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ABSTRACT

THE EFFECT OF EXPLICIT EMBEDDED REFLECTIVE INSTRUCTION
ON NATURE OF SCIENCE UNDERSTANDINGS, SCIENTIFIC LITERACY
LEVELS AND ACHIEVEMENT ON CELL UNIT

Koksal, Mustafa Serdar

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

Co-Supervisor: Assoc. Prof. Dr. Jale Cakiroglu

January 2010, 300 pages

The purpose of this study is to investigate the effectiveness of explicit-embedded-
reflective (EER) instruction on nature of science (NOS) understandings, scientific
literacy levels and cell content knowledge of the ninth grade advanced science
students. This study has been conducted with 71 students by using non-equivalent
quasi-experimental design. In the treatment groups, the EER teaching has been
conducted while NOS instruction in the comparison group for the same time interval
has been done by lecture, demonstration and questioning strategies. Views on Nature
of Science Questionnaire-Form C, Nature of Science Literacy Test, Cell Content
Knowledge Test, and interviews have been used for data collection. Categorization
of the participants’ profiles on the NOS aspects, paired samples t-tests and one-way
Multivariate Analysis of Variance (MANOVA) have been used for data analysis.
The results have shown the participants have had misunderstandings about “one
method in science”, “no hierarchy between law and theory” and “difference between
observation and inference” while they have had expert views on “role of creativity
and imagination” at the beginning of the study. For elimination of naive views, the
EER approach has been found as effective. The approach has also been determined
as effective on the increase in scientific literacy levels and learning on cell unit. In

addition, the EER approach is more effective on learning cell content knowledge and

gaining expert understandings of NOS than common approach in comparison group
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while there has been no difference between the scores of two groups in terms of

scientific literacy levels.

Keywords: Nature of Science, Explicit-embedded-reflective Teaching, Advanced

Science Students, Scientific Literacy, Cell Content Knowledge.
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DOGRUDAN-BAGLANTILI -YANSITICI OGRETIMIN, BILIMIN
DOGASINA ILISKIN ANLAYISLAR, BILIMSEL OKUR-YAZARLIK
DUZEYI VE HUCRE UNITESINE ILISKIN BASARIYA ETKIiSI

Koksal, Mustafa Serdar

Doktora, Orta Ogretim Fen ve Matematik Alanlar1 Egitimi Boliimii
Tez Yoneticisi : Prof. Dr. Omer Geban

Ortak Tez Yoneticisi: Dog. Dr. Jale Cakiroglu

Ocak 2010, 300 sayfa

Bu c¢alismada, dogrudan-baglantili-yansitict (DBY) bilimin dogasina iliskin
Ogretimin, fende iistiin basarili 6grencilerin igerik bilgilerine, bilimin dogasina iliskin
anlayislarina ve bilimsel okur-yazarlik diizeylerine olan etkisini arastirmak
amaglanmistir. Bu calisma, 71 dokuzuncu smif fen lisesi Ogrencisi ile
denklestirilmemis gruplari iceren yari-deneysel desen kullanilarak
gergeklestirilmistir. Deney gruplarinda, DBY temelli bilimin dogasina iliskin 6gretim
yapilirken, diger grupta, diiz anlatim, gosteri ve soru-cevap etkinlikleri ile bilimin
dogasina iliskin 6gretim yapilmistir. Bu ¢alismada, “Bilimin dogasina iliskin goriisler
anketi-C formu”, “Bilimin dogasina iligskin okur-yazarlik testi”, “Hiicre igerik bilgisi
testi” ve gorlisme teknigi veri toplama araglar1 olarak kullanilmigtir. Daha 6nceden
belirlenmis olan bilimin dogasinin boyutlariyla ilgili analiz ¢ergevesi kullanilarak,
katilimcilarin kategorilere ayrilmasi, iligkili dlgiimler icin t-testi ve tek-yonlii ¢ok
degiskenli varyans analizi (MANOVA) teknikleri kullanilarak veriler analiz
edilmigtir. Bu aragtirmanin sonucunda, uygulamalardan Once, fen lisesi
Ogrencilerinin bilimin dogasiin “bilimde tek yontemin olmamasi1”, “teori ve kanun
arasinda herhangi bir hiyerarsinin olmamasi” ve “gozlem ve ¢ikarim farki”
boyutlarina iligkin yanlis anlayislara, “yaraticilik ve hayal giiciiniin rolii” acisindan

uzman gorlislere sahip olduklar: belirlenmistir. Bu yanlis anlayislarin giderilmesinde
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ise DBY yaklasiminin etkili oldugu tespit edilmistir. Ayn1 zamanda, yaklagimin,
bilimsel okur-yazarlik ve hiicre iinitesi igerik bilgisinin 6grenilmesinde de etkili
oldugu belirlenmistir. Ek olarak, DBY yaklasiminin, bilimin dogasina iligskin uzman
uygulanan geleneksel yaklasimdan daha etkili oldugu belirlenmistir. Fakat bilimsel

okur-yazarlik diizeyleri acisindan iki grup arasinda anlamli bir fark bulunamamustir.

Anahtar Kelimeler: Bilimin Dogasi, Dogrudan-Baglantili-Yansitict  Ogretim

Yaklasimi, Fende Ustiin Basaril1 Ogrenciler, Bilimsel okur-yazarlik, Hiicre Unitesi.
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CHAPTER 1

INTRODUCTION

Biology, as a way of knowing, has been providing many advances in our life for a
long time. In today’s world, it has become more important by studies conducted in
the areas of biotechnology, biomedicine, genetics engineering, genetics, genome,
proteome and etc. Reflection of many results and advances of the studies in these
areas have become apparent in lives of people. As a result of these popularity,
importance and expansion, people have become more dependent on getting
knowledge of biology for their life. In curriculums and reform papers, knowledge
about biology as a scientific discipline for daily life of all people has been explained
with the title of “scientific literacy” (SL) (Project 2061, 2007; Turkish Ninth Grade
Biology Curriculum, 2007). Biology lessons are the most important contexts for
teaching important aspects of SL in high school level as a transtition period from
studentship to citizenship. By specifying the aspects of SL into biology education,
the concept of “biological literacy” (BL) has been identified as an aim of biology
education. The “BL” might be described as an educational aim that includes having
working knowledge about biology and confidence about it, applying them into life
situations, informed decision making by using biology knowledge, knowing nature
of biology as “a way of knowing” , understanding how scientists use methods and
processes in biology works, engaging in discussion about biological phenomena, and
seeking valid information about biology (Damastes& Wandersee, 1992;
Klymkowsky, Garwin-Doxas & Zeilik, 2003; Turkish Ninth Grade Biology
Curriculum, 2007; Uno & Bybee, 1994). In the definition of BL, two of the most
important aspects has been including teaching about content knowledge and aspects
of nature of biology or science in general as an objective for education of all people
for scientifically and biologically literate society (Damastes& Wandersee, 1992; Uno
& Bybee, 1994). Especially, nature of science aspect of biological literacy has been
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studied for a long time. The nature of science (NOS) has many aspects for science
education from scientific method to science in society. As a result of epistemological
and educational studies on these aspects, certain aspects of NOS have been
determined to teach in schools (McComas, 1998). The aspects of NOS are described

as the following sentences;

—

Scientific knowledge is tentative

Scientific knowledge is based on evidence and observation
There is no hierarchy between theory and law

Laws and theories have different roles in science

Scientific knowledge is theory-laden

Scientific knowledge is embedded in social and cultural context
There is no universally accepted one way to do science

Creativeness and imagination are important to produce scientific knowledge

e A R

Scientist is not objective when he or she begins to study, he or she has a
background

10. Science is a way of knowing (Lederman, Abd-El-Khalick, Bell & Schwartz,
2002; McComas, 1998).

In parallel to the importance of the NOS aspects for daily lives of people, many
biology lessons, textbooks and subjects have been beginning with the NOS issues
and going on with content knowledge. In spite of this priority, the literature has
consistently been showing the existence of many misunderstandings about the NOS
aspects in biology textbooks (Chiapetta & Fillman, 2007; Irez, 2008; McComas,
2003). Chiapetta and Fillman (2007) have examined five high school biology
textbooks by using content analysis technique in terms of four aspects of NOS. These
are science as a body of knowledge, science as a way of investigating, science as a
way of thinking and science-technology-society (STS) interaction. The authors have
analyzed chapters of the textbooks on methods of science, cells, heredity, DNA,
evolution and ecology. According to the results of the study, three BSCS (Biological
Sciences Curriculum Study) textbooks have been including an approach emphasizing

science as investigation while others have been emphasizing science as a body of

2



knowledge. Science as way of thinking and STS interaction separately have been
covered less than 15% of all of the nature of science aspects in the analyzed content.
The authors have stated that STS in biology is at the same level with it was in 1989
while science as a way of thinking has increased. In conclusion, majority of the
biology textbooks analyzed have been continuing to emphasize science as a body of
knowledge. Similarly, Irez (2008) has analyzed five secondary school biology
textbooks (Tenth Grade) frequently used in Turkey in terms of the NOS aspects. The
author has used cognitive maps for analyzing the data. The author has shown that
three of the textbooks have been defining science as a body of knowledge. Again,
objectivity in science has naively been emhasized in the texbooks. As another aspect,
three of the texbooks have also presented stepwise definition of scientific method.
Similarly, all the texbooks have been including unaccepted ideas about definitions of

theories and laws while they have also presented a hierarchy between theory and law.

Apart from the misrepresentations in the textbooks, literature has also presented
existence of misunderstandings on NOS in minds of teachers, pre-service teachers,
teacher educators and students (Abd-El-Khalick, Waters & Le, 2008; Akerson,
Morrison & Mc Duftfie, 2006; Blanco & Niaz, 1997; Irez, 2006; Ryan & Aikenhead,
1992; Tsai, 2006). Majority of the studies on the NOS aspects have been conducted
with prospective teachers and teachers. Studies with high school students are less
than other groups. Especially, the studies on misunderstandings of the Turkish high
school students on the NOS aspects are very limited although there are certain
examples of the NOS studies with high school students of other countries in the
literature. This situation has also been stated in the recent article of Dogan and Abb-
El-Khalick (2008). As one of the study conducted with high school students in
western societies, Ryan and Aikenhead (1992) have found majority of high school
students in their study are in confusion of science with technology and hold
considerable misunderstandings about hypothesis, laws and theories. Again, they
have shown one half of the students have thought that contextual values have been
affecting ideas about science-related social issues whereas the ratio has dropped to
one third for only science related issues. In addition, the results of their study have

shown the existence of naive ideas about “scientific method” as process of
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“questioning, hypothesizing, collecting data, concluding”, of naive ideas on
tentativeness. In a similar vein, Sandoval and Morrison (2003) have found that high
school students have defined falsely a theory as “proven hypothesis” and could not
explain the role of theories in science. As another study; Khishfe and Lederman
(2006) have found that more than half of the high school students in their study have
presented naive understandings on tentativeness by stating exchangeability and
stability of scientific knowledge. The authors have also shown the existence of naive
beliefs about “empirical nature of science” aspect among majority of the students.
Similarly, distinction between observation and inference could not be made by some
of the students. In addition, majority of the students have also presented naive
understandings on creative and imaginative science and subjectivity aspects. One
year later, Khishfe and Lederman (2007) in another study have seen that high school
students in their study have believed that scientific knowledge would not change and
they have presented naive views on observation versus inference and
creative/imaginative science aspects. As another finding of this study, majority of the

students have had naive understandings on subjectivity.

In spite of the certain number of the studies conducted in Western cultures, there is
limited number of the studies conducted with Turkish high school students. These
studies are generally assessment studies using survey approach rather than
experimental studies. In Turkey, Kili¢, Sungur, Cakiroglu and Tekkaya (2005) have
found that high school students are not certain whether the scientific knowledge is
absolute or not whereas they have had informed view about creative and imaginative
science. In another study conducted with Turkish high school students, Dogan and
Abd-El-Khalick (2008) have found that all of high school students in their sample
have presented naive understandings about lack of hierarchical relationship between
theories and laws whereas majority of them have had informed views about
tentativeness aspect. They have also shown misunderstandings about nature of

theories and relationship between scientific models and reality.

Eliminating these misunderstandings is not an easy task since the roots of these

understandings are coming from previous long experiences. In spite of commonness
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and long standing nature of the problem, the literature has provided some approaches
to eliminate misunderstandings on the NOS aspects in classrooms. The first and old
approach is historical approach. In this approach, it is claimed that incorporation of
historical examples into science teaching serves to enhance understandings of
students on the NOS aspects (Khishfe & Abd-El-Khalick, 2002). The examples of
historical approach to teach NOS aspects exist in the literature. Olson, Clough,
Broxvoort and Vanderlinden (2005) have used short historical story to teach the
aspects of NOS in the geology course at the level of undergraduate. They have found
the historical approach to be effective to teach the aspects of NOS. Again, Irwin
(2000) as another researcher has used historical approach, in studying with 14-age
students focusing on atom and periodic pattern as subject of the study. The author
has found that the historical approach is effective for the aspect of creativity in
science. Lin and Chen (2002) have studied using historical approach to teach the
NOS aspects to prospective teachers by quasi-experimental method. The authors
have found the historical approach to be effective to teach the NOS aspects related to
creativity, theory-based nature of scientific observations, and functions of theories.
Despite the fact that all of these studies have shown effectiveness, some large scale
studies have shown conflicting results of the historical approach to teach NOS (Abd-
El-Khalick & Lederman, 2000; as cited in Khisfe &Abd-El-Khalick, 2002 from
Welch & Walberg, 1972 and Klopfer & Cooley, 1963). The authors have stated that
the studies evaluating the effectiveness of two important curriculums (History of
Science Cases for High Schools and Harvard Project Physics) adopting historical
approach to teach NOS have shown conflicting results (Khisfe & Abd-El-Khalick,
2002).

The second approach to teach NOS is implicit approach covering most of 1960 and
1970s curricula such as Biological Sciences Curriculum Study (BSCS) and Physical
Science Study Curriculum (PSSC) (Khisfe & Abd-El-Khalick, 2002). This approach
advocates doing science; use of inquiry and science process skills instruction, will
enhance students’ understandings about the NOS aspects (Khisfe & Abd-El-Khalick,
2002; Palmquist & Finley, 1997; Palmquist & Finley, 1998). Abd-El-Khalick and

Lederman (2000) have stated that this assumption is related to the view of science
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educators that the NOS aspects are affective variables. As one researcher studying on
implicit approach, Tamir (1972) has studied the effectiveness of Biological Sciences
Curriculum Study (BSCS) and Physical Sciences Study Curriculum (PSSC) on
changing NOS views of 3500 high school students. The author has stated that no
significant changes in NOS views of the students have been found in the study. As
another researcher, Meichtry (1992) has studied effectiveness of BSCS curriculum
on changing NOS understandings of Grade 6-8 students, the author has shown
experimental group participants’ appropriate ideas on some of the NOS aspects have
decreased significantly compared to control group participants after the treatment.
Therefore, implicit approaches have also presented conflicting results for improving

NOS understandings of the students.

The third approach stated as effective approach on changing NOS understandings in
the literature is the EER approach. First, it should be explianed that this approach is
different from lecture or didactic approach because it means treating the NOS aspects
as like content knowledge. The approach has been including setting objectives,
preparing activities, conducting instruction and assessing individuals on the NOS
aspects (Khishfe & Lederman, 2006). To test effectiveness of the approach, some
studies have been conducted (Khishfe & Lederman, 2007; Khishfe and Abd-El-
Khalick, 2002). As one of them, Khishfe and Lederman (2007) have conducted an
experimental study using explicit-reflective teaching with 89 ninth and 40 10"/ 11"
graders. The study has lasted for 5-6 week units of environmental science, biology
and chemistry. They have used the way of questionnaire plus follow-up interview for
data collection. They have concluded that the explicit-reflective teaching has
improved students’ understandings on the NOS aspects. In another experimental
study, Khishfe and Abd-El-Khalick (2002) have studied with 62 sixth grade students
by using NOS questionnaire and semi-structured interview as data collection ways.
The time for the study is 2.5 months. The aspects the authors have focused as
cognitive outcomes are distinction between observation and inference, tentative,
empirical, creative and imaginative nature of science. As a result of their study, the
authors have shown that the explicit-reflective is effective on changing

misunderstandings of sixth grade students. In a similar study, Khishfe and Lederman
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(2006) have conducted an experimental study with 42 ninth graders. The authors
have focused on following the NOS aspects; tentativeness, empirical based science,
distinction between observation and inference, subjectivity, creative and imaginative
science. The study has lasted for 6 weeks and the content for the applications is
global warming. They have also used questionnaire and semi-structured interviews to
collect data. The results of the study have shown that the EER approach is effective
on improvement of ninth grade students’ NOS understandings. In another study with
elementary and secondary school students, Schwartz, Lederman, Khishfe, Lederman,
Matthews and Liu (2002) have examined the effectiveness of the explicit-reflective
intervention on the students’ understandings of the NOS. The study has had two
parts; three-week summer institute and follow-up monthly workshops during an
academic year. The authors have used video-taped lessons, classroom observations
and lesson plans as data for monitoring teacher development while they have used
the Views on Nature of science Questionnaire (VNOS) and the Views of Scientific
Inquiry Questionnaire (VOSI) for collecting data from students. It has been found
that the students have improved their understandings on inferential, subjective,
empirical and tentative nature of science by the applications of their teachers and

85% of the teachers have improved their abilities to teach the NOS aspects.

In the literature of explicit-reflective NOS teaching, majority of the experimental
studies have been including the studies conducted with pre-service teachers
(Akerson, Abd-El-Khalick & Lederman, 2000; Kiigiik, 2008; Schwartz, Lederman,
Khishfe, Lederman, Matthews & Liu, 2002; Akerson, Buzelli &Dunnelly, 2008;
Abd-El-Khalick, 2001). Therefore, lack of studies with high school students calls a
need for experimental studies to be conducted with high school students (Khishfe &
Abd-El-Khlick, 2002). At the same time, there has been no study in the literature on
the effectiveness of the EER based NOS instruction on the understanding of a special
group of high school students named “academically advanced science students”.
These students have generally been taking more science courses and therefore they
are more experienced with science content than common students. Again, they are
selected to the programs including more science content by special tests on science

content. They are generally at the top of the distribution of students taking science
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content test and IQ tests (Ozaslan, Y1ldiz & Cetin, 2009). In addition, these students
will probably have high status to make important decisions for other people due to
their success in science content and they are also future citizens in the society, so
they should be studied in terms of “informed decision making” as well as other
students. Therefore, academically advanced science students are included in a very
important group for studying the NOS aspects due to their importance for decision

making and experience differences from common students on science content.

In the literature of NOS, there is no specific study conducted on the EER teaching by
focusing on NOS understandings of academically advanced science students. On the
other hand, some studies conducted with (advanced) gifted students have focused on
“epistemological understandings” of these students. High school gifted and talented
students have been sharing similar characteristics with advanced science students.
Since advanced science students have also higher 1Q scores in general and are
successful on any content of study as requirements for being gifted (Ozaslan, Yildiz
& Cetin, 2009). Advanced science students also have more experience in science
content, examinations on science subjects and science education. Epistemological
understandings of the students are factors which are effective on the understandings
of NOS (Viney, 2007). Therefore, studying epistemological understanding
differences might be helpful to understand uniqueness of the advanced or gifted
science students for investigation of the NOS aspects. For example; Shommer and
Dunnell (1994) have compared the gifted and non-gifted high school students. They
have found that there are no significant differences in students' epistemological
beliefs at the beginning of high school whereas gifted students are less likely to
believe in simple knowledge and quick learning by the end of high school. Non-
gifted students' beliefs in simple knowledge and quick learning are the same across
time. The result of the study has been showing that epistemological understandings
of gifted and non-gifted students have been differentiating with experience in content
and education. It can be speculated that epistemological understandings of advanced
science students are also different from the common students so the approach to

change their misunderstandings on NOS needs a special attention to study.



Another problem in the literature of the EER based NOS instruction is lack of
assessing change in content knowledge and scientific literacy levels of students with
the NOS aspects. Although majority of NOS articles have been beginning their
frameworks by emphasizing importance of NOS aspects for scientific literacy
(Dogan & Abd-El-Khalick, 2008; Akerson, Buzzelli & Dunnelly, 2008; Abd-El-
Khalick, Bell & Lederman, 1998; Irez, 2006) and have been claiming that the NOS
aspects are sub-components of scientific literacy, there is no study evaluating change
in understandings of students on the NOS aspects and scientific literacy together
after the EER instruction. In parallel, content knowledge of students is also not
considered for change after the EER instruction despite the fact that there is also an
intervention on content structure and the instruction time for content due to the
embedding activity. In fact, time and content are the most important two components
of an instruction for teachers (Suarez, Torlone, McGrath & Clark, 1991) and they are
repressive factors about deciding on and conducting the EER instruction for teachers.
At the same time, similar to misunderstandings about the NOS aspects across all
levels, content knowledge on biology subjects have not also been completely
understood and comprehended enough from primary school to university level by
students although some of the studies have shown that students have been preferring
more to study on biology than other sciences in high schools and are more interested
in it (As¢t & Demircioglu, 2002; Osborne, Simon & Collins, 2003; Prokop, Prokop
& Tunnicliffe, 2007). There have been many reasons reported for this situation in the
literature. One of them is that students have been seeing biology subjects as the
content which can be learned by rote memorization (Kaya & Giirbiiz, 2002). In
addition, students have been perceiving biology lesson and its content as important
and difficult. Studies about difficulty and importance perception have indicated that
meiosis-mitosis, genetics and hormones have been perceived as the most difficult
subjects of biology, but importance perception about them are different. The subject
of “cell” among the other biology subjects has been considered as one of the most
easiest and important subject in biology (Finley, Stewart & Yarroch, 1982; Tekkaya,
Ozkan & Sungur, 2001). The “Cell” subject is the first topic taught in high school
and students have been seeing it under the title of biology for the first time. So, the

first impression about biology as a science might be related to the cell subject.
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Embedding the NOS aspects into such a subject might be a good beginning point to
introduce NOS for further activities on the NOS aspects. Embedding the NOS
aspects into such an easy and important subject matter might decrease cognitive load
to change NOS misunderstandings and facilitate the effectiveness of the EER based
NOS instruction to overcome problems about misunderstandings on the NOS
aspects. Therefore, the EER instruction should consider content knowledge,
scientific literacy level and NOS understandings together for advocating use of the
approach for high school classrooms by teachers without any problem for routine and

formal requirements of any curriculum.

Considering all of the points aforementioned above, the aim of present study is
determined as to investigate the effectiveness of the EER based NOS instruction on
NOS understandings, scientific literacy levels and content knowledge of ninth grade

advanced science students about “cell and cellular organisation” subject.

1.1. Statement of the Problem

Both biology content and nature of science have not been completely understood and
learned from primary school to university by students. Nature of science and science
content knowledge, in spite of their clear relationship for learning science, have not
been treated with the same attention in education (Tunc & Koksal, 2010; Karakas,
2009). Lederman (1999) has stated that nature of science should be internalized as
an important instructional objective during development and implementation of each
unit, lesson or activity beside content knowledge objectives. It means that NOS
should be explicit in an instruction to improve NOS understandings and to eliminate
misunderstandings. In the literature, three kinds of instruction are recommended to
change misunderstandings of students on the NOS aspects. Some studies have
suggested use of explicit approaches to teach nature of science (Lederman, 2007,
Lederman, 1999) whereas some of the others have suggested implicit teaching way
and historical approaches (Irwin, 2000; Olson, Clough, Broxvoort & Vanderlinden,
2005; Palmquist & Finley, 1997). Recent studies have been emphasizing the

importance of explicit reflective instruction as an effective way to teach NOS

10



(Akerson, Abd-El-Khalick & Lederman, 2000; Bell, Lederman & Abd-El-Khalick,
1998). While explicitness and reflection together are determined as important way to
teach the NOS aspects, embedding strategies begin to be studied to provide learning
of both the NOS aspects and content knowledge at the same context by using
examples from subject matter for explaining the NOS aspects (Khisfe & Lederman,
2006). While the studies on the approach have been going on, an important issue has
emerged that the studies on explicit embedded reflective NOS instruction have
assessed only change in the NOS aspects although majority of them have stated
scientific literacy as a higher-order construct of NOS for informed decision making
and have manipulated content structure of current instruction for the EER instruction
(Abd-El-Khalick, Bell & Lederman, 1998; Akerson, Buzzelli & Dunnelly, 2008).
Only assessing effectiveness of the instruction in terms of the NOS aspects is not
sufficient approach to see whole picture. So, there is a need to assess and measure
content knowledge improvement and scientific literacy levels of the students with

their NOS understandings.

As another point, in the literature, the majority of the studies using the EER
instruction have been conducted with pre-service teachers (Akerson, Abd-El-Khalick
& Lederman, 2000; Kiigiik, 2008). However, there have been lack of studies
conducted with high school students (Khishfe & Abd-EI-Khlick, 2002). Among the
high school students, there is an important unconsidered group in NOS studies in
spite of their clear significance for experiences with science content. These students
are academically advanced science students. They are special cases for NOS studies
due to their experience differences and exposure to more science content and
assessment situations. When taken all of these points into account in the EER
instruction studies, investigation of the effectiveness of the EER instruction with
advanced science students in terms of content knowledge on cell and cellular
organisation unit, understandings on NOS aspects and scientific literacy levels has

emerged as problem of present study.
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1.2. Purpose of the Study

The purpose of this study is to investigate effectiveness of the EER based NOS
instruction on understandings of the NOS aspects and improving scientific literacy
levels and achievement of 9™ grade academically advanced science students on cell

and cellular organisation unit.

1.3. Definition of Terms

Nature of science: NOS refers to the epistemology and sociology of science, science
as a way of knowing, or the values and beliefs inherent to scientific knowledge and

its development (Lederman, 1992).

In this study, NOS is operationalized with answers on VNOS-C (Views on Nature of

Science-Form C) questionnaire and follow-up interviews.

Achievement on Content Knowledge: Achievement is one of the most important goals
in many educational settings. It is a cognitive behavior that is easily changeable or

short-term learning (Haladyna, 1997).

For this study, achievement in the course is considered to be scores on cell content

knowledge test prepared by researcher.

Academically Advanced Science Student: Students who are at the highest 2% of the
all test takers (nation-wide science content test named as OKS) after graduation of
middle school as the first step of education to meet science subjects and who are
enrolled in science high schools have been accepted as academically advanced
science students. Science high schools have more time and dense content for science
courses than common high schools (6 course-times per week for ninth grades, 12
course-times per week for tenth, eleventh and twelfth grades). The schools which are

supported by state and located only at provinces of the country (The number of
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provinces is over 80) have been providing advanced science courses. Teachers of

these schools are selected by a formal evaluation process and examination.

Scientific literacy: In PISA (OECD, 2007) framework, scientific literacy is defined
as the understanding of the characteristic features of science as a form of human
knowledge and inquiry; an awareness of how science and technology shape our
material, intellectual, and cultural environments; and a willingness to engage in
science-related issues; and an individual’s scientific knowledge; and use of that
knowledge to identify scientific questions, to explain scientific phenomena, and to

draw evidence-based conclusions about science-related issues.

For this study, scientific literacy levels of the students is measured by Nature of
Science Literacy Test (NSLT) in multiple-choice format developed by Wenning
(2000).

1.4. Research Questions

1. Is there any effect of the EER based NOS instruction on understandings of
academically advanced science students on the NOS aspects?

2. Is there any effect of the EER based NOS instruction on scientific literacy
levels of academically advanced science students?

3. Is there any effect of the EER based NOS instruction on content knowledge
(achievement) of academically advanced science students on cell and cellular
organisation unit?

4. Are there any differences between academically advanced science students
taught by the EER based NOS instruction and academically advanced science
students taught by common teaching approach in terms of NOS
understandings, content knowledge on cell and cellular organisation unit and

scientific literacy levels?
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1.5. Research Hypotheses for Quantitative Variables

There is no statistically significant difference between pre- and post-test
scores of the academically advanced science students in the treatment groups
on scientific literacy level.

There is no statistically significant difference between pre- and post-test
scores of the academically advanced science students in the treatment groups
on content knowledge (achievement) on cell and cellular organisation unit.
There is no statistically significant difference between pre- and post-test
scores of the academically advanced science students in comparison group on
scientific literacy level.

There is no statistically significant difference between pre- and post-test
scores of the academically advanced science students in comparison group on
content knowledge (achievement) on cell and cellular organisation unit.

There is no statistically significant difference between scientific literacy pre-
test scores of the participants in the treatment and the comparison groups on
the combined dependent variables.

There is no statistically significant difference between content knowledge
(achievement) pre-test scores of the participants on cell and cellular
organisation unit in the treatment and the comparison groups on the combined
dependent variables.

There is no statistically significant difference between OKS scores of the
participants in the treatment and the comparison groups on the combined
dependent variables.

There is no statistically significant difference between scientific literacy post-
test scores of the participants in the treatment and the comparison groups on
the combined dependent variables.

There is no statistically significant difference between content knowledge
(achievement) post-test scores of the participants on cell and cellular
organisation unit in the treatment and the comparison groups on the combined

dependent variables.
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CHAPTER 2

REVIEW OF RELATED LITERATURE

Education for learning about science has became an important aspect of educational
studies after last five decades. The studies on teaching science, as an educational
issue, have been keeping on solving problems about teaching science and scientific
knowledge. While knowledge on education and scientific knowledge have been
continuing to change over time, education researchers have been meeting new
problems to teach about scientific knowledge and its nature. Nature of science as a
school subject is not understood enough by students, teachers and teacher educators.
(Blanco & Niaz, 1997; Dagher & Boujaoude, 2005; Irez, 2006; McComas, 2003;
Sandoval & Morrison, 2003; Thye & Kwen, 2003; Tsai, 2006). In addition, there are
many misunderstandings of students, teachers and teacher educators on the NOS
aspects (Akerson, Abd-El-Khalick & Lederman, 2000; Irez, 2006; Khishfe and Abd-
El-Khlick, 2002). To overcome these misunderstandings, some types of interventions
have been conducted, explicit-reflective approach has been found to be an effective
way (Akerson, Buzzelli & Dunnelly, 2008; Kii¢iik, 2008;). In spite of its
effectiveness, there are some unevaluated, important variables in the approach to be
considered and important groups for the approach. In this part of the dissertation, the
literature on nature of science, its aspects, misunderstandings on NOS, elimination
ways of misunderstandings, epistemological understandings of gifted students as a
similar group to advanced science students and content knowledge (achievement)

will be presented.

2.1. Nature of Science and Its Aspects

NOS refers to the epistemology and sociology of science, science as a way of

knowing, or the values and beliefs inherent to scientific knowledge and its
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development (Lederman, 1992, p.331). The aspects of NOS are based on
sociological, epistemological, cultural, and affective perspectives which are directed
towards scientific knowledge, scientists and scientific method. The most frequently
indicated aspects of NOS are tentativeness, empirical based science, theory-laden
NOS, no hierarchy between theory and law, no one way to do science, difference
between observation and inference, creative and imaginative science and social and
cultural embeddedness. As the first aspect of NOS, “empirical nature of scientific
knowledge”, means that science is based on observations of the natural world, and
validity of scientific claims is provided by referring to observations of nature.
Scientists do not observe directly most of natural phenomena. In addition,
observations are always filtered by perceptions and interpreted by taking a theoretical

framework into account (Lederman, Abd-El-Khalick, Bell, & Schwartz, 2002).

The other aspect, “observation and inference” have different meanings.
Observations are descriptive statements about phenomena which are directly
accessible to the senses or extensions of the senses whereas inferences are statements
about natural phenomena which are not directly accessible to the senses. The
distinction between them is important for making sense about theoretical entities
such as atoms, species, and genes (Lederman, Abd-El-Khalick, Bell, & Schwartz,
2002).

For another aspect; “scientific theories and laws” are different forms of scientific
knowledge. Laws are descriptive statements of associations among observable
phenomena whereas theories are inferred explanations for observable phenomena or
regularities in those phenomena. Theories cannot be directly tested, and play major
role in generating research questions and driving future investigations. Again, there

is no hierarchical relationship between theories and laws (McComas, 1998, p.53-70).

The aspect of “creative and imaginative nature of scientific knowledge” refers that
production of scientific knowledge involves activities in which imagination and
creativity are included. It includes invention of models, explanations and theoretical

entities (McComas, 1998, p.53-70).
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The “theory-laden nature of science” aspect, as one of the most interesting aspects,
explains that scientists do not begin to study with making observations without
contributions of their theoretical beliefs, prior knowledge, experiences, training and
expectations. These factors affect the problems scientists study on, how they conduct
investigations, what they observe and how they interpret the results. Theories
construct mindsets for the production of scientific knowledge. In production of
scientific knowledge, the role of theories is guidance (Lederman, Abd-El-Khalick,
Bell, & Schwartz, 2002).

The aspect of “social and cultural embeddedness of scientific knowledge” refers that
scientific investigations are practiced in the context of a larger culture than scientific
culture and producers of the scientific knowledge are partially product of that culture.
The social and cultural factors might be power structures, socioeconomic factors,
philosophy, religion and social fabric (McComas, Clough & Almazroa, 1998, p.3-
39).

Many students have the idea of “myth of existence of one scientific method” as a
misunderstanding. This myth means existence of only one scientific method to reach
valid knowledge. In fact, scientists compare, observe, measure, test, speculate,
hypothesize, and create ideas. Conducting all of them does not require an order of
treatments for producing scientific knowledge. Therefore, there is no single sequence

or method for production of scientific knowledge (McComas, 1998, p.53-70).

The aspect of “tentative nature of scientific knowledge”, points out that forms of
scientific knowledge such as facts, principles, laws and theories are subject to
change. Ways of change are realized by new evidences, technology, reinterpretation,
advances in thinking and changes in cultural and social milieu. In addition to all of
these factors, compelling logical approaches also lead to changes (McComas, Clough

& Almazroa, 1998, p.3-39).
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Previous studies have suggested that some of these aspects are appropriate to teach in
high school level. The aspects indicated as appropriate for high school students can
be ordered as the following;

1. Scientific knowledge is tentative

2. Scientific knowledge is based on evidence and observation

3. Observation and inference are different things

4. Creativeness and imagination are also important to produce scientific

knowledge
5. Scientist is not objective when he or she begin to study, he or she has a

background (Khisfe & Abd-El-Kahlick, 2002; Khishfe & Lederman, 2006).

But, there are also two important aspects recommended by some researchers for high
school students as “no hierarchy between theory and law” and “no universally
accepted one way to do science” (McComas, 1998, p.53-70, Lederman, Abd-El-
Khalick, Bell, & Schwartz, 2002).

2.2. Scientific Literacy and Nature of Science

The roots of “scientific literacy” term go back in history to the 350 years ago in spite
of the fact that the arising time of the term in science education reaches back to the
20 years ago (Hurd, 1998; Roberts, 2007). Importance of the term has been based on
five aspects of life. Economy aspect has been related to positive relationship between
science education and wealth of a nation, more clearly increase in scientific literacy
level might provide improvement of economical status of a nation. Utility aspect has
been including importance of understanding science for using it in everyday contexts
of scientifically and technologically advanced society. Democracy aspect has been
suggesting that scientifically literate person will be able to engage in debate and
informed decision making by using scientific knowledge. Social aspect of life for
scientific literacy has been relating science to the wider culture of humankind.
According to this aspect, scientifically literate person will feel less alienated from
science. As the final aspect, culture aspect has been including that individuals should

learn something about science as a great achievement of human culture as like
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learning about art and music as cultural achievements of humankind (cited by Ryder,
2001 from Millar, 1996). In general, scientific literacy includes cognitive capacities
for utilizing science and technology information for social and economic progress to

facilitate human affairs (Hurd, 1998).

In the literature, there are more specific definitions of scientific literacy which have
different components that are prominent in science learning. As the first
educationally sound definition, Pella et al. (1966) (cited in Roberts, 2007) have
defined the term as understanding the fundamental concepts of science, nature of
science, the ethics issues, interrelationships between science and society, difference
between science and technology and interrelationships between science and
humanities. More comprehensively, Science for All Americans (AAAS, 1990) has
defined the scientific literacy as knowing about the natural world and respecting its
unity; being aware of the ways in which mathematics, technology, and the sciences
depend upon one another; understanding certain key concepts and principles of
science; being able to use scientific knowledge and ways of scientific thinking for
personal and social purposes; possession of a capacity for scientific thinking;
knowing that science, mathematics, and technology are all human enterprises, and
knowing what that implies about their strengths and limitations. Recently,
OECD/PISA (2003, p.15) have defined the term as “the capacity to use scientific
knowledge, to identify questions and to draw evidence-based conclusions in order to
understand and help make decisions about the natural world and the changes made
to it through human activity”. Although there are some differences between these

definitions, similarities in their purposes might be seen.

In addition to these definitions, some researchers have extended the definitions by
separating the types of scientific literacy. As cited by Roberts (2007), Shen (1975)
determined three types of scientific literacy; “Practical Scientific Literacy”, having
scientific knowledge which can be used for solving practical problems, “Civic
Scientific Literacy”, being more aware of science and science related issues to
participate more completely in the democratic processes of society, and “Cultural

Scientific Literacy”, having knowledge for science as a major human achievement.
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This three-type classification has been followed by hierarchy approaches for types of
scientific literacy. Shamos (1995, p.8§7-90) has used the prefixes of cultural,
functional and true for scientific literacy types. The “Cultural Scientific Literacy” as
the simplest form has included “a grasp of certain knowledge that communicators
must assume their audiences already have” while the “Functional Scientific Literacy”
has included “being able to read, write and converse using science terms”.
Differently from these two definitions, the “True Scientific Literacy” are related to
“knowing about scientific enterprise, major conceptual schemes, how the schemes
were arrived at, why they are accepted by majority and role of experiment in
science”. After these definitions, more comprehensive and complete framework
about science literacy have been provided by Bybee (1997) (cited in Roberts, 2007).
Bybee’s four-level framework has mentioned about nominal, functional, conceptual
and procedural and multidimensional scientific literacy. As the first level, nominal
literacy has been demonstrating the level of associating names with general field of
science while functional literacy has been related to ability to read and write passages
with simple scientific vocabulary. As the next level of the framework, conceptual
and procedural literacy has been including the ability to understand the structure of
scientific disciplines and their procedures for producing new knowledge and
technique. The highest level scientific literacy; multidimensional literacy has been
consisting of understanding fundamental conceptual structures of science and
technology, history and nature of science. In line with these definitions, researchers
have determined the characteristics scientifically literate person must have.
Pallincsar, Anderson and David (1993) have stated by reviewing the literature that
scientifically literate person should have ability to apply scientific knowledge or
concepts in principled ways and to use language of science for interpretation and
production of spoken and written texts. According to Norris and Phillips (2003),
scientifically literate person is one who understands science texts by separating
whether something is an inference, hypothesis, conclusion or assumption, by
distinguishing explanation from evidence, by recognizing difference between a claim
and “scientific result” and by expressing doubt or engaging in speculation. More
comprehensive and longer list of characteristics has been provided by Hurd (1998,

p.413-414). Table 1 has been presenting these characteristics.
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Table 1. Characteristics of scientifically literate person

Characteristics of scientifically literate person

Knowing that science in social contexts often has dimensions in political, judicial,
ethical, and sometimes moral interpretations.

Using science knowledge where appropriate in making life and social decisions,
forming judgments, resolving problems, and taking action.

Distinguishing science from pseudo-science such as astrology, quackery, the
occult, and superstition.

Recognizing the cumulative nature of science as an “endless frontier.”

Recognizing scientific researchers as producers of knowledge and citizens as users
of science knowledge.

Recognizing that science concepts, laws, and theories are not rigid but essentially
have an organic quality; they grow and develop; what is taught today may not have
the same meaning tomorrow.

Knowing that science problems in personal and social contexts may have more
than one “right” amswer, especially problems that involve ethical, judicial, and
political actions.

Viewing science—social and personal—civic problems as requiring a synthesis of
knowledge from different fields including natural and social sciences.

Recognizing there is much not known in a science field and that the most
significant discovery may be announced tomorrow.

Recognizing that science—social problems are generally resolved by collaborative
rather than individual action.

Recognizing that the immediate solution of a science—social problem may create a
related problem later.

When looked at both the definitions and characteristics of scientifically literate
individuals, it is easily seen that NOS as an epistemological side of scientific literacy
is an important component of it (cited by Roberts, 2007 from Pella et al. 1966;
Bybee,1997; Hurd,1998). In addition to existence of NOS in the documents on
scientific literacy, parallelism in their importance for the aspects of life has also been
shown by Lederman (2007) citing to the study of Driver, Leach, Millar and Scott
(1996). The author has written that understanding NOS is very important for
utilitarian, democratic, cultural, moral and science learning aspects of life. These

aspects and importance of NOS for them are explained in Table 2.
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Table 2. Importance of learning nature of science for five aspects of life

Aspects of Life Explanation for Importance of Nature of Science

Utilitarian Understanding nature of science is necessary to manage the
technology and processes in daily life

Democratic Understanding nature of science is important in informed
decision-making on socio-scientific issues

Cultural Knowing about nature of science is a need to appreciate the
science as a product of contemporary human culture

Moral Understanding nature of science helps development of an
understanding the norms of scientific community that includes
moral commitments that are important for society

Science Learning Knowing about nature of science facilitates the learning of
science subject matter

Note: The table was structured by considering Lederman (2007).

2.3. Misunderstandings on Nature of Science Aspects

In the literature, there are some important studies which have shown
misunderstandings about the NOS aspects across all educational levels. At the
college level, Karakas (2009) have investigated experiences of four instructors who
have been teaching introductory science courses at the college level in terms of the
NOS aspects. The study has been conducted with ethnographic research approach
and data have been collected by interviews, observations and field notes. Two of the
participants have had a background from physics; others have taken their
backgrounds from chemistry and geology respectively. The results of the study have
shown that all of the participants are comfortable with the idea that science is
empirical and creative endeavor. Three of the participants have believed in
subjectivity and socio-cultural effects in science whereas they have been thinking
that there is a hierarchy between law and theory. Again, two of them could not

distinguish observation from inference.

At the university level, Irez (2006) has conducted a study with 15 Turkish

prospective science teacher educators. He has used reflection-oriented qualitative
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method for the study. The results of the study have shown that majority of the
prospective science teacher educators have had misunderstandings about various
NOS aspects. The author has found that 27% (N=4) of the participants have had
informed ideas on some of the NOS aspects. Informed participants have had
inappropriate ideas about limited topics. Only one member of informed participants
has had inappropriate ideas on “science as a way of knowing”, “no single scientific
method”, and “relativity to social context” and “science as a culture within itself”.
However, naive participants (20%, N=3) have had appropriate ideas on only the
aspects related to “theories may change due to new evidence” and “science involves

creativity and imagination”. When all of the results of this study are considered, it is

seen that the participants are not prepared in terms of the NOS aspects to teach.

As another researher, Tsai (2006) has tried to examine the effects of science
education courses on in-service and pre-service teachers’ views toward NOS. The
author has conducted the study with 36 in-service and 32 pre-service teachers. In the
study, classification of epistemological ideas on NOS has been made as empiricist
and constructivist. In the study, empiricist views are not accepted for science
teaching and a claim has been raised that empiricist view might cause some problems
in science teaching. According to an important suggestion cited by Tsai (2006) from
Millar (1989), if NOS is perceived with empiricist nature, teaching of it will meet
two important dangers. One is a pedagogical danger in which teaching of science is a
process of rote memorization of facts, laws, theories, methods and some procedures
and the other is epistemological danger in which science is considered as truth and a
body of certain facts, laws or knowledge. At the beginning of the study, Tsai (2006)
has found that there are misunderstandings about some aspects of NOS in pre-service
and in-service teachers. These are “science is objective, neutral, and independent
from human perspectives”, “science has certain rules and methods”, “science is
searching for an accurate description about the world”, “science is a collection of
facts, laws and principles” and “science come from a steady accumulation of correct
information”. One of them; “science is objective, neutral, and independent from

human perspectives”, has been found to be not changed after the courses. The author
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has explained that any instructional approach different from direct teaching might be

helpful for teaching the issues on the NOS aspects.

The study of Macaroglu, Tasar and Cataloglu (1998) has been conducted with 21
preservice elementary teachers enrolled in one university of Turkey. The researchers
have surveyed the participants to get evidence about their beliefs about the NOS
aspects. They have used “The Beliefs About Science and School Science
Questionnaire” (BASSSQ) as data collection tool. As a result of the study, the
participants have presented a misunderstanding about subjectivity aspect that pre-
service teachers believe in objectivity of scientific knowledge while they believe

scientific knowledge is subject to change.

In another study of pre-service and in-service teachers, Tairab (2001) have surveyed
95 science teachers (N=41 (pre-service science teachers) and N=54 (in-service
science teachers)) to examine their views on science and technology by using nature
of science and technology questionnaire (NSTQ). The author has focused on
characteristics of science and technology, aim of science and scientific research,
characteristics of scientific knowledge and scientific theories and relationship
between science and technology. The results have shown that 23.2 % of all
participants have believed that science is a body of knowledge as a naive view and
none of the participants have stated the social and cultural aspect of science. For aims
of science, 14.6 % of the pre-service science teachers have seen purpose of science
as to help find ways to make people’s lives better while 24.1 % of the in-service
science teachers have believed this purpose of science. This view is an indication for
naive utilitarian idea for aims of science. As another important point, over half of the
participants have appropriately defined a theory as the most appropriate explanation
and interpretation put forward by scientists whereas 29.3% of the pre-service science
teachers and 29.6 % of the in-service science teachers have confused scientific theory

with scientific fact.

In addition to misunderstandings of science teacher educators, prospective teachers

and teachers, undergraduates have also certain misunderstandings about NOS. In the
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study of Blanco and Niaz (1997), responses of 89 freshmen and 7 teachers to four-
item questionnaire have been analyzed to get information about their ideas on NOS.
It has been found that students and teachers have used the same sort of reasoning and
have had same sort of misunderstanding. According to the results of the study, some
of freshmen have not appreciated tentative nature of scientific theories and
subjectivity of scientists. One of them has presented the naive veiw on absolute
knowledge aspect by claiming existence of unchangeable knowledge about the atom.
Again, some of freshmen have claimed that scientific law is universal and is proved.
The similar misconceptions of both students and teachers about NOS have shown
that traditional implicit instruction, and traditional activities with traditional

epistemology are not enough to teach the NOS aspects.

Abd-El-Khalick (2006) has studied with 153 undergraduate and graduate students to
map their understandings on the NOS aspects. The author has used VNOS-C plus
interview approach to collect data. The author has shown that 57% of the participants
have informed understanding about empirical basis of science while majority of them
have presented naive understandings on “one scientific method in science” aspect as
stating “existence of only one way to do science”. As another naive understanding,
the participants have had misunderstandings about experimental approach and
observation based science. In addition, the participants have held naive
understandings about laws and their relationship with theories and they have stated a
hierarchical relationship between theories and laws. Similarly, they have held naive
understandings about theory-laden science. On the contrary, majority of the
participants are informed about tentative nature of theories, and creativity and
imagination in science. The author has stated an important point which deserves an
attention that the students have had incoherent, fragmented understandings about the

NOS aspects.

Focusing on a different group from science teacher educators, pre-service teachers,
undergraduates and teachers, Ryan and Aikenhead (1992) have studied with 11 and
12 grade students over 2000 using “Views on Science-Technology-Society”

(VOSTS) instrument in which multiple choice items have been included. They have
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found majority of the students are in confusion of science with technology and have
held considerable misunderstandings about hypothesis, laws and theories. Again,
they have shown one half of the participants have thought that contextual values have
affected ideas about science-related social issue whereas the ratio has dropped to one
third for only science related issues. In addition, the results of their study have shown
existence of naive ideas about “scientific method” as process of “questioning,

hypothesizing, collecting data, concluding”, and of naive ideas on tentativeness.

In another study, Lederman (1999) has studied five biology teachers’ understandings
and classroom practice related to NOS. The author has conducted a year-long study
to assess classroom practice of the biology teachers by using questionnaire, interview
and various documents regarding to instruction as data sources. According to the
results of the study, all five biology teachers have had appropriate understandings
about nature of science aspects. But secondary level students of these teachers have
presented misunderstandings by asserting that only certain types of scientific
knowledge are tentative, creativity and imagination has limited place in science and
subjectivity has also limited place in science. In conclusion, the author has suggested
using explicit teaching with discussion and reflection for teaching nature of science

to secondary level students.

As another study on high school students, Sandoval and Morrison (2003) have
studied with 8 ninth grade students using interview method. The authors have applied
inquiry method on evolution and natural selection for 4 weeks. They have found that
the students have seen science as a search for correct answers for world and have
defined falsely a theory as “proven hypothesis” and could not explain role of theories

in science.

As another example of studies conducted with high school students, Khishfe and
Lederman (20006), in their study, have provided many misunderstanding examples of
ninth grade students on the NOS aspects by using Views on Nature of Science
(VNOS) questionnaire plus follow-up interview approach. They have studied with 42

students and have found that more than half of the participants have presented naive
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understandings on tentativeness by stating exchangeability and stability of scientific
knowledge. The authors have also shown existence of naive beliefs about empirical
science aspect among majority of the students. Similarly, distinction between
observation and inference could not be done by some of the participants. In addition,
majority of the participants have also presented naive understandings on creative and
imaginative science and subjectivity aspects. One year later, the authors have
conducted a similar study with 89 ninth, 40 tenth and eleventh grade students by
using Views on Nature of Science (VNOS) questionnaire and follow-up interview
approach. They have seen that many of the participants have believed that scientific
knowledge would not change and they have held naive views on observation versus
inference and creative/imaginative science aspects. Similarly, majority of the

participants have presented naive understandings on subjectivity.

As another study with high school students, Meyling (1997), in his research, has
studied with 737 German high school students at tenth, eleventh, twelfth and
thirteenth grades. The author has reported that 99% of the participants have had the
idea of ““a verified theory becomes a law”. It has been also shown that 60% to 70% of
the participants have defined a theory as “completely hypothetical, not verified yet
but only explanatory”. The most frequent examples of theories have been indicated
as Theory of Relativity and Quantum Theory by 60% to 85% of the students. But the
author has stated that the only names of the theories are known by majority of the
students. In addition, the students have believed in existence of models as spatial
copies of reality. What is more, they have drove a linear structure to represent
pathway of scientific discovery and they have ignored theory-laden science and
influence of contextual and constitutive values in their thinking. At the same time,
they have presented “inductive-deductive way” as pathway of scientific discovery.
As a result of the study, the author has recommended an epistemological teaching

based on explicitness, reflection and plurality.

In addition to the studies conducted in western culture, there is limited number of the
studies conducted with Turkish students. One of them conducted by Celikdemir
(2006) has used survey approach which has been supported by semi-structured
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interview for data collection. Sixth and eighth graders (N=1949) have been involved
in the study. The instruments for the study are E-NOS Questionnaire and VNOS -D.
The E-NOS has been developed by the author and she has found its reliability
coefficient as .71. The instrument is a forced-choice type. In the study, the author has
classified the participants answering the instrument as naive and realistic. The author
has found “realistic” term inappropriate for the aim of the study due to the emphasis
on “relativistic” in the literature of NOS. In addition, she has used the terms of
“traditional” and “contemporary” for classification. As a result of her study, the
author found that majority of the students have held traditional view on some of the
NOS aspects. One of the most important results is that the students are not aware of
difference between law and theory and existence of many method for doing science.
Moreover, she has found that eight graders have held appropriate ideas on tentative,
subjective nature of science whereas sixth graders have held appropriate ideas on

role of observation and inference in science.

In another study conducted with Turkish high school students, Dogan and Abd-El-
Khalick (2008) have studied with 2087 tenth grade students using Views on Science-
Technology-Society (VOSTS) instrument. They have found that all of the
participants have presented naive understanding about lack of hierarchical
relationship between theories and laws whereas majority of them have held informed
views about tentativeness aspect. Again, they have shown misunderstandings about

nature of theories and relationship between scientific models and reality.

In another survey study, Kilig, Sungur, Cakiroglu and Tekkaya (2005) have studied
with 575 ninth grade students by using Nature of Scientific Knowledge Scale
(NSKS) in Turkey. They have found that the participants are not certain whether
scientific knowledge is absolute or not whereas they have held informed view about

creative and imaginative science.

The need for appropriate instructional approach out of traditional instruction to teach

the NOS aspects has been called in majority of the studies summarized here. As a
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result of struggles for designing such an instruction, the studies have shown the EER

based NOS instruction to be an effective approach.

2.4. Explicit-embedded-reflective (EER) Approach

As stated in the previous section, the EER based NOS instruction as innovative,
effective instructional approach has emerged in the literature. Apart from the studies
on description of the misunderstandings on the NOS aspects, some studies have
focused on instructional approaches to eliminate these misunderstandings. The study
conducted by Akerson and Hanuscin (2007) is about investigating effectiveness of an
inquiry based instruction in which explicit-reflective activities and embedding
strategy have been used to change NOS views. In the study, three elementary
teachers and their students have been included. According to the results, teachers
have held both consistent and contradicted ideas on the NOS aspects at the beginning
of the study. For instance; one of the teachers has believed creativity and imagination
are included in science whereas she has also believed scientific knowledge is “truth”.
The other participant has stated that “theories becomes laws”, and “laws are more
certain than theories”. As another example, one of the participants has explained that
“scientific knowledge is accepted as facts”. Contrary to these results, the participants
have also had appropriate understandings about the NOS aspects such as “scientific
knowledge is based on evidence”, “science involves creativity and imagination”,
“scientific knowledge is tentative” and “science is influenced by personal bias”.
After the description phase, the results have showed that the instruction is effective
on changing ideas on the NOS aspects. At the same time, the teachers’ explicit NOS
instruction has also been found to be influential on their students’ understandings

about NOS.

Similarly, Akerson and Volrich (2006) has studied with one pre-service teacher and
24 first-grade students (6-7 age students) by using explicit nature of science
instruction. The methodology used in the study is observational case study. The
authors have presented the effectiveness of the approach on first-graders’

2 13

understandings about “tentativeness”, “creativity and imagination in science” and
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“difference between observation and inference”. In the assessment conducted at the
beginning, it has been revealed that half of the students have believed that “seeing is
believing”. Again, 9 of 14 students interviewed have claimed that scientists would
not change their opinions and eight of 14 students have believed that scientists would
not use creativity and imagination in their studies. After the instruction of the pre-
service teacher, majority of the students have improved their ideas on the aspects of
“tentativeness”, ‘“creativity and imagination in science” and “difference between
observation and inference”. The results of the study have provided evidence for

effectiveness of explicit NOS instruction at the first-grade level.

In a separate study, Gess-Newsome (2002) has studied with 30 senior level
elementary pre-service teachers (female= 28, male= 2) in the context of elementary
certification program. The author has designed an elementary science methods
course including explicit NOS instruction. She has focused on definition of science
as product, process or blended and has collected data as written descriptions and
diagrams on science during the course. At the beginning of the study, it has been
found that 14 definitions on science have not been categorized due to unclear nature
of them, among clear definitions, nine participants have defined science as product,
four of them have perceived it as process and only two individuals have defined it
with blended approach. At the end of the implications, explicit teaching method for
NOS and inquiry has been shown to be effective for changing inappropriate beliefs
including science as body of knowledge into more appropriate ones such as science

has been including both products and processes.

With a different group, Schwartz et al. (2008) have tried to explore experiences of
five science graduate students on learning NOS, pedagogy and research on NOS.
Four of the participants have been studying for PhD degree while one participant has
been working toward Master’s Degree in science education. The participants have
been enrolled in two courses (The Research Traditions, The College Science
Methods), two meetings (NOS research meetings), teaching experiences and
reflection. During these phases, their experiences on NOS understandings have been

investigated for the study. At the beginning of the study, four of the five participants
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have believed science is objective, value-free and authoritative while three of them
have had the idea that science has a single method to study all problems. The
participants have completed an explicit NOS teaching after their initial courses on
NOS. Then, their understandings on NOS have been assessed and dramatic changes
in their misunderstandings toward appropriate ones have been detected. Similar to
other groups including teachers, students and teacher educators, the graduate students
as future leaders of science education are also in need of appropriate NOS teaching

and NOS understandings.

As an important example of explicit-reflective teaching in high schools, Khishfe and
Lederman (2007) have conducted a study with 129 ninth, tenth and eleventh graders.
They have investigated effectiveness of explicit integrated (embedded) and non-
integrated NOS instructions on changing naive NOS ideas. The authors have used
environmental issues, chemistry and biology as contexts for the study. At the
beginning of their study, they have found that approximately all of the participants
have had naive ideas on tentativeness, subjectivity, observation-inference difference,
creativity-imagination and empirical nature of scientific knowledge. They have
shown the effectiveness of explicit-reflective instruction to change these
misunderstandings. By comparing integrated and non-integrated implementation,
they have not found any difference in improving naive ideas to informed ones. But,
they have found some contextual differences. Integrated instruction is more effective
on the change than the non-integrated instruction for environmental issues and some
aspects in biology although they have stated that the results have not had any

practical importance.

Similarly, Khishfe and Lederman (2006) have studied on integrated (embedded) and
non-integrated explicit-reflective NOS instruction with 42 ninth grade students. The
context for embedding is global warming. Their treatment has lasted for 6 weeks.
They have assessed NOS understandings of the students and have found that
majority of the students have held naive understandings about the aspects of
subjectivity, tentativeness, creativeness, distinction between observation and

inference, and empirical based NOS aspect. At the end of the study, they have shown
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that both of the students in the integrated and non-integrated groups have changed
their misunderstandings as expected as a result of the treatment. What is more,
improvement of understandings on the NOS aspects in integrated group is slightly

more than non-integrated group.

In another study, Khishfe and Abd-El-Khalick (2002) have compared relative
effectiveness of implicit inquiry and explicit-reflective NOS teaching on changing
sixth grade students’ misunderstandings. The study has included 62 sixth grade
students. The authors have found that certain number of the students (85%) in both
of the groups have held misunderstandings about various aspects of NOS at the
beginning of the study. They have focused on the aspects of tentativeness,
creativeness, distinction between observation and inference, and empirical based
NOS aspect. At the conclusion of the study they have shown that explicit-reflective
NOS teaching is more effective than implicit inquiry approach to teach the NOS
aspects. Only one increase in implicit group has been found in the aspect of
distinction between observation and inference. But, rate of increase is more in the
explicit-reflective group for this aspect. According to the result of this study,
explicit-reflective teaching is quite effective on improvement of understandings in

the focused four aspects.

In a similar vein, Kucuk (2006) have studied on effectiveness of explicit-reflective
NOS instruction with a group of 17 seventh graders (average of age=13) and one
science and technology teacher using qualitative interpretive approach. Four of the
students are high achiever science students in the group. The author has used adapted
version of VNOS for data collection from both the teacher and the students. The
study has taken 10 weeks and the results of it have shown that majority of the
students have presented crucial misunderstandings about “tentativeness”, “empirical
based science”, “difference between observation and inference” and “creativity and
imagination in science” at the beginning of the study. Similarly, the teacher has also
had misunderstandings about “tentativeness”, “empirical based science”, “theory-

leadenness”, “difference between theory and law” and “social and cultural effects on

science”. After the implementation of explicit-reflective teaching, vast majority of
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the students have changed their understandings about NOS (“tentativeness”,
“empirical based science”, “difference between observation and inference” and
“creativity and imagination in science’’) with more “informed” ones while the teacher
has also changed her understandings on “tentativeness”, “empirical based science”,
“theory-leadenness”, “difference between theory and law”, “social and cultural
effects on science”, “difference between observation and inference” and “creativity
and imagination in science” to informed ones. As a result, this study has shown

evidence for the effectiveness of explicit-reflective NOS teaching in elementary

seventh grade science education.

As seen in the literature presented above, there is no study on effectiveness of the
EER based NOS instruction on NOS understandings of advanced science students in
any educational level. At the same time, there is no consideration on content
knowledge, science literacy and NOS understandings together in spite of their clear

relationship and interaction in the EER based NOS instruction.

2.5. Academically Advanced High School Students and Epistemology
Studies

In the literature, there is no enough study on advanced or gifted student’s
understandings on the NOS aspects. As an exception, Koksal and Sormunen (2009)
have directly studied on understandings of the NOS aspects with 16 advanced
science students by using qualitative case study approach. The authors have used the
scores on science content of nation-wide examination, a questionnaire of the
students’ attitude toward science, motivation toward science learning and a form for
teacher’s ideas for selection purpose of the study. After they have determined
advanced science students, they have used VNOS-C as a main data collection
instrument for the study. In conclusion, the study has revealed that majority of the
students have been found to be naive in the aspects such as “observation and
inference”, “social and cultural embeddedness” and “theories and laws” whereas
majority of them are expert in the aspects of “tentativeness” and “‘subjectivity”.

Similarly, Liu and Lederman (2002) have studied on 29 Taiwanese gifted students in
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junior high school level by focusing on the NOS aspects. They have reported that
majority of the gifted students in the study have had basic understanding of tentative,
subjective and empirical NOS while they have also had misunderstandings on some
aspects. In spite of lack of the directly focused studies on NOS with advanced
science students, high school gifted students’ epistemological beliefs as higher-order
determiners of NOS understandings have been studied in the epistemology literature.
The studies on epistemology of science with high school gifted and talented students
as similar groups to advanced science students exist. Advanced science students are
similar to the gifted and talented students since they have also higher IQ scores and
are successful on any content of study (Ozaslan, Yildiz & Cetin, 2009). Presentation
of the epistemology studies on gifted and talented students might provide an idea
about general characteristics of advanced science students in terms of

epistemological understandings as higher-order factor for NOS understandings.

The epistemological studies with gifted students have been conducted by using
different approaches with the aspects out of the NOS aspects. As one of them,
Thomas (2008) has studied on Perry’s epistemological development model with 485
gifted high school students. The author has focused on nature of knowledge and
learning, and has used “Learning Context Questionnaire” as a measurement tool. The
author has used a range from dualism to relativism for classification of the students.
It has been indicated that sophomore gifted students are in the position of

multiplicity.

Similarly, Shommer and Dunnell (1994) have compared the gifted and non-gifted
high school students in terms of beliefs in fixed ability to learn, simple knowledge,
quick learning, and certain knowledge. They have studied with 1165 high school
students. They have classified the students as gifted based on the criteria that
students must score not less than at the 97th percentile on a standardized individual
test of intelligence or rank no less than the 95th percentile on two or more academic
areas of a standardized achievement test in order to be classified as gifted. They have
found that there are no significant differences in students' epistemological beliefs at

the beginning of high school whereas gifted students are less likely to believe in
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simple knowledge and quick learning by the end of high school. Non-gifted students'
beliefs in simple knowledge and quick learning have remained stable across time.
The study has indicated that there is no enough evidence to suggest differences
between gifted and non-gifted students' beliefs in early years of high school. The
most consistent result of the study has indicated that while gifted students have
changed their beliefs in simple knowledge and quick learning over the time, the non-
gifted students' beliefs have remained stable for this time interval. In conclusion,
gifted and non-gifted students have substantial differences in their beliefs in simple
knowledge and quick learning by the time they are in the upper grades of high

school.

In the other study on epistemogical beliefs with gifted students, epistemological
intentions and epistemological beliefs have been studied from self-regulation theory
perspective by Neber and Schommer-Aikins (2002). The total number of the
participants of the study is 133, 69 of them are boys whereas 64 of them are girls.
The participants have been determined by a screening procedure using the Stanford—
Binet test and they have scored in the top 2—3% of this test. They have been enrolled
in the gifted schools in New York. Context of the study is science for the elementary
level and physics for secondary level. The “epistemological intention” aspect has
been considered as intention to learn “facts” or “usable knowledge” while the
“epistemological beliefs” aspect has been considered as beliefs on “innate ability”,
“no hard work”, “quick learning”, “single answers”, “avoiding integration” and
“certain knowledge” aspects. In general, there is no significant difference in
epistemological beliefs between high school students and elementary level students
whereas there is a difference in epistemological intentions. High school students
have aimed at acquiring more applicable knowledge than the elementary students.
The significantly positive correlations between epistemological intentions focusing
on the acquisition of facts and usable knowledge and strategy uses have been found

in the study.
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In spite of lack of clear evidence on the difference between gifted and non-gifted
students in terms of epistemological beliefs, Park and Oliver (2009) have presented
gifted (advanced) students’ characteristics which are brought to science classrooms.
These are “asking challenging questions”, “being impatient with the pace of other
students”, “having perfectionist traits”, “disliking routine and busy work”, “being
critical of others” and “being aware of being different”. All of these chracteristics

make them different from common students in science classrooms.

2.6. Content Knowledge on the Unit of Cell and Cellular Organisation

To study on academic achievement of students is one of the most important attempts
in many educational studies. It is most frequently used variable and objective in
educational applications. It is a cognitive behavior that is easily changeable or short-
term learning (Haladyna, 1997). By taking into consideration this definition, biology
achievement or content knowledge level can be described as a cognitive behavior
which is changeable and short-term learning in biology. Achievement on “Cell and
cellular organisation” unit is an important predictor of biology achievement. Since,
the unit is the first one to be taught under the title of biology and knowing about it is
a pre-requisite for further learning on important biology subjects such as biological
organisation, biological systems, organs and classification. Importance of the unit is
also shown by existence of the subjects of the unit in international examination
studies including OECD/PISA (2003) and TIMSS (2007) science framework for
eight graders. In spite of the significance of the unit for science education, there are
studies showing existence of misunderstandings among teachers and students.
Dreyfus and Jungwirth (1988) have shown that students have not understood “cell”
concept appropriately (cited in Tekkaya, 2002). Lazarowitz and Penso (1992) have
defined learning difficulties of Israeli high school students about cells and organelles.
Similarly, Flores (2003) has studied on understandings about eight topics of cell
subject with 1200 high school students. The topics are respiration, water in plants,
water in animals, plant nutrition, animal nutrition, cell shapes, cell size and
reproduction. The author has used questionnaire plus interview approach to collect

data and has shown comprehension problems regarding the issues at different levels
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of biological organisations (cell, organ and organism). Some of the students in the
sample of the study have believed that “cell organelles are like organs™ at the level of
cell level while they have been having the idea that “structures like bone, cartilage or
hair are not made of up by cells” and “nails and the pupil are made up of cells” at the
level of organism. They have also believed that “cells change in size along with the
growth of a multi-cellular organism” and “the cell size in an organ depends on the
type and size of the organism”. In addition, some of the participants have claimed
that functions of organelles are not known and they have assigned all cellular
functions to nucleus. As a result, the author has emphasized to teach issues in an
integrated approach and warned about anthropomorphic and isomorphic uses of
biological titles. Marek (1986) has studied with 60-student sample of tenth graders
and he has shown that the 36.8% (N=21) of the participants have presented specific
misunderstanding about cell definition. Similar to students, teachers have also had
misconceptions on the unit. Kwen (2005) has shown that primary teachers have
important misconceptions including the belief that all cells have nucleus. As another
misconception of teachers, they believe that cells continue to grow as organisms
mature, more clearly cell size is the determinant of organism size. In addition to the
misconceptions about cell and organelles, spontaneously establishing connections
between the terms related to cell and organelles has been found to be problematic for
junior high school biology teachers (Douvdevany, Dreyfus & Jungwirth, 1997).
Misconceptions and errors are not only limited to teachers and students, biology
textbooks also include different misconceptions and error about cell and its structure.
Storey (1990) has investigated the problem and defined many misconceptions about
cytoplasm, cytoskeleton, organelle shape, cell size, cell walls, membrane structure,

extracellular matrix and cell junctions in textbooks.

For biology achievement, learning on both content knowledge of “cell and cellular
organisation” unit and the NOS aspects is important part to be included in
achievement measurement, but they are differently considered by teachers and
students. The “Cell” unit is considered as one of the most important and easy units in
biology, whereas, the “nature of science” aspects are not seen important to set

objectives to teach it (Lederman, 1999; Tekkaya, Ozkan & Sungur, 2001). Although
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the NOS aspects have not been included in many measurement objectives in biology
as a science title, Tsai (1998) has found that students’ epistemological beliefs as an
indicator for NOS understandings are correlated to the sub-factors of science
achievement. Again, Mbajiorgu and Ali (2003) have conducted a quasi-experimental
study with 246 students and eight teachers in the context of biology lesson. They
have investigated relationship between scientific literacy level as a higher-order
concept for NOS, STS approach and achievement. They have found that STS
approach and scientific literacy level together have explained 12 % of variance in
biology achievement whereas there is no strong relationship between scientific
literacy level and achievement. It has been found that scientific literacy level alone
has explained 5% of variation in biology achievement. In the experimental group,
they have experienced mediator role of STS approach on relationship between
scientific literacy level and achievement in biology after the application. However,
they have not found any change for the role of instruction in control group after the
application. In conclusion, they have stated that STS approach might be effective on

the other factors that in turn affect the achievement in biology.

Accordingly, relationship between content knowledge and understandings about the
NOS aspects is clear. Recording changes in content knowledge with NOS
understandings and scientific literacy might provide more complete picture for

effectiveness of the EER based NOS instruction.
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CHAPTER 3

METHOD

In this study, non-equivalent quasi-experimental design has been used. For the
purpose of the study, comparison group pretest-posttest design has been used with
mixing data collection tools as qualitative and quantitative (Fraenkel & Wallen,
2006; Cohen & Manion, 1994). The design has been providing advantages of use of
comparison groups and pre-test over the pre-experimental designs (Shadish &
Luellen, 2006). The design of the study is the most appropriate design if the true
experimental conditions; eg. random assignment are not provided (Cohen & Manion,
1994). For the purpose of the study, three intact groups of a science high school have
been used. In two treatment groups, 47 of the participants have been included while
24 of the participants have been enrolled in comparison group activities. Design of

the study can be illustrated with the following figure.

Treatment Group I : 0O, X1 0,
Treatment Group II : 0, X1 O,
Comparison Group : O X2 0O,

Figure 1. Schematic illustration of the research design of the study
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Note: CCKT: Cell Content Knowledge Test, VNOS: Views on Nature of Science Questionnaire-Form
C, NSLT: Nature of Science Literacy Test, Boxes: Each box refers to one week in application,

Colourful Boxes: Each colour refers to one application on nature of science,

Figure 2. The design of the study and its detailed illustration.

3.1. Sampling Method

In this study, effectiveness of the EER based NOS instruction on changing
misunderstandings about NOS and improving scientific literacy levels and content
knowledge of 9™ grade academically advanced science students has been
investigated. For this aim, a sample of advanced science students has been selected
by using convenience sampling approach. Because, this method has some advantages

such as reducing time, energy and money consumption.

The accessible population of this study is composed of all ninth grade advanced
science students in the high school in which the study has been conducted while the
target population is composed of all ninth grade advanced science students who have

been enrolled in science high schools in the country.

3.2. Participants

This study has been conducted with 71 of 9th grade academically advanced science

students enrolling in three different intact classes of a Science High School in
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Zonguldak. The participants are 15 years old students. The descriptive values on

characteristics of the participants are illustrated in Table 3.

Table 3. Descriptive statistics for the participants

Variables Categories f Y%
Group Treatment 47 66
Comparison 24 34
Gender Female 38  53.5
Male 33 46.5
Previous Enrollment in Any Activity or Course _Yes 2 2.8
related to Philosophy, History of Science and No 64  90.1
Scientific Methods Missing 5 7
Mother Education Level No Education 1 1.4
Primary School 17  23.9
Middle School 9 12.7
High School 19  26.8
University 24  33.8
Master or 0 0
Doctorate
Missing 1 1.4
Father Education Level No Education 0 0
Primary School 7 9.9
Middle School 6 8.5
High School 16 22.5
University 37  52.1
Master or 3 4.2
Doctorate
Missing 2 2.8
Mother Occupation Working 27 38
Unemplovyed 43  60.6
Missing 1 1.4
Father Occupation Working 64 90.1
Unemployed 4 5.6
Missing 3 4.2

As seen in Table 3, majority of the participants have have not been enrolled in any

activity or course related to philosophy, history of science and scientific methods.

The education levels of their mothers and fathers have been chiefly including “high

school” and “university” levels. As another descriptive characteristic, majority of the
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mothers have not been working in any job in spite of certain number of graduated

mothers from university while majority of fathers have been working in any job.

3.3. Variables of the Study

In this study, there are four variables. These are method of instruction,
understandings of the participants about the NOS aspects, scientific literacy and

content knowledge levels on cell and cellular organisation unit.

3.4. Instruments

The three instruments have been used for data collection out of interview process and
personal information questionnaire. These are “VNOS-C Questionnaire”, “Nature of
Science Literacy Test”, and “Cell Content Knowledge Test”. The following three

section will provide detailed knowledge about the instruments.

3.4.1. VNOS-C (Views on Nature of Science Questionnaire-Form C)

Questionnaire

In order to determine understanding of the participants about the NOS aspects,
“VNOS-C Questionnaire” developed by Lederman, Abd-El-Khalick, Bell, and
Schwartz (2002) has been used after required permission has been acquired by e-mail
from the authors (see Appendix I). Then, follow-up interview has also been
conducted by using answers to VNOS-C questionnaire. VNOS-C items can be seen

in Appendix E.

3.4.2. Nature of Science Literacy Test

For the purpose of the study, another test; Nature of Science Literacy Test (NSLT),
developed by Wenning (2006) has been adapted on the ninth grade advanced science
students (see Appendix H). The permission of the author has been gathered by e-mail
(see Appendix I). Before the piloting the test, whole items (N=35), including 27
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multiple-choice by four choices and 8 true-false items, have been translated into
Turkish by the researcher using direct translation. Then, the translated form of the
items and the original form have been evaluated by two bilingual experts on both
NOS and test development in the field of science education. After their
recommendations, many corrections for wording and meaning have been completed
by the researcher. In addition to the experts’ opinions, opinion of one biology teacher
on applicability and appropriateness of the test on ninth grade students has been
taken. The teacher has approved appropriateness and applicability of the test for the
level focused in the study. After the corrections, 35-item test has been administered
to the 189 ninth grade advanced science students (73 female, 114 male and 2 missing
data). Mean age of them is 15 years old. The appropriate time for the test has been
found as 20 minutes. Content validity has been provided by Wenning (2006) and
asking two experts’ opinion on the consistency between purpose and content of the
test. In addition, face validity has been established by getting the experts’ opinion.
The experts have approved content and face validities of the test. For the analysis of
items and whole test in terms of difficulty, discrimination and other related
parameters, ITEMAN program has been used. The results of the analysis have shown
that there are many items having point biserial correlation coefficient below .20 as an
index for discriminating power of the items. Kehoe (1995) has stated that .20 is an
appropriate cut-off score for point biserial correlation coefficients. This value has
been used as a criterion in this study. The scores on the test including 35 items have
had a value of .75 for alpha reliability (Mean= 18.48, SD=5.19, Min. =7, Max. = 30,
SEM= 2.62, Mean P=.52, Mean Item-total Correlation=.32). As found in the
analysis, mean P value as an index for difficulty of initial form of the test has shown
some scores coming from the test administration are not appropriate to use for
purpose of this study due to not presenting an approximating value to .62,5 as the
reference value for expected difficulty after eliminating chance factor (Gronlund &
Linn, 1990). The items numbered as 9, 10, 12, 14, 30, 33 and 35 have been
eliminated from the analysis by considering their difficulty and discrimination index
values. Then, the analysis has been run again. As a result of the second item analysis,
it has been found that all of the items remained have provided evidence on

discrimination and difficulty for appropriate use for further aims except for items
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numbered as 2, 17 and 20. Then, they have also been eliminated from the analysis.
The difficulty and discrimination values of eliminated items can be seen in the Table

4.

Table 4. Difficulty and discrimination index values for the items eliminated

Item Difficulty Discrimination (Point-biserial corr.)
(proportion of
correct answer)

2 35 .10
9 26 .04
10 31 .03
12 27 18
14 .06 .05
17 42 .19
20 .20 17
30 23 -.18
33 47 -.15
35 38 .08

After the elimination, final run of the analysis has been conducted. The final form of
the test has had 25 items with higher discrimination values over .20. The reliability
coefficient of the scores on the final form test is .83. It is an indicator of very
acceptable internal consistency since Gronlund and Linn (1990) have stated that
interval of .60-.85 for reliability is useful for instructional decisions. The other

values for the final form of the test can be seen in the Table 5.
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Table 5. The statistical values for final form of NSLT in terms of difficulty,

discrimination and descriptives

Order Item Difficulty (Proportion Discrimination (Point-
of correct answer) biserial corr.)

1 1 .90 23
2 3 .69 .29
3 4 .61 34
4 5 .82 48
5 6 74 48
6 7 .57 35
7 8 27 .20
8 11 .54 35
9 13 .61 40
10 15 46 40
11 16 .76 .30
12 18 .84 36
13 19 .36 48
14 21 44 38
15 22 .37 32
16 23 47 32
17 24 .37 .36
18 25 .58 48
19 26 74 41
20 27 .29 23
21 28 74 .50
22 29 71 .54
23 31 47 .50
24 32 44 53
25 34 24 13
Number of Items 25

Number of Cases 189

Mean 15.11

8 SD 5.14

é Skewness -47

f Kurtosis -.76

2 Minimum 4

t Maximum 24

= SEM 2.15
Mean P .60

Mean Item-Total 44

Correlation
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As another important issue, difficulty of the test has been found to be appropriate for
level of the students due to the approximation of .60 value to .62,5 for scores of the

final form of the test (Gronlund & Linn, 1990).

Although overall test score analysis has provided evidence to use whole test for the
purpose of this study, analyses of multiple-choice and true-false parts respectively
have given a clearer picture about the test use. As the first part, the test scores on
multiple-choice items have been analyzed and it has been found that the scores on
the test including 19 items have had a value of .80 for alpha reliability (Mean= 10.58,
N=189, Skewness= -.33, Kurtosis= -.89 SD=4.32, Min. =1, Max. = 18, SEM= 1.91,
Mean P=.56, Mean Item-total Correlation=.47). As the second part, the test of true-
false items has been analyzed. The scores on the test with 6 items has had .57 alpha
reliability (Mean= 4.53, N=189, Skewness= -.76, Kurtosis= .38, SD=1.42, Min. =1,
Max. = 6, SEM= .93, Mean P=.76, Mean Item-total Correlation=.57). When looked
at the difficulty values of the sub-parts of the test, it is seen that both of them have
provided approximate values to expected difficulty values as 62.5 for multiple-choice
test with four-choice and .75 for true-false test (Gronlund & Linn, 1990). At the same
time, .80 and .57 reliability coefficients have also been found to be appropriate for
the purpose of this study in spite of slightly lower reliability of true-false part of the
test than recommended value (.60) (Gronlund & Linn, 1990)

3.4.3. Cell Content Knowledge Test (CCKT)

The cell content knowledge test on the unit of “cell and cellular organisation” has
been developed for the aim of the study. At the beginning of the study, item pool has
been structured by considering objectives indicated in the ninth grade biology
curriculum. Here, the objectives have been written again in more measurable format

without changing the focus of them. They can be seen in Table 6.

Table 6. Curriculum objectives on the “cell and cellular organisation” unit
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Objectives
1.Explaining common characteristics of livings
2.Indicating organic and inorganic compounds in structure of livings

3.Explaining historical development of the studies on cell subject and explaining
cell theory

4.Comparing the models of cell membrane and their developmental stages
5.Explaining how particles pass through cell membrane and giving examples on
the explanations

6.Explaining structure of cell and functions of different components of the
structure by using cell model

7.Comparing prokaryotic and eukaryotic cells and giving examples for these
categories

8.Comparing the characteristics of plant and animal cells

9.Explaining cellular organisation and specifications in unicellular, colonial and
multicallular organisms by using examples

For the test development, cognitive domain of human behaviour has been taken into
consideration. Then, the table of specifications and item pool have been constructed
for further selection of items. At the same time, the format and number of items have
been determined. As the last step of the instrument development process, a pilot
study has been conducted and necessary changes have been done. The process, in
detail, can be summarized as the following;

a. To describe clearly the variable to be assessed. The achievement on cell and

cellular organisation unit of ninth grade biology has been taken into consideration

for limiting the content of the study. As an operational definition, the scores

gathered from the test are indicators of achievement in this unit.

b. To prepare a test plan.

c. To prepare table of specifications to provide content validity.

d. To write items.

e. To prepare a control form for expert views to provide face and content validity.

f. To get expert views for items and all test.

g. To make a decision on format, number of items and items to be included in the

test.

h. Application of a small group (pilotting the test) for revisions.

1. To conduct statistical analysis for investigating the test and item statistics and

reliability.
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1. Final selection and revision on the test.

The researcher has written the items considering all of the objectives by investigating

national examination test questions on the unit. As a result, 35 items for the pool

including only multiple-choice items with five choices have been written. The items

written for each objective can be seen in the table of specification presented in Table

7. All of the questions and their corresponding objectives have been analyzed by two

experts. They have been interested in the fields of science and secondary science

education. For evaluation, one evaluation form has been used. The agreement

between them on the aspects of the form has been found to be very high except only

for wording of some sentences. The items in evaluation form can be seen in Table 8.

Table 7. Table of specifications for the items of cell content knowledge test

Objectives Items
1.Explaining common characteristics of livings 1,2.3,4
2.Indicating organic and inorganic compounds in structure of 5,6,7,8
livines
3.Explaining historical development of the studies on cell subject 9, 10, 11, 12,
and explaining cell theory 13
4.Comparing the models of cell membrane and their 32,33, 34,35
developmental stages
5.Explaining how particles pass through cell membrane and giving 17, 18, 19, 20
examples on the explanations
6.Explaining structure of cell and functions of different 14, 15,16
components of the structure by using cell model
7.Comparing prokaryotic  and eukaryotic cells and giving 21, 22,23,24
examples for these categories
8.Comparing the characteristics of plant and animal cells 25,26,27,28
9.Explaining cellular organisation and specifications in unicellular, 29, 30, 31

colonial and multicallular organisms by using examples

The evaluation form has items on ‘“understandability”, “difficulty of words”,

99 66

“number of items”, “language of items”, “appropriateness to objective” and “reading

load”. In the form, additional comments have also been asked to find other points to

consider.
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Table 8. Items of the evaluation form.

Criteria for Evaluation 1 2 3 4 5

Understandability of the items

Difficulty levels of words in the items
Appropriateness of number of the items
Appropriateness of language of the items
Appropriateness of the items for their objectives
Appropriateness of the items in terms of reading load
Could you write your additional comments below?

After the analysis of the experts, some wording problems have been corrected. Then,
two students at the same grade level with the students of the present study have also
been asked to evaluate the items in terms of the criteria indicated in the form. In
addition, they have taken the test. The appropriate time for test has been found as 25
minutes. The students have approved readability and understandability of the items.
The only concern they have had is the high number of the items in the test. But, it has
been decided that the item numbers are appropriate for a pilot study. After the
analyses and recommendations of two experts and two students, pilot study has been
conducted with 215 advanced science students to get further evidence for reliability
and required test and item statistics. Content validity has been tried to be provided by
constructing table of specifications and expert opinion. Again, face validity has been
established by asking the experts. The experts have approved content and face
validities of the test. For the analysis of items and whole test in terms of difficulty,
discrimination and other related parameters, ITEMAN program has been utilized.
The results of the analysis have shown that there have been many items having point
biserial correlation coefficient below .20 as an index for discrimination of the items.
Kehoe (1995) has stated that .20 is an appropriate cut-off score for point biserial
correlation coefficients. This value has been used as a criterion. The test including 35
items have had a value of .66 for alpha reliability (Mean= 16.73, N=215, SD=4.45,
Min. =4, Max. = 25, SEM= 2.58, Mean P=.48, Mean Item-total Correlation=.28). As
found in the analysis, mean P value as an index for difficulty of test has shown the
test to be appropriate for many of the students by presenting a value near .60 as the

reference value for expected difficulty for multiple-choice test with five-choice
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(Gronlund & Linn, 1990). The items numbered as 3, 7, 11, 12, 18, 23, 29, 33, 34 and
35 have been eliminated from the analysis by considering discrimination index
values. The difficulty and discrimination values for eliminated items can be seen in
Table 9. Then, the analysis has been run again. As a result of the second item
analysis, it has been found that all of the items remained have provided evidence to
appropriate use for further aims except for one item numbered as 32. The item 32 has
had a value of .150 as point biserial correlation coefficient, but it is the most
appropriate item among the other items for the same objective. Therefore, use of this

item in the study has been found to be appropriate to measure all of the objectives.

Table 9. Difficulty and discrimination index values for the items eliminated

Item Difficulty Discrimination (Point-biserial corr.)
(proportion of correct answer)
3 .62 .02
7 .07 -.11
11 20 .07
12 45 14
18 33 14
23 19 .07
29 28 16
33 21 15
34 21 A1
35 16 .06

The final form of the test has included 25 items with higher discrimination values
over .20 except for item 32 and nearly equal rate of the items with high and low
difficulty values. The reliability coefficient of the scores on the final form test has
been found as .75. It is an indicator of very acceptable internal consistency
(Gronlund & Linn, 1990). The other values for final form of the test can be seen in

Table 10.
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Table 10. The statistical values for final form of the test in terms of difficulty,

discrimination and descriptives

Order Item Difficulty (proportion of Discrimination (Point-
correct answer) biserial corr.)
1 1 .90 23
2 2 .69 .29
3 4 .01 .34
4 5 .82 A48
5 6 .74 48
6 8 .57 .35
7 9 27 .20
8 10 .54 .35
9 13 .01 .40
10 14 46 40
11 15 .76 .30
12 16 .84 .36
13 17 .36 48
14 19 44 38
15 20 .37 32
16 21 47 32
17 22 37 .36
18 24 .58 48
19 25 .74 41
20 26 .29 23
21 27 .74 .50
22 28 71 .54
23 30 47 .50
24 31 44 .53
25 32% .24 .13
Number of Items 25
Number of Cases 215
% Mean 14
Z SD 4.31
§ Skewness 24
o Kurtosis 72
= Minimum 3
2 Maximum 23
= SEM 2.18
Mean P .56
Mean Item-Total 37

As the last point, all of the items have been investigated for their objectives and it has

been concluded that the test is appropriate to use in this study. As an important issue,
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difficulty of the test has been found as appropriate for the level of the students due to
the approximation of .56 value to .60 as expected reference value (Gronlund & Linn,

1990). Final items and corresponding objectives can be seen in Table 11.

Table 11. Table of specifications for the items of final form of cell content

knowledge test
Objectives Items
1.Explaining common characteristics of livings 1,2,4
2.Indicating organic and inorganic compounds in structure of 5,6,8
livings

3.Explaining historical development of the studies on cell subject 9,10, 13
and explaining cell theory.

4.Comparing the models of cell membrane and their 32
developmental stages.

5.Explaining how particles pass through cell membrane and giving 17, 19, 20
examples on the explanations

6.Explaining structure of cell and functions of different 14, 15,16
components of the structure by using cell model

7.Comparing prokaryotic = and eukaryotic cells and giving  21,22,24
examples for these categories

8.Comparing the characteristics of plant and animal cells 25,26,27.28

9.Explaining cellular organisation and specifications in unicellular, 30, 31
colonial and multicallular organisms by using examples

By inspecting purpose, objectives, validity parameters, reliability, difficulty and
discriminating power of the test, it has been concluded that the test is useful and
appropriate for the purpose of this study. The content knowledge test can be seen in
Appendix G.

3.5. Treatment

In the study, three of the instruments and personal information questionnaire have
been applied to the participants in all of the groups before the applications. These
instruments are “VNOS-C questionnaire”, “Nature of Science Literacy Test” and
“Cell Content Knowledge Test”. Then, 4 (17%) students have been selected from

each group and follow-up interviews have been conducted with them to establish
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face valitidity of the answers to VNOS-C. After the applications of the instruments
and the follow-up interviews, the intervention has been begun. After the intervention,
“Cell Content Knowledge Test”, “VNOS-C Questionnaire” and ‘“Nature of Science
Literacy Test” have been applied as post-tests and then “follow-up interviews” have
been done with different 4 randomly selected participants of each group from

previously interviewed participants. This way is chosen to provide more

representative understandings for the participants and to provide evidence on face
validity of answers on VNOS-C questionnaire. In this study, the following NOS

aspects as recommended by the literature have been focused. They are

2 (13

“tentativeness”, “empirical basis of science”, “distinction between observation and

2 13

role of creativeness and imagination”,

2 13

subjectivity”,

29 13

inference”, no hierarchy

b

between theory and law” and “no universally accepted one way to do science”
(Khisfe & Abd-El-Kahlick, 2002; Khishfe & Lederman, 2006). These aspects are
frequently cited problematic aspects for high school students (Khisfe & Abd-El-
Kahlick, 2002; Khishfe & Lederman, 2006; Lederman, Abd-El-Khalick, Bell, &
Schwartz, 2002; McComas, 1998, p.53-70). The sequence of the intervention titled

as “the EER based NOS instruction” can be seen in Table 12.

Table 12.Content and sequence of “explicit-embedded-reflective NOS instruction”

Sequence/  Subject of Sequence NOS Activity Target NOS
Time the “Cell” Aspects
Unit
1/2 hr Basic 1 hr for *Introduction of *All of seven
compounds content content aspects
in livings knowledge and
1 hr for NOS NOS aspects
2/1 hr History of 25 min. for *giving examples  One way to do
liveliness and  content from content with  science
views on it activities
20 min. for
NOS *making
discussion

*reflection on
examples on the
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Table 12 (Continued)

content

*explicitly
explaining the
aspects

3/1 hr Common
characteristic

s of livings

30 min. for
content

15 min. for
NOS

*giving examples
from content with
activities

*making
discussion

*reflection on
examples on the
content

*explicitly
explaining the
aspects

Observation
and inference

4/2 hr Organic and
inorganic
compounds

in livings

60 min. for
content

30 min. for
NOS

*giving examples
from content with
activities

*making
discussion

*reflection on
examples on the
content

*explicitly
explaining the
aspects

*explicitly
evaluation of the
learners on the
aspects

Empirical
basis

5/2 hr Cell theory

60 min. for
content

30 min. for
NOS

*giving examples
from content with
activities

*making
discussion

*reflection on
examples on the
content

Hypothesis,

theory and law
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Table 12 (Continued)

*explicitly
explaining the
aspects

6/2 hr

Cell model

60 min. for
content

30 min. for
NOS

*giving examples
from content with
activities

*making
discussion

*reflection on
examples on the
content

*explicitly
explaining the
aspects

Creativeness
and
imagination

7/1 hr

Cell
membranes

20 min. for
content

25 min. for
NOS

*giving examples
from content with
activities

*making
discussion

*reflection on
examples on the
content

*explicitly
explaining the
aspects

Tentativeness

8/2 hr

Prokaryotic
and
Eukaryotic
cells and
Plant and
Animal cells

60 min. for
content

30 min. for
NOS

*giving examples
from content with
activities

*making
discussion

*reflection on
examples on the
content

*explicitly
explaining the
aspects

Subjectivity

9/1 hr

One cell,
colony,

25 min. for
content

*giving examples
from content with

Observation
and inference
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Table 12 (Continued)

multicellular 20 min. for activities

organisms NOS .
*making
discussion

*reflection on
examples on the
content

*explicitly
explaining the
aspects

*explicitly
evaluation of the
learners on the
aspects

As presented in Table 12, the EER based NOS instruction has included conducting
activities in which embedding NOS aspects into content, asking discusion questions
about the aspects, then, doing reflection activity on the aspects found in the
embedded examples into the content, and explicitly explaining of the aspects by
researcher to the students in collaborative groups have been done. The applications
on NOS teaching can be seen in Appendix M. In the process of the treatment, teacher
has made two assessments with open-ended questions (see Appendix J and K) for
explicitly evaluating the aspects of NOS to check situation for the objectives
determined at the beginning. The whole process written above is related to treatment
groups. In the comparison group, the researcher has prepared power point
presentations on the aspects of NOS and the aspects have been taught by using
common approach including lecturing, demonstration and question-answer. During
the lecturing, the researcher has asked questions including “what and which”
questions and the participants have answered these questions in their collaboration
groups. The time for each lecturing on the aspects of NOS in comparison group are
the same for NOS activities made in the treatment groups. As differently from the
experimental treatment, any assessment on the aspects has not been done in
comparison group. The teacher has explained content first, and then the researcher
has explained the aspects of NOS with the same approach used for the content. In the

comparison group, the objectives on the aspects of NOS have not been set and any
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assessment expectation as in common classrooms has not been indicated. Detailed

processes of teaching in the groups will be explained in the following three titles.

3.5.1. Process of Teaching Cell and Cellular Organisation Unit

For teaching the content of cell and cellular organisation in both comparison and
treatment groups, the teacher has been using common techniques including “lecture”,
“question-answer” and “demonstration”. These techniques have also been indicated
as common ways of teaching biology by biology teachers in Turkey (Atic1 & Bora,
2004). All of the lessons have been provided in one biology lab in which the students
have been seating at their chairs and there is one table for each group. In the lab,
there is a computer, projection and television to use, but the teacher has not preferred

to use these means. The basic plan of the laboratory can be seen in Figure 3.
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Figure 3. The basic illustration of the laboratory.

Two one-hour examples for the process of a teaching on cell and cellular

organisation unit are illustrated in the following sentences.

The teacher has been teaching the subject of “basic compounds in livings”. At the

beginning of the lesson, the teacher has presented the outline of subject of the lesson

and she has begun to give lecture on the subject without using any presentation

means such as PowerPoint or other ways providing visual support. The students’

faces have been looking to the teacher who has been in front of the class and board.

The teacher has introduced the subject by emphasizing important points to learn for

the students. The students have been taking notes without asking any question. Then,
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the teacher has drawn a chart on the board about classification of compounds found
in a living. After her drawing, she has begun to demonstrate how the compounds
written on the board are classified as inorganic and organic. She has stated that there
are acids including carbon in livings although acids and bases are explained under
the title of inorganic compounds. The teacher has provided acetic acid, lactic acid
and amino acids as examples of organic acids found in livings. Meanwhile, the
teacher has warned the students to take into account this situation for their future
nation-wide examinations. The teacher has not changed her position during the
whole class period. Then, the students have asked some questions and the teacher has
provided answers for their questions. Then, she has also asked questions to the
students and gave an assignment about the subject. The teacher has stated that every
student should provide a summary on the subject taught. Then, the teacher has

completed the lesson by stating the subject of the following lesson.

As another example for teaching process of cell and cellular organisation unit;
“common chracteristics of livings” has been introduced as the topic of lesson by the
teacher first. Then, the teacher has begun to give lecture about the subject by stating
frequently that “this is very important part of the topic I present now”. During the
lecture, some students have tried to ask questions and some of them have complained
about the fast lecture. The teacher has answered the questions in short sentences
without providing detailed feedback. Then, she has noticed and stated that “I will be
slow after that point, I can understand you”. The teacher has listed the basic
common characteristics of livings on the board when talking about them. The listed
characteristics are “reproduction, digestion, respiration, possession of organisation,
nutrition, giving response to stimuli, excretion, dying, and movement”. The teacher
has been explaining these characteristics by linking them into the process of life and
relationship between them. The teacher has been giving importance to the differences
between breathing and respiration, difference between passive movement and active
movement, importance of digestion, excretion and nutrition for metabolism. The
teacher has drawn figures of bacteria and eukaryotic cell to show how nutrition and
excretion occur in uni-cellular livings. Similarly, the teacher has presented the

difference between breathing and respiration by drawing a figure showing lungs,
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blood vessels and exchange between them. The teacher has used demonstration
techniques by utilizing these figures. Finally, the teacher has explained the subject of

other lesson and completed the teaching activity.

3.5.2. Process of Teaching the Aspects of Nature of Science in the

Treatment Groups

In the treatment groups, the teacher has been teaching cell and cellular organisation
unit at the first part of a lesson and the researcher has been applying nature of science
activities to the students at the second part of the same lesson. For teaching the NOS
aspects related to corresponding biology content, the researcher has been making
activities by integrating them into the content after the basic content teaching. All of
NOS activities are embedded into the content of cell and cellular organisation unit
taught just a moment ago. In the treatment groups, all of the lessons have been
partitioned into two parts as content teaching and NOS teaching parts. The content
teaching part has been including activities described in the section of “process of
teaching cell and cellular organisation unit” while NOS teaching part has been
covering collaborative activities (4 or 5 members for each group) at the frame of the
EER teaching approach. At the beginning of NOS teaching part, the researcher has
introduced the subject (NOS aspect) as a different title to learn. In each classroom of
the treatment groups, there have been 5 groups constructed by student-selection
process to study on the subject. The students have been studying on NOS activities
with their group’s members. The researcher has only been providing guidance and
organisation of answers coming from the groups during the group studies. After
completion of the activities by the students, the researcher has been asking discussion
questions about related NOS aspects by citing to answers given by the students
during the activities. The discussion section has been conducted in whole-class
format. After the discussion, the researcher has provided a short explicit lecture on
related aspect of NOS. Then, the researcher has asked the students to make reflection
by using their reflection paper frame (see Appendix N). In addition to these basic
activities, there are some other differences in the treatment groups from the

comparison group. First of all, teaching of NOS has been explicitly included in the
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lesson plans of the treatment groups (see Appendix A). As another point, the
students’ improvement on the learning nature of science aspects has been explicitly

measured by testing after the activities (Appendix J and K).

3.5.3. Process of Teaching the Aspects of Nature of Science in the

Comparison Group

In the comparsion group, the partition of a lesson into two parts as content teaching
and NOS teaching parts has also been provided by the researcher to balance time for
the experimental design. But, there is no intentional planning for teaching NOS in the
comparison group and embedding the NOS aspects into the content of cell and
cellular organisation unit is not a case for the comparison group activities. In the
comparison group, the content has been taught in the same way described in the
section titled as “process of teaching cell and cellular organisation unit”. For teaching
NOS, the researcher has similarly provided lecture and question-answer activities
without stating the NOS subjects as different titles to learn. In the comparison group,
the students have also studied collaboratively in 5 groups, but the main purpose of
the groups is to answer the questions provided by the researcher during his lecture.
The types of the questions provided by the researcher in the comparison group have
been including “what and which questions”. These types of the questions do not have
any reflective power as a different case from the treatment groups. Again, the aspects
of NOS have not been measured by any intentional attempt in the comparison group.
In addition to these, the NOS activities in the comparison group have not been

including any discussion and reflection part.

3.6. Preparation of Nature of Science Activities

The NOS activities used in this study are prepared by the researcher following the

steps presented below;

1. Deciding about which the NOS aspects should be included in the study by

investigating the available literature;
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The investigation of the literature has resulted in seven aspects recommended
as appropriate to the K-12 education by Khishfe and Lederman (2006),
Khisfe and Abd-El-Kahlick (2002), Lederman, Abd-El-Khalick, Bell and
Schwartz (2002).

2. Making decision about operational definition and frame of the EER based
NOS teaching by investigating the available literature;
As a result of the investigation, it has been found that the following sentences

have been framing the operational definition of the activities;

a. NOS ideas should be considered as an explicit part of planned
instruction.

b. Attention of students should clearly be drawn to the NOS aspects.

c. Students should also be active, mentally engaged and must reflect
upon the NOS aspects.

d. Choosing one of the active, student-centered pedagogical approach
recommended by NOS literature.

e. There should be effective scaffolding between de-contextual and
contextual NOS experiences.

f. Teachers should monitor students' progress (Abd-El-Khalick &
Akerson, in press; Kruse, 2008).

3. Investigating the activities prepared before;

The activities presented by Abd-El-Khalick (2002) and Lederman and Abd-
El-Khalick (1998) have been examined and it has been found that the
activities prepared by Lederman and Abd-El-Khalick (1998) are generic
while the activity of Abd-El-Khalick (2002) is related to the science content
out of biology.

4. The analysis of the content on cell and cellular organisation unit in which the
NOS activities will be embedded.

5. The selection of one of the seven aspects for each subject of the cell and
cellular organisation unit by deciding about appropriateness of the aspect for
the content;

In this phase, the concepts, content and key words related to scientific

(13

processes and investigation have been considered. For example; “no
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hierarchy between theory and law” aspect has been found to beappropriate to
embed into the subject of “cell theory” since the “theory” keyword and the
content of the subject have provided appropriate frame for embedding.

6. Planning and preparation of the activities;
The activities have been thought by researcher except for only one activity
including “cube observation” related to the subject of ‘“common
characteristics of livings”. This activity has been prepared by using the cube
activity of Lederman and Abd-EIl-Khalick (1998) as a frame.

7. Getting opinions of two independent experts on nature of science about the

activities (see Appendix P).

The process of expert opinion phase and following revisions are presented under the

following title.

3.7. Expert Opinions on the NOS Activities before the Application

For evaluation of the activities before their application, two independent experts who
have been studying on NOS have been asked for their opinions on usability of the
activities with advanced science students. One of the experts has an experience of
one-year on research about nature of science and studying on the subject as PhD
dissertation subject while the expert has been working in faculty of education for
three years. The main research field of the first expert is related to the NOS aspects
in social studies education. The second expert has been studying on NOS as PhD
dissertation subject and has national and international articles on the subject. The
second expert has also experience of three-year period in faculty of education and
has been studying on the subject for one and half year. The main research field for
the second expert is related to NOS teaching in science classrooms. The experts
have been requested to use 5-point Likert type scale (1= completely disagree, 5=
completely agree) and a blank space to indicate their own opinions on the activities.
The scale can be seen in the Appendix P. The results of the ratings have been
gathered and categorized. Then, correlation between the ratings of two raters has
been calculated. As a result of correlation analysis for their ratings, it has been found

that there is a statistically significant relationship between the ratings of two
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independent experts on all of the activities (r=.17, p<.05). To investigate more
detailed aspects of the activities, mean values for each activity have been calculated

(see Table 13).

Table 13. Mean values on the ratings of each expert for each activity proposed for

the treatment groups

Activities Experts
Expert 1 Expert 2

Activity 1 3.6 4.6
Activity 2 3.5 4.5
Activity 3 3.5 4.6
Activity 4 3.8 4.6
Activity 5 3.4 4.5
Activity 6 3.2 4.6
Activity 7 3.6 4.5
Activity 8 3.8 4.6
Activity 9 3.8 4.6

It has been found that there have been two lower means than the value of
“agreement” (3,5). These two means have been gathered from the ratings of the first
expert on activity 5 and 6. The reasons for these ratings have been asked to the expert
and it has been seen that there has been a need to add more discussion and reflection
part to the activities to increase their appropriateness to the proposed teaching
approach. After the critics of the expert, required changes in the activities to provide

more discussion and reflection have been made (see Appendix M).

3.8. Characteristics of the Teacher

The teacher who has conducted the applications on the content is a 44-year old, and
female. She has graduated from biology department of science and art faculty and
has not taken any course on history, epistemology and philosophy of science and
participated in any seminar or activity related to them. The teacher has 18-year
period of experience on teaching at the level of high school and has been working for
eleven years in the school where the study has been conducted. She has been

following periodicals about popular science issues and reading about history and
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biology. The most interesting subjects for her are systems, heredity and social
behaviors in animals. The teacher has been very willing to participate in and help for

the study.

3.9. Characteristics of the Researcher

The researcher who has conducted the applications on NOS is a 28-year old male. He
has graduated from biology education department of education faculty and has
gained a master degree from the same department. The researcher has taken courses
on history, epistemology and philosophy of science and participated in seminars or
activities related to them. At the same time, he has been actively reading on NOS.
The researcher has 5-year period of experience in faculty of education. He has been
following periodicals about popular science issues and reading about history,
philosophy and biology. The most interesting subjects for him are biotechnology,
genetics and animal behavior in biology. The major study field of the researcher is

epistemology and philosophy of biology for teaching.

3.10. Data Analysis

There are two different data sets in this study, so two different approaches of data
analysis on the dependent variables have been utilized in this study. The qualitative
data analysis is interpretive in nature and focuses on the meanings that participants
gave to the aspects of NOS. Analysis approach used by Khishfe and Abd-El-Khalick
(2002) has been utilized by establishing profiles of the participants on the aspects
with using an analysis form structured based on the statements provided by
Lederman et al. (2002), Khishfe and Lederman (2006), Khishfe and Abd-El-Khalick
(2002) and McComas (1998). The analysis form can be seen in Appendix S. The
qualitative data have been provided by answers to VNOS-C questionnaire and

follow-up interviews.

The purpose of making interviews after VNOS-C application is to provide evidence

for face validity of the answers to VNOS-C questionnaire. In addition to check face
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validity of VNOS-C answers by follow-up interviews, as another strategy to increase
trustworhtiness of the interpretations on the VNOS-C data, the main researcher and
another independent researcher out of the main researher of this study have also
analyzed random sample (40%) of the answers to VNOS-C in each group. The
aggreement between the two researchers has been found as 79% for pre-
questionnaire answers and 85% for post-questionnaire answers. The analysis form
used in this study has involved the categorization of students’ responses into “Naive
(N)”, “Transitional (T)”, “Expert (E)”, or “Not Applicable (NA)” for each NOS
aspect. In this way, it has to be explained that each of the seven NOS aspects has
been targeted in more than one item in the questionnaire. For categorization of a
participant’s view on the any aspect as expert, each individual has to provide
evidence of an informed view in all of the answers to the items. A view has been
categorized as naive if the participant can not exhibit any informed view of the
targeted aspect of NOS in response to any item in the questionnaire. If any
participant has demonstrated expert views in response to some but not all items, then
the view has been categorized as transitional. Apart from these, it is important to note
that some participants have demonstrated expert views of the targeted aspect of NOS
in response to three items, other participants might present expert views in response
to two items, and another participant might show expert views in response to only
one item. In addition, some answers might include data which can not be
categorized, this type of data is categorized as “not applicable”. The categories and
corresponding criteria can be seen in Table 14. The use of the analysis form is an
indication of conservative analysis approach of the study. To compare the groups,
frequencies and percentages of the participants in each category have been

investigated for pre-treatment and post-treatment data.
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Table 14. Categories used in the study and corresponding criteria for categorization

Catergory Label Criteria of Category

Expert Providing informed views about an aspect in all of the
answers to all fo the items

Naive Providing naive views about an aspect in all of the answers to
all fo the items

Transitional Providing both naive and expert views about an aspect in the
answers to all fo the items

Not Applicable Not providing any answer that can be categorized on any
aspect

For the analysis of quantitative data in this study, four paired sample t-tests and two
one-way MANOVAs have been used. To test effectivenes of the methods for both
groups separately, paired samples t-tests on two dependent variables (content
knowledge and scientific literacy level) have been conducted by considering each
group as a unit of analysis. One-way MANOVA has been utilized to compare the
groups in terms of content knowledge level and scientific literacy level. For adjusting
desired alpha level (.05) for all of these six statistical analyses, Benforroni
adjustment procedure (desired alpha / number of hypothesis to be tested for each unit
of analysis) has been applied to .05 and (0.05/6) .008 has been concluded to be
appropriate level of alpha for paired t-tests and one-way MANOVAs. One-way
MANOVA has been chosen for the study due to the equality of the groups at the
beginning of the study in terms of the pre-tests and OKS scores. At the same time,
analysis of covariance has been criticized by Tabachnick and Fidell (2007; 200) that
sources of bias in covariance analysis are many and subtle, so this situation can
produce over or under-adjustment of dependent variable. They have also added that
there are limitations to generazibility in covariance analysis; generalization can be
made on only the populations from which a random sample is taken. Therefore, non-
random experimental studies require more attention to choose statistical technique
for analysis. The equality of groups on pre-measurement and critics on use of
analysis of covariance in non-randomized samples have been accepted as evindence
to choose MANOVA to compare post-test data on the content knowledge and

scientific literacy level so it has been concluded that there is no need to control pre-
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existing difference between the groups in terms of pre-measurements and OKS
scores. For all of the analysis, the measurements on Treatment group I and Treatment
Group II have been combined into one “treatment group score” and used in the
analyses. Therefore, two groups as the treatment and the comparison have been units
in all of the analyses conducted. Before the analyses, missing data and outliers have
been checked and it has been seen that there is only one missing value for both post-
tests on the content knowledge and scientific literacy in comparsion group. In
addition, 5 outliers in whole data set have been detected. The outliers have been
eliminated and then all of the natural missings and the missings after eliminating the
outliers have been replaced with series mean. This way has been chosen, since all
numbers of the missings are under %10 of all data set. As another point, “d” values
for paired samples t-tests and partial n° for MANOVAs as effect sizes have been
utilized in this study.

3.11. Treatment Fidelity

In the study, the applications on the content of cell and cellular organisation unit
have been conducted by regular classroom teacher in all groups while NOS teaching
have been done by the researcher due to indication of low self-efficacy by the teacher
to provide appropriate examples on the aspects during the presentations and
activities. The teacher has been trained during two weeks before the treatment to
provide fidelity, but after the training the teacher has stated that she could not teach
on the NOS aspects in line with the plan provided since she has not trusted herself to
provide appropriate examples on the aspects. Therefore, the activities on the NOS
aspects have been conducted by the researcher. The researcher has prepared a
handout explaining theoretical foundations of the applications (see Appendix C) and
a guide to proceed in the instruction (Appendix B) to increase treatment fidelity. In
addition to these applications, one observation checklist for the EER teaching has
been prepared to provide evidence for treatment fidelity by using the definitions of
Lederman (2007), Khishfe and Abd-El-Khalick (2002), Khishfe and Lederman
(2006), Lederman (1998) and Akerson and Volrich(2006) on the EER teaching (see
Appendix F). Then, the teacher and different two individuals as independent
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observers have been asked to observe the teaching on the NOS aspects by the
researher. In total, six hours for the comparison group have been observed while total
eight hours of experimental group studies have been observed during the study.
Observation checklist items can be seen in the Table 15 and Appendix F. The results
on the ratings of the teacher have shown that the researcher has provided important
components of the EER teaching in both of the treatment groups. The results on

observations for each group of this study can be seen in Table 15 and 16.

The ratings of the observers have been ranging from 1 to 3; 1 is for “No”, 2 is for
“Not enough” and 3 is for “Yes”. For the purpose of this study, calculated means are
converted into whole numbers to establish concrete categories, so the following scale

has been showing the relationship between the categories and numbers.

1-1.4=) NO 1.5-2.4 —) NOT ENOUGH 253 D YES
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Table 15.The ratings of the independent observers on the activities conducted in the

treatment groups

Items Mean of Category
All Ratings

The objectives about the nature of science are explicitly 3 YES
included in lesson plans
The subjects of the nature of science aspects are taught 2,5 YES
as separate titles from the unit content in lessons
The development of the students on the aspects of 2,8 YES
nature of science is deliberately evaluated
The aspects of nature of science are taught by 2,9 YES

incorporating them into the unit content taught in the
same lesson

The students have been studying on the activities on the 2,7 YES
nature of science aspects as different activities from the
applications on the unit content

The teacher has been explicitly informing the students 2,8 YES
that he or she has been teaching the nature of science

aspects

During the lesson, the students have been asking 2,7 YES
questions about the nature of science aspects

During the lesson, the students have been taking notes 1,9 NOT
about the nature of science aspects ENOUGH
During the lesson, the students have been making 2,9 YES
explanations about the nature of science aspects

During the lesson, the students have been discussing 3 YES
about the nature of science aspects

During the lesson, the teacher have been making 2,9 YES
explanations about the nature of science aspects

At the end of the lesson, the students have been making 3 YES

“reflection” on their previous understandings and
current understandings about the nature of science
aspects

Total number of observed lessons Eight Hours (57%)

Table 15 has shown that observation of the activities by an independent observer has
yielded a more complete picture about real situations in the classrooms. According to
the table, the students have not taken any notes about the NOS aspects while they

actively participated in the prepared acitivies in the treatment groups.
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Table 16. The ratings of the independent observers on the activities conducted in the

comparison group

Items Mean of All Category
Ratings

The objectives about the nature of science are 1 NO
explicitly included in lesson plans
The subjects of the nature of science aspects are 2,7 YES
taught as separate titles from the unit content in
lessons
The development of the students on the aspects of 1,7 NOT
nature of science is deliberately evaluated ENOUGH
The aspects of nature of science are taught by 1 NO
incorporating them into the unit content taught in
the same lesson
The students have been studying on the activities 1,8 NOT
on the nature of science aspects as different ENOUGH
activities from the applications on the unit content
The teacher has been explicitly informing the 1,5 NOT
students that he or she has been teaching the ENOUGH
nature of science aspects
During the lesson, the students have been asking 2,5 YES
questions about the nature of science aspects
During the lesson, the students have been taking 1,3 NO
notes about the nature of science aspects
During the lesson, the students have been making 3 YES
explanations about the nature of science aspects
During the lesson, the students have been 3 YES
discussing about the nature of science aspects
During the lesson, the teacher have been making 3 YES
explanations about the nature of science aspects
At the end of the lesson, the students have been 1 NO
making  “reflection” on  their  previous
understandings and current understandings about
the nature of science aspects.
Total number of observed lessons Six Hours (85% )

Table 16 has indicated that the participants in the comparison group have not

explicitly been evaluated on the NOS aspects in line with no planning on NOS

teaching. At the same time, the researcher has not incorporated related aspects of

NOS into content knowledge while he has not informed the participants about the

NOS aspects as a separate topic of the lesson. As another difference seen in Table,
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any reflection acitivity on the NOS aspects after discussion have not been done by
the researcher. The two tables on observations have provided important evidence on
the difference between the processes in the groups. One important point to be
inferred from these observations is that the participants in the comparison group also
have made explanations and discussions as similar to the participants in the treatment
groups. These two activities; explanation and discussion are very hard to control,
especially in the groups including advanced students. Because, asking challenging
questions, making discussions and explanations are the most important chracteristics

which are carried into the science classrooms by them (Park & Oliver, 2009).

3.12. Threats to Internal Validity of the Study

The interpretation of the results in this study depends on effects of threats to internal
validity of the study. As the first, selection bias has been checked by considering
their OKS scores and pre-test results and it has been found that there is no difference
between the groups in terms of these variables. At the same time, over 90% of the
participants have not been enrolled in any activity related to epistemology of science
or NOS. For maturation effect, it can be said that the time for and sources to
improvement of the participants by their own common ways are very limited, and
also the groups have been presenting differences on the dependent variables on post-
tests. If maturation effect is in case, both of the groups will have been the same with
or similar to each other on the post-tests after the treatments. In addition, there has
been no important event related to the dependent variables of the study and

application process, so no history effect has affected the study during seven weeks.

As a different type of the threats, instrumentation effect has been controlled by using
the same items, application order of the instruments and same data collector in both
applications. Another consideration related to instrument application, seven weeks
have been accepted as enough to prevent the testing effect. Due to the formal
restrictions, the instruments have not been applied to another group as only post-test
to check testing effect. Again, experimenter bias has been prevented by the way in

which three independent observers have observed the applications in both of the
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groups. In addition, no participants in both of the groups except for only two of the
comparison group members have participated in all applications and data collection

processes. Therefore, mortality effect has not been experienced.

As one of the most important advantages of the design, use of comparison group has
been providing a control over history, maturation, testing, instrumentation and
regression effects. In this situation, it is accepted that these threats have been

affecting both of the groups in a similar way.

3.13. Limitations of the Study

(1) The interaction effect between application and instrument might be a limitation in
this study.

(2) Lack of random assignment in the study might be a limitation for generalizability.
(3) The acitivities prepared by the researcher have not been pilotted due to the time
restriction so the expert opinions have been used as basic evidence to go further. This

might be another limitation of the study.

3.14. Delimitations of the Study

(1) The kind of the school might limit generalizability of the study.

(2) The limited number of sub-topics interested in the study might be effective in
terms of generalizing the results.

(3) The time for the applications (7 weeks) might be a limitation for this study.

Because the longer the study lasts, the clearer data are gathered.

73



CHAPTER 4

RESULTS

Under this title, the results of the study are presented in three sections including the
results for the treatment groups, the comparison group and difference between the
groups. The sections include quantitative statistical results and the results on
participant profiles in terms of the NOS aspects. After the presentation of the results

in each section, the results are discussed with relevant literature under the same titles.

4.1. Results on the Treatment Groups

The results regarding to the treatment groups on content knowledge, scientific

literacy and NOS understandings are presented below.

4.1.1. Results on Change in Content Knowledge and Scientific Literacy

In the analysis of the data for effectiveness of the method on gaining the content
kowledge on cell and cellular organisation unit and scientific literacy, paired samples
t-test has been utilized (N=47). Before conducting paired samples t-test, normality
and descriptives of the data have been checked. The normality of the data has been
checked by investigating Kurtosis and Skewness values and the vaues between -1

and +1 have been accepted as having normal distribution. The results can be seen in

Table 17.
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Table 17. The results on normality of the data on content knowledge and scientific

literacy tests in the treatment groups

Measurement N Mean SD Kurtosis  Skewness
Pre-test on content knowledge 47 10.83 2.40 .94 .06
Pre-test on scientific literacy 47 19.32 1.92 .19 22
Post-test on content 47 14.35 2.72 24 77
knowledge
Post-test on scientific literacy 47 20.24 2.07 27 .07

As seen in Table 17, there are no skewness or kurtosis values above -1 and +1. This
means the data on content knowledge and scientific literacy do not violate normality
assumption. After the check of normality, paired samples t-tests for each dependent

variables have been conducted. The results of t-tests can be seen in Table 18.

Table 18. Paired t-test results on the difference between pre-tests and post-tests on

content knowledge and scientific literacy in the treatment groups (N=47).

Pair Mean SD of Mean of t df D d
Difference Mean Standard
Difference Error
Pre-test and Post- 3.52 3.07 45 7.86 46 .000 1.15
test on content
knowledge
Pre-test and Post- 91 2.12 31 297 46 .005 43
test on scientific
literacy

Note: Bonferroni adjustment sets alpha as .008

The results on the content knowledge and scientific literacy have shown that the EER
approach is effective to increase scientific literacy levels of ninth grade advanced
science students (p<.008) while the approach is also not an obstacle to learn content
knowledge by common ways of teaching (p<.008). Therefore, both hypothesis 1 and
hypothesis 2 have been rejected. The effect sizes have been calculated by using the
formula; “d= Mean Difference / Standard Deviation of Mean Difference” as

recommended by Green and Salkind (2002). For the interpretation of the effect sizes,
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.2, .5 and .8 values have been used for small, medium and large effect sizes (Green &
Salkind, 2002). As seen in Table 17, the effect size on the difference between scores
of the participants on content knowledge is large while the effect size on the

difference between scores of the participants on scientific literacy is small.

4.1.2. Results on Change in NOS Understandings of the Participants in

Treatment Groups

Under this title, understandings of the participants in the treatment groups about the

NOS aspects before and after the implication are presented.
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Table 19. Percentages and frequencies of expert, transitional and naive views of the target NOS aspects for the explicit-embedded-

reflective group participants before instruction

Targeted NOS Aspects
Explicit-embedded- ~ One Method No Hierarchy  Difference  Subjectivity  Creativity Tentative Emprical
reflective Group in Science Between between in Science and NOS Basis of
(N=47) Theory And Observation Imagination Science
Law and Inference in Science

% f % f % f % f % f % f % f
Expert 0 0 0 0 0 0 15 7 42 20 30 14 26 12
Transitional 11 5 2 1 38 18 66 31 33 15 68 32 42 20
Naive 83 39 96 45 58 27 19 9 21 10 2 1 26 12

Not Applicable 6 3 2 1 4 2 0 0 4 2 0 0 6 3




As seen in Table 19, majority of the participants in the treatment groups are naive in
terms of “existence of one method in science”, “no hierarchy between law and
theory” and “difference between observation and inference” while majority of them
have expert views on “role of creativity and imagination in science”. The participants
are in transitional phase in terms of “subjective NOS”, “tentative NOS” and

“emprical basis of science” aspects.
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Table 20. Percentages and frequencies of expert, transitional and naive views of the target NOS aspects for explicit-embedded-reflective

group participants after instruction

Targeted NOS Aspects
Explicit-embedded- One Method No Difference  Subjectivity Creativity and  Tentative Emprical
reflective Group in Science Hierarchy between in Science Imagination NOS Basis of
(N=44) Between Observation in Science Science
Theory And and Inference
Law

% f % f % f % f % f % f %o f
Expert 7 3 23 10 14 6 64 28 89 39 84 37 59 25
Transitional 14 6 16 7 50 22 36 16 11 5 14 6 23 10
Naive 75 33 43 19 34 15 0 0 0 0 2 1 16 7
Not Applicable 4 2 18 8 2 1 0 0 0 0 0 0 2 1




The results presented in Table 20 have shown that the EER teaching is effective to
increase understandings of academically advanced science students on certain NOS
aspects. In spite of the existence of naive understandings in majority of the
participants on “existence of one method in science” and “no hierarchy between law
and theory” aspects, the majority of the participants have gained expert views on
“role of creativity and imagination in science”, “tentative NOS”, “subjective NOS”
and “emprical basis of science”. At the same time, majority of the participants’
understandings on “difference between observation and inference” have changed
from naive to transitional. Moreover, number of the participants categorized as naive
on “existence of one method in science” and “no hierarchy between law and theory”

aspects has decreased.

The following excerpts have been illustrating the naive understandings of the
participants in the treatment groups on the different aspects of NOS at the beginning
of the study. At the end of the sentences, parahentheses have been showing location
of the excerpts. The first indicator in the parahantheses refers to the focused aspect of
NOS; second one is for participant number; third indicator refers to measurement
from which the excerpts are drawn while fourth indicator shows question number in

VNOS-C.

“An experiment is required [for development of scientific
knowledge]. Because absoluteness of knowledge can only be
provided by experiments” (One method myth in science, St
16, Pre- VNOS-C, Q3).

“A scientific theory is form of unproven event while a law is
about an unchanging event (everybody accepts it)”
(Hierarchy between law and theory, St 23, Pre- VNOS-C,

Q5).

“Scientists use microscop to prove these [structure of atom].
By using this way, everybody can see it [atom]” (Difference
between observation and inference, St 11, Pre- VNOS-C,

Qo).
“Laws are universal and they are not tentative anywhere, but

theory can be changed and can not be believed in different
places” (Tentativeness, St 2, Pre- interview).
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“[Religion and philosophy] do not use evidence. But,
observation is included in them. For example; there are
religions and philosophies which can make transfer by
observing other religions” (Empirical basis of science, St 2,
Pre- interview).

“ [Creativity and imagination] are not used. In experiments
and researches, creativity does not ocur. In research and
experiments, there is a result and this result is fixed and
objective whatever you make [something] by creativity and
imagination” (Creativity and imagination in science, St 15,
Pre- VNOS-C, Q10).

“One of the researchers who used the same data, but reached
to different results failed. One of them will be eliminated over
time” (Subjectivity, St 11, Pre- VNOS-C, Q8).

The following excerpts have been illustrating the expert understandings of the
participants in the treatment groups on the different aspects of NOS at the end of the
study. Similar to previous sentences, parahentheses have been showing location of
the excerpts. The first indicator in the parahantheses refers to the focused aspect of
NOS; second one is for participant number; third indicator refers to measurement
from which the excerpts are drawn while fourth indicator shows question number in

VNOS-C.

“Science is a way of knowing. It is based on experiments and
evidence. Difference of it from religion and philosophy is that
it includes evidence-based nature. Religion and philosophy
are based on personal believes” (Empirical basis of science,

St2, Post- VNOS-C, Q1).

“Scientists use their creativity and imagination. If they do not
use their creativity and imagination, they will have reached
the same results. But, atom models were establihed and
designed as different models” (Creativity and imagination in
science, St24, Post- VNOS-C, Q10).

“Development of scientific knowledge requires being proven
by different methods. Experiment is only one method among
them” (One method myth in science, St19, Post- VNOS-C,

Q10).

“[To make definition of species], making observations are
not enough. Both observation and inference are required to
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do such a definition” (Difference between inference and
observation, St12, Post- interview).

“Scientists have different personalities. They have different
educational  backgrounds.  Therefore, they comment
differently on the same data” (Subjectivity, St6, Post-
VNOS-C, Q8).

“All of the accepted theories did not remain same over time.
Because we are changing knowledge learned before by
adding something to it. So, theories are tantative. Laws are
also tentative” (Tentativeness, St12, Post- interview).

“In fact, there is no hierarchy between theories and laws in
terms of priority. They have different meanings” (Hierarchy
between theories and laws, St1, Post- VNOS-C, Q5).

4.2. Results on the Comparison Group

The results regarding to the comparison groups on content knowledge, scientific

literacy and NOS understandings will be presented below.

4.2.1. Results on Change in Content Knowledge Level and Scientific
Literacy

In the analysis of the data for effectiveness of the method on gaining content
knowledge on cell and cellular organisation unit and scientific literacy, paired
samples t-test has also been utilized in the comparison group (N=24). Before
conducting paired samples t-test, normality and descriptives of the data have been
checked for the group. The normality of the data has been checked by investigating
Kurtosis and Skewness values and the vaues between -1 and +1 have been accepted

as having normal distribution. The results can be seen in Table 21.
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Table 21. The results on normality of the data on content knowledge test and

scientific literacy test in the comparison group (N=24)

Measurement Mean SD Kurtosis  Skewness
Pre-test on content knowledge 10.39 2.34 .03 .20
Pre-test on scientific literacy 17.83 3.47 .65 .60
Post-test on content knowledge 12.04 3.08 27 14
Post-test on scientific literacy 19.57 1.79 .95 12

As seen in the table, there are no skewness or kurtosis values above -1 and +1. This
means the data on content knowledge and scientific literacy do not violate normality
assumption. After the check of normality, paired samples t-tests for each dependent
variables have been conducted for the data of the comparison group participants. The
results of t-tests on the scores of the comparison group students can be seen in Table

22.

Table 22. Paired t-test results on the difference between pre-tests and post-tests on

content knowledge and scientific literacy in the comparison group (N=24)

Pair Mean SD of Mean of t df p d
Difference Mean Standard
Difference Error

Pre-test and Post- 1.65 3.71 76 218 23 .04 .44
test on content
knowledge
Pre-test and Post- 1.73 3.92 .80 216 23 .04 .44

test on scientific

Note: Bonferroni adjustment sets alpha as .008

The results on the content knowledge and scientific literacy have shown that the EER
approach on NOS is not effective to increase scientific literacy levels of ninth grade
advanced science students (p >.008) while the approach is also an obstacle to learn
content knowledge by common ways of teaching (p >.008). Therefore, both
hypothesis 3 and hypothesis 4 have not been rejected. As seen in the Table 22, the
effect size on the difference between scores of the participants on content knowledge
is small while the effect size on the difference between scores of the participants on

scientific literacy is also small. For the interpretation of the effect sizes, .2, .5 and .8
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values have been used for small, medium and large effect sizes (Green & Salkind,

2002).

4.2.2. Results on Change in NOS Understandings of the Participants in
the Comparison Group
Under this title, understandings of the participants in the comparison group before
and after the implication are presented. There is point to note that two participants
did not complete their questionnaires at the end of the study. Therefore, the data of

them have been eliminated from the analysis.
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Table 23. Percentages and frequencies of expert, transitional and naive views of the target NOS aspects for the comparison group

participants before instruction

Comparison

Targeted NOS Aspects

One Method  No Hierarchy Difference Subjectivity Creativity and ~ Tentative Emprical
Group in Science Between between in Science Imagination NOS Basis of
(N=22) Theory And  Observation and in Science Science
Law Inference
% f % f % f % f %o f % f % f
Expert 0 0 0 0 0 0 18 4 50 11 23 5 0 0
Transitional 9 2 9 2 36 8 73 16 46 10 63 14 68 15
Naive 77 17 91 20 50 11 9 2 4 1 14 3 18 4
Not Applicable 14 3 0 0 14 3 0 0 0 0 0 0 14 3




Similar to the profiles of the participants in the treatment groups, Table 23 has been
showing that majority of the participants in the comparison group are naive in terms
of “existence of one method in science”, “no hierarchy between law and theory” and
“difference between observation and inference” while majority of them have expert
views on “role of creativity and imagination in science”. The participants are in

transitional phase in terms of “subjective NOS”, “tentative NOS” and “emprical

basis of science” aspects.

86



L8

Table 24. Percentages and frequencies of expert, transitional and naive views of the target NOS aspects for the comparison group

participants after instruction

Targeted NOS Aspects
Comparison One Method  No Hierarchy Difference Subjectivity Creativity Tentative Emprical
Group in Science Between between in Science and NOS Basis of
(N=22) Theory And  Observation and Imagination Science
Law Inference in Science

% f %o f % f % f % f %o f %o f
Expert 0 0 9 2 0 0 60 13 73 16 45 10 41 9
Transitional 82 18 18 4 41 9 27 6 27 6 50 11 50 11
Naive 18 4 73 16 45 10 9 2 0 0 4 1 9 2
Not Applicable 0 0 0 0 14 3 4 1 0 0 0 0 0 0




The results presented in Table 24 have shown that common way of teaching on NOS
is slightly effective to increase understandings of academically advanced science
students on certain NOS aspects. In spite of the instruction on the NOS aspects by
common approach, majority of the participants have had still naive understandings
on “difference between observation and inference” and “no hierarchy between law
and theory” aspects, the majority of the participants have gained expert views on
only “subjective NOS”. At the same time, although majority of the participants’
understandings on “existence of only one method in science” have changed from
naive to transitional, but there is no expert view on this aspect. For the aspect of
“emprical basis of science”, majority of the participants still are at the category of

“transitional”.

4.3. Results on Comparison between the Groups

For the comparison purpose of the study, two different one-way MANOV As; one for
the scores on pre-tests and OKS and one for post-test scores have been conducted by
assigning .008 as alpha level to hold .05 constant for whole analysis. In addition to
pre-test scores, OKS scores have been used to check equality of the groups at the
beginning of the study. OKS is a nation-wide examination and advanced science
student in this study are at the top 2% of all test takers. Therefore, OKS has also been

added into the analysis.

4.3.1. MANOVA Results on Pre-test Scores and OKS scores

Before running MANOVA on pre-tests and OKS scores of the participants, the basic
assumptions of the analysis have been checked. According to Pallant (2005), Green
and Salkind (2002), MANOVA assumptions have included sample size, normality,
homogeneity of error variances, multicollinearity and singularity and homogeneity of
variance-covariance matrices. For the assumption of sample size, sample size of each
cell should be higher than the number of dependent variables (Pallant, 2005). In this
study, sample sizes of the cells are higher than the number of dependent variables as

seen in descriptive presented in Table 25.
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Table 25. Means and standard deviations of the scores on OKS, pre-test of content

knowledge and pre-test of scientific literacy

Dependent Group N Mean SD
Variables
OKS Scores Treatment Group 47 474.16 5.45
Comparison group 24 472.38 5.75
Pre-test Scores  Treatment Group 47 10.83 2.40
on Content -
Knowledge Comparison group 24 10.39 2.34
Pre-test Scores  Treatment Group 47 19.33 1.92
on Scientific -
Literacy Comparison group 24 17.83 3.47

For the other assumption; normality, the scores on the dependent variables for each
group have been checked by using Kurtosis and Skewness values for each group in
the previous sections and it has found that there is no violation on the normality
assumption. The assumption on homogeneity of error variances have been checked
by investigating Levene’s Test of Equality of Error Variances, the results can be seen

in Table 26.

Table 26. Levene’s test results of the pre-tests on the dependent variables and OKS

scores
Measurement F dfl df2 D
OKS .05 1 69 821
Pre-test on content A1 1 69 738
knowledge
Pre-test on 20.93 1 69 .000

scientific literacy

According to Table 26, the pre-test scores on content knowledge and OKS scores
have provided the assumption on equality of error variances whereas the scores on
scientific literacy have not provided the assumption of equality of error variances (p<
.008). This has been ignored in the analyses after cheking all of assumptions since

other assumptions have been provided for the scores on scientific literacy.
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For the other assumption; multicollinearity and singularity, Pearson-product moment
correlation coefficients have been calculated on OKS scores, pre-tests of content
knowledge and scientific literacy and it has been seen that there is no higher
correlation coefficient than .80 as a cut-off score as recommended by Pallant (2005).

The results on the correlation analysis can be seen in Table 27.

Table 27. Pearson-product moment correlation coefficient between pre-test scores

and OKS scores

Variables
OKS Scores Pre-test Scores on Pre-test Scores on
Content Scientific Literacy
Knowledge
r p r p r p
OKS Scores - - 28%* .02 31%* .01
Pre-test Scores on 28%* .02 - - 27 .02
Content
Knowledge
Pre-test Scores on 31* .01 27* .02 - -

Scientific Literacy

*Statistically significant correlation cefficients at the level of .05

As seen in Table 27, the assumption on multicollinearity has not been violated since
the correlation coefficients between the variables are less than .80. As the final
assumption, homogeneity of variance-covariance matrices has been checked by
investigating Box’s M test. The results of the test have shown that the assumption on
homogeneity of variance-covariance matrices has also been provided (Box’s M=13,

44, F=2.12, df1=6, df2=14072, 28, p > .008).

After checking on the assumptions, one-way MANOVA has been conducted with
one independent with two levels (Group) and three dependent variables (OKS scores,
Pre-test scores on content knowledge, Pre-test scores on scientific literacy). There is
no statistically significant difference between the scores of participants at different
groups on the combined dependent variables (p>.008) (F (1, 69)=1.90, p= .14; Wilks
Lambda= .92, Partial eta squared=.08). Therefore, both hypothesis 5, 6 and 7 have

not been rejected. The partial eta squared value has shown that 8% of multivariate
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variance of the scores on these three variables is associated with the group factor.

The results on the between-subjects effects can be seen in Table 28.

Table 28. Results on the between-subjects effects for pre-test scores on content

knowledge, scientific literacy and OKS scores

Dependent Sum of df Mean F D Partial
Variables Squares Square Eta
Squared
OKS 50.533 1 50.533 1.63 21 .02
Pre-test Scores on 3.06 1 3.06 54 47 .01
Content
Knowledge
Pre-test Scores on 35.40 1 35.40 5.46 .02 .07

Scientific Literacy

Note: Bonferroni adjustment sets alpha as .008

The results of MANOVA on pre-test scores and OKS scores have shown that the
groups are equal to each other in terms of these dependent variables. Therefore, it has
been concluded that post-test scores on content knowledge test and scientific literacy
can be compared by the groups with MANOVA. Table 29 presents estimated
mariginal means of OKS scores and the pre-test scores of the participants on content

knowledge and scientific literacy.
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Table 29. Estimated marginal means of OKS scores and pre-test scores of the

participants on content knowledge and scientific literacy

Dependent Group N Mean SE
Variables
OKS Scores Treatment Group 47 474.16 81
Comparison group 24 472.38 1.13
Post-test Scores Treatment Group 47 10.83 35
on Content -
Knowledge Comparison group 24 10.39 49
Post-test Scores Treatment Group 47 19.33 37
on Scientific -
Literacy Comparison group 24 17.83 .52

After the main MANOVA analysis on pre-tests and OKS scores, multiple
comparisons between the groups in terms of dependent variables have also been
performed to check effect of unequal error variance and sizes of the groups. For this
purpose, Games and Howell (1976) approach has been used. The results on the
comparisons have shown that no significant differences between the groups on the
dependent variables have been found (tyre-content knowledge=1.07, toxs=1.78 and tyr.-
scientific literacy=2-78, P> .008). All of the t values have been found as less than critical

table values based on calculated degrees of freedom for each dependent variable.

4.3.2. MANOVA Results on Post-test Scores for the Groups

Similar to the previous MANOVA analysis, the assumptions have been tested again.
According to Pallant (2005), Green and Salkind (2002), the MANOVA assumptions
have included sample size, normality, homogeneity of error variances,
multicollinearity and singularity and homogeneity of variance-covariance matrices.
For the assumption of sample size, the sample size of each cell should be higher than
the number of dependent variables (Pallant, 2005). In this study, sample sizes of the
cells are higher than the number of dependent variables as seen in desciptives

presented in Table 30.
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Table 30. Means and standard deviations of post-test scores on content knowledge

and scientific literacy

Dependent Group N Mean SD
Variables
Post-test Scores  Treatment Group 47 14.35 2.72
on Content -
Knowledge Comparison Group 24 12.04 3.09
Post-test Scores  Treatment Group 47 20.24 2.07
on Scientific -
Literacy Comparison group 24 19.57 1.79

For the other assumption; normality, the scores on the dependent variables for each
group have been checked by investigating Kurtosis and Skewness values for each
group in the previous sections and it has been found that there is no violation on the
normality assumption. The assumption on homogeneity of error variances have been
checked by investigating Levene’s Test of Equality of Error Variances, the results

can be seen in Table 31.

Table 31. Levene’s test results on the post-tests on content knowledge and scientific

literacy
Measurement F dfl df2 P
Post-test on 17 1 69 .69
content
knowledge
Post-test on 47 1 69 .50

scientific literacy

According to Table 31, the post-test scores on content knowledge and scientific
literacy have provided the assumption on equality of error variances (p> .008). For
the other assumption; multicollinearity and singularity, Pearson-product moment
correlation coefficients have been calculated and it has been seen that there is no

higher correlation coefficient than .80 as a cut-off score recommended by Pallant

(2005) (r=.25, p=.04).
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As the final assumption, homogeneity of variance-covariance matrices has been
checked by investigating Box’s M test. The results of the test have shown that the
assumption on homogeneity of variance-covariance matrices has also been provided

(Box’s M= 1.79, F= .58, df1=3, df2=53654.4, p > .008).

After the results on the assumptions, one-way MANOVA has been conducted with
one independent variable with two levels (Group) and two dependent variables (Post-
test scores on content knowledge, Post-test scores on scientific literacy). There is
statistically significant difference between the participants’ scores at different groups
on the combined dependent variables (F (1, 69)=5.39, p=.007 ; Wilks Lambda= .86,
Partial eta squared=.14). The partial eta squared value has shown that 14% of
multivariate variance of the scores on these two variables is associated with the

group factor. The results on the between-subjects effects can be seen in Table 32.

Table 32. Results on the between-subjects effects for post-test scores on content

knowledge and scientific literacy

Dependent Sum of df Mean F P Partial
Variables Squares Square Eta
Squared
Post-test Scores 84.36 1 84.36 10.41 .002 13
on Content
Knowledge
Post-test Scores 7.33 1 7.33 1.87 176 .03
on Scientific
Literacy

The results of MANOVA on the post-test scores of content knowledge and scientific
literacy have shown that there is a statistically significant difference between the
scores of the participants on content knowledge at different groups on the combined
dependent variables (p<.008) while there is no statistically significant difference
between the scores of the participants on scientific literacy at different groups on the
combined dependent variables (p>.008). Therefore, hypothesis 8 has not been
rejected whereas hypothesis 9 has been rejected. Estimated mariginal means can be

seen in Table 33.
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Table 33. Estimated marginal means of post-test scores of the participants on content

knowledge and scientific literacy

Dependent Group N Mean SE
Variables
Post-test Scores Treatment Group 47 14.35 42
on Content -
Knowledge Comparison group 24 12.04 .58
Post-test Scores Treatment Group 47 20.24 .29
on Scientific -
Literacy Comparison group 24 19.57 40

After the main MANOVA analysis on pos-tests scores, multiple comparisons
between the groups in terms of dependent variables have also been performed to
check effect of unequal error variance and sizes of the groups. For this purpose,
Games and Howell (1976) approach has been utilized. But, t-distribution values
based on Games and Howell formula has been used in this study due to the
interpretation easiness. In line with the results of MANOVA, the results on the
comparisons have also shown that there is no significant difference between the
groups on the scientific literacy levels while there is a statistically significant
difference between the groups on the content knowledge in favor of treatment group

(tpost—content knowledge=4~36; p<008, tpost—scientiﬁc literacy=2-03; P>008)

4.4. Results on Comparison of NOS Understandings of the Participants
in Treatment and Comparison Groups

Under this title, change in understandings of the participants on the NOS aspects in

the treatment and the comparison groups is compared and discussed.
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Table 34. Percentages of pre- and post-instruction expert, transitional and naive views of the target NOS aspects for the explicit-

embedded-reflective group and comparison group participants

Targeted NOS Aspects
One Method No Difference ~ Subjectivity Creativity Tentative Emprical
in Science Hierarchy Between in Science and NOS Basis of
Group Between Observation Imagination Science
Theory And and in Science
Law Inference

Explicit-embedded- Pre Post Pre Post Pre  Post Pre Post Pre Post Pre Post Pre Post
reflective  Group

(N=47)

Expert 0 7 0 23 0 14 15 64 42 89 30 84 26 59
Transitional 11 14 2 16 38 50 66 36 33 11 68 14 42 23
Naive 83 75 96 43 58 34 19 0 21 0 2 2 26 16
Not Applied 6 4 2 18 4 2 0 0 4 0 0 0 6 2

Comparison Group

(N=22)

Expert 0 0 0 0 0 18 60 50 73 23 45 0 41
Transitional 9 82 9 18 36 41 73 27 46 27 63 50 68 50
Naive 77 18 91 73 50 45 9 9 4 0 14 4 18 9

Not Applied 14 0 0 14 14 0 4 0 0 0 0 14 0




Table 34 has shown that the understandings of the participants in the treatment
groups on the NOS aspects have been more categorized at the “expert” category in
all post-questionnaire results. At the same time, all increases in expert views from
pre-questionnaire application to post-questionnaire application are higher in the
treatment group than the comparison group except for the aspect of “emprical basis

of science”.
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CHAPTER 5

DISCUSSION

Under this title, discussion on the results of this study is presented as seperate titles.

5.1. Discussion on the Results of Change in Content Knowledge and

Scientific Literacy in Treatment Groups

In this study, the main means used for measuring the content knowledge level has
included cell content knowledge test covering questions on basic knowledge about
the unit. To answer majority of the questions, remembering or recalling something
taught in the lessons is enough. At the same time, instruction on only the content has
been conducted by common teaching ways. This teaching has not been focusing on
higher-order learning on the content. The results have shown that both the content
knowledge and scientific literacy levels have increased in treatment groups. When
the common teaching way is considered, it will be seen that the EER teaching on
NOS is not an obstacle to learn content in common biology learning contexts. What
is more, it has been providing additional elaboration opportunity at the time of the

instruction on the embedded NOS aspects.

According to the results, increase in content knowledge levels of the advanced
science students in treatment groups is an expected result becuse it is natural
outcome of exposure to the teaching on only the content and then on the NOS aspects
embedded in the content. This result has been indicating that the EER teaching on
NOS is not an obstacle to learn the unit content. Moreover, the approach has a
potential to contribute learning the unit content due to the fact that the students might
gain elaboration opportunity on the content knowledge during the teaching on related

NOS aspects. Since embedding strategy has been providing a way to elaborate on not
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only NOS aspects but also the unit content related NOS aspects by the way that the
students might see use of the concepts, facts or other contents in NOS context. This
way might provide an opportunity to see association between the content including
facts and concepts and use of them with their epistemological meanings. Elaboration
has also been including establishing associations between two unconnected titles in a
meaningful context. There are some studies showing effectiveness of elaboration.
Sahari (1997), in his meta-analysis study has indicated that elaboration enhanced
higher-order learning and its effectiveness is related to explicit teaching. Similarly,
the increase in content knowledge level in this study might be related to increase in
recall rate due to basic exposure to the content and following elaboration on both the
content and relationship between the content and NOS aspects. By focusing on
recall of facts, Wood (1989) has studied with fourth and eighth grade students on
effectiveness of elaboration on acquisition of facts such as facts about animals. The
author has indicated that elaborative interrogation has facilitated acquisition of facts
by the children. Recall of the facts is also facilitated by elaboration. Similarly,
Gallimore et al. (1977) have stated that elaboration is an important process in
increasing retention and recall of the names of objects. The authors have studied with
24 kindergarten children on recall of shape names and fhave ound that elaboration is

very effective on long-term recall of the participants.

The increase in content knowledge levels might also be related to the effective
components of the EER approach. The observation results have shown that making
explanations, reflections and discusssions, asking questions, studying in cooperative
groups are key activities provided in the treatment groups. Especially, making
reflection and discussions have been very frequently made by the students. These
two factors might have contributed to increase in content knowledge levels of the

participants.

The results on scientific literacy level have been indicating the link between
scientific literacy and nature of science. The EER teaching on NOS activities has
been found to be effective on increasing scientific literacy levels of academically

advanced science students. The increase in scientific literacy levels might be related
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to some components of the EER approach. The observation results have shown that
making explanations, reflections and discusssions, asking questions, studying in
collaborative groups are key activities provided in the treatment groups. In the
literature, there are some studies showing effectiveness of discussion and reflection
on promoting scientific literacy. For example; Gibson, Bernhard, Kropf, Ramirez and
Van Strat (2001) have studied with fourteen pre-service teachers to test effectivenees
of reflective journal application accompanied with cooperative group work in an
introductory college science course. The reflection journals, at the same time, have
included discussion questions on the subject. The authors have shown that the
participants have increased their scientific literacy levels by making reflections. They
have also added that making reflection has provided the participants to see relevance
and application of science concepts to daily life. As another research, Lee (2007) has
studied on decision-making skills as a component of scientific literacy by using
“banning on smoking in restaurants” as an issue. The study has included 160 fifteen
and sixteen years old students. The author has used discussion activities on the data
of smoking and cancer. The author has indicated that the approach has provided
benefits in decision-making skill. So, the approach is also effective to increase the
students’ scientific literacy levels. As seen in the studies, discussion and reflection
are two important components of the approaches to increase scientific literacy. In
addititon to these studies, Millar (2006) has studied with 15 and 16-year-old student
and their teachers in 78 schools to implement a scientific literacy approach
developed by the author. According to the results of his pilot study, interviewed
teachers indicated that students reacted positively to the approach. Similar to the
previous two studies, the author has also used discusssion and debate as components

of his scientific literacy approach.

5.2. Discussion on the Results of Change in NOS Understandings of the

Participants in Treatment Groups

At the beginning of the study, the results have shown that the participants have

13

certain misunderstandings including “existence of one method in science”, “no

hierarchy between law and theory” and “difference between observation and
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inference” while majority of them have expert views on “role of creativity and
imagination in science”. Literature has also been showing the similar results. For
example; working with 29 Taiwanese gifted students in junior high school level, Liu
and Lederman (2002) have reported that majority of the gifted students have had
basic understanding of tentative, subjective and emprical NOS while 24 of them
naively understood that law is correct and exists forever. Similarly, Koksal and
Sormunen (2009) have studied with 16 academically advanced science students at
the age of 15. The authors have also showed that the majority of the students have
been found to be naive in some aspects such as “observation and inference” and
“theories and laws” whereas the majority of them are experts in the aspects of

“tentativeness” and “subjectivity”.

After the treatment, the participants have improved their understandings on the NOS
aspects. Majority of the participants have gained expert views on “role of creativity
and imagination in science”, “tentative NOS”, “subjective NOS” and “emprical basis
of science” while they have naive understandings on “existence of one method in

science” and “no hierarchy between law and theory” aspects.

Similar results on the effectiveness of the EER on NOS understandings of student
have also been reported by different researchers. For example; Khishfe and
Lederman (2007) have conducted a study with 129 ninth, tenth and eleventh graders.
They have investigated effectiveness of explicit integrated (embedded) and non-
integrated NOS instructions on changing naive NOS ideas. The authors have used
environmental issues, chemistry and biology as contexts for the study. They have
shown effectiveness of explicit-reflective instruction. At the same time, they have
also shown that integrated instruction is more effective on change than the other for
environmental issues and some aspects in biology although they have stated that the
result does not have any practical importance. In another study, Khishfe and Abd-El-
Khalick (2002) have compared relative effectiveness of implicit inquiry and explicit-
reflective NOS teaching on changing sixth grade students’ misunderstandings. The
study has included 62 sixth grade students. The authors have found that the students

(85%) in both of the groups have held misunderstandings about the aspects of NOS
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at the beginning of the study. They have focused on the aspects of tentativeness,
creativeness, distinction between observation and inference, and empirical based
NOS aspect. At the conclusion of the study they have shown that explicit-reflective
NOS teaching is more effective than implicit inquiry approach to teach NOS aspects.
According to the result of this study, explicit-reflective teaching is quite effective on
improvement of the focused four aspects. In another study conducted with ninth
graders, Khishfe and Lederman (2006) have studied on integrated (embedded) and
non-integrated explicit-reflective NOS instruction. The sample of the study is
composed of 42 ninth grade students. The context for embedding is global warming.
Their treatment has lasted for 6 weeks. They have assessed NOS understandings of
the students and have found that majority of the students have held naive
understandings about the aspects of subjectivity, tentativeness, creativeness,
distinction between observation and inference, and empirical based NOS before the
treatment. At the end of the study, they have shown that both of the students in the

integrated and non-integrated groups have changed their misunderstandings.

5.3. Discussion on the Results of Change in Content Knowledge Level

and Scientific Literacy in Comparison Group

The results on content knowledge levels of the participants in the comparison group
have indicated that common way of teaching on the content of cell and cellular
organisation unit and separate un-integrated NOS teaching have increased content
knowledge levels of the participants, but the difference is not statistically significant.
This result has shown that common way of teaching on the content of cell and
cellular organisation unit is not an effective approach to teach the unit content. When
it is combined with NOS teaching by the common approach, this way does not
provide a learning environment in which the students are active. As seen in the
lesson examples presented before, the environment is teacher-centered and students
are not active. In some studies, the significant difference in pre-and post-test scores
of the students taught by common teaching way has been shown (Kiling, 2008). But,
the students in this study have different characteristics from common students. Park

and Oliver (2009) have presented gifted (advanced) students’ the characteristics
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which are brought to science classrooms. These are “being impatient with the pace of
other students”, “having perfectionist traits”, “disliking routine and busy work” and
“being critical of others”. All of these chracteristics make them different from
common students in science classrooms.The non-significant result on the
improvement in content knowledge level might be related to negative reaction to the
approach used in the lessons. At the same time, time constraint on teaching the
content of the unit due to NOS teaching activities might also be another reason to

non-significant difference between pre-and post-tests in the comparison group.

For the non-significant result on scientific literacy in the comparison group, the
observation results have been providing important evidences. The observations have
shown that the comparison group applications have included discussions, asking
questions, and making explanations on the NOS aspects. In spite of these activities,
there are some points that are lack in the applications of the comparison group. For
example; reflection as an important higher-order activity has been shown to be
effective in increasing scientific literacy levels (Gibson, Bernhard, Kropf, Ramirez &
Van Strat, 2001; Lee, 2007). Reflection activity and embedding activity to establish
link between concepts, facts or other content parts and use of them in the NOS
context have not been included in the comparison group. No difference between pre
and post-test applications in terms of scientific litreacy level might be related to lack

of reflection and embedding components.

5.4. Discussion on the Results of Change in NOS Understandings of the

Participants in the Comparison Group

Similar to the profiles of the participants in the treatment groups, majority of the
participants in the comparison group are naive in terms of “existence of one method
in science”, “no hierarchy between law and theory” and “difference between
observation and inference” while majority of them have expert views on “role of
creativity and imagination in science”. There are some studies showing the similar
results in the litreature. Liu and Lederman (2002) studied on 29 Taiwanese gifted

students in junior high school level. They have reported that majority of the gifted
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students in their study have had basic understanding of tentative, subjective and
emprical NOS while 24 of them have naively understood that law is correct and
exists forever. In another study, Koksal and Sormunen (2009) have directly studied
with 16 academically advanced science students at the age of 15. The authors have
also shown that the majority of the students have been found to be naive in the
aspects such as “observation and inference” and “theories and laws” whereas the

majority of them were expert in the aspects of “tentativeness” and “subjectivity”.

After the applications in the comparsion group, the results have shown that common
way of teaching on NOS is slightly effective to increase understandings of
academically advanced science students on certain NOS aspects. In spite of the
instruction on the NOS aspects by common approach, majority of the participants
have had still naive understandings on “difference between observation and
inference” and “no hierarchy between law and theory” aspects, the majority of the
participants have gained expert views on only “subjective NOS”. At the same time,
although majority of the participants’ understandings on “existence of only one
method in science” have changed from naive to transitional, but there is no expert
view on this aspect. For the aspect of “emprical basis of science”, majority of the
participants still are at the category of “transitional”. The increases in understandings
of some NOS aspects might be related to direct teaching, but it is seen that it is not
enough to establish effective increase in the understandings of advanced science
students. Since, the common teaching way on NOS does not include any intentional
planning phase. In addition, reflection and embedding activities have not been
included in common teaching way. Literature has shown that explicitness, reflection
and embedding are three important activities in changing NOS understandings
(Khishfe & Abd-El-Khalick, 2002; Khishfe & Lederman, 2006; Khishfe &
Lederman, 2007).
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5.5. Discussion on the Results of Comparison between the Groups in

terms of the Unit Content Knowledge and Scientific Literacy Levels

The result on comparison of the scores of the participants in the treatment and the
comparison groups in terms of content knowledge level has shown that there is a
statistically significant difference in favor of the members of the treatment groups.
The difference might be related to difference in nature of applications in two groups.
In the treatment groups, the participants have had additional time to elaborate on
content knowledge due to embedding the NOS aspects into content knowledge. The
activities on the NOS aspects naturally have become a context for elaboration on
content knowledge. There are some studies showing effectiveness of elaboration on
recall and retention (Wood, 1989; Gallimore ef al., 1977). As another explanation for
the difference, the students in the treatment groups have experienced some hands-on
applications such as using microscope and studying on pictures of different
organisms including “Pandorina”, “Euglena”, “epithel cell” and “plant cell”. These
acitivities might have contributed to the participants in the treatment groups to learn
more content knowledge than the students in the comparison group. Since the

students in comparison group have experienced question-answer activities,

demonstration and lecturing in a teacher-centered environment.

As another comparison result, scientific literacy levels have not differed significantly
for the scores of the participants in the treatment and the comparison groups. This
result can be best explained by considering observation results made by independent
observers. The observation results have shown that the treatment group applications
have included discussions, reflection, asking questions, and making explanations on
the NOS aspects. Discussion and reflection among these activities have been shown
to be effective in increasing scientific literacy levels (Gibson, Bernhard, Kropf,
Ramirez & Van Strat, 2001; Lee, 2007). No difference between the groups in terms
of scientific litreacy level might be related to higher rates of discussion in
comparison group as similar to the treatment group activities with one exception.
Lack of reflection activity in the comparison group is in case. Occurance of

discussion and the other higher-order activities including asking questions and
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making explanations in comparison group might be cause of this non-significant
difference. Prevention of these activities in comparison group during the study is
very hard to do; the challenge is related to the characteristics of the participants in the
study. Park and Oliver (2009) have presented gifted (advanced) students’
characteristics which are brought to science classrooms. These are “being impatient
with the pace of other students”, “having perfectionist traits”, “disliking routine and

2

busy work” and “being critical of others”. All of these chracteristics make them

different from common students in science classrooms.

5.6. Discussion on the Results of Comparison of NOS Understandings of

the Participants in Treatment and Comparison Groups

The results have shown that the understandings of the participants in the treatment
groups on the NOS aspects have been more categorized at the “expert” category in
all post-questionnaire results. At the same time, all increases in expert views from
pre-questionnaire application to post-questionnaire application are higher in the
treatment group than the comparison group except for the aspect of “emprical basis
of science”. The result on the “emprical basis of science” aspect might be related to
“no categorization” for 14 participants of the comparison group in pre-application of
questionnaire. These participants might be “expert” at the beginning of the study,
since 26 % of the students in the treatment groups are experts while there is no
“expert” in the comparison group at the beginning of the study. Therefore, the
effectiveness of the approach on the aspect of “emprical basis of science” has not
been evaluated effectively due to higher rate of “Not Applicable” category for the
pre-application results on VNOS-C. The results have shown that the EER approach is
more effective on changing misunderstandings of academically advanced science
students than common teaching way. There are some studies supporting the results of
the present study (Khishfe & Lederman, 2007; Khishfe & Lederman, 2006; Khishfe
& Abd-El-Khalick, 2002). The results have also indicated that making reflection,
embedding the NOS aspects into content and explicitly planning and teaching the
NOS aspects in the content of cell and cellular organisation unit are effective

components of the approach.
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CHAPTER 6

CONCLUSIONS

The results of the study have indicated that common approach used in biology
education and educational experiences provided in Turkey have not been enough to
gain expert understandings on the NOS aspects for academically advanced science
students. In spite of the sophisticated science content knowledge of advanced science
students, their NOS understandings are not sophisticated enough to use this
knowledge in their future decision-making for daily lives. To overcome this problem,
the results of this study have showed the the EER based NOS teaching is an effective
approach for teaching NOS aspects to advanced science students. In fact, the
approach has been focusing on teaching the NOS aspects, but NOS teaching can not
be separated from scientific literacy and science content in which the NOS aspects
are embeded due to their theoretical and operational relationships. Operational
relationship refers to the relationship between content knowledge and the NOS
aspects because they should be considered together in the EER teaching due to
embedding activity and establishing context for learning the NOS aspects. Apart
from the positive effect of the approach on changing NOS understandings of
academically advanced science students, the approach is also effective on increasing
scientific literacy and content knowledge levels of the academically advanced
science students. These evidences on NOS understandings, scientific literacy and
content knowledge levels have supported theoretical relationship or continuum
among these variables for academically advanced science students. Experimental
nature of the study has also been providing the opportunity of inferring cause-effect
relationship between the treatment and developments in dependent variables. It might
be claimed that the components of the approach such as explicit planing, teaching,
embedding and reflection together are effective cause for changing NOS

understandings and to increase scientific literacy levels of advanced science students.
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For the increase in content knowledge levels of the participants, it might also be said

that embedding component of the approach is an effective cause.

As the other conclusion inferred from the results, the common teaching approach
used for biology lessons by teachers is not effective for both increasing scientific
literacy and content knowledge levels while the approach is partially effective to
change NOS understandings of the academically advanced science students. The
common approach does not have any component including explicit planing,
embedding and reflection. These components can be considered as main factors to
change NOS understandings when effectiveness of the treatment group applications
including these components is taken into account. Especially, reflection and explicit
planning are very effective components to increse scientific literacy and to change
NOS understandings. Embedding component is also very effective for preventing
time constraint on content knowledge and providing a context for use of content
elements such as concepts, principles, facts etc. Therefore, embedding is an effective

component on increasing knowledge levels of the participants.

Comparison results have been showing inefficiency of common teaching to increase
content knowledge level while teaching on the NOS aspects with the same approach
at the same time. In spite of change in some understandings on the NOS aspects in
the comparison group, the common teaching way is not as effective as the EER
teaching. The advangates of the EER teaching on common teaching way have been
supported by this study despite the non-significant difference in scientific literacy
level. In conclusion, it might be said that the EER teaching is effective to teach the
NOS aspects, to increase scientific literacy and content knowledge levels while the
approach is considered alone. At the same time, the approach is more effective than
use of common teaching way in terms of increasing scientific literacy levels and

changing NOS understandings of academically advanced science students.
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CHAPTER 7

IMPLICATIONS

The findings of this study are important due to their contribution to educate
academically advanced science student to establish scientifically literate society. The
results of this study on scientific literacy and NOS understandings have been
providing evidence of efficency of the EER approach and so the applications
provided in the study might be used for further purposes to increase scientific literacy
in society. Therefore, the applications of this study might be used for the programs

on informed decision-making ability about biology issues in advanced classrooms.

The new Turkish biology curriculum has also been in need of NOS activities, since
there is no clear example of the acitivity of the NOS aspects in spite of certain call
for NOS teaching in the curriculum. The activities presented in this study provide
examples for using in-class biology activities on cell and cellular organisation unit.
In line with objectives of the new biology curriculum on the NOS aspects, the

activities and results of this study might also provide a frame for book writers.

As another implication, the academically advanced science students with their
higher achievement on content knowledge might get opportunity to establish more
coordinated and sophisticated science understandings by the approach recommended
in this study. These students are in more need of having sophisticated science
understandings since they will have higher probability to make more science-related
decisions than common students. These sophisticated understandings might be

helpful on their decisions about science-related issues.

This study has also been showing more integrated approach on NOS teaching to use

in biology lessons of advanced science students. The studies conducted on the EER
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teaching have been only focusing on the NOS aspects. But, the applications of this
study have been focusing on the NOS aspects, content knowledge and scientific
literacy, so this study might be used for balanced teaching on the NOS aspects by

considering scientific literacy and content knowledge together.

This study has also been providing experimentally comparable results. Therefore, the
results of this study will contribute to the existent literature with its experimental
nature and importance of the group studied for science education. The applications

provided in the study will also extend existent activity pool of the literature.
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CHAPTER 8

SUGGESTIONS

Based on the results and process of this study, following recommendations can be

made.

. For increasing generazibility of the study, this study should be

replicated with more participants who are academically advanced
science students.

In this study, discussion activities were conducted in the form of
whole class discussion. Future studies should extend the approach by
using more effective ways of discussion such as small group

discussion or expert-novice discussion.

. In this study, non-equivalent groups experimental design has been

utilized. There is a need to conduct this study by using true

experimental approaches to control more threats.

. In this study, effectiveness of the approach has not been tested for

different genders, therefore future studies should be focused on

gender variable.

. In this study, NOS teaching activities have been taught by the

researcher, this is a limitation, so inferences to be made on the results

should take into consideration with this limitation.

. In this study, all of the NOS aspects have been taught as separate

subjects, but advanced science students should establish connections
among the aspects to see their interrelationships. Therefore, future
studies should try to develop activities including more aspects in the

same activity.
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APPENDIX A
LESSON PLANS FOR TREATMENT GROUPS
Ders Plam I
Dersin Adi: Biyoloji Tarih: ..... ...
Sinif: 9
Unite Adi: Hiicre, Organizma ve Metabolizma
Unitenin Amaci:
Bu iinitede 6grenenlerin; canlilarin ortak Ozelliklerini sorgulamalari; canlilarin
yapisinda bulunan organik ve inorganik molekiilleri tanimalari; hiicrenin yapisi,
islevi ve cesitleri konusunda gerekli bilgileri edinmeleri; “canli” ve “hiicre” anahtar
kavramlar1 etrafinda biyoloji okuryazarligi i¢in gerekli beceri, tutum, deger ve

anlayislar1 kazanmalar1 amag¢lanmaktadir.

Konu: Canlilarin Temel Bilesenleri (Inorganik Maddeler) ve Bilimin Dogasina

[liskin Boyutlar

Onerilen Siire: 45 dk.+45 dk.

Kazanimlar:

1. Canlilarin yapisindaki inorganik maddeleri belirtir.

2. Bilimin dogas1 kavramini ve bilimin dogasina iliskin boyutlarin tanimini bilir.
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Kullamilan Egitim Teknolojileri, Ara¢, Gere¢ ve Kaynakca:
Beyaz Tahta ve Ders Kitab1
Siirec:
1. Ogretmen smifa girerek, o ders islenecek konunun basligini ve neden 6nemli
oldugunu betlirterek derse baglar.

2. Oncelikle, madde, atom, element ve bilesik kelimelerini agiklar.

3. Daha sonra bilesiklerin yapisindaki baglar1 agiklar (Kovalent, Hidrojen,
Iyonik Baglar).

4. Bu baglarin tanitiminin ardindan canlilarin yapisindaki inorganik maddeleri

aciklar.

5. Su, asitler, bazlar, tuzlar ve mineraller yapilarindaki baglarla beraber, tahtada

sekilleri cizilerek aciklanir.

6. Inorganik maddeler agiklandiktan sonra, onemli noktalar ve ayrimlar

vurgulanir.
7. Ogrencilere konu ile ilgili 6zet gikarma ddevi verilir.
8. Bir diger dersin konusu belirtilerek ders tamamlanir.
9. Bir diger ders, 68retmen yeni bir baslik olarak “bilimin dogasini” tanimlar.

10. Daha sonra bilimin dogasina iligskin etkinlik uygulama rehberi takip edilerek,

“Uygulama I”” baglig1 altinda belirtilen siiregle, ders islenir.

Ol¢me-Degerlendirme:

Bilimin dogasina iligkin 6grenmeleri 3. haftanin sonunda yapilacak olan Quiz I ile

degerlendirilecektir.
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Ders Plani 11

Dersin Adi: Biyoloji Tarih: ..... ...

Sinif: 9

Unite Adi: Hiicre, Organizma ve Metabolizma

Unitenin Amaci:

Bu iinitede 6grenenlerin; canlilarin ortak Ozelliklerini sorgulamalari; canlilarin
yapisinda bulunan organik ve inorganik molekiilleri tanimalari; hiicrenin yapisi,
islevi ve cesitleri konusunda gerekli bilgileri edinmeleri; “canli” ve “hiicre” anahtar
kavramlar1 etrafinda biyoloji okuryazarligi i¢in gerekli beceri, tutum, deger ve

anlayislar1 kazanmalar1 amag¢lanmaktadir.

Konu: Hiicre (Canlilik Ile Ilgili Gériisler ve Tarihi Gelisimi) ve Bilimde Birden

Fazla Yontemin Varligi

Onerilen Siire: 45 dk.

Kazanimlar:

1.Canlilik tlizerine ortaya atilmis daha dnceki fikirleri bilir.

2.Canlilig1 kdkenine iliskin fikirleri tarihi gelisimleri icinde degerlendirir.

3.0grenen, bilimde kullanilan tek bir ydntemin varhima iliskin yanlis inancin
varhigin bilir.

4.Bilimde problem durumuna gore, kullanilan yontemin de degisebilecegini

bilir.
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Kullamilan Egitim Teknolojileri, Ara¢, Gere¢ ve Kaynakca:

Ogretmen rehberi, ders kitabi, beyaz tahta

Siirec:

1. Ogretmen bir dnceki derste dgrenilen konulardan kisaca bahseder.

2. Daha sonra islenecek konunun bagligini sinifa belittikten sonra, canlilikla

ilgili gortislerden ilki olarak abiyogenez hipotezini agiklar.

3. Daha sonra bu goriisle ilgili elestirilerden bahseder ve bir diger goriis olan
biyogenez goriisiinii agiklar, bu esnada yapilan deneylerden (Redi ve Pasteur)

kisaca bahseder.
4. Biyogeneze iliskin elestirilerin ardindan, “Panspermia” hipotezini agiklar.

5. Panspermia hipotezinin ardindan, diinyadaki ilk canliya iliskin ototrof ve

heterotrof hipotezlerini aciklar.

6. Tim goriislerin sunulmasindan sonra, 6gretmen 6nemli gordiigii noktalardan
bahseder ve karsilagtirmalar yaparak dersin biyoloji igerigine yonelik kismini

tamamlar.

7. Dersin daha sonraki kisminda, 6gretmen yeni bir baglik olarak “bilimin

dogasinin ilgili boyutunu” tanimlar.

8. Daha sonra bilimin dogasina iliskin etkinlik uygulama rehberini kullanarak,
“Uygulama II” baghigi altinda belirtilen siireci izleyerek, dersi islemeye

devam eder.

Olcme-Degerlendirme:

Bilimin dogasina iligkin 6grenmeleri 3. haftanin sonunda yapilacak olan Quiz I ile

degerlendirilecektir.
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Ders Plam 111
Dersin Adi: Biyoloji Tarih: ..... ...
Simif: 9
Unite Adi: Hiicre, Organizma ve Metabolizma
Unitenin Amaci:
Bu iinitede 6grenenlerin; canlilarin ortak Ozelliklerini sorgulamalari; canlilarin
yapisinda bulunan organik ve inorganik molekiilleri tanimalari; hiicrenin yapisi,
islevi ve cesitleri konusunda gerekli bilgileri edinmeleri; “canli” ve “hiicre” anahtar
kavramlar1 etrafinda biyoloji okuryazarligi i¢in gerekli beceri, tutum, deger ve
anlayislar1 kazanmalar1 amag¢lanmaktadir.
Konu: Hiicre (Canlilarin Ortak Ozellikleri) ve Bilimde gézlem ve ¢ikarim farki
Onerilen Siire: 45 dk.
Kazanimlar:
1.Bir hiicre tizerinden canlilarin ortak 6zelliklerini agiklar
2.0grenen, gdzlem ve ¢gikarim arasidaki farklari bilir
3.Go6zlem ve ¢ikarimi tanimlar

Kullanilan Egitim Teknolojileri, Arac¢, Gere¢ ve Kaynakca:

Ogretmen rehberi, ders kitab1, beyaz tahta
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Siireg:

1. Bir onceki derste ifade edilen gorisler hatirlatilip, canlilik taniminin
yapilabilmesi i¢in gerekli 6zellikler 6gretmen tarafindan 6grenenlere sorulur

ve 0grenenlerin On bilgileri belirlenir.

2. Daha sonra dgretmen, canlilarin ortak 6zelliklerini, sirasiyla ve birbirleriyle

iligkilerinden bahsederek agiklar.
3. Her bir 6zellik tahtaya yazilarak, canli i¢in 6nemi hemen karsisina yazilir.
4. Bu 6zelliklerin her birinin hiicre bazinda karsiliklar1 agiklanir.

5. Bu ozelliklere iliskin anlamanin pekigmesi i¢in 6gretmen ¢esitli canlilardan

ornekler verir.

6. Dersin bu kisminda, 6gretmen yeni bir baslik olarak “bilimin dogasinin ilgili

boyutunu” tanimlar.

7. Daha sonra bilimin dogasina iliskin etkinlik uygulama rehberini kullanarak,
“Uygulama III” baslig1 altinda belirtilen siireci izleyerek, dersi islemeye

devam eder.

Ol¢me-Degerlendirme:

Bilimin dogasina iligkin 6grenmeleri 3. haftanin sonunda yapilacak olan Quiz I ile

degerlendirilecektir.
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Ders Plam1 IV
Dersin Adi: Biyoloji Tarih: ..... .....
Sinif: 9
Unite Adi: Hiicre, Organizma ve Metabolizma
Unitenin Amaci:
Bu iinitede 6grenenlerin; canlilarin ortak Ozelliklerini sorgulamalari; canlilarin
yapisinda bulunan organik ve inorganik molekiilleri tanimalari; hiicrenin yapisi,
islevi ve cesitleri konusunda gerekli bilgileri edinmeleri; “canli” ve “hiicre” anahtar
kavramlar1 etrafinda biyoloji okuryazarligi i¢in gerekli beceri, tutum, deger ve

anlayislar1 kazanmalar1 amag¢lanmaktadir.

Konu: Hiicre (Canlilardaki Organik Bilesikler) ve Bilimin deneye, gozleme ve

kanita dayali olmasi

Onerilen Siire: 45 dk.+45 dk.

Kazanimlar:

1.Canlilarin yapisini olusturan organik bilesikleri belirtir.

2.0grenen, bilimin deneye, kanita ve gézleme dayali oldugunu bilir.

Kullanilan Egitim Teknolojileri, Ara¢, Gere¢ ve Kaynakca:

Ogretmen rehberi, ders kitabi, beyaz tahta
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Siireg:

10.

11.

. Ogretmen, dgrencilere canlilarin temel bilesenlerine iliskin yapmis olduklar

giris dersini hatirlatir ve inorganik maddelerden kisaca bahseder.

Inorganik maddeleri kisaca hatirlattiktan sonra, organik maddenin tanimini
yapar ve canlilarin igerdigi organik maddeleri (Karbohidratlar, Proteinler,

Yaglar, Niikleik Asitler ve Vitaminler) tahtaya gruplar halinde yazar.

Ik olarak karbohidratlar1 kendi i¢inde simiflar ve sirastyla “monosakkaritler”,
“disakkaritler” ve “polisakkaritler” olmak iizere onlari, 6rnekler vererek

aciklar.
Daha sonra, yaglarin yapisini ve g¢esitlerini aciklar.

Bir diger konu olarak, proteinleri ve aminoasitleri, bunlarin hiicre igin

Onemini aciklar.

Daha sonra, niikleik asitlerin temel yapisini ve islevlerini agiklar.

Son orgainik madde olarak vitaminleri siniflar ve islevlerini agiklar.
Canlilarin enerji ihtiyaci ve kullanimi ile organik maddelerin iliskisini agiklar.

Dersin bu kisminda, 6gretmen yeni bir baslik olarak “bilimin dogasinin ilgili”

tanimlar.

Daha sonra bilimin dogasina iligskin etkinlik uygulama rehberini kullanarak,
“Uygulama IV” baslig1 altinda belirtilen siireci izleyerek, dersi islemeye

devam eder.

Quiz I uygulanir.

Ol¢me-Degerlendirme:

Bilimin dogasi ile ilgili 6grenen bilgisi, Quiz I ile 6l¢iiliip, degerlendirilecektir.
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Ders Plam V
Dersin Adi: Biyoloji Tarih: ..... ....
Simif: 9
Unite Adi: Hiicre, Organizma ve Metabolizma
Unitenin Amaci:
Bu iinitede 6grenenlerin; canlilarin ortak Ozelliklerini sorgulamalari; canlilarin
yapisinda bulunan organik ve inorganik molekiilleri tanimalari; hiicrenin yapisi,
islevi ve cesitleri konusunda gerekli bilgileri edinmeleri; “canli” ve “hiicre” anahtar
kavramlar1 etrafinda biyoloji okuryazarligi i¢in gerekli beceri, tutum, deger ve
anlayislar1 kazanmalar1 amag¢lanmaktadir.
Konu: Hiicre (Hiicre Teorisi) ve hipotez, teori, kanun arasindaki farklar
Onerilen Siire: 45 dk.+45 dk.

Kazanimlar:

1.Hiicreye iliskin ¢alismalari tarihsel siireg igerisinde degerlendirir.

2.0grenen, hipotez, teori ve kanun arasindaki farklari bilir.

Kullanilan Egitim Teknolojileri, Arac, Gere¢ ve Kaynakca:

Ogretmen Rehberi, Ogrenen Ders Kitabi, Beyaz Tahta
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Siireg:
1. Ogrenenlere ilk defa hiicrenin gdzlemlendigi canliin ne oldugu ve gdzlenen
seyle ilgili neler belirlendigi sorulur.
2. Hiicrenin ilk defa nasil bulundugu ve bu adi nasil aldig1 6gretmence sunulur.

3. Daha sonra dgrenenlere, hiicre teorisini olusturan maddeler tanitilir. Burada
soru-cevap uygulamasini takiben, hiicre teorisini ifade edile maddeler

siralanir.

4. Hiicre teorisinin gelisimine katki bulunan kisilerin buluslari, tarihsel bir sira

iginde sunulur.
5. Hipotez, teori ve kanunun tanimi yapilir.

6. Dersin bu kisminda, 6gretmen yeni bir baslik olarak “bilimin dogasinin ilgili

boyutunu” tanimlar.

7. Daha sonra bilimin dogasina iliskin etkinlik uygulama rehberini kullanarak,
“Uygulama V” baghg altinda belirtilen siireci izleyerek, dersi islemeye

devam eder.

Olcme-Degerlendirme:

Icerik bilgisi degerlendirmesi {inite sonunda yapilacak bir konu testi uygulamas: ile

yapilacaktir.

Bilimin dogas1 ile ilgili 6grenen bilgisi, iinite sonunda Quiz II ile Ol¢iiliip,

degerlendirilecektir.
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Ders Plam VI
Dersin Adi: Biyoloji Tarih: ..... ...
Sinif: 9
Unite Adi: Hiicre, Organizma ve Metabolizma
Unitenin Amaci:
Bu iinitede 6grenenlerin; canlilarin ortak Ozelliklerini sorgulamalari; canlilarin
yapisinda bulunan organik ve inorganik molekiilleri tanimalari; hiicrenin yapisi,
islevi ve cesitleri konusunda gerekli bilgileri edinmeleri; “canli” ve “hiicre” anahtar
kavramlar1 etrafinda biyoloji okuryazarligi i¢in gerekli beceri, tutum, deger ve
anlayislar1 kazanmalar1 amag¢lanmaktadir.
Konu: Hiicre (Hiicre Modeli) ve Bilimde Hayal Giicii ve Yaraticiligin Yeri
Onerilen Siire: 45 dk.+45 dk.
Kazanimlar:
1.Hiicre modeli {izerinde hiicrenin yapisini ve bu yapilarin gérevlerini agiklar.
2. Ogrenen, bilimde yaraticilik ve hayal giiciiniin kullanimimi ve énemini bilir.

3.0grenen, yaraticthk ve hayal giiciiniin bilimsel siirecin her basamaginda

kullanilabilecegini bilir.

Kullanilan Egitim Teknolojileri, Arac, Gere¢ ve Kaynakca:

Ogretmen rehberi, dgrenen ders kitabi, hiicre modeli, tepegdz
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Siireg:

1. Hiicrenin kisimlari, 6grenenlere sorularak 6n bilgileri belirlenir.
2. Ogretmen tarafindan hiicre slayt1 kullanilarak, hiicrenin genel yapis1 sunulur.

3. Daha sonra tek tek hiicre organelleri, distan ice dogru 6grenmen tarafindan
sunulur. Anlatim esnasinda Ogrenenlerin soru sormalari saglanir ve

organellere ait sekiller tepe yardimiyla gosterilir.

4. Ogrenenlere hiicre modeli tanitilir ve hiicre modeli iizerinde soru-cevap

yontemi ile organeller ve hiicrenin yapisi islenir.

5. Ogrenenlerden rastgele secilen 5 &grenenin, rastgele secilen 5 organelin

islevini belirtmesi istenir.

6. Ogretmen tarafindan, model {izerinde hiicre organellerinin konumu ve islevi

arasindaki iliski sunulur.

7. Bir diger ders, 6gretmen yeni bir baslik olarak “bilimin dogasinin ilgili

boyutunu” tanimlar.

8. Daha sonra bilimin dogasina iligkin etkinlik uygulama rehberini kullanarak,
“Uygulama VI” baslig1 altinda belirtilen siireci izleyerek, dersi islemeye

devam eder.

Ol¢me-Degerlendirme:

Icerik bilgisi degerlendirmesi {inite sonunda yapilacak bir konu testi uygulamast ile

yapilacaktir.

Bilimin dogas1 ile ilgili 6grenen bilgisi, iinite sonunda Quiz II ile Ol¢iiliip,

degerlendirilecektir.
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Ders Plam VII
Dersin Adi: Biyoloji Tarih: ..... ....
Sinif: 9
Unite Adi: Hiicre, Organizma ve Metabolizma
Unitenin Amaci:
Bu iinitede 6grenenlerin; canlilarin ortak Ozelliklerini sorgulamalari; canlilarin
yapisinda bulunan organik ve inorganik molekiilleri tanimalari; hiicrenin yapisi,
islevi ve cesitleri konusunda gerekli bilgileri edinmeleri; “canli” ve “hiicre” anahtar
kavramlar1 etrafinda biyoloji okuryazarligi i¢in gerekli beceri, tutum, deger ve
anlayislar1 kazanmalar1 amag¢lanmaktadir.
Konu: Hiicre (Hiicre Zar) ve Bilimsel Bilginin Desebilirlik Ozelligi
Onerilen Siire: 45 dk.

Kazanimlar:

1. Hiicre zarindan madde geg¢isinin nasil gerceklestigini 6rneklerle agiklar.

2.0grenen, bilimsel bilginin her tiiriiniin degisebildigini bilir.

Kullanilan Egitim Teknolojileri, Arac¢, Gere¢ ve Kaynakca:

Tepegoz, Ogretmen Rehberi, Ogrenen kitabi

Siirec:

1. Hiicre zarinin nelerde olustugu, 6grenenlere sorularak 6n bilgileri belirlenir.
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2. Hiicre zarinin yapisi hakkinda slaytlar yardimiyla sunum yapilir.

3. Hiicre zarin1 olusturan maddelerin 6zellikleri ile ilgili soru-cevap etkinligi

yapilir.
4. Hiicre zar1 modelleri ve akici-mozaik zar modeli agiklanir.

5. Hiicre zarindan madde gecisi tilirleri ve gecen maddelere 6rnek verilerek,

hiicre zarinin iglevi sunulur

6. Dersi bu kismindan sonra, 6gretmen yeni bir baglik olarak “bilimin dogasinin

ilgili boyutunu” tanimlar.

7. Daha sonra bilimin dogasina iliskin etkinlik uygulama rehberini kullanarak,
“Uygulama VII” bashg: altinda belirtilen siireci izleyerek, dersi islemeye

devam eder.

Ol¢me-Degerlendirme:

Icerik bilgisi degerlendirmesi {inite sonunda yapilacak bir konu testi uygulamast ile

yapilacaktir.

Bilimin dogas1 ile ilgili 6grenen bilgisi, iinite sonunda Quiz II ile Ol¢iiliip,

degerlendirilecektir.
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Ders Plam VIII

Dersin Adi: Biyoloji Tarih: ..... ...

Sinif: 9

Unite Adi: Hiicre, Organizma ve Metabolizma

Unitenin Amaci:

Bu iinitede 6grenenlerin; canlilarin ortak Ozelliklerini sorgulamalari; canlilarin
yapisinda bulunan organik ve inorganik molekiilleri tanimalari; hiicrenin yapisi,
islevi ve cesitleri konusunda gerekli bilgileri edinmeleri; “canli” ve “hiicre” anahtar
kavramlar1 etrafinda biyoloji okuryazarligi i¢in gerekli beceri, tutum, deger ve

anlayislar1 kazanmalar1 amag¢lanmaktadir.

Konu: Hiicre (Prokaryotik ve Okaryotik Hiicreler, Bitki ve Hayvan Hiicreleri) ve
Bilimde Yanlilik

Onerilen Siire: 45 dk.

Kazanimlar:

1.Prokaryot ve 6karyot hiicreleri karsilastirarak bunlara 6rnekler verir.
2.Bitki ve hayvan hiicresini karsilastirir.
3.0grenen bilim insanminin tarafsiz olmadigini, belirli bir alt yap1 ve bakis agisina

sahip oldugunu bilir.

Kullamilan Egitim Teknolojileri, Arag, Gere¢ ve Kaynakca:

Tepegoz, Ogretmen Rehberi, Ogrenen Kitabi, 40 adet ¢alisma kagidi (farkliliklar
i¢in), 40 adet ¢alisma kagidi (benzerlikler i¢in).
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Siireg:

10.
11.

12.

13.

. Ogretmen, “hiicreleri asil smuflayabiliriz?” gibi bir soru ydnelterek,

Ogrenenlerin 6n bilgisi belirlemeye calisir.

Ogretmen tarafindan prokaryot ve okaryot kelimelerinin anlamlari ve bu

siiflamaya ait canli 6rnekleri sunulur.
Okaryot ve prokaryot hiicre tiirleri, slaytlar yardimiyla égrenenlere tanitilir.
Okaryotik ve prokaryotik hiicrelere sahip canlilar tanitilir.

Ogrenenlerden, verilen “karsilastirma yapmalar1 icin hazirlanmis ¢alisma
kagitlarina”, prokaryot ve Okaryot hiicreleri birbirinden ayiran o6zellikleri

yazmalari istenir.

Ogrenenlerden, verilen “karsilastirma yapmalari i¢in hazirlanmis calisma
kagitlarina”, prokaryot ve okaryot hiicrelerin birbirine benzeyen 6zelliklerini

yazmalari istenir.
Ogretmen tarafindan konu sozlii olarak dzetlenir.

Bitki ve hayvan hiicrelerinin temel farklar1 6gretmence sorulup, 6n bilgiler

belirlemeye ¢aligilir.

Bitki ve havyan hiicresinin temel kisimlari, okaryot olduklarmma vurgu

yapilarak karsilastirmali olarak tahtada tablo olusturularak sunulur.
Bitki ve hayvan hiicrelere 6rnek olabilecek canlilar tanitilir.
Ogretmen tarafindan konu sdzlii olarak 6zetlenir.

Dersin bu kismindan sonra, &gretmen yeni bir baslik olarak “bilimin

dogasinin ilgili boyutunu” tanimlar.

Dersin bu kismindan sonra, Ogretmen yeni bir baslik olarak “bilimin

dogasinin ilgili boyutunu” tanimlar.
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14. Daha sonra bilimin dogasina iliskin etkinlik uygulama rehberini kullanarak,
“Uygulama VIII” bashigr altinda belirtilen siireci izleyerek, dersi islemeye

devam eder.
15. Quiz II ile 6grenenlerin bilimin dogasina iliskin bilgi diizeyleri belirlenir.

Ol¢me-Degerlendirme:

Icerik bilgisi degerlendirmesi {inite sonunda yapilacak bir konu testi uygulamasi ve

calisma yapraklari yardimiyla yapilacaktir.

Bilimin dogas1 ile ilgili 6grenen bilgisi, iinite sonunda Quiz II ile Oolgiiliip,

degerlendirilecektir.
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Ders Plam IX
Dersin Adi: Biyoloji Tarih: ..... ...
Sinif: 9
Unite Adi: Hiicre, Organizma ve Metabolizma
Unitenin Amaci:
Bu iinitede 6grenenlerin; canlilarin ortak Ozelliklerini sorgulamalari; canlilarin
yapisinda bulunan organik ve inorganik molekiilleri tanimalari; hiicrenin yapisi,
islevi ve cesitleri konusunda gerekli bilgileri edinmeleri; “canli” ve “hiicre” anahtar
kavramlar1 etrafinda biyoloji okuryazarligi i¢in gerekli beceri, tutum, deger ve

anlayislar1 kazanmalar1 amag¢lanmaktadir.

Konu: Hiicre (Tek hiicreli, koloni olusturan ve ¢ok hiicreli organizmalar) ve Bilimde

gbzlem ve ¢ikarim farki

Onerilen Siire: 45 dk.

Kazanimlar:

1.Tek hiicreli, koloni olusturan ve ¢ok hiicreli organizmalarda hiicresel
organizasyonu ve 6zellesmeyi drneklerle agiklar.

2.0grenen, gozlem ve ¢ikarim arasindaki farklari bilir.

3.Gozlem ve ¢ikarimi tanimlar.

Kullamilan Egitim Teknolojileri, Ara¢, Gere¢ ve Kaynakca:

Ogretmen rehberi, grenen kitabu, tepegdz.
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Siireg:

1. Ogretmen tarafindan, hiicre sayis1 ve canlilarin biiyiikliigiine iliskin “balina
hiicreleri insandan biiylik miidiir?” sorusu ile konuya 6grenen ilgisi ¢ekilir.
Daha sonra, hiicre, koloni, doku, organ ve sistem tanimlar1 Ggretmence

sunulur.

2. Tek hiicreli canlilardan, amip, bakteri, Oglena, paramecium, prokaryot-

okaryot ve bitki-hayvan ayrimi vurgulanarak 6grenenlere sunulur.

3. Koloni olusturan canlilar ve onlarin tek hiicreliler ile ¢ok hiicrelilerde farklari

sunulur.

4. Cok hiicreli canlilarda, doku, organ ve sistem kavramlar1 islenerek, tek

hiicreliler ve koloni olusturan canlilardan, ¢ok hiicrelileri farklar1 sunulur.

5. Dersin bu kismindan sonra, 6gretmen yeni bir baslik olarak “bilimin

dogasinin ilgili boyutunu” tanimlar.

6. Daha sonra bilimin dogasina iliskin etkinlik uygulama rehberini kullanarak,
“Uygulama IX” baslig1 altinda belirtilen siireci izleyerek, dersi islemeye

devam eder.

Olcme-Degerlendirme:

Icerik bilgisi degerlendirmesi {inite sonunda yapilacak bir konu testi uygulamasi ve

calisma yapraklar1 yardimiyla ile yapilacaktir.

Bilimin dogasmna iliskin anlayisa iligkin bir degerlendirme iinite sonunda

yapilacaktir.
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APPENDIX B

GUIDE FOR APPLICATIONS ON NATURE OF SCIENCE

Uygulama I

Kazanimlar:

a. Ogrenen, bilimde kullanilan tek bir yontemin varligina iliskin anlayismn yanls

oldugunu bilir.

s

Ogrenen, gdzlem ve ¢ikarim arasindaki farklar bilir.

Ogrenen, bilimin deneye, kanita ve gdzleme dayal1 oldugunu bilir.

e

o

Ogrenen, hipotez, teori ve kanun arasindaki farklari bilir.

Ogrenen, bilimde yaraticilik ve hayal giiciiniin kullanimini ve dnemini bilir.

=Hh

Ogrenen, bilimsel bilginin her tiiriiniin degisebildigini bilir.
g. Ogrenen bilim insaninin tarafsiz olmadigini, belirli bir alt yap1 ve bakis

acisina sahip oldugunu bilir.

Islem Basamaklari:

[.Ogretmen konuyu islemeden once, dgrenenlere isleyecegi konun ne oldugunu
acikca belirtip, konuyu isleme amacini belirtecektir.

II.Smifta Ggrenenlere, Ogretmen tarafindan ¢aligma boyunca odaklanilacak olan
bilimin dogasina iliskin boyutlar tanitilacak ve ag¢iklanacaktir.

[II.Burada herhangi igerik bilgisinden bir 6rnek verilmeyecek olup, icerik bilgisinin
islenme yontemine benzer bir sekilde ilgili boyutlar iglenecektir.

IV.Diger etkinliklere temel olusturacak olan, hipotez, teori ve kanun Ornegi

verilmelidir.

[Ogretmen Rehberinde Ifade Edilen Tiim Boyutlar Rehber Yardimiyla Islenecektir-

Powerpoint sunu]
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Uygulama II

Kazanimlar:

a. Ogrenen, bilimde kullanilan tek bir yontemin varligina iliskin anlayisin yanlis
oldugunu bilir.
b. Bilimde problem durumuna gore, kullanilan yontemin de degisebilecegini

bilir.

Islem Basamaklar:

I. Ogretmen konuyu islemeden once, dgrenenlere isleyecegi konun ne oldugunu
acikca belirtip, konuyu isleme amacini belirtecektir.

II. Sinifta ilk olarak 4 kisilik gruplar olusturulur. Her bir gruba bir numara verilir.
[II.Daha sonra gruplara, her bir grup bir sayfay: alacak sekilde, etkinligin 1., 3., 5., 7.
ve 9. sayfalari verilip, gruplardan belirtilen problemi ¢6zmek icin izleyecekleri yolu
ifade eden bir sekil ¢izmeleri istenir.

IV.Bir sonraki asamada, etkinlik formunun 2., 4., 6., 8. ve 10. sayfalar1 6grenenlere
dagitilip, tablolardaki uygun yerleri doldurmalar1 istenir.

V.Gruplarin izledikleri yollardaki farklar ve bunlarin tabloda belirtilen yoldan
farkliliklar1 6gretmence grup numaralari verilerek agiklanir.

VI.Ogretmen tarafindan, bilimin dogasinin ilgili boyutuna iliskin, tartismaya yénelik
sorular yoneltilir ve sinif tartismasi etkinligi gergeklestirilir. Tartigmanin baslangici

i¢in yoneltilebilecek bir soru 6rnegi asagida sunulmaktadir.

“Sizce bilim insanlart her problem durumu i¢in ayni yolu mu

kullamirlar?”
VIL.Her bir Ogrenene etkiligin son sayfasi verilir ve kendi fikirlerini “bilimde

kullanilan bir tek yolun varligina iliskin yanlis anlayis agisindan” degerlendirmeleri

istenir.
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VIIILBilime iliskin etkinlikte odaklanilan boyut, 6gretmen tarafindan vurgulanarak

tanimlanir ve aciklanir. Ilgili A¢iklama Metni asagidadir.

“Okullarda kullanmilan kitaplarda genel olarak, bilim yapmak icin onerilen,
evrensel olarak kabul gordiigii diisiiniilen, tek bir yolun varligi farkinda olmadan
ima edilmektedir. En yaygin olarak karsilasilan durumlarda biri de bu yolun bir
sema halinde belirtilerek kitaplarda sunuluyor olmasidir. Basit bir sekilde ifade
edilirse, evrensel olarak kabul goren bilimsel yontem asagida gésterildigi sekilde

sematize edilmektedir.

Giézlem Vapma

!

Problemin Tespiti

!

Hipotez Olughuina

Hipotez Gézden Gegiriliy
Hipotezin Test Edilimesi [ va da D eney ¥ apima)

Hipotez Dogna Ise Hipotez ¥ anlig Ise

|

Daha Fazla Sawda Deneyle Hipotezin Test Edilim esi

|

E 2er Hipotez Do Fralarim ava Devwam Ediyorsa Teor Oha

}

Teori Evrengel Olarak K and Gorinrorsa Katond agr

Sekil. Evrensel oldugu iddia edilen, bilimsel bilginin {iretimi i¢in gerekli “tek

yontem” yanilgisina iliskin sema.
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Evrensel olarak kabul goren, basamak basamak ilerlendiginde dogruyu bulmayi
saglayan bir tek bilimsel yontemin varligina iliskin bu yanls inanig, teori ve kanunun
tamimi ve farklilarini etkileyen en 6nemli faktérlerden biridir. Bilimsel yontem olarak
sadece deneysel yontemin varligint kabul eden bir diger yanls anlayis da bu sekilde
ifade edilen ve kitaplarda siklikla sematize edilen yolla iliskilidir (Ryan &
Aikenhead, 1992). Bilimde deneysel yontemin disinda kullanilan, betimleyici
arastirma, karsilastirmali arastirma, daha once yapilmis bir arastirmamin tekrar
edilmesi gibi bir¢ok yontem mevcuttur. Bir betimleyici ¢alismada amag, bir problemi
oraya konulmasi olabilmektedir. Boyle bir durumda, deneyle test gibi bir durum soz
konusu degildir. Yine, sadece gozlem yapilan ve var olan durumu tamimlamaya
calisan arastirma yontemleri bulunmaktadir. Ornegin, biyoloji alaninda siklikla
basvurulan simiflandirma yaklasiminda genel olarak gozlem yapma ve veri toplama
s0z konusudur yani sadece var olan durumu tamimlamak amaglanmaktadir.
Herhangi bir hipotezin varligi séz konusu degildir. Yine, yukaridaki semada da
belirtilen tekrar ¢aligsmalar:, “gozlem yapma”, “problemin tespiti” ve ‘“hipotez
olusturma” safhalarindan gecemeden ilerlemektedir. Yine, gen bankalarini
kullanarak yapilan genetik ¢alismalarda, basamak yukarida bahsedilen yollarda
gecme s6z konusu degildir. Clinkii genetik¢iler ¢aliymalarini, “su geni” bulacagim
bu da daha sonra “kanun olacak” diye yapmamaktadirlar. Genelde, var olan
verilerden yararlanip, dogrudan deney yapabilmektedirler. Yani yukarida
bahsedilen yontemdeki gibi bir basamaklilik, evrensel kabul ve tek bir bilimsel

yontem yoktur”
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Uygulama II1

Kazanimlar:

a. Ogrenen, gozlem ve ¢ikarim arasindaki farklari bilir.

b. Gozlem ve ¢ikarimi tanimlar.
Islem Basamaklari:

L.Ogretmen konuyu islemeden once, &grenenlere isleyecegi konun ne oldugunu
acikea belirtip, konuyu isleme amacini belirtecektir.

II.Sin1fta ilk olarak 4 kisilik gruplar olusturulur. Her bir gruba bir numara verilir.
I1.Oncelikle her gruba bir tane kiip verilip, beyaz kismu altta kalacak sekilde
masalarina yerlestirilir ve gruplardan, kiipii yiizeyindeki rakamlar ve kelimeler
lizerinde ¢alismalari istenir. Ogrencilerden beyaz kisimdaki rakam ve kelime ile ilgili
cikarimlarini bir kdgida yazmalari istenir.

IV.Daha sonra 6gretmen, grup numaralarini soyleyerek, ¢ikarimlar sinifa agiklar.
V.Ogretmen tarafindan, bilimin dogasinin ilgili boyutuna iliskin, tartismaya yonelik
sorular yoneltilir ve sinif tartismasi etkinligi gergeklestirilir. Tartigmanin baglangici

i¢in yoneltilebilecek bir soru 6rnegi asagida sunulmaktadir.

“Yaptiginiz etkinligi dikkate aldiginizda, sizce bilim insanlart bir sonuca

ulasirken sadece gozlemlerini mi kullanirlar?”

VI.Her bir 6grenene etkiligin son sayfasi verilir ve kendilerini “bilimde gozlem ve
cikarim arasindaki fark acgisindan” degerlendirmeleri istenir.
VILBilime iligkin etkinlikte odaklanilan boyut, dgretmen tarafindan vurgulanarak

tanimlanir ve aciklanir. Ilgili agtklama metni asagidadir.

“Bilimin yapisi ve boyutlarina iliskin bir diger énemli problem, gozlem ve
ctkarimin ogretmenler, ogrenenler, ogretmen adaylar: ve dgretim elemanlarinca
tammlanamamalaridwr (Irez, 2006, Khishfe & Lederman, 2007). Gozlemler, duyular
aracthigiyla dogrudan ulasilabilen ya da birka¢ gozlemcinin kolaylikla goriis
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birligine varabildigi doga olaylar: hakkindaki tammlayict durumlardir. Ornegin,
“ver seviyesinden yiiksek bir yerden biwrakilan cisimlerin, diismesi ve yere
carpmasinin gozle izlemesi” bir gozlemdir. Cikarimlar ise, duyular araciligiyla
dogrudan ulasilamayan doga olaylarina iliskin durumlardir. Ornegin, “yer
seviyesinden yiiksek bir yerden birakilan cisimlerin, diismesi ve yere ¢arpmasinin
yergekiminden kaynaklanmasimin™ diistiniilmesi bir ¢ikarimdwr (Lederman, 2006).
Benzer bir gsekilde, “Down sendromlu bir c¢ocugun dis goriiniisiine iligkin
farkhiliklarin izlenmesi” bir gézlemdir. Fakat bu durumun “anne ve babada gelen

kalitsal materyaldeki degisikliklerden kaynakladigimin” diigiiniilmesi ¢ikarimdir.”
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Uygulama IV

Kazanimlar:

a. Ogrenen, bilimin deneye, kanita ve gdzleme dayali oldugunu bilir.

Islem Basamaklari:

I.Ogretmen konuyu islemeden once, dgrenenlere isleyecegi konun ne oldugunu
acikea belirtip, konuyu isleme amacini belirtecektir.

II.Sin1fta ilk olarak 4 kisilik gruplar olusturulur. Her bir gruba bir numara verilir.
[I.Olusturulan her bir gruba etkinligin birici, ikinci, ti¢lincii ve dordiincii sayfalari
verilir 6grenenlerden oncelikle réportajlart okumalari istenir.

IV.Daha sonra 6grenenlere roportajlara iliskin sorular1 cevaplamalari sdylenir.
V.Ogretmen bu etkinlik esnasinda, bilimin gozleme, deneye ve kanita dayal
olduguna vurgu yapar.

VI.Ogretmen tarafindan, bilimin dogasimin ilgili boyutuna iliskin, tartismaya yonelik
sorular yoneltilir ve sinif tartismasi etkinligi gergeklestirilir. Tartigsmanin baglangici

icin yoneltilebilecek bir soru 6rnegi asagida sunulmaktadir.

“Yapiulan etkinligi diistindiigiiniizde, sizce bilimsel bilgiyi diger bilgi

tiirlerinden ayiwran ozelikler nelerdir?”

VII.Daha sonra, her bir 6grenene etkiligin son sayfasi verilir ve kendilerini “bilimin
gbzleme, deneye ve kanita dayali dogasi agisindan” degerlendirmeleri istenir.
VIIL.Bilime iliskin etkinlikte odaklanilan boyut, 6gretmen tarafindan vurgulanarak
tanimlanir ve aciklanir. Agiklama metni asagidadir.

IX.Quiz I uygulamasi yapilir.

“Bilimsel bilgi, gozlem ve kanmita dayaldwr. Bilimsel bilgiyi, diger bilgi
tiirlerinden (felsefi bilgi, dini bilgi, kiiltiirel bilgi vb.) ayiran, onu giivenilir kilan en
onemli ozelliklerinden biri gozleme ve kamita dayali olmasidir. Bilimsel bilgini

tiretim siirecinde, sistematik ve elestirel bir gozlem siirecinin ardindan, toplanan
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kanitlarin mantik yardimiyla yorumu soz konusudur. Felsefi bilgide de mantiksal
diistinme ve yorumlama séz konusu olsa da, felsefe spekiilatif olup, sistematik
gozlemden ve kanit toplamadan ziyade, zihinsel diizeyde degerlendirme siirecini
icermektedir. Dinde ise kanit ve gozlem olmayip, kayitsiz sartsiz kabullenme s6z
konusudur. Kanita dayali olarak dinsel bilginin sorgulanmasi ve mantik yoluyla
yorumlanmasi, degerlendirilmesi soz konusu degildir. Dolayisiyla, bilimsel bilgi,

gozleme ve kanita dayali olmasi nedeniyle diger bilgi tiirlerinden ayrilmaktadir

(Lederman, Abd-El-Khalick, Bell, & Schwartz, 2002).”
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Uygulama V

Kazanimlar:

a. Ogrenen, hipotez, teori ve kanun arasindaki farklar1 bilir.

Islem Basamaklari:

I.Ogretmen konuyu islemeden once, dgrenenlere isleyecegi konun ne oldugunu
acikea belirtip, konuyu isleme amacini belirtecektir.

II.Sin1fta ilk olarak 4 kisilik gruplar olusturulur. Her bir gruba bir numara verilir.
[I.Olusturulan her bir gruba oncelikle etkinligin birinci ve ikinci sayfalar verilir ve
Ogrenenlerden okumalari istenir.

IV.Daha sonra her bir grup i¢in hazirlanmis mikroskoplarin basina ge¢ip, maya
kiiltiiriinde ¢ogalma izlenir.

V.Mikroskopta izlenen materyal basarili olmazsa eger, mitoz bdliinme videosu
(fenokulu.com) adresinden, 6grenenlere izletilir.

VI.Ogrenenlerden gordiiklerini etkinlik formundaki 2. sayfadaki ilgili yere yazmalari
istenir.

VII.Daha sonra etkinlik formunun 3. sayfasi 6grenenlere verilir ve ilgili yerleri
doldurmalar istenir.

VIIL.Bir diger asamada, ogrenenlere etkinlik formunun 4. sayfasi verilir ve
karsilagtirma yapmalari istenir.

IX.Ogretmen tarafindan, bilimin dogasmin ilgili boyutuna iliskin, tartismaya yonelik
sorular yoneltilir ve sinif tartismasi etkinligi gergeklestirilir. Tartigmanin baglangici

i¢in yoneltilebilecek bir soru 6rnegi asagida sunulmaktadir.

“Yapilan etkinlik dikkate alindiginda, hipotez, teori ve kanun arasinda bir

fark oldugunu diistintiyor musunuz?”

X.Her bir 6grenene etkiligin son sayfas1 verilir ve kendilerini “bilimde hipotez, teori

ve kanun” agisindan degerlendirmeleri istenir.
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XI.Bilime iligkin etkinlikte odaklanilan boyut, dgretmen tarafindan vurgulanarak

tanimlanir ve acgiklanir. Agiklama metni asagidadir.

“Bir diger yaygin yanlis anlayis, hipotezlerden, teoriye ve oradan da kanuna
giden bir yolun var olduguna iliskin anlayistir. Burada ifade edilen hiyerarsinin,
hipotez, kanun ve teori tamimlariyla ilgili oldugu diigiiniilmektedir. Hipotezler, bir
duruma iliskin onerilen ve test edilmeyi bekleyen gegici fikirlerdir. Teoriler ise,
dogadaki bir olay icin ortaya atilan, ¢ikarimla olusturulan, iyi kurgulanmis, i¢sel
olarak tutarli agiklamalar sistemidir. Kanunlar, her iki bilgi formundan da ayr
olarak, gozlenebilir olaylar arasindaki iligkinin tamimlamas: ya da agiklamasidir
(Abd-El-Khalick, 2006). Hiicre teorisi, hiicreni yapisi ve islevini agiklamaya
calisirken, Mendel kanunlari, genetik materyal (i¢ goriiniis) ve dis goriiniis
arasidaki iligkiyi agiklamaya ¢alismaktadr. Yani her biri, farkli bir bilimsel bilgi
formudur ve teorilerin, daha fazla kanitla, kanunlara doniismesi olast degildir.
Clinkii bilim insanlari, genelde teorileri ileride kanun olacak diye olusturmaziar
(Abd-El-Khalick, 2006 ). Bunlardan hareketle, sunlari da eklemek gereckmektedir,
kanunlar herkes tarafindan kabul edilen, tekrar tekrar test edilerek dogrulanmaus,
kesin ve evrensel olan bilgi formu degillerdir (Abd-El-Khalick, 2006). Dolayisiyla,
kanun teoriye gore daha dogru, daha ¢ok kanitlanmis ve daha fazla kisi tarafindan
kabul edilmis bilgi formu degildir. Dolayisiyla, kanunlar ve teoriler bilimsel bilginin
farkl tiirleri olup, bilimde farkl: rollere sahiptirler.

Teorilerin bilimde ayri bir yeri vardir. Teoriler, bir arastirma alanindan
daha fazla sayidaki alandan gelen birbirinden bagimsiz gibi gonen ¢ok fazla sayidaki
gozlemi agiklamakta onemli bir islev gormektedir. Yine, teoriler arastirma
problemlerinin olusturulmasinda, kritik bir rol oynamaktadwr. Teorilerin en onemli
ozelliklerinden biri de, arastirmalarda, arastirmanin daha odakli ilerlemesi icin bir
cerceve saglamasidir. Teoriler, bilimsel bilginin olusturulmas: siirecinde, gelecekte
vapilacak olan ¢alismalara rehberlik etmektedir. Fakat tiim bularin yaninda, teoriler
dogruda test edilemeyen ve gozlenemeyen bilimsel bilgi tiirleridir. Test edilip,
gozlenebilen bilimsel bilgi tirii hipotezlerdir. Sonug¢ olarak, bilimsel bilginin

olusumunu teoriler yonlendirmektedir (Abd-EIl-Khalick, 2006 ). «
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Uygulama VI

Kazanimlar:

a. Ogrenen, bilimde yaraticilik ve hayal giiciiniin kullanimini ve dnemini bilir.
b. Ogrenen, yaraticihk ve hayal giiciiniin bilimsel siirecin her basamaginda

kullanilabilecegini bilir.

Islem Basamaklar:

1.Ogretmen konuyu iglemeden once, Ogrenenlere isleyecegi konun ne oldugunu
acikea belirtip, konuyu isleme amacini belirtecektir.

I.Smafta ilk olarak, 4 kisilik gruplar olusturulur. Her bir gruba bir numara verilir.
[1.Olusturulan her bir gruba dncelikle etkinligin birinci ve ikinci sayfasi verilir ve
Ogrenenlerden okumalari istenir.

IV.Daha sonra, gruplara yaraticilifin taniminin “var olan seylerden yeni seyler
olusturma, sentezleme ya da aliskin olunmayan bir sey olusturma” oldugu belirtilir.
V.Burada 6grenenlere, daha onceki bildiklerinin ve eldeki verilerin yaraticilik ve
hayal giicii ile yorumlanmasinin 6nemi vurgulanir.

VI.Ogretmen tarafindan gruplarca olusturulmus modellerdeki farkliliklar yaraticilik
ve hayal giicii baglaminda karsilagtirilir.

VIL.Ogretmen tarafindan, bilimin dogasinin ilgili boyutuna iliskin, tartismaya yonelik
sorular yoneltilir ve sinif tartigsmasi etkinligi gergeklestirilir. Tartigmanin baslangici

i¢in yoneltilebilecek bir soru 6rnegi asagida sunulmaktadir.

“Sizce bilim insanlari, model olustururken veya bir sonuca varirken miimkiin

olan tiim ornekleri incelerler mi?”

VIII.Her bir 6grenene etkiligin son sayfasi verilir ve kendilerini “bilimde yaraticilik
ve hayal giicii agisindan” degerlendirmeleri istenir.
IX.Bilime iligkin etkinlikte odaklanilan boyut, 6gretmen tarafindan vurgulanarak

tanimlanir ve agiklanir. Agiklama metni asagidadir.
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“Bilim, yaraticiltk ve hayal giicii, gergekte birbirinden fazla uzak olmaya
kavramlardir. Ama yaraticilik kavrami daha ¢ok sanat alanlari igin diistiniiltir
durumdadir. Bilimsel bir siirecte, yaraticiligin sadece planlama agsamasinda var
oldugunu iddia eden ya da bilimde yaraticilik ve hayal giiciiniin olmadigini iddia
eden yanhs anlayiglart gosteren c¢esitli arastrmalar mevcuttur (Khishfe &
Lederman, 2006, Khishfe & Lederman, 2007). Yaraticilik ve hayal giicti, bilimsel
bilginin iiretiminde, her safhada onem tasiyan unsurlardir. Planlama
asamasinda, bilim insanlari yaraticiliklarini  kullanarak daha fazla sayida
degiskeni kontrol altina alabilecegi arastirma desenleri iiretebilir. Yine veri
toplama asamasinda, daha ekonomik, daha kolay ve daha hatada arinik bir yol
olusturabilir ya da veri toplama aracinda daha detayli veri toplamay:
saylayabilecek degisiklikleri tasarlayabilir. Bunlarin disinda daha da onemli
olan nokta, tiim veriler toplandiktan sonra eldeki verileri yaratict bir sekilde
yorumlayip model olusturabilir. Ornegin, hiicre zart modelleri ve atom modelleri
bu yaraticilik unsurunun en belirgi olarak kullanildigi orneklerdir. Burada
bahsedilen asamalar disinda kullanilabilecek diger bilimsel yontemlerin
herhangi bir asamasinda yaraticiik ve hayal giiciiniin kullanilabilmesi soz

konusudur.”
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Uygulama VII

Kazanimlar:

a. Ogrenen, bilimsel bilginin her tiiriiniin degisebildigini bilir.

Islem Basamaklari:

I.Ogretmen konuyu islemeden once, dgrenenlere isleyecegi konun ne oldugunu
acikea belirtip, konuyu isleme amacini belirtecektir.

II.Sin1fta ilk olarak, 4 kisilik gruplar olusturulur. Her bir gruba bir numara verilir.
[II.Olusturulan her bir gruba oOncelikle etkinligin birinci sayfasi verilir ve
ogrenenlerden verilen sekil {izerinde ¢caligmalari istenir.

IV.Daha sonra 6grenenlerden, seklin altindaki bosluga teorilerini yazmalar1 istenir.
V.Daha sonra sirasiyla 2., 3., 4., ve 5. sayfa O6grenenlere verilir ve eldeki verileri
kullanarak, son teorilerini olusturmalari istenir.

VI. Daha sonra 6. sayfa 6grenenlere verilir ve karsilastirma yapmalari istenir.
VIL.Ogretmen tarafindan bu etkinlik boyunca, yeni verilerle bilimsel bilginin nasil
degistigi vurgulanir.

VIIL.Ogretmen tarafindan, bilimin dogasimn ilgili boyutuna iliskin, tartismaya
yonelik sorular yoneltilir ve smif tartigmasi etkinligi gerceklestirilir. Tartismanin

baslangici i¢in yoneltilebilecek bir soru 6rnegi agagida sunulmaktadir.

“Sizce bilimsel bilgi, bir kesinlige veya degismezlige sahip midir?”

IX. Her bir 6grenene etkiligin son sayfas1 verilir ve kendi fikirlerini“bilimsel bilginin
degisebilirligi agisindan” degerlendirmeleri istenir.
X.Bilime iliskin etkinlikte odaklanilan boyut, 6gretmen tarafindan vurgulanarak

tanimlanir ve acgiklanir. Agiklama metni asagidadir.

“Bilimsel bilgi tiirleri olarak, teori ve kanunun her ikisi de degisebilirlik
ozelligine sahiptir. Ornegin, hiicre teorisinin iceriginde yer alan agiklamalar, zaman

icerside degigim gostererek giiniimiizdeki haline ulasmistir. Ilk olarak, 1655 yilinda
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Robert Hooke tarafindan sise mantarinda gézlenen bosluklara hiicre denmesi, 1674
yilinda Anton von Leeuwenhook’un protozoalart ve dokuz yil sonra bakterileri
gormesi, arkasindan 1830°lu yillarda Theodor Schwann ve Matthias Schleiden’in
calismalarmin da katkist ile hiicre teorisi olusmustur. Schwann, 1839 yiinda
vaymnlandigt kitabinda, Schleiden ve diger arastirmacilarin ¢alismalarint da dikkate

alarak, gozlemlerini ii¢c baslhik altinda toplamistir,

a. Hiicre, canlilarin yapisimin, fizyolojisinin ve organizasyonunun temel

birimidir.

b. Hiicre, ikili bir varolusa sahiptir. Bunlar, bashi basina bir varlik olma ile

organizmalarin olusumunda yapr malzemesi olma durumlaridir.

c. Hiicreler, kristallerin olusumuna benzer bir sekilde, serbest hiicre olusumu

voluyla ortaya ¢tkmaktadiriar (Mallery, 2007).

Yukarida ifade edilen maddelerden iiciinciisii, Rudolph Virshow un
calismalart sonucunda yanlhglanmistir. Virshow, her hiicrenin daha énce var olan
bir diger hiicreden olustuguna iliskin kanitlar sunmustur. Hiicre teorisindeki degigim
sadece yanliglama yolu ile degil ayni zamanda eklemeler yapma yolu ile de devem
etmistir. Giiniimiiz hiicre teorisinde, hayata iliskin tiim enerji akisinin hiicrede
gerceklestigi ve kalitsal bilginin hiicre bulunup, nesilde nesile aktarildigr da ifade
edilmektedir (Mallery, 2007). Teorilerin degisebilirligin disinda, kanunlarin da
degisebildigi karsilasiimis bir durumdur. 200 yil boyunca, bilim diinyasinda kanun
olarak, Brewster’in optik ile ilgili kanunu, yapilan yeni c¢alismalarin bulgular
sonucu degismistir (Akt: Bell, 2006). Yine Mendel kanunlari adi verilen kalitsal
olaylari arasindaki iliskiyi aciklamak iizere olusturulmus kurallar, ABO kan
grubunun kaliimi ve mitokondrideki kalitsal materyalin kalitimi igin gegerli
olmamaktadir. Hem kanun hem de teorinin degigimine iligkin bu orneklerin
ardindan, teori ve kanunlarin degisimine etki eden faktorlere iliskin asagida verilen
ifadeler durumu daha da aydinlatacaktir. Teori ve kanunlar;

a. Yeni kanitlarin saglanmasi,

b. Eski kanitlara, farkli ve yeni bir bakis agisiyla bakilmast,
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c. Farkli bir metotla eski ¢caliymalarin yeniden ele alinmast,
d. Daha hassas, yeni teknolojilerin kullanilmasiyla veri toplanmasi,
e. Verilerin yeni bir bakis agistyla yorumlanmasi,

f. Teori ve kanun olusturuldugu, sosyo-kiiltiirel ortamda degisimlerin

gergeklegsmesi,

gibi yollarla degisebilmektedir (McComas, Clough & Almazroa, 1998, p: 3-39).
Bilimde degisim, birikimle olmadan ziyade, gelisimsel veya devrimsel olarak

olusmaktadir.”
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Uygulama VIII

Kazanimlar:

a. Ogrenen bilim insanmin tarafsiz olmadigini, belirli bir alt yapr ve bakis

acisina sahip oldugunu bilir.

Islem Basamaklari:

L.Ogretmen konuyu islemeden once, &grenenlere isleyecegi konun ne oldugunu
acikea belirtip, konuyu isleme amacini belirtecektir.

II.Sin1fta ilk olarak 4 kisilik gruplar olusturulur. Her bir gruba bir numara verilir.
II1.Olusturulan her bir gruba ilk olarak etkinligin birinci sayfasi verilir ve 5 dakikalik
bir siire icinde “hiicre tiirleri ya da cesitleri” ile ilgili bildiklerini kisaca yazmalari
istenir. Burada BITKI ve HAYVAN hiicrelerin dzellikleri ile ilgili, gerektiginde
yardim saglanir.

IV.Sonrasinda, bitki ve hayvan hiicresi 6rneklerini igeren mikroskop preparati
hazirlanir ve gruplarin mikroskopta gézlem yapmasi saglanir.

V.Daha sonra, etkinligin 2., 3., 4. ve 5. sayfas1 Ogrenenlere verilip, 10 dakika
boyunca ¢alismalari istenir. Daha sonra, 5. sayfadaki formu doldurmalar istenir.
Vi.Etkinliklerin 6grenenlerce yapilmasi esnasinda, gruplar dolasilip, hiicre tiirii
siniflamas1 acisindan etkinligin gerektirdigi cesitliligin saglanip, saglanmadigi
denetlenir. Gruplar arasinda yeterli ¢esitlilik saglanmamigsa, 6gretmen tarafindan en
sondaki fotograftaki canlinin “bitki mi?, hayvan m1?” oldugu sorulur. Cevaplarini,
bos bir kdgida nedenleriyle yazmalari istenir.

VILElde edilen sonuclardan sadece ‘“hiicre siniflar1’” ve “belirlenen Kkriterler”,
Ogretmen tarafindan, grup numaralar1 sdylenerek aciklanir.

VIIL.Ogretmen tarafindan, bilimin dogasimin ilgili boyutuna iligkin, tartismaya
yonelik sorular yoneltilir ve sinif tartismasi etkinligi gergeklestirilir. Tartismanin

baslangici i¢in yoneltilebilecek bir soru 6rnegi asagida sunulmaktadir.
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“Yaptiginiz etkinligi dikkate aldiginizda, sizce bilim insanlart tarafsizlik

ozelligine sahip midir?”

IX.Her bir 6grenene etkiligin son sayfasi verilir ve kendilerini “bilimde tarafsizlik
acisindan” degerlendirmeleri istenir.
X.Bilime iliskin etkinlikte odaklanilan boyut, 6gretmen tarafindan vurgulanarak

tanimlanir ve agiklanir. Agiklama metni asagidadir.

“Bilim insanlarimin objektif olduguna iliskin yanhs inams, bilime iligkin
yvanlis anlayislarin bir diger 6nemli boyutudur. Bilim insanlari, farkl: kiiltiirel, sosyal
ve psikolojik karakteristiklere sahip olan bireylerdir. Bunlarin digsinda, bakis agisi,
savunulan teoriler ve i¢inde bulunduklar: alamin da etkisiyle olusan farkliliklardan
dolayi, objektif olduklarina iliskin inancin, bilim icerisinde pek gecerli olmadig
soylenebilir. Ornegin, Rheinberger (1996), sadece gen kavraminin, bilim insanlari
arasinda,  hepsinin biyoloji alaninda ¢alistyor olmalarina ragmen, nasil farkl
tammlanabilecegine iliskin durumu asagidaki orneklerle gostermeye caligmistir.
Gen;

a. Kristal bir DNA fiberi ile ¢alisan bir biyofizik¢iye gére, DNA'min ¢ift

heliksinin olusturdugu ozel bir yapisal formasyondur.

b. Izole edilmis bir DNA yi tiiplerde calisan bir biyokimyaciya gére ise, belirli
sterokimyasal ozellikler ve dizi farkliliklart gésteren bir niikleik asit

parc¢asidir.

c. Molekiiler genetikgilere gore, belirli yapisal ve fonksiyonel onem tasiyan

tirtinlerin olusumuna neden olan yénlendirici kromozom pargalaridir.

Bir diger ornek olarak, tiir tammu ile ilgili farkhiliklar da, biyolojinin
icerisinde aymi bilim iizerine ¢alismalarina ragmen, bilim insanlarimin ne kadar
farkl diisiinebildiklerini gostermektedir. Tiir tammui igin, biyolojik, morfolojik ve
nominalistik tamimlar yapimaktadir. Biyolojik tiir tanimi, aralarinda gen aligverigi
yapan ya da bu potansiyele sahip olan, eseyli iireme yetenegindeki bireylerin
olusturdugu dogal populasyon gruplarindan olusan birliktir. Fakat eseysiz iireyen

canlilart kapsamayan bir tammdir. Morfolojik tiir tamminda dikkate alinan tip
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formudur. Belirli bir tip formuna benzer olan canlilar aymi tiirden kabul edilir.
Nominalistik tiir tanimi, bireye dikkate alan ve tiir kavraminin dogada olmayip, insan

zihninde oldugunu iddia eden bir tanmimdir. Bu tanimlara, ekolojik tiir tanimi ve daha

baska tamimlar da eklenebilir (Ozata ve ark.,1999).”
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Uygulama IX

Kazanimlar:

a. Ogrenen, gozlem ve ¢ikarim arasindaki farklar bilir.

b. Gozlem ve gikarimi tanimlar.

Islem Basamaklari:

L.Ogretmen konuyu islemeden once, &grenenlere isleyecegi konun ne oldugunu
acikea belirtip, konuyu isleme amacini belirtecektir.

II.Sin1fta ilk olarak 4 kisilik gruplar olusturulur. Her bir gruba bir numara verilir.
I11.11k olarak, her bir gruba, etkinligin birici sayfasi verilir ve okumalari istenir. Daha
sonra sirastyla 2. ve 3. sayfalar da gruplara sirasiyla verilir. 4. Sayfadaki etkinlik i¢in
daha uzun bir siire verilebilir.

IV. Makas ve yapistirict yardimiyla yaptiklar1 gézlemlerden olusan pargalari kesip,
birlestirmeleri istenir, yani ¢ikarim yapmalar1 saglanir.

V_.Etkinlik siiresince gozlem ve ¢ikarim faaliyetlerine vurgu yapilir ve dgrenenlerin
etkilesimde bulunmamasi gerektigi belirtilir.

VI.Ogretmen tarafindan, bilimin dogasinim ilgili boyutuna iliskin, tartismaya yonelik
sorular yoneltilir ve siif tartigmasi etkinligi gergeklestirilir. Tartismanin baglangici

icin yoneltilebilecek bir soru 6rnegi asagida sunulmaktadir.

“Yaptiginiz etkiligi dikkate aldiginizda, sizce bilim insanlari bir sonuca

ulasirken sadece gozlemlerini mi kullanmirlar?”

VIL.Her bir 6grenene etkiligin son sayfasi verilir ve kendilerini “gdzlem ve ¢ikarim
arasindaki farklar agisindan” degerlendirmeleri istenir.
VIIILBilime iliskin etkinlikte odaklanilan boyut, 6gretmen tarafindan vurgulanarak

tanimlanir ve agiklanir. A¢iklama metni asagidadir.

“Bilimin yapisi ve boyutlarina iliskin bir diger énemli problem, gozlem ve

ctkarimin ogretmenler, ogrenenler, ogretmen adaylari ve dgretim elemanlarinca
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tammlanamamalaridir (Irez, 2006, Khishfe & Lederman, 2007). Gozlemler, duyular
aracthigiyla dogrudan ulasilabilen ya da birka¢ gozlemcinin kolaylikla goriis
birligine varabildigi doga olaylart hakkindaki tammlayict durumlardwr. Ornegin,
“ver seviyesinden yiiksek bir yerden birakilan cisimlerin, diismesi ve yere
carpmasinin gozle izlemesi” bir gozlemdir. Cikarimlar ise, duyular araciligiyla
dogrudan ulasilamayan doga olaylarina iliskin durumlardir. Ornegin, “yer
seviyesinden yiiksek bir yerden birakilan cisimlerin, diismesi ve yere ¢carpmasinin
vercekiminden kaynaklanmasimin” diisiiniilmesi bir ¢ikarimdir (Lederman, 2006).
Benzer bir sekilde, “Down sendromlu bir c¢ocugun dis goriiniisiine iligkin
farkliiklarin izlenmesi” bir gozlemdir. Fakat bu durumun “anne ve babada gelen

kalitsal materyaldeki degisikliklerden kaynakladiginin™ diistiniilmesi ¢ikarimdir.”
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APPENDIX C

TEACHER GUIDE FOR NATURE OF SCIENCE

Bilim toplumlar iizerine en fazla etki eden, insan iiriinlerinden biridir. Bilimin
olusum tarihi 10000 y1l 6ncesine kadar uzanmaktadir (Ronan, 2005). O tarihten bu
yana, bilimin yOntemleri, yapisi, bilim yapan insanlarin karakteristikleri, bilimin
tirlinlerinin 6zellikleri ve insanlar {izerine etkisi, bilimin toplumdaki yeri ve bilimin
gittigi yon siirekli diisiiniilmiis ve tartisilmistir. Cesitli medeniyetlerde, farkli odaklar
ve yontemlerle yapilmis olan bilim, giinlimiizde bat1 medeniyetinin bir iirlinii olarak
yansitilsa da, bilimin olusumuna ve gelisimine, Grek, Cin, Hint medeniyetlerinde ve
M.S. 800-1400 yillar1 arasinda Arap medeniyetinde yapilan cesitli ¢alismalarin
etkisini goz ardi1 etmek, biiyilk bir yanilgi olusturacaktir (Ronan, 2005). Bati
medeniyetinin en Onemli etkileri, Ronesans ve Reform hareketlerinin ardindan,
diisiinme ve yasam tarzinda gerceklesen degisikliklerin bir yansimasi olarak, 1500’1
yillardan giinlimiize kadar yapilan calismalarda goriilmektedir (Ronan, 2005). Bu
kisa tarihceden de anlagilacagi gibi, bilim bircok medeniyetten, bakis acisindan ve
diisiiniisten etkilenerek gelismistir. Giiniimiizde bilimle ilgili ¢ok sey sOylenmekte,
diistiniilmekte ve yazilmaktadir, 6zellikle de okul kitaplarinda bilimin yapisi ve
boyutlar1 hakkinda bir¢ok yaziya rastlamak miimkiindiir. Her ne kadar bu kitaplarin
icerigi bilimin Ogrenilmesine yonelik olarak hazirlansa da, yapilan arastirmalar
kitaplarin igeriginde sunulan bilgilerin “kabul gérmeyen”, yanilgilar iceren bilim
anlayisina yonelik olduklarini gostermistir (Abd-El-Khalick, Waters & Le, 2008;
Irez, 2008). Kitaplardaki bu yanilgilara ek olarak, yapilan arastirmalar,
Ogretmenlerin, 6gretmen adaylarinin, 6grencilerin, 6gretim iiye ve elemanlarinin da
benzer yanilgilar1 sergilediklerini gostermektedir (McComas, 2003; Akerson,
Morrison & Mc Duffie, 2006; Abd-El-Khalick, Waters & Le, 2008; Blanco & Niaz,
1997; Tsai, 2006; Irez, 2006; Ryan & Aikenhead, 1992). Asagida bilimin dogas1 ve
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ogretimine iligkin literatiirde siklikla vurgulanan ve &gretim amaghh odak

olusturabilecegi vurgulanan bilimin yapisina ve bilime iliskin boyutlar siralanmustir.
1. Bilimsel bilginin her tiirii degisebilir niteliktedir.

Bilimsel bilgi, kanit ve gézleme dayalidir.

Hipotez, teori ve kanun arasinda herhangi bir hiyerarsi yoktur.

Bilimsel bilgi, teoriler tarafindan yonlendirilir.

Bilimsel bilgi, bir sosyal ve kiiltiirel ¢cevre i¢inde gelismektedir.

Evrensel olarak kabul gdren, bilim yapmak i¢in kullanilan tek bir yol yoktur.

N ke

Kanunlar ve teoriler, bilimsel bilginin farkl tiirleri olup, bilimde farkli rollere
sahiptirler.

8. Yaraticilik ve hayal giicli, bilimsel bilginin iiretiminde, her sathada 6nem
tagtyan unsurlardir.

9. Bilim insanlari, objektif insanlar degillerdir. Her bilim insani, ¢aligmalarina
basladigi zaman, belirli bir bilimsel alt yapi, inanig, tutum ve diisiiniise
sahiptir.

10. Gozlem ve ¢ikarim farkli seylerdir.

11. Bilimsel modeller, elde edilen veriyi aciklamak icin olusturulan, kendi i¢inde
tutarl kavramsallagtirilmig agiklamalardir.

12. Bilim, bilmenin bir yoludur (McComas, 1998, Cartier, 2000; Lederman, Abd-
El-Khalick, Bell, and Schwartz, 2002).

Yukarida bahsedilen boyutlar sirasiyla ele alinacaktir. Bilimsel bilgi tiirleri
olarak, teori ve kanunun her ikisi de degisebilirlik dzelligine sahiptir. Ornegin, hiicre
teorisinin iceriginde yer alan agiklamalar, zaman igerside degisim gostererek
giiniimiizdeki haline ulagmustir. ilk olarak, 1655 yilinda Robert Hooke tarafindan sise
mantarinda goézlenen bosluklara hiicre denmesi, 1674 yilinda Anton von
Leeuwenhook’un protozoalar1 ve dokuz yil sonra bakterileri goérmesi, arkasindan
1830’Iu yillarda Theodor Schwann ve Matthias Schleiden’in ¢aligmalarinin da katkisi
ile hiicre teorisi olugsmustur. Schwann, 1839 yilinda yaymlandig1 kitabinda,
Schleiden ve diger arastirmacilarin ¢alismalarini da dikkate alarak, gozlemlerini ii¢
baslik altinda toplamistir;

1. Hiicre, canlilarin yapisinin, fizyolojisinin ve organizasyonunun temel
birimidir.
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2. Hiicre, ikili bir varolusa sahiptir. Bunlar, bagli basina bir varlik olma ile

organizmalarin olusumunda yap1 malzemesi olma durumlaridir.

3. Hiicreler, kristallerin olusumuna benzer bir sekilde, serbest hiicre

olusumu yoluyla ortaya ¢ikmaktadirlar (Mallery, 2007).

Yukarida ifade edilen maddelerden iiclinciisii, Rudolph Virshow’un c¢aligsmalari
sonucunda yanliglanmistir.  Virshow, her hiicrenin daha 6nce var olan bir diger
hiicreden olustuguna iligkin kanitlar sunmustur. Hiicre teorisindeki degisim sadece
yanlislama yolu ile degil ayn1 zamanda eklemeler yapma yolu ile de devem etmistir.
Gilinlimiiz hiicre teorisinde, hayata iliskin tiim enerji akisinin hiicrede gerceklestigi ve
kalitsal bilginin hiicre bulunup, nesilde nesile aktarildigi da ifade edilmektedir
(Mallery, 2007). Teorilerin degisebilirligin disinda, kanunlarin da degisebildigi
kargilagilmis bir durumdur. 200 yil boyunca, bilim diinyasinda kanun olarak
kabullenilmis olan, Brewster’in optik ile ilgili kanunu, yapilan yeni caligmalarin
bulgular1 sonucu degismistir (Akt: Bell, 2006). Yine Mendel kanunlar1 adi verilen
kalitsal olaylar1 arasindaki iliskiyi aciklamak {izere olusturulmus kurallar, ABO kan
grubunun kalitim1 ve mitokondrideki kalitsal materyalin kalitimi igin gegerli
olmamaktadir. Hem kanun hem de teorinin degisimine iliskin bu 6rneklerin ardindan,
teori ve kanunlarin degisimine etki eden faktorlere iliskin asagida verilen ifadeler
durumu daha da aydinlatacaktir. Teori ve kanunlar;

a. Yeni kanitlarin saglanmasi.

b. Eski kanitlara, farkli ve yeni bir bakis agistyla bakilmasi.

c. Farkli bir metotla eski ¢aligmalarin yeniden ele alinmasi.

d. Dabha hassas, yeni teknolojilerin kullanilmasiyla veri toplanmasi.
e. Verilerin yeni bir bakis agisiyla yorumlanmasi.

f. Teori ve kanun olusturuldugu, sosyo-kiiltiirel ortamda degisimlerin

gerceklesmesi.
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gibi yollarla degisebilmektedir (McComas, Clough & Almazroa, 1998, p: 3-39).
Bilimde degisim, birikimle olmadan ziyade, gelisimsel veya devrimsel olarak

olusmaktadir.

Ikinci boyut olarak, bilimsel bilgi, gézlem ve kanita dayalidir. Bilimsel bilgiyi, diger
bilgi tiirlerinden (felsefi bilgi, dini bilgi, kiiltiirel bilgi vb.) ayiran, onu giivenilir kilan
en Onemli Ozelliklerinden biri gozleme ve kanita dayali olmasidir. Bilimsel bilgini
iiretim silirecinde, sistematik ve elestirel bir gézlem siirecinin ardindan, toplanan
kanitlarin mantik yardimiyla yorumu séz konusudur. Felsefi bilgide de mantiksal
diisinme ve yorumlama séz konusu olsa da, felsefe spekiilatif olup, sistematik
gozlemden ve kanit toplamadan ziyade, zihinsel diizeyde degerlendirme siirecini
icermektedir. Dinde ise kanit ve gozlem olmayip, kayitsiz sartsiz kabullenme s6z
konusudur. Kanita dayali olarak dinsel bilginin sorgulanmasi ve mantik yoluyla
yorumlanmasi, degerlendirilmesi s6z konusu degildir. Dolayisiyla, bilimsel bilgi,
gozleme ve kanita dayali olmasi nedeniyle diger bilgi tiirlerinden ayrilmaktadir

(Lederman, Abd-El-Khalick, Bell, & Schwartz, 2002).

Bir diger yaygin yanlis anlayis, hipotezlerden, teoriye ve oradan da kanuna giden bir
yolun var olduguna iliskin anlayistir. Burada ifade edilen hiyerarsinin, hipotez, kanun
ve teori tanimlariyla ilgili oldugu diisliniilmektedir. Hipotezler, bir duruma iliskin
onerilen ve test edilmeyi bekleyen gegici fikirlerdir. Teoriler ise, dogadaki bir olay
icin ortaya atilan, c¢ikarimla olusturulan, iyi kurgulanmis, ig¢sel olarak tutarh
aciklamalar sistemidir. Kanunlar, her iki bilgi formundan da ayr1 olarak, gézlenebilir
olaylar arasindaki iligkinin tanimlamasi ya da agiklamasidir (Abd-El-Khalick, 2006).
Hiicre teorisi, hiicreni yapisi ve islevini agiklamaya calisirken, Mendel kanunlari,
genetik materyal (i¢ gorlinlis) ve dis goriinlis arasindaki iliskiyi aciklamaya
caligmaktadir. Yani her biri, farkli bir bilimsel bilgi formudur ve teorilerin, daha
fazla kanitla, kanunlara donlismesi olas1 degildir. Ciinkii bilim insanlari, genelde
teorileri ileride kanun olacak diye olusturmazlar (Abd-El-Khalick, 2006 ). Bunlardan
hareketle, sunlar1 da eklemek gerekmektedir; kanunlar herkes tarafindan kabul
edilen, tekrar tekrar test edilerek dogrulanmis, kesin ve evrensel olan bilgi formu

degillerdir (Abd-El-Khalick, 2006). Dolayistyla, kanun teoriye gore daha dogru, daha
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cok kanitlanmis ve daha fazla kisi tarafindan kabul edilmis bilgi formu degildir.
Dolayistyla, kanunlar ve teoriler bilimsel bilginin farkli tiirleri olup, bilimde farkli

rollere sahiptirler.

Teorilerin bilimde ayr1 bir yeri vardir. Teoriler, bir aragtirma alanindan daha fazla
sayidaki alandan gelen birbirinden bagimsiz gibi gonen ¢ok fazla sayidaki gozlemi
aciklamakta onemli bir islev gérmektedir. Yine, teoriler arastirma problemlerinin
olusturulmasinda, kritik bir rol oynamaktadir. Teorilerin en dnemli 6zelliklerinden
biri de, arastirmalarda, arastirmanin daha odakli ilerlemesi igin bir ¢ergeve
saglamasidir. Teoriler, bilimsel bilginin olusturulmasi siirecinde, gelecekte yapilacak
olan calismalara rehberlik etmektedir. Fakat tiim bularin yaninda, teoriler dogruda
test edilemeyen ve gozlenemeyen bilimsel bilgi tiirleridir. Test edilip, gdzlenebilen
bilimsel bilgi tiirii hipotezlerdir. Sonug¢ olarak, bilimsel bilginin olusumunu teoriler

yonlendirmektedir (Abd-El-Khalick, 2006 ).

Bilimsel bilginin olusumu, icende yasanilan kiiltiirel ve sosyal c¢evreden
etkilenmektedir. Bunun belki de en giizel 6rneklerinde biri “Darwin’in evrim teorisi”
lizerine yapilan arastirmalarda kendisini gostermektedir. Kiiltiirel deger ve normlar,
arastirma konusu belirleme, problemin farkina varabilme ve eldeki wverileri
yorumlamada 6nemli referans noktalar1 olarak ortaya ¢ikmaktadir. Dini inanislardan,
grup normlarindan, sosyoekonomik faktorlerden, felsefeden, sosyal giiclerin
dagilimindan ve sosyal beklentilerden kaynaklanan bakis agisi, bilim insanlarinin da
dahil oldugu sosyal yapinin iiriintidiir ve bilim bu genis kiiltiir icinde olusturulmus
bir alt kiiltiir olarak, kiiltiirel ve sosyal ¢evreden etkilenmektedir (McComas, Clough
& Almazroa, 1998, p. 3-39).

Okullarda kullanila kitaplarda genel olarak, bilim yapmak i¢in Onerilen, evrensel
olarak kabul gordiigii diisiiniilen, tek bir yolun varhigi farkinda olmadan ima
edilmektedir. En yaygin olarak karsilagilan durumlarda biri de bu yolun bir sema
halinde belirtilerek kitaplarda sunuluyor olmasidir. Basit bir sekilde ifade edilirse,
evrensel olarak kabul goren bilimsel yontem asagida gosterildigi sekilde sematize

edilmektedir.
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Gozlem Yapena

!

Problemin T espiti

!

Hipotez Olughama

Hipotez Gézden Geqiriliy
Hipotezin Test Edilmesi ( wa da D eney ¥ apm a)

Hipotez Doga Ise Hipotez ¥ anbgise

l

Daha Fazla Sasnda Deneyle Hipotezin Test Edilmesi

|

E ger Hipotez Dognilaten aya Dewvan Edivorsa Teori Ol

|

Teori Evrensel Olarak K oabnd G éeigrorsa Kamanlagr

Sekil 1. Evrensel oldugu iddia edilen, bilimsel bilginin iiretimi i¢in gerekli “tek

yontem” yanilgisina iligkin sema.

Sekil 1°de gosterilen, evrensel olarak kabul goren, basamak basamak ilerlendiginde
dogruyu bulmayi saglayan bir tek bilimsel yontemin varligina iliskin bu yanlis
inanig, teori ve kanunun tanimi ve farklilarimi etkileyen en Onemli faktorlerden
biridir. Bilimsel yontem olarak sadece deneysel yontemin varligini kabul eden bir
diger yanlis anlayis da bu sekilde ifade edilen ve kitaplarda siklikla sematize edilen
yolla iliskilidir (Ryan & Aikenhead, 1992). Bilimde deneysel yontemin disinda
kullanilan, betimleyici arastirma, karsilastirmali aragtirma, daha dnce yapilmig bir
arastirmanin tekrar edilmesi gibi bir¢ok yontem mevcuttur. Bir betimleyici ¢calismada
amag, bir problemi oraya konulmasi olabilmektedir. Boyle bir durumda, deneyle test
gibi bir durum s6z konusu degildir. Yine, sadece gozlem yapilan ve var olan durumu
tanimlamaya calisan arastirma yontemleri bulunmaktadir. Ornegin, biyoloji alaninda
siklikla bagvurulan smiflandirma yaklasiminda genel olarak gézlem yapma ve veri

toplama s6z konusudur yani sadece var olan durumu tanimlamak amaglanmaktadir.
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Herhangi bir hipotezin varligi s6z konusu degildir. Yine, yukaridaki semada da
belirtilen tekrar calismalari, “gdzlem yapma”, “problemin tespiti” ve ‘“hipotez
olusturma” safhalarindan gegemeden ilerlemektedir. Yine, gen bankalarim
kullanarak yapilan genetik calismalarda, basamak yukarida bahsedilen yollarda
geeme soz konusu degildir. Ciinkii genetik¢iler ¢calismalarini, “su geni” bulacagim
bu da daha sonra “kanun olacak” diye yapmamaktadirlar. Genelde, var olan
verilerden yararlanip, dogrudan deney yapabilmektedirler. Yani yukarida bahsedilen

yontemdeki gibi bir basamaklilik, evrensel kabul ve tek bir bilimsel yontem yoktur.

Bilim insanlarinin objektif olduguna iliskin yanlis inanis, bilime iligkin yanlis
anlayislarin bir diger énemli boyutudur. Bilim insanlari, farkl kiiltiirel, sosyal ve
psikolojik karakteristiklere sahip olan bireylerdir. Bunlarin disinda, bakis agisi,
savunulan teoriler ve iginde bulunduklari alanin da etkisiyle olusan farkliliklardan
dolay1, objektif olduklarma iliskin inancin, bilim igerisinde pek gecerli olmadigi
soylenebilir. Ornegin, Rheinberger (1996), sadece gen kavrammin, bilim insanlar
arasinda, hepsinin biyoloji alaninda calisiyor olmalarina ragmen, nasil farkl
tanimlanabilecegine iliskin durumu asagidaki 6rneklerle gdstermeye calismistir. Gen;

a. Kristal bir DNA fiberi ile g¢alisan bir biyofizik¢iye gore, DNA’nin ¢ift

heliksinin olusturdugu 6zel bir yapisal formasyondur.

b. Izole edilmis bir DNA’y1 tiiplerde ¢alisan bir biyokimyaciya gore ise, belirli
sterokimyasal oOzellikler ve dizi farkliliklar1 gosteren bir niikleik asit

pargasidir.

c. Molekiiler genetikcilere gore, belirli yapisal ve fonksiyonel 6nem tasiyan

tirtinlerin olusumuna neden olan yonlendirici kromozom pargalaridir.

Bir diger 6rnek olarak, tiir tanimu ile ilgili farkliliklar da, biyolojinin i¢erisinde ayni
bilim {iizerine ¢aligmalarina ragmen, bilim insanlarmin ne kadar farkh
diisiinebildiklerini  gostermektedir. Tiir tanimi i¢in, biyolojik, morfolojik ve
nominalistik tanimlar yapilmaktadir. Biyolojik tiir tanimi, aralarinda gen aligverisi
yapan ya da bu potansiyele sahip olan, eseyli lireme yetenegindeki bireylerin

olusturdugu dogal populasyon gruplarindan olusan birliktir. Fakat eseysiz iireyen

169



canlilar1 kapsamayan bir tanimdir. Morfolojik tlir taniminda dikkate alinan tip
formudur. Belirli bir tip formuna benzer olan canlilar ayni tiirden kabul edilir.
Nominalistik tiir tanimi, bireye dikkate alan ve tiir kavraminin dogada olmayip, insan
zihninde oldugunu iddia eden bir tanimdir. Bu tanimlara, ekolojik tiir tanim1 ve daha

baska tamimlar da eklenebilir (Ozata ve ark.,1999).

Bilim, yaraticilik ve hayal giicii, gercekte birbirinden fazla uzak olmaya
kavramlardir. Ama yaraticilik kavrami daha ¢ok sanat alanlari icin disiiniliir
durumdadir. Bilimsel bir siirecte, yaraticiligin sadece planlama asamasinda var
oldugunu iddia eden ya da bilimde yaraticilik ve hayal giiciiniin olmadigini iddia
eden yanlis anlayislar1 gosteren cesitli aragtirmalar mevcuttur (Khishfe & Lederman,
2006; Khishfe & Lederman, 2007). Yaraticilik ve hayal giicii, bilimsel bilginin
tiretiminde, her safthada Onem tasiyan unsurlardir. Planlama asamasinda, bilim
insanlart yaraticiliklari1 kullanarak daha fazla sayida degiskeni kontrol altina
alabilecegi arastirma desenleri iiretebilir. Yine veri toplama asamasinda, daha
ekonomik, daha kolay ve daha hatada arinik bir yol olusturabilir ya da veri toplama
aracinda daha detayli veri toplamayr saylayabilecek degisiklikleri tasarlayabilir.
Bunlarin disinda daha da 6nemli olan nokta, tiim veriler toplandiktan sonra eldeki
verileri yaratici bir sekilde yorumlayip model olusturabilir. Ornegin, hiicre zar
modelleri ve atom modelleri bu yaraticilik unsurunun en belirgi olarak kullanildig
orneklerdir. Burada bahsedilen asamalar disinda kullanilabilecek diger bilimsel
yontemlerin herhangi bir asamasinda yaraticilik ve hayal giiciiniin kullanilabilmesi

sOz konusudur.

Bilimin yapist ve boyutlarina iliskin bir diger 6nemli problem, gozlem ve ¢ikarimin
Ogretmenler, Ogrenciler, Ogretmen adaylari ve Ogretim  elemanlarinca
tanimlanamamalaridir (Irez, 2006; Khishfe & Lederman, 2007). Goézlemler, duyular
araciligiyla dogrudan ulasilabilen ya da birka¢ gézlemcinin kolaylikla goriis birligine
varabildigi doga olaylar1 hakkindaki tamimlayici durumlardir. Ornegin, “yer
seviyesinden yiiksek bir yerden birakilan cisimlerin, diismesi ve yere ¢arpmasinin
gozle izlemesi” bir gozlemdir. Cikarimlar ise, duyular aracilifiyla dogrudan

ulasilamayan doga olaylarma iliskin durumlardir. Ornegin, “yer seviyesinden yiiksek
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bir yerden birakilan cisimlerin, diismesi ve yere ¢arpmasinin yer¢cekiminden
kaynaklanmasinin” diisiiniilmesi bir ¢ikarimdir (Lederman, 2006). Benzer bir
sekilde, “Down sendromlu bir cocugun dis goriiniisiine iliskin farkliliklarin
izlenmesi” bir gozlemdir. Fakat bu durumun “anne ve babada gelen kalitsal

materyaldeki degisikliklerden kaynakladiginin” diistintilmesi ¢ikarimdir.

Bilimsel modeller, bir arastirma esnasinda toplanan verilerin agiklanmasi igin
olusturulan, kendi icerisinde tutarli kavramsallastirilmis acgiklamalardir. Bilimsel
modellerin, en 6nemli Ozelliklerinden biri, verilerin tahmininde etkili olmalaridir.
Ayrica modellerin, ayni doga olayina iliskin diger fikirler ve modellerle de uyumlu
olmas1 gerekmektedir. Modeller de degisebilirlik 6zelligini sergilemektedir. Yani,
bilimsel modeller, gergekligin bir yansimasi degildir (Cartier,2000). Ornegin,
biyolojide hiicre zar1 modelleri ¢ok farkli yapida kurgulanmig olup, hiicre zarina
iligkin elde bulunan verileri agiklamak i¢in olusturulmuslardir. Hiicre zarinda
gerceklesen olaylara iligkin eldeki verilerin tahmin edilmesinde, olusturulan modeller

oldukea islevseldirler.

Son boyut olarak, bilimin iizerine yapilan birbirinden ¢ok farkli bir¢ok tanima
rastlanmaktadir.  Bunlardan bazilari, bilimin “laboratuarda, bilim insanlarinca

2 (13

yapilan faaliyetler oldugu”, “insan hayatin1 kolaylastirmak i¢in yapilan ¢aligmalar

13

oldugunu”, “ sistematik veri toplama siireci sonucu elde edilen giivenilir bilgi

toplulugu oldugunu”, “evreni anlamak ic¢in bilim insanlarinca yapila aragtirmalar
oldugunu” ve “bilim insanin bir probleme ¢6ziim bulmak i¢in gegtigi siirecler
oldugunu” icermektedir. Tiim bunlarin aksine, literatiirde bilim, “bilmenin bir yolu
olarak tanimlanmaktadir” (McComas, 1998 ). Burada bilmekten kasit, bilgi elde
etmektir ve bilgi elde etmenin bilim disinda farkli yollar1 vardir. Bunlar kisaca, bilgi
elde edilecek alanda uzaman bir otoriteye basvurmak, mantiksal usavurma ile
degerlendirme yapmak, duyusal deneyim (bes duyuyu kullanarak), baskalariyla
goriis birligine varmak ve kitaplar gibi otorite olusturan kaynaklari incelemek gibi
faaliyetleri icermektedir (Fraenkel & Wallen, 2003). Bilimi, tiim bu bilgi elde etme

yollarindan ayiran, gozleme ve kanita dayali olmasi, bu sayede daha giivenilir

sonuclar vermesidir (Fraenkel & Wallen, 2003).
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APPENDIX D

QUESTIONNAIRE FOR PERSONAL INFORMATION

1. Isim-Soyisim:..........c.ccoeeveiiiiiieiieinn.. Yerlesme Puanimiz:................
2. Cinsiyetinizz W Kiz UErkek
3. Okulunuzun adi: .......ooviiiiiiiii e
4. Daha once, Felsefe, Bilim Tarihi, Bilimsel Method vb. dersler aldiniz mi?
Evetld  Hayir Q4
5. Simifiniz: ............ 6.Dogum tarihiniz (yil): ......
7. Kardes sayist: ............
8. Anneniz ¢alistyor mu? 9. Babaniz ¢alistyor mu?
O Cahsiyor UCahismiyor O Cahlsiyor U Cahsmiyor
10. Annenizin Egitim Durumu 11. Babamzin Egitim Durumu
U Hig okula gitmemis U Hig okula gitmemis
Q ilkokul Q ilkokul
U Ortaokul U Ortaokul
U Lise U Lise
Q Universite Q Universite
Q Yiiksek lisans / Doktora Q Yiiksek lisans / Doktora

12. Evinizde kag tane kitap bulunuyor? (Magazin dergileri, gazete ve okul kitaplari
disinda)

U Hi¢ yok ya da ¢ok az (0 — 10)

Q11 -25tane

U 26 - 100 tane

U 101- 200 tane

U 200 taneden fazla

13. Evinizde kendinize ait bir odaniz var mi?

U Evet UHayir

14.Ne kadar siklikla eve gazete aliyorsunuz?

U Higbir zaman U Bazen O Her zaman
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APPENDIX E

QUESTIONS OF OPEN-ENDED QUESTIONNAIRE (VNOS-FORM C)

Sevgili 6grenci arkadaslarim, asagida size yoneltilen sorular, kesin dogru bir cevaba
sahip olmayip, sizin bilimin dogasina iliskin diislincelerinizi belirlemek amaciyla

hazirlamistir. Sorularin amacina ulagsmasi vereceginiz samimi cevaplara baghdir.

Mustafa Serdar KOKSAL

1. Sizce “Bilim” nedir? Bilimi (ya da Fizik, Kimya, Biyoloji gibi bilimsel
calisma alanlarin1) din ve felsefe gibi disiplinlerden ayiran nedir?

Agiklaymiz.

2. Deney sizce nedir?

3. Bilimsel bir bilginin gelismesi i¢in deney gereklimidir?

a.Eger cevabiniz “evet” ise neden boyle diisiindiigiiniizii agiklaymniz.

b.Eger cevabiniz “hayir” ise neden boyle diisiindiigiiniizii agiklaymiz.
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4. Bilim insanlar1 bilimsel bir teoriyi gelistirdikten sonra (Orn: Atom teorisi,

evrim teorisi) bu teori zamanla degisir mi?

a. Eger bilimsel teorilerin degismeyecegine inaniyorsaniz nedenini

orneklerle aciklayiniz.

b. Eger bilimsel teorilerin degisecegine inantyorsaniz:

1.Teoriler ni¢in degisir agiklayiniz.

2.Sizce neden bu durumda bilimsel teorileri 6greniyoruz. Goriislerinizi

orneklerle agiklayiniz
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5. Bilimsel teori ile bilimsel kanun arasinda bir fark var midir? Cevabiniz1 bir

ornekle agiklayimiz.

6. Fen kitaplar1 atomun, proton ve ndtronun bulundugu bir cekirdek ile

8.

cekirdegin etrafinda donen elektronlardan olustugunu yazar. Bilim insanlar
atomun bu yapist hakkinda ne kadar emindirler. Bilim insanlar1 atomun neye

benzedigi hakkinda karar verebilmek i¢in ne tiir kanitlar kullanirlar?

Fen kitaplar, “tiir” kavramini, benzer 6zelliklere sahip, lireyebilecek yavrular
olusturmak i¢in kendi aralarinda ¢iftlesebilen organizmalarin olusturdugu bir
grup olarak tanimlamaktadir. Bilim insanlari bir tiiriin ne olduguna iliskin
tanimlamalarindan ne kadar emindirler? Sizce bilim insanlari tiir tanimi

yaparken hangi 6zel kanitlar1 kullanirlar?

Dinozorlarin 65 milyon yil 6nce yok olduklar1 bilinmektedir. Bilim insanlari
tarafindan dinozorlarin yok olusunu agiklayan iki 6nemli hipotez vardir.
Birincisi; bir grup bilim insani; 65 milyon yil dnce biiylik bir meteorun
diinyaya carptigin1 ve bir seri yok olma olaylarina sebep oldugunu one siirer.

Ikincisi ise; diger bir grup bilim insani; biiyiik ve siddetli volkanik patlamanin
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9.

bu yok olusa neden oldugunu 6ne siirer. Her iki grup bilim insan1 da aymi

bilgilere ulasip kullanmalarina ragmen bu farkh sonuglara nasil ulagirlar?

Bazi iddialara gore bilim toplumsal ve kiiltiirel degerlerden etkilenir. Yani
bilim, uygulandig1 kiiltiiriin; toplumsal ve politik degerlerini, filozofik
varsayimlarin1 ve entellektiiel normlarinit yansitir. Diger iddialar bilimin
evrensel oldugudur. Yani, bilim, ulusal ve kiiltiirel sinirlar1 asar, uygulandigi
yerdeki toplumsal ve politik degerler, filozofik varsayimlar ve entellektiiel

normlardan etkilenmeden gelisir.

Eger bilimin sosyal ve Kkiiltliirel degerleri yansittigini diisiiniiyorsaniz,

ornek vererek aciklayiniz.

. Eger bilimin evrensel oldugunu diisiiniiyorsanmiz 6rnek vererek

aciklayimiz.

10. Bilim insanlari, sorularina yaptiklari deneyler ve arastirmalar ile cevap

bulmaya caligirlar. Sizce bilim insanlar1 bunu yaparken hayal giigleri ve

yaraticiliklarii kullanirlar mi?

a. Eger cevabmiz “evet” ise sizce bilim insanlari hayal giiclerini ve

yaraticiliklarini arastirmalarinin; planlama, aragtirmayi kurgulama, veri
toplama ve veri toplama sonrasi gibi asamalarindan, hangisi ya da
hangilerinde kullanirlar? Liitfen bilim insanlarinin nic¢in hayal giicii ve

yaraticiligi kullandigini 6rneklerle agiklayiniz.

. Eger cevabimiz “hayir” ise neden boyle diisiindiigiiniizii uygun 6rneklerle

aciklayiniz.
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APPENDIX F

CHECKLIST FOR EXPLICIT-EMBEDDED-REFLECTIVE TEACHING

Degerli gozlemci, asagida verilen ifadeler, yapilan bir 6gretim esnasinda “Dogrudan-
Baglantili-Yansitici  Ogretim”  yaklasiminin  hangi  boyutlarinin ~ saglandigimi
belirlemek icin hazirlanmistir. Asagidaki ifadeleri dikkate alarak, gézlemlediginiz
dersler ic¢in saglandigin1 disiindiigiiniiz ifade i¢in “evet”, etkili dizeyde
saglanmadigini diisiliniiyorsaniz “yetersiz diizeyde” ve saglanmadigini diisiindiigiiniiz

ifade icin ise “hayir” ile belirtilmis stitundaki ilgili yeri isaretleyiniz.

Maddeler Evet Yetersiz Hayir
Diizeyde

Bilimin dogasina ait boyutlar ders planinda agik bir sekilde yer
almaktadir.

Bilimin dogasma ait boyutlar derste, 6gretmen tarafindan ayri birer
baslik olarak islenmistir.

Bilimin dogasina ait boyutlarla ilgili 6grenci gelisimi ayr1 bir uygulama
ile degerlendirilmistir.

Bilimin dogasina ait boyutlar, uygun olduklar1 yerde, ilgili ders igerik
bilgisi i¢ine yerlestirilerek islenmistir.

Ogrenciler, 6zellikle bilimin dogasma iliskin olusturulmus etkinlikleri,
dersin igerik bilgisine yonelik etkinliklerden ayr1 olarak yapmuglardir.

Ogretmen, bilimin dogasina iliskin boyutlar: derste islerken, dgrencileri
bu boyutlar iizerine ders islendiginden acik bir sekilde haberdar etmistir.

Ogrenciler, bilimin dogasma iliskin etkilikler sirasinda, bilimin dogasina
iliskin boyutlarla ilgili sorular yoneltmislerdir.

Ogrenciler, bilimin dogasma iliskin etkilikler sirasinda, bilimin dogasina
iliskin boyutlarla ilgili notlar almiglardir.

Ogrenciler, bilimin dogasma iliskin etkilikler sirasinda, bilimin dogasina
iliskin boyutlarla ilgili agiklamalar yapmiglardir.

Ogrenciler, bilimin dogasma iliskin etkilikler sirasinda, bilimin dogasina
iliskin boyutlarla ilgili tartismalar yapmislardir.

Ogretmen ders igerisinde, sozel olarak, bilimin boyutlarmna iliskin
aciklamalar yapmustir.

Ogrenciler, bilimin dogasma iliskin boyutlarla ilgili “kendini
degerlendirme” etkinligi yapmislardir.
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APPENDIX G

CONTENT TEST ON CELL AND CELLULAR ORGANISATION UNIT
(CELL ACHIEVEMENT TEST)

Aciklama: Saym katilimer asagida size sunulan sorular “hiicre ve hiicresel
organizasyon” konusuna iligkin bilgi dilizeyinizi belirlemek amaciyla size
yoneltilmektedir. Her bir soruya iliskin vereceginiz cevabi en son sayfada sunulan
“CEVAP ANAHTARINA” isaretlemeniz gerekmektedir. Elde edilen sonuglar sizi
yargilamak ya da NOT VERMEK amaciyla kullanilmayacaktir. Yapilmakta olan

arastirmanin amacina ulagsmasi vereceginiz samimi cevaplara baglhdir.

1. Asagida verilen ifadelerden hangisi canlilara ait ortak 6zelliklerden biri degildir?

A) Ureme

B) Hastalanma
C) Biiylime

D) Oliim

E) Uyarilar1 alma

Soru 2.
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Yukarida bir hiicreye ait sekil verilmektedir. Sekil {izerinde, hiicrenin kisimlar1 belirli
numaralarla gosterilmektedir. Bu kisimlarin, “canlilara ait ortak ozelliklerden”
hangisinin ~ gerceklesmesine katkida bulunduguna iligkin, asagida verilen

eslemelerden hangisi dogrudur?
A) 2-Biitiin canlilar uyarilara tepki verir
B) 3-Biitiin canlilar hareket eder
C) 6-Canlilar yasadiklar1 ortama uyum saglarlar
D) 1-Tiim canlilar anabolizma yetenegine sahiptir
E) 11-Canlilar kalitsal bilgi igerirler

Soru 3. Asagidaki tabloda, “toprak, bir tas, hayvan ve bitki hiicrelerinin”

Ozellikleriyle ilgili bilgiler verilmistir.

Satir Varhklar
Kriterler No Toprak Tahta Hayvan Bitki
Hareket 1 Hareket Hareket Hareket Hareket
eder etmez eder etmez
Ureme 2 Ureyemez | Ureyemez Urer Urer
Ortama 3 Ortama Ortama Ortama Ortama
Uyum uyum uyum uyum saglar | uyum
saglayamaz saglar saglar
Belirgin bir 4 Sekilsizdir | Sekillidir | Sekilsizdir | Sekillidir
sekle sahip
olma
Siitun No 1 2 3 4
Yukaridaki tabloda satir ve siitun numaralarimi dikkate alarak tabloyu

incelediginizde, satir ve silitun numaralarinin ¢akistig1 kutucuktaki ifadelerle ilgili

olarak, asagida verilenlerden hangisinin dogru oldugunu sdyleyebilirsiniz?

A) 1. Satir ile 4. Siitunun birlestigi kutucuktaki ifade yanlistir

B) 4. Satir ile 3. Siitunun birlestigi kutucuktaki ifade dogrudur
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C) 3. Satir ile 1. Siitunun birlestigi kutucuktaki ifade yanlistir

D) 3. Satir ile 2. Siitunun birlestigi kutucuktaki ifade dogrudur

E) 1. Satir ile 1. Siitunun birlestigi kutucuktaki ifade dogrudur
Soru 4. Canlilarin yapisin1 olusturan maddelerle ilgili olarak, asagida verilen
orneklerden hangisi inorganik maddelere 6rnek degildir?

A) Aminoasitler

B) Su

C) Sodyum iyonu

D) lyot

E) Tuzlar
Soru 5. Canlilarin yapisinda bulunan maddelerle ilgili olarak, asagida verilen
orneklerden hangisi organik maddelere 6rnek degildir?

A) Fosforik asit

B) Glikoz

C) Yag asitleri

D) Niikleik asitler

E) Nisasta
Soru 6. Asagida canlilarin yapisinda bulunan organik ve inorganik maddelerle ilgili
ifadeler yer almaktadir.

I. Canlilarin yapisinin biiyiik bir kismi1 “inorganik maddelerden” olusur

II.Canlilarda en fazla bulunan organik madde, aminoasitlerdir
II1.Vitaminler, canlilarda bulunan inorganik maddere iyi bir 6rnektir
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IV.Canlilarda asit-baz dengesinin korunmasinda, biiyilk oranda organik

maddeler rol alir

Bu ifadelerden dogru olanlar hagileridir?

A) LIV
B) I-II
C) II-1IV
D) II-II

E) I-II

Soru 7. Hiicre teorisinin gelisimine iligkin asagida verilen ifadelerden hangisi

dogrudur?
A) Gilinlimiizde kabul goren hiicre teorisi, Schleiden ve Schwan tarafindan
formiile edilmigtir

B) Schleiden ve Schwann’in ¢alismalarindan etkilenen Robert Hooke hiicre’yi

ilk olarak gozlemlemistir

C) Hiicre teorisi, ilk ortaya atildig1 zamandan sonra kabul gormiis ve degismeden

glinlimiize kadar gelmistir

D) Virchow’un “her hiicre varolan hiicrelerin bdliinmesiyle olusur” boyutunu

eklemesiyle hiicre teorisi daha kapsamli bir agiklama kapasitesine ulagmistir

E) Hiicre teorisi, hayvan hiicreleri iizerine yapilan ¢aligmalar sonucu gelismistir
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Soru 8. Asagida, giiniimiizde hiicre teorisi olarak bilinen teoriye iliskin verilen

ifadelerden hangisinin dogru oldugunu sdyleyebilirsiniz?
A) Hiicre teorisi, her canlmin bir diger canlidan meydana geldigini
sOylemektedir
B) Hiicre teorsine gore, bakteriler, hiicrelerden olusmaz
C) Teoriye gore, hiicreler, daha dnce var olan hiicrelerin bdliinmesiyle olusur
D) Teoriye gore, hiicreler kromozom igerir

E) Teori, tim hiicrelerin enerji kullandigini sdylemektedir

Soru 9. Asagida verilen bulgulardan hangisi hiicre teorisi fikrini destekleyen ilk
kanittir?

A) Tiim hayvanlar, hiicrelerden olusur

B) Sise mantari, hiicre ad1 verilen bosluklardan olusur

C) Bitki hiicreleri, belirgin bir ¢eperle gevrilidir

D) Bitki hiicreleri, hayvan hiicrelerinden gelismistir

E) Her hiicre, belirgin bir zarla ¢evrilidir

Soru 10.
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Yukarida bir hiicreye ait sekil goriinmektedir. Hiicre iizerinde ok isaretleri ve
sayilarla belirtilen kisimlarla ilgili olarak asagidaki eslestirmeler verilmistir.
L 1-Mitokondri
II. 3-Koful
II1. 5-Ribozomlar
IV.  7-Golgi aygit1
V. 10-Cekirdekeik
Yukarida verilen eslestirmelerden dogru olanlar asagidakilerden hangisinde
verilmistir?
A) I-ITI-IV
B) 1II-V
C) V-IV
D) HI-IV-V
E) I-V
Soru 11. Asagida bir hiicrenin organellerine iliskin olarak, organel adi ve islevi
verilmigtir. Bu iligkilendirmelerden hangisi dogrudur?
A) Golgi aygiti- Hiicreigi salgilarin paketlenmesi
B) Sentrozom-Hiicrenin genetik bilgisini tagir
C) Endoplasmik retikulum-Hiicrenin enerji iiretim yeridir
D) Cekirdekgik-Hiicre boliimesinde ig ipliklerini olusturur

E) Lizozom-Hiicreici atiklarin biriktirildigi yer
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Soru 12. Bir hiicreyi bir sehir olarak diislindiigiiniizde, asagidakilerin hangisinde,
sehrin ¢opliigli ve yonetim birimi dogru olarak verilmistir?

A) Lizozom-Hiicre zar1

B) Sentrozom- Endoplasmik Retikulum

C) Koful- Cekirdek

D) Mitokondri-Ribozom

E) Golgi aygiti-Cekirdek Zar1
Soru 13. Hiicre zarindan madde gegisiyle ilgili olarak asagida verilen ifadelerden
hangisi dogrudur?

A) Cok yogun olduklar1 ortamlardan az yogun olduklar1 ortama maddelerin

taginmasina “aktif tagima” denir

B) Diyaliz, suyun az yogun oldugu ortamdan c¢ok yogun oldugu ortama

tasinmasidir

C) Kolaylastirllmis difiizyonda, diflizyondan farkli olarak, hiicre zarinin iki
tarafindaki elektrik yiikii farki, taginimi kolaylastirmaktadir

D) Bitki hiicrelerinde, ekzositoz gergeklestigi halde, endositoz olay1

gerceklesmemektedir.

E) Endositoz ve ekzositozda enerji harcanmadan, ©6zel reseptdrlerle taginim

saglanir

Soru 14.

184



Yukarida bir hiicrenin farkli konsantrasyonlara sahip ortamlarda aldigi sekiller
sematize edilmistir. Bu sekillerle ilgli olarak asagida verilen ifadelerden hangisi
dogrudur?

A) 1. Ortam Hipotoniktir ve Hiicrede Turgor Basinci Artmistir

B) II. Ortam Hipertoniktir ve Hiicrede Osmotik Basing Artmistir

C) III. Ortam izotoniktir ve Hiicre Plasmoliz Olmustur

D) IV. Ortam Hipotoniktir ve Hiicre Plasmoliz Olmustur

E) IV. Ortam Hipertoniktir ve Hiicre Deplasmoliz Olmustur
Soru 15. Asagidakilerden hangisinin, turgor basinci yiliksek olan bir bitki hiicresinin
turgor basincinin azalmasina neden olmasi olasidir?

A) Hiicrenin izotonik bir ortama konmasi

B) Hiicrenin, sitoplazmasindaki ¢oziinmiis maddeleri dis ortama atmasi

C) Hiicrenin hipotonik bir ortama konmas1

D) Hiicrenin, ozmotik basinci yiiksek bir ortama konmasi

E) Hiicrenin ATP kullanarak suyu i¢ine almasi

Soru 16. Asagida prokaryotik ve Okaryotik hiicrelere iliskin olarak verilen
ifadelerden hangisi yanhstir?

A) Okaryotik hiicrelerde, DNA ¢ekirdek igerisinde bulunur

B) Prokaryotlarda, halkasal bir kromozom bulunur

C) Prokaryotlarda zarli organeller bulunmaz

D) Okaryotlarda, oksijenli solunum mitokondriler araciligiyla olur
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E) Prokaryotlarin hiicre iskeleti, mikroflamentlerden olusmustur

Soru 17. Asagida, canli 6rnekleri ve bunlara ait hiicrelerinin hangi gruba girdiklerine

dair eslestirmeler verilmistir.

I.  Oglena-Prokaryot

II. Amip-Okaryot

III. Maya hiicresi-Prokaryot

IV. Bakteri- Prokaryot

V. Solucan-Okaryot

Yukarida verilen eslestirmelerden hangileri dogrudur?

A) I-V-III
B) MI-II-I
C) IV-V-II
D) I-IV-V

E) HI-IV-V

Soru 18. Asagidaki tabloda I, II, ve III olarak numaralandirilan bakteri, mantar ve

terliksi hayvan hiicrelerinin bazi yapisal 6zellikleriyle ilgili bilgiler verilmistir.

Hiicresel Yapilar | Kloroplast Cekirdek Hiicre
Zan duvari ya da
hiicre ceperi
Hiicreler
I Yok Var Var
II Yok Yok Var
111 Yok Var Yok
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Buna gore, I, II, III numarali hiicrelerin ait oldugu canlilar asagidakilerin hangisinde

dogru olarak verilmigtir?

Bakteri Mantar Terliksi Hayvan

A 1 1 I
B) I I I
C) I I 1
D) I I I
E) 1 I I

Soru 19. Asagidaki tabloda bitki ve hayvan hiicrelerine ait Ozellikler

karsilastirilmustir.

BIiTKI HAYVAN
HUCRESI HUCRESI
Hiicre ¢eperi 1 2
Merkezi Vakuol 3 4
Plastid 5 6
Tipik Depo 7 8
Karbonhidrati
Sentrozom 9 10

Yukaridaki tabloda bos birakilan yerlere verilen numaralarla ilgili olarak asagida
verilen ifadelerden hangisi dogrudur?

A) 5 ile gosterilen yer “Bulunmaz” ifadesine aittir

B) 8 ile gosterilen yer “Nigasta” kelimesine aittir

C) 10 ile gosterilen yer “Bulunur” kelimesine aittir

D) 3 ile gosterilen yer “Bulunmaz” ifadesine aittir

E) 7 ile gosterilen yer “Glikojen” kelimesine aittir
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Soru 20. Asagidaki sekilde, bir hiicrenin kisimlarma ait oklar ve numaralar yer

almaktadir.

Yukaridaki sekilde verilen hangi hiicre kisimlar1 dikkate alindiginda, bitki ve hayvan
hiicreleri arasindaki fark: agiklamak i¢in hangi kisimlarin kullanilmas1 dogrudur?

A) 1,3,6,7,10

B) 1,8, 12,15,16

C) 1,4,6,7,16

D) 2, 4,6,7,15

E) 2,5,8, 11, 14

Soru 21.

L. Hiicre zarina sahiptirler

IL. Cekirdek igerirler

III.  Boliinme sirasinda, “orta lamel” araciligryla boliiniirler
IV.  Mitokondri igerirler

V. Endoplasmik retikulum bulundururlar

VI.  Glikojen depolarlar
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Yukarida, bitki ve hayvan hiicresi arasinda var olan benzerliklerle ilgili olarak
verilen ifadelerden hangileri dogrudur?

A) I-II-OI-1V

B) I-LII-IV-V

C) I-IV-V

D) I-II-11I-V-VI

E) I-II-IV-VI

Soru 22. Asagidaki tabloda I, II ve IIl olarak numaralandirilan bitki, 6glena ve

hayvan hiicrelerinin baz1 yapisal 6zellikleriyle ilgili bilgiler verilmistir.

Hiicresel Yapilar Kloroplast | Cekirdek | Hiicre duvari
Zan ya da hiicre
Hiicreler ceperi
I Var Var Yok
II Var Var Var
111 Yok Var Yok

Buna gore, I, I1, III numarali hiicrelerin ait oldugu canlilar asagidakilerin hangisinde
dogru olarak verilmistir?

Bitki Hayvan Oglena

A 1 1 11
B) I I 1I
C) I I I
D) 1 I I
E) 1 11 I
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Soru 23. Asagida I, II ve III olarak belirlenmis kisimlar, hiicresel organizasyonun

farkl sekillerini simgeleyen, “volvox

2 ¢

, “amip” ve “sazan” canlilarina aittir.

Ozellikler Isbéliimii | Doku olusumu Hiicrelerin Bagimsiz
olusumu Olarak Canhhiklarim
Devam Ettirebilmeleri
Canlilar
I Var Yok Var
11 Yok Var Yok
111 Yok Yok Var

Yukarida verilen bilgilere gore, I, II ve III ile ifade edilen canlilar, asagidakilerden

hangisisinde dogru olarak verilemistir.

A) I-Volvox, II-Amip, I1I-Sazan
B) I-Amip, II-Volvox, I1I-Sazan
C) I-Sazan, II-Amip, ITI-Volvox
D) I-Sazan, II-Volvox, III-Amip
E) I-Volvox, II-Sazan, I1I-Amip

Soru 24. Asagida bir canliya ait 6zellikler verilmektedir:

I. Hiicreleri bir araya gelerek doku olugturmustur

II. Hiicreleri ayrildiklarinda, bagli basina bir canli gibi davranamazlar

III. Hiicrelerinde zarla gevrili organeller yer almaktadir

IV. Canl bir biitiin olarak, eseyli iiremeyle ¢ogalmaktadir

Yukarida verilen bilgileri dikkate aldiginizda, agagida verilen ifadelerden hangisinin

dogru oldugunu soyleyebilirsiniz?

A) Canli, koloni olusturabilir

B) Bu canli, tek bir hiicreden olusan bir canli olabilir

C) Prokaryotik, tek hiicreli bir canli olabilir

D) Cok hiicreli bir canli olabilir

E) Koloni olusturan, ¢ok hiicreli bir canli olabilir

190




Soru 25. Asagida hiicre zarina iliskin ¢esitli modellerin sekilleri verilmistir.

EEE@E&E@E s € BN MMWQM@

1 11 11T
i FRRTITITIRE
Ll LERBLILERY

v Y4

Yukaridaki modelleri diisiindiigiintizde, tarihsel gelisim sirasinda, en eskiden en
giincele gore yapilan bir siralamada (Birinci-en eski, Besinci-en giincel), dérdiincii

sirada olan model hangisidir?

A 1
B) I
C) I
D) IV
E) V

Cevap Anahtari: B, E, A, A, A,E,D,C,B,B, A,C,D,A,D,E,C,D,C,C, C, E,
E,D, A
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APPENDIX H

NATURE OF SCIENCE LITERACY TEST

Aciklama: Liitfen adimz1 ve soyadimzi, size verilen “CEVAP FORMUNDAKI”
ilgili alana yaziniz. Asagida size verilen sorular1 cevaplamadan 6nce, tiim sorulara ve
seceneklerine ayr1 ayr1 bakiniz ve sizce en uygun olani isaretleyiniz. Bu test tizerinde
herhangi bir islem yapmayiniz, cevabinizi, size verilen cevap formundaki uygun yeri
isaretleyerek veriniz. Elde edilen sonuglar sizi yargilamak ya da NOT VERMEK
amaciyla kullanilmayacaktir. Aragtirmanin amaci vereceginiz samimi cevaplara
baglidir. Liitfen soru formunu, cevap formunuzla beraber teslim ediniz. Tesekkiir

ederiz. ..

1) Bir 6gretmen 6grencilerine, “bir sonraki asamada ne olacagini diisiiniiyorsunuz?”’

seklinde bir soru soruyor. Burada 6gretmenin aradig1 cevap;

a) Hipotezdir
b) Aciklamadir
¢) Kuraldir
d) Tahmindir

2) Bilim insanlarinin, bilimsel bilgiyi su sekilde tanimlar: Bilimsel bilgi;
a) tekrarlanabilir ve gozlemlenebilir kanitlarla desteklenmis inanclardir.
b) daimi, degismeyen gerceklerdir.

¢) diinyaya iliskin varsayimlardir.

d) diinyaya iliskin belli, apacik aciklamalardir.
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3) Bir olaymm boyutlart arasindaki iligkinin sekille gosterimini asagidaki

seceneklerden hangisi en iyi ifade eder?

a) Model
b) Teori
¢) Hipotez

d) Parametre

4) ki ya da daha fazla degisken arasindaki iliskinin, zamanla gegerliligi ispat

edilmis, matematiksel agiklamasinin en iyi tanim1 asagidakilerden hangisidir?

a) Varsayim
b) Tahmin
¢) Gercek
d) Kanun

5) Asagidakilerden hangisi bilimsel bir hipotezin en iyi tanimidir?

a) Deneyler sonucu elde edilen ¢ok miktarda kamtla desteklenmis ve iyi bir
sekilde test edilmis aciklamadir

b) Var olan kamtlar1 birlestiren, bilim insanlar1 tarafindan onerilen
aciklamadir

¢) Iki degisken arasindaki iliskinin aciklamasidir

d) Ne olacagina iliskin olarak yapilan tahmindir

6) Bir bilim insani, farkli renklere sahip elmalar hakkinda bir seyler 6grenmeye
calisiyor. Bu siiregte, bilim insani, ¢ok sayida yesil elmanin olusturdugu bir guruptan
elmalar1 1siriyor ve yesil elmalarin sert ve eksi oldugunu buluyor. Yine, yesil
elmalardan, baska bir grup elma aliyor, 1siriyor ve bu gruptaki yesil elmalarin ise,
sert ve tatli oldugunu buluyor. Asagida verilen ifadelerden hangisi elmalarla ilgili,

genel sonuctur?
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a) Biitiin elmalar, yesil ve eksidir
b) Biitiin elmalar, yesil ve serttir
¢) Biitiin yesil elmalar serttir

d) Biitiin elmalar yesildir

7) Yogunluk, hacim ve kiitle arasindaki iliski su sekilde ifade edilebilir:
Eliifle

Yogunluk =
Harim

Asagidakilerden hangisi, bu iliskiye uygun bir sonugtur?

a) Eger bir cismin Kkiitlesi artarsa, yogunlugu da, hacme bagh olmaksizin
artacaktir.

b) Eger bir cismin hacmi artarsa, yogunlugu da artacaktir

¢) Eger daha fazla miktarlarda madde, sabit bir hacme daha siki
yerlestirilirse, 0 maddenin yogunlugu artacaktir

d) Eger daha fazla miktarlarda madde, sabit bir hacme daha siki

yerlestirilirse, 0 maddenin yogunlugu azalacaktir.

8) Bir biyolog, misir bitkisinin gelisimine, belirli miktarda verilen giines 1s181nin
etkisini arastirmak istiyor. Bu arastirmay1 yapmak i¢in, birka¢ misir bitkisini agik bir
alana, gilines 151¢ma tam olarak maruz kalacak sekilde ekiyor. Ayrica bu alandan,
yaklasik bir buguk kilometre uzaktaki, acik alandaki bitkilerin aldig1 15181n yarisini
alan bir ormanlik alana, aym1 misir tiirlinden birka¢ tane ekiyor. Bu deneysel

calismada, yanlis olan bir seyler var midir? Eger varsa bu nedir?

a) Herhangi bir yanhshk yoktur.
b) Deneyde kontrol edilemeyen bir ya da birka¢ degisken olabilir.
¢) Musir bitkisinin gelisimi, alinan giines 15181 miktarlarina bagh degildir.

d) Herhangi bir kontrol grubu yoktur.

9) iki 6grenci kendi aralarinda konusuyorlar ve ilk dgrenci, digerine “ucan, tabak

sekilli cisimler, giines sistemimizin disindan gelen uzay gemileridir” diyor. Daha
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sonra, ikinci 6grenci, birinci 0grenciye, “eger, sen ucan, tabak sekilli cisimlerin,
giines sistemimizin disindan gelen uzay gemileri olduguna inaniyorsan, bunu
ispatlamalisin” diyor. Ikinci 6grencinin kamit talep etmesinde, herhangi bir yanlis

durum var midir? Varsa bu durum nedir?

a) Herhangi bir yanhs durum yoktur, boyle bir iddia, somut giiclii bir
bilimsel kamit gerektirir

b) Herhangi bir ispat gerekmemelidir ciinkii ¢ok sinirh kamitlarla, genel bir
durumu ispat etmek miimkiin degildir

¢) Herhangi bir ispat gerekmez ciinkii bir¢ok insan, ucan, tabak sekilli
cisimleri gordii ve onlarin varoldugunu bildirdi.

d) Bu tip iddialar icin, kamit imkéansizdir ve bu sebeple talep edilmemelidir.

10) Bir 6grenci, belirli bir kimyasal tepkimenin nasil gerceklestigine iligkin bir
hipotez kurmustur. Ogrenci, bu hipoteze gore A ve B kimyasallarim karistirdiginda,
C kimyasalinin olusacagini tahmin etmektedir. Ogrenci, bunu test etmek igin A ve B
kimyasallarii karistirmis ve sonu¢ olarak, cogunlukta C kimyasalinin, fakat az
miktarda da D kimyasalinin olustugunu gérmiistiir. Bu 6grenci, hipotezi ile ilgili

olarak, asagida verilen sonug¢lardan hangisinin uygun oldugunu diistinmelidir?

a) Hipotezinin dogru oldugu ispatlandi.

b) Hipotez, bu sonuc¢ ile desteklenmektedir, ama yeniden diizenleme
gerekmektedir.

¢) Hipotezi, cok yiiksek bir ihtimalle, tamamen yanhstir.

d) Bu sonuclardan, hipotezine iliskin herhangi bir sonuca ulasamaz.

11) Giglii bir firtinadan hemen sonra, Mert, 6n bahgelerinde bulunan bir agacin
anayola diismiis oldugunu gordii. Mert ve arkadasi Sila, durumun neden bdyle
oldugunu aciklamaya ¢alismiglardir. Sonug¢ olarak, asagida verilen dort olasi

aciklamaya ulagmiglardir:

1. Agag, riizgar tarafindan yikilmistir
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2.
3.
4.

Agag, yildirim diismesi sonucu yikilmistir
Agag, biiylik bir kamyon ¢arptigi i¢in yikilmustir.

Agag zaten clirlimiis ve bunun sonucu yikilmistir

Bu olaya iligkin en olas1 agiklama, agag;

a)

b)

¢)

d)

riizgar tarafindan yikilmistir. Firtinalar, cok giiclii riizgarlar1 da
beraberinde getirir.

yildirim diismesi sonucu yikilmistir. Yildirim bazen firtinalar esnasinda,
agaclara diismektedir

biiyiik bir aracin carpmasi sonucu yikilmistir. Hem Mert hem de Sila
daha once bir aracin c¢arpmasi sonucu agaclarin yikilabilecegini
gormiislerdir

zaten ciiriimiistiir ve sonu¢ olarak yikilmistir. Bazen agaclar, bocek ve

hastaliklar nedeniyle zayiflarlar

12) Giiglii bir sekilde ortaya atilmis bilimsel sonuglar, genellikle, zaman ilerlese bile,

degismeden kalir. Fakat yeni bir kanit agiga ¢iktiginda, degisme ihtimalleri vardir.

“Bu climle ....... ....... ,ctinkd ...l ” ifadesinde sirasi ile bosluklara

gelecek ifadeler asagidakilerden hangileridir?

a)

b)

d)

dogrudur-bilimsel sonuclar, yeni ve zit bir kanit bulundugu zaman
degisebilir

dogrudur-bilim, yanhs olma ihtimali yiiksek olan teorilerden olusur
yanhstir-bir bilim insam bilimsel sonuclar ortaya koyarsa, bu sonuclar
degisemez ve asla degismeyecektir, bunun nedeni evrenin kanunlarimnin
daima, her yerde aym olmasidir.

yanhstir-bilim, gercegi aramaktir ve gercek asla degismez

13) Cesitli kurumlarda calisan bilim insanlari, dikkatli kayit tutma, dogru 6l¢timler

yapma, yontemi, veriyi ve sonuglart dogru bir sekilde rapor etme gibi belirli siire¢ ve

degerleri paylagirlar. “Bu climle..............coooiiiii, , clnkii bilim



insanlart, ........................ ifadesinde siras1 ile bosluklara gelecek ifadeler

asagidakilerden hangileridir?

a) yanhstir- kullandigi yontemi ve verileri, diger bilim insanlarindan
saklarlar.

b) yanhstir-ortak degerlere sahip degildirler.

¢) yanhstir-evrensel ve tek olan bir bilimsel yontemi takip etmezler.

d) dogrudur-genel olarak, digerlerinin kendi gozlem ve deneylerini tekrar

edebilmelerini isterler.

14) Bir kisi, insanlar arasinda yaygmn ve oOldiiriicii oldugu bilinen bir hastaliga
yakalandigini, ani ve agiklanamaz sekilde, bir tedavi ile iyilestigini iddia etmektedir.
Birkag tane alaninda saygin olan doktor ve tibbi arastirmaci, birbirinden bagimsiz
olarak, hastanin bunu yasadigini ve hastaligin tamamen ve agiklanamaz bir sekilde
tedavi edildigini dogruladi. Boyle bir durumda, bir bilim insaninin ulasabilecegi

dogru sonug nedir?

a) bir mucize gerceklesti
b) su an aciklanamayan, oldukc¢a nadir bir olay gerceklesti
¢) bir tedavinin gerceklestigine dair iddia, bir aldatmacadir

d) bilim insaninin su ana kadar bir sonu¢ ¢ikarma ihtimali yoktur

15) Iyi taninan ve ¢ok saygi duyulan bir bilim insan1, kendisine uzaylilarca verilmis,
gelecek olaylarla ilgili dogru bilgilere sahip oldugunu iddia etmektedir ve yakin bir
zamanda olacak belirli olaylari dogru olarak tahmin etmistir. Diger bilim insanlari

bdyle tahminlere nasil cevap vermeliler?

a) bu tahminleri kabul etmeliler, ciinkii bilim insani, iyi tamnan ve cok
saygi duyulan birisidir
b) halka bu adamin dolandirici oldugunu soyleyecek kadar Kkesinlikle,

reddetmeliler
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¢) halki uyarmahlar ve tahminlerin gerceklesip, gerceklesmeyecegini
gormek icin beklemeliler

d) bu bilim insanini ve onun tahminlerini tamamen gormezden gelmeliler.

16) Bir bilim insani, farkli bitkilere ait tohumlar1 ektikten iki hafta sonra, bu

bitkilerin boylarina ait dl¢limleri kullanarak agagida verilen grafigi olusturmustur.

By ((cm)

1 2 ] LS L ] L

Bitlaron Mumaras

Bu bitkilerin ortalama boyu nedir?

a) 4cm
b) 4.5 cm
¢)Scm

d) 6 cm

17) Bir hipoteze, teoriye ya da mantiga dayali olarak tahmin yapma islemine ne

denir?

a) deneycilik
b) tiimdengelim
¢) tiimevarim

d) kanit
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18) lyi bir bilim insant;

a)
b)

c)
d)

yeni bilimsel onerileri desteklemek icin, kanit gosterilmesini beklemez

zit bir kamit gosterildigi zaman bile, geleneksel bilimsel inan¢larina
inanmaya devam eder

kendi Kkisisel inanclariyla celisse bile, bilimsel bilgiyi arar

standart bilimsel inanclarla celisen, tiim somut kanmitlar: reddeder

19) Bir bilim insani, asagida verilen agiklamalardan hangisinin yanlis oldugunu

diistinir?

a)
b)

<)

d)

Bilimsel kanunlar evrenseldir, sadece herhangi bir bolgeye 6zgii degildir
Bugiin islev goren doga kanunlari, diiniin, bugiiniin ve gelecegin fiziksel
olaylarim aciklayabilir

Bilim, dogrudan gozlemlenemeyen, fakat mantik ve deneyle varolduklar:
gosterilebilen fiziki unsurlarin varhgimm kabul eder

Yukaridakilerin hepsi, bir bilim insam tarafindan dogru olarak kabul

edilebilir.

20) Bir deney veya gozlem yaptiktan sonra, iyi bir bilim insani, beklenen sonugla

celisen gecerli kanitlar1 da iceren tiim kanitlari rapor edecektir.

a)
b)

Dogru
Yanhs

21) Bilim insan1 bir kanitt degerlendirirken, diinya hakkinda éncede ne bildigini

dikkate alir.

a)
b)

Dogru
Yanhs
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22) Deney veya gozlem yoluyla elde ettigi verilerle ulastig1 sonuclardan kesinlikle
emin olan bir bilim insani, bilim camiasinda herkesin inandig1 bilgilere ters

diismekten korkmamalidir.

a) Dogru
b) Yanhs

23) Bilim insanlarinin, her tiirlii bilimsel problemi ¢ézmek icin, sadece bilimsel

yontemi izlemeleri yeterlidir.

a) Dogru
b) Yanlhs

24) Bilim insanlari, eger kendi c¢alismalari, gelecekte diger bilim insanlarinin
cabalaria bir temel olusturacaksa, kendilerinin disindaki diger bilim insanlarinin

calismalarini1 gdzden gegirmeli ve kontrol etmelidir.

a) Dogru
b) Yanhs

25) Bilimsel bilgi, sadece deneylere dayalidir.
a) Dogru

b) Yanhs

Cevap Anahtari: D, A, A,D,B,C,C,B,A,B,A,A,D,B,C,C,B,C,D, A, A, A,
B,A,B
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APPENDIX I

REQUIRED PERMISSIONS FOR USE AND ADAPTATION OF THE

INSTRUMENTS
Nature of Science inbo [
@ serdar kiksal Dear Abd-E-Khalick, | am a doctoral student in secondary science education d Jul
Abd El Khalick, Fouad Dear Serdar, | would not use the VNOS-C with grade 9 students. | developed a Jult
@serdar koksal Dear Khalick; The ninth grad students in my study are advanced science, gif Jul2
@serdar koksal Dear Khalick; My second proposal defense will b in twa months. If you prowid Jul2
W Abd El Khalick, Fouad to me show detais Ju 13 4 HReply | ¥

Dear Serdar,

Sure. Since yau agree to the three conditions that we discussed, you have our permission to use the VNOS-C and my permission to
use the POSE.

| 'am attaching the VNOS-C along with the JRST piece that autlines its use. | also am attaching the POSE.

Good luck with your work. After you finish your dissertation (which should be supenised by your committee), we can talk about
passible collaboration.

Best,

Fouad

From: serdar kiksal [bioeducatar@gmail com)
Sent: Sunday, July 12, 2009 1:57 PM

To: Fouad Abd-El-Khalick

Subject: Fwd: Nature of Science
- Show quoted text -

3 attachments — Download all attachments

VNOS-C.pdf
@ 16K View Download
@ JRST 39:6}49? 521.pdf
209K View Download

£ POSE Comp.pdf
29K View Download
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Carl J. Wenning i Mustafa, The twa instrments can be download at the folowing URLS: And Th Jantd

serdar kksal Dear Wenring: | am agan Mustefa Sertar KOKSAL Fom Turkey. | am a esearch a Jin 0
Carl Wenning to me show dtals Jn 11 el | ¥
HI Serdar,

You are most welcome ko adapt my Nature of Science Literacy Test (NOSLIT) and my Scientific Inquiry Literacy Test
(ScInqLiT) o your research study In Turkey. While the validty of any new test(s) based on my tests cannot be assured,
you are most welcome to modify my research mstruments to suit your needs,

I do, for the sake of your research, suggest that you perform studies on any revised test(s) so that you can be assured of
s valdity as wel, My papers about each of these assessments instruments explaim briefly how T used standard means for
testing the validty of my tests and of making certain that the average question difficulty and discrminabiliy were set
appropriately, efz

Best wishes an your research efforts,

Cordialy yours,

Car

Or, Carl 1. Wenning
Department of Physics
Teacher Education Program

llinois State University
Nomal, 1L §1790-4560

309-438-2037 offie
300-830-4085 cel

wenning@phy.lstu.edy
W phy.lstu.edufote/
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APPENDIX J

QUIZ-1

Asagida verilen sorular, bilimin dogasina iliskin boyutlardan bazilartyla ilgili bilgi
diizeyinizi belirlemek amaciyla hazirlanmistir. Her sorunun cevabi i¢in, dogru-yanlis
ve acik uclu cevap kisimlart hazirlanmistir. 11k asamada verdiginiz dogru ya da yanlis

cevabinin nedenini agik uclu cevap kisminda agiklamaniz gerekmektedir.

Basarilar. ...

Soru I. “Bir bilim insaninin, bilimsel bir probleme ¢6ziim bulmak i¢in kullandig tek
bir yontem vardir” ifadesi,

© Dogrudur

©) Yanlistir
Ciinkii;

Soru II. “Go6zlem ve ¢ikarim kelimelerinin anlamlar1 aynidir” ifadesi;
© Dogrudur
©) Yanlistir

Clinki;

Soru III. “Bilim, gdzleme, deneye ve kanita dayaliyken, felsefe ve din bunlara dayali
degildir” ifadesi;

© Dogrudur

© Yanlistir
Clinkii;
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APPENDIX K

QUIZ-II

Asagida verilen sorular, bilimin dogasina iliskin boyutlardan bazilartyla ilgili bilgi
diizeyinizi belirlemek amaciyla hazirlanmistir. Her sorunun cevabi i¢in, dogru-yanlis
ve acik uclu cevap kisimlart hazirlanmistir. {1k asamada verdiginiz dogru ya da yanlis

cevabinin nedenini acik uglu cevap kisminda agiklamaniz gerekmektedir.

Basarilar....

Soru 1. “Hipotez, teori ve kanun arasinda, tanimlar1 ve ustiinliilk agisindan bir fark
yoktur” ifadesi;

© Dogrudur

© Yanlistir
Clinkii;

Soru II. “Bilimde yaraticilik ve hayal giicii kullanilmaz, kullanilmamalidir” ifadesi;
© Dogrudur
© Yanlistir

Clinkii;
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Soru III. “ Teori ve kanunlarin her ikisi de zamanla degisen bilimsel bilgi tiirleridir”
ifadesi;

© Dogrudur

© Yanlstir
Clinkii;

Soru IV. “Bilim insani, tarafsizdir” ifadesi;
© Dogrudur
© Yanhstir

Clinkii;
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APPENDIX L

REQUIRED FORMAL PERMISSIONS REGARDING TO THE STUDY

O

o Savi T30 2 00T.OA005 00 260 2%~ — fﬁl{. qq 27.08.2008

Orta Doy Teknk Uriverstizs:
P dd e East Technical Urhaersity

Fen Blimisd Ensticsd

Girmehaate etk of - .
e GONDERILEN: Dog. Dr. Belain Ayvasilk
A5531 Avearn, Tlrklps Rekbit: Damsmam
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GOMDEREN  : ProfDr. Girssevil Turan I\_/,/EJ &
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hiidir Yardimeis

OML = Blustule Secdur Koksal hi.

ik Alenion Fiiimi BEARD doktora programs Grencasi Muostafa Serdar
wla © Agk-Yansmer-Haglonal (AFE) Ogretimin,
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i baglikls araglirmasina iligkin Zonguldak Fen
igin ghrevlandirmz basviruan incelenmis; ilgili dansman pdriisine
suncla giirevlandivilmesine Erik Komite anay kojulu ile
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Fende Ustln Basarde Do
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APPENDIX M

APPLICATIONS ON NOS TEACHING

Uygulama II (Tek bir yontem)

ASAGIDA VERILEN BILIMSEL BiR PROBLEM DURUMUNA COZUM
BULABILMEK iCIN YAPMANIZ GEREKEN ISLEMLERI BELIRTINIZ.

Problem Durumu: Kasaptan almis oldugunuz bir et parcasini, bozuk olan
buzdolabiniza koydugunuzda 2 hafta sonra etin {izerinde kurtguklarin olustugunu
gormektesiniz. Bu durum ile ilgili yakin bir arkadasinizin aklina, etin lizerinde olusan
yasam formlarinin kendiliginden olustugu fikri gelmistir. Ama siz bunun Oyle
olmadigini biliyor ve bilimsel yaklasan bir insan olarak arkadasinizi da ikna etmek
istiyorsunuz. Nasil bir yol izleyerek, etin {izerindeki yasam formlarin kendiliginden
olugsmadigin1 gdsterebilirsiniz. Asagida sunulan iki alternatiften bir tanesini secerek
baslayabilirsiniz ya da bunlarin disinda bir baslangi¢ belirleyebilirsiniz.

1.11k olarak, gdzlem yaparim daha SONTA, ..............cccueiuneineineiieeieiieaeeeiennnn,

2.Gozlem yapmama gerek yok bu sebeple.............cooiiiiiiiiiiiiii yaparak
1S€ baslarim, SONIA..........ooii i

Izlemis oldugunuz basamaklar1 asagida verilen basamaklarla eslestiriniz.

Islem Basamaklar Izlediginiz Basamaklar
1.Gozlem Yapma 1
2.Problemin Tanimlanmasi 2

3.Daha Onceki Bilimsel Teoriler Ve Bulgular |3
Cercevesinde Problem Yeniden Formiile Edilmesi

4.Problemin  Cdzlimiine Iliskin ~ Hipotezler | 4
Gelistirilmesi

5. Hipotezin Test Edilmesi (Deney Yapma) 5

6.Eger Hipotez Dogrulaniyorsa Mevcut Teorinin | 6
Aciklayici Oldugu Kabul Edilir

7.Eger Hipotez Dogrulanmiyorsa Yanlis Kabul | 7
Edilerek Reddedilir ve Yeni Hipotezler Gelistirilir

8. Sonugclar rapor edilir 8
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ASAGIDA VERILEN BILIMSEL BIR PROBLEM DURUMUNA COzZUM
BULABILMEK ICIN YAPMANIZ GEREKEN ISLEMLERI BELIRTINIZ.

Problem Durumu: Izlediginiz haberde, uzayda yasamin olabilecegine dair bir iddia
ile karsilagiyorsunuz. Bu iddiaya gore, diinyadaki yasamin da uzaydan gelen bir
meteor sayesinde diinyaya tasindigr soylenmektedir. Bir bilim insami olarak, bu
iddianin bilimsel olarak destek gérmedigini hangi islem basamaklarmi kullanarak
gosterebilir siniz?  Asagida sunulan iki alternatiften bir tanesini segerek
baslayabilirsiniz ya da bunlarin disinda bir baslangi¢ belirleyebilirsiniz.

1.1k olarak, gozlem yaparim daha sonra,
2.Gozlem yapmama gerek yok bu
7] 0153 o) L yaparak ise baglarim,
101 ¢ PP PP PPP PPN
3.

[zlemis oldugunuz basamaklar1 asagida verilen basamaklarla eslestiriniz.

Islem Basamaklari Izlediginiz Basamaklar
1.Gézlem Yapma 1
2.Problemin Tanimlanmasi 2

3.Daha Onceki Bilimsel Teoriler ve Bulgular | 3
Cercevesinde Problem Yeniden Formiile Edilmesi

4.Problemin  Coziimiine Iliskin  Hipotezler | 4
Gelistirilmesi

5. Hipotezin Test Edilmesi (Deney Yapma) 5

6.Eger Hipotez Dogrulaniyorsa Mevcut Teorinin | 6
Aciklayici Oldugu Kabul Edilir

7.Eger Hipotez Dogrulanmiyorsa Yanlis Kabul | 7
Edilerek Reddedilir ve Yeni Hipotezler Gelistirilir

8. Sonuglar rapor edilir 8
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ASAGIDA VERILEN BILIMSEL BIR PROBLEM DURUMUNA COZUM
BULABILMEK ICIN YAPMANIZ GEREKEN ISLEMLERI BELIRTINIZ.

Problem Durumu: Birka¢ makalede okudugunuz iddiaya gore, diinyada olugsmus ilk
canli, ¢ekirdek organeli olmayan bir hiicre yapisina sahipti, daha sonralarda
cekirdekli tek hiicreliler, havyanlar, bitkiler ve mantarlar kara ortamina ayak
uydurup, orada yasamaya bagladilar. Bu siire¢ esnasinda, ¢esitli canlilar yagamis ve
Olmiistiir. Bu makalelerdeki iddiay1 dikkate alip, ilk canli olusumdan bugiine kadar
nasil bir canli ¢esitliliginin olustugunu arastirmak istiyorsunuz ve bu ise bitkilerdeki
cesitliligi arastirmakla basghyorsunuz. Bir bilim insan1 olarak, hangi islem
basamaklarin1 kullanarak, bitkilerdeki canli ¢esitliligini arastirabilir siniz? Asagida
sunulan iki alternatiften bir tanesini secerek baslayabilirsiniz ya da bunlarin disinda
bir basglangi¢ belirleyebilirsiniz.

1.1k olarak, gdzlem yapartm daha SONTa, .............ccoueeniuniuneieieeeeieeieiieinannnn,

2.Gozlem yapmama gerek yok bu
7] 0150 L yaparak ise baglarim,
18] 01
3.

Izlemis oldugunuz basamaklar1 asagida verilen basamaklarla eslestiriniz.

Islem Basamaklari Izlediginiz Basamaklar
1.Gozlem Yapma 1
2.Problemin Tanimlanmasi 2

3.Daha Onceki Bilimsel Teoriler ve Bulgular |3
Cercevesinde Problem Yeniden Formiile Edilmesi

4. Problemin Coziimiine Iliskin Hipotezler | 4
Gelistirilmesi

5.Hipotezin Test Edilmesi (Deney Yapma) 5

6.Eger Hipotez Dogrulaniyorsa Mevcut Teorinin | 6
Aciklayici Oldugu Kabul Edilir

7.Eger Hipotez Dogrulanmiyorsa Yanlis Kabul | 7
Edilerek Reddedilir ve Yeni Hipotezler Gelistirilir

8. Sonuglar rapor edilir 8
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ASAGIDA VERILEN BILIMSEL BiR PROBLEM DURUMUNA COZUM
BULABILMEK ICIN YAPMANIZ GEREKEN iSLEMLERI BELIRTINIZ.

Problem Durumu: Alaninizla ilgili dergilerde yayinlanan makalelerden bazilari,
canlilarin cansiz maddelerden olustugunu iddia etmektedir ve asagida verilen besi
ortaminin agzi agik birakildiginda, igerisinde bakterilerin olustugu, sivinin renginin
degistigi gosterilerek, bu canlilarin, cansiz havadan olustuklar1i gosterilmeye
calisilmigtir. Boyle bir durumda, havadan (cansiz madde) canli olusamayacagini, bir
bilim insam1 olarak, hangi islem basamaklarmi ya da yolu kullanarak
gosterebilirsiniz? Asagida sunulan iki alternatiften bir tanesini segerek

baslayabilirsiniz ya da bunlarin disinda bir baslangi¢ belirleyebilirsiniz.

1.11k olarak, gdzlem yaparim daha SONTa, ..............ccoueiuneieeineiieeieiiiaeneeineennn,

2.Go6zlem yapmama gerek yok bu sebeple ... yaparak
1S€ baslarim, SONTa. ... .. ..o

3.

[zlemis oldugunuz basamaklar1 asagida verilen basamaklarla eslestiriniz.

Islem Basamaklari Izlediginiz Basamaklar
1.G6zlem Yapma 1
2.Problemin Tanimlanmasi 2

3.Daha Onceki Bilimsel Teoriler ve Bulgular | 3
Cercevesinde Problem Yeniden Formiile Edilmesi

4. Problemin Co6ziimiine Iliskin Hipotezler | 4
Gelistirilmesi

V)]

5. Hipotezin Test Edilmesi (Deney Yapma)

6.Eger Hipotez Dogrulaniyorsa Mevcut Teorinin | 6
Aciklayici Oldugu Kabul Edilir

7.Eger Hipotez Dogrulanmiyorsa Yanlis Kabul | 7
Edilerek Reddedilir ve Yeni Hipotezler Gelistirilir

8. Sonuglar rapor edilir 8
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ASAGIDA VERILEN BILIMSEL BIR PROBLEM DURUMUNA COzZUM
BULABILMEK ICIN YAPMANIZ GEREKEN iSLEMLERI BELIRTINIZ.

Problem Durumu: Luis Pastor, mikroorganizmalarin havadan olusmadigini, havadaki
diger canli varliklardan meydana geldiklerini gostermek icin toz pargaciklarinin
giremeyecegi birinci ortam ve 1s1 uygulanan ikinci ortami kullanmistir. Sonugta
hi¢cbir islem uygulanmayan {iglincii ortamdan farkli olarak, birinci ve ikinci
ortamlardaki sivi renginin degismedigini gostermistir. Luis Pastor’lin ¢alismasini
tekrarlamak i¢in, bir bilim insani olarak, hangi islem basamaklarini ya da yolu
kullanarak gosterebilirsiniz? Asagida sunulan iki alternatiften bir tanesini segerek
baslayabilirsiniz ya da bunlarin disinda bir baslangi¢ belirleyebilirsiniz.

Birinci Ortam Ikinci Ortam

1.1k olarak, gdzlem yapartm daha SONTa, .............cceeuniuneeneeiiiieeieeieeieinaannn,

2.Gozlem yapmama gerek yok bu
7] 013 0 L yaparak ise baglarim,
18] 11
3.

[zlemis oldugunuz basamaklar1 asagida verilen basamaklarla eslestiriniz.

Islem Basamaklari Izlediginiz Basamaklar
1. Gozlem Yapma 1
2. Problemin Tanimlanmasi 2

3. Daha Onceki Bilimsel Teoriler ve Bulgular | 3
Cercevesinde Problem Yeniden Formiile Edilmesi

4. Problemin Co6ziimiine Iliskin Hipotezler | 4
Gelistirilmesi

9]

5. Hipotezin Test Edilmesi (Deney Yapma)

6. Eger Hipotez Dogrulaniyorsa Mevcut Teorinin | 6
Aciklayici Oldugu Kabul Edilir

7. Eger Hipotez Dogrulanmiyorsa Yanlis Kabul | 7
Edilerek Reddedilir ve Yeni Hipotezler Gelistirilir

8. Sonuglar rapor edilir 8
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KENDINI DEGERLENDIRME FORMU

Bilimde kullanilan bir tek yontem olduguna iliskin 6nceki diistindiiklerim;

Bilimde kullanilan bir tek yontem olduguna iligkin su anki diisiindiiklerim,;

Bilimde kullanilan bir tek yontem olduguna iliskin 6nceki diistindiiklerimle su anki
diisiindiiklerimin karsilastirmast;
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Uygulama III (Gozlem-¢ikarim)

Elinizdeki kiip tizerindeki rakamlar ve kelimeler canlilarin genel 6zelliklerine iliskin
belirli bir iliski agna goére diizenlenmistir. Kiiplin 5 yiiziinde verilen rakamlar ve
kelimeleri kullanarak, 6. ylizde bulunan rakam ve kelimenin ne oldugunu
belirleyebilir misiniz?

COGALMA

| 11 11
BESLENME UYARILMA BOSALTIM

OLUM

22
HAREKET
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TAHMIN KARTLARI

RAKAM:
KELIME:

-------------------------------------------------------------------------------------------------------

RAKAM:

-------------------------------------------------------------------------------------------------------

RAKAM:

------------------------------------------------------------------------------------------------------

RAKAM:

-------------------------------------------------------------------------------------------------------

217



KENDINI DEGERLENDIRME FORMU

Bilimsel gozlem ve ¢ikarim arasindaki fark ile ilgili daha 6nceki diistindiiklerim;

Bilimsel gozlem ve ¢gikarim arasindaki fark ile ilgili su anki diislindiiklerim;

Bilimsel gozlem ve ¢ikarim arasindaki fark ile ilgili daha once diislindiiklerimle su
anki distindiiklerimin karsilastirmasi;
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Uygulama IV (Kanita, Gozlem ve Deneye Dayalilik)

Asagida canlilarin yapisini olusturan maddelere iliskin, bir gazeteci tarafindan
yapilan ii¢ roportaj goriilmektedir. Bunlardan ilki bir arastirmaci ile, ikincisi bir

~ 19

felsefeci ile ve {igiinciisli “Batililar Kiiltiir Dernegi” baskani ile yapilmistir.
[.ROportaj

Gazeteci: Merhabalar, ben “GUN” Gazetesinden geliyorum. Eger izin verirseniz
size, canlilar1 olusturan maddelere iligskin iddianizla ilgili sorular sormak istiyorum.
Arastirmaci: Elbette sorabilirsiniz.

Gazeteci: Oncelikle iddianiz, tekrar sizi agzinizdan almamiz miimkiin mii?
Aragtirmaci: Temel iddiam, canlilarin organik ve inorganik maddelerden
olustugudur.

Gazeteci: Bu iddianiz1 destekleyecek bir kanitiniz var m1?

Arastirmaci: Fizik, kimya ve biyoloji yontemlerini kullanarak, laboratuarda ulagtigim
sonuglara gore, canlilarda protein (enzimler), sekerler ve yaglar gibi organik
maddelerin yaninda, su ve mineraller gibi inorganik maddeler de bulunmaktadir.
Gazeteci: Iddianmz1 ortaya atarken herhangi bir gézlemde bulundunuz mu?
Arastirmaci: Evet bulundum. Laboratuarda saf organik ve inorganik maddelere
kimyasal uygulamalar yapmamizin sonucu elde ettigimiz renk degisimlerinin
aynisini canlilardan elde edilen saflagtirilmis parcalarda da gézlemledim.

Gazeteci: Calismanizi isteyen bagka bir bilim insan1 nasil tekrarlayabilir?
Arastirmact: Iddiama iliskin yaptigim arastirma sonuglarini, “Bilimsel Arastirma”

dergisinde yayinladim, isteyen oradan okuyup, tekrar test edebilir iddiamu.

II. Roportaj

Gazeteci: Merhabalar, ben “GUN” Gazetesinden geliyorum. Eger izin verirseniz
size, canlilar1 olusturan maddelere iligkin iddianizla ilgili sorular sormak istiyorum.
Felsefeci: Evet memnun olurum.

Gazeteci: Oncelikle iddianiz, tekrar sizi agzinizdan almamiz miimkiin mii?
Felsefeci: Temel iddiam, canlilarin sudan olustugudur.

Gazeteci: Bu iddianiz1 destekleyecek bir kanitiniz var m1?
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Felsefeci: Herhangi 6zel bir arastirma yapmadim ama inanityorum ki bu iddiay1
sadece diisiince ile ispatlayabilirim. Ornegin, topraktaki bitki susuz yasayamaz, hem
suda hem de karada yasayan kurbaga gibi canlilar var. Aym1 zamanda biz insanlar
stirekli su i¢iyoruz. Bunlar benim iddiami desteklemektedir.

Gazeteci: Iddiamz1 ortaya atarken herhangi bir gézlemde bulundunuz mu?

Felsefeci: Evet bulundum. Biraz once bahsetmis oldugum goézlemlerim hayatimda
karsilastigim 6nemli noktalardir. Ben bu gézlemlerimi birlestirip bdyle bir diisiinceye
ulastim.

Gazeteci: Caligmanizi bagka bir kisi nasil arastirabilir?

Aragtirmact: Iddiamm arastirmak isteyen birisinin benim deneyimlerimi tekrar
yasamasi gerekmektedir. Zaten benim deneyimlerim her insanin giinliik hayatinda

karsilastig1 seylerden olugmaktadir.

II1.R6portaj

Gazeteci: Merhabalar, ben “GUN” Gazetesinden geliyorum. Eger izin verirseniz
size, canlilar1 olusturan maddelere iligkin, kiiltiirel inaniglarimizdan kaynaklanan
iddianizla ilgili sorular sormak istiyorum.

Dernek Bagkani: Evet, elbette memnun olurum.

Gazeteci: Oncelikle iddianiz, tekrar sizi agzinizdan almamiz miimkiin mii?

Dernek Bagskani: Temel iddiam, canlilarin topraktan olustugudur.

Gazeteci: Bu iddianiz1 destekleyecek bir kanitiniz var m1?

Dernek Bagkani: Herhangi 6zel bir arastirma yapmadim ama inaniyorum ki bu
iddiay1 sadece diisiince ile ispatlayabilirim. Ornegin, bir tohum topraga
birakildiginda, bitkilerin topraktan c¢iktigin1 goézliiyoruz, yine Olmiis canlilarin
topragin yapisina karigtigini goriiyoruz. Bizim kiiltiirlimiize iliskin elimizdeki
kayitlar da canlilarin topraktan olustugunu gostermektedir

Gazeteci: Iddianiz1 ortaya atarken herhangi bir gézlemde bulundunuz mu?

Dernek Baskani: Hayir 6zel ve sistematik bir gézlemde bulunmadim. Kiiltiirel arsiv
kayitlarimiz ve bunlarim bize gosterdigi Orneklere gilivenerek bdyle bir iddiada
bulundum.

Gazeteci: Calismanizi bagka bir kisi nasil arastirabilir?
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Dernek Baskani: iddiami arastirmak isteyen birisinin elimizdeki 500 yillik kayitlar:

¢ok 1yi okumasi, anlamasi ve i¢indeki drneklere bakarak diisiinmesi yeterli olacaktir.

Yukarida bahsi gecen ii¢ iddiaya iliskin yapilan roportajlarin igerigini dikkate alarak,
bu iddialar1 asagida verilen kriterlere gore degerlendiriniz.

a.Iddianin ortaya atilma kaynagi;

b.iddianin test edilmesi siirecinde gozlem yapilip, yapilmadigi;

c. Gozlem yapilmigsa bu gozlemin niteligi;

d.Iddianin desteklenme yontemleri;

e.Kanit kullanilip, kullanilmadig;

f. Kanit kullanilmigsa, kanitin niteligi

g.Iddiay1 test etme yolunun tekrarlanabilirligi;

Sonug olarak bir iddianin olusturulmasi, test edilmesi ve iddiaya iligkin sonuglarin
paylasilmasi agisindan bilimsel bir ¢calismay1, diger alanlardan (Felsefe, Kiiltiir, Din)
ayiran faktorler nelerdir?
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KENDINI DEGERLENDIRME FORMU

Bilimin kanita, gozleme ve deneye dayali olmasi ile ilgili daha onceki
diistindiiklerim;

Bilimin kanita, gbzleme ve deneye dayali olmasi ile ilgili su anki diisiindiiklerim;

Bilimin kanita, gézleme ve deneye dayali olmasi ile ilgili daha 6nce diisiindiiklerimle
su anki diislindiiklerimin karsilastirmasi;
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Uygulama V (Hipotez, Teori ve Kanun)

Diinyanin c¢esitli yerlerinde hiicre iizerine yapilan arastirmalari incelerken,
karsilagtiginiz 6nemli noktalar1 kaydedip, hiicrelerin ¢ogalmasina iliskin yaptiginiz
arastirmamizla karsilastirtyorsunuz. 1lk olarak, daha onceki arastirmalardan su iic
onemli noktay1 agiklayan bir teoriye ulasiyorsunuz;

a. Hiicre, canlilarin yapisinin, fizyolojisinin ve organizasyonunun temel

birimidir.

b. Hiicre, ikili bir varolusa sahiptir. Bunlar, basli basina bir varlik olma ile

organizmalarin olusumunda yap1 malzemesi olma durumlaridir.

c. Hiicreler, kristallerin olusumuna benzer bir sekilde, serbest (kendiliginden)

hiicre olusumu yoluyla ortaya ¢ikmaktadirlar.

Arastirmanizin Amact:

Yapacaginiz arastirmada, tek hiicreli bir canli olan maya hiicrelerini mikroskopta
inceleyip, bu canlilarin nasil ¢cogaldigina (kendiliginden mi? yoksa bagka bir canlidan
m1?) iliskin arastirma yapacaksiniz.

Hipotez ya da Hipotezleriniz:

Aracg-Gereg:

1 sise maya kiiltiirli (Saccharomyces cerevisae)
1 adet mikroskop

1 adet lam ve lamel

1 adet zaman kaydedici

Deneysel Siirec:

Eldeki maya kiiltiiriinden (30°C’de iiretilmis) ornekler, 6 saatlik bir siireden sonra,
lam tizerine alinir.

Lam iizerine, lamel kapatilir.

Mikroskop altinda 40’lik objektif, 10’luk okiiler ile hiicre tomurcuklanmasi izlenir
(5dk. boyunca).

Ayrica mitoz boliinme videosu izlenir (fenokulu.com)
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Yapilan mikroskopik gozlemlerle ilgili gerekli notlar alinir.

Elde Edilen Veriler:

Daha Once Ifade Edilen Teoriyle Elde Edilen Verilerin Uyumlulugu:
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Elde ettiginiz verileri dnceki teorinin de destegi ile elestirdikten sonra, konu iizerine
yapilmis son caligmalara tekrar goz attiginizda karsiniza, hiicrelerin daha once var
olan bir diger hiicreden olustuguna iliskin kanitlar sunan bir arastirma geliyor. Bu
arastirmaya ek olarak, kalitsal bilginin hiicrede bulunup, nesilde nesile aktarildigi
fikrini destekleyen ¢alismalarla da karsilasiyorsunuz. Mendel Kanunlarinin sagladigi
aciklamalarla, kalitsal bilginin hiicrede bulunup, nesilden nesile aktarildigina iliskin
bulgular1 sentezliyorsunuz. Bu c¢alismalardan ve kendi deneyinizden yola ¢ikarak
basta verilen ii¢ maddeyi su sekilde degistiriyorsunuz;

mo oo os

Baslangicta Yazmis Oldugunuz Hipotez:

Hangi Amagcla Hipotez Olusturdunuz?

Baslangigta Dikkate Aldiginiz ve Sonugta Degistirdiginiz Teori:

Burada Dikkate Aldigiiz ve Degistirdiginiz Teori Nigin Olusturulmustur?

Elde Sonuglar1 Sentezlerken Karsilastiginiz Kanun:

Karsilastiginiz Kanun Nig¢in Olusturulmustur?
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Sizce Hipotez, Teori ve Kanun Arasinda Ustiinliik A¢isindan Herhangi Bir Fark Var
Midir?

a. Kabul Gérme Acisindan

b. Kesinlik A¢isindan

c. Birbirine Donilisme Ag¢isindan
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KENDINI DEGERLENDIRME FORMU

Hipotez, Teori ve Kanunun farklarina iliskin daha onceki diisiindiiklerim;

Hipotez, Teori ve Kanunun farklarina iliskin su anki diistindiiklerim;

Hipotez, Teori ve Kanunun farklarina iliskin daha 6nce diisiindiiklerimle su anki
diistindiiklerimin karsilastirmasi;
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Uygulama VI (Yaraticihik ve Hayal Giicii)

Asagida size hiicrenin yapisini agiklamak i¢in yapilan bir ¢caligmanin basamaklari
verilmektedir. Bu basamaklardan bazilarinin tamami ya da bir kismi bos
birakilmigtir. Yapmaniz gereken sey, bos birakilan basamaklarda yapilmasi
gerekenleri belirlemenizdir.

1.

Hiicreye iliskin daha once yapilmis olan c¢aligmalar incelenir ve varsa
sekiller gozden gegirilir. Liitfen; asagida verilen bosluga daha Onceki
bilgilerinizi kullanarak hiicre ve kisimlarin1 gosteren bir model ¢iziniz.

2. Oncelikle hangi canli grubuna ait hiicrenin incelecegine karar verilir.

3.

Hiicresi en iyi incelenecek canlt grubu

olmalidir. Ciinkii;

Hiicre incelenmesine ge¢gmeden once, hiicrelerin mikroskopta daha iyi
goriinebilmesi i¢in sunlar
yapimaltdir;. ... ..o

4. Hiicrenin mikroskopta iyi bir sekilde goriilmesine etki eden faktorler

SUNIATAIT; . ..o
............... bu faktorler
...................... yapilarak kontrol edilir.
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7. Elde edilen mikroskop goriintiilerinin fotograflar1 ¢ekilir. Fotograflardaki

sekillerin daha iyl anlagilmasi
JTo3 | 1 TP

....................... hazirlanir ve eldeki goriintiilere ait biiyiitme miktarlari
ve gozlenen farkl kisimlarin sekilleri,
....... hazirlanarak yazilir ve ¢izilir.

8. Cizilen modelin ayrintilarinin daha 1iyi agiklanabilmesi icin sunlar
yapilmalidir;



9. Elde edilen modelin raporunun yazilmasi esnasinda, insanlarin raporu daha
iyi  anlayabilmesi i¢in, rapor ig¢inde sunlar  kullanilmalidir

10. Raporun daha fazla kisiye ulasabilmesi icin, arastirmact asagidaki
stratejileri  kullanabilir;........ ..o

11. Hiicre ve kisimlarina ait modelin agiklamasi, rapor araciliiyla insanlarla
paylasilir, onlardan gelecek elestiriler ve destekler sonucu, model daha da
aciklayict bir hale gelinceye kadar bu paylasim devam ettirilir.
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KENDINI DEGERLENDIRME FORMU

Bilimde yaraticilik ve hayal giicii ile ilgili daha 6nceki diistindiiklerim;

Bilimde yaraticilik ve hayal giicii ile ilgili su anki distindiiklerim;

Bilimde yaraticilik ve hayal giicii ile ilgili daha 6nce dislindiiklerimle su an
diisiindiiklerim karsilagtirilmast,
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Uygulama VII (Degisebilirlik)

Asagida size hiicre zarma iliskin mikroskop goriintiisii verilmektedir. Elinizde
bulunan mikroskop ile sadece bu goriintiiler elde edilebilmektedir. Sadece elinizdeki
veriyi kullanarak hiicre zariin yapisini agiklayan bir teori olusturunuz.

BAELLLHLB LR

Elimdeki veriye gore hiicre zart,
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TR uTYeRY
SEABHLBLLINE
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WAAARAARGHAN
SALBHHHN NN
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wrnn THHEY
LEZY JUEIE



a0

SAAKL ) S8ESE4E

Elimdeki verilere gore hiicre zari;

[Ik modelinizde agikladiginiz hiicre zar1 yapisi ile son modelinizdeki hiicre zari
yapisi arasindaki benzerlikler ve farkliliklar nelerdir?
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KENDINI DEGERLENDIRME FORMU

Bilimsel bilginin her tiiriiniin degisebilirligine iliskin daha 6nceki diistindiiklerim;

Bilimsel bilginin her tiiriiniin degisebilirligine iliskin su anki diislindiiklerim;

Bilimsel bilginin her tiiriiniin degisebilirligine iliskin daha 6nce diisiindiiklerimle su
anki diisiindiiklerimin karsilastirmas;
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Uygulama VIII (Taraflilik)

Asagida hiicrelerin siniflandirilmasina iligkin bir ¢aligma esnasinda karsilagtiginiz iic
canliya ait hiicrenin 1000 kat biiyiitiilerek elde edilmis goriintiilerine sahipsiniz.
Yaptiginiz arastirmada bu hiicrelerin siniflandirilmasina iliskin kriterleri belirleyip,
bu hiicreleri belirli siiflara yerlestirmek istiyorsunuz. Bir bilim insan1 olarak hangi
kriterleri kullanarak, bu hiicreleri nasil bir gruplama ile siniflandirirsiniz?. Asagida
verilen bos alan1 gdzlemlerinizi ve bilgilerinizi kaydetmek i¢in kullanabilirsiniz?

Hiicre Tiirlerine iliskin Bildiklerim:

Hucreler; ..oooovvvviiiiiiiiii e s e e,
........ YA A e T e
.................................................. A5 - H
B T PP gibi ikili gruplara
ayrilabilirler. Ama benim diisiinceme gore, hiicreler

da simiflandirilabilirler.
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HUCRE I

100X10=1000
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HUCRE II

100X10=1000
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HUCRE III

Gozlemlerim:

Belirledigim Kriterler:

Belirledigim hiicre tiirii siniflari:

Hiicrelerin Siniflandirilmasi:

Hiicreler Sinifin Adi

HUCRE

HUCRE II

HUCRE III

Diger gruplarin kriterleri ve siniflamalariyla benzer ve farkli olan yanlar nelerdir?
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KENDINI DEGERLENDIRME FORMU

Bilimde taraflilik ile ilgili daha 6nceki diisiindiiklerim;

Bilimde taraflilik ile ilgili su anki diisiindiiklerim;

Bilimde taraflilik ile ilgili daha 6nce diisiindiiklerimle su anki diistindiiklerimin
karsilastirmast;
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Uygulama IX (Gozlem-Cikarim)

Asagida size bir canliya ait olan hiicre ya da hiicreler sunulmaktadir. Hiicre ya da
hiicreleri gozlemledikten sonra, hemen altta sunulan gozlem ifadelerinden
gozlemleyebildiklerinizi isaretleyiniz. Daha sonra bu hiicrenin ya da hiicrelerin ait

oldugu canliya iligkin resmin hemen altinda sunulmakta olan seceneklerden bir
tanesini isaretleyiniz.

O Hiicre, baska hiicrelerle beraber 6zel jelatinimsi bir kilif icindedir.
OHﬁcre bagimsiz olmayip, diger hiicrelerle arasinda sitoplazmik baglantilar vardir.

OHﬁcrenin icinde bulundugu hiicre kiimesi i¢inde, hiicreler arasinda farklilagsma ve
isbolimii goriliir.

OHijcre, diger hiicrelerle bir araya gelerek dokulagsma olusturmustur.
OHiicre, kamgiya sahip olup, basli basina bir canli goriiniimiindedir
Bu hiicrenin ait oldugu canly;

A)Tek hiicrelidir ~ B)Cok hiicreli bir canlidir ~ C) Koloni olusturan bir canlidir
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OHﬁcreler, jelatinimsi bir kilif i¢indedir.

OHﬁcreler bagimsiz olmayip, aralarinda sitoplazmik baglantilar vardir.

OHﬁcreler arasinda farklilasma ve isboliimii goriiliir.

OHﬁcreler bir araya gelerek dokulagsma olusturmustur.

OHﬁcreler, kamgciya sahip olup, basli basina bir canli goriiniimiindedir.
Bu hiicrelerin ait oldugu canly;

A)Tek hiicrelidir B)Cok hiicreli bir canlidir C) Koloni olusturan bir canldir
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OHﬁcreler, jelatinimsi bir kilif i¢indedir.

OHﬁcreler bagimsiz olmayip, aralarinda sitoplazmik baglantilar vardir.

OHﬁcreler arasinda farklilasma ve isboliimii goriiliir.

OHﬁcreler bir araya gelerek dokulagsma olusturmustur.

OHﬁcreler, kamgrya sahip olup, baslt bagina bir canli goriiniimiindedir.
Bu hiicrelerin ait oldugu canly;

A)Tek hiicrelidir ~ B)Cok hiicreli bir canlidir ~ C) Koloni olusturan bir canlidir
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SIMDI SiZE VERILMIS OLAN UC RESMi SINIRLARINDAN KESIP, BiR
BUTUN OLUSTURACAK SEKILDE YAPISTIRINIZ. ELDE ETTIiGiNiz
RESIM HUCRE VE HUCRELERIN AiT OLDUGU CANLIYA AITTIR.

Hiicre ve Hiicrelerin Ait oldugu Canli (Pandorina Kolonisi) (Smifta Tartisma I¢in)

Bu hiicre ya da hiicrelerin ait oldugu canliya iliskin belirlemelerinizde sadece bes
duyunuza dayali sonuglar1 m1 dikkate aldiniz?, yoksa bagka islemler de bu siirece
katilmakta midir? Aciklayiniz.
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KENDINI DEGERLENDIRME FORMU

Bilimsel gozlem ve ¢ikarim arasindaki fark ile ilgili daha 6nceki diistindiiklerim;

Bilimsel gozlem ve ¢ikarim arasindaki fark ile ilgili su anki diislindiiklerim;

Bilimsel gozlem ve ¢ikarim arasindaki fark ile ilgili daha 6nce diislindiiklerimle su
anki distindiiklerimin karsilastirmasi;
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APPENDIX N

EXAMPLES OF APPLICATIONS MADE BY THE PARTICIPANTS

Example for Application II
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Example for Application III
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Example for Application IV
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Example for Application V
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Example for Application VI
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Example for Application VII
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Example for Application VIII
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Example for Application IX
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APPENDIX O

CONSENT FORM

Calismamin Baghg1: Dogrudan-Baglantili-Yansitict (DBY) Ogretimin, Fende Ustiin
Basarili Dokuzuncu Smif Ogrencilerinin Igerik Bilgileri, Bilimin Dogasima Iliskin
Anlayislari ve Bilimsel Okur-Yazarlik Diizeylerine Etkisi.

Bu Arastirma Neden Yapihyor?: Bu arastirma, Orta Dogu Teknik Universitesi,
Fen Bilimleri Enstitiisii’nde gerceklestirilmekte olan bir doktora calismasidir. Bu
aragtirmanin ana amact DBY temelli bilimin dogasina iligkin 6gretimin, fende {istiin
basarili ¢cocuklarin igerik bilgileri, bilimin dogasina iliskin anlayislar1 ve bilimsel
okur-yazarlik diizeylerine etkisini aragtirmaktir.

Neden Bu Arastirma Sizinle Yapiliyor?: Bu calisma icin se¢ilme nedeniniz, fen
konularma iliskin {istiin basarmiz ve fen lisesi dokuzuncu sinifta 6grenim goriiyor
olmanizdir.

Arastirmada Sizden Beklenenler: Bu arastirma esnasinda, sizlere bir test, iki 6lgek
uygulanacak olup, 35-40 dk.’y1 bulacak goriismeler yapilacaktir. Bu goriismelere ek
olarak sizlerden derslerde yapacaginiz etkinliklerle ilgili goriis formunu doldurmaniz
beklenecektir. Tiim bu etkinlikler, test ve dlgekler, siif icinde uygulanacak olup,
herhangi bir sekilde size “NOT VERMEK” amaciyla
“KULLANILMAYACAKTIR”.

Elde Edilen Verilerin Korunmasi: Sizden elde edilecek veriler, izninizin disinda
kullanilmayacak olup, sifre konulmus dosyalarda muhafaza edilecektir. Bu
arastirmaya iligkin tiim rapor ve yazilarda, “takma isim” kullanilacak olup, bireylere
ait herhangi bir isim kullanilmayacaktir.

Bu Arastirmanin Icerdigi Riskler: Bu tiir bir arastirmanin su ana kadar zararh
herhangi bir sonuca neden olduguna iliski bilimsel bir bulgu yoktur.

Bu Arastirmanin Katihmciya Sagladigi Avantajlar: Bu arastirmanin, bireysel
olarak size katacagi en Onemli yeterliliklerden biri, bilimsel okur-yazarlik
diizeyinizin artmasidir. Giinliik yasantinizda siirekli olarak karsilastiginiz iddialarin
bilimsel olup olmadigini, bilimsel bir agiklamanin nasil 6zelliklere sahip olmasi
gerektigini, bilime iliskin daha verimli fikirlerin neler oldugunu, bilimi diger
alanlardan ayiran seylerin neler oldugunu, bilimin ve bilim insaninin 6zelliklerini
O0grenmis olacaksiniz. Gelecekteki meslek yasantinizda, bilgiye dayali karar verme
becerinizi kullanmaniz gereken durumlarda size yararli olabilecek, daha verimli
anlayislar kazanacaksiniz. Bu arastirmanin, bireysel katkilar1 yaninda, toplumsal
katkilar1 da olacaktir. Elde edilen veriler, {istii basarili fen &grencilerinin
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bulunduklar1 programlarda “nasil bilim 6gretimi yapilmali1?” sorusunu cevaplamaya
katkida bulunacaktir.

Arastirmanin Herhangi Bir Asamasinda Arastirmadan Ayrilabilme Durumu:
Bu aragtirmaya katilim goniilliiliik esash olup, arastirmaya katilmaya goniillii olan
kisiler, 6 haftalik siire boyunca herhangi bir zaman aralig1 i¢in arastirmadan
ayrilabilirler.

Tletisim:

Mustafa Serdar KOKSAL

Ortadogu Teknik Universitesi, Egitim Fakiiltesi, Ortadgretim Fen ve Matematik
Alanlar1 Egitimi Bolimii, 06531  Ankara-Tiirkiye

TIf: 0543 739 67 43

e-mail: ssplice@gmail.com

YUKARIDA HAKKINDA DETAYLI BiLGi VERILEN CALISMANIN
AMACI VE SURECI HAKKINDA BILGILENDIRILMiS DURUMDAYIM VE
CALISMAYA GONULLU OLARAK KATILMAYI KABUL EDiYORUM.

Katimcinin Adi ve Soyada:

Tarih: Imza:
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APPENDIX P

EVALUATION FORM OF ACTIVITIES REGARDING TO EXPLICIT-
EMBEDDED-REFLECTIVE TEACHING ON NATURE OF SCIENCE

Degerlendirilen Etkinligin Numarasi:

Degerlendiren Kisi: Bilimin Dogasina iliskin Deneyimi (Y1l):
Degerlendiren Kisinin Calistigi Kurum:

Degerlendiren Kisinin Calisma Alani:

Sayimn Katilimer;

Asagida size sunulan maddeler, bilimin dogasina iliskin boyutlarin, biyoloji ders
icerigiyle baglantili bir sekilde, Fen Lisesi dokuzuncu siif 6grencilerine “Dogrudan-
Yansitici-Baglantili” yontem yardimiyla 6gretilmesi icin olusturulan etkinliklerin
degerlendirilmesine iligkindir. Size sunulan maddelerde, (5) sayisi “Tamamen
Katiliyorum”, (1) sayis1 “Tamamen Katilmiyorum™ fikrini yansitmaktadir. Sizden
istenen sunulan etkinligi, size verilen 6lgegi kullanarak degerlendirmenizdir.

Degerlendirme ifadeleri 1 2 3 45

Etkinlikte ilgili bilimin dogasi boyutu, biyoloji icerigine iyi bir OO0 00O
sekilde entegre edilmistir.

Etkinlikte 1ilgili bilimin dogasi boyutuna iliskin yansitma o 5 o o O
yapilabilecek bdliim, 0Ogrencinin kendini degerlendirmesine
yeterince firsat verebilecek niteliktedir.

Etkinlikte 1ilgili bilimin dogasi boyutu, agik bir sekildle O O O O O
vurgulanmaktadir

Etkinlikte, “Dogrudan-Yansitici-Baglantili” &gretimin boyutlart o 5 o o o
1yi bir sekilde yansitilmaktadir.

Etkinlik, 6grenciler tarafindan kolayca anlagilabilecek niteliktedir O O O O O
Etkinlik, Ogrenciler tarafindan kolayca yapilabilecek niteliktedir. O O O O O
Etkinlikte kullanilan dil diizeyi, 6grenci seviyesine uygundur. OO0 OO0 O
Etkinligin igerigi, 6grencinin daha kolay anlamasi i¢in yeterince o 5 o o O
diizenli bir sekilde sunulmustur.

Etkinligin igerdigi kavramlar, 6grenci diizeyine uygun sayidadr. O O O O O
Etkinligin icerdigi kavramlar, 6grencinin kolayca anlayabilecegi o 5 o o O

niteliktedir.

Etkinlik, 6grencilerin daha kolay ilerleyebilmeleri i¢in agik bir
yonergeye sahiptir.

©)
O
©)
©)
©)

Etkinlik, 6gretmen tarafindan uygulama rehberinde belittilen o 5 o o o
zamanda rahatlikla yapilabilir.
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Evaluation Form (Continued)

Etkinlik i¢in gerekli materyaller, 6gretmen tarafindan rahathkla 00 O
elde edilebilir.

Etkinlik, 6gretmenin rahatlikla takip edebilecegi bir rehbere O O O O O
sahiptir.

Etkinlik, 6gretmen tarafindan kolayca anlasilabilecek niteliktedi. O O O O O
Etkinlik, 6gretmen tarafindan kolayca yiiriitiilebilecek niteliktedir. O O O O O
Etkinlikte kullanilan dil diizeyi, Ogretmenin anlayabilecegi O O O O O

diizeydedir.

Eklemek istediginiz, 6nemli gordiigiiniiz noktalar;
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APPENDIX R

PHOTOS TAKEN WHILE THE PARTICIPANTS IN TREATMENT
GROUPS ARE STUDYING

Figure R.1.a. The Participants in treatment groups are studying with micsrocope

Figure R.1.b. The Participants in treatment groups are studying with micsrocope
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Figure R.2.a. The Participants in treatment groups are studying on an activity

Figure R.2.b. The Participants in treatment groups are studying on an activity
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Figure R.2.c. The Participants in treatment groups are studying on an activity

Figure R.2.d. The Participants in treatment groups are studying on an activity
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Ogrenci Kodu:

Analiz edilen verinin kaynagi: VNOS-C Ontest O on GoriismeO

VNOS-C Sontesto Son Gérﬁsme()

Degerlendirilen Bilimin Dogasi Boyutlari

Degerlendirme Kriterleri

F

rek

NS

D

egeri

Sonuc¢

Bilimde Tek Yontem Yanilgisi

Uzman

Karisik

Acemi

Degerlendirilemiyor

Teori ve Kanun Arasinda Hiyerarsinin Varligina
liskin Yanilg:

Uzman

Karisik

Acemi

Degerlendirilemiyor

Gozlem ve Cikarim Farki

Uzman

Karisik

Acemi

Degerlendirilemiyor

Yanlilik

Uzman

Karisik

Acemi

Degerlendirilemiyor

Bilimde Yaraticilik ve Hayal Giicii

Uzman

Karisik

Acemi

Degerlendirilemiyor

Degisebilirlik

Uzman

Karisik

Acemi

Degerlendirilemiyor

Kanit ve Gozleme Dayalilik

Uzman

Karisik

Acemi

Degerlendirilemiyor
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