTM1

VSTM2

VSTMP

Deney sirasinda hangi degiskenlerin nasil kontrol edilecegini
soyleyerek dgrenciden yapmasini ister. Ogrenci fiziksel
olarak etkindir fakat degiskenleri nasil kontrol edecegi
sOylendigi i¢in zihinsel olarak etkin degildir.

Ogrenciden bir durum, olay ya da deney i¢in degiskenleri
belirlemesini, bagimsiz, bagimli ve kontrol edilmesi gereken
degiskenleri belirlemesi istenir. Ogrenci sadece zihinsel
olarak etkindir, Oniinde fiziksel bir ortam bulunmamaktadir
degiskenleri manipiile etmek icin.

Ogrenciden kurgulanan bir deney, durum ya da olay igin
degiskenleri belirlemesi ve/veya tanimlamasi istenir.
Ogrenciden kurgulanan bir deney sirasinda degiskenlerin
nasil kontrol edilebilecegi iizerine diisiinmesi istenir. Ogrenci
fiziksel olarak etkin degildir fakat degiskenlerin kontrol
edilmesi hakkinda diistindiig icin zihinsel olarak etkindir.
Bir durum, olay ya da deney icin agagidaki maddelerinden en
az birini, bir kagini ya da hepsini yaptirr:

Degiskenlerin belirlenmesi, tanimlanmasi, Ssabit tutulacak
degiskenlerin belirlenmesi, bagimsiz degiskenin
belirlenmesi, bagiml degiskenin belirlenmesi, kontrol
edilemeyen degiskenlerin belirlenmesi, bagimsiz degiskenin
nasil degistirilecegine karar verilmesi, deney sonucunda iki
degisken arasindaki iligskinin ortaya konmasi, beklenmedik
bir sonuca ulastiginda, neden beklendigi sekilde
sonu¢lanmadigini degiskenler iizerinden sorgulanmas.
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Degiskenleri belirleme ve kontrol etme kategorisi i¢in érnek

Problem Cozelim
Problem Durumu

Bir nakliyat firmasinin bir sehirden baska bir sehre ayni siirede nakledecegi yiik miktari
artmustir. Firma sahibi, nakil islemini gerceklestiren personelden yiik naklini yine tek bir
aracla yapmasini istemektedir. Personel bu sorunu nasil ¢ézmelidir?

Nasil Bir Yol Izleyelim

1. Bu problemde asagidaki degiskenleri belirleyiniz.

2. Budegiskenleri kullanarak problemi nasil ¢ézeceginizi ayrintili olarak yaziniz

Yiikiin ayni siirede nakledilmesi i¢in aracin hareket ivmesinin degismemesi gerekir.
Yiikiin artmasi, ayn1 ivmeyi kazanabilmesi i¢in daha biiyiik kuvveti gerektirir. Siire, sabit
kaldig1 i¢in kontrol degiskeni; ylik miktari, kuvveti belirlediginden bagimsiz degisken;
kuvvet ise bagimli degiskendir.
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Degiskenleri belirleme ve kontrol etme kategorisi 6rnegi i¢in agiklama: Kitabin bu “Problem
Cozelim” boliimiinde, verilen bir durum i¢in 6grencilerden bagimli, bagimsiz ve kontrol
edilen degiskenleri belirlemesi istenmektedir. Bu nedenle problem ¢ozelim kayit birimi
VSTMI olarak, sonrasinda gelen paragraf bu konu ile ilgili agiklama yaptigindan paragraf
kayit birimi VKP1 olarak kodlanir.

9. Deney Tasarlama ve Yapma (E)

Deney yapma, diger becerileri kapsayan en karmasik beceridir. Deney yapmanin temel
amac1 tahmin ya da hipotezlerin sinanmasidir: belirlenen bagimsiz degiskenin bagimli
degisken tlizerindeki etkisini ortaya ¢ikarmak igin etkili planin yapilmasidir (Martin, 2006).
Deney yapma becerisi; yapilan tahmin ya da kurulan hipotez dogrultusunda uygun arag
gerecleri se¢me, bu ara¢ gerecleri dogru bir sekilde kullanma, deney amacina uygun
diizenegi kurma, degiskenleri kontrol ederek veriler elde etme, bu verilerle rasyonel bir
sonuca vararak tahmini ya da hipotezi degerlendirme becerilerini kapsar (Settlage &
Southerland, 2007). Deney yapma becerisi diger tiim becerileri kapsadigt icin aywrt etmek
zor olabilir. Bu yiizden kayit biriminde asagidaki kosullarin her biri aranmalidir:

e Baslamadan 6nce deneyin sonucuna dair tahmin yiiriitiilmesi ya da iki degisken
arasindaki iligkiyi aciklayacak bir hipotezin kurulmasi

e Yapilan tahmin ya da kurulan hipotezin test edilmesi.
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Deney tasarlama ve yapma kodlar1

Tir Kod Aciklama
Bilgi Ifadesel | EKD1 | Deney yapmanin bilimsel siire¢ becerilerinden biri
Boyutu Bilgi oldugunu ifade eder.
EKD2 | Bilim insanlarinin deney tasarladiklarini ve yaptiklarini
ifade eder.

EKD3 | Bilimde deney tasarinin ve yapmanin énemini agiklar
ya da soru sorar.

Islemsel | EKP1 | Deney yapma becerisi hakkinda bilgi verir, soru sorar.
Bilgi EKP2 | Nasil deney tasarlanmasi ve/veya yapilmasi/ Deney
malzemelerinin nasil kullanilmasi1 gerektigini agiklar,
SOoru sorar.

EKP3 Deney yaparken dikkat edilmesi gerekenler hakkinda
bilgi verir, soru sorar.

Beceri Gorev ESTP Ogrencilere adimlar1 belirlenmis bir deney, asagidaki
Boyutu Becerileri kosullarin hepsini saglayacak sekilde yaptirilir;

e Deneyin sonucunu tahmin edilmesi ya da hipotez
kurulmasini ister

e Deney diizenegini 6grencinin kurmasini ister

e Verileri 6grencinin kaydetmesini ister

e Ogrencinin verileri yorumlamasini ister

e Ogrencinin deneyde elde edilen sonug
dogrultusunda tahminin ya da hipotezin
dogruluguna karar vermesini ister

ESTM Ogrenciden fiziksel olarak deney yapmasini istemez,
fakat bir hipotezi sinamak i¢in nasil bir deney diizenegi
kurulmasi gerektigi hakkinda diistindiiriir.

ESTMP

Ogrenciden yapilacak bir deney i¢in uygun arag
gerecleri segmesini ister/

Bir hipotezi sinamak, yapilan bir tahmini test etmek,
degiskenler arasindaki iliskiyi belirlemek ya da bir
soruya cevap vermek amaglarindan herhangi biri i¢in
6grencinin 6zgiin bir deney (diizeneginin) tasarlamasini
ister.
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Deney tasarlama ve yapma kategorisi i¢in 6rnek

Etkinlik/ Hipotez Kuralim
Arac ve Geregler
Plastik su sisesi, izole bant, Civi ve Su
Nasil Bir Yol Izleyelim?

1. Bes veya alt1 kisilik gruplar olusturunuz ve asagidaki etkinlik basamaklarim dikkate
alarak gorev paylasimi yapiniz.

2. Elinizdeki plastik su sisesinin iizerine ayni diigsey dogrultuda ii¢ adet delik aciniz.
Bu deliklerin iizerini bantla kapatiniz.

3. Siseye su doldurarak kapagini kapatiniz.

4. En istteki deligin lizerindeki bandi ¢ikarirsaniz ne olacagiyla ilgili tahminler
yapiniz.

5. Buislemi gerceklestirdiginizde ne oldugunu gézlemleyiniz.

6. Tahmin ettiginiz sey gergeklesti mi? Cevabiniz evet veya hayir olacaktir. Bunun
sebebini nasil aciklarsiniz? (Bu agiklamalar sizin hipotezlerin izdir.)

7. Bu hipotezlerinizin gegerli olup olmadigini test etmek igin sise iizerindeki diger
delikleri acarak deneyi yeniden yapiniz.

Sonuca Varalim

1. Hipotezlerin test edilmesi i¢in ni¢in deneylere ihtiyag¢ vardir?
2. Bir hipotezin iyi olup olmadigini iddia edebilir misiniz? Neden?

Ortadgretim Fizik 9/ Sayfa 39

Deney tasarlama ve yapma kategorisi 6rnegi icin agiklama: Bu etkinlikte dncelikle
ogrencilerden deney sonucu hakkinda bir hipotez kurmalar1 istenmektedir (Nasil Bir Yol
Izleyelim, 6. Madde). Ogrencilerden, kurduklar hipotezi sinamak igin etkinlikte verilen
basamaklar1 yerine getirmeleri beklenmektedir. Bu durumda, bu etkinlik bir biitiin olarak,
ayni zamanda kayit birimi olarak, ESTP olarak kodlanir.

10. Veri Toplama, Yorumlama (D)

Tahmin veya hipotez 1s181nda nitel ve/veya nicel veri toplayabilmek, verileri ¢esitli formlara
(tablo, grafik, ¢izelge vb.) doniistiirebilmek, verileri akla uygun yorumlayarak bagimli-
bagimsiz degisken arasindaki iliskiyi belirleyebilme becerisidir (Ramign, & Ramsey, 2006;
Martin, 2006; Wolfinger, 2000). Onemli olan (a) toplanan verilerin amaca uygun olmast, (b)
gecerli bir sonuca ulagsmak i¢in en uygun formda diizenlenmesi ve (¢) veriler tizerinde
diistinerek akla uygun sonuglarin ¢ikarilmasidir.
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Veri toplama ve yorumlama kodlari

Bilgi
Boyutu

Tir

Kod

Aciklama

Ifadesel
Bilgi

DKD1

DKD2

DKD3

Veri toplamanin, verileri sistematik bir sekilde
diizenlemenin, bilgilerden arindirmanin ve/veya
yorumlamanin bilimsel siire¢ becerilerinden biri oldugunu
ifade eder.

Bilim insanlarinin diizenli bir bi¢imde verileri topladiklari,
organize ettikleri ve/veya akla uygun bir sekilde
yorumladiklarini ifade eder.

Bilim adamlarinin veri toplama ve yorumlama
caligsmalarina ait detayli 6rnege yer verir (Sadece ‘su
verileri toplamustir’ gibi genel ciimleler degil, verilerin
nasil toplandig, nasil organize edildigi, bu siiregte nelere
dikkat edildigi gibi detayli bilgilerin verildigi ifadelere yer
verir)

Bilimde veri toplamanin ve yorumlamanin énemini agiklar
ya da soru sorar.

Islemsel
Bilgi

DKP1

DKP2

DKP3

Veri toplama ve yorumlama becerisi hakkinda bilgi verir,
SOoru sorar.

Nasil veri toplanmas1 ve/veya yorumlamasi gerektigini
aciklar, soru sorar. Yapilan bir caligmaya ait verilerin nasil
diizenlendigiyle ilgili 6rnek verir.

Veri topl. siirecinde dikkat edilmesi gerekenler hk.da bilgi
Verir, soru sorar.

Beceri
Boyutu

Gorev
Becerileri

DSTP

DSTM

Ogrenciden veri toplanmasimi ister: Ogrenciden yaptigi
gozlemde elde ettigi verileri not etmesini ister, Ogrenciden
degiskenlerle yaptig1 denemelerle veri toplamasini ister.
Toplanan verilerin diizenlenmesini ister: Verilerin,
deneyin sonucunu etkilemeyecek ve/veya karisikliga yol
acacak gereksiz bilgilerden arindirilmasini ister. Herhangi
bir formda (diiz yaz, grafik, tablo, siitunlu grafik vb. gibi)
verilen verilerin bagka bir forma (diiz yazi, grafik, tablo,
stitunlu grafik vb. gibi) doniistiiriilmesini ister.

Transfer
Etme
Becerileri

DSR1

DSR2

Verilerin yorumlanmasini ister. Verileri yorumlarken
gorsel formlardan (grafik, tablo, siitunlu grafik vb. gibi)
faydalanilmasini ister. Verilen bir gorsel formu (grafik,
tablo vb. gibi) yorumlamalarini ister.

Yapilan tahminler ile deney/gozlemde elde edilen verilerle
ulasilan sonuglarin karsilastirilmasini ister. Verileri
yorumlayarak bir sonuca ulagilmasini ister.

Ogrencilerden elde edilen sonuglarin genel
uygulanabilirligi hakkinda varsayimda bulunmasini ister.
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Veri toplama ve yorumlama kategorisi i¢in 6rnek

Naz'n fizikle ilgili bir olay1 incelerken o olaya etki eden veya etmeyen faktorleri yalnizca
gbzlem yaparak belirleyebilmesi her zaman miimkiin olmaz. Bu gibi durumlarda
fizikgiler, dogal ortamda veya laboratuvarda birtakim deneyler yaparak cesitli veriler
toplarlar. Bu deneylerde, fen ve teknoloji derslerinde yaptiginiz deneylere benzer sekilde;
bagimli, bagimsiz degisken ve kontrol degiskenleri belirlenir. Bu sekilde, kontrol
degiskenleri kullanilarak bagimsiz degiskenlerin bagimli degiskenler {izerindeki etkileri
aciklanmaya galigilir. Fizikgiler, deney yoluyla elde ettikleri verileri yorumlayarak
aciklarlar.

Ortadgretim Fizik 9/ Sayfa 24

Veri toplama ve yorumlama kategorisi 6rnegi i¢in aciklama: Bu paragrafta bilim adamlarinin
deneyler yaparak veri topladiklar1 ve bu sekilde elde ettikleri verileri yorumladiklari
vurgulandigi i¢in DKD?2 olarak kodlanir.

11. Model Yapma (M)

Model, bes duyu organiyla algilanmasi miimkiin olmayan nesne, kavram, olgu veya sistemin
bes duyu organiyla anlasilir ve kavranabilir somut ve gorsel bir forma sokulmus halidir.
Herhangi bir obje, ¢izim, matematiksel esitlik, bilgisayar programi ve benzeri seyler model
olabilir. Modeli degerli kilan, bir seyin nasil ¢alistiginin anlagilmasina yardimei olma
ozelligidir (Wolfinger, 2000; Martin, 2006).
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Model yapma kodlar1

Tiir Kod Aciklama
Bilgi Ifadesel | MKD1 | Model yapmanin bilimsel siireg becerilerinden biri
Boyutu | Bilgi oldugunu ifade eder.

MKD?2 | Bilim adamlarinin anlagilmasi gii¢ kavramlarin, nesne ve
olaylarin modellerini yaparak anlasilir hale getirdiklerini
ifade eder. Bilim adamlarinin yaptiklart modeller
hakkinda detayl bilgi verir. (Modeli kimin gelistirdigi,
gercek halini nasil algiladig1 ve gercegi ile modeli
arasindaki benzerlik ve farkliliklar1 hakkinda bilgi verir)
MKD3 | Bilimde model yapmanin 6nemini agiklar ya da soru

sorar.
Islemsel | MKP1 Model yapma becerisi hakkinda bilgi verir: Verilen
Bilgi model ile ger¢ek nesne/olay arasindaki benzerlikleri

vurgular, SOru sorar.

MKP2 | Nasil model yapilmas1 gerektigini agiklar. Olay, nesne
ya da fikirleri agiklamak i¢in -asagidaki kosullari
saglayarak- model kullanilir:

* Anlatilanin ger¢eginin modeli oldugunu vurgular.

*» Gergegi ile benzer ve farkliliklart hakkinda bilgi verir.
MKP3 Modelleme yapilirken nelere dikkat edilmesi gerektigini
ifade eder; Model yapabilmek i¢in gercegi hakkinda
miimkiin oldugunca fazla veri toplamanin 6nemli
oldugunu ifade eder, soru sorar.

Beceri | Gorev MSTP Ogrenciden daha dnce yapilmis bir modeli yapmasini
Boyutu | Becerileri ister.

MSTM | Ogrencinin model ile gergegi (nesne, olay, kavram,
sistem vb.) arasindaki benzerliklerin ve/veya
farkliliklart bulmasini ister.

MSTMP | Daha once yapilmis bir modeli kullanarak olaylar ya da
kavramlar arasindaki iligkinin agiklanmasini ister.
Herhangi bir formda (6rn: ii¢ boyutlu nesne) olan
nesneyi temsil edecek ya da agiklayacak baska bir forma
(6rn: iki boyutlu bir ¢izim) doniistiiriilmesini ister.
Yeni bir kavram/ olay i¢in 6zgiin bir modelin

gelistirilmesini ister.
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Model yapma kategorisi igin 6rnek

Etkinlik /Model Kuralim

Arag ve Geregler

Bir adet kapal1 kutu, cetvel, hesap makinesi, milimetrik kagit.

Nasil Bir Yol Izleyelim?

1.

2.

3.

4.

Bes ya da alt1 kisilik gruplar olusturunuz ve asagidaki etkinlik basamaklarini dikkate
alarak gorev paylasimi yapiniz.

Gruptaki arkadaslarinizla ¢alisarak, size verilen kutunun igyapisinin nasil olduguyla
ilgili birtakim veriler toplamaya ¢alisiniz.

Elde ettiginiz verileri kullanarak kutunun igyapisini en iyi agiklayabilecek bir model
¢izimi yapiniz.

Bu modelin verilerinizle nasil bir iligkisi oldugunu grup arkadaslarinizla tartisiniz.

Sonuca Varalim

Al o

Kurdugunuz modeli, diger gruplarin modelleriyle karsilastiriniz.

Bu modellerden hangisinin en iyi oldugunu sdyleyebilir misiniz? Neden?
Bilim insanlarinin model olusturma siireciyle sizin model olusturma siireciniz
arasinda benzerlik var mi1?

Ortadgretim Fizik 9/ Sayfa 42

Model yapma kategorisi rnegi icin agiklama: Bu etkinlikte, 6grencilerden ii¢ boyutlu olan

bir kutunun igyapisi hakkinda veri toplamalar1 ve bu veriler dogrultusunda kutunun
icyapisini en iyi sekilde ifade edecek bir ¢izim yapmalari istenmektedir (Nasil Bir Yol
Izleyelim, 2. ve 3. maddeler). Bunun yaninda yapilan tiim modellerin karsilastirilmas ve en

1yi ¢izilmis modele karar verilmesi de istenmistir (Sonuca Varalim, 1. ve 2. madde).
Etkinligin son maddesinde dgrencilerden bilim adamlarinin model gelistirme siirecleri ile

kendilerinin bu etkinlikte yaptiklarini karsilastirmalari istenmektedir (Sonuca Varalim, 3.

madde). Bu durumda bu etkinlikte yer alan “Nasil bir yol izleyelim” boliimiindeki 2. ve 3.
Maddeler (kayit birimleri) MSTMP olarak kodlanir.
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APPENDIX C

PROGRAM iCIN BILIMSEL SUREC BECERILERiI KOD REHBERI

A. Analiz Birimleri

Bu igerik analizinde kodlama iglemi, kayit birimi ve baglam birimi dikkate alinarak yapilir.
Kayit birimi, “iletigsim iceriginin belli bir kategoriye yerlestirilecek olan en kiiclik
cOziimleme birimidir. Baglam birimi ise, kayit birimini degerlendirmek icin, icinde yer aldig
baglami sinirlandiran en genis boliimdiir (Tavsancil, & Aslan, 2001). Kullanilan birim tiirleri
analiz edilen belgenin niteligine ve icerigine gore degisiklik gosterdiginden dolay1
incelenecek her belge i¢in ayr1 ayr1 tanimlanmalidir. Ortadgretim 9. Sinif Fizik Dersi

Ogretim Program igerik analizi i¢in belirlenen baglam ve kayit birimleri asagida detaylari
ile tanimlanmustir.

Baglam Birimleri

Bu ¢aligmada, 9. Siif Fizik Dersi Ogretim Programinda yer alan béliimler ve alt basliklar:
baglam birimi olarak alinmistir. Programdaki igerik sayfasina uygun sekilde siralanan
baglam birimleri sOyledir;

Baglam Birimi Olarak Tanimlanan Boliimler
1.  Fizik Dersi Ogretim Programi’nin Temelleri
1.1.Fizik Dersi Ogretim Programi’nin Felsefesi ve Vizyonu
1.2.Fizik Dersi Ogretim Programi’nin Gerekgesi ve Thtiyag Analizi Calismalar
1.2.1.Fizik Dersi Ogretim Programlar1 Uygulamalarinin Tarihsel Gelisimi

1.2.2. TTKB-Ortadgretim Fizik Dersi Ogretim Progranm Hakkinda Raporlarin
Degerlendirilmesi

1.2.3.EARGED Ortadgretim Fizik Dersi Ogretim Programu ihtiya¢ Belirleme Analiz
Raporu

1.2.4. Diinya Ulkelerinde Fizik Dersi Ogretim Programlari
1.3. Fizik Dersi Ogretim Programi’nin Temel Yapist
1.4. Fizik Dersi Ogretim Programi’nin Temel Yaklasimi

1.4.1. Programmn Ogrenme Yaklasini
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1.4.2. Programin Olgme ve Degerlendirme Yaklasim
2. Fizik Dersi Ogretim Programi’nin Ogrenme Alanlari
2.1. Fizik Dersi Ogretim Programi’nda Beceri Kazanimlari
2.1.1. Problem Cézme Becerileri (PCB)
2.1.2. Fizik-Teknoloji-Toplum-Cevre (FTTC) Kazanimlari
2.1.3. Biligim ve Iletisim Becerileri (BIB)
2.1.4. Tutum ve Degerler (TD)
2.2. Fizik Dersi Ogretim Programinda Bilgi Kazanimlar
3. Ogretmen ve Kitap Yazarlarindan Beklentiler
4. Akademik Paylagim
5. Fizik Ogretim Progranminda Yapilan Degisiklikler
6. 9. Simf Fizik Dersi Ogretim Programinin Unite Organizasyonu
A. Genel Bakis
B. Unitenin Amaci
C. Kavramlar1 Vermek I¢in Kullanilabilecek Yasamdan Ornekler (Baglamlar)
D. Ogrenilecek Bilimsel Kavram ve Konular
E. Ogrenci Kazanimlari
F. Kullanilan Sabitler, Formiiller ve Birimler
Baglam Birimi Olarak Alinmayacak Boliimler
Fizik Ogretim Programi 9. Simif Uniteleri ve Siireleri
Tablolarda Yer Alan Semboller

Ornek Ogretim ve Degerlendirme Etkinligi
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B. Analiz Kurallan

Icerik analizi yapilirken dikkate alinmasi gereken kurallara asagida yer verilmistir.

1.

Analize baslamadan 6nce kod rehberini, kategorilere ve tanimlara hakim oluncaya kadar
okuyunuz ve dikkatlice inceleyiniz.

Analize baslamadan 6nce Ortadgretim 9. Sinif Fizik Dersi Ogretim Programini
inceleyiniz.

Analizin amacina uygun olmasi i¢in belirtilen kayit birimlerini belirtilen baglam
birimleri ¢er¢evesinde ele aliniz.

Ogretim programi kodlanirken istenilen baglamdan baslanabilir fakat kodlama islemine
getirecegi kolaylik agisindan bastan sona dogru ilerlenmesi tavsiye edilir. Ogretim
programinin bagtan sonra okur gibi ilerlenmesi kodlamay1 kolaylastirdigi gibi analizin
amacina uygun olmasina da katki saglayacaktir.

Kodlama igleminde zorluk ¢ekildigi zaman ayn1 baglam birimi igerisinde kalarak o ya
da bir 6nce/sonraki sayfada yer alan bir 6nce/sonraki boliimlere gidilir.

Bir baglam birimi birden ¢ok kategoriyi barindirabilecekken, bir kayit birimi sadece bir
kategoriyle eslestirilir.

Bir boliim igerisinde bir kategoriye ait bir kod tekrarlaniyorsa, tekrarlanan kod sadece
bir defa kodlanir.

Bir boliimde bilimsel siire¢ becerilerine ait herhangi bir kodlama yapilmiyorsa o bolim
NA olarak kodlanir.

Ortadgretim 9. Simf Fizik Dersi Ogretim Programini kodlarken ilk 5 boliim diger
boliimlere ihtiya¢ duyulmaksizin kodlanabilir. Fakat 6. B6liim olan 9. Sinif Fizik Dersi
Ogretim Programimin Unite Organizasyonu’ndaki {initeler kodlanirken dnceki
boliimlerden faydalamlir. Bu boliimdeki Ogrenci kazanimlar1 kisminda yer alan
kazanimlar kodlanirken, maddelerin sonunda parantez iginde yer verilen beceri
kazanimlar1 dikkate alinmalidir. Bunun i¢in her madde i¢in belirtilen kazanimin
bulundugu ilgili sayfaya gidilerek o kazanim igin yeniden kodlanmalidir. Ayrica, her
kazanim i¢in tabloda yer alan agiklamalar da kodlama yapilirken dikkate alinmalidir.
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APPENDIX D

SCIENCE PROCESS SKILLS OBSERVATION SHEET (SPSOS)

Okul:
Ogretmenin Ismi:
Gozlem Yapilan Siif ve Sube:

Gozlem Yapilan Konu:

Gozlem Bilgileri

Gozlem Yapilan Dersin Kazanima:

Smif /Sube:
Gozlem Yapilan Tarih:

Baslama-Bitirme Saati:

Saat | BSB Kodu

Agiklama
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Saat

BSB Kodu

Aciklama
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Bilimsel Siire¢ Becerileri Kodlar1

Gozlem yapma kodlar1

Tiir Kod | Aciklama
Bilgi Ifadesel | OKD1 | Gozlem yapmanin bilimsel siire¢ becerilerinden biri
Boyutu | Bilgi oldugunu ifade eder.
OKD2 | Bilim adamlarinin gézlem yaptiklarini ifade eder.
OKD3 | Bilimde gozlemin 6nemini agiklar ya da soru sorar.
Islemsel | OKP1 Gozlem yapma becerisi hakkinda bilgi verir, soru sorar.
Bilgi OKP2 | Nasil gozlem yapilmasi gerektigini agiklar, soru sorar.
OKP3 Gozlem yaparken dikkat edilmesi gerekenler hakkinda
bilgi verir, soru sorar.
Beceri | Gorev OSTP Ogrenciye bir amag belirtmeden gozlem yaptirir;
Boyutu | Becerileri ogrencinin sadece fiziksel olarak etkin oldugu fakat
zihinsel olarak gdzlemin amacini diistinmedigi durumdur.
OSTM | Ogrenciyi gdzlem yapma becerisi; nasil gézlem yapilmasi
gerektigi hakkinda diisiindiiriir. Ogrenci fiziksel olarak
bir gézlem yapmaz; fakat gézlem yapma becerisi
hakkinda diisiinerek zihinsel olarak etkindir.
OSTMP | Ogrenciye gozlem yaptirir. Nesnelerde meydana gelen

degisimi duyularini kullanarak (gérme, isitme, koklama,
dokunma ve tat alma) belirlemesini ister.

Ogrenciye belirli bir amag dogrultusunda nitel gézlem
yaptirir; Cisimlerin fiziksel 6zelliklerini, durumlarini,
hareketlerini ve/veya bunlarda meydana gelen
degisiklikleri betimlemesini ister.
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Olgiim yapma kodlar

Tir Kod Aciklama
Bilgi Ifadesel | SKD1 | Olgiim yapmanin bilimsel siire¢ becerilerinden biri
Boyutu | Bilgi oldugunu ifade eder.

SKD2 | Bilim adamlarinin 6l¢iimler yaptiklarini ifade eder.

SKD3 | Bilimde 6lgmenin, 6l¢iim aract kullanmanin 6nemini
aciklar/ soru sorar.

SKD4 | Herhangi bir 6l¢iimde kullanilan birim, birim doniisgtimleri
hakk. bilgi verir.

Islemsel | SKP1 Olgiim yapma becerisi hakkinda bilgi verir, soru sorar.
Bilgi SKP2 | Herhangi bir seyin nasil dl¢iilecegi hakkinda bilgi verir,
SOoru sorar.

SKP3 Olgiim yaparken dikkat edilmesi gerekenler hakkinda
bilgi verir, soru sorar.

Beceri | Gorev SSTP Ogrenciye 6l¢iim yaptirir ve/veya dlgiim arac1 yaptirir;

Boyutu | Becerileri 6grencinin sadece fiziksel olarak etkin oldugu fakat
zihinsel olarak 6l¢iim yapma hakkinda diisiinmedigi
durumdur.

SSTM | Ogrenciyi 6l¢iim yapma becerisi; nasil dl¢iim yapilmasi
gerektigi hakkinda diisiindiiriir. Ogrenci fiziksel olarak bir
6lciim yapmaz; fakat 6l¢iim yapma becerisi hakkinda
diisiinerek zihinsel olarak etkindir.

SSTMP | Ogrenciden bir seyi 6lgmesini ve/veya dl¢iim araci

gelistirmesini ister. Ogrenciden nicel betimleme
yapmasini ister. SSTP den farkli olarak 6grenci bu
durumda hem fiziksel hem de zihinsel olarak etkindir.
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Cikarim yapma kodlar1

Tiir Kod Aciklama
Bilgi Ifadesel IKD1 | Cikarim yapmanin bilimsel siire¢ becerilerinden biri
Boyutu | Bilgi oldugunu ifade eder.

IKD2 | Bilim adamlarinin ¢ikarimlarda bulunduklarini ifade eder.
IKD3 | Bilimde ¢ikarim yapmanin 6nemini agiklar ya da soru

sorar.
Islemsel IKP1 Cikarim yapma becerisi hakkinda bilgi verir, soru sorar.
Bilgi IKP2 | Nasil ¢ikarim yapilmasi gerektigini agiklar, soru sorar.

IKP3 Cikarim yaparken dikkat edilmesi gerekenler hakkinda
bilgi verir, soru sorar.

Beceri Gorev ISTP Ogrenciye zihinsel bir siire¢ gerektirmeyecek sekilde
Boyutu | Becerileri cikarim yaptirir. Bu durum kitapta 6grencinin ¢ikarim
yapmasini istedigi boliimiin hemen ardindan cevabin
verildigi durumlar i¢in kodlanabilir. Daha 6nce ifade
edilmis durumlar i¢in de gecerlidir.

ISTM | Ogrenciyi baska birisi(leri) tarafindan yapilan bir ¢ikar
hakkinda diisiindiiriir. Ogrenci ¢ikarim yapmaz, fakat
yapilan ¢gikarim hakkinda diislinerek nasil yapilmasi
gerektigi konusunda zihinsel olarak etkindir.

ISTMP | Ogrenciden bir olaym nedenine dair agiklama yapmasini
ister. Ogrencilerden bir olayin olas1 nedenleri hakkinda

verilere dayali olarak tartigmalarini ister.

Tahmin etme kodlar1

Tiir Kod Aciklama
Bilgi Ifadesel | PKD1 | Tahmin etmenin bilimsel siire¢ becerilerinde biri oldugunu
Boyutu | Bilgi ifade eder.

PKD2 | Bilim adamlarinin ¢aligmalarinda nesne ya da olaylar
hakkinda tahminlerde bulunduklarini ifade eder.

PKD3 | Bilimde tahmin etmenin 6nemini agiklar ya da soru sorar.
Islemsel | PKP1 | Tahmin etme becerisi hakkinda bilgi verir, soru sorar.
Bilgi PKP2 | Verilere dayanarak nasil tahmin yiiriitiilebilecegini agiklar,
Soru sorar.

PKP3 | Bir olay hakkinda tahmin yapilirken dikkat edilmesi
gereken hususlar hakkinda bilgi verir, soru sorar.

Beceri Gorev PSTM1 | Ogrenciyi, toplanan verilere ya da yapilan gézlemlere
Boyutu | Becerileri dayanarak neler tahmin yiiriitiilebilecegi {izerine
diigtindiirtir.

PSTM2| Ogrencinin gelecekteki bir olay, etkinlik ya da deneyin
muhtemel sonuglar1 hakkinda gézlem ve tecriibeye dayali

olarak tahminde bulunmasini ister.
PSTM3| Ogrenciden, degiskenler arasindaki iliskiden yararlanarak
yeni bir degiskenin olast etkilerini 6nceden kestirmesini ister.
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Siiflandirma kodlar:

Tiir Kod Aciklama
Bilgi Ifadesel | LKD1 | Siniflandirmanin bilimsel siire¢ becerilerinden biri
Boyutu | Bilgi oldugunu ifade eder.

LKD2 | Bilim adamlarinin ¢aligmalarinda siniflandirma
yaptiklarini ifade eder.

LKD3 | Bilimde siniflandirma yapmanin énemini agiklar ya da
SOoru sorar.

LKD4 | Daha 6nce yapilmis bir siniflandirma hakkinda bilgi verir:
siniflandirma kriterleri, ve/veya siniflandirmadaki ortak
ve/veya farkli 6zellikler hakkinda bilgi verir.

Islemsel | LKP1 Siniflandirma becerisi hakkinda bilgi verir, soru sorar.
Bilgi LKP2 | Smiflandirmanin nasil yapilmasi gerektigini aciklar, soru
sorar.

LKP3 Siniflandirma yaparken dikkat edilmesi gereken hususlar
hakkinda bilgi verir, soru sorar.

Beceri | Gorev LSTM1 | Nesne ya da olaylarin istenen ortak 6zelliklerini

Boyutu | Becerileri belirlemesi istenir.

Nesne ya da olaylarin istenen farkli 6zelliklerini
belirlemesi istenir.

LSTM2 | Nesne ya da olaylar iligkilerine gore diizenlemesi istenir.
Verilen bilgiler dogrultusunda siniflandirma yapmast
istenir.

Bilinen bir siniflandirmada gruplarin benzer 6zelliklerinin
belirlenmesi/ ifade edilmesi/ tartisilmasi istenir.

Bilinen bir siniflandirmada gruplar birbirinden ayiran
ozelliklerin ifade edilmesi/ belirlenmesi/ tartigilmasi
istenir.

Bilinen bir siniflandirmada belirlenmis olan parametre
hakkinda bilgi verir, soru sorar, diisiindiirtir.

Transfer | LSRM | Ogrencilerden kendisinin belirleyecegi kistas(lar)
Etme dogrultusunda nesne ya da olaylari siniflandirmasi istenir.
Becerileri
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Bilimsel iletisim kodlar1

Bilgi
Boyutu

Tir

Kod

Aciklama

Ifadesel
Bilgi

CKD1

CKD2

CKD3

Bilimsel iletisim kurmanin bilimsel siire¢ becerilerinden
biri oldugunu ifade eder.

Bilim adamlarinin deney ve gozlemlerden elde etikleri
verileri diger bilim adamlarinin incelemesi/ onaylamasi
/yeniden denemeleri icin paylastiklarini ifade eder.
Bilimsel verilerin paylasilmasi, tartisilmasi, sorgulanmasi
veya analiz edilmesinin bilimin ilerlemesi i¢in gerekli
oldugunu vurgular, diigiindiirtir.

Bilimsel bilginin olugmasi ve yayilmasinda iletigimin
etkisini vurgular.

Islemsel
Bilgi

CKP1

CKP2

CKP3

Bilimsel iletisim kurma becerisi hakkinda bilgi verir, soru
sorar.

Bilimsel iletisimin nasil kurulmas1 gerektigini agiklar,
SOru sorar.

Bilimsel iletisim kurarken dikkat edilmesi gereken
hususlar hakkinda bilgi verir, soru sorar.

Beceri
Boyutu

Gorev
Becerileri

CSTP

CSTM

CSTMP

Yazili kaynaklardan yapilan arastirmanin bagkalart ile
paylasilmasini ister. Ogrenci kendinden bir sey katmaz
arastirmaya, var olan bilgiyi arastirir ve bulduklarini
paylasir.

Bilimsel iletisim kurma hakkinda 6grenciyi diigiindiirtir.
Ogrenci fiziksel olarak bir sunum yapmaz ya da
bagkalariyla tartismaz ama yaptig1 bilimsel ¢calismay1
baskalarina nasil aktaracagi hakkinda diisiiniir.

Gozlem, elde edilen veriler, ¢ikarim ve/veya tahmin,
hipotez, degiskenlerin nasil kontrol edildigi, tasarlanan
deneyler, ulasilan sonuglar, yapilan bir aragtirma
hakkinda elde edilenlerin, diisiince ve/veya yorumlarin
paylasilmasini ister.

Yapilan bilimsel bir ¢alisma; deney, gézlem vs. hakkinda
sunum yaptirir.

Yapilan bir ¢alisma, deney, gézlem vs. hakkinda rapor
hazirlatir.
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Hipotez kurma kodlar1

Tiir Kod Aciklama
Bilgi Ifadesel | HKD1 | Hipotez kurmann bilimsel siireg becerilerinden biri
Boyutu | Bilgi oldugunu ifade eder.

HKD2 | Bilim adamlarinin ¢alismalarinda hipotez kurduklarini
ifade eder, hipotezlerine yer verir.
HKD3 | Bilimde hipotez kurmanin énemini agiklar ya da soru

sorar.
Islemsel | HKP1 | Hipotezin ne oldugu ve/veya nasil kuruldugunu anlatir,
Bilgi soru sorar.

HKP2 | Nasil hipotez kurulmasi gerektigini agiklar; iyi bir
hipotezin 6zellikleri (rasyonel olmak, agik ve islemsel
olarak tanimlanabilir olmak, sinanabilir olmak) hakkinda
bilgi verir, soru sorar.

HKP3 | Hipotez kurarken dikkat edilmesi gereken hususlar
hakkinda bilgi verir, soru sorar.

Beceri | Gorev HSTM1 | Verilen ya da kendi olusturdugu bir hipotezin, iyi bir
Boyutu | Becerileri hipotezde olmasi gereken 6zellikler bakimindan
degerlendirilmesini ister.

HSTM2 | Bir 6nermenin aragtirilip arastirilmayacaginin
belirlenmesini ister.

Bir olay1 ya da iligkiyi agiklamak, deney ya da arastirma
icin test edilebilir bir hipotez kurulmasini ister.
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Degiskenleri Belirleme ve Kontrol Etme

Bilgi
Boyutu

Tir

Kod

Aciklama

Ifadesel
Bilgi

VKD1

VKD?2

VKD3

Degiskenleri belirlemenin ve/veya kontrol etmenin bilimsel
stire¢ becerilerinden biri oldugunu ifade eder.

Bilim adamlarinin yaptiklar1 deneylerde asagidaki bilgilerden|
biri, bir kag1 ya da hepsine yer verir:

Degiskenleri belirleyip, tanimladiklarina

Deney stiresince degiskenleri nasil kontrol ettiklerine,
Hangi degiskeni degistirdikleri ve buna nasil karar
verdiklerine,

Deney sonunda elde edilen bilgilerden nasil sonuca
ulastiklarina.

Bilimde degiskenleri belirleme ve/veya kontrol etmenin
Oonemini acgiklar, soru sorar.

Islemsel
Bilgi

VKP1

VKP2

VKP3

Degiskenlerin belir. ve/veya kontrol etme hakkinda bilgi
Verir, soru sorar.

Degiskenlerin nasil belirlenmesi ve/veya kontrol edilmesi
gerektigini agiklar, soru sorar.

Degiskenleri belirlerken ve/veya kontrol ederken dikkat
edilmesi gereken hususlar hakkinda bilgi verir, soru sorar.

Beceri
Boyutu

Gorev
Becerileri

VSTP

VSTM1

VSTM2

VSTMP

Deney sirasinda hangi degiskenlerin nasil kontrol edilecegini
soyleyerek dgrenciden yapmasini ister. Ogrenci fiziksel
olarak etkindir fakat degiskenleri nasil kontrol edecegi
sOylendigi icin zihinsel olarak etkin degildir.

Ogrenciden bir durum, olay ya da deney i¢in degiskenleri
belirlemesini, bagimsiz, bagimli ve kontrol edilmesi gereken
degiskenleri belirlemesi istenir. Ogrenci sadece zihinsel
olarak etkindir, oniinde fiziksel bir ortam bulunmamaktadir
degiskenleri manipiile etmek icin.

Ogrenciden kurgulanan bir deney, durum ya da olay igin
degiskenleri belirlemesi ve/veya tanimlamasi istenir.
Ogrenciden kurgulanan bir deney sirasinda degiskenlerin
nasil kontrol edilebilecegi iizerine diisiinmesi istenir. Ogrenci
fiziksel olarak etkin degildir fakat degiskenlerin kontrol
edilmesi hakkinda diisiindiigii i¢in zihinsel olarak etkindir.
Bir durum, olay ya da deney i¢in asagidaki maddelerinden en
az birini, bir ka¢ini ya da hepsini yaptirir:

Degiskenlerin belirlenmesi, tanimlanmasi, sabit tutulacak
degiskenlerin belirlenmesi, bagimsiz degiskenin
belirlenmesi, bagimli degiskenin belirlenmesi, kontrol
edilemeyen degiskenlerin belirlenmesi, bagimsiz degiskenin
nasil degistirilecegine karar verilmesi, deney sonucunda iki
degisken arasindaki iliskinin ortaya konmasi, beklenmedik
bir sonuca ulagtiginda, neden beklendigi sekilde
sonu¢lanmadigini degiskenler iizerinden sorgulanmasi
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Deney Tasarlama ve Yapma

Bilgi
Boyutu

Tir

Kod

Aciklama

[fadesel
Bilgi

EKD1

EKD2

EKD3

Deney yapmanin bilimsel siire¢ becerilerinden biri
oldugunu ifade eder.

Bilim insanlarinin deney tasarladiklarini ve yaptiklarini
ifade eder.

Bilimde deney tasarinin ve yapmanin 6nemini agiklar
ya da soru sorar.

Islemsel
Bilgi

EKP1
EKP2

EKP3

Deney yapma becerisi hakkinda bilgi verir, soru sorar.
Nasil deney tasarlanmasi ve/veya yapilmasi/ Deney
malzemelerinin nasil kullanilmasi1 gerektigini agiklar,
SOoru sorar.

Deney yaparken dikkat edilmesi gerekenler hakkinda
bilgi verir, soru sorar.

Beceri
Boyutu

Gorev
Becerileri

ESTP

ESTM

ESTMP

Ogrencilere adimlar1 belirlenmis bir deney, asagidaki

kosullarin hepsini saglayacak sekilde yaptirilir;

¢ Deneyin sonucunu tahmin edilmesi ya da hipotez
kurulmasini ister

e Deney diizenegini 6grencinin kurmasini ister

e Verileri 6grencinin kaydetmesini ister

e  Ogrencinin verileri yorumlamasini ister

e Ogrencinin deneyde elde edilen sonug
dogrultusunda tahminin ya da hipotezin
dogruluguna karar vermesini ister

Ogrenciden fiziksel olarak deney yapmasini istemez,

fakat bir hipotezi sinamak i¢in nasil bir deney diizenegi

kurulmasi gerektigi hakkinda diisiindiiriir.

Ogrenciden yapilacak bir deney i¢in uygun arag

gerecleri se¢gmesini ister/

Bir hipotezi sinamak, yapilan bir tahmini test etmek,

degiskenler arasindaki iliskiyi belirlemek ya da bir

soruya cevap vermek amaglarindan herhangi biri i¢in

Ogrencinin 6zgiin bir deney (diizeneginin) tasarlamasini

ister.
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Veri Toplama ve Yorumlama

Tiir Kod Aciklama
Bilgi [fadesel DKD1 | Veri toplamanin, verileri sistematik bir sekilde
Boyutu | Bilgi diizenlemenin, bilgilerden arindirmanin ve/veya
yorumlamanin bilimsel siire¢ becerilerinden biri oldugunu
ifade eder.

DKD2 | Bilim insanlarinin diizenli bir bi¢imde verileri topladiklari,
organize ettikleri ve/veya akla uygun bir sekilde
yorumladiklarini ifade eder.

Bilim adamlarinin veri toplama ve yorumlama
calismalarina ait detayli 6rnege yer verir (Sadece ‘su
verileri toplamigtir’ gibi genel ciimleler degil, verilerin
nasil toplandig, nasil organize edildigi, bu siiregte nelere
dikkat edildigi gibi detayli bilgilerin verildigi ifadelere yer
Verir)

DKD3 | Bilimde veri toplamanin ve yorumlamanin énemini agiklar
ya da soru sorar.

Islemsel | DKP1 | Veritoplama ve yorumlama becerisi hakkinda bilgi verir,
Bilgi soru sorar.

DKP2 | Nasil veri toplanmasi ve/veya yorumlamasi gerektigini
aciklar, soru sorar. Yapilan bir ¢aligmaya ait verilerin nasil
diizenlendigiyle ilgili 6rnek verir.

DKP3 | Veri topl. siirecinde dikkat edilmesi gerekenler hk.da bilgi
Verir, soru sorar.

Beceri | Gorev DSTP | Ogrenciden veri toplanmasini ister: Ogrenciden yaptigi
Boyutu | Becerileri gozlemde elde ettigi verileri not etmesini ister, Ogrenciden
degiskenlerle yaptig1 denemelerle veri toplamasini ister.
DSTM | Toplanan verilerin diizenlenmesini ister: Verilerin,
deneyin sonucunu etkilemeyecek ve/veya karisikliga yol
acacak gereksiz bilgilerden arindirilmasini ister. Herhangi
bir formda (diiz yazi, grafik, tablo, stitunlu grafik vb. gibi)
verilen verilerin bagka bir forma (diiz yazi, grafik, tablo,
stitunlu grafik vb. gibi) doniistiiriilmesini ister.

Transfer | DSR1 | Verilerin yorumlanmasini ister. Verileri yorumlarken
Etme gorsel formlardan (grafik, tablo, siitunlu grafik vb. gibi)
Becerileri faydalanilmasini ister. Verilen bir gorsel formu (grafik,
tablo vb. gibi) yorumlamalarini ister.

Yapilan tahminler ile deney/gozlemde elde edilen verilerle
ulasilan sonuglarin karsilastirilmasini ister. Verileri
yorumlayarak bir sonuca ulasilmasini ister.

DSR2 | Ogrencilerden elde edilen sonuglarin genel

uygulanabilirligi hakkinda varsayimda bulunmasini ister.
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Model Yapma

Bilgi
Boyutu

Tir

Kod

Agiklama

Ifadesel
Bilgi

MKD1

MKD2

MKD3

Model yapmanin bilimsel siire¢ becerilerinden biri
oldugunu ifade eder.

Bilim adamlarinin anlagilmasi gii¢c kavramlarin, nesne ve
olaylarin modellerini yaparak anlagilir hale getirdiklerini
ifade eder. Bilim adamlarinin yaptiklart modeller
hakkinda detayli bilgi verir. (Modeli kimin gelistirdigi,
gercek halini nasil algiladigi ve gercegi ile modeli
arasindaki benzerlik ve farkliliklar1 hakkinda bilgi verir)
Bilimde model yapmanin 6nemini agiklar ya da soru
sorar.

Islemsel
Bilgi

MKP1

MKP2

MKP3

Model yapma becerisi hakkinda bilgi verir: Verilen
model ile ger¢ek nesne/olay arasindaki benzerlikleri
vurgular, soru sorar.

Nasil model yapilmasi gerektigini aciklar. Olay, nesne
ya da fikirleri agiklamak igin -asagidaki kosullar
saglayarak- model kullanilir:

* Anlatilanin gerceginin modeli oldugunu vurgular.

* Gergegi ile benzer ve farkliliklar hakkinda bilgi verir.
Modelleme yapilirken nelere dikkat edilmesi gerektigini
ifade eder; Model yapabilmek i¢in gergegi hakkinda
miimkiin oldugunca fazla veri toplamanin énemli
oldugunu ifade eder, soru sorar.

Beceri
Boyutu

Gorev
Becerileri

MSTP

MSTM

MSTMP

Ogrenciden daha dnce yapilmis bir modeli yapmasini
ister.

Ogrencinin model ile gercegi (nesne, olay, kavram,
sistem vb.) arasindaki benzerliklerin ve/veya
farkliliklart bulmasini ister.

Daha 6nce yapilmis bir modeli kullanarak olaylar ya da
kavramlar arasindaki iliskinin agiklanmasini ister.
Herhangi bir formda (6rn: ii¢ boyutlu nesne) olan
nesneyi temsil edecek ya da agiklayacak bagka bir forma
(6rn: iki boyutlu bir ¢izim) doniistiiriilmesini ister.
Yeni bir kavram/ olay i¢in 6zgiin bir modelin
gelistirilmesini ister.
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APPENDIX E

SCIENCE PROCESS SKILLS QUESTIONNAIRE (SPSQ)

Sayin Ogretmenim,

Bu anketin amac1 9. Siif Fizik Dersi Programinin uygulanmasinda fizik 6gretmenlerinin
bilimsel siire¢ becerilerine ne siklikla yer verdigini belirlemektir. Anket ile elde edilen
veriler Enerji Unitesi boyunca gozlem yapilacak siniflar1 belirlemek igin kullanilacaktir.
Anketteki sorulari eksiksiz bir sekilde cevaplandirmaniz ¢aligma igin bilyiik 6nem
tasimaktadir. Bu anketle toplanilan kisisel bilgiler kesinlikle gizli tutulacaktir. Anket ii¢
boliimden olusmaktadir; (A) Kisisel Bilgiler, (B) Enerji Unitesi Hakkinda Mesleki Bilgiler,
(C) Smif I¢i Bilimsel Siire¢ Becerileri Anketi.

Calismaya verdiginiz yardim ve katkilariniz i¢in tesekkiir ederim.
Aras. Gor. Beril YILMAZ SENEM

ODTU, Egitim Fakiiltesi, OFMAE

A. Kisisel Bilgiler

Adiniz Soyadiniz/ Yaginiz

Ogrenim durumunuz () Universite () Yiiksek Lisans () Doktora
Mezun oldugunuz fakiilte () Egitim F. () Fen ve Edebiyat F.
() Miihendislik F.
Mezun oldugunuz tiniversite/bolim /
Calistiginmiz okul/ Okul tiirii /

Daha 6nceki yillarda ¢alistiginiz
okullar, gérev yaptiginiz siire
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Enerji Unitesi Hakkinda Mesleki Bilgiler

Kag yildir fizik dersi veriyorsunuz? (___ )

Enerji Unitesini bu programdaki icerigi ile kag yildir veriyorsunuz? (__ )
Enerji Unitesini bu programdaki igerigi ile kag defa verdiniz? ()

(Aciklama: Bir 6gretim yilinda birden fazla sinifta -3 farkli sinifta- enerji tinitesini
anlattrysaniz, o yil i¢in enerji iinitesini 3 defa anlatmis olursunuz)

Yeni 6gretim programi hakkinda herhangi bir egitim/seminer aldiniz mi?
() Evet - () Hayir

4a. Cevabimz ‘Evet’ ise, liitfen almis oldugunuz egitim/seminer i¢in agsagidaki tabloyu

doldurunuz.
Egitim/Semineri Egitim / Egitim / Egitim / Egitim/Seminer
Diizenleyen Kurum Seminer Seminer Seminer Sonunda Almis
ya da Kurulus Yeri Tarihi Siiresi Oldugunuz Unvan

Dokuzuncu siniflarda Enerji Unitesi’ni islerken 6gretim programinda belirtilen siire
yeterli geliyor mu? () Evet - ( ) Hayir

Donemde kag ders saati fizik laboratuvarinda ders igliyorsunuz? ( )
Enerji Unitesinde kag ders saati fizik laboratuvarinda ders isliyorsunuz? ( )
Dersliginizde fizik ders arag¢ geregleri bulunuyor mu? () Evet - ( ) Hayir

8a. Cevabimiz ‘Evet’ ise, bu ara¢ gerecleri Enerji Unitesini islerken ne siklikta
kullantyorsunuz? ( )

Dokuzuncu sinif fizik ders kitabini nasil kullaniyor musunuz? (Ornegin derste
Ogrencilere okutuyorum, belirli boliimleri okutuyorum, 6grencilere evde okumalarini
sOylityorum, 6dev veriyorum, vb. gibi)

10. Derste kullandigimiz veya dgrencilerinize dnerdiginiz yardime1 kaynak kitaplar1 nasil
kullaniyorsunuz? (Ornegin derste dgrencilere okutuyorum, belirli boliimleri
okutuyorum, 6grencilere evde okumalarini séyliiyorum, 6dev veriyorum, vb. gibi)

212




C. Sinif ici Bilimsel Siire¢ Becerileri Anketi

Asagidaki tabloda sol siitunda bilimsel siireg becerilerini igeren egitim-6gretim etkinliklerine
yer verilmistir. Fizik dersinde Enerji Unitesini islerken bu etkinliklere ne siklikta yer
veriyorsunuz? Asagidaki tabloda yer alan her ifadenin karsisinda o madde i¢in en uygun
oldugunu disiindiigiiniiz kutucuga ¢arpi isareti (X) koyarak isaretleyiniz.

NOT: Liitfen her madde i¢in yalnizca bir isaretleme yapiniz.

Fizik dersimde, Enerji Unitesi’ni islerken Hangi siklikta
yaparsiniz?
c
2l gl
s | =
T 8| R~
| Z2| 0| »n

1. Bilimde, gézlem yapmanin 6nemini agiklarim.

2. Gozlem yapma becerisi hakkinda bilgi veririm.

3. Ogrencilerimin nesne ya da olaylardaki degisimi
gozlemlemelerini saglarim.

. Ogrencilerime dokunma, duyma, gérme, koklama, tat
alma deneyimlerinden faydalanarak gézlem

Gozlem Yapma
N

yaptiririm.

5. Bilimde, 6l¢iim yapmanin 6l¢iim araci kullanmanin

g Onemini agiklarim.

s 6. Olciim yapma becerisi hakkinda bilgi veririm; neler
g dikkat edilmesi gerektigi hakkinda bilgi veririm.
:g 7. Ogrencilerimden bir biiyiikliigii 6l¢gmelerini isterim.
g 8. Bilimde, ¢ikarim yapmanin 6nemini agiklarim.

g

<

E 9. Cikarim yapma becerisi hakkinda bilgi veririm.

E‘ 10. Ogrencilerimden fiziksel bir olayin nedenine dair
S aciklama yapmalarini isterim.

g 11. Bilimde, siniflandirma yapmanin énemini agiklarim.
'é 12. Smiflandirma becerisi hakkinda bilgi veririm.

<

e P USRI

g 13. Ogrencilerimin nesne ya da olaylari

2 siniflandirmalarini saglarim.

14. Bilimde, tahmin etmenin énemini agiklarim.

° 15. Tahmin etme becerisi hakkinda bilgi veririm.

g 16. Ogrencilerimin gerceklesmemis bir olay, etkinlik ya
£ da deneyin olasi sonuglari hakkinda gozlem ve

% tecriibelerine dayali olarak tahminde bulunmalarini
= saglarim.
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Fizik dersimde, Enerji Unitesi’ni islerken

Hangi siklikta
yaparsiniz?

Asla
Nadiren
Bazen

Sik Sik

Bilimsel

[letisim Kurma

17. Bilimde, bilimsel iletisim kurmanin énemini agiklarim.

18. Bilimsel iletisim kurma becerisi hakkinda bilgi veririm.

19. Ogrencilerimin yaptiklar1 calismalari birbirlerine
aktarmalarini, birlikte tartismalarini saglarim.

Hipotez
Kurma

20. Bilimde hipotez kurmanin énemini agiklarim.

21. Hipotez kurma becerisi hakkinda bilgi veririm.

22. Ogrencilerimin bir olay1 agiklamalari ya da deney yapmak
icin test edilebilir bir hipotez kurmalarini saglarim.

Degiskenleri Belirleme ve

Kontrol Etme

23. Bilimde degiskenleri belirlemenin ve kontrol etmenin
Oonemini agiklarim.

24. Degiskenleri belirleme ve kontrol etme becerisi hakkinda
bilgi veririm.

25. Deney yaparken ya da hakkinda tartigirken
ogrencilerimden bagimli, bagimsiz degiskenleri
belirlemesini isterim.

26. Deneyde 6grencilerimden degiskenleri kontrol etmelerini
saglarim.

Deney Yapma ve

Tasarlama

27. Bilimde deney yapma ve tasarlamanin 6nemini
vurgularim.

28. Deney yapma ve tasarlama becerisi hakkinda bilgi veririm.

29. Ogrencilerimin basamaklar1 verilmis bir deneyi
yapmalarini saglarim.

30. Ogrencilerimden bir hipotezi sinamak i¢in deney diizenegi
tasarlamalarini isterim.

Veri Toplama ve
Yorumlama

31. Bilimde veri toplama ve yorumlanin 6nemini vurgularim.

32. Veri toplama ve yorumlama becerisi hakkinda bilgi
veririm.

33. Ogrencilerimin yaptiklar1 gdzlem ya da dl¢iimlerle veri
toplamalarini saglarim.

34. Ogrencilerimden topladiklari verileri diizenlemelerini
isterim.

35. Ogrencilerimin kendi topladiklart verileri ya da benim

verdigim hazir verileri yorumlamalarini saglarim.
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Fizik dersimde, Enerji Unitesi’ni islerken

Hangi siklikta
yaparsiniz?

Asla
Nadiren
Bazen

Sik Sik

36. Bilimde model yapmanin 6énemini vurgularim.

37. Model yapma becerisi hakkinda bilgi veririm.

38. Ogrencilerimin gelistirilmis bir model ile ger¢egi arasinda
iliski kurmasini saglarim.

39. Ogrencilerimden fiziksel bir kavram ya da olay i¢in 6zgiin
model gelistirmelerini isterim.

Model Yapma
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APPENDIX F

RESULT OF PHYSICS LESSONS’ OBSERVATION IN THE FIRST STAGE

Teachers

T1 T2 T3 T4 T5 T6 T7 T8 T9 TI10
Observation 4 3 3 5 4 3 3 4 4 2

duration hours hours hours hours hours hours hours hours hours hours
Meas. 3 5 12 7 3 1 2 5 0 0
(KB-SK) (3-0) (1-4) (2-10) (7-0) (1-2) (1-0) (2-0) (5-0) (0-0) (0-0)
Col.Int.D. 0 8 6 0 11 3 1 1 2 0
(KB-SK) (0-0) (0-8) (0-6) (0-0) (0-11) (0-3) (0-1) (0-1) (0-2) (0-0)
Exper. 0 0 1 0 0 0 4 0 0 0
(KB-SK) (0-0) (0-0) (1-0) (0-0) (0-0) (0-0) (2-2) (0-0) (0-0) (0-0)
Dfn.Cnt.V. 1 1 3 0 1 1 3 1 0 0
(KB-SK) (0-1) (0-1) (0-3) (0-0) (0-1) (0-1) (1-2) (0-1) (0-0) (0-0)
Model. 14 8 6 19 10 1 5 7 9 14
(KB-SK) (0-14) (0-8) (0-6) (0-19) (0-10) (0-1) (0-5) (0-7) (0-9) (0-14)
Infer. 0 1 1 0 0 0 4 0 1 0
(KB-SK) (0-0) (0-1) (0-1) (0-0) (0-0) (0-0) (0-4) (0-0) (0-1) (0-0)
Class. 1 5 4 1 1 1 1 1 0 1
(KB-SK) (1-0) (0-5) (0-4) (0-1) (0-1) (0-1) (1-0) (0-1) (0-0) (0-1)
Obser. 1 2 5 2 16 3 2 14 0 0
(KB-SK) (0-1) (0-2) (0-5) (0-2) (2-14) (0-3) (0-2) (0-14) (0-0) (0-0)
Hypot. 0 0 0 0 0 0 0 0 0 0
(KB-SK) (0-0) (0-0) (0-0) (0-0) (0-0) (0-0) (0-0) (0-0) (0-0) (0-0)
Pred. 0 0 3 0 3 0 0 0 0 0
(KB-SK) (0-0) (0-0) (0-3) (0-0) (0-3) (0-0) (0-0) (0-0) (0-0) (0-0)
Sci.Com. 0 2 3 0 2 0 0 0 0 0

(KB-SK) (0-0) (1-1) (0-3) (0-0) (0-2) (0-0) (0-0) (0-0) (0-0) (0-0)

Total SPS 20 32 44 29 47 10 22 29 12 15

SPS/hour 5 10,67 1467 58 11,75 3,333 7,333 7,25 3 7,5
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APPENDIX G

RESULT OF SCIENCE PROCESS SKILLS QUESTIONNAIRE

Statements in the Questionnaire Teachers
T TTTTTTTTTL
1 2 3 45 6 7 8 9 0
1. I explain importance of observing in science 3 3 4 2 4 3 3 4 2 3
2. | give information about observing skill 3 3 3 2 3 4 3 4 2 4
3. | make students observe changes of objects or 3 3 4 3 4 3 2 3 3 3
events
4. | ask students make observations by usingtheir 3 4 4 3 4 3 3 2 2 3
senses (visual sense, touching, hearing, tasting,
smelling)
5. I explain importance of making measurements 3 3 4 3 3 3 3 4 3 3
and using measurement tools in science
6. | give information about measuring skill; aspects 3 3 4 3 3 4 3 3 3 3
that should be considered during making
measurements
7. | ask students measure a quantity 3 3 3 3 2 3 3 2 2 3
8. | explain importance of inferring in science 3 3 4 4 4 3 3 1 3 2
9. | give information about inferring skill 3 3 33 4 3 3 13 2
10. I ask students make inferences aboutreasonof 4 4 4 4 4 4 4 1 4 4
an event
11. I explain importance of classifying in science 3 3 4 3 2 3 3 3 3 3
12. | give information about classifying skill 3 3 4 3 2 3 3 3 3 4
13. I make students classify objects or events. 3 3 3 3 3 3 3 2 4 3
14. 1 explain importance of predicting in science 3 3 4 3 4 3 3 3 3 3
15. | give information about predicting skill 3 3 4 3 4 4 3 3 3 4
16. | make students predict about possible resultsof 4 3 3 4 4 4 3 2 3 4
an occurred event, activity or experiment
17. I explain importance of scientific 3 3 4 3 4 3 3 4 3 3
communication in science
18. | give information about scientific 3 3 4 3 4 3 3 3 3 4
communication skill
19. I make students share their studies with each 3 4 4 3 4 3 2 2 4 3
other
20. I explain importance of hypothesizing in 3 3 43 3 3 3 3 3 3
science
21. I give information about hypothesizing skill 3 4 4 3 3 3 3 3 3 3
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Statements in the Questionnaire Teachers
T TTTTTTTTTL
1 2 3 456 7 8 9 0

23. | explain importance of def.-control. variables 3 3 4 3 3 3 3 3 3 3
in science

24. | give information about defining-controlling 3 3 4 3 3 4 3 4
variables skills

25. | ask students define dependent and 2 3 3 2 2 2 2 1 3 2
independent variables while making or
discussing about an experiment

26. | make students control variables during 2 3 4 2 2 2 2 1 3 2
experiments

27. | explain importance of experimenting in 3 3 4 3 4 3 3 4 3 3
science

28. | give information about skill of experimenting 3 3 4 3 4 4 3 3 3 4

29. | ask students make structured experiments 2 3 4 2 1 2 2 2 3 2

30. I ask students design an experiment setup to 3 3 4 3 3 3 11 3 3
test a hypothesis

31. I explain importance of collecting-interpreting 3 3 4 3 4 3 3 4 3 3
data in science

32. | give information about collecting-interpreting 3 3 3 4 4 4 3 4 3 3
data skills

33. I make students collect data by observing or 3 3 4 3 4 3 3 2 3 3
measuring

34. | ask students arrange the collected data 3 3 4 4 3 3 3 2 3 3

35. I ask students interpret data which theycollect 3 3 4 3 4 3 3 2 4 3
or | supply

36. I explain importance of modeling in science 3 4 4 3 3 4 3 3 3 3

37. 1 give information about skill of modeling 3 4 4 3 2 3 3 3 3 3

38. | ask students make relations betweenamodel 3 4 3 3 3 3 3 2 3 3
and its original

39. | ask students make a model of physical 34 3 3 3 3 11 3 3
concept or an event.

Average frequency value 3 3 43 3 333 3 3

(1:Rarely, 2: Occasionally, 3: Periodically, 4: Usually)
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APPENDIX H

INTERVIEW SHEETS

T2, 7 ders saati; 19.02.2013- 12.03.2013 tarihleri arasinda gézlem yapilmustir.

Gozlem sonuglarim: Derste en ¢ok yer verilen bilimsel siire¢ becerileri; modelleme, veri
toplama ve yorumlama, siniflandirma, bilimsel iletisim kurma, 6l¢me, gbzlem yapma ve
hipotez kurma. Bunun yaninda ¢ikarim yapma, degiskenleri belirleme, deney yapma
becerilerine sinirli yer verilirken, tahmin etme becerisine hi¢ yer verilmemistir.

Bilgi seviyesi
Hakkinda bilgi verilen Modelleme, Ol¢me, Bilimsel iletisim kurma
beceriler
Hakkinda bilgi verilmeyen Gozlem yapma, Cikarim yapma, Veri toplama ve
beceriler yorumlama, Siniflandirma, Hipotez kurma, Degiskenleri
belirleme, Deney yapma, Tahmin etme

Beceri seviyesi

Cok yer verilen beceriler; Modelleme, Veri toplama ve yorumlama, Siniflandirma,

Az yer verilen beceriler; Gozlem yapma, Bilimsel iletisim kurma, Hipotez kurma,
Cikarim yapma, Degiskenleri belirleme, Deney yapma

Hig yer verilmeyen beceriler; Tahmin etme, Olgme

Dersinizdeki gozlemlerime dayali olarak varmis oldugum bu sonug size anlamli geliyor mu?
Detaylar;

Bilimsel Iletisim kurma: bilimsel iletisim kurmanim éneminden bahsediyorsunuz ve
vurguluyorsunuz.
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Ol¢me: neyin nasil dlgiilecegi hakkinda birimler hakkinda bilgi veriyorsunuz, fakat
ogrenciler derste hi¢bir sey 6lgmiiyorlar. Katiliyor musunuz?

Model yapma becerisi: Becerileri teker teker ele alirsak, modelleme becerisi dersinizde,
matematiksel ifadeleri yerinde kullanma ve formiiller yardimiyla degiskenler arasindaki
iligkiyi agiklama seklinde karsimiza ¢ikiyor. Enerji {initesinde kullanilan bagintilar ve bu
bagintilar dogrultusundan ¢oziilen problemler dersinizde dnemli bir yer tutmaktadir.
Gozlemlerim 15181nda, enerji linitesinde verdiginiz yeni durumlar i¢in 6grencilerin formiilleri
irdeleyerek ulasacaklari sonuglar1 yorumlamalarini sagladigimz sonucuna ulastim. Ornegin
degisik yiiksekliklerde ilerleyen bir yolda hareket eden bir cismin nereye kadar ¢ikacagini
soruyorsunuz dgrencilerinize. Ogrencilerin soruya dogru cevap verebilmeleri icin cismin
belirli araliklardaki hareketini yorumlamasi gerekir. Bunu da kinetik enerji, potansiyel enerji
bagintilar1 ve enerji korunumu ilkesini irdeleyerek, bu durum i¢in yorumlayarak yapabilir.
Dersinizde matematiksel model olan formiiller direk olarak verilip sayisal degerler yerlerine
konarak sayisal ifadelere ulasilmiyor; formiiller hem kendi iglerinde hem de birbirleri ile
karsilastirilarak yorumlaniyor. Katiliyor musunuz?

Bunun yaninda modelleme becerisi hakkinda bilgi seviyesinde bir paylasim; formiillerin
matematiksel bir model olduguna dair bir agiklama, model yapmanin bilimdeki 6nemi ve
benzeri gibi paylagimlar, derslerinizde gézlenmemistir, katiliyor musunuz?

Veri toplama ve yorumlama: Dersinizde en ¢ok yer verilen bilimsel siire¢ becerileri arasinda
veri toplama ve yorumlama becerisi de bulunmaktadir. Ogrencilerin sinif icinde yaptirdiginiz
gozlemleri ya da konu hakkinda verdiginiz yeni durumlar1 yorumluyorlar. Katiliyor
musunuz?

Swiflandirma: Enerji iinitesinde yer alan farkli enerji kaynaklar1 konusunda 6grenciler
siniflandirma yaparak, var olan bir siniflandirmanin ortak ve farkli 6zelliklerini tartigarak
siniflandirma becerilerini gelistirmektedirler. Ya da bilinen bir siniflandirmada verilen
bilgiler dogrultusunda yeni bir 6rnegi bir kategoriye yerlestirmesi istenmektedir. Katiliyor
musunuz?

Bilimsel iletisim kurma: 6grenciler kitaptaki bazi etkinlikleri evde yapip sinifta sundular.
Boylece 6grencilerin iletisim becerileri gelismektedir. Fakat yapilan sunumlarda sadece
etkinlikte yapilanlarla sinirh kaldi, yaptiklar: bir deneyi, bilimsel bir ¢calismay1 anlatmadilar.
Katiliyor musunuz?

Gézlem yapma: derste i konusunu daha iyi anlamalar1 i¢in verdiginiz farkli durumlar
sordugunuz sorular dogrultusunda nesne ya da olaylardaki degisimleri gozlemlediler. Fakat
deneysel anlamda bir gézle yapmadilar. Katiliyor musunuz?

Hipotez kurma: dgrenciler verilen sorunlara ¢6ziim onerilerinde bulunuyorlar, fakat
yaptiklari seyin hipotez kurmak oldugunun farkinda degiller. Katiliyor musunuz?
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T3, 11 ders saati; 20.02.2013- 27.03.2013 tarihleri arasinda gozlem yapilmistir.

Gozlem sonuglarim: Derste en ¢ok yer verilen bilimsel siire¢ becerileri; modelleme, 6lgme,
siniflandirma, bilimsel iletisim kurma, ver toplama ve yorumlama becerileri. Bunun yaninda
gbzlem yapma, tahmin etme, degiskenleri belirleme ve kontrol etme, ¢ikarim yapma
becerilerine smirlt yer verilirken deney yapma ve hipotez kurma becerilerine hi¢ yer

verilmemistir.

Bilgi seviyesi
Hakkinda bilgi verilen Simiflandirma, Olgme, Veri toplama ve yorumlama,
beceriler Deney yapma
Hakkinda bilgi verilmeyen Modelleme, Bilimsel iletisim kurma, G6zlem yapma,
beceriler Hipotez kurma, Cikarim yapma, Degiskenleri belirleme,

Tahmin etme

Beceri seviyesi

Cok yer verilen beceriler; Modelleme, Olgme, Siiflandirma, Bilimsel iletisim

kurma, Veri toplama ve yorumlama, ,

Az yer verilen beceriler; Gozlem yapma, Cikarim yapma, Degiskenleri belirleme,
Tahmin etme

Hig yer verilmeyen beceriler; Hipotez kurma, Deney yapma,

Dersinizdeki gézlemlerime dayal1 olarak varmig oldugum bu sonug size anlamli geliyor mu?
Detaylar;

Model yapma becerisi: Becerileri teker teker ele alirsak, modelleme becerisi dersinizde,
matematiksel ifadeleri yerinde kullanma ve formiiller yardimiyla degiskenler arasindaki
iligkiyi agiklama seklinde karsimiza ¢ikiyor. Enerji tinitesinde kullanilan bagintilar ve bu
bagintilar dogrultusundan ¢oziilen problemler dersinizde dnemli bir yer tutmaktadir.
Gozlemlerim 15181nda, enerji iinitesinde verdiginiz yeni durumlar i¢in 6grencilerin formiilleri
irdeleyerek ulasacaklar1 sonuglar1 yorumlamalarini sagladiginiz sonucuna ulagtim.
Dersinizde matematiksel model olan formiiller direk olarak verilip sayisal degerler yerlerine
konarak sayisal ifadelere ulagilmiyor; formiiller hem kendi i¢lerinde hem de birbirleri ile
karsilastirilarak yorumlaniyor. Katiliyor musunuz?
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Bunun yaninda modelleme becerisi hakkinda bilgi seviyesinde bir paylasim; formiillerin
matematiksel bir model olduguna dair bir agiklama, model yapmanin bilimdeki 6nemi ve
benzeri gibi paylasimlar, derslerinizde gézlenmemistir, katiliyor musunuz?

Olgme: dlgme becerisinde en ¢ok vurgulanan sey birimler. Bir biiyiikliigiin hangi birim ile
ifade edildigi ve biiyiikliik yazilirken birim yazmanin 6nemi vurgulanmigtir. Bunun disinda
yapilan dlglimler kitaptaki etkinliklerde yer alan 6l¢iim islemleriydi. Bunun disinda bagka bir
seyin ol¢iildiigi gozlenmemistir. Katiliyor musunuz?

Swiflandirma: Enerji linitesinde yer alan farkli enerji kaynaklari konusunda 6grenciler
siniflandirma yaparak, var olan bir siniflandirmanin ortak ve farkli 6zelliklerini tartigarak
siniflandirma becerilerini gelistirmektedirler. Ya da bilinen bir siniflandirmada verilen
bilgiler dogrultusunda yeni bir 6rnegi bir kategoriye yerlestirmesi istenmektedir. Katiliyor
musunuz?

Bilimsel iletisim kurma: 6grenciler arastirma konular1 dogrultusunda ve tinitenin
baslangicinda sorumlu olduklari etkinlikleri diger 6grencilere sunum yaparak paylasiyorlar.
Boylece 0grencilerin iletisim becerileri gelismektedir. Fakat yapilan bazi sunumlarda sadece
internetten ya da yazili kaynaklardan alinan bilgiler paylagilmaktadir. Bunun yani sira bu
paylasimlar kitaptaki etkinliklerle sinirlidir. Katiliyor musunuz?

Veri toplama ve yorumlama: Dersinizde en ¢ok yer verilen bilimsel siire¢ becerileri arasinda
veri toplama ve yorumlama becerisi de bulunmaktadir. Ogrenciler arastirma konular1
dogrultusunda internetten ya da yazili kaynaklardan veriler toplayarak amaclari
dogrultusunda ulastiklar1 verileri diizenliyorlar. Ogrenciler bilimsel bilgiyi, giinliik bilgiden
arindiriyor ve gerekli olan bilgiyi gereksiz bilgilerden temizliyorlar. Bunun yaninda
matematiksel modelleri; formiilleri kullanarak verileri yorumluyorlar. Bunun i¢in zaman
zaman sozIi ya da yazili ifadeleri grafige doniistiiriiyorlar. Bunun yaninda, sunum yapilirken
siz 6grencilere bir takim sorular sorarak elde ettikleri ve sunduklar: bilgileri
yorumlamalarima tesvik ediyorsunuz. Ayrica etkinliklerde sorulan sorular1 cevaplarken yine
verileri yorumluyorlar. Katiliyor musunuz?

Gozlem yapma: derste yer verilen etkinliklerin ¢ogunda 6grenciler sorulan soru veya bir
amag dogrultusunda nesne ya da olaylardaki degisimleri gozlemlemekteler. Katiliyor
musunuz?

Tahmin etme: Bir etkinlikte herhangi bir degisken degistirildiginde 6grenciden ne olacagina
dair tahminde bulunmasi isteniyor.

Cikarim yapma: yapilan/yapilmig bir gozlemin nedeni 6grencilere sorulmustur.
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T5, 10 ders saati; 27.03.2013- 19.04.2013 tarihleri arasinda gozlem yapilmistir.

Gozlem sonuglarim: Derste en ¢ok yer verilen bilimsel siire¢ becerileri; modelleme, veri
toplama ve yorumlama, siniflandirma, bilimsel iletisim kurma, 6lgme, gézlem yapma ve
hipotez kurma. Bunun yaninda ¢ikarim yapma, degiskenleri belirleme, deney yapma
becerilerine sinirl yer verilirken, tahmin etme becerisine hi¢ yer verilmemistir.

Bilgi seviyesi
Hakkinda bilgi verilen Siniflandirma, Olgme
beceriler
Hakkinda bilgi verilmeyen Modelleme, Veri toplama ve yorumlama, Bilimsel
beceriler iletisim kurma, G6zlem yapma, Hipotez kurma, Cikarim
yapma, Degiskenleri belirleme, Deney yapma, Tahmin
etme
Beceri seviyesi
Cok yer verilen beceriler; Modelleme, Veri toplama ve yorumlama, Siniflandirma,

Bilimsel iletisim kurma, Gézlem yapma

Az yer verilen beceriler; Hipotez kurma, Cikarim yapma, Olgme, Degiskenleri
belirleme, Deney yapma

Hig yer verilmeyen beceriler; | Tahmin etme

Dersinizdeki gdzlemlerime dayali olarak varmis oldugum bu sonug size anlamli geliyor mu?
Detaylar;

Model yapma becerisi: Becerileri teker teker ele alirsak, modelleme becerisi dersinizde,
matematiksel ifadeleri yerinde kullanma ve formiiller yardimiyla degiskenler arasindaki
iligkiyi agiklama seklinde karsimiza ¢ikiyor. Enerji iinitesinde kullanilan bagintilar ve bu
bagintilar dogrultusundan ¢oziilen problemler dersinizde 6nemli bir yer tutmaktadir.
Gozlemlerim 15181nda, enerji iinitesinde verdiginiz yeni durumlar i¢in 6grencilerin formiilleri
irdeleyerek ulasacaklar1 sonuglar1 yorumlamalari sagladiginiz sonucuna ulastim. Ornegin
degisik yiiksekliklerde ilerleyen bir yolda hareket eden bir cismin nereye kadar ¢ikacagini
soruyorsunuz dgrencilerinize. Ogrencilerin soruya dogru cevap verebilmeleri i¢in cismin
belirli araliklardaki hareketini yorumlamasi gerekir. Bunu da kinetik enerji, potansiyel enerji
bagintilar1 ve enerji korunumu ilkesini irdeleyerek, bu durum i¢in yorumlayarak yapabilir.
Dersinizde matematiksel model olan formiiller direk olarak verilip sayisal degerler yerlerine
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konarak sayisal ifadelere ulagilmiyor; formiiller hem kendi i¢lerinde hem de birbirleri ile
karsilastirilarak yorumlaniyor. Katiliyor musunuz?

Bunun yaninda modelleme becerisi hakkinda bilgi seviyesinde bir paylasim; formiillerin
matematiksel bir model olduguna dair bir agiklama, model yapmanin bilimdeki 6nemi ve
benzeri gibi paylasimlar, derslerinizde gézlenmemistir, katiliyor musunuz?

Veri toplama ve yorumlama: Dersinizde en ¢ok yer verilen bilimsel siire¢ becerileri arasinda
veri toplama ve yorumlama becerisi de bulunmaktadir. Ogrenciler arastirma konulari
dogrultusunda internetten ya da yazili kaynaklardan veriler toplayarak amaglari
dogrultusunda ulastiklar1 verileri diizenliyorlar. Ogrenciler bilimsel bilgiyi, giinliik bilgiden
arindirtyor ve gerekli olan bilgiyi gereksiz bilgilerden temizliyorlar. Bunun yaninda
matematiksel modelleri; formiilleri kullanarak verileri yorumluyorlar. Bunun igin zaman
zaman sOzli ya da yazili ifadeleri grafige doniistiiriiyorlar. Bunun yaninda, sunum yapilirken
siz 6grencilere bir takim sorular sorarak elde ettikleri ve sunduklar bilgileri
yorumlamalarina tesvik ediyorsunuz. Katiliyor musunuz?

Swiflandirma: Enerji linitesinde yer alan farkli enerji kaynaklari konusunda 6grenciler
siniflandirma yaparak, var olan bir siniflandirmanin ortak ve farkli 6zelliklerini tartigarak
siniflandirma becerilerini gelistirmektedirler. Ya da bilinen bir siniflandirmada verilen
bilgiler dogrultusunda yeni bir 6rnegi bir kategoriye yerlestirmesi istenmektedir. Katiltyor
musunuz?

Bilimsel iletisim kurma: 6grenciler arastirma konular1 dogrultusunda elde ettikleri verileri
diger 6grencilere sunum yaparak paylasiyorlar. Béylece 6grencilerin iletisim becerileri
gelismektedir. Fakat yapilan sunumlarda sadece internetten ya da yazili kaynaklardan alinan
bilgiler paylasiimaktadir. Ogrenciler yaptiklar1 bir deneyi, bilimsel bir ¢alismay1
anlatmamaktalar. Katiliyor musunuz?

Gozlem yapma: derste yer verilen etkinliklerin ¢ogunda 6grenciler sorulan soru veya bir
amag dogrultusunda nesne ya da olaylardaki degisimleri gozlemlemekteler. Katiliyor
musunuz?

Olgme: dlgme becerisinde en ¢ok vurgulanan sey birimler. Bir biiyiikliigiin hangi birim ile
ifade edildigi ve biiyiikliik yazilirken birim yazmanin énemi vurgulanmistir. Bunun diginda
sadece bir etkinlikte 6grencilerin 6l¢iim yapmasi istenmistir.

Cikarim yapma: yapilan/yapilmis bir gozlemin nedeni 6grencilere sorulmustur.

Hipotez kurma: 6grenciler verilen sorunlara ¢éziim 6nerilerinde bulunuyorlar, fakat
yaptiklari seyin hipotez kurmak oldugunun farkinda degiller. Katiliyor musunuz?
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APPENDIX |

SCIENCE PROCESS SKILLS KEYWORDS

Name of skill Definition Key Words

Observing Using the senses to collect Observe, define, watch, monitor,
information about objects and view, examine, smell, taste,
events touch, listen, look, see, note,

notice, describe

Measuring Measuring properties of objects by Measure, determine, quantify,
using appropriate units and calculate, compute, estimate
appropriate measuring instruments

Inferring Making statements about an Infer, explain, reason, suppose,
observation that provide a clarify, describe, make clear
reasonable explanation.

Classifying Sorting or ordering objects or ideas | Sort, order, classify, categorize,
into groups or categories based on class, organize, put in order,
their properties. catalog, group, compare,

contrast, show similarities and
differences, class, type

Predicting Guessing what the outcome of an Guess, predict, expect, imagine,
event will be based on observations | foretell, see coming, suppose,
and, usually, prior knowledge of tell, what if
similar events.

Scientific Transmit information learned from | Write, report, tell, explain,

Communicating

science experiments, verbally ask
guestions about, discuss, explain or

report any step of scientific method.

graph, describe, present, picture,
diagram, make a table of, ask,
discuss, chat, argue, claim,
reason, say

Hypothesizing

Stating a problem to be solved as a

question/propose a testable solutions

or expected outcomes for
experiments

Hypothesize, assume, theorize,
conceive, offer, imagine,
propose, suggest

Defining and
Controlling
Variables

Stating the changeable factors that
can affect an experiment, identify
and defining the independent and
dependent variables, defining the
relations among variables in an

experiment, controlling manipulated

variables in an investigation.

Define variables, control the
variables, show how to
manipulate variables, handle the
variables
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Name of skill

Definition

Key Words

Experimenting
and Designing
Experiment

Testing the hypotheses through
previously prepared experiment set
up, testing a hypothesis through
designing an experiment.

Follow, perform, make, do,
achieve, design the experiment,
test the hypotheses

Gathering and
Interpreting
Data

Gathering data through valid and
reliable instrument in order to test
hypothesis, creating or using tables,
graphs, or diagrams to organize and
explain information.

Gather, collect, put together,
interpret data, organize data, and
explain data by using graphs,
diagrams, make table of data,
show data in a meaningful
pattern

Making Models

Making a pictorial, written or
physical representation to explain an
idea, event, or object.

Picture, graph, diagram, model
about the idea, phenomena,
objects.
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APPENDIX J

FIRST DRAFT OF THE CODE BOOK

Gozlem Yapma

Nesneler ya da olaylar hakkinda dogrudan bilgi elde etmek amaciyla duyularin ya da degisik
Olciim aletlerin kullanildig1 incelemelerdir. Gézlem yaparken nesnelerin 6zelliklerine,
hareketlerindeki ya da yapilarindaki degisime dikkat edilir. Etkili bir gézlem belirli bir amag
dogrultusunda dikkatli ve sistemli bir sekilde yapilir. G6zlemler nitel ya da nicel olabilir.
Nitel gozlemler suyun kaynamasinin, ¢i¢cegin boyunun uzamasinin gozlenmesi gibi 6l¢iim
gerektirmeyen gozlemlerdir. Suyun kaynamasini 6nceden baslayarak sicakligi dlgerek ya da
bitkinin boyunu belli zaman araliklariyla 6lgerek yapilan gézlemler nicel gézlemlerdir.

Gozlem yapma birimi belirlenirken dikkat edilmesi gereken husus yapilacak gozlemin bir
amaca hizmet edeceginin vurgulanmasidir. Ornegin bir kusun hareketinin sadece izlenmesini
saglamak yeterli degildir.

Gozlem yapma birimini belirleme
e  Gozlem yapmanin bilimsel bir siire¢ oldugu ifade ediliyorsa
e Bilim adamlarinin ¢aligmalarinda gézlem yaptiklari ifade ediliyorsa

e Ogrenciye gozlem yaptiriliyorsa: Nesnelerde meydana gelen degisimi duyularimi
(gorme, igitme, koklama, dokunma ve tat alma) kullanarak belirlemesi saglaniyorsa

e Ogrenciye bir amag dogrultusunda nitel gdzlem yaptiriliyorsa
e Ogrenciye bir amag dogrultusunda nicel gézlem yaptiriliyorsa

e Nesneler veya olaylar arasinda belirgin benzerliklerin ve/ veya farkliliklarin saptanmasi
isteniyorsa

e  Gozlem i¢in gerekli uygun arag-gerecleri segmesi isteniyorsa
e  Gozlem sonuglarimi degerlendirip ilgili olanlar ayirmasi isteniyorsa

e  Gozlem sonucunda amacini degerlendirmesi isteniyorsa
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Ol¢me

Bir nesne ya da sistemdeki gézlemlenen degisikliklerin nicel veriye doniistiiriilmesidir.
Olgme en basit anlamda sayma ve kiyaslamadir; dlciilebilir biiyiikliikleri, standart ya da
standart olmayan birimler cinsinden ifade etmektir. Olgme islemi standardize edilmis
aletlerle yapildig gibi standart olmayan yollarla da yapilabilir. Derslerde agirlik, kiitle,
uzunluk, sicaklik gibi 6zellikler bilimsel aletlerle dl¢iilebilir.

Olgiim yapilarak agiklama ve tahminlerin niteligini, tanimlamalarin kesinligini arttirir.
Olgme yapma birimini belirleme

e  Olgme yapmanin bilimsel bir beceri oldugu ifade ediliyorsa

e Bilim adamlarinin ¢aligmalarinda 6l¢timler yaptiklar ifade ediliyorsa

e  Uygun 6l¢iim birimlerini kullanarak nicel tanimlama yapmasi isteniyorsa

e  Nicel verileri kaydetmesi isteniyorsa

e  Uzay zaman iliskisi kurmasi isteniyorsa

e Elde edilen verilerin anlamli olup/olmadig lizerine diisiinmesi isteniyorsa
Cikarim Yapma

Cikarim bir gézlemin nedenleri konusunda yapilan tahminlerdir. Burada dikkat edilmesi
gereken nokta tahmin edilen seyin bir olayin nedenine dair olmasidir. Cikarim yapmak i¢in
verilere ihtiya¢ vardir; ancak yapilan gézlemler sonucunda elde edilen verilere dayanarak
gbzlemin nedenleri hakkinda ¢gikarimlarda bulunmak miimkiindiir.

Cikarim yapma birimini belirleme

e Cikarim yapma birimi belirlenirken 6grenciye yaptirilmak istenen tahminin bir olayin
nedenini agiklamaya yonelik olup olmadigina dikkat edilmelidir.

e  Cikarim yapmanin bilimsel bir beceri oldugu ifade ediliyorsa
e  Bilim adamlarinin ¢ikarimlarda bulundugu ifade ediliyorsa

e  Yapilan gozlemleri kullanarak bir olayin nedenine dair bir agciklama getirmesi
saglantyorsa

e  Bir olayn olasi nedenleri hakkinda dgrencilerin verilere dayanarak tartigmasi
saglaniyorsa
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Siniflandirma

Bilgilerin organize edilmesinde dnemli bir yol olan siniflandirma, nesne ya da olaylarin
sahip olduklar1 benzer ve farkli 6zelliklerine gore gruplandirilmasidir. Siniflandirma gézlem
yoluyla elde edilen veriler dogrultusunda yapilir. Gézlem sonucunda ulasilan veriler dikkate
almarak nesne ya da olaylar birbiriyle karsilastirilir ve diizenlenir.

Siniflandirma birimini belirleme

e  Siiflandirma birimi belirlenirken, 6grenciye elde edinilen bilgiler dikkate alinarak
nesne ya da olaylar1 benzer ve farkli 6zellikleri dogrultusunda karsilagtirarak, gruplara
ayirmasina dikkat edilmelidir.

e  Siniflandirmanin bilimsel bir beceri oldugu ifade ediliyorsa,
e  Bilim adamlarinin bir takim siniflandirmalar yaptiklar ifade ediliyorsa,
e Ogrencinin toplanilan ya da verilen bilgiler dogrultusunda siralama yapmasi isteniyorsa,

e Nesne ya da olaylar1 aralarindaki iligkilere gore diizenlemeleri isteniyorsa, tablo
yapilmasi isteniyorsa

e  Yapilan smiflandirmada kriterleri belirlemesi isteniyorsa, gruplar birbirinden ayiran
ozellikleri ifade etmesi/belirlemesi/tartismasi isteniyorsa

Tahmin Etme

Bir olayin sonucunu elde edilen verilere dayanarak 6nceden kestirmedir. Tahmin dogru,
yanlis ya da eksik olabilir. Derste bir deney ya da etkinlik yapilmadan 6nce karsilasilabilecek
sonugclar {izerinde yapilan tartigmalar bu beceriyi igerebilir. Bu noktada 6nemli olan
Ogrencinin yaptigi tahminin dogru, yanlis ya da eksik olup olmadigini1 6grenmesidir. Sadece
tahmin etmesini saglayip orada birakmak yeterli degildir.

Tahmin etme birimini belirleme

e  Tahmin etmenin bilimsel siire¢ becerilerinden oldugu ifade ediliyorsa

e Ogrencilere bir olayin nedenine iliskin tahminde bulunmasi isteniyorsa

e Ogrencilere verilere dayanarak nasil tahmin yiiriitiilebilecegi anlatilryorsa
fletisim Kurma

Diisiince ve yorumlarm sozlii ya da yazil sekilde paylasiimasidir. Ogrencilerin gdzlemlerini,
elde ettikleri verileri, yaptiklar ¢ikarim ve/veya tahminleri, hipotezlerini, degiskenleri nasil
kontrol ettiklerini, tasarladiklar1 deneyleri, ulastiklar1 sonuglari, bunlar hakkindaki diistince
ve yorumlarini, sinif, grup, sira arkadaslariyla paylasmalar1 beklenmektedir. Ogrenciler
diisiincelerini ifade ederken s6zlii anlatimin yaninda yazili materyallerden de
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faydalanmalidir. Grafik yorumlama ve ¢izme, tablo okuma ve olusturma, rapor yazma ve
degerlendirme, sunum yapma, tartisma bilimsel iletisim becerisini gelistirir. Ayrica
Ogrencilerin bilimsel bir gelisme hakkinda yaptiklar tartigmalarda bu birimin igerisine girer;
ancak bilimsel bir ¢ercevede degerlendiriliyorsa olay.

Iletisim kurma becerisi birimini belirleme

e Ogrencilerin gozlemlerini, elde ettikleri verileri, yaptiklar1 ¢ikarim ve/veya tahminleri,
hipotezlerini, degiskenleri nasil kontrol ettiklerini, tasarladiklar1 deneyleri, ulagtiklar
sonugclari, bunlar hakkindaki diisiince ve yorumlarini, sinif, grup, sira arkadaslarryla
paylagmalari tesvik ediliyorsa,

e Elde edilen veriler dogrultusunda degiskenlerin grafiklerinin ¢izilmesi isteniyorsa,
e Elde edilen verilerde tablo olusturulmasi isteniyorsa,

e  Yapilan bir calisma, deney, gozlem vs. hakkinda sunum yapmasi isteniyorsa

e Bilimsel bilginin olugsmasinda, yayilmasinda iletisimin etkisi vurgulaniyorsa
Hipotez Kurma

Diisiince ve tecriibelere dayanarak bir deneyin sonucu hakkinda yapilan kontrollii
tahminlerdir. Hipotez neden-sonug iliskisi hakkinda bilgi verir, bilimsel bir ¢alismada
sonucu etkileyecek, dikkat edilmesi gereken verileri segmede ve bu verilerin
yorumlanmasinda rehberlik eder. Bilimsel bir ¢alisma i¢in en temel nokta olan hipotez
kurma, 6grencilerin var olan bilgileri ile 6grenilen bilgi arasinda kavramsal bir bag
sekillendirir. Hipotez olusturulurken tam gelistirilmemis ve test edilebilir bir ifade kullanilir.

Hipotez kurma becerisi birimini belirleme
e  Hipotez kurmanin bilimsel bir siire¢ oldugu ifade ediliyorsa

e Bilim adamlarinin ¢aligmalarinda hipotez kurduklar1 ifade ediliyorsa, hipotezlerine yer
veriliyorsa

e  Hipotezin nasil kuruldugunu anlatiyorsa
e Ogrencilerden bir deney/arastirma igin hipotez kurmalari isteniyorsa,

e Bir olay1 ya da iligkiyi agiklamasi i¢in tahminde bulunmasi ve tahminin dogrulugunun
sinanmasi isteniyorsa

Degiskenleri Belirleme, Tanimlama ve Kontrol Etme

Yapilacak deneyi etkileyebilecek tiim etkenlerin ifade edilmesidir. Farkli kosullar altinda
degistirilmesi veya sabit tutulmasi ile deneyin diizenini etkileyecek tiim faktdrlerin
belirlenmesidir. Go6zlenen bir sonucun nedenini bulmak i¢in mevcut degiskenlerin
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tanimlanmasi; sabit tutulacak ve idare edilecek degiskenlerin belirlenmesidir. Bunun
yapilmasinin nedeni diger degiskenlerin sonucu etkileyebilme olasiliklarini ortadan
kaldirmaktir. Bdylece, deney sonucunu bir degiskene baglamak ve degisen ile sonug
(bagimli ve bagimsiz degiskenler arasindaki) arasindaki iliskiden anlamali bir sonug
cikarmak miimkiin olur.

Degiskenleri Belirleme, Tanimlama ve Kontrol Etme becerisi birimini belirleme
e  Degiskenleri belirlemenin bilimsel bir siire¢ oldugu ifade ediliyorsa

e Bilim adamlarinin ¢aligmalarinda hipotez kurduklari ifade ediliyorsa, hipotezlerine yer
veriliyorsa

e Deneyden Once, deneyi etkileyebilecek degiskenler net bir sekilde tanimlanabiliyorsa,

e Deney siirecinde belirlenen degiskenlerden hangilerinin sabit tutulacagina karar
veriliyorsa,

e Deney siirecinde degiskenler kontrol edilebiliyorsa

e Beklenen sonucu vermeyen bir deneyin neden beklendigi sekilde sonuglanmadigini
hakkinda sorgulama yapiliyorsa,

e  Beklenen sonucu vermeyen bir deneyin neden beklendigi sekilde sonuglanmadigini
hakkinda sorgulama yaptiriliyorsa

Deney Tasarlama ve Yapma

Deney yapma deneysel siire¢lerin en karmasik olanidir. Ayn1 zamanda bu siire¢ becerisi
diger becerileri de kapsar. Deney yapmanin asil amaci bir hipotez kurup onun yardimiyla
degiskenler arasinda iligki kurmaktir. Deney yapmada tek bir yol izlenebilecegi gibi farkli
yollar da izlenebilir. Burada en 6nemli faktoér 6grencinin deneyle ilgili diizenegi kurabilmesi
ve deneyin amacini anlayabilmesidir.

Deney Tasarlama ve Yapma birimini belirleme

Deney diizenegi tasarlamanin bilimsel bir siire¢ oldugu ifade ediliyorsa,

e Bilim adamlarinin deneyler {izerine ¢alistiklari, diizenekler tasarladiklar1 ifade
ediliyorsa, bu ¢alismalardan 6rnek veriliyorsa.

e Ogrencilere adimlar1 belirlenmis bir deney yaptiriliyorsa

e Ogrencilerden bir hipotezi sinamalar1 ya da bir soruya cevap vermeleri i¢in deney
diizenegi tasarlamalari isteniyorsa
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Veri Toplama, Yorumlama

Yapilan ¢ikarim, tahmin veya olusturdugu bir hipotez 1s181nda ¢esitli metotlarla veri
toplayabilmek, akla uygun sonuglara varmak i¢in topladig: verileri, dayanagi olan bir mantik
dokusu icinde yorumlayabilmek. Deney yapma siirecinde ve gézlemler boyunca veri
toplanir. Veriler nicel ya da nitel olabilir. Toplanan verilerin organize edildikten sonra
yorumlanmasi gerekir. Verileri yorumlamak ise veriler tizerinde mantikli diistiniilerek
sonuclar ¢ikarilmasidir. Verileri yorumlarken, bagimli ve bagimsiz degiskenin arasindaki
iliskiden ne anladigimzi belirtiriz.

Veri toplama ve yorumlama birimini belirleme

e  Veri toplamanin, verileri sistematik bir sekilde diizenlemenin, gereksiz bilgilerden
arindirmanin ve/veya yorumlamanin bilimsel bir siire¢ oldugu ifade ediliyorsa,

e Bilim adamlarinin diizenli bir bigimde verileri topladiklari, organize ettikleri ve akla
uygun bir sekilde yorumladiklari ifade ediliyorsa.

e Degiskenlerle yapilan denemelere ait hipotez ile uyumlu veriler toplatiliyorsa,
e Toplanan veriler anlaml bir diizen ¢ercevesinde organize ediliyorsa,

e  Veriler, deneyin sonucunu etkilemeyecek ve/veya kafa karisikligina yol acacak gereksiz
bilgilerden arindiriliyorsa

e  Verilerin yorumlanmasi i¢in gorsel formlardan (grafik, tablo, siitunlu grafik vb. gibi)
faydalanilmasi tesvik ediliyorsa,

e  Verilen bir gorsel formu (grafik, tablo vb. gibi) yorumlayabiliyorsa

e Deneyden dnce yapilan tahminler ile deneyde elde edilen veriler dogrultusunda
bulduklari sonuglari karsilastirmalari isteniyorsa

e  Verileri karsilastirip yorumlayarak bunlarin anlamlarindan bazi sonuglar ¢ikarmalari
isteniyorsa.

e  Bagisiz ve bagimli degisken arasindaki iligkiyi tanimlatiyorsa,

e  Elde edilen sonuglarin genel uygulanabilirligi hakkinda varsayimlarda bulunmalar
isteniyorsa.

Model Yapma

Modeller rahatlikla géremedigimiz nesnelerin somut drnekleri olabilirler. Cok biiyiik
nesnelerin kiigiiltiilmiis, ¢ok kii¢iik nesnelerin biiyiiltiilmiis 6rnekleri olabilirler. Bazi olaylari
fiziksel ya da zihinsel model olusturarak gdsterebilme
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Model yapma biriminin belirlenmesi
e  Model yapmanin bilimsel bir siire¢ oldugu ifade ediliyorsa,

e Bilim adamlarinin anlagilmasi gili¢ kavramlarin, nesnelerin ve olaylarin modellerini
yaparak anlagilir hale getirdikleri ifade ediliyorsa

e Ogrencilerden bilinen bir modeli yapmalari isteniyorsa

e Ogrencilerden yeni dgrendikleri bir kavrami ya da olay1 modellemeleri isteniyorsa
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APPENDIX K

BIiLIMSEL SUREC BECERILERI KOD REHBERI - TASLAK 1

Bu kod rehberi, Ortadgretim 9. Sinif Fizik Dersi Kitabinin bilimsel siire¢ becerileri (BSB)
bakimindan nesnel ve sistematik bir sekilde incelenmesi i¢in hazirlanmistir. Kod rehberi , (1)
Giris, (2) Analiz birimleri, (3) Kategoriler, (4) Analiz kurallari olmak {izere dort ana
boliimden olusmaktadir. Birinci boliim, icerik analizi hakkinda kisa ve 6z bir agiklamadan
olusan giris boliimiidiir. Ikinci béliimde analiz birimleri hakkinda bilgi verilip, calismanin
baglam ve kayit birimleri agiklannustir. Ugiincii béliimde bilimsel siire¢ becerilerine ait
kategoriler tanimlar1 ve 6rnekleriyle agiklanmistir. Son bdliim olan doérdiincii boliimde dikkat
edilmesi gereken analiz kurallarina yer verilmistir.

A. Girig

Gilinlimiizde fen bilimleri egitimi fen bilgisi yaninda, bilimsel diisiinmeyi ve bilimsel
stireclere iliskin becerileri gelistirmeye yonelik hedefleri de icermektedir. Bu yaklasim
Ogretim programlarindan baslayarak ders kitaplarina yansimaktadir. Gelismis iilkelerde
bilimsel siireg becerileri ders kitaplarinda sistematik bir sekilde yer almaktadir. Ogrenci ders
kitaplari, 6grencilerin farkina varmadan ii¢ yonlii diisiinme becerilerini gelistirebilecegi bir
estetik ve incelige sahiptir. Kitaplar, ¢esitli etkinlik, uygulama ve sorularla 6grencide a)
bilimsel siire¢ becerileri b) elestirel diisiinme becerileri ¢) bilimsel muhakeme becerileri
olmak tizere {li¢ yonlii diisiinme gelisimini saglayacak tarzda yapilandirilmistir (DSkme,
2004). Bu diisiinme becerilerinden Bilimsel Siire¢ Becerileri, Cepni, Ayas, Johnson ve
Turgut, (1996) tarafindan “fen bilimlerinde 6grenmeyi kolaylastiran, 6grencilerin aktif
olmasini saglayan, kendi 6grenmelerinde sorumluluk alma duygusunu gelistiren, 6grenmenin
kaliciligimi arttiran, aragtirma yollar1 ve yontemlerini gosteren temel beceriler” olarak
tanimlanmistir. Temel bilimsel siire¢ becerileri; gozlem yapma, 6l¢me, ¢ikarim yapma,
siniflandirma, tahmin etme ve bilimsel iletisim kurma becerilerinden olusur. Biitlinlesik
bilimsel siire¢ becerileri ise; hipotez kurma, deney tasarlama/yapma, degiskenleri
belirleme/kontrol etme, veri toplama/yorumlama ve model yapma becerileridir.

Ierik analizi, yazil ya da resimli bir belgeden aragtirmacinin incelemek istedigi mesajin
nicellestirilmesidir (Krippendorff, 2004). Berelson (1952), ise icerik analizini iletisimin agik
iceriginin nesnel, sistematik ve nicel tanimlarini yapan bir arastirma teknigi olarak
tanimlamistir. Bu igerik analizinin amaci, iilkemizde Ortadgretim 9.sinifta kullanilan Fizik
Ders Kitabinda bilimsel siire¢ becerilerine ne kadar yer verildigini nesnel, sistematik ve nicel
bir sekilde ortaya ¢ikarmaktir.
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B. Analiz Birimleri

Bu calismada kodlama iglemi, kayit birimi ve baglam birimi (context unit) dikkate alinarak
yapilir. Kayit birimi, “iletisim igeriginin belli bir kategoriye yerlestirilecek olan en kiigiik
¢ozlimleme birimidir. Baglam birimi ise, kayit birimini degerlendirmek i¢in, i¢inde yer aldig
baglami sinirlandiran en genis boliimdiir (Tavsancil, & Aslan, 2001). Kullanilan birim tiirleri
analiz edilen belgenin niteligine ve icerigine gore degisiklik gosterir. Ortadgretim 9. Sinif
Fizik Dersi Kitabi igerik analizi igin belirlenen baglam birimleri ve kayit birimlerine asagida
detaylari ile yer verilmistir.

B.1. Baglam Birimleri

Bu ¢aligmada baglam birimi olarak kitapta ana metinden bir baslikla, degisik renkte fon
ve/veya gerceve ile ayrilan boliimler ve bir anlam biitiinliigii tasiyan paragraflar olarak
belirlenmistir. Tablo 1’de bu boliimlere, arastirmada kullanilacak sembollerine, agiklama ve
orneklerine yer verilmistir.

Tablo1. Baglam Birimleri

Bolim adi Kod Agiklama Ornek
Aragtiralim A | Kitapta ana metinlerin arasina

yerlestirilmistir, agik yesil
gergevesi ile diger paragraf ve
boliimlerden ayrilir. Ogrenilen
kavramlar derinlemesine
irdelenerek giinliik hayatla
baglantilar igin farkli
kaynaklardan arastirilir ve
sonuglar sinifta paylasilir.
Etkinlik E Kendine 6zel sar1 fonu ile diger f
paragraf ve boliimlerden ayrilir.
Bu boliimde 6grencilerin,
verilen arag geregleri
kullanarak istenilen bilgiyi
kendi gayretleriyle kesfetmeleri [£

beklenir.
Bunlan BB | Kendine ait fonu ve tlizerindeki
Biliyor kafasinda 3 adet soru igareti
musunuz? bulunan bir insan kafasiyla

diger paragraf ve boliimlerden
ayrilir. Ogrenilen konularla
ilgili dikkat ¢cekici 6z bilgiler
sunulur.
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Tablo1. Baglam Birimleri (Devam)

Bolim adi

Kod

Ornek

o)

Agiklama Ornek
Sayfada kahverengi ¢izgi ile ’
cercevelenmis ‘Ornek’
boliimiinde 6rnek sorular

¢Oziimleriyle yer almaktadir. Bu
kisimda soru ve cevap bir biitiin
olarak kabul edilir.

Proje

Sol késesinde degisik boylarda
3 dislinin, bulundugu,
metinlerden agik sar1 fon ve
yesil cergeve ile ayrilir.
Kesfedilen bilgiler 6grencilerce
bir sistem i¢inde uygulamaya
dontstiiriliir.

Unite giris
sayfasi

UG

Bu boliim her tinitenin, tinite
basligindan sonra gelen ilk
sayfasinda yer alir. Konu ile
ilgili bir resim, ana konu
basliklar1 ve iinitede nelerin
Ogrenilecegine dair
acgiklamadan olusur.

Evde Ugras

EU

Ogrencilerin bazi kazanimlari
genisletmek amaci ile sinif
disinda yapacagi ¢aligmalari
igeren sar1 fonu ve sol
kenarinda alt alta dizili
noktalariyla diger boliim ve
paragraflardan ayrilan bolim.

Tartisalim

Bazi yasa ve teorilerin geligim
stireclerinin tartigildigi bolim
olarak tanimlanan ‘Tartisma
Sorular1’, sol tarafinda iki kafa
ve soru isaretleriyle diger
boliim ve paragraflardan ayrilir.

Unite
Sorulari

uS

Her tinitenin sonunda yer alan
degisik soru ¢esitlerini igeren
degerlendirme sorulardir.
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Tablo1. Baglam Birimleri (Devam)

Bolim adi

Kod Agiklama

Problem
Cozelim

PC | Giinliik hayatta
karsilasilabilecek sorunlara
¢Ozlim arayan ‘Problem
Cozelim’ boliimii bir gerceve ile
diger boliim ve paragraflardan
ayrilir. Fonu, yer aldigi iinite
renginin agik tonudur.

Hig
diisiindiiniiz
mii?

HD | Unite boyunca islenecek
konularla ilgili hazirlik i¢in
dikkat ¢ekecek nitelikte
tinitedeki ana amaglar1 i¢ceren
sorular1 kapsayan boliim. Her
iinitenin giris sayfasindan
sonraki ilk sayfadir.

Ornek

Unite
Baglami

UB | Unitede gecen kavramlarla,
giinliik hayatta kullanilan
teknolojik arag gere¢ veya
olaylarla iligki kurmak igin
yazilan béliimdiir. Unitelerde
‘Hig Diigiindiiniiz mii’
boliimiinden sonra yer
almaktadir, bazi linitelerde bu
boliime yer verilmemistir.

Dikkat

D | Baz etkinliklerin ve
arastirmalarin gergeklestirilmesi
esnasinda dogabilecek

tehlikelere karsi alinmasi
gereken tedbirleri iceren boliim.

Pekistirelim

Pk | Unitede 6grenilen kavramlarin
daha kalic1 hale getirilmesinin
hedeflendigi bolim

Kutu

K | Belli bir baslig1 olmayan, ana
metinden {initeden iiniteye
degisen renkteki fonu ile ayrila
bolim.
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Tablo1. Baglam Birimleri (Devam)

Boliim ad Kod Agiklama Ornek
Sema S | Bir gergeve ile ana metinden
ayrilmig semalar

Okuma OP | Bazi Unitelerin sonlarinda

Pargas1 bulunan okuma pargalaridir.
Ayr bir sayfada baglar, mor
renginde fonu ile ayirt edilir.

Paragraf 1 P1 | Bir paragraf olarak anlam
biitiinliigi tagir.
Paragraf 2 P2 | Anlam biitiinliigii birden fazla

paragraf ile saglanir.

B.2. Kayit Birimleri

Kayit birimi, igerigin belli bir kategoriye yerlestirilecek olan en kiigiik ¢6ziimleme birimi
olarak ifade edilmisti. Bu ¢aligmada belirlenen kayit birimleri soyledir;

1. Paragraf
2. Cilimle ya da climleler
3. Sorular

4. Etkinliklerin her bir maddesi (basamagi) ya da paragrafi (her biri ayr1 bir kayit birimi
olarak degerlendirilir.)

5. Agiklamasi olan tablo
6. Aciklamasi olan resim

7. Aciklamasi olan sekil
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C. Kategoriler
1. Gozlem Yapma (G)

Gozlem yapma, herhangi bir duyu organiyla veya farkli arag-gereclerle nesne ya da olaylar
hakkinda dogrudan bilgi elde etmek i¢in yapilan islemdir (Carin, & Bass, 2001; Buxton, &
Provenzo, 2007; Harlen & Qualter 2009). Bes duyunun (gorme, koklama, duyma, tatma ve
dokunma) herhangi biri veya birden fazlasinin ayr1 ayri ya da birlikte kullanilarak nesne ya
da olaylar hakkinda veri toplanmasidir (Martin, 2006). Gozlem yaparken nesnelerin
ozelliklerine, hareket ya da yapilarindaki degisime, olaylardaki degisime dikkat edilir
(Buxton, & Provenzo, 2007). Etkili bir gozlem, belirli bir amag¢ dogrultusunda dikkatli ve
sistemli bir sekilde yapilir (Carin, & Bass, 2001). Gozlemler nitel ya da nicel olabilir. Nitel
gozlem gicegin boyunun uzamasi, yiizeyin piiriizlii olmasi, ¢iirliyen bir meyvenin kokmasi
gibi dogrudan duyu organlariyla yapilan gézlemlerdir. Nicel gozlem ise nesne ya da olay ile
ilgili verinin standart olan ya da olmayan birim cinsinden ifade edilerek yapilan gézlemlerdir
(Martin, 2006). Ornegin gigegin boyunun kag santimetre uzadigini cetvelle lgmek, suyun
kaynama sicakligini belirlemek i¢in termometre ile Slcerek meydana gelen degisikligi
gozlemlemek gibi.

Gozlem Yapma Kodlari
Tiir Kod Aciklama
Bilgi Bilgi GBK1 |Gozlem yapmanin bilimsel siireg becerisi oldugunu ifade
Boyutu eder
GBK2 |Bilim adamlarinin ¢aligmalarinda gézlem yaptiklarini ifade
eder
Islemsel |GBI1 Gozlem yapma becerisi hakkinda bilgi verir: Nasil gbzlem
Bilgi yapilmasi gerektigi/Gozlem yaparken hangi hususlara
dikkat edilmesi gerektigi hakkinda bilgi verir.
Zihinsel GZI1 Ogrenciye gdzlem yaptirir: Nesnelerde meydana gelen
Islem degisimi duyularini (gbrme, isitme, koklama, dokunma ve
Boyutu tat alma) kullanarak belirlemesini ister
Ogrenciye bir amag dogrultusunda nitel gézlem yaptirir
Ogrenciye bir amag dogrultusunda nicel gdzlem yaptirir
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Gozlem yapma kategorisi i¢in drnek

Etkinlik / Gazlarin Hacmi Var nu1?
Arag ve Gerecler
Kalsiyum tablet, balon, deney tiipt, su
Nasil Bir Yol Izleyelim?

1. Deney tiipiine bir miktar su koyarak i¢ine kalsiyum sandoz tabletini atiniz.
2. Hig vakit kaybetmeden balonu, deney tiipiiniin agzina resimdeki gibi gegiriniz.

Sonuca Varalim

1. Balonu deney tiipliniin agzina gecirdikten sonra balonda ne gibi degisiklik
gozlemlediniz? Bu degisikligin sebebi ne olabilir?

2. Ginliik hayattan bu etkinlikteki olaya benzer 6rnekler verebilir misiniz?

3. Yaptigimiz etkinlikten hareketle gazlarin hacimleri ile ilgili ne sdyleyebilirsiniz?
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Gozlem yapma kategorisi 6rnegi icin agiklama: Sonuca Varalim kisminda 1. Maddede
yapilan uygulama sonucunda gergeklesecek degisikligin gézlemlenmesi istenmektedir.
Ogrenciden balonda meydana gelecek degisikligi gdzlemlemesi isteniyor, bu da gdzlem
yapma kategorisinde GZI kodlu 6grenciye gozlem yaptirir maddesine karsilik gelmektedir.

2. Olgme (O)

Olgme en basit anlamda sayma ve kiyaslamadir; 6lgiilebilir biiyiikliikleri, standart -olan ya da
olmayan birimler cinsinden ifade etmektir. Olgme islemi standardize edilmis aletlerle
yapildig: gibi standart olmayan yollarla da yapilabilir (Wolfinger, 2000). Ornegin bir odanin
uzunlugu 6l¢en kisinin adimu ile dlgiiliiyorsa standart olmayan bir 6l¢iim cinsinden 6l¢iilmiis
olur, bir metre yardimu ile olgiiliiyorsa standart bir 6l¢iim birimi olan ‘metre’ cinsinden
belirlenmis olur. Olgiim yapilarak, agiklama ve tahminlerin niteligi, tanimlamalarin kesinligi
arttirilir (Carin & Bass, 2001; Buxton & Provenzo, 2007).
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Ol¢iim Yapma Kodlar

Tiir Kod Aciklama
Bilgi Bilgi OBB1 | Olgmenin bilimsel siire¢ becerisi oldugunu ifade eder
Boyutu OBB2 | Bilim adamlarinin ¢alismalarinda 6lgtimler yaptiklarini
ifade eder
Islemsel | OBI Olgiim yapma becerisi hakkinda bilgi verir: Herhangi bir
Bilgi seyin nasil
dlciilecegi/ Olciim yaparken dikkat edilmesi gereken
hususlar
hususlar hakkinda bilgi verir
Zihinsel 0ozI1 Ogrenciden bir seyi 6lgmesini ister
Islem Ogrenciden nicel betimleme yapmasini ister
Boyutu Ogrenciden nitel betimleme yapmasini ister

Olg¢me kategorisi igin drnek

Etkinlik / Farkli Maddelerle Yapilan Termometrelerle Aym Sicakligin Olgiilmesi

Arac ve Geregler
Cival1 termometre, Alkollii termometre, Beher, Bunzen beki, Ugayak, Su

Nasil Bir Yol Izleyelim?

1. Resimdeki diizenegi kurunuz.

2. Su kaynayincaya kadar belli araliklarla her iki termometrenin gosterdigi degerleri,
asagidakine benzer bir ¢izelgeyi defterinize ¢izerek uygun yerlere yaziniz.

Olgiimler Alkollii Termometre Civali Termometre
1. Olgiim
2. Olgiim
(Ornek ¢izelgedir.)

Sonuca Varalim

1. Alkolli ve Civali termometrelerle yaptiginiz dlgiimler arasinda fark var m?
2. Farklilik ka¢ dereceden sonra basladi?

3. Sizce hangi termometre sonuglari daha dogru gosterdi?

4. Alkollii termometre ile en son hangi degeri 6l¢ebildiniz?
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Olgme kategorisi 6rnegi igin agiklama: Bu etkinlikte dgrencilerden iki farkli termometre ile
Olclim yapmalar1 ve bu verileri kaydetmeleri istenmektedir, bu da OZI maddesi, nicel verileri
kaydetmesi istenir ile ortiismektedir.
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3. Cikarim Yapma (C)

Cikarim, bir gézlem ya da olayin nedenleri hakkinda en iyi tahminin yapilmasidir (Martin,
2006). Onceki bilgi ve deneyimlere dayal1 olarak gdzlenen olaylar1 yorumlamayi gerektirir
(Carin & Bass, 2001; Buxton & Provenzo, 2007). Burada dikkat edilmesi gereken nokta,
cikarim yapmay1 tahmin etme becerisinden ayirt edebilmektir. Tahmin etmek hentiz
gerceklesmemis bir olayin sonucunu d6nceden kestirebilmek iken ¢ikarim yapmak
gerceklesmis olayin nedenlerini agiklamaya yonelik fikir yiirtitmektir. Dogru ve etkili
cikarim yapmak i¢in gdzlem yapilmali ve veriler toplanmalidir. Bu baglamda gézlem yapma
ile ¢ikarim yapma becerileri arasindaki iliskinin vurgulanmasi da 6énemlidir.

Cikarim yapma kodlar1
Tiir Kod Aciklama
Bilgi Bilgi CBB1 | Cikarim yapmanin bilimsel siire¢ becerisi oldugunu ifade
Boyutu eder

CBB?2 | Bilim adamlarinin ¢ikarimlarda bulunduklarini ifade eder

Islemsel |CBI1 |Cikarim yapma becerisi hakkinda bilgi verir: Cikarim
Bilgi yaparken

nelere dikkat edilmesi gerektigi hakkinda bilgi verir/
Cikarim

yapmanin tahmin etme becerisinden farkin1 vurgular/
Cikarim

yapmanin iyi gozlem yapmaya bagli oldugunu ifade eder

Zihinsel CZI1 | Ogrenciden bir olayin nedenine dair agiklama yapmasini
Islem ister

Boyutu Ogrencilerden bir olayin olasi nedenleri hakkinda verilere
dayali olarak tartigmalarini ister
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Cikarim yapma kategorisi i¢in drnek

Etkinlik / Dalga Hareketini Gozlemleyelim

Arac ve Geregler
Dalga legeni, ii¢ adet mantar ya da strafor, yeterli miktarda su, 151k kaynagi, Reosta, Giig
kaynagi

Nasil Bir Yol Izleyelim?

1. Bes veya alt1 kisilik gruplar olusturunuz ve asagidaki etkinlik basamaklarim dikkate
alarak gorev paylasimi yapiniz.

2. Etkinlikte kurdugunuz diizenegin iizerine resimdeki gibi bir 151k kaynagi
yerlestiriniz.

3. Ondeki mantar elinizle titrestirip meydana gelen degisimin, 151k kaynag1 yardimiyla
dalga legeninin zeminine diigiiriilen goriintiisiinii g6zlemleyiniz.

Sonuca Varalim

1. Dalga legeninde olusan degisimin 1sikla elde edilen goriintiisiinde, titresim
mantarlara ulastig1 an m1 mantarlar titregsmeye baglamistir?

2. Bir miiddet sonra mantarlarin sirayla asagi yukari titresim yapmalarina ragmen
yerlerini terk etmemeleri sizce ne anlama gelir?

3. Olusturulan titresimin dalga legeninin diger bolgelerinde varligin1 gostermesini nasil
aciklarsiniz?
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Cikarim yapma kategorisi 6rnegi agiklama: Bu etkinlikte Sonuca Varalim kisminin 3.

Maddesinde gergeklesmis bir olay titresimin dalga legeninin diger bdlgelerinde olmamasinin
nedeni sorulmaktadir. Bu nedenle ¢ikarim yapma baglam biriminde CZI “Ogrenciden bir
olayin nedenine dair agiklama yapmasi istenir” maddesi ile 6rtiismektedir.

4. Smiflandirma (S)

Bilgilerin organize edilmesinde 6nemli bir yol olan siniflandirma, nesne ya da olaylarin
sahip olduklar1 benzer ve farkli 6zelliklerine gore gruplandirilmasidir (Wolfinger, 2000).
Siiflandirma bilgi birikimi ve gdzlem yoluyla elde edilen veriler dogrultusunda yapalir.
Dikkat edilmesi gereken nokta siniflandirma parametresinin agik ve net olmast;
siniflandirma yapilirken herhangi bir karigikliga neden olmamasidir. Bu yiizden secilen
parametre dznel degil nesnel olmadir. Ornegin sinema filmlerini eglenceli, sikici, komik gibi
kategorilere ayirmak yerine, filmleri tiirline gére siniflandirmak daha saglikli olur (Settlage
& Southerland, 2007).
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Siniflandirma kodlari

Tiir Kod Aciklama
Bilgi Bilgi SBB1 | Siniflandirmanin bilimsel siire¢ becerisi oldugunu ifade eder
Boyutu SBB2 | Bilim adamlarinin ¢alismalarinda siniflandirma yaptiklarini
ifade eder
Islemsel |SBI1 |Siniflandirma becerisi hakkinda bilgi verir: bilim
Bilgi adamlarinin yaptik lar1 siniflandirmalarda nasil bir yol

izledikleri/ Siniflandirma yaparken dikkat edilmesi gereken
hususlar hakkinda bilgi verir

Zihinsel SZI1 |Nesne ya da olaylarin istenen ortak 6zelliklerini belirlemesi

Islem istenir

Boyutu Nesne ya da olaylarin istenen farkli 6zelliklerini belirlemesi
istenir

Nesne ya da olaylari iliskilerine gore diizenlemesi istenir
Verilen bilgiler dogrultusunda siniflandirma yapmasi istenir
SZI2 | Bilinen bir siniflandirmada gruplarin benzer 6zelliklerinin
belirlenmesi/ifade edilmesi/tartigilmasi istenir

Bilinen bir siniflandirmada gruplari birbirinden ayiran

ozelliklerin ifade edilmesi/belirlenmesi/tartisilmasi istenir

Ust- SZU |Ogrenciden kendisinin belirleyecegi kistas(lar)
diizey dogrultusunda nesne ya da olaylari siniflandirmas istenir
islem

Simiflandirma kategorisi i¢in 6rnek

Dikkatlice incelendiginde dogada gergeklesen bu dongiiniin farkli asamalarinda suyun
kati, s1v1 ve gaz halini gérebiliriz. Su, buharlasirken gaz; yagmur halinde iken siv1; kar ve
dolu yagisi sirasinda kati1 haldedir.

Fen ve teknoloji derslerinde maddeyi kiitlesi, hacmi ve eylemsizligi olan nesne olarak
tanimlamistik. Diinya’miz1 i¢tigimiz suyun, soludugumuz havanin, tizerinde
yiiriidiglimiiz topragin ve daha pek ¢ok maddenin olusturdugunu 6grenmistik.

Diinya’daki maddelerin ortak ya da farkli 6zelliklere sahip olduklarini hi¢ diisiindiiniiz
mi?

Su dongiisiinde minik damlanin bazen su, bazen buhar, bazen de dolu olarak seyahat
ettigini gdzlemlemissinizdir. Acaba bu damlanin bu ti¢ durumunda tanimlanabilecek ortak
ozellikler var midir?
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Simiflandirma kategorisi 6rnegi igin agiklama: Bu baglam biriminde (anlam biitlinliigii birden
fazla paragraf ile korunmus: P2) maddelerin hallerine gore siniflandirilmasi (kati, sivi, gaz)
hakkinda bilgi verildikten sonra, maddenin bu {i¢ farkli durumunda ortak olan 6zellikleri
sorulmustur. Bu durumda bu kayit birimi, siniflandirma birimi maddelerinden SZI2 ile
ortliserek siiflandirma birimi olarak kodlanir.

5.  Tahmin Etme (T)

Tahmin etme, heniiz ger¢ceklesmemis bir olayin olasi sonucunu, deneyime ya da verilere
dayanarak 6ngdriide bulunmaktir. (Buxton & Provenzo, 2007). Tahmin etmeyi, ¢ikarim
yapma becerisinden ayiran 6zelligi tahmin etmenin gelecekteki bir olay ile ilgili olmasidir.
Cikarim yaparken ise gerceklesmis olayin sonucuna etki eden olasi faktorler hakkinda fikir
yiiritilir (Carin & Bass, 2001).

Bilimsel arastirma, siirekli bir tahmin etme ve yapilan tahmini dogrulama ya da ¢iiriitme
islemidir. Tahminler dogru, yanlis ya da eksik olabilir: olay beklendigi gibi ya da
beklenenden farkli sonuglanabilir. Bu noktada 6nemli olan yapilan tahminin dogru, yanlis ya
da eksik olup olmadiginin test edilerek 6grenilmesidir (Martin, 2006; Wolfinger, 2000).

Tahmin etme kodlar1

Tiir Kod Agiklama
Bilgi Bilgi TBB1 | Tahmin etmenin bilimsel siire¢ becerisi oldugunu ifade eder
Boyutu TBB2 | Bilim adamlarinin ¢alismalarinda nesne ya da olaylar hakkinda

tahminlerde bulunduklarini ifade eder

Islemsel | TBI1 | Tahmin etme becerisi hakkinda bilgi verir; verilere dayanarak

Bilgi nasil tahmin yiiriitiilebilecegini anlatir/Bir olay hakkinda
tahmin yapilirken dikkat edilmesi gereken hususlar hakkinda
bilgi verir.

Zihinsel TZ11 | Ogrencinin gelecekteki bir olay, etkinlik ya da deneyin
Islem muhtemel sonuglar1 hakkinda g6zlem ve tecriibeye dayali
Boyutu olarak tahminde bulunmasin ister.

TZ12 | Ogrenciden, degiskenler arasindaki iliskiden yararlanarak yeni

bir degiskenin olasi etkilerini 6nceden kestirmesini ister
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Tahmin etme kategorisi i¢in 6rnek

Etkinlik/ Su Akisini1 Gozlemleme

Arac Gerecler
2 adet bos s1v1 deterjan kabi, lastik hortum (15-20cm), renklendirilmis su

Nasil Bir Yol izleyelim?
1. Bes veya alt1 kisilik gruplar olusturunuz ve asagidaki etkinlik basamaklarim dikkate
alarak gorev paylasimi yapiniz.
2. Sekildeki diizenegi kurunuz.
3. Kaplara once farkli, sonra ayni yilikseklikte su koyarak musluklar agtiginizda su
akis1 olup olamayacagini tartisarak bir 6ngoriide bulununuz.
4. Musluklar agarak su akiginin olup olmadigini gézleyiniz.

Sonuca Varalim
1. Ongoriiniizle gdzleminiz arasinda bir fark var mi?
2. Hangi durumda su akisi olmustur ve ne zamana kadar devam etmistir?
3. Su akis1 hangi kaptan hangi kaba olmustur?
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Tahmin etme kategorisi 6rnegi igin agiklama: Yukaridaki etkinlikte deney diizenegi
kurulduktan sonra, herhangi bir islemde bulunmadan 6nce yapilacak olan miidahalenin
sonucuna yonelik tahminde bulunulmas istenmektedir. Iki kap arasindaki musluk agilmadan
once, acildiginda kaplar arasinda su akisi olup olmayacaginin tahmin edilmesi
beklenmektedir. Bir sonraki adimda yapilan tahminin dogru, yanls ya da eksik olup
olmadiginin anlasilmasi i¢in musluk aciliyor ve yapilan tahmin gerceklesen sonug ile
karsilagtirtliyor. Bu durumda bu kayit birimi, tahmin etme biriminin TZI1 maddesi ile
ortiismektedir.

6. Bilimsel Iletisim Kurma (I)

fletisim kurma, diisiince ve/veya yorumlarin sozlii ya da yazili sekilde baskalarina
aktarilmasi, paylagilmasidir (Martin, 2006; Wolfinger, 2000). Bilimsel iletisim kurma ise,
bilimsel bir ¢aligmanin herhangi bir bdliimiiniin ya da hepsinin bagkalari ile paylasilmasi,
yapilan ¢aligma hakkinda tartisilmasidir. Bilimsel iletisim kelimeler, tablolar, grafikler,
modeller, kavram haritalar1 ve benzerleri gibi sembolik gosterimlerle kurulabilir. Bilimin
ilerlemesi igin, yapilan ¢aligmalarin paylasilmasi, sorgulanmasi ve analiz edilmesi biiyiik
onem tagidigi gibi, yapilan bir calismanin tekrar tekrar yapilmasi i¢in de 6nemlidir (Buxton,
& Provenzo, 2007).
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Bilimsel iletisim kodlar1

Tiir Kod Aciklama

Bilgi Bilgi |IBB1 |Bilimsel iletisim kurmanin bilimsel siire¢ becerisi oldugunu
Boyutu ifade eder

IBB2 | Bilim adamlarinin deney ve gozlemlerden elde etikleri verileri
diger bilim adamlarinin incelemesi/ onaylamasi /yeniden
denemeleri i¢in paylastiklarini ifade eder

IBB3 | Bilimsel verilerin paylagilmasi, tartisilmasi, sorgulanmasi veya
analiz edilmesinin bilimin ilerlemesi i¢in gerekli oldugunu

vurgular
IBB4 | Bilimsel bilginin olusmasi ve yayilmasinda iletisimin etkisini
vurgular
Zihinsel 1ZI1 | Gozlem, elde edilen veriler, ¢ikarim ve/veya tahmin, hipotez,
Islem degiskenlerin nasil kontrol edildigi, tasarlanan deneyler, ulasilan
Boyutu sonuglar, yapilan bir aragtirma hakkinda elde edilenlerin,

diisiince ve yorumlarin paylasilmasini ister Yapilan bir bilimsel
calisma, deney, gozlem vs. hakkinda sunum yapilmasini ister.
Yapilan bir bilimsel ¢calisma, deney, gézlem vs. hakkinda rapor
hazirlanmasin1 ister.

Bilimsel iletisim kurma kategorisi i¢in drnek

Aragtiralim

Giinliik hayatta kullandigimiz elektrikli 1siticilar, ayarlt masa lambalarinin iglevleri
genellikle bir diigme ile kontrol edilebilmektedir. Bu diigmenin nasil ¢alistig1 ve su ana
kadar 6grendiginiz devre elemanlarindan hangi elemanla eslesebilecegi konusunda bir
aragtirma yapiniz. Arastirmanizi yaparken elektronik tamircilerinden, elektrik ve fizik
miihendislerinden, Internetten ve konu ile ilgili yazilmis bilimsel makalelerden
yararlanabilirsiniz. Elde ettiginiz veriler dogrultusunda incelediginiz aracin agik semasini
olusturarak arkadaslarinizla paylasiniz.
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Bilimsel iletisim kurma kategorisi 6rnegi i¢in agiklama: Bu baglam biriminde 6grencilerden,
elektrikli aletlerdeki diigmelerin nasil ¢alistig1 hakkinda bir aragtirma yapmalar1 ve
ulastiklar1 bilgiler dogrultusunda incelemek istedikleri bir elektrikli aletin semasini ¢izmeleri
istenmektedir. Yapilan ¢alismanin ve ¢izilen semanin 6grenciler arasinda paylasilarak elde
edilen bilgilerin 6grenciden 6grenciye aktarilmasi istenmistir. Ogrencilerin kendi yaptiklari
aragtirma dogrultusunda ulagtiklarini bir semada 6zetleyerek birbirleri ile paylagmalarini
belirten IZI1 maddesi ile Ortiistir.
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7. Hipotez Kurma (H)

Hipotez, degiskenler arasinda 6ne siiriilen iliskiyi diisiince, tecriibe ve gbzleme dayali olarak
acgiklamaya yonelik yapilan test edilebilir 6nermelerdir (Martin, 2006). Problem ya da bir
sorun hakkinda hipotez kurulabilecegi gibi bazi olay ve 6zellikleri ya da degiskenler
arasindaki iligkileri ortaya ¢ikarmak i¢in de bir 6nerme ileri siiriilebilir. Tahmin etme, heniiz
gerceklesmemis bir olayin olas1 sonucuna yonelik olmasina karsin hipotez, bagiml
degiskenin bagimsiz degisken iizerine etkisinin nasil olacagini 6ne siiren 6zel bir ¢esit
tahmindir (Bailer, Raming, Ramsey, 1995).

Hipotez deneyin odagini belirledigi i¢in, arastirmactya hangi veriler lizerinde yogunlagmasi
gerektigi konusunda rehberlik eder. Hipotez kurulurken énemli olan nokta dogru olmasi
degil test edilebilir olmasidir. Hipotez olusturulduktan sonra, gesitli yontemlerle test edilerek
ifadenin dogrulugu sinanmalidir (Raming & Ramsey, 2006).

Hipotez kurma kodlar1
Tiir Kod Aciklama
Bilgi Bilgi HBBL1 | Hipotez kurmanin bilimsel siire¢ becerisi oldugunu ifade eder
Boyutu HBB2 | Bilim adamlarinin ¢alismalarinda hipotez kurduklarini ifade

eder, hipotezlerine yer verir

Islemsel | HBI1 | Hipotezin ne oldugu ve/veya nasil kuruldugunu anlatir,

Bilgi hipotezin 6zelliklerinden (rasyonel olmak, agik ve islemsel
olarak tanimlanabilir olmak, sinanabilir olmak) bahseder

HBI2 | Verilen ya da kendi olusturdugu bir hipotezin, iyi bir hipotezde
olmasi gereken 6zellikler bakimindan degerlendirilmesini ister
HBI3 | Bir 6nermenin arastirilip arastirilmayacaginin belirlenmesini

ister
Zihinsel HZI1 |Bir olay1 ya da iliskiyi agiklamak, deney ya da arastirma igin
Islem test edilebilir bir hipotez kurulmasini ister

Boyutu
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Hipotez kurma kategorisi i¢in 6rnek

Bilimsel yontem, bilimsel olarak tanimlanan problemlerin, konuyla ilgili olan diger bilim
insanlarinin kabul edebilecegi sekilde ¢ozlilmesi olarak tanimlanabilir. Bu sekilde,
incelenen olaylarla ilgili akla uygun olan neden-sonug iliskileri ortaya konulmaya
caligilir.

Bilimsel ¢aligmalar1 diger ¢calismalardan ayiran en 6nemli fark, bilimsel ¢aligmalarin
verilere dayali olmasidir. Bilimsel bir ¢aligmada en basta, incelenecek bir probleme
ihtiyag vardir. Problem belirlendikten sonra problem durumunu agiklayan verileri elde
etmek icin deneyler, gbzlemler, inceleme ve arastirmalar yapilir. Veriler toplandiktan
sonra baz1 hipotezler kurulur. Peki, hipotezin ne oldugunu biliyor musunuz?

Hipotez, bilimsel bir problemin verilere dayali olarak kurulan ge¢ici ¢6ziim yoludur.
Bilimsel bir hipotez, incelenen probleme bir 6l¢iide cevap verebilmeli ve eldeki tiim
verileri icermelidir. Bilimsel bir hipotezin bir takim deneylerle gecerli olup olmadigi test
edilebilmelidir. Bundan sonra kontrollii deneyler yapilarak hipoteze dayali tahminlerin
dolayisiyla hipotezin gegerliligi ve dogrulugu arastirilir. Bu islem, deney sonuglarini
tahminlerle karsilastirilarak yapilabilir. Bu kontrollii deneylerden sonra elde edilen
verilerin, kurulan hipotezleri destekleyip desteklemedigine, eger gerekiyorsa ne Olgiide
destekledigine karar verilir.

Bilim insanlari, ¢aligmalar1 boyunca siirekli olarak veri toplarlar ve bu verilere dayali
olarak bir takim agiklamalar yaparlar. Bilim insanlar1 topladiklar: verilere bagl olarak
inceledikleri problemi ¢6zebilmek i¢in once bir dizi hipotez kurarlar. Bu hipotezler,
kurulduktan sonra siirekli bir “test etme” siirecine tabi tutulur. Bu siiregte bazi hipotezler,
deneysel olarak gii¢lii destek bulur ve 6nem kazanir; bazilarinin da gegerli olmadigi
sonucuna varilir.
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Hipotez kurma kategorisi 6rnegi igin agiklama: Bu baglam biriminde (anlam biitiinligii
birden fazla paragraf ile korunmus: P2) bilimsel yontem ile baglayarak, hipotez kurma
becerisini ve bilim adamlarinin ¢alismalarinda siirekli olarak hipotez kurup test ettiklerini
anlatilmaktadir. Bu kayit birimi, hipotez kurma birimi maddelerinden HBB2 ve HBI1 ile
ortiiserek hipotez kurma birimi olarak kodlanir.

Not: Bir baglam birimi igerisinde, ayn1 kategoriye ait iki fakli kod igerebilir. Fakat bir
baglam birimi igerisinde ayni1 kodun tekrarlanmasi durumunda tekrarlanan kod sadece 1 defa
kodlanur.

249



8. Degiskenleri Belirleme ve Kontrol Etme (B)

Degiskenleri belirleme, yapilacak deneyi etkileyebilecek biitiin faktorlerin ifade edilmesidir.
Degiskenleri kontrol etme ise degistirilmesi veya sabit tutulmasi gereken degiskenlerin
belirlenmesi ve etkisi test edilecek degisken (bagimsiz degisken) haricindeki degiskenlerin
sabit tutularak sadece bagimsiz degiskenin degistirilmesidir (Arthur, 1993). Deney sonucuna
hangi kosulun etki ettigini bulmak i¢in sadece bir degisken degistirilir (Peters, & Stout,
2006). Boylece deneyde bagimli degiskene etki eden bagimsiz degiskenin etkisi
aciklanabilir.

Degiskenleri belirleme ve kontrol etme kodlar1

Bilgi
Boyutu

Tir

Kod

Aciklama

Bilgi

BBB1

BBB2

Degiskenleri belirlemenin ve/veya kontrol etmenin bilimsel
stire¢ becerisi oldugunu ifade eder

Bilim adamlarinin yaptiklar1 deneylerde asagidaki bilgilerden
biri, bir kag1 ya da hepsine yer verir:

Degiskenleri belirleyip, tanimladiklar

Deney siiresince degiskenleri nasil kontrol ettikleri,

Hangi degiskeni degistirdikleri ve buna nasil karar verdikleri
Deney sonunda elde edilen bilgilerden nasil sonuca ulastiklari

Islemsel
Bilgi

BBI1

Degiskenlerin nasil belirlenmesi ve/veya kontrol edilmesi
gerektigi hakkinda bilgi verir

Zihinsel
Islem
Boyutu

BZI1

Bir durum, olay ya da deney i¢in asagidaki maddelerin birini,
bir kacini ya da hepsini yaptirir:

Degiskenlerin belirlenmesi, tanimlanmasi

Sabit tutulacak degiskenlerin belirlenmesi

Bagimsiz degiskenin belirlenmesi

Bagiml degiskenin belirlenmesi

Kontrol edilemeyen degiskenlerin belirlenmesi

Bagimsiz degiskenin nasil degistirilecegine karar verilmesi
Deney sonucunda iki degisken arasindaki iligkinin ortaya
konmasi

Beklenmedik bir sonuca ulastiginda, neden beklendigi
sekilde sonuglanmadigini degiskenler {izerinden sorgulanmasi
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Degiskenleri belirleme ve kontrol etme kategorisi i¢in 6rnek

Problem Cozelim

Salih Can ve babasi bir hafta sonu kayikla baliga ¢ikarlar. Oltalar1 denize atar ve
beklemeye baslarlar. Riizgar da hafif hafif esmektedir. Salih Can bir taraftan oltasiyla
balik avlarken bir taraftan da dalgalar1 gozlemler. Dalgalar kenara yaklagtik¢a dalga
aralarindaki mesafenin ve dalganin azaldigini fark eder. Bu durumun nedenini babasina
sorar.

Sizce denizdeki dalgalarin agiktan kenara yaklastikca hizinda ve dalga boyunda meydana
gelen degisimin sebebi ne olabilir?

Bu problemde size gore en etkili faktor derinlik midir yoksa dalganin hizi midir?
Degiskenleri bulalim

Bagimli degiskenler: ........o.ooiiiiii
Bagimsiz degiskenler: ...
Kontrol edilen degiskenler: ...........covivriiiiniii e
OIGHM ATAGLATL: ... oe et
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Degiskenleri belirleme ve kontrol etme kategorisi 6rnegi i¢in agiklama: Bu baglam biriminde
yapilan bir durum tespiti i¢in agiklama getirilmesi istenmektedir. Dalgalarin arasindaki
mesafenin kiyrya yaklagtikca azalma olayinin nelere bagli olabilecegi sorularak bu duruma
neden olabilecek olasi degiskenlerin belirlenmesi istenmektedir. Ikinci soruda iki farkl
degisken lizerinde diisliniilmesi saglanmaktadir. Sonrasinda bagimli, bagimsiz ve kontrol
edilen degiskenleri belirlenmesi istenmektedir. Bu kayit birimi, degiskenleri belirleme ve
kontrol etme birimi maddelerinden BZI1 ile 6rtiismektedir.

9. Deney Tasarlama ve Yapma (D)

Deney yapma, diger becerileri kapsayan en karmasik beceridir. Deney yapmanin temel

amaci tahmin ya da hipotezlerin sinanmasidir: belirlenen bagimsiz degiskenin bagimli
degisken lizerindeki etkisini ortaya ¢ikarmak icin etkili planin yapilmasidir (Martin, 2006).
Deney yapma becerisi; yapilan tahmin ya da kurulan hipotez dogrultusunda uygun arag
geregleri segme, bu ara¢ geregleri dogru bir sekilde kullanma, deney amacina uygun
diizenegi kurma, degiskenleri kontrol ederek veriler elde etme, bu verilerle rasyonel bir
sonuca vararak tahmini ya da hipotezi degerlendirme becerilerini kapsar (Settlage &
Southerland, 2007). Deney yapma becerisi diger tiim becerileri kapsadigi igin ayirt etmek zor
olabilir. Bu yiizden kayit biriminde asagidaki kosullarin her biri aranmalidir:

e  Baglamadan 6nce deneyin sonucuna dair tahmin yiiriitiilmesi ya da iki degisken
arasindaki iligkiyi agiklayacak bir hipotezin kurulmasi

e  Yapilan tahmin ya da kurulan hipotezin test edilmesi.
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Deney tasarlama ve yapma kodlar1

Bilgi
Boyutu

Tir

Kod

Aciklama

Bilgi

DBB1
DBB2

DBB3

Deney yapmanin bilimsel siire¢ becerisi oldugunu ifade eder
Bilim insanlarinin deney tasarladiklarini ve yaptiklarini ifade
eder

Bilim insanlarinin yaptiklar1 deneyleri nasil tasarladiklari,
nelere dikkat ettikleri, nasil gergeklestirdikleri hakkinda bilgi
verir

Islemsel
Bilgi

DBI1

Deney yapma becerisi hakkinda bilgi verir: deney yaparken
dikkat edilmesi gereken hususlar/ Deney malzemelerini nasil
kullanilmasi gerektigi hakkinda bilgi verir

Zihinsel
Islem
Boyutu

DZI1

Ogrencilere adimlari belirlenmis bir deney, asagidaki
kosullarin hepsini saglayacak sekilde yaptirilir;

-Deneyin sonucunu tahmin edilmesi ya da hipotez
kurulmasini ister

‘Deney diizenegini égrencinin kurmasini ister

-Verileri 6grencinin kaydetmesini ister

-Ogrencinin verileri yorumlamasini ister

-Ogrencinin deneyde elde edilen sonug dogrultusunda
tahminin ya da hipotezin dogruluguna karar vermesini ister

Ust-
diizey
islem

DzuUl

Ogrencilerden yapilacak bir deney i¢in uygun arac geregleri
segmesini ister,

Bir hipotezi sinamak, yapilan bir tahmini test etmek,
degiskenler arasindaki iligkiyi belirlemek ya da bir soruya
cevap vermek amaglarindan herhangi biri igin 6grencinin
0zgiin bir deney (diizeneginin) tasarlamasini ister
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Deney tasarlama ve yapma kategorisi i¢in drnek

Etkinlik/ Is1 ve Sicaklig1 Birbirinden ayiralim
! Etkinlikteki Bunzen bekinin kullanimi sirasinda dikkatli olunuz.

Arag ve Gerecler
Iki adet termometre, iki adet beherglas, iki adet ispirto ocagi, su (1,51t), iki adet iicayak

Nasil Bir Yol Izleyelim?

1. Beherlere biri digerinin iki kat1 olacak sekilde su koyarak resimdeki diizenegi
dikkatlice kurunuz.

2. Sularin sicakliklarin 6lgerek belirleyiniz.

3. Beherglaslara esit siireyle 1s1 verilirse termometrelerin gosterecegi degerlerin ayni
olup olmayacagini tartigsarak bir 6ngoriide bulununuz.

4. Ispirto ocaklarim dikkatlice yakimz.

5. Belli araliklarla termometrelerin gosterdigi degerleri gozlemleyerek asagidakine
benzer bir ¢gizelgeyi defterinize ¢izerek doldurunuz.

Zaman t=0 t 2t 3t 4t
Az olan suyun sicakligi
Cok olan suyun sicaklig1
Verilen toplam 1s1
(Ornek gizelgedir.)

Sonuca Varalim

1. Ongoriiniizle gdzleminiz arasinda bir fark var m? Varsa bu farkin sebebi sizce nedir?

2. Verilen 1s1 miktar1 ayn1 olmasina ragmen ¢izelgedeki maddelerin sicaklik degisimi
arasindaki farkliligin sebebi nedir?
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Deney tasarlama ve yapma kategorisi 6rnegi i¢in agiklama: Bu etkinlikte oncelikle
ogrencilerden deney sonucu hakkinda bir tahmin yiiriitmeleri istenmektedir (Nasil Bir Yol
Izleyelim, 3. Madde). Deney adimlarini uygulayarak veri toplamalari, kaydetmeleri
beklenmektedir (Nasil Bir Yol izleyelim, 5. Madde). Topladiklar1 veriler tanminlerini
sinamalari istenmektedir. Bu durumda, bu kayit birimi deney yapma birimi maddelerinden
DZI1 Maddesinin tiim kosullarin1 saglayarak deney yapma birimi olarak kodlanir.

10. Veri Toplama, Yorumlama (V)

Tahmin veya hipotez 1s18inda nitel ve/veya nicel veri toplayabilmek, verileri ¢esitli formlara
(tablo, grafik, ¢izelge vb.) doniistiirebilmek, verileri akla uygun yorumlayarak bagimli-
bagimsiz degisken arasindaki iliskiyi belirleyebilme becerisidir (Ramign, & Ramsey, 2006;
Martin, 2006; Wolfinger, 2000). Onemli olan (a) toplanan verilerin amaca uygun olmast, (b)
gegerli bir sonuca ulagsmak i¢in en uygun formda diizenlenmesi, (¢) veriler lizerinde
diistinerek akla uygun sonuglarin ¢ikarilmasidir.
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Veri toplama ve yorumlama kodlari

Tiir Kod Aciklama
Bilgi Bilgi VBB1 | Veri toplamanin, verileri sistematik bir sekilde diizenlemenin,
Boyutu bilgilerden arindirmanin ve/veya yorumlamanin bilimsel
stire¢ becerisi oldugunu ifade eder
VBB2 |Bilim adamlarinin diizenli bir bicimde verileri topladiklari,
organize ettikleri ve/veya akla uygun bir sekilde
yorumladiklarini ifade eder
VBB3 | Bilim adamlarinin veri toplama ve yorumlama calismalarina
ait detayli 6rnege yer verir (Sadece ‘su verileri toplamigtir’
gibi genel ciimleler degil, verilerin nasil toplandigi, nasil
organize edildigi, bu siirecte nelere dikkat edildigi gibi detayli
bilgilerin verildigi ifadelere yer verir)
Islemsel | VBI1 | Veri toplama hakkinda bilgi verir: Veri toplama siirecinde
Bilgi dikkat edilmesi gereken hususlar hakkinda bilgi verir. Yapilan
bir ¢aligmaya ait verilerin nasil diizenlendigiyle ilgili 6rnek
verir
Zihinsel VZI1 | Ogrenciden veri toplanmasin ister.
Islem Ogrenciden yaptig1 gozlemde elde ettigi verileri not etmesini
Boyutu ister.
Ogrenciden degiskenlerle yaptig1 denemelerle veri
toplamasini ister.
VZI2 |Toplanan verilerin diizenlenmesini ister:
Verilerin, deneyin sonucunu etkilemeyecek ve/veya
karisikliga yol acacak gereksiz bilgilerden arindirilmasin
ister.
Herhangi bir formda (diiz yazi, grafik, tablo, siitunlu grafik
vb. gibi) verilen verilerin bagka bir forma (diiz yazi, grafik,
tablo, siitunlu grafik vb. gibi) doniistiiriilmesini ister.
Ust- VZU1 | Verilerin yorumlanmasini ister.
diizey Verileri yorumlarken gorsel formlardan (grafik, tablo, siitunlu
islem grafik vb. gibi) faydalanilmasini ister
Verilen bir gorsel formu (grafik, tablo vb. gibi)
yorumlamalarini ister
Yapilan tahminler ile deney/gézlemde elde edilen verilerle
ulasilan sonuglarin karsilastirilmasini ister
Verileri yorumlayarak bir sonuca ulagilmasini ister
VZU2

Ogrencilerden elde edilen sonuglarin genel uygulanabilirligi
hakkinda varsayimda bulunmasini ister
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Veri toplama ve yorumlama kategorisi i¢in 6rnek

Problem Cozelim

Problem Durumu

Ugurlu beldesindeki 6grencilerin bir kismi, beldeden gecen trenin hizinin biiyiikliigiinii
merak ediyor. Bu 6grenciler nasil bir yontem kullanarak trenin hizinin biyiikliigtinii
bulabilirler?

(Bulundugunuz yerde tren yoksa size en uygun ulasim aracini tercih ediniz.)

Nasil bir Yol izleyelim?

Oncelikle trenin gectigi dogrusal bir yol bulalim. Bu yoldan giivenli bir uzaklikta tren
yoluna paralel 50 m araliklarla 5 6grenci dizelim. Her birinin elinde birer kronometre
olsun. Trenin lokomotifini dikkate alarak her bir 6grenci, tren birinci 6grenciye
geldiginde kronometreyi ¢alistirsin ve tren kendi yanina geldigi an kronometreyi
durdursun. Kronometre kullanilarak 6l¢iilen zamanlari, asagidakine benzer bir ¢izelgeyi
defterinize ¢izerek dolduralim. Cizelgenizden yararlanarak konum-zaman grafigi ¢izelim.

Konum (m) 0 50 100 150 200
Zaman (S) 0
(Ornek gizelgedir.)

Konum- zaman grafigini ¢izerken zaman 6l¢limiinden kaynaklanan hatalar1 goéz ardi
etmemiz gerekmektedir.

Sonuglandiralim

1. Buradaki 6grenciler ellerindeki verilerden yararlanarak trenin hizinin biiyiikliigiinii
nasil belirleyebilirler? Ayrintili olarak yaziniz ve hesaplayiniz.

2. Buna benzer bir yontemle ¢evrenizde baska hangi hareketlilerin hizinin
biiyiikliiglinii belirleyebilirsiniz?

3. Buproblemde trenin hizinin biiyiikliigiinii bagka hangi yontemlerle
hesaplayabilirsiniz? Yaziniz.
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Veri toplama ve yorumlama kategorisi 6rnegi i¢in agiklama: Bu kayit biriminde
ogrencilerden oncelikle 6rnek bir ¢izelge yardimiyla yaptiklar1 bir gézlemde topladiklar
verileri gizelgede uygun yerlere yerlestirmeleri, daha sonra hazirladiklar ¢izelgeyi baska bir
gorsel forma; grafige doniistiirmeleri istenmektedir. ‘Sonuglandiralim’ boliimiinde ise
ogrencilerden elde ettikleri grafikten faydalanarak bir degiskenin biiyliklligiiniin nasil
bulunabilecegi hakkinda fikir yiiriitmeleri istenmektedir. Bu durumda bu kayit birimi, veri
toplama ve yorumlama analiz birimi maddelerinden VZI2 maddesi ile ortiismektedir.
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11. Model Yapma (M)

Model, bes duyu organiyla algilanmasi miimkiin olmayan nesne, kavram, olgu veya sistemin
bes duyu organiyla anlagilir ve kavranabilir somut ve gorsel bir forma sokulmus halidir.
Herhangi bir obje, ¢izim, matematiksel esitlik, bilgisayar programi ve benzeri seyler model
olabilir. Modeli degerli kilan, bir seyin nasil ¢calistiginin anlasilmasina yardimei olma
ozelligidir (Wolfinger, 2000; Martin, 2006).

Model yapma kodlar1

Tir Kod Aciklama

Bilgi MBB1 | Model yapmanin bilimsel siire¢ becerisi oldugunu ifade eder
MBB2 | Bilim adamlarinin anlagilmasi gii¢ kavramlarin, nesne ve
olaylarin modellerini yaparak anlagilir hale getirdiklerini
ifade eder

MBB3 | Bilim adamlarinin yaptiklar1 modeller hakkinda detayli bilgi
verir (Modeli kimin gelistirdigi, ger¢ek halini nasil algiladig1
ve gergegi ile modeli arasindaki benzerlik ve farkliliklar:
hakkinda bilgi verir)

Islemsel |MBI1 |Model yapma becerisi hakkinda bilgi verir:

Bilgi Modelin ve/veya modellemenin ne oldugu hakkinda bilgi
verir

Modelleme yapilirken nelere dikkat edilmesi gerektigini
ifade eder

Model yapabilmek i¢in gercegi hakkinda miimkiin
oldugunca fazla veri toplamanin 6nemli oldugunu ifade eder
Verilen model ile ger¢cek nesne/olay 