THE EFFECT OF HISTORY OF SCIENCE INSTRUCTION ON ELEMENTARY
STUDENTS' SCIENTIFIC LITERACY

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF SOCIAL SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

MUSTAFA CANSIZ

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE OF DOCTOR OF PHILOSOPHY
IN
THE DEPARTMENT OF ELEMENTARY EDUCATION

MARCH 2014






Approval of the Graduate School of Social Sciences

Prof. Dr. Meliha Altunisik
Director

| certify that this thesis satisfies all the requirements as a thesis for the degree of
Doctor of Philosophy.

Prof. Dr. Ceren Oztekin
Head of Department

This is to certify that we have read this thesis and that in our opinion it is fully
adequate, in scope and quality, as a thesis for the degree of Doctor of Philosophy.

Prof. Dr. Ceren Oztekin Assoc. Prof. Dr. Semra Sungur Vural
Co-Supervisor Supervisor

Examining Committee Members

Prof. Dr. Jale Cakiroglu (METU, ELE)

Assoc. Prof. Dr. Semra Sungur Vural (METU, ELE)

Assoc. Prof. Dr. Esin Atav (Hacettepe U, SSME)

Assoc. Prof. Dr. Yezdan Boz (METU, SSME)

Assoc. Prof. Dr. Ozgiil Yilmaz Tiiziin (METU, ELE)







| hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. | also
declare that, as required by these rules and conduct, I have fully cited and
referenced all material and results that are not original to this work.

Name, Last name : MUSTAFA CANSIZ

Signature



ABSTRACT

THE EFFECT OF HISTORY OF SCIENCE INSTRUCTION ON ELEMENTARY
STUDENTS' SCIENTIFIC LITERACY

Cansiz, Mustafa
Ph.D., Department of Elementary Education
Supervisor: Assoc. Prof. Dr. Semra Sungur Vural

Co-Supervisor: Prof. Dr. Ceren Oztekin

March 2014, 495 pages

The purpose of this study is to investigate the effectiveness of history of science
instruction on elementary students' scientific literacy. Specifically, the
effectiveness of history of science instruction over curriculum-oriented instruction
was examined in terms of four central components of scientific literacy, which are
science process skills, understanding of human circulatory system concepts,

attitudes toward science, and nature of science views.



A total of 95 sixth-grade students from four classes participated to the study.
Among them, two classes were randomly assigned as experimental group and other
two as comparison group. Experimental group students learned the circulatory
system topic through the history of circulatory system, integrated into the
curriculum-oriented instruction. The comparison group was engaged in curriculum-
oriented instruction, but without integration of history of circulatory system.
Science Process Skills Test, Circulatory System Concepts Test, Test of Science
Related Attitudes, and Views on Nature of Science Elementary School Version

were administered to the participants as pretest, posttest, and follow-up test.

The results of this study showed that two instructions did not give an advantage
over each other in terms of science process skills. On the other hand, history of
science instruction was found to be more effective than curriculum oriented
instruction in terms of retaining circulatory system concepts, promoting students’
favorable attitudes toward science, and improving nature of science views.
Therefore, it is recommended that curriculum developers should incorporate history
of science into science curriculum implemented in Turkey, and science teachers

should use it in their classrooms more actively.

Keywords: Scientific Literacy, Circulatory System, History of Science, Science

Process Skills, Nature of Science
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BILIM TARIHI EGITIMININ ORTAOKUL OGRENCILERININ FEN
OKURYAZARLIGINA ETKIiSi

Cansiz, Mustafa
Doktora, Tlkdgretim Boliimii
Tez Yoneticisi: Dog. Dr. Semra Sungur Vural

Ortak Tez Yoneticisi: Prof. Dr. Ceren Oztekin

Mart 2014, 495 sayfa

Bu calismanin amaci, bilim tarthi egitiminin ortaokul Ogrencilerinin fen
okuryazarlig1 iizerindeki etkisini arastirmaktadir. Spesifik olarak, bilim tarihi
egitiminin miifredat tabanli egitime gore etkisi, fen okur-yazarliginin dort temel
bilesenleri olan bilimsel siire¢ becerileri, dolasim sistemi kavramlarinin

anlasilmasi, fene karsi tutum ve bilimin dogas1 goriisleri agisindan incelenmistir.

Vi



Bu ¢alismaya dort ayr1 siiftan 95 altinct simif 6grencisi katilmistir. Bunlardan iki
sinif deney grubu ve diger iki simif da karsilagtirma grubu olarak rastgele
atanmistir. Deney grubunda dolasim sistemi tarihi miifredata entegre edilmis ve
ogrenciler dolagim sistemi konusunu bu yontemle 6grenmistir. Karsilastirma grubu
ise dolagim sistemi tarihi olmadan miifredat tabanli egitimle ayni konuyu
ogrenmistir. 1ki gruptaki 6grencilere de Bilimsel Siire¢ Becerileri Testi, Dolasim
Sistemi Kavram Testi, Fen Tutum Testi ve Bilimin Dogas1 Olgegi: FORM-E 6n

test, son test ve takip testi olarak uygulanmstir.

Bu ¢aligmanin sonucu bilimsel siireg¢ becerileri agisindan iki 6gretimin birbirlerine
gore bir fark ortaya c¢ikarmadigini gostermistir. Diger taraftan, dolasim sistemi
kavramlarimi akilda tutma, fene karst olumlu tutum gelistirme ve bilimin dogasi
hakkinda daha yeterli goriis ortaya koyma agisindan bilim tarihi egitiminin

miifredat tabanli egitime gore daha basarili oldugu ortaya konmustur.

Bu c¢alismada ortaya konan sonuca dayanarak, miifredat gelistiricilere bilimin
tarihini Tirkiye'de uygulanan fen ve teknoloji 6gretim programina entegre etmesi
ve fen bilgisi 6gretmenlerine de simiflarinda bilim tarihini daha aktif kullanmasi

gerektigi tavsiye edilmektedir.

Anahtar Kelimeler: Fen Okuryazarligi, Dolasim Sistemi, Bilim Tarihi, Bilimsel

Siire¢ Becerileri, Bilimin Dogas1
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CHAPTERI I

INTRODUCTION

Today, it is widely accepted among science educators that efforts invested in the
improvement of science education are mainly for developing scientifically literate
individuals, making science meaningful for all people, not for specific groups
(Bybee, 1997; Feinstein, 2011; Millar, 2006; Roberts, 2007). Indeed, Rutherford
and Ahlgren (1990) stated that “our fundamental premise is that schools do not
need to be asked to teach more and more content, but rather focus on what is
essential to scientific literacy and to teach it more effectively” (p. ix) because
scientific literacy (SL) is crucial for today’s world societies in which science and
technology changes very rapidly. Thus, countries should be prepared to adapt
themselves to the changes in science and technology in order to be successful and
developed in the global world. To be able to achieve this end, focus should be
given to the individuals of the societies: If the society is educated in a way that it
prepares individuals to meet today’s technology and science requirements, the
country can be able to maintain the functional role on the global scale
straightforwardly. Thus the crucial point in national “adaptation” is to educate
individuals as much scientifically literate as possible because scientifically literate

individuals understand key scientific concepts and the relation between science-



technology-society easily (Abd-El-Khalick & BouJaoude, 1997). As a result,
development of scientifically literate individuals is recognized as one of the major
goals of science education by many science educators, researchers, and
governments including Turkey (BouJaoude, 2002; Milli Egitim Bakanligi (Ministry
of National Education) [MoNE], 2006; Zembylas, 2002) and many efforts were
attempted to improve scientific literacy (Project 2000+, 1993; Project 2061, 1990;
Science Literacy Project, 1999, 2005). Among them, a project called as Project
2061, which was carried out in U.S., was one of the most central ones in the history
of scientific literacy. Science for All Americans (American Association for the
Advancement of Science [AAAS], 1989) and Benchmarks for Science Literacy
(AAAS, 1993) were the products of this project. Science for All Americans covered
four themes. These are nature of science, mathematics, and technology; the impact
of technology on science and mathematics; the effect of history of great scientific
episodes on people about world works; the practice of thought needed for scientific
literacy. Similarly, Benchmarks for Science Literacy specify the levels students are
expected to reach at the end of 2™, 5™ 8" and 12" grades, in terms of what they
know and be able to do in three domains, namely, science, technology, and
mathematics to reasonably progress through scientific literacy. Moreover, The
National Science Education Standards (National Research Council [NRC], 1996)
contributed to the reforms in science education by setting the standards for
achieving scientific literacy. This document organized standards under six
categories. These are standards for: science teaching, professional development for

teachers of science, assessment in science education, science content, and science



education systems. Recently National Research Council released the Next
Generation Science Standards to “provide a more coherent progression aimed at
overall scientific literacy with instruction focused on a smaller set of ideas and an
eye on what the student should have already learned and what they will learn at the
next level” (NRC, 2013, p.3). Overall, these reform movements tried to improve

science education by placing scientific literacy as their ultimate goal.

In addition to international reform movements in science education, the Ministry of
National Education (MoNE) in Turkey has undergone changes in 2004 and
released the new science and technology curriculum in 2006. The vision of the
curriculum is to educate all students as scientifically literate regardless of
individual differences (MoNE, 2006). In science and technology curriculum,
scientific literacy was described as a collection of skills, attitudes, values,
understanding and knowledge in order to make inquiries and investigations, think
critically, solve daily life problems, make informed decisions, and become a life-
long learner. Seven dimensions for scientific literacy were suggested in the
curriculum. These are, nature of science and technology, key science concepts,
science process skills, science-technology-society-environment interaction,
scientific and technical psychomotor skills, scientific values, and attitudes toward

science (MoNE, 2006).

Apart from the seven aspects emphasized in national science curriculum in Turkey,
different aspects of scientific literacy were examined in the relevant literature. For

example, in Science for All Americans (AAAS, 1998) it was emphasized that



scientifically literate individuals should understand science concepts, possess
science process skills and comprehend the interaction between science, technology,
and society. Similarly, The Organization for Economic Cooperation and
Development [OECD] (2003) underlined the ability of using scientific knowledge
and making decisions in defining scientific literacy. Moreover, Abd-El-Khalick and
BouJaoude (1997) emphasized three aspects of scientific literacy, namely
understanding science concepts and processes of science, being aware of the
relation between science-technology-society, and developing nature of science
understanding. While defining scientific literacy, Matthews (1994) focused on
learning of basic scientific concepts and connecting science to daily life. The
Programme for International Student Assessment (PISA) of the OECD (2006)
extended its definition of scientific literacy by including attitudes toward science. It
was emphasized that:

A student’s ability to carry out the scientific competencies involves

both knowledge of science and an understanding of the characteristics

of science as a way of acquiring knowledge (i.e. knowledge about

science). The definition also recognizes that the disposition to carry out

these competencies depends upon an individual’s attitudes towards
science and a willingness to engage in science-related issues (p. 23).

Additionally Chin (2005) described attitudes toward science as a vital domain of
scientific literacy with other three domains which are “science content, the
interaction between science-technology-society and the nature of science” (p.
1549). Bybee and McCrae (2011) also discussed that scientific knowledge and

attitudes toward science are the central contributors to the scientific literacy.



In the current study, based on the national science curriculum and abovementioned
literature, four core aspects of scientific literacy were identified, namely science
process skills, science content knowledge, attitudes toward science, and nature of

science.

The first aspect of SL is science process skills. Lederman (2009) stated that science
process skills are closely related to the scientific inquiry. Students should develop
an understanding that scientific knowledge is produced as a result of scientific
inquiry processes (Bybee et al., 1991) through constructing and criticizing ideas.
The National Committee on Science Education Standards (1996) stressed science
as a way of knowing about the natural world. Science education should help
students improve an understanding of what science is about and how scientific
knowledge is generated (AAAS, 1989; Murcia, 2009; Mutonyi, Nielsen, & Nashon,
2007; NRC, 1992; 1996; Shen, 1975). Similarly Rezba, Sprague, McDonnough,
and Matkins (2007) stated that the goals for science education should emphasize
science as way of thinking and investigating. The authors added that ways of
thinking in science refer to the process skills. These skills were based on the ability
to acquire, interpret and act upon evidence (OECD, 2006, p. 12). Rezba et al.
(2007) mentioned about basic and integrated science process skills. Basic science
process skills are the ones used to explore natural world. These skills include
observing, predicting, inferring, classifying, measuring, and communicating (Rezba
et al., 2007). The integrated process skills are the skills that lead to scientific

investigations and known as identifying variables, constructing hypothesis,



analyzing investigations, tabulating and graphing data, defining variables,
designing investigations, and experimenting (Rezba et al., 2007). Rezba and
colleagues emphasized that integrated process skills are based on basic process
skills and acquisition of the integrated process skills enable students to test their
ideas through planning investigations. Similarly, Bailer, Ramig, and Ramsey
(1995) stated that “Students skilled in science processes will be able to conduct
investigations on a topic of their own choosing with minimal teacher guidance”

(p.5). Therefore teachers should help students improve these skills in classrooms.

The second fundamental aspect of scientific literacy is to understand basic science
concepts. Martin, Sexton, and Franklin (2005) identified three essential
characteristics of science as attitudes, skills, and knowledge. They stated that
knowledge includes what scientists explore and make public. Learning this
knowledge is one of the major goals of science curricula. Individuals should have a
basic understanding of scientific concepts and theories to become scientifically

literate (AAAS, 1989; NRC, 1996; OECD, 2003).

The third aspect of SL is attitudes toward science. Koballa and Crawley (1985)
defined attitudes toward science as “a general and enduring positive or negative
feeling about science” (p. 223). Individuals’ attitudes may have a fundamental role
in their interest in science and scientific inquiry. OECD (2006) emphasized that
one of the goals of science education is to cultivate students’ attitudes toward
science which, in turn, increase their participation in science and use of science for

personal and societal benefits. To achieve this goal, researchers focused on



different instructional strategies that favor students’ attitudes toward science such
as hands-on laboratory program (Freedman, 1997), creative drama (Hendrix, Eick,
Shannon, 2012), argumentation-based instruction (Cakir, 2011) as well as history

of science instruction (Kubli, 1999).

The last core aspect of SL is nature of science (NOS). NOS is commonly defined
as “values and assumptions inherent to scientific knowledge” (Lederman &
Zeidler, 1986, p. 1) and refers to science as a way of knowing (Lederman, 1992).
Nature of science has been a perennial goal of science education and emphasized in
many reform documents and scholarly papers (AAAS, 1989, 1993; Bell, Matkins
& Gansneder, 2011; Lederman, 1992; NRC, 1996) to educate students as
scientifically literate. Lederman, Abd-El-Khalick, Bell, and Schwartz (2002)
introduced the aspects of NOS which are accessible to K-12 students and received
common acceptance among researchers. These are “scientific knowledge is
tentative; empirical; theory-laden; partly the product of human inference,
imagination, and creativity; and socially and culturally embedded. Three additional
important aspects are the distinction between observation and inference, the lack of
universal recipe like method for doing science, and the function of and
relationships between scientific theories and laws” (p. 499). Having an adequate
understanding of these aspects is essential for individuals to be scientifically
literate. Therefore, students should be engaged in practices in science classrooms to

develop NOS understanding.



A variety of instructional strategies were implemented to improve aforementioned
aspects of the scientific literacy. For example, in order to develop science process
skills, activity-based instruction (Turpin, 2000); inquiry-based instruction (Yager &
Akcay, 2010); guided-inquiry (Koksal & Berberoglu, 2014; Yildirim, 2012); and
creative-drama based instruction (Taskin-Can, 2013) were utilized in classrooms.
Moreover, a number of instructional strategies including argumentation-based
instruction (Zohar & Nemet, 2002); problem-based learning (Sungur, Tekkaya, &
Geban, 2006); socioscientific-based instruction (Klosterman & Sadler, 2010); case-
based instruction (Boz & Uzuntiryaki, 2008) were implemented to foster learning
of science concepts. Similarly, argumentation-based intervention (Cakir, 2011);
creative drama (Hendrix, Eick, & Shannon, 2012); guided-inquiry instruction
(Koksal & Berberoglu, 2014); hands-on laboratory instruction (Freedman, 1997)
were utilized to develop positive attitudes toward science. Finally, instructional
strategies such as explicit-reflective activity based instruction (Akerson, Abd-El-
Khalick, & Lederman, 2000; Colak, 2009; Khishfe, 2008); experiential science
program (Jelinek, 1998); laboratory activities (McComas, 1993); generic activities
(Lederman & Abd-El-Khalick, 1998) were used for developing students’ NOS
views. In addition to the incomplete list of strategies presented above, history of
science (HOS) was recommended as an alternative strategy for achieving scientific

literacy (e.g. Rutherford & Ahlgren, 1990).

The reforms in science education underlined the need for the inclusion of history of

science into science classrooms (NRC, 1996). Kuhn (1970) argued the importance



of the progress of scientific knowledge throughout history and recommended that
history of science should be a part of science curricula. The need to integrate HOS
into science curricula was also highlighted in Project 2061 (AAAS, 1989). History
of science has numerous benefits for science education including teaching science
content, creating authentic learning environments, developing reasoning and
thinking skills, and cultivating interest and attitude in science through humanizing
it (Matthews, 1994).Therefore teachers should benefit from history of science in

their classrooms.

1.1 Research Problem

The main focus of this study was to investigate the comparative effectiveness of the
HOS instruction and curriculum-oriented instruction on grade six students’
scientific literacy. In the present study, scientific literacy was examined in terms of
students' science process skills, understanding of circulatory system concepts,

attitudes toward science, and nature of science views.

Accordingly, one of the purposes of the current study was to examine the effect of
HOS instruction on students’ science process skills. As one of the aspects of
scientific literacy, students should develop abilities to conduct scientific
investigations. Through history of science, they become familiar with how ancient
scientists conducted experiments and investigations; as a result of these they
become informed about how scientific knowledge is produced. Matthews (1994)
emphasized that historical approach to science instruction can improve students’

comprehension of scientific methods and join their own thinking with the



development of ideas in the past. Thus, in the present study, it is expected that, in
terms of science process skills, students receiving HOS instruction will be better

than the students receiving curriculum-oriented instruction.

The second purpose was to investigate the effectiveness of HOS instruction on
students’ understanding of human circulatory system concepts. Ernst Mayr (1982)
provided a good argument for the history of science instruction to understand the
scientific concepts. Mayr (1982) argued that:
...the study of the history of a field is the best way of acquiring an
understanding of its concepts. Only by going over the hard way by
which these concepts were worked out -by learning all the earlier
wrong assumptions that had to be refuted one by one, in other words by
learning all past mistakes- can one hope to acquire a really thorough

and sound understanding. In science one learns not only by one’s own
mistakes but by the history of the mistakes of others (p. 20)

Mayr (1982) emphasized the role of wrong assumptions and mistakes made in the
past in understanding the scientific concepts. Matthews (1994) also highlighted the
history as a way to comprehend scientific concepts better due to its role of making
scientific concepts less abstract and attractive. The specific topic studied in this
study was circulatory system and it mostly involves abstract concepts. Students
cannot directly observe the circulatory system concepts such as pulmonary
circulation and they get stacked in understanding them. HOS instruction can enable
students to figure out how these concepts evolved in the past. Students can realize
the wrong hypothesis formulated by ancient scientists and this led to the new

investigations and the modern circulatory system was achieved. Thus, in the

10



present study, it is expected that students receiving HOS instruction have a better
understanding on circulatory system concepts than the students receiving

curriculum-oriented instruction.

The third purpose of this study was to explore the influence of HOS instruction on
students’ attitudes toward science. Science education aims to develop positive
attitudes toward science and history of science was considered to serve for this goal
(Russell, 1981). Matthews (1994) recommended that “History, by examining the
life and times of individual scientists, humanizes the subject matter of science,
making it less abstract and more engaging for students” (p. 50). Thus, it is
suggested that science is humanized through HOS instruction (Monk, & Osborne,
1997) and this may result in increased students’ attitudes in science. As Monk and
Osborne (1997) emphasized, HOS can be integrated as an instructional strategy to
engage students in science classrooms to improve their science learning and
attitudes toward science. Lin, Cheng, and Chung (2010) reported that history of
science instruction promote attitudes toward science. However, Teixeira, Greca,
and Freire (2012) critically examined four studies, which used history of science as
instructional tool, to check its effectiveness on attitudes toward science. They
pointed out that two of them had evidence to improve attitudes toward science, but
other two could not provide clear evidence. They stated that in the literature there is
stronger divergence in the HOS studies regarding the change in students’ attitudes
towards science. Thus, there is a need for further studies to clearly establish the link

between HOS instruction and attitudes toward science. In the present study, it is

11



expected that students receiving HOS instruction have more favorable attitudes

than the students receiving curriculum-oriented instruction.

Last, this study focused on the effect of HOS instruction on students’
understanding of NOS. Matthews (1994) clearly stated that “History is necessary to
understand the nature of science” (p. 50). NRC (1996) also explained the role of
history in developing NOS views as “The historical perspectives of scientific
explanations demonstrates how scientific knowledge changes by evolving over
time, almost always building on earlier knowledge” (p. 204). The National Science
Education Standards (NRC, 1996) also referred to the history of science for
understanding the nature of science. It was stated that:

In learning science, students need to understand that science reflects its

history and is an ongoing, changing enterprise. The standards for the

history and nature of science recommend the use of history of science

in school science programs, to clarify different aspects of scientific

inquiry, the human aspects of science, and the role science has played
in the development of various cultures (p. 107).

History of science can be a good context in showing that science has tentative,
empirical, subjective, creative, and inferential components. Moreover, students can
follow how different cultures affected the scientific knowledge throughout history.
In this study, circulatory system concepts were introduced as how they were
conceptualized in the past. For example Galen’s explanations for the blood
circulation were introduced and then how scientific investigations and experiments

carried out by other scientists led to the change in those explanations. As a result,

12



students may become aware of the fact that scientific explanations may change by
conducting new investigations and providing empirical evidence. Thus, in the
present study, it is expected that students receiving HOS instruction have more
sophisticated nature of science understanding than the students receiving

curriculum-oriented instruction.

1.2 Hypothesis

Overall, in the current study, it is hypothesized that the HOS instruction will
improve Grade six students’ science process skills, their understanding of human
circulatory system concepts, attitudes toward science, and nature of science views.
That is, students getting HOS instruction will have advanced science process skills,
a better understanding of human circulatory system concepts, more positive
attitudes toward science, and more adequate understanding of nature of science

than students getting curriculum-oriented instruction.

1.3 Research Questions

The main research question and sub-questions were stated below.

Main Question

To what extent HOS instruction and curriculum-oriented instruction create
different profiles on the collective dependent variables of science process skills,
understanding of human circulatory system concepts, attitudes toward science, and
NOS views across three testing conditions (pre-instruction, post-instruction and

follow-up)?
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Sub-questions

1) To what extent HOS instruction is more effective than curriculum-oriented
instruction in developing students’ science process skills across three testing
conditions?

I. What are the differences between HOS instruction group and curriculum-
oriented instruction group with respect to science process skills at pre-
instruction, post-instruction, and follow-up measurements?

ii. How do each group students’ science process skills change from pre-
instruction to post-instruction and from post-instruction to follow-up
measurements?

2) To what extent HOS instruction is more effective than curriculum-oriented
instruction in developing students’ understanding of circulatory system concepts
across three testing conditions?

i. What are the differences between HOS instruction group and curriculum-
oriented instruction group with respect to understanding of circulatory system
concepts at pre-instruction, post-instruction, and follow-up measurements?

ii. How do each group students’ understanding of human circulatory system
concepts change from pre-instruction to post-instruction and from post-
instruction to follow-up measurements?

3) To what extent HOS instruction is more effective than curriculum-oriented
instruction in developing students’ attitudes toward science across three testing

conditions?

14



I. What are the differences between HOS instruction group and curriculum-
oriented instruction group with respect to attitudes toward science at pre-
instruction, post-instruction, and follow-up measurements?

ii. How do each group students’ attitudes toward science change from pre-
instruction to post-instruction and from post-instruction to follow-up
measurements?

4) To what extent HOS instruction is more effective than curriculum-oriented
instruction in developing students’ NOS views regarding empirical, tentative,
subjective, creative and imaginative, and inferential aspects across three testing
conditions?

i. What are the differences between HOS instruction group and curriculum-
oriented instruction group with respect to views on targeted NOS aspects at
pre-instruction, post-instruction, and follow-up measurements?

ii. How do each group students’ views on targeted NOS aspects change from
pre-instruction to post-instruction and from post-instruction to follow-up

measurements?

1.4 Definition of Variables
Attitudes toward science.
Koballa and Crawley (1985) defined attitudes toward science as “a positive or
negative feeling about science” (p.223). In this study, students’ attitudes toward
science were measured by Test of Science-Related Attitudes (TOSRA) developed

by Fraser (1978).
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Science process skills.

These skills “represent the rational and logical thinking skills used in science”
(Burns, Okey, & Wise, 1985, p. 169). In this study, students’ science process skills
were measured by Science Process Skills Test (SPST) developed by (Burns et al.,

1985).

Nature of science.

Lederman (1992) defined nature of science as the “epistemology of science,
science as a way of knowing, or the values and beliefs of scientific knowledge and
its development” (p. 331). In this study nature of science was measured by using
the Views of Nature of Science Elementary School Version (VNOS-E) developed

by Lederman and Ko (2004).

Curriculum-oriented instruction.

Curriculum-oriented instruction was based on the national science curriculum
approach. Ministry of National Education has redesigned the curriculum for
elementary school classes in 2004. The vision of the new science curriculum is to
develop scientifically literate citizens for future (MoNE, 2004). Berberoglu,
Arikan, Demirtasli, Is-Guzel, and Ozgen-Tuncer (2009) pointed out that the current
science curriculum was designed as student centered and higher order thinking
skills were aimed to develop. The previous curriculum were based on behavioral
approach and with the current curriculum it is claimed that behavioral approach is
not suitable any more. The current curriculum includes less content but it aims to

make students active in class and to improve their higher order thinking skills. The
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role of students and teachers has also changed. Students try to construct knowledge
by themselves and the teachers guide them in this process. Besides emphasizing the
higher order thinking skills, the current curriculum has a spiral structure that is
thinking skills are emphasized through different grade levels and activities and
examples guide teachers in science teaching. Therefore the curriculum-oriented
instruction included constructivist teaching methods as emphasized in the national
science curriculum (MEB, 2004). In the curriculum, each topic was designed based
on 5E instructional model. Each "E" stands for a stage of sequence in teaching and

learning, namely Engage, Explore, Explain, Elaboration and Evaluate.

History of science instruction.

The experimental group learned the circulatory system concepts through the history
of circulatory system integrated into the curriculum-oriented instruction. There
were activities in the curriculum and those activities were modified by integrating
the history of circulatory systems. The experimental group in this study carried out
the modified activities with HOS. Historical materials such as early scientists’ view
of circulatory system; the studies of ancient societies; and the historical affairs were

introduced to the experimental group.

1.5 Significance of the Study
Scientific literacy has been defined one of the major goals of science education in
both international and national reform movements. National Science Education

Standards provided clear argument about the importance of scientific literacy.
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Scientific literacy enables people to use scientific principles and
processes in making personal decisions and to participate in discussions
of scientific issues that affect society. A sound grounding in science
strengthens many of the skills that people use every day, like solving
problems creatively, thinking critically, working cooperatively in
teams, using technology effectively, and valuing life-long learning
(NRC, 1996, p.9).

Being aware of this, researchers were interested in improving students’ scientific
literacy in science classrooms (e.g. Biernacka, 2006; Cavagnetto, 2010; Khasnabis,
2008; Kolsta, 2001; Palincsar, Anderson, & David, 1993). This experimental study
will provide an opportunity to find out if history of science instruction is an
effective way to develop the core aspects of scientific literacy among sixth grade

students.

This study also provides teachers, educators and curriculum developers with ideas
for inclusion of history of science into science education. Teachers can use the
historical materials developed in human circulatory system in their classrooms to
help students improve certain elements of scientific literacy which are science
process skills, understanding of circulatory system concepts, attitudes toward
science, and nature of science. Laugksch (2000) expressed that SL can be
considered as multidimensional including science concepts and ideas, and the
nature of science. In the same vein, history of science was seen as a means to help
students to understand science concepts and nature of science better (Matthews,
1994). The science is evolutionary in nature. Krebs (1999) stated that science is

unique within other disciplines since it has the capacity to develop in time through
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new theories and it is important that students should realize how scientific
knowledge is developed in time. Integrating historical materials about science
content into the curriculum may engage students in development of science content
and enhance their NOS views. Students’ attitudes toward science may also affect
their scientific literacy. Wieder (2006) emphasized that teaching science from a
historical perspective may serve to increase student’ interest by humanizing the
scientific process. Integrating history of science into the science curriculum may
help students to develop positive attitudes toward science. Moreover, students can
develop science process skills by conceptualizing how scientists in history
formulated hypothesis, made observations, conducted experiments and reached

conclusions.

There is a concern about the diversity of historical materials in different areas of
science. McComas (2008) concluded that historical materials were given in the
discipline of physics more heavily and recommended the use of historical materials
in other disciplines so that students can understand the scientific enterprise in
varied disciplines. This study is also significant since historical materials in the
discipline of biology were used. Circulatory system includes abstract concepts
which students cannot observe directly. Those materials may provide deep insights

into those concepts through examples and videos used in the present study.

The review of related literature as coupled with the findings of this study provide
empirical evidence to establish a relationship between certain elements of scientific

literacy and history of science instruction. Researchers, curriculum developers, and
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science educators who are interested in the utilization and effect of history of
science instruction will find related literature and results in this study. By means of
reviewed literature, the readers will find the summary of prior research by
comparing and contrasting various scholarly articles, books, documents as well as

academic theses.

There is also a need for such a study because the national science curriculum aims
to develop scientifically literate citizens for future (MEB, 2004). Monk and
Osborne (1997) underlined that without integrating some history into the science,
science education will not achieve its goals. Instructional approaches proposed to
achieve this aim should be investigated and introduced to the teachers so that

scientific literacy can be improved.
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CHAPTER I

LITERATURE REVIEW

In this chapter, the previous studies related to this study were reviewed. First of all,
general overview of scientific literacy was presented including the various
definitions of it in science education literature as well as how this study
conceptualizes scientific literacy. Then, the role of history of science in science
education literature was reviewed and the studies underlining the need for the
inclusion of HOS into science classrooms were summarized. Finally, science
process skills, science concepts understanding, attitudes toward science, and nature

of science literature were reviewed respectively.

2.1 Scientific Literacy

Scientific literacy has become the fundamental objective of science education in
curriculum reforms (AAAS, 1993; Dillon, 2009; MoNE, 2006; NRC, 1996).
Although scientific literacy has been set as a major goal of science education, there
is no agreement about its meaning in science education community (Deboer, 2000;
Roberts, 2007). Durant (1993) stated that SL “stands for what the general public
ought to know about science” (p. 129). NRC (1996) defined SL as "the knowledge

and understanding of scientific concepts and processes required for personal
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decision making, participation in civic and cultural affairs, and economic
productivity"”. It was added that "scientific literacy entails being able to read with
understanding articles about science in the popular press and to engage in social
conversation about the validity of the conclusions” (p. 22). Moreover, The
Organization for Economic Cooperation and Development’s (OECD) Programme
for International Student Achievement (PISA) defined scientific literacy 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” (OECD, 2003, p. 133).
In line with the definition of SL, a person should possess certain characteristics to
be scientifically literate. In Science for All Americans (AAAS, 1998), a
scientifically literate individual was broadly characterized as follows:

is familiar with the natural world; understands some of the key

concepts and principles of science; has a capacity for scientific ways of

thinking; is aware of some of the important ways in which

mathematics, technology and science depend upon one another; knows

that science, mathematics and technology are human enterprises, and

what that implies about their strengths and limitations; is able to use

scientific knowledge and ways of thinking for personal and social
purposes (p. 6).

Also, Abd-El-Khalick and BouJaoude (1997) stated that “a scientifically literate
person should develop an understanding of the concepts, principles, theories, and
processes of science, and an awareness of the complex relationships between
science, technology, and society. More important, such a person should develop an

understanding of the nature of science” (p. 673).
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Among these definitions of scientific literacy, AAAS (1998) focused on the
knowledge about natural world; key science concepts; science process skills;
mathematics, science, and technology relationship; social and cultural embedded
aspect of NOS. Similarly, OECD (2003) focused on understanding of science
concepts; science process skills; decision on natural world; and science as a human
endeavor which is one of the aspect of NOS. Correspondingly, Abd-El-Khalick and
Boujaoude (1997) focused on science concepts and science process skills; science,
technology, society relationship; and NOS understanding. Although there are some
variations between these definitions of scientific literacy, three common points still
exists among them; science process skills, understanding science concepts, and
nature of science. First, this means that a person should have both basic science
process skills such as classifying, inferring, observing, and integrated science
process skills such as controlling variables, formulating hypothesis, experimenting,
fitting to all scientific ventures to be scientifically literate Second, the person to be
scientifically literate should also have at least some level of science content

knowledge. Third, the person should have an understanding of nature of science.

In addition to these components, NRC emphasized that attitudes and values also
shape a person being as scientifically literate (1996). In recent years, there existed
an increased concern for the number of students who choose science as a major due
to the decrease in students' positive attitudes toward science (Osborne, Simon &
Collins, (2003). Being aware of this, OECD broadened the definition of scientific

literacy including attitudes toward science in 2006. In fact there was no explicit
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reference to attitudes while describing SL in OECD 2003 publication. Hence, a
scientifically literate individual should developed science process skills, understand
basic science concepts, have favorable attitudes toward science as well as have a

developed understanding of nature of science.

Overall, considering abovementioned definitions, in this study scientific literacy
was conceptualized as the ability to understand the basic terms in science; to
differentiate scientific knowledge from non-scientific one; to question the
trustworthiness of knowledge; to note the characteristics of an object or condition
using senses; to classify objects and conditions; to forecasting a future event based
on past observations or the extension of data; to test a hypothesis; to think critically
and evaluate evidence; to pose claims or counterclaims and defend his ideas and
reach decisions; to aware that science is a body of knowledge and as a way of
knowledge that is created by human endeavor; and to have positive impression

toward the science.

Based on this definition, it seems sensible to characterize scientifically literate
person as the individual who is updated with recent development in science, can
differentiate scientific knowledge from non-scientific one, and questions about the
trustworthiness of the knowledge. Moreover a scientifically literate person should
inquire the source of the knowledge. S/he should think critically and evaluate
evidence. S/he should discuss the alternatives, pose claims or counterclaims and
defend her/his ideas and reach decisions. Therefore it is important to educate

scientifically literate individuals.
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In today's rapidly developing world, there is an increasing need for such
individuals. In order to educate scientifically literate individuals, appropriate
learning environments should be provided to students. When the literature was
investigated, alternative approaches have been suggested by researchers, for
example, role playing (Schwartz, 2012); cooperative learning (Soja & Huerta,
2001); science camps (Foster & Shiel-Rolle, 2011); technology-enhanced science
classrooms (Kim & Hannafin, 2011); as well as history of science instruction
(Dolphin, 2009). Among this incomplete list of approaches, history of science
instruction was chosen in this study because, unlike the others, history of science
instruction promote students not only for learning of science but also for learning
about science (Monk & Osborne, 1997). In this study, history of science has been
recommended as an instructional approach to foster students' scientific literacy. In
this regard, the following part was allocated to the related literature about history of

science instruction and its role in science education.

2.2 History of Science in Science Education

In the literature, Harvard University was known as a pioneer in the development of
history of science as a discipline (Klassen, 2002). Klassen (2002) explained that in
1936, Harvard University offered a PhD program about history of science and
science was taught with integrating its history. The next step in the development of
HOS was the incorporation of history of science cases into undergraduate program
again in Harvard University by Conant in the late 1940s (Russell, 1981). Russell

(1981) expressed that historical cases for high school students were developed by
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Klopfer in the late 1950s as the next attempt in the development of history of
science. Rutherford, Holton and Watson (1970) developed a project called Harvard
Project Physics with the aim "to design a humanistically oriented physics course, to
attract more students to the study of introductory physics, and to find out more
about the factors that influence the learning of science™ (p. iii). The authors stated
that the more specific goal of the project is to help students understand that physics
is a many-sided human activity through presenting the concepts in a historical and
cultural context. To achieve this goal, historical materials in physics concepts, such
as energy, motion, space and waves, were developed. Kruse (2010) argued that
abovementioned curriculum projects could not be adapted by teachers since they
either included very long historical reading texts or they little emphasized scientific
processes and science concepts. Especially the Harvard Project Physics devoted a
whole physics curriculum to history of science and used historical materials as an
alternative way for teaching physics without focusing on scientific processes and
understanding of physics concept (Russell, 1981). However, Russell (1981)
suggested that "if we wish to use the history of science to influence students'
understanding of science, we must include significant amounts of historical
material and treat that material in ways which illuminate particular characteristics
of science” (p. 56). In the following reform movements, (e.g. AAAS, 1989; 1990;
1993) it was observed that HOS should be an integral part of the science education
rather than using it as a whole curriculum for teaching science. In science for all

Americans (AAAS, 1990) it was emphasized that people should have at least some
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knowledge of HOS and some of the great episodes in the history of the scientific

endeavor.

Thus, aforementioned reform movements emphasized the use of history of science
in science education. Parallel to these reform movements, relevant literature
provided theoretical and empirical support for the integration of history of science
into science classrooms. For example, related literature demonstrated that
integration of HOS into science classrooms can lead to improvement in students'
science process skills (Dedes & Ravanis, 2008; Giunta, 1998; Kolste, 2008;
Matthew, 1994). In the history of science, scientists used a lot of science process
skills to generate scientific knowledge, such as formulating hypothesis, collecting
data, devising experiments, drawing conclusions. Students should also develop
such skills to understand how scientific knowledge is generated. Klopfer (1969)
developed historical case studies on physics unit with the aim of developing an
understanding of scientific principles. Through these cases, students were expected
to understand scientific hypothesis, the relation between ideas and experiments,
testing hypothesis by experiments, and establishing theories obtaining experimental
evidence. These are related to the scientific inquiry and the skills scientists use in
scientific work. While discussing the history of physics, Matthews (1994) referred
to the Torricelli's experiment conducted in 1643 to measure air pressure and stated
that the same experiment can also be conducted in reference to Torricelli to engage
students in science process skills. Metz (2004) argued that the scientific inquiry in

science classrooms includes lecture-laboratory style in which students are given
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worksheets including procedures like a cookbook approach to prove the scientific
laws. Instead, he suggested a historical approach for scientific inquiry which
includes four steps as context, experimental design, analysis and interpretation of
results and explanation. Students were first provided a historical narrative then they
collaboratively generate a problem and a design to solve the problem. After,
teacher does an experiment which is closely aligned with the historical one.
Students then collect data on their own problems and perform experiments to reach
scientific explanations. In these steps, students always reflect on their ideas through
comparing them with the original ones provided in the historical narratives. Metz
(2004) emphasized that through this approach students do not adhere to the
procedures in the laboratory manuals to prove scientific laws rather develop an

understanding of scientific inquiry.

Apart from improving science process skills, the use of history of science in
science classrooms can help students develop an understanding of science concepts
(Galili & Hazan, 2000; Matthews, 1989; Seker & Welsh, 2006; Seroglou,
Koumaras & Tselfes, 1998; Stinner, 1989; Wandersee, 1985). National Research
Council (1996) stated that “learning about the history of science might help
students to improve their general understanding of science” (p. 200). HOS reveals
the historical development of scientific knowledge from past to present including
all rival and the most accepted scientific claims. Mayr (1982) highlighted that
students' learning of science can be facilitated through learning the past scientific

mistakes. Moreover, Wandersee (1985) used history of science to explore students'
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misconceptions about photosynthesis and suggested that if students are exposed to
the historical misconceptions in science content, they can realize their own
misconceptions and change them. It was also advocated that HOS have a potential
role in making abstract concepts more concrete, therefore more comprehensible for

the students (Matthews, 1994; Sarton, 1952; 1962; Tamir, 1989).

Integration of HOS into science classrooms can also have an important role in the
development of positive attitudes toward science. Russell (1981) argued that "one
may say that adding substantial material from history of science can influence
students’ attitudes" (p. 56). Kubli (1999) also supported the use of HOS to increase
students' motivation, participation and interest and the result of his study provided
evidence for the positive relation between HOS and favorable attitudes toward
science. HOS have a potential to increase students' attitudes toward science through
humanizing science, investigating the life and times of scientists in the past, and
making subject matter more engaging for students (Matthews, 1994). Moreover,
Carvalho and Vannucchi (2000) proposed that HOS can provide teachers with an

insight for preparing activities which may catch students' attention and interest.

In addition, according to an important body of literature, HOS integrated science
instruction can promote students’ nature of science views (Bauer, 1992; Clough,
2006; Duschl 1990; Irwin, 2000; Kolste, 2008; Lin and Chen, 2002; Lonsbury &
Ellis, 2002; Matthews 1994; 1998; Monk & Osborne 1997; Roach, 1993). Howe
and Rudge (2005) argued that HOS serves as a platform for students to internalize

the philosophical NOS ideas. Students may develop understandings for tentative,
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subjective, empirical, imagination and creativity, inferential aspects of NOS as well
as social and cultural embedded nature of science and the difference between
theories and laws. Indeed, Irwin's study (2000) showed that students can
understand that scientific knowledge grows, scientists use imagination and
creativity, and scientific knowledge is not a static body of facts through the use of
historical case studies for teaching NOS. In their interpretive study, Abd-El-
Khalick and Lederman (2000) used a historical context to emphasize the aspects of
NOS and concluded that HOS with explicit and reflective NOS approach can be
effective in developing NOS views. Supporting Abd-El-Khalick and Lederman’s
findings, Clough (2006) noted that the important issues in NOS such as discovery
or invention, the nature of evidence, scientists' commitment to the earlier studies
can be enlightened through a highly contextualized approach. Clough (2006)
explained that highly contextualized approach means "integrating historical and
contemporary science examples that are tied to the fundamental ideas taught in
particular science subjects” (p. 474). Clough (2006) argued that this approach
places the content in a human context, demonstrates difficulties scientists encounter
in generating new concepts with evidence, reveals the gradual development of
scientific knowledge, and exemplifies epistemological and ontological issues which

are essential to understand NOS.

To sum up; history of science instruction can be an alternative way to impact
students' science process skills, understanding of science concepts, attitudes toward

science, and nature of science views in a positive way. The detailed literature about
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each variable, including the relation between HOS instruction and the variable, was

presented throughout the following parts.

2.3 Science Process Skills

Science process skills are considered to be one of the integral part and cornerstone
of science education by many researchers (DiSimoni, 2002; Gerald Dillashaw &
Okey, 1980; Harlen, 1999; Roth & Roychoudhury, 1993; Solano-flores, 2000;
Turpin, 2000). Padilla (1990) underlined that “scientific method, scientific thinking
and critical thinking have been terms used at various times to describe these
science [process] skills” and added that “these skills are defined as a set of broadly
transferable abilities, appropriate to many science disciplines and reflective of the

behavior of scientists” (p. 1).

Science process skills divided into two groups, namely basic science process skills,
and integrated science process skills (Shaw, 1983). Basic science process skills
comprise "observing, measuring, inferring, predicting, classifying, and collecting
and recording data" and integrated science process skills comprise “interpreting
data, controlling variables, defining operationally, formulating hypothesis, and
experimenting” (Shaw, 1983, p. 615). Instructors should teach these skills because
routinely teaching them will increase the possibility that students will improve their
science process skills and will be able to use them in scientific inquiries (Wilke &
Straits, 2005). Therefore researchers examined the effectiveness of different

instructional strategies that foster the acquisition of science process skills.

31



For example; Turpin (2000) used a quasi-experimental design to explore the effect
of integrated, activity-based instruction on students’ attitudes toward science,
learning of science and science process skills. While the experimental group
students (N = 531) received integrated, activity-based instruction; the control group
students (N = 398) followed traditional curriculum. Both groups' science process
skills were measured before and after the implementations. The researcher found
that the groups' science process skills test scores at post-measurement were
significantly different than each other after controlling their pretest scores. This

difference was in favor of experimental group.

DiSimoni (2002) studied with 24 students while investigating the effect of writing
on fourth-grade students' development of science concepts and science process
skills. The researcher formed two group, an experimental (N = 12) and a
comparison group (N = 12). Both group participated similar science activities
which aimed to develop learning of science. However, experimental group students
completed written response tasks just before or immediately after each activity. The
implementation lasted for 8 weeks. The researcher found that experimental group

students did not outperformed comparison group in terms of science process skills.

Sullivan (2008) conducted another study to investigate the relationship between an
intensive robotics course offered during a summer camp and science process skills
in sixth grade students. A pre-post test design was used. The course was 3-week
long with 100 hours of robotics coursework. The course included Lego

construction kits and a software. The investigator and the instructor taught the class
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through direct instruction and student-directed inquiry. First a short-lecture was
delivered then students worked in pairs to solve the problems. They also engaged
in problem solving activity individually. Problems included challenges which
forced students to build a structure to accomplish a task. Through this course,
students learned basic concepts in computer science as well as gears, types of
gears, and gear ratios. Data were collected through videotapes of problem-solving
sessions. Students were told to think aloud during activity. These videotapes were
transcribed and analyzed qualitatively for thinking skills and science process skills
and the observed codes were observation, evaluation of a solution, hypothesis
generation, hypothesis testing, control of variables, manipulation and computation.
The results showed that all students used observation and evaluation of solution
skills. Twenty five students used manipulation, hypothesis generation, control of
variables, and hypothesis testing skills. Twenty four students used estimation skills
and 11 students used computational skills while they solve the problem. The results
showed that students attended the course utilized thinking and science process
skills to solve a robotics problem. The authors argued that the use of open-ended
and students guided inquiry in the robotics course leads to the use of thinking and

science process skills.

Yager and Akcay (2010) conducted a quasi-experimental study to compare the
relative effectiveness of inquiry teaching and learning method with traditional
textbook approach. A total of 365 students participated in inquiry classes while 359

students participated in traditional classes. Twelve teachers taught these classes.
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The authors used lowa Assessment Package for the Chautauqua Program
developed by (Enger & Yager, 2001) to collect data. This package included
different instruments to measure outcomes in different domains such as concept
domain, process domain, creativity domain, and application domain. The process
domain included learning skills scientists use as they seek answers to their
questions about the universe. The results indicated that students who experienced
inquiry science teaching developed science process skills significantly more than
students who experienced traditional science teaching. The authors discussed that
inquiry allowed students use science process skills themselves rather than using

them in structured science laboratories to prove what scientists did.

Science process skills have also become an integral part of science curriculum in
Turkey. Being aware of this, Cakiroglu and Aydin (2009) investigated the
distribution of science process skills (SPS) in current science and technology
curriculum through grades 4 to 8. They examined the objectives of the curriculum
in terms of targeting basic and integrated science process skills. The objectives
referring to basic or integrated SPS were calculated and related tables were
provided for each grade level. The result of the study revealed that the distribution
of SPS was not distributed homogenously, favoring comparing-classifying in grade
4 and 5, and observing through grade 6 to 8; while disfavoring forecasting through
grade 4 to grade 8. The researchers also found that the curriculum’s focus on basic
science process skills decreased gradually from grade 4 to 8 while there was a

balanced increase in integrated science process skills. Cakiroglu and Aydin
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suggested that all of the science process skills should be stressed equally to have a

balanced curriculum.

Yildirim (2012) studied the impact of guided inquiry on students' acquisition of
science process skills on the topic of buoyancy force. For this aim, he selected a
sample of 55 students from 3 intact classes in grade eight. Among them, 2 classes
randomly assigned as experimental group and learn the topic through guided
inquiry experiments; while other class assigned as control group and learn the topic
through traditionally designed experiments during five-week periods. Participants
attitudes were evaluated using science process skills test (Burns et al., 1985) at the
beginning and at the end of the treatments. The result of the study pointed out that
both group increased their SPST scores. However, experimental group did not

substantially outperform over comparison group after the instruction.

Similarly, Koksal and Berberoglu (2014) studied the effectiveness of guided-
inquiry approach on 6" grade students’ science process skills through a non-
equivalent control group quasi-experimental design. A total of 144 sixth graders
were instructed with guided-inquiry teaching while 160 students were instructed
with the traditional teaching and learning in the unit of Reproduction, Development
and Growth in Living Thing. The authors developed a science process skill test to
assess skills such as observing, classifying, proposing hypotheses, controlling and
manipulating variables, processing data, and formulating model. There were 16
items in the test including a variety of items such as multiple choice, open-ended

guestions, and matching item. The results indicated that there are significant
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differences between experimental group and control group in terms of science
process skills. The students instructed with guided-inquiry approach performed

better on science process skill test than the students received traditional instruction.

Taskin-Can (2013) investigated the effect of another instructional strategy which
was creative-drama-based instruction on fifth grade students’ science process skills
through a quasi-experimental design. A total of 60 students participated in the
study. Experimental group students learned science with creative drama-based
instruction while the control group learned science through lecture and discussion
methods. The treatment lasted for three weeks and included an introduction phase
(warm-up activities), development phase (experiencing ideas through plays), and
quieting phase (revision of key concepts). The results showed that the creative
drama-based instruction was statistically better in improvement of scientific

process skills in the fifth grade students.

Another study focusing on science process skills in Turkey was conducted by Kula.
In this study, Kula (2009) evaluated the effect of inquiry-based science instruction
on grade 6 students' science process skills, science content knowledge, and
attitudes toward science. The sample of the study included 60 students divided
equally into experimental and control group. Experimental group students engaged
in inquiry-based instruction while control group followed current science and
technology curriculum. During the study, researcher focused on skeletal system,
circulatory system, and respiratory system. The groups’ scores were compared

based on pre-post measurements. In terms of science process skills, the result
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indicated that both groups developed their science process skills after the
implementation. However, there was not a statistically significant difference

between experimental and control group at pre- and post- measurements.

In the studies that are outlined above, there is not any reference to the effects of
history of science instruction on science process skills. However, Allchin (1992)
argued that history of science instruction may contribute to the development of
students' science process skills. According to Allchin, one of the purposes of
teaching science through its history is to develop students’ science process skills.
Allchin (n.d.) stated that "when students are allowed to recapitulate history in their
own development, they also develop the skills of doing science”. Yip (2006)
proposed a positive association between nature of science and scientific processes.
She used history of science instruction to develop nature of science views and
concluded that establishing nature of scientific knowledge will also provide
opportunities for thinking inherent to the scientific inquiry. For example,
understanding nature of science aspects such as observation, inference, empirical-
based can result in understanding of scientific processes to produce scientific
knowledge. Giunta (1998) developed a general education science course for non-
science majors with integrating Conant’s ideas about case histories. She aimed to
teach non-science majors how scientists carry out scientific research and to
approach science as a way of knowing rather than as a body of knowledge. She

used the discovery of argon as the historical case. However this paper only
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provided a historical material. That is, it did not investigate whether non-science

majors developed their ideas about scientific method after attending this course.

Recently Vincent (2010) developed a lesson in which he used historical examples
to stress science process skills. He is inspired from Deese, Ramsey, and Cox (2007)
who suggested that demonstration could be used in favor of supporting inquiry
skills. In this lesson, Vincent used van-Helmont's experiment in which he tested
what proportion of the mass of tree is coming from the soil. Students did not
reconstruct the experiment (due to the fact that the actual observation lasted for five
years), but they were provided step by step instructions. The summary of the
experiment was as follows. Van-Helmont planted 2.26 kg willow tree to 90.7 kg
dry soil. He took care of the tree and watered it for 5 years, and re-measured both
the tree and the soil at the end of fifth year. The core question was "after five years,
what happened to the mass of the dirt [soil]?" (Vincent, 2010, p. 67). Before having
students' predictions, he allowed students to ask question about the design of the
experiment. By means of this step, it was assessed whether students could
comprehend the experimental design, including what is experimental and control
groups, what kind of data should be collected in particular setting, what kind of
variables should be controlled and manipulated. The researcher clarified that
students asked various questions that he did not know, for instance the exact
amount of water used by van-Helmont. In such instances researcher encouraged
students to think on that in order to let them brainstorm about how it affects the

result. In the next step, Vincent allowed students to write their predictions about the
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remaining mass of the soil at the end of five years as well as their justifications. He
reported that significant majority of students predicted that the mass of the soil
would decrease. After allowing students to make a whole-class discussion about
their prediction, Vincent declared the final mass of the soil as 90.6 (nearly
unchanged) and the willow tree as 76.7 kg (an increase more than 30 times).
Vincent stated that a majority of students predicted that the soil would lose its
major mass at the beginning of the study; therefore they eagerly make classroom
discussion on this topic. During classroom discussion most of the students inferred
that most of the mass of willow tree comes from water not from soil. Vincent
underlined that van-Helmont also deduced similar conclusion about the mass of
tree. Today, it is known that, this is also a partially correct answer because a tree's
mass mostly come from CO, used in photosynthesis to produce glucose. Vincent
concluded that through using van-Helmont's experiment, students can comprehend
how science works. Moreover he added that

historical-narrative method is that the teacher has control over the data

students are expected to analyze (much like a demonstration), allowing

students to be more focused on the scientific concept of the lesson... as

a way to nurture science process skills in students while still focusing

on the science content. Having students predict, analyze, interpret data,

and question are skills that are easily integrated within the method (p.
69).

A thorough literature review showed that although HOS was emphasized to teach

scientific processes and scientific inquiry, little empirical evidence provided for the

relation between HOS and science process skills. The researcher also did not come
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across with a specific study examining the effect of HOS on science process skills
in Turkey. HOS studies are really scarce in Turkish context. This study can
contribute to this gap in the literature through providing a relation between HOS

and science process skills with a Turkish sample.

2.4 Understanding of Science Concepts

One of the goals of science education is to develop students' understandings of
science concepts (AAAS, 1998; Abd-El-Khalick & BouJaoude, 1997; Hurd 1997;
Laugksch 2000; Miller 1983; OECD, 2003; Solomon 2001). Peters (2012) argued
that "science students are expected to understand the body of knowledge known as
scientific facts ... in order to be scientifically literate” (p. 881). Researchers have
utilized a variety of teaching strategies to improve students' understanding of
science concepts. An incomplete list of examples might include creative drama
(e.g. Hendrix et al., 2012), inquiry based science instruction (e.g. Geier, et al.,
2008), argumentation (Zohar & Nemet, 2002), socioscientific issues based
instruction (e.g. Klosterman & Sadler, 2010), history of science instruction (e.g.
Kim, 2007), laboratory instruction (e.g. Freedman, 1997). In these studies the
researchers focused on science content knowledge in different areas such as
biology (e.g. Zohar & Nemet, 2002; Klosterman & Sadler, 2010) and physics

(Seker, 2004).

Hendrix et al. (2012) integrated creative drama into an inquiry-oriented science
instruction with the purpose of improving fourth and fifth grade students'

understanding of science concepts in sound physics and solar energy. The
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instrument used to measure students' learning in science was Full Option Science
System developed in University of California as a result of 20-year long research
project. The result of the study indicated that treatment group receiving creative
drama improved their learning of science significantly than control group. Authors
argued that creative drama helped students understand abstract concepts through

facilitating students' retention of both scientific concepts and vocabulary.

Zohar and Nemet (2002) examined the effect of Genetic Revolution Unit on
genetics knowledge among Grade 9 students. The unit included learning activities
designed to foster higher-order thinking skills and scientific argumentation in the
context of moral dilemmas as well as learning in human genetics. Experimental
group (N = 99) learned the genetics concepts through this unit. A total of 12 hour
unit including 10 moral dilemmas in genetics were implemented in experimental
group. The comparison group students (N = 87) learned the same concepts through
traditional methods including a booklet about the topic. Teacher first taught the
information in the booklet then asked questions to the students in comparison
group. Both groups' genetics knowledge was assessed before and after the
implementations. The results indicated that experimental group students gained
significantly more genetics knowledge than students in the comparison group. The
authors concluded that teaching science concepts through tasks which foster
higher-order thinking skills enabled students actively construct mental

representations of the concepts which, in turn, increased the learning of science.
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In order to increase science concept understanding, socioscientific issues (SSI)
based instruction has also been suggested as a context for learning science. In their
study, Klosterman and Sadler (2010) aimed to explore the effect of SSl-based
curriculum on grades 9-12 students' learning of science in global warming. They
developed a three-week unit consisting of seven learning activities for 15 hours.
They aimed to display the scientific principles and processes behind global
warming through this unit. Data were collected from two classes before and after
the unit through curriculum-aligned and standards-aligned tests to assess content
knowledge gains. The results showed that students’ post-instruction science
knowledge levels were higher than pre-instruction. Authors advocated that SSI-
based instruction can advance students' learning of science content knowledge.
However they stated that this study is limited in suggesting a causal relationship

due to not having a comparison group.

Sungur et al. (2006) investigated the effect of problem-based learning on 10" grade
students’ academic achievement in human excretory system unit. Two classes
including 61 students taught by the same teacher participated in the study. A static
group comparison design was used. One of the classes was assigned to
experimental group and received instruction through problem-based learning. The
other was assigned to control group and received traditionally-designed biology
instruction. Both group received the treatment for four weeks, four times in a week
for 40-minute class sessions. The researchers developed the Human Excretory

System Achievement Test including 25 multiple-choice questions related to the
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function and structure of the excretory system. The problem-based learning was
found to be statistically superior to the traditional instruction in acquisition of
scientific concepts. The students receiving problem-based learning performed
better on items requiring higher order thinking skills and were able to use relevant

information in solving problems better than traditional group students.

Boz and Uzuntiryaki (2008) aimed to develop 6™ grade students’ understanding of
the states of matter concepts through case-based instruction. A non-equivalent
pretest-posttest group design was used. Two 6™ grade classes were involved in the
study as experimental and control group. Experimental group students were taught
with case-based instruction while the control group students were instructed with
traditional approach. In the experimental group real world problems and scenarios
were utilized as a case. Four different cases including the concepts evaporation,
sublimation and condensation of water were developed. Each case included a
scenario and a series of questions about it. First students read the scenario and
answered the following questions as individually then as a group. Then teacher-
guided class discussions were carried out to facilitate students’ learning of the
concepts. Finally students were engaged in the application of the concepts learned
to new situations. States of Matter Concept was developed by the researchers and
administered to each group before and after instructions. The results revealed that
case-based instruction provided significantly better gains in learning the states of

matter concepts than traditional approach. The authors concluded that allowing

43



students to interact with each other and making science relevant and meaningful

through cases help students comprehend scientific concepts better.

NRC (1996) stated that “learning about the history of science might help students
to improve their general understanding of science” (p. 200). Monk and Osborne
(1997) asserted that when the development of scientific knowledge i.e. history of
science, be a part of implemented curriculum in schools, students will retain their
science knowledge better. They grounded this claim in two important reasons.
First, they asserted that students will understand their inadequate thoughts more
reasonably in science classes by means of HOS, because they will realize that some
of the ancient scientists also thought in similar ways. Second, students will
appreciate the recent thought in science because it provides detailed and more
developed idea than students hold currently. This will lead students to be aware of
their own insufficient conceptions and stimulate them to examine current scientific
knowledge. Hence they will be more motivated to study science by realizing the
similarity between ancient scientists and their own way of thinking (Monk &
Osborne, 1997). Rudge and Howe (2009) also suggested that HOS instruction is
important for students to bridge the past and present which will provide them to

develop a sense of the modern perspective in science.

In the literature there are limited studies examining the role of HOS instruction on
understanding of science concepts. In one of these studies which examined the
effectiveness of HOS instruction, Galili and Hazan (2000) designed a year-long

course and incorporated historical activities into their course. They compared
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experimental group (N = 141), what they called "innovative instruction”, with a
control group (N = 93), what they called "regular instruction”. The result provided
evidence that HOS groups did better at learning science subject than comparison
group. Similarly, Lin (1998) studied the effectiveness of incorporating HOS into
chemistry education. The results revealed that the students engaged in historical
material developed better conceptual problem solving ability. However Irwin’s
(2000) study which examined the effect of HOS instruction on teaching and
learning science revealed that HOS instruction did not lead to a better
understanding of science concepts. Irwin also added that HOS did not interfere
with understanding of science, though. The study of Mamlok-Naaman, Ben-Zvi,
Hofstein, Menis, and Erduran, (2005) also pointed out that experiments that
simulated the ancient ones led to a better learning and comprehension of the
material. The study of Seker (2004) mentioned also investigated the effect of HOS
on learning science in motion and force units. He could not find significant relation

between HOS and meaningful learning of motion and force concepts.

Kim (2007) conducted a study including history of genetics. She wanted to explore
the effect of instruction with history of genetics on the students’ understanding of
genetics concepts and nature of science. She emphasized that knowing science
concepts and nature of science is essential parts of scientific literacy. She also
emphasized that history of science can serve as a means to improve students’
understanding genetics concepts and nature of science concepts. She used

constructivist teaching methods in both experimental and control group while in
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experimental group, she utilized the history of genetics combined with related
nature of science aspects. She found that instruction with history of science
teaching improved students’ understanding of nature of science concepts while
their understanding of genetic concepts did not differ in both experimental and

control group.

As clear from the studies summarized above, there is a substantial divergence in the
literature regarding the effect of incorporating HOS in order to develop
understanding of science concepts. Needed are more studies that focus on the
incorporation of HOS instruction into classroom settings to better understand the

association between HOS instruction and understanding of science concepts.

2.5 Attitudes toward Science

About a century ago, researchers were interested in assessing attitudes empirically
(Maio & Haddock, 2009). Maio and Haddock (2009) stated that the frontiers in this
field were Louis Thurstone and Rensis Likert who developed a number of ways for
measuring attitude. In 1928, Thurstone argued that attitudes can be measured
through acceptance or rejection of opinions and defined attitudes as "the sum of
total of a man's inclinations and feelings, prejudice or bias, preconceived notions,
ideas, fears, threats, and convictions about any specified topics” (p. 531). Likert
(1932) was also influential in measuring attitudes through developing an attitude
scale including five different choices which ranged from strongly approve to
strongly disapprove. In this scale, individuals stated their degree of approval or

disapproval. Likert-type scale was named after its inventor Rensis Likert, who
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guided most of the attitude scales in future research. Also, Thurstone (1928) and
Likert's (1932) studies were significant in terms of showing that attitude, as a

construct, can be measured quantitatively.

As many other constructs, the definition of attitudes could not achieve a common
acceptance among researchers. One of the earlier definitions of attitude came from
Gordon Allport (1935). He defined attitude as "a mental and neural state of
readiness, organized through experience, exerting a directive or dynamic influence
upon an individual's response to all objects and situations with which it is related"”
(p- 810). Eagly and Chaiken (1993) defined attitude as “a psychological tendency
that is expressed by evaluating a particular entity with some degree of favor or
disfavor” (p. 1). Petty and Cacioppo (1996) also described attitude as “a general
and enduring positive or negative feeling about some person, object, or issue” (p.
7). Attitude was considered as an important construct because of its impact on
human actions. For example, Maio and Haddock (2009) emphasized that attitudes
"influence how we view the world, what we think, and what we do" (p. 4).
Attitudes are also important in the field of education. Mager (1968) explained the
role of attitudes in education as "The likelihood of the student putting his
knowledge to use is influenced by his attitudes for or against the subject; things
disliked have a way of being forgotten” (p. 11). Therefore students' attitudes toward
schools subjects are vital for their understanding and use of the subject matter as
well as retention of it. In light of this, attitudes have been emphasized in science

education literature since 1960s (Koballa, 1995). There are two relevant, yet
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different, attitude terms used in science education literature, namely attitudes
toward science and scientific attitude. The former refers to "a general and enduring
positive or negative feeling about science” (Koballa & Crawley, 1985, p. 223). The
latter describes the characteristics of a scientist such as "curiosity, rationality, open-
mindedness, critical mindedness, objectivity and intellectual honesty, willingness
to suspend judgment, humility, and reverence for life" (Ochs, 1981, p. 37). It is
important to point out that scientific attitudes are not an expression of personal
feeling toward science (Al-Kharboush, 2003) therefore it is not within the scope of

this study. The concern of this study is attitudes towards science.

Unquestionably, the studies about attitudes have provided a basis for the
elaboration of the concept attitudes toward science. Klopfer was known among the
first researcher who made a notable contribution to the emergence of the term
attitudes toward science, (Lado, 2011; Osborne et al., 2003). Klopfer (1971)
classified attitude and interest within six categories. These are: behaviors which
manifest favorable attitude toward science and scientist, acceptance of scientific
inquiry as a way of thought, adoption of scientific attitudes, enjoyment of science
learning experiences, development of interest in science and science-related
activities, and development of interest in pursuing a career in science or science-
related work. Klopfer's categorization guided Fraser's study (1978) in which he
developed Test of Science Related Attitudes (TOSRA) which was the instrument
used in this study. The details related to the TOSRA and the rational for its use in

this study were provided in Methodology chapter.
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In science education literature, there are a number of studies which focused on
teachers' attitudes toward science (e.g. Bitner, 1993; Pecore, Kirchgessner, &
Carruth, 2013; van Aalderen-Smeets, Walma van der Molen, & Asma, 2012;
Westerback, 2006) and students' attitudes toward science (e.g. Freedman, 1997;
Houseal, Abd-El-Khalick, & Destefano, 2014; Morrell & Lederman, 1998). In this

study, the students’ attitudes toward science were investigated.

Freedman (1997) emphasized that "instruction that makes science more exciting
and encourages students (e.g., laboratory) has a positive influence on students’
attitude toward science and their achievement™ (p. 344). This idea advanced
different instructional strategies that aimed to develop positive attitudes toward
science. Koballa and Glynn (2007) also defended that science instruction should
have a potential to develop favorable attitudes toward science to be called as
effective instruction. In light of this, the studies utilizing different instructional

strategies were conducted to develop students' favorable attitudes toward science.

The study of Freedman (1997) utilized posttest only control group design to
investigate the impact of hands-on laboratory program on students' attitudes toward
science. Twenty physical science classes were randomly assigned to treatment and
control groups. The students in experimental group carried out laboratory activities
for the physical science topics in small groups once a week for 36-week period.
The control group did not received laboratory instruction. Laboratory activities
were either obtained from laboratory manuals or designed by the researcher for the

physical science classes. Students' attitudes toward science were measured using
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the adapted version of Q-sort by Humphreys (1975). The analysis of the
questionnaire revealed that the mean attitude scores of the experimental group were
higher than control group although this difference was not statistically significant.
The author stated that although the result was not significant, the obvious
difference between mean attitude scores of two groups supported the positive

impact of laboratory instruction on students' attitudes toward science.

Exploring the effects of visiting space center on elementary students' attitudes
toward science, Jarvis and Pell (2005) studied with 300 students drawn from 4
different schools, aged 10 and 11 years. All students visited National Space Center
in United Kingdom (UK) which is largest attraction center devoted to space science
in UK. The data were collected five times in the course of the study. Those are, one
month before the visit, observation during the visit, one week after the visit, two
months after the visit and four months after the visit. Result of the study indicated
that the interest of participants toward space increased substantially right after the
visit while their appreciation of the role of science on society increased moderately.
Also, the researchers found that both boys and girls still exhibited more favorable
attitudes toward being scientists two months after the visit. They concluded that
two additional external factors also influence students' retention of positive
attitudes: the support of teacher throughout the visit and teacher own interest

toward the visit.

Cakir (2011) studied with Turkish sample from 6" grade level and compared the

relative effectiveness of argumentation-based and curriculum-based instructions on
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students' attitudes toward science, conceptual understandings of physical and
chemical change topic, and argumentativeness. For this purpose, she randomly
selected 32 students for experimental group and 33 students for comparison group.
Physical and chemical change topics were addressed in both groups. Researcher
used Toulmin's (1958) argumentation pattern to prepare the activities in
experimental group and she followed curriculum-based instruction in control
group. Science Attitude Scale, which was originally developed by Geban,
Ertepinar, Yilmaz, Altin, and Sahbaz (1994), was administered to both groups
before and after the instructions in order to measure the change in students'
attitudes toward science. The result indicated that experimental group students'
attitude scores increased while comparison group students' scores decreased after
the instructions. The mixed between-within subjects ANOVA also confirmed that

experimental group students' scores were significantly higher than comparison

group.

The study of Hendrix et al. (2012), whose details given before, also investigated
the effect of creative drama on students' attitudes toward science. Two small group
classes (N = 9, N = 10) participated in the study as treatment groups and two
classes (N = 12, N = 7) as control groups. They used Three Dimension Elementary
Science Attitude Survey (Zhang & Campbell, 2010) to measure students’ attitudes
before and after the instructions. Interestingly, the result of the study indicated that

both groups' positive attitudes toward science decreased statistically.
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The recent work of Houseal et al. (2014) examined the impact of a student-teacher-
scientist partnership on students' attitudes toward science. This partnership
included activities designed to engage students in authentic science experiences. A
quasi-experimental, pre-test-post-test, comparison group design was utilized to find
out the improvement in students' favorable attitudes toward science. A total of 193
students from five to eight grade involved in the intervention group while a total of
187 students from four to six grade included in comparison group. Students'
attitudes toward science was measured through four scales of TOSRA which were
normality of scientists, attitude to scientific inquiry, leisure interest in science,
enjoyment of science lessons. The results showed that the intervention group
developed positive attitudes toward science on the normality of scientists subscale.
On the other hand both groups exhibited more negative attitudes at post-test on the
leisure interest in science subscale. However the comparison group showed
significantly increased negative attitudes than intervention group. In terms of
attitude to scientific inquiry and enjoyment of science lessons subscales, no
significant change was found. The authors concluded that students showed

increased positive attitudes regarding their perceptions of scientists.

In addition to instructional strategies mentioned above, history of science
instruction was also used to foster students' positive scientific attitudes toward
science. Gallagher (1991) argued that if teachers have tendency toward
incorporating HOS into their science classes, this will be due to the idea that it will

promote favorable attitude toward science because HOS humanize science. Monk
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and Osborne (1997) characterized science curriculum which only focuses on
science content knowledge as "one-dimensional™ and complained that it could not
accomplish to develop even basic scientific literacy among students and could not
develop favorable attitudes toward science. Huybrechts (2000) reported that the
number of studies which evaluated the effect of HOS instruction on students'
attitudes toward science is insufficient in the literature. As a solution to these
drawbacks of current science curriculum, they suggested that researchers are

supposed to make consistent attempt to incorporate HOS to science classes.

Solbes and Traver (2003) attempted to improve students' attitudes toward science
through integrating history of science into physics and chemistry classes. For this
aim they designed different activities with a historical approach to emphasize many
aspects of scientific processes, such as how scientific knowledge is achieved and
improved. They added some laboratory work and some important dilemmas
occurred in the history. Authors studied with secondary school students (age range
from 15-17) who were assigned to control and experimental groups randomly. A
total of 694 students were included in control groups and received traditional
instruction in physics and chemistry classes. The experimental groups included 233
students received history of science instruction in physics and chemistry classes.
Authors administered a questionnaire about interest and attitudes toward science to
each group during the middle of the term of the school year. The results showed
that there was an improvement in students' attitudes toward science after learning

physics and chemistry through a historical approach. It was concluded that it is
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possible to change students' attitudes toward science and to increase their interest in

science through adding some history of science to physics and chemistry classes.

Seker (2004) investigated the effect of a four-month-long history of science
instruction on learning science, understanding the nature of science, and students'
interest in science in motion and force units. The participants were 94 eighth grade
students randomly assigned to four classes who were instructed by the same
science teacher. The author developed three different contexts as history of
scientific concepts, the nature of science, and stories from scientists' personal lives.
The three classes were taught by one of these contexts while the fourth class
received the same instruction given in previous years. Before and after treatments,
three constructs were measured. Students' learning science was measured through
concepts maps. Students' interest in science was assessed an interest survey
developed by Matthew Mitchell (1992). Finally Perspectives on Scientific
Epistemology instrument developed by Abd-El-Khalick (2002) was used to assess
the nature of science understandings. In terms of interest in science, the results
revealed that stories about scientists' personal lives affected students' interest in

science.

Mamlok-Naaman et al. (2005) investigated the effect of a historical approach for
teaching science on attitudes of 10™ grade students who chose not to major in
science. A total of 90 students in three classes (each in a different school)
participated in the study. Three experienced teachers taught the classes about the

structure of the matter using the module "Science: An Ever-Developing Entity"

54



(Mamlok, 1995). Data were collected through interviews with the students,
observation of classroom activities, and informal conversations with the students.
The focus of data collection techniques was to gain detailed insights and
understanding about students' attitudes toward science. The results of this study
revealed that after studying the module, students' attitudes toward science changed.
They were more interested in science and displayed positive attitudes toward
science using a historical approach. Students, who did not choose science as a
major, displayed more interest and curiosity toward science through studying
historical events. They stated that the activities were enjoyable and increased their

interest in science.

To sum up attitudes toward science is vital for students’ interest in science and
scientific inquiry. Positive attitudes toward science can be influential in studying
science. Teachers should utilize different approaches for teaching science which
cultivate positive attitudes toward science. HOS can be a good alternative for this
since episodes of great scientists, scientific discoveries, the experiments scientists
performed in the past may have a potential in catching students’ attention and
increasing their attitudes toward science. This study can contribute to the literature
by displaying causal relationship for whether HOS develops positive attitudes

toward science.

2.6 Nature of Science
As a central component of scientific literacy (e.g. Bell & Lederman, 2003; Bybee,

1997; NRC, 1996), it is important to know what science education community
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means by referring to nature of science. While describing nature of science,
Lederman (1992) stated that it refers to the epistemology of science, science as a
way of knowing, or the values and beliefs inherent to scientific knowledge and its'
development. More broadly, Clough (2006) expressed that

The phrase ‘nature of science’ (NOS) is often used in referring to issues

such as what science is, how it works, the epistemological and

ontological foundations of science, how scientists operate as a social

group and how society itself both influences and reacts to scientific
endeavors (p. 464).

Undisputedly, the translation of nature of science tenets into classroom practices is
essential to achieve scientific literacy. Which tenets of nature of science should be
focused at precollege level is the key point that needs to be taken into
consideration. Several studies provided suggestions for these tenets (Akerson, et
al., 2000; Khishfe & Abd-El-Khalick, 2002; Osborne, Collins, Ratcliffe, Millar, &
Duschl, 2003, Peters, 2012). According to Lederman et al. (2002) and Lederman
(2007), these tenets suggest that scientific knowledge is tentative, empirical based;
subjective (theory-laden). They also referred that science involves human
inference, imagination, and creativity and it both affects and is affected by society
and culture (socially and culturally embedded). Three additional important aspects
are the distinction between observation and inference, the lack of universal method
for doing science, and the function of and relationships between scientific theories

and laws. In this study, tentative, subjective, empirical, creative and imaginative,
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and inferential aspects of NOS were aimed to be developed. Hence only these

aspects were explained among others.

Tentative nature of science: One of the core characteristics of scientific
knowledge is its tentativeness. This aspect premises that scientific knowledge is not
absolute or definite at all (Lederman et al., 2002). In other words, it is subject to
change (Khishfe & Abd-El-Khalick, 2002). Lederman, Schwartz, Abd-El-Khalick,
and Bell (2001) discussed some of the factors which induce scientific knowledge to
change. These are availability of new evidence, technological advancements, the
change in the way of thinking, reinterpretation of existing data, the influence of
cultural change on individual and community behavior, and the change in the
direction of research program. Regarding tentative NOS, AAAS (1993) also
referred that "scientific knowledge is subject to modification as new information
challenges prevailing theories and as a new theory leads to looking at old
observations in a new way" (p. 7). Because of tentative nature of science, it is
appropriate to conclude that all hypothesis, theories, even laws are subject to

change (Bauer, 1992).

Subjective nature of science: An examination of the nature of science literature
illustrates that this aspect also refer to “theory-laden™ nature of science (Akerson,
Cullen, & Hanson, 2009; Bell, Lederman, & Abd-El-Khalick, 2000; Lederman et.
al., 2002; Rudge & Howe, 2009). Subjectivity explains that scientists' theoretical
dispositions, mindset, beliefs, earlier knowledge, practice, skills, as well as their

expectations may manipulate and influence how they do science (Lederman, 2007).
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While referring to the role of subjectivity, Bauer (1992) defended that scientists are
human and as "all other human beings [they] vary in ability, competence,
dedication, and honesty (p. 32). He added that "when science is pictured as so
impersonal and ascetic an activity, how to understand that scientists do throw their

hearts into their work, which also cannot and is not all done by formulas?" (p. 33).

Empirical nature of science: This tenet proposes that the knowledge in science
develops or comes from observing the natural world (Lederman et al., 2002). This
aspect also refers that the explanation in science are expected to be consistent with
evidence. While setting the standard of NOS for sixth grade students, AAAS
emphasized that "Scientists do not pay much attention to claims about how
something they know about works unless the claims are backed up with evidence

that can be confirmed with logical arguments” (AAAS, 1993, p. 11).

Creative and imaginative nature of science: National Science Education
Standards expressed that "Science is very much a human endeavor, and the work of
science relies on basic human qualities, such as reasoning, insight, energy, skill,
and creativity" (NRC, 1996, p. 170). Similarly, Lederman (2007) argued that
science entails plenty of creativity which guides scientists to originate scientific
explanations. Creative and imaginative aspect of NOS allowed scientists to create
practical explanation of scientific ideas, such as black holes and atoms, which are

not "faithful copies of reality" (Lederman, 2007, p. 834).
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Inferential nature of science: The accumulation of the body of knowledge in
science requires making observations as well as drawing inferences. Therefore
students are expected to differentiate the distinction between the two. Observations
are the act of careful recognizing and noticing of anything by means of five senses
or the extensions of the senses (Lederman, 2007). It was noticed that it is easy to
reach consensus about observations (Lederman et. al., 2002; Lederman, 2007).
Inferences, on the other hand, are the explanations or interpretations of
observations. It is clear that reaching consensus in drawing inference is not as easy
as in making observation. Regarding the role of inference, Leager (2008)
emphasized that human beings "continually filter and compare their observations
with the constructed knowledge of their personal background experiences and
related assumptions™ (p. 48). Understanding the difference between observation
and inference is crucial in that students could make sense of the scientific endeavor

and the importance of theories in science (Lederman et. al. (2002).

The way to translate abovementioned aspects into classroom practices is another
important point that needs to be discussed. In general, the translations of efforts
into classroom practices have taken two forms, namely implicit and explicit NOS
instruction. Several researchers explained the differences between the two (e.g.
Abd-El-Khalick & Lederman, 2000; Akerson et al., 2000; Bell et al., 2000;
Khishfe, 2008; Rudge & Howe, 2009). According to Abd-El-Khalick and
Lederman (2000) implicit approach assumes that "understanding of NOS is a

learning outcome that can be facilitated through process skill instruction, science
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content coursework, and doing science™ (p. 673). The proponents of this approach
argue that students will understand the complex epistemology of science (i.e.
nature of science) by doing science and suggest to use inquiry activities and hands-
on activities developing process skills to enhance NOS conceptions (Khishfe and
Abd-EIl-Khalick, 2002). On the other hand, explicit approach use "elements from
history and philosophy of science and/or instruction geared toward the various
aspects of NOS" to enhance NOS conceptions (Abd-El-Khalich & Lederman,
2000, p. 673). Schwartz and Lederman (2002) clarified that the character of explicit
instruction require actively engaging students' attention to targeted NOS aspects
through in-class activities such as discussion and questioning. They further
suggested that NOS should be addressed in a similar way as other cognitive
learning outcome. An examination of NOS literature provided evidence that
explicit NOS instruction is more successful than implicit instruction in enhancing
students’ conception of NOS (e.g. Khishfe & Abd-El-Khalick, 2002). Abd-El-
Khalick and Lederman (2000) discussed two underlying reasons of implicit
approach to be less effective than implicit approach. First, implicit approach
assumes NOS as an "affective™ learning outcome. Second, learners' involvement in
science-based activity considered to be sufficient for learning about NOS in

implicit approach.

In addition to the explicit approach, science education community added reflective
elements to the explicit approach (Khishfe & Abd-EIl-Khalick, 2002). Khishfe and

Abd-El-Khalick (2002) suggested that reflected elements means "providing
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students with opportunities to analyze the activities in which they are engaged from
various perspectives (e.g., a NOS framework), to map connections between their
activities and ones undertaken by others (e.g., scientists), and to draw
generalizations about a domain of knowledge (e.g., epistemology of science)" (p.
555). Recently, Rudge & Howe (2009) critically analyzed related NOS literature
and concluded that "nature of science issues should be integrally incorporated as a
planned instructional outcome of science lessons (activities and discussions), rather
than left implicitly for students to figure out on their own or added on as a
tangential discussion topic" while referring to explicit NOS. They also suggested
that NOS instruction should be reflective which means "students need to be
encouraged to develop more sophisticated understandings of nature of science
issues as a result of their own deliberations, as well as come to recognize the
implications of insights gained from discussions about particular examples for their

understanding of science in general™ (p. 563).

In the NOS literature there are two mainstreams. Researchers either explore
participants' existing NOS views without attempt to change (e.g. Dogan & Abd-El-
Khalick, 2008; Kilic, Sungur, Cakiroglu, & Tekkaya, 2005) or aim to develop NOS
views through classroom implementations (e.g. Akerson et al., 2000; Colak, 2009;
Khishfe & Abd-El-Khalick, 2002; Khishfe, 2008). Some of these studies were

summarized in the following paragraphs:

To explore ninth grade students' understanding of nature of science knowledge,

Kilic et al. (2005) studied with 575 ninth grade students from four different types
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of school (vocational high school, super lycee, Anatolian high school, general high
school). The sample included 295 girls and 280 boys. The Nature of Science
Knowledge Scale developed by Rubba and Andersen (1978) was used to assess
participants' NOS conceptions. The scale included 48 Likert-type items referring to
six tenets of NOS. These tenets are amoral, creative, developmental, parsimonious,
testable, and unified. The results illustrated that participants generally held a
moderate understanding of scientific knowledge. The mean score on testable tenet
was highest while parsimonious tenet had the lowest mean score. Regarding
gender, girls held significantly more adequate understanding than boys about
amoral and unified tenets. The result also showed that vocational high school

students possessed more traditional views (i.e. less informed) than other school

types.

Dogan and Abd-El-Khalick (2008) studied with 2087 Grade 10 students and 378
science teachers to explore the relationship between conceptions of nature of
science and participants’ gender, geographical region, and the socioeconomic status
of their city and region; teacher disciplinary background, years of teaching
experience, graduate degree, and type of teacher training program; and student
family income, and parents’ educational level. Participants’ NOS views were
measure through Views on Science Technology Society developed by Aikenhead,
Ryan, and Desautels (1989). The result showed that both students and their

teachers articulated similar conceptions of NOS which were mostly inadequate.
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On the other hand, some researchers focused on how to develop nature of science
views. For example, Akerson et al. (2000) assessed the effect of an explicit-
reflective activity-based NOS instruction on pre-service teachers’ understandings
on targeted NOS aspects which included empirical, tentative, subjective,
imaginative and creative, social and cultural NOS as well as the distinction
between observation and inference, and the functions of and relationship between
scientific theories and laws. A total of 50 students participated in the study. Half of
them were undergraduate students in elementary education, and the rest were
graduate students in elementary education. Undergraduate and graduate students
were in the first year of their programs. Both almost had the similar science
background based on the science credit hours they completed. The two groups of
students attended two different sections of the elementary science methods courses.
The two sections’ students were required to do same readings, activities, and
assignments. They were participated in hands-on/minds-on activities to explore key
science concepts. The first six hours of the course were devoted to the 10 different
activities to address the targeted NOS aspects explicitly. These activities were not
embedded with content such as black box activities and followed by whole
classroom discussions to explicitly refer to the NOS aspects. During discussions
students were encouraged to reflect on NOS aspects and to relate them to other
science-content and pedagogic topics. Data about NOS views were collected
through open-ended questionnaires and semi-structured interviews before and after
the course. Additional data sources were students’ reflection papers and researcher

log. The results revealed that participants’ views on aspects which are tentative,
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creative and imaginative NOS, the distinction between observation and inference
and the functions of and relationship between theories and laws developed more as
compared to their views on subjective and social and cultural NOS. The authors
concluded that explicit-reflective activity-based NOS instruction was effective in
improving pre-service elementary teachers’ NOS views with differential gains on

some NOS aspects.

In another study, Khishfe (2008), studying with 18 seventh grade students,
examined the effect of explicit inquiry-oriented approach embedded within science
content on students' NOS views. The instruction lasted for 3 months. The teacher
who taught the students was selected intentionally among other teachers since she
showed substantial improvement in her NOS views after participating in a project.
She also showed motivation and willingness to integrate NOS into her teaching.
Students’ NOS views were tracked before, during, and after the instruction through
open-ended questionnaires developed by Khishfe and Abd-EL-Khalick (2002) with
an interval time of one and a half month. Moreover semi-structured interviews
were conducted with six selected students after administration of questionnaires to
gain in-depth understanding of NOS views. The instruction took place for two 45-
minute period for 12 weeks. The topics were the structure and living things,
populations and ecosystems. Three inquiry-oriented activities about these topics
integrated with explicit-reflective NOS instruction were conducted. Following each
activity, the four aspects of NOS (i.e. the tentative, the empirical, the creative, and

the distinction between observations and inferences) were discussed and students
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were allowed to reflect on them in association with the activity and science content.
Students” NOS views were categorized as naive, uncategorized or informed. The
results indicated that at the outset of the study most students possessed naive views
regarding four aspects. During the instruction students changed their views into
informed and intermediary views. At the end of the study they developed their
views again into informed and intermediary levels. The authors concluded that

these results were favoring the developmental model for NOS views.

Colak (2009) also examined the effect of explicit-reflective NOS instruction
through inquiry-based activities on students’ NOS concepts. Fourteen students in
grades 5 to 8 who enrolled in an outreach program participated in the study. Within
this program, students learned science subjects through inquiry-based, hands-on
activities for six weeks on Saturdays till noon. Science subjects included physical
science topics such as states of matter, electrolysis, and electricity. Every Saturday,
first decontextualized NOS activities (e.g. black box or young and old women)
were carried out. This was followed by contextualized NOS activities in which
NOS aspects were embedded in inquiry-based activities. Data were collected
through VNOS-D (Lederman & Khishfe, 2002) developed for elementary school
students at the beginning and at the end of the outreach program. Among 14
students, 4 students were interviewed before and after the program. Participants’
NOS views were categorized as irrelevant, inadequate, adequate, and informed.
The results revealed important gains in students’ NOS concepts regarding

observation versus inference and tentative NOS. Moreover students holding
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inadequate views at the beginning of the study changed their views to adequate
ones more easily than students holding adequate views at the beginning of the
study. Students who already have adequate views at the outset of the study
maintained their views without developing informed views. The authors discussed
that explicit-reflective NOS instruction including both decontextualized and

contextualized approach enabled students to improve their inadequate views.

Clough (2006) discussed that explicit-reflective NOS instruction may be either
contextualized or decontextualized. He stated that NOS activities such as
discrepant events, puzzle-solving activities (Clough, 1997), black-box activities
(Lederman & Abd-El-Khalick, 1998) are examples of explicit-reflective
decontextualized NOS instruction which aimed to engage students with important
NOS ideas directly. This approach highlights the fundamental NOS aspects through
isolating science content. Clough (2006) underlined the role of explicit-reflective
decontextualized NOS instruction in making aware of students complex NOS
views. However he criticized that explicit-reflective decontextualized NOS
instruction may not meet students and teachers' perceptions of authentic science
and may result in two alternative conceptions of NOS; one for authentic science
views and one for decontextualized NOS activities. Clough (2006) further criticize
that decontextualized NOS instruction can be perceived by teacher as an add-on
material not related to the science content and wasting instructional time. On the
other hand, explicit-reflective contextualized NOS instruction engage students with

NOS issues embedded with science content and the development of scientific
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knowledge. Clough (2006) stated that "highly contextualizing the NOS means
integrating historical and contemporary science examples that are tied to the
fundamental ideas taught in particular science subjects” (p. 474). He further stated
that:
While teaching science content, seamlessly addressing the human side
of science, epistemological and ontological assumptions underlying
knowledge, difficulties in making sense of data, and justification for
conclusions are crucial for explicitly and contextually addressing the

NOS. A long advocated strategy to accomplish this has been integrating
the history of science alongside the teaching of content (p. 478).

Clough (2006) emphasized the role of history of science in explicit-reflective
contextualized NOS instruction. More recently Smith (2010) also emphasized that
students are expected to reveal a deep understanding of NOS when the teacher and
students investigate science concepts with contextualized HOS instruction. In other
words Smith underscored the importance of contextualized NOS activities which
use examples from the history of science. The development of NOS views through
HOS is not a new argument. In the late 1990s, for example, Monk and Osborne
(1997) recommended that science should be taught by integrating HOS to
curriculum more often in order to help students to develop more adequate
understanding of NOS. Howe and Rudge (2005) clarified that by integrating HOS
to science lessons, students will be better able to reflect their understanding of NOS

because HOS provide a good context for this reflection.
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There are some studies showing that integrating history of science into science
teaching enhances the students’ understanding of NOS aspects. On the other hand,
some studies indicate that the history of science has no or little effect on students’
understanding of NOS aspects. Irwin (2000) used the history of science in teaching
atomic theory. Using the development of atomic theory from Greeks to the present,
it aimed to improve students’ NOS views. In the study, two fourteen-year old
groups having similar abilities and science background were involved. First group
of students was introduced to the history of atomic theory while second group of
students was thought atomic theory without emphasizing historical materials. The
results revealed that the group taught by history of science showed a better

understanding of scientific theory and tentative aspect of NOS.

Lin and Chen (2002) also studied the effects of teaching chemistry through HOS on
student teachers” NOS perceptions. A quasi-experimental study was conducted to
find out the differences between experimental and control group in their
understanding of NOS views. Experimental group was consisted of the senior
student teachers while the control group was comprised of junior student teachers
in the same department. The results showed that the experimental group did better
on the NOS questionnaire compared to the control group. The students in the
experimental group improved their comprehensions in the NOS aspects; the nature
of creativity, the theory based nature of scientific observations, and the functions of

theories.
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Abd-EIl-Khalick and Lederman (2000) wandered whether the HOS has any impact
on students’ NOS aspects. They studied with two groups. First group included 166
undergraduate and graduate students majoring in biological and general science and
they enrolled in three HOS courses. Second group involved 15 pre-service
secondary science teachers who enrolled in a science methods/practicum course. A
majority of the participants did not receive any HOS instruction before and they
completed science courses in different disciplines including biology and physics.
Three HOS courses were “Studies in Scientific Controversy”, “History of Science”,
and “Evolution and Modern Biology”. The first course included case studies from
the 17" through 20™ centuries emphasizing the rational, psychological, and social
characteristics of the natural sciences. The second course focuses on the interaction
of scientific ideas with their social and cultural contexts. The last one focuses on
the origin and development of Darwin's theory of evolution. All three HOS courses
did not include an explicit approach to teaching NOS. The second group in science
methods/practicum course focused on classroom management, instructional
planning, traditional and alternative assessments, and models of teaching. The
second group students received explicit NOS instruction through mostly generic
activities. Some of the activities were content-embedded. Data were collected
through open-ended questionnaire and semi-structured interviews. The results of
the study documented that HOS instruction has little influence on students’
understanding of NOS aspects. The authors suggested that instructors should
explicitly guide students for NOS views while focusing on historical narratives.

That is HOS should be equipped with explicit-reflective NOS instruction to result
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in development of NOS views. Similarly; Dass (2005) searched for the effect of

HOS on students’ NOS views and found small advance in students’ NOS views.

Seker (2004), summarized before, also studied the HOS with the aim to change
eighth grade students’ NOS views. He aimed to make students aware of different
scientific methods, tentative NOS, the role of inference in scientific investigations,
and subjective NOS. Students’ NOS views were assessed by the Perspectives on
Scientific Epistemology survey. Historical ideas of force and motion units were
presented to the students and they were encouraged to discuss their ideas.
Aristotle’s ideas and Strato’s sand experiments were discussed to refer to the
constant and changing velocity. Then Galileo’s inclined-plane experiment was
performed for the comprehension of the acceleration concept. In this experiment,
students simulated Galileo’s original experiment. The controversies between ideas
of Galileo and Aristotle were utilized for discussions to highlight tentative NOS.
The findings showed that students’ ideas of scientific methods affected with HOS.

Moreover they understood the role of inference in the scientific process.

Howe (2004) also utilized history of sickle-cell anemia to influence preservice
elementary teachers’ NOS views regarding the aspects which are the nature of
scientific theories, tentative NOS, the difference between scientific theories and
laws, the validity of observational method in science, and the subjective NOS. 81
students enrolled in the course Life Science for Elementary Educators participated
in the study. Open-ended questionnaire was administered and semi-structure

interviews were conducted to explore participants NOS views about targeted
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aspects before and after the implementation. Students were instructed about sickle
cell anemia through explicit-reflective NOS instruction embedded with historical
materials. Participants improved their understanding of some NOS aspects after the
sickle cell anemia unit. The results showed that participants’ NOS views in terms
of the validity of observational methods and subjective NOS substantially changed

when they explicitly and reflectively discussed NOS in a history focused unit.

Further studies were also conducted to explore the effect of history of science
instruction in learning and improving nature of science views. Kim (2007) also
explored the effect of teaching genetics with history of science providing students
opportunities to write and reflect on NOS aspects. A quasi-experimental control
group research design was utilized with two tenth grade biology classes. Both
groups received the same instruction except experimental group was instructed
through the integration of History of Genetics. Data were collected through View
of Nature of Science-C form and also concept mapping for NOS terms. The results
showed that after the instructions the experimental group showed significant
changes in their NOS understandings when compared with the control group. The
experimental group also performed better in defining NOS terms and constructing a
concept map about NOS terms. The authors concluded that this study provided

empirical evidence for improving NOS views through HOS instruction.

It is evident from the studies above that the effect of HOS instruction on the
development of NOS views need further investigations with lower grade levels to

come up with a more accurate picture of the issue. There are few studies which
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explored students’ NOS views at grade six level (Akerson & Abd-El-Khalick,
2005) and there is a need to explore elementary level students’ understandings of
NOS to help them develop their current views (Akerson & Abd-El-Khalick, 2005;
Smith, Maclin, Houghton, & Hennessey, 2000). Moreover there is a need for
experimental studies to investigate the causal relationship between HOS and NOS.
Therefore the result of this study is important to attain evidence of causality for the

influence of HOS on NOS views.
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CHAPTER 11

METHODOLOGY

This study mainly investigated the relative effectiveness of history of science
instruction and curriculum-oriented instruction on Grade 6 students’ scientific
literacy. This chapter described research design of the study, population and
sample, variables, instruments, the treatments, ethical consideration, data analysis,

and validity of the study.

3.1 Research Design

For the purpose of the study, quasi-experimental research design, a type of
quantitative research methodology, was adopted. Frankel and Wallen (2003) stated
that experimental research is one of most powerful research to test hypothesis for
cause and effect relation between variables. In this study the effect of independent
variable (i.e. two types of instruction) on multiple dependent variables (i.e. science
process skills, understanding of circulatory system concepts, attitudes toward
science, and NOS views) was investigated. It was aimed to check whether the
effect of HOS instruction and curricular-oriented instruction differ with respect to

these dependent variables across time.
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This is a quasi-experimental research design because there was no way to assign
participants randomly to the experimental and comparison groups. Accordingly,
randomly selected four intact classes from Grade 6 participated in this study. Two
classes were assigned randomly as experimental group while other two were
assigned randomly as comparison group. The classes were instructed in a similar
way that the current science curriculum offers for circulatory system topic.
However, history of science was integrated into the curriculum-oriented instruction
in experimental group. The effectiveness of history of science instruction over
curriculum-oriented instruction was compared by means of pre, post and follow up

measurements.

At the outset of the study, students’ science process skills, understanding of human
circulatory system concepts, attitudes toward science, and nature of science views
were assessed in order to determine whether the groups differ from each other with
respect to these variables. Then the experimental group received HOS instruction
on the topic of circulatory system while comparison group followed curriculum-
oriented instruction on the same topic. Just after the completion of the instructions,
posttests were administered to the groups in order to evaluate the immediate effects
of instructions on abovementioned variables. To assess the continuous effects of
the treatments, follow-up tests were carried out 5 weeks after the completion of the
treatments in terms of aforementioned variables. These variables were compared
statistically to find out possible differences between groups. In addition to

quantitative analysis of dependent variables, students’ NOS views were analyzed
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qualitatively. The researcher was also interested in the difference within groups, so
pretest, posttest and follow-up test results of each group compared separately. The
variables were measured by means of Science Process Skills Test (SPST),
Circulatory System Concepts Test (CSCT), Test of Science Related Attitudes
(TOSRA), and Views on Nature of Science Elementary School Version (VNOS-E).

In Table 3.1, the summary of the process and the sequence of administrations of the

instruments were illustrated as an outline.

Table 3.1 Outline of the Design of the Study

Experimental Groups

Comparison Groups

@2 SPST SPST
8 CSCT CSCT
et TOSRA TOSRA
o VNOS-E VNOS-E
c
2
§ Teaching circulatory system concepts Teaching circulatory system concepts with
E with HOS instruction curriculum-oriented instruction
=
= SPST SPST
b CSCT CSCT
8 TOSRA TOSRA
o VNOS-E VNOS-E
% —
[} .
% S Engaging in curriculum-oriented Engaging in curriculum-oriented instruction
o 2 instruction without HOS without HOS
Z =
= SPST SPST
= g CSCT CSCT
2+ TOSRA TOSRA
L VNOS-E VNOS-E
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3.2 Population and Sample
The target population of this study included all 6™ grade elementary students
attending public schools in Ankara. The accessible population was all 6™ grades

elementary students in the public schools of Cankaya district.

The participants of the study were selected based on convenient sampling
procedure because of its advantages in reducing time and energy, and its cost
effectiveness. As mentioned above two classes participated in the study as
experimental group and two classes as a comparison group and composed of 6"
grade students attending a public school located in Ankara. Science courses of each
group had been instructed by the same teacher since the opening of the fall

semester. This study was conducted during 2011-2012 spring semester.

The subjects of this study consisted of 95 students (47 boys and 48 girls) with a
mean age of 12.08. Among these students 51 (26 boys and 25 girls) were in the
experimental group while 44 (21 boys and 23girls) were in the comparison group.
Accordingly, ratios of boys and girls in the study and within each group were
comparable. Students ranged in age from 12 to 13. The mean age of the students in
the experimental group was 12.06 while that of comparison group was 12.12. The
mean science report card grade of previous semester was 3.47 for experimental

group students and 3.54 for comparison group students over 5.00.

Around 50 % of students in both experimental and comparison groups were from

families with 2 children. Majority of students’ parents had undergraduate education
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and below. More than 90 % of the fathers in both groups were employed. In Table
3.2, detailed comparison of the groups regarding background characteristics were
provided. It is evident that students in experimental and comparison groups were

comparable in terms of their background characteristics.

Table 3.2 Background Characteristics of Students

Experimental Group Comparison Group
Frequency Percent (%) Frequency Percent (%)

GEND
Girls 25 49.0 23 52.2
Boys 26 51.0 21 47.8
CHILD
1.00 8 15.7 8 18.2
2.00 30 58.8 22 50.0
3.00 12 23.5 10 22.7
4.00 or more 1 2.0 4 9.1
MES
Employed 31 60.8 23 52.3
Unemployed 20 39.2 21 47.7
FES
Employed 48 94.1 43 97.7
Unemployed 3 5.9 1 2.3
MEL
Primary School 2 3.9 3 6.8
Secondary School 4 7.8 8 18.2
High School 15 29.4 11 25.0
Undergraduate 27 52.9 17 38.6
Graduate 3 5.9 4 9.1
Non-schooling 0 0 1 2.3
FEL
Primary School 1 2.0 2 4.5
Secondary School 2 3.9 3 6.8
High School 16 31.4 14 31.8
Undergraduate 22 43.1 20 455
Graduate 10 19.6 5 114
Non-schooling 0 0 0 0
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Table 3.2 (Cont.) Experimental Group Comparison Group

Frequency Percent (%) Frequency Percent (%)
READI
0-10 books 5 9.8 4 9.1
11-25 books 12 23.5 13 29.5
26-100 books 18 35.3 14 31.8
101-200 books 11 21.6 8 18.2
More than 200 books 5 9.8 5 11.4
NEWS
Never 8 15.7 7 15.9
Sometimes 30 58.8 27 61.4
Daily 13 25.5 10 22.7
ROOM
Have a study room 42 82.4 34 77.3
Do not have a study 9 17.6 10 22.7
room
COMP
Have computer 40 78.4 39 88.6
Do not have 11 21.6 5 11.4
computer
INTER
Have internet 28 54.9 26 59.1
connection
Do not have internet 23 45.1 18 40.9
connection

Note: The abbreviation in Table 3.2 means: gender (GEND), number of children in the family
(CHILD), mother’s employment status (MES), father’s employment status (FES), mother’s
education level (MEL), father’s education level (FEL), number of reading materials at home
(READI), frequency of buying newspaper (NEWS), having a study room (ROOM), having a
computer (COMP), and having an internet connection (INTER).

3.3 Variables
In this study there are five major variables. In order to make clear distinctions
between variables they were categorize into two main categories as independent

variable and dependent variables.

3.3.1 Independent Variables
In the study, type of instructions was the manipulated variable and labeled as the

independent variable. Two types of the instruction compared in terms of their
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effectiveness on the dependent variables were history of science instruction and

curriculum-oriented instruction.

3.3.2 Dependent Variable

The study included four dependent variables namely, science process skKills,
understanding of circulatory system concepts, attitudes toward science, and nature
of science views. These four dependent variables, as the most commonly suggested

sub-dimensions of scientific literacy, were drawn from the relevant literature.

3.4 Instruments

Four instruments were used throughout the study. Each of these four instruments
was used three times as pretest, post test and follow-up test during the course of the
study. These instruments were: Science Process Skills Test (SPST); Circulatory
System Concepts Test (CSCT); Test of Science-Related Attitudes (TOSRA); and
Views of Nature of Science Elementary School Version (VNOS-E). In the

following four sections detailed information was given about these instruments.

3.4.1 Science Process Skills Test (SPST)

The SPST was originally developed by Burns, Okey, and Wise (1985). This 36
item multiple-choice test aimed to measure the science process skills of students in
terms of identifying variables (12 items), stating the hypotheses (9 items),
operationally defining (6 items), graphing and interpreting data (6 items), designing
investigations (3 items). Burns at al. (1985) evaluated test results by giving 1 point

to each correctly answered questions and 0 point to each wrongly or unanswered
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questions. Therefore, the possible scores a student can get from the test changes
from 0 to 36. The Cronbach’s alpha coefficient was reported as .86 for the whole
test. The sub-scale reliabilities found by Burns et al. (1985) were presented in

Table 3.3.

Table 3.3 Reliability Coefficient of Subtest of SPST

Identifying Operationally Stating Graphing and Designing
Variables Defining Hypothesis Interpreting Investigations
Data
Cronbach’s 57 .62 .65 .64 49

Alpha

The developers of the instrument also reported mean item difficulty indices as .53
ranging from .11 to .64 and mean discrimination indices as .35 ranging from .15 to
.87. This test has been developed based on the idea that even though it is possible
to measure students’ science process skills via observation, it will lead to very
limited and sometimes intuitive measures. Burns et al. (1985) reported that it is a
valid and reliable test to measure accurately students’ science process skills. The
test was firstly translated and validated into Turkish by Geban, Askar and Ozkan
(1992) with 200 Grade 9 students. The reliability coefficient was reported as .81 for
the whole test. Later, Can (2008) administered this version to 227 seventh grade
students. After reliability and validity analyses, 26 items having item
discrimination above .20 were retained. Can (2008) reported the total reliability
coefficient of the test as .80. In the current study the 26-item version of SPST
validated by Can (2008) was used for two reasons: First, validity of this test has

been ensured with younger students (i.e. Grade7). Second, it requires less time to
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complete for younger students. Therefore, 26-item version of was more convenient

for the sake of administration and used in this study.

Table 3.4 shows related science process skills and objectives measured in the

original test with total number of items in both versions.

Table 3.4 Science Process Skills, Objectives and Total Number of Items in
Science Process Skills Test

Total Number of Items

Original Turkish
Version (Burns Version
Skills Objectives et al., 1985) (Can, 2008)
Identifying Given a description of an investigation, 12 11
Variables identify suitable operational definitions for
the variables.
Operationally Given a description of an investigation, 6 3
Defining identify the manipulated, responding and
controlled variables.
Stating Given a description of variables involved in 9 6
Hypotheses an investigation, select a testable hypothesis.
Graphing and Given a description of an investigation and 6 3
Interpreting Data  obtained data, identify a graph that
represents the data and describe the
relationship between the variables.
Designing Given a hypothesis, select a suitable design 3 3

Investigations for an investigation to

In the current study, before administering the instrument to the sample, the
researcher further reviewed the entire sets of 26 questions interviewing with eight
students from six grade level in attempt to ensure face validity of the instrument.
During this process the following 3 questions were asked to students: Does the
question/choice have any word/term that you are not familiar with? Did you
understand the question/item? Can you explain what the question asks in your own

word? Through the interviews, it was noticed that several students were not
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familiar with some words used in Turkish version of the test. Therefore the
alternative wording was introduced without altering the structure and the meaning
of sentence. After agreeing on the wording and being sure that the students
understand the question, necessary changes were made on wording. After

negotiating with the teacher of the classes, the test was ready for the administration.

In the next process the test has been administered to 148 students at 6™ grade level
at Cankaya district of Ankara. In total Cronbach’s alpha coefficient for 6 grade
students was found as .79 which refers to a high reliability. Also sub-scale
reliabilities found as follows: .59 for identifying variables; .61 for operationally
defining; .58 for stating hypothesis; .62 for graphing and interpreting data; and .56

for designing investigations.

After obtaining concrete evidence for the appropriateness of the test for the level of
participant in this study, it was ready for the administration (see Appendix A). To
remind, students science process skills were evaluated over the total score students
get from SPST as suggested by Burns et al. (1985). Actually, other researcher
followed the same process of evaluation in Turkish context (e.g. Can, 2008; Kanli
& Yagbasan, 2008; Tezcan & Salmaz). In fact this test had been used three times as
pretest, posttest and follow-up test during the study. The total reliabilities were
found as .81 at Time 1; .83 at Time 2; and .78 at Time 3. Putting it all together, it is
safe to come up with the conclusion that the instrument was reliable for the sample

of this study.
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3.4.2 Circulatory System Concepts Test (CSCT)

This test was developed by the researcher. The purpose of developing CSCT was to
evaluate sixth grade level students’ understanding of human circulatory system
concepts in terms of learning objectives defined in current science curriculum and

teacher guide book.

In the first step, table of specification was constructed based on the curriculum
objectives (see Appendix S for the objectives). While constructing table of
specification, cognitive domain of educational objectives (Bloom, 1956) were used.
In this taxonomy, there were six major categories. From simplest to most complex
these categories included: knowledge, comprehension, application, analysis,
synthesis, and evaluation. Bloom (1956) stated that in normal conditions one
should be master at former one before improve to the next one. In other words there
is a hierarchy between the categories. Table 3.5 illustrates the table of specification

used to develop the CSCT.
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Table 3.5 Table of Specification for Circulatory System Concepts Test

Number of Learning Objectives

Subject Matter Knowledge Comprehension Application Analysis Synthesis Evaluation

Structure and 1 1 4 3 1
function of the
hearth

Blood vessels 2 2 1 2

Constituents of 1 2 2 2 1
blood and
blood types

Pulmonary and 2
systemic
circulation

Lymphatic 2
system

Circulatory 1 2
system issues

After creating the table of specification, the researcher created a pool of items
considering it. As a result 32 multiple choice questions with four choices were
developed. In the next stage two experts in elementary science education
department analyzed the stem, the correct answer, and the distracters one by one in
terms of language, level of difficulty, clearness of items, suitability with objectives,
relevance of materials with topic, keywords in distracters, and plausibility of
wording. After taking the suggestions of experts, required modifications have been
made on the test. In the next stage each questions has been evaluated with an expert
medical doctor to eliminate any deficient knowledge in the test. Some part of the
test modified with the suggestion of the medical doctor. This form of the test has
been negotiated with the experts again and consensus among the team has been
arrived. In the following step a Turkish language expert evaluated the test in terms

of ambiguity in language, punctuation and wording. After arriving at a consensus
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with the medical doctor, experts and Turkish language experts the questions have
been interviewed with 4 students in 6™ grade level just after they took the test. In
this process it was aimed to find out the appropriate time for taking the test and
whether the test includes any vocabulary that is unfamiliar to students, whether it is
understandable by students, and whether students understand what is meant in the
test. The interviewed showed that the test is appropriate for the level of 6™ grade
students. It has been also found that the test takes 30-35 minutes for 6"grade
students to complete. The final form of CSCT (see Appendix B) was piloted with
135 students from 7™ grade level in a public school in Cankaya region where the
actual study has been carried out. The reason why the final form administered to
Grade 7 students instead of Grade 6 was that they were familiar with the circulatory
system. Indeed, the test has been developed at the fall semester but circulatory
system has been taught to 6™ graders at spring semester. The reliability of the test
has been found as .74. According to Gronlund and Linn (1990) this is an acceptable

reliability for a test.

3.4.3 Test of Science Related Attitudes (TOSRA)

The original version of TOSRA was developed by Fraser (1978). TOSRA consists
of 70 Likert-type items in seven subscales. These subscales are named as social
implications of science, normality of scientists, attitude to scientific inquiry,
adoption of scientific attitudes, enjoyment of science lessons, leisure interest in
science, and career interest in science (Fraser, 1978). Each subscale includes 10

items. The TOSRA has 5-point Likert type response format, ranging from strongly
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disagree (1) to strongly agree (5). Table 3.6 illustrates sample items for each of the

subscales in TOSRA.

Table 3.6 Subscales and Sample Items of TOSRA

Subscales Sample item
Social Implications of Money spent on science is well worth spending.
Science
Normality of Scientists Scientists usually like to go to their laboratories when they have a day
off.
Attitude to Scientific I would prefer to find out why something happens by doing an
Inquiry experiment than by being told.
Adoption of Scientific I enjoy reading about things which disagree with my previous ideas.
Attitudes
Enjoyment of Science Science lessons are fun.
Lessons

Leisure Interest in Science | would like to belong to a science club.

Career Interest in Science | would dislike being a scientist after | leave school.

Fraser (1978) underlined that TOSRA has been developed based on Klopfer’s six
classification category on attitude and interest. In his prominent writing, Klopfer
(1971) clarified these six categories as follows: Behaviors which manifest
favorable attitude toward science and scientist; acceptance of scientific inquiry as a
way of thought; adoption of scientific attitudes; enjoyment of science learning
experiences; development of interest in science and science-related activities;

development of interest in pursuing a career in science or science-related work.

Behaviors which manifest favorable attitude toward science and
scientist: Klopfer (1971) contended that whenever students think science as nasty

attempt or scientist as disregarded “eggheads”, then a non-favorable attitude are
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expected from them. He also agreed that all science teachers want their students to
exhibit positive attitude toward both science and scientist. Fraser (1978) constituted
the first two sub-dimensions (Social Implications of Science, and Normality of
Scientists) of TOSRA based on this classification. However, this classification did
not explicitly refer to “Normality of Scientists” at all in the original writing of
Klopfer. It just referred to the general attitude of students toward science and
scientist. The term “general attitude toward science” is too broad to be one of the
sub-dimensions of the test. In fact attitude toward science has been investigated by
the collective sub-dimensions of TOSRA. Besides, for the purpose of the study
participants understanding about scientists, which is called “normality of scientist”
in original TOSRA, has been measured through VNOS-E; because it has been
expected to give the researcher in-depth information about it overall. Hence, these
two dimensions have been put out of the TOSRA in this study so that students
could finish the test at one class-hour, and the result can be interpreted more

clearly.

Acceptance of scientific inquiry as a way of thought: The third dimension
of TOSRA, named as “Attitude to Scientific Inquiry” has been developed by Fraser
based on this category. According to Klopfer this dimension of attitude connected
to students’ attitude toward inquiry of science. Klopfer (1971) stated that:
It is entirely possible that a student could engage in the process of
scientific inquiry even though he viewed them merely as school

exercises; that he could observe, measure, hypothesize, formulate
generalization, and devise and test theoretical models without any sense
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that these activities are personally valuable to him and without feeling
that they might be valid guidelines for his own thinking (p. 577).

As a researcher my contention is that such student may have misconception about
the basic tenets of nature of science. It is very likely that such student may think
science as a discipline in which answers are found through systematic inquiries
only. According to Hanuscin, Phillipson, and Pareja (2005) this kind of thought is
precursor of naive views about nature of science. It is not known whether such
student might or might not have misconception about the nature of science, to be
on the safer side this sub-dimension of TOSRA has also been excluded from the

test.

Adoption of scientific attitudes: This subcategory offered by Klopfer was the
only one used by Fraser without changing its name as the forth sub-dimension of
TOSRA. Klopfer advocated that scientists are affected by scientific community;
therefore, they try to be as “self-critical”, “open-minded”, and “honest” as they can
do. Most importantly the students are expected to imitate those characteristics
when they are conducting inquiries (1971). In this sense this sub-dimension
implicitly refers to socio-cultural aspect of NOS. Therefore it is within the aim of
this study to evaluate the change (or consistency) on this sub-dimension throughout

the course of the study through two different types of instructions.

Enjoyment of science learning experiences: This sub-category is related to

the school science learning experience. Klopfer (1971) expressed the presence of
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psychological evidence that when the students have pleasure in learning science at
schools, their learning become more and better; and they also retain the knowledge
longer. By conducting this study, one of the main rationales by collecting follow-
up data from students was to inspect whether one of the method yield better retain
on DVs. For this reason, this sub-dimension of the test is expected to provide
precious information about the sample. Fraser (1978) named this dimension as
“Enjoyment of Science Lesson” in TOSRA development process as the fifth sub-

dimension.

Development of interest in science and science-related activities: Klopfer
examined this category under two different but related heading. The first one is
related to students’ informal (out-of school) activities carried out by themselves.
Klopfer gave "collecting butterflies”, "experimenting with hybrid flowers"
examples to this category. The second one is related to the awareness of students
toward current scientific development and science-society interaction. "Circulating
for a petition for preservation of a wildlife refuge” and "watching a television
program on cancer research™ were among two specific examples put forward by
Klopfer (1971). Klopfer (1971) concluded that these two categories are about
interest of scientifically literate person. In this study, scientific literacy is of interest
by the collective dependent variables. Consequently this sub-dimension, so-called
“Leisure Interest in Science” by Fraser as the sixth sub-dimension of TOSRA, was

another interest of this study.
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Development of interest in pursuing a career in science or science-
related work: In the last category of Klopfer’s classification of attitudes and
interest toward science, he claimed that small percent of total students in a class has
tendency toward science or science-related careers. Although it is not stated
explicitly what Klopfer mean stating “science or science-related career”, what he
asserted is really debatable. If he mean pure physics, chemistry or biology, he may
be right. But it has to be kept in mind that from surgeon to engineering; from
archeologist to electrician; from pilot to dancer, a great deal of the job is related to
science to some extent. Although, not to be on the same mind with Klopfer about
his generalization toward the ratio of students having aptitude toward science
related career, what he expressed, saying that their interest should be improved, is
worth supporting. Fraser (1978) has been constituted the last sub-dimension of
TOSRA, specifically “Career Interest in Science”, based on this category. This

dimension has also been one of the pursuits of this study.

Accordingly, within the scope of the present study, only adoption of scientific
attitudes, enjoyment of science lessons, leisure interest in science, career interest in
science sub-scales of the TOSRA was used to assess participants’ attitude toward

science.

Fraser pilot tested the TOSRA with 1,337 students including 44 classes from 11
different schools in the Sydney metropolitan area. Actually the test was validated
for Grade 7 (N = 340), 8 (N = 335), 9 (N = 338), and 10 (N = 324) through the pilot

study. In this sense the sample size for each group was fairly homogenous. It has
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also been expressed that the number of boys and girls were almost equal in each

grade level.

Fraser (1978) reported reliabilities of subscales ranging from .66 to .93 for seven
grades; .64 to .92 for eight grades; .69 to .92 for ninth grades; and .67 to .93 for
tenth grades with a means of .82; .80; .81; .84 for each class respectively.

Reliability statistics of each subscale was shown at Table 3.7 for each grade level.

Table 3.7 Reliability Coefficient of Subtest of TOSRA

Cronbach Alpha Reliability across Grade Level

Subscale Grade 7 Grade 8 Grade 9 Grade 10
Social Implications of Science 0.81 0.82 0.75 0.82
Normality of Scientists 0.72 0.70 0.72 0.78
Attitude to Scientific Inquiry 0.81 0.82 0.81 0.86
Adoption of Scientific Attitudes 0.66 0.64 0.69 0.67
Enjoyment of Science Lessons 0.93 0.92 0.92 0.93
Leisure Interest in Science 0.88 0.85 0.87 0.89
Career Interest in Science 0.90 0.88 0.88 0.91

Telli, Cakiroglu, & Rakici (2003) translated TOSRA into Turkish and pilot tested
with 399 students from 11" grade level in the fall semester of 2003. After
conducting first pilot study and making necessary changes based on factor analysis,
they again piloted the test to 1983 students at 9™ and 10" grade level from nine
different schools. In the second study Telli at al. (2003) reported reliability
coefficients for each subscale ranging from .62 to .85. In this sense, it is possible to
say that the sub-dimension of TOSRA has sufficient internal reliability for the

Turkish sample.
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In this study, the items of TOSRA were interviewed with 8 students from Grade 6.
During this process, the same three questions used during validation of SPST were
asked to the students (see section 3.4.1). The interview indicated that students
could comprehend the questions. Next, the instrument was administered to 217
Grade 6 students. As explained before, the items which represents three subscale of
TOSRA was eliminated from the instrument. Therefore, this version of TOSRA
consisted of four factors, namely Adoption of Scientific Attitudes, Enjoyment of
Science Lessons, Leisure Interest in Science, and Career Interest in Science. The
total of 40 items were analyzed to explore how well these items fit with underlying
structure of TOSRA with the sample of grade six students. For this purpose, these
dimensions were subjected to factor analysis using SPSS. Before running the test,
related assumptions were tested. It was suggested that there should be at least five
cases for each item. There were 40 items in TOSRA therefore a sample of 200
students were needed (40 * 5 = 200). There were 217 students who completed the
instrument in pilot study. Therefore the assumption of sample size were sufficient
enough for factor analysis. Also, Kaiser-Meyer-Olkin measure of sampling
adequacy was .89 and Bartlett’s test of sphericity was statistically significant, )(2
(780) = 4439.01, p < .0005. These two statistics were also evident that the data was
suitable for factor analysis. Using Kaiser’s criterion, there were ten factors with
eigenvalue grater than 1. The screeplot (see Figure 3.1), however, indicated that
there is a clear change between first and second components and first component
explains quite big percent of the variance (34.41 %) when compared to other

components. In other words, screeplot indicated one factor. On the other hand,
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parallel analysis using Monte Carlo PCA (Watkins, 2000) suggested to extract
three factors. Lastly, component matrix table (see Table 3.8) indicated that almost
all items (except 5 and 29) loaded strongly (above .4) to only one factors. This
result indicated that the four-factor structure of the TOSRA is not well-suited with
this sample and one-factor structure is more appropriate by eliminating item 5 and
29. After removing item 5 and 29, first component explained 36.18 % of total
variance by itself. The results of this analysis supported to use of one-factor and

named as "Attitudes toward Science".
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Figure 3.1 Screeplot for the Determination of Number of Factors Retained in
TOSRA

Cronbach’s alpha coefficient for the whole test was found to be .88 which refers to
a high reliability. These evidence provided that TOSRA is appropriate for Grade 6

students.
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In this study TOSRA (see Appendix C) was administered to the sample of the
study three times; pretest, posttest and follow-up test. The total reliability
coefficients were found to be .92, .94, and .93 for the combined subtests at pretest,
posttest, and follow-up measurement respectively. These results show that the
TOSRA has very good internal consistency with the sample of the study. It
provided evidence to infer that participants’ answers were consistent throughout the

testing.

94



Table 3.8 Component Matrix Displaying the Loadings of Each Item on

TOSRA
Component

1 2 3 4 5 6 7 8 9 10
Item26 .79
Item34 .74
Item11 .73
Item14 .73
Item?22 .72
Item?21 .72
Item2 .71 -31
Item19 .70
Item?25 .70
Item 13 .69 -.33
Item9 .67 -.36
Item 35 .67
Item 33 .66 35
Item20 .66
Item 18 .62
Item15 .62 .34 -.32
Item28 .61 37
Item 17 .58 .50
Item 10 .58 -43 -31
Item6 58 .31
Item 23 .57 =31
Item 38 .56 -.32 -.40
Item 32 .56 .33 31
Item8 .56 .52
ltem36 .56 .39 .36
Item24 .55 31 -.38
Item 30 .55 41
Item31 .54 .33
Item 27 .53 40 -34
Item37 52 .30 -32
Item7 51
Item3 .48 -.36
Item39 46 .43 =31
Item 16 .45 .32
Item12 44 35 .35
Item 40 .48 .50 37
Item4 .32 32 45 -.38 .36
Item 29 45 -31 54
Item 5 45 .57
ltem1 .35 -.32 44 .34
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3.4.4 Views of Nature of Science Elementary School Version (VNOS-E)

In order to measure students’ nature of science views VNOS-E was utilized in this
study. VNOS-E was developed original by Lederman & Ko (2004) with
elementary level teacher (N = 10) and their students. VNOS-E was used in this
study because it was proper for elementary level students in terms of
“developmental appropriateness” and “language” (Lederman 2007). It is an open-
ended instrument consisting of 7 items. VNOS-E has been developed to assess
basically five aspects of NOS: Tentative, Empirical, Subjective, Creativity, and
Inferential NOS (Meyer & Crawford, 2011; Parker, 2010). VNOS-E was translated
into Turkish and validated by Dogan, Cakiroglu, Cavus and Bilican (2010). In this
study VNOS-E (see Appendix D), as other instruments, was administered both
groups three time during the course of the study to assess participants’ pre, post,

and follow-up NOS views.

3.5 Treatments

This study explored the influence of history of science instruction compared with
curriculum-oriented instruction on 6™ grade students’ attitudes toward science,
science process skills, understanding of circulatory system concepts, and nature of
science views. In the study the former group was referred as experimental group,
and the latter was referred as comparison group. To be consistent throughout this
study these terms were used mostly. In line with the purpose, experimental group
was engaged in HOS activities, discussed explicitly and reflectively referring to

one or more specific NOS aspects, and then they followed content-specific
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activities. The comparison group was engaged in the same content-specific
activities but without integration of HOS. The researcher implemented the
treatment in the experimental group for some reason. First, the teacher in this study
indicated that he could not able to succeed in history of science instruction due to
his incompetence about it. Monk and Osborne (1997) stated that many science
teachers could not incorporate HOS with the fear of losing their authority in the
classroom. They added that inability of establishing relationship between HOS and
science content or having low self-confidence interfere with their capability of
incorporating HOS into classrooms. Also, some studies supported that even if
classroom teachers have adequate NOS understanding they are not able to teach
NOS aspects to their students or they are not motivated to teach it (Akerson& Abd-
El-Khalick, 2003; Akerson, & Hanuscin, 2007; Bell et al., 2000; Hodson, 1993,;
Lederman, 1999). The comparison group was instructed by their regular science
teacher. In order to prevent implementation threat, the teacher and the researcher
met before each class and prepared lesson plan for the topic. The teacher and
researcher followed the same sequence and carried out same activities for the topic
as much as possible. Moreover the teacher and the researcher observed each other
in order to ensure that each group has followed the previously prepared lesson plan.
At the end of each course the researcher and the teacher negotiated the
correspondence between what they implemented in both groups. Also they
discussed the congruency between planned and enacted curriculum after each class.
To conclude researcher and the teacher provided fairly similar content-specific

activities in experimental and comparison group.
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Before the treatment, the researcher made a four-week preliminary effort especially
to remedy innovation threat to internal validity. During the first week of these
preliminary efforts the researcher observed all four classrooms and tried to learn
some functional information such as names of students, the teacher’s way of
teaching, and the teacher’s classroom management strategies. For the duration of
remaining three weeks the researcher instructed the experimental group based on
the current science and technology curriculum without any reference to HOS. At
the same time the teacher instructed the comparison group during this three-week
period. Throughout this timeframe the teacher and the researcher observed each
other to optimize the close alignment in classroom practices between two. Also,
during the third and fourth week of preliminary part the pretests were administered
in both groups. During this four-week preliminary sessions, researcher had chance
to be familiar with the students; observe classroom rules and routines; habituate the
classroom environment; learn the way students communicate with the teacher and
each other; and above all align the way of teaching between the researcher and the

teacher.

After four-week preliminary efforts, the treatment was implemented in both groups.
The participants in both groups engaged in same set of five activities. All of these
activities were based on the activities suggested in national curriculum. But some
activities were modified in such a way that nature of science aspects were
highlighted better. Also some activities were added to engage students more on the

topic by negotiating with classroom teacher. These activities were described in
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detailed in the following part. A summary of the activities conducted in
experimental and comparison group and their purpose were given sequentially in

Table 3.9.
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Table 3.9 Sequence and Purpose of Activities in Experimental and Comparison Groups

Experimental Group

Comparison Group

Activities Purpose Activities Purpose
KWL chart activating students’ prior knowledge KWL chart e activating students’ prior knowledge
having information about what the students want ¢ having information about what the
to know students want to know
providing a summary of what is learned e providing a summary of what is learned
collecting evidence to develop VNOS-E rubric
Draw a scientist investigating group’s perception of scientists Draw a scientist o investigating group’s perception of

Historical short
story 1

Structure and the
function of the heart

Historical short
story 2

illustrating how a topic, specifically heart, in
science was understood differently in different
societies and by different scientists

showing that scientific knowledge is subject to
change

investigating the structure and the function of the
heart

making observation and drawing inference
demonstrating the crucial distinction between
observation and inference

understanding the subjective or theory-laden
nature of science

understanding the empirical-based nature of
science

showing how different scientists draw different
conclusions by looking at the same data or
observing the same thing

Revision of previous topics e
(Force) and solving
problem

Structure and the function of e
the heart

Revision of previous topics .
(Motion) and solving
problems

scientists

balancing the time

investigating the structure and the function
of the heart
making observation and drawing inference

balancing the time
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Table 3. 9 (Continued)

Experimental Group

Comparison Group

Activities Purpose Activities Purpose
Constituents of e showing that blood consists of plasma and cells Constituents of blood » showing that blood consists of plasma and
blood « developing science process skills of cells
oobserving o developing following science process
ocommunicating skills
oinferring oobserving
ocommunicating
oinferring

Historical short
story 3

e paying attention to some common fallacies in
science:

oall scientists follow a single scientific method

oscientific knowledge is objective
oscientific knowledge does not change
¢ underlying that creativity and imagination play
role in the development of scientific knowledge
o seeking empirical evidence in nature makes
science unique.

Revision of previous topics e balancing the time
(Elements and Compounds)
and solving problem

Pulmonary
circulation and
systemic circulation

e comparing the types and the functions of blood
vessels

e comparing and establishing relationship between

pulmonary and systemic circulation
e visualizing the path of blood in pulmonary and
systemic circulation
¢ highlighting some aspect of NOS:
oempirically-based
osubjective
ocreative and imaginative

Pulmonary circulation and e comparing the types and the functions of
systemic circulation blood vessels
e comparing and establishing relationship
between pulmonary and systemic
circulation
¢ visualizing the path of blood in pulmonary
and systemic circulation
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Table 3. 9 (Continued)

Experimental Group

Comparison Group

Activities

Purpose

Activities

Purpose

Blood Transfusion
Timeline

demonstrating the tentative nature of science
emphasizing the key role of observation in science
stressing imaginative and creative nature of
science

showing the effect of subjectivity in science

Revision of previous topics
(Chemical Change) solving
problem

o balancing the time

Blood types

William Harvey'’s
Experiments

categorizing main human blood types
stressing the essence of blood transfusion
developing science process skills of
ocollecting data
ographing
ointerpreting the graph
ocommunicating

e highlighting some aspect of NOS:
oempirically-based
ocreative and imaginative

Blood types

Revision of previous topics
and solving questions

e categorizing main human blood types
o stressing the essence of blood transfusion
o developing science process skills of
ocollecting data
ographing
ointerpreting the graph
ocommunicating

¢ balancing the engagement time
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e Table 3. 9 (Continued)

Experimental Group

Comparison Group

Activities Purpose

Activities

Purpose

Blood donation e developing a common sense to blood donation

e raising awareness to benefits of blood donation

e defining lymphatic circulation, and function of the
lymph

e demonstrating the location of lymphatic vessels
and lymph nodes on human body

e giving value to circulatory system health

Blood donation

e developing a common sense to blood
donation

e raising awareness to benefits of blood
donation to hospitals, donors, recipients
and also society

o defining lymphatic circulation, and
function of the lymph

o demonstrating the location of lymphatic
vessels and lymph nodes on human body

e giving value to circulatory system health




As seen in Table 3.9, before each activity only experimental group was engaged in
historical materials. Each historical material was introduced in the experimental
group in the following four phase: experiencing historical material; engaging in

probing question; whole class discussion; and creating generalization.

1. Experiencing Historical Material: In this phase of the implementation
students were engaged in a specific historical document. Students studied
the material either individually or as a small group. In this phase researcher
observed students in order to avoid likely off-task behavior.

2. Engaging in Probing Questions: After students experienced the
historical material they were given handouts. In these handouts there were
probing questions about related historical material. The goal of this phase
was to make them prepared for the next phase and organize their thoughts
with reference to historical materials at hand.

3. Whole Class Discussion: In this phase the aim was to provide students
an open space to share their opinions with historical evidences. Students
presented their ideas, elaborated others thoughts, challenged with
counterclaims and provided evidence from historical material. In this phase
researcher actively monitored students to ensure that each students actively
participated to discussion as much as possible; they established multiple
interpretations (both proponents and opponents of an idea); and they make

explicit connection between the historical material and specific NOS aspect.
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4. Creating Generalization: In the last phase students were guided to
generalize the central historical material to the complex epistemology of
science. In this phase it was intended that students develop an appreciation
of nature of science through making connections between the specific

historical activity and scientific enterprise.

The Presentation of Activities
At the beginning of the treatment KWL chart, which was developed first by Ogle
(1986), was distributed to each student in both groups in order to use throughout
the treatment. Ogle stated that step “K” is to access what students know; step “W”
is to determine what the students want to learn; and step “L” is to recall what
students learned (1986). Ogle argued that evoking students’ prior knowledge
generally was neglected during teaching although it is important for comprehension
of the new knowledge. For the simplicity of this graphical organizer in terms of
activating students’ prior knowledge and providing a summary of what is learned,
the researcher had modified it by adding some pictures and made it lively for
students so that students fill it without getting bored (see Appendix E). In terms of
prior knowledge, students had already learned about the circulation of blood in the
vessels and the function of heart as pumping blood to the whole body in 4™ grade
level (MoNE, 2011). The investigation of students’ written responses under “K”
section showed that students in both groups retained their prior knowledge obtained
in 4™ grade. This chart was not used directly in the data analysis as a data source.

The only exception to this was its use in providing trustworthiness of VNOS-E
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rubric because experimental group students referred to nature of science views
when they wrote about what they learned during the activities. Other than this, the
chart helped students recall their previous knowledge on circulatory system and
recognize the new information learned. For example, the first activity was about the
heart and its structure. Before activity, students wrote down what they know about
heart and its structure under the “K” section of the chart. They continued with what
they want to learn more about heart in this activity and noted them under the “W”
section. At the end of the activity, they filled the “L” section with what they
learned from this activity. Some examples of KWL charts prepared by the students

were given in Appendix E.

In order to investigate whether two group’s perception of scientists differed prior to
implementation, students were asked to draw a scientist. The drawing papers were
adapted from Fralick, Kearn, Thompson, and Lyons (2009). Sample students’
drawings were provided in Appendix F for both groups. The investigation of
students’ drawings showed similar patterns in both groups. They draw scientists as
male with eyeglasses who carries out experiments in laboratory. Some of them
added dangerous signs and explosion figures to the laboratory environment. These
drawings refer to stereotypical images of scientists among students in both groups.
This was important for the aim of the study since both groups hold similar views of
scientists. This may provide evidence for that the difference between groups’ views
of nature of science in post and follow-up tests did not result from their prior

perceptions of scientists.
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After this point the activities conducted in experimental and comparison group
were explained. Both groups completed same content-specific activities as
mentioned before. Before each activity only experimental group was engaged in
historical materials while comparison group was engaged in activities different than
circulatory system to equalize the engagement time in content-specific activities.
For example comparison group reviewed previous topics and solved questions
about them. Beyond this point, the sequence of activities was given according to
the experimental group. When activities were presented the differences (historical
materials and nature of science discussions) in experimental group were specified

within the activities.

Historical short story 1 (Only in Experimental Group): This historical
short story was adapted from Azizi, Nayernouri, and Azizi (2008); Gross (1995);
Malomo, Idowu and Osuagwu (2006); and “The history of the heart (n.d.)”. This
story was intended to illustrate how a topic, specifically heart, in science was
understood differently in different societies and by different scientists. By means of
this “story” students were expected to be aware of the misconception that scientific

knowledge is definite and does not change.

At the beginning of the class, this first historical short story was distributed to
students as a handout. In this handout, the historical information about heart was
introduced to students; for example ancient Indians believed human heart to be the
center of nervous system; Empedocles claimed the function of heart as the core of

life-giving heat to the human body; Hippocrates asserted that liver and spleen
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produce blood and this blood was heated or cooled by the heart; Aristotle defended
the function of heart as the center in which consciousness, intelligence, and five
senses were controlled; Erasistratus put forward a new theory suggesting that the
task of the heart is pumping; Galen hypothesized the presence of invisible pores
between ventricles and so on (see Appendix G). Students were first asked to read
this historical short story, all derived from scientific articles, about scientific views
toward the structure and the function of the heart throughout history. During this
reading period, students studied changes and developments in scientists’ and
societies’ understanding of the function and structure of the heart chronologically.
After they finished reading, students were engaged in some probing questions to
make them realize the dynamic nature of the issue and be prepared for following
whole-class discussion. Some questions in the handout were as follows: “After
reading the above information, how sure do you think that scientists were about the
structure of the heart? Please defend your answer” “Do you think that scientists’
knowledge on the heart is unchanging? Please explain your answer”. After students
finished their individual work, the researcher opened the whole-class discussion by
first summarizing the disputes among scientists’ ideas and letting randomly
selected students to share their responses to probing questions. The researcher acted
as a guide during the whole class discussion and let the students explicitly and
reflectively discuss about the historical material. Based on historical story, students
developed ideas and defended their ideas. For example, one student argued that the
function of the heart changed from past to present. He defended his claim by

referring to the information in the story. Another student proposed a counter claim
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to this answer and stated that the function of the heart was always the same but
different people identified it differently. She justified her ideas as “because people
studied on it continuously and refuted the previous ideas by conducting studies”. At
this point, researcher asked “Is scientific knowledge always refuted?” Another
student responded as “Not always, if new studies are partly consistent with the
previous ones, the inconsistent parts may be removed or new parts may be added.”
Next the researcher guided students to generalize their thoughts to specific NOS
aspect under investigation which was tentative nature of science. For example
students were asked, “Do you think that this change in the scientists’ ideas can be
generalized to other topics in science” “Do you believe that all scientists think in
the same way on the same topic?” After being sure that students were focused on
the related NOS aspect, tentative nature of science has been discussed with
students. It should be noted that this story was the first history of science material
in which students expressed personal ideas, developed claims and put forth
counterclaims. Informal conversation with classroom teacher and students showed
that students had not been involved in such instruction before; so they were not
used to it. Because of that, students’ participation was not satisfactory in this
activity; therefore researcher posed many guiding question in order to maximize
students’ participation to classroom discussion. As participants involved in more
HOS activities, they took part in whole class discussions more. As a result during
the final activities students were able to involve classroom discussions with little

guiding questions of the researcher.
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Activity 1 (In Experimental and Comparison Group): This activity intended
to investigate the structure and the function of the heart. An important reminder
here is that only main parts of these common activities have been outlined here. In
order to get deeper and detailed explanations for common activities, it is advisable
readers to examine 6™ grade teacher handbook (MoNE, 2011). Before activity,
students filled the KWL chart and wrote down what they know about heart and its
structure and what they want to learn about this topic. After KWL chart, the key
concept in human circulatory system has been written on board (heart, blood, vein,
artery, capillary, lymph circulation, blood donation) and students were asked what
they know about these concepts. The aim for asking about these concepts was to
engage them in the topic therefore they were not given any details about them.
Next, an analogy between highway intersections and blood vessels has been
generated so that students realized that the function of blood vessel in human body
resembles to highways. Then the basic components of circulatory system were
introduced as heart, blood, and blood vessels. In order to increase students’
attention to topic some questions asked to the students including: “Why does blood
circulate in the body? Does every individual have the same blood type? Is it
necessary to have the same blood type in order to make blood transfusion from one
person to other? What are the properties of blood? Does blood have any
constituents?” After listening to some students’ responses, the focus has been
shifted to the core activity. In this activity groups of five students were formed. An
activity sheet was given to each group initially (see Appendix H). Each group had a

dissection pan and a sheep heart. At the beginning every students were required to
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wear latex gloves to protect them from potential infectious microbes. Students first
observed the outer structure of the heart. And then they draw their observation to
the activity sheet and took some notes (shape, color, size, blood vessels and other
observation). Next students were shown how to dissect the heart on a sample. Then
one of the group members in each group, who were chosen intentionally to be
capable of using scissors skillfully and cautiously, split the heart into two starting
from aorta. They observed the inner part of the heart (chambers, size of blood
vessels and connection of blood vessels with chambers, the muscular walls of
ventricles and atria and some other observations). When students were engaging in
this activity it was assured that each students observed the blood vessel on the outer
structure of the heart; and the thicker muscular structure of ventricles than atria.
During this activity further explanation was given to students about following

subject:

e The location of heart in human body
e The size of human heart

e The chambers of the heart

e The function of heart valves

e How heart function

e The function of ventricles and atria

Toward the end of the activity students were explained that sheep heart is similar to
human heart but other living things, which are not classified as mammalians, has

different heart structure (i.e. the number of chamber). In the last part of this activity
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students were oriented to focus their attention to two science process skills which
are observation and inference. For this aim whole class discussion took place about
what they observed about the structure of ventricles and atrium when they
investigated the heart and what they can infer from these observations. The
discussion started with the teacher’s statement “you observed that ventricles had a
more muscular wall than atrium” and then the following driving question was
asked to engage students in discussion about observation and inference: What may
be the reason for this? How can you explain the more muscular structure of
ventricles compared to the atrium based on what you learned from activity and
classroom discussions? Different answers were received from students. One of
them stated that ventricles are below atrium so they are more muscular. Another
student inferred that the function of the ventricles is to pump blood to the whole
body so they need to be stronger to pump the blood to all body cells and therefore
they have a more muscular structure than atrium. Students could infer the function
of ventricles as pumping blood to the whole body from their observations about the
muscular structure of ventricles. This discussion was based on the fact that students
could observe the structure of ventricles but they could not observe the function of

it, they only infer based on their observation.

Another discussion on observation and inference was related to the function of
blood vessels. They already learned that blood vessels carry oxygen and food to the
cells. Students also observed that there are blood vessels on the outer structure of

the heart. Based on this knowledge and their observations students inferred that
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these blood vessels also carry nutrition and oxygen to the cells and tissues of the

heart.

Up to this point both groups conducted the same activity and engaged in the same
science process skills which were making observation and drawing inference.
Beyond this point the experimental group was directed their attention to related
NOS aspect which was the distinction between observation and inference. Through
this classroom discussion it was aimed to stress that it is not possible to observe all
the topics within the interest of science, therefore it is essential to derive plausible
inferences based on observations. Scientists cannot always find direct evidence
(observation) studying nature. They may rely on indirect evidence (inference) to
explain the nature. To direct students’ attention to this point, experimental group
students were asked some probing questions to assist them in recognizing the
distinction between observation and inference. For example they were asked that
“Can we think that scientists directly observed the functions of ventricles?”” The
typical answer to this question was “we cannot”. Their main reason was that they
also could not observe it but they inferred from its structure. Then the following
question was asked to generalize their understanding for observation and inference
to the scientific endeavor: Do you think that scientists only make observations or
they also draw inferences in their studies? This question started discussion among
students and they concluded that scientists make observations as much as possible

but they may draw inferences when they cannot observe. When the discussion
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about observation and inference was satisfactory, the discussion about subjective

nature of science was held.

Students were asked whether our prior knowledge on a topic affects our
interpretation of any data?” and the discussion were led to subjective nature of
science. In this discussion, how scientists’ prior knowledge, background
information, beliefs and presently held theories influence how they conduct studies,
collect data and present results. Students were reminded that they also used their
prior knowledge in drawing inferences about the function of the vessels in the outer
structure of the heart. They were told that this influenced their inferences about the
function of them. They were asked whether scientists also reflect their background
in their studies. Students commented on this question and mostly explained that
scientists also rely on their background. Next students were asked whether
scientists can interpret the same data in different ways. The typical answer to this
question was “yes” and then they were required to explain why they think so. One
of the students related it to the previous question and emphasized that scientists’
background has a role in their interpretations of data. Another student referred to
the early ideas of some scientists” about the shape of the earth and added that even
though they live on the same planet, some scientists claimed that it was flat while
others argued that it was round. After getting students’ responses, the differences
among individuals’ prior knowledge and its relation to subjective nature of
scientific knowledge were emphasized. It was noted that scientists are also human

beings and they have beliefs, feelings, and ideas and all of these can have impact
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on their interpretations of data. Some historical information supporting the
subjective nature of science was also provided to students. For example bleeding a
patient was a common medical treatment in 1800s throughout the world because
people believed that demons caused people become sick and some demons was
living in the blood. “These could be expelled only be bleeding the patient”
(Winner, 2007). This also exemplified how beliefs and presently hold theories

affect scientific endeavor.

After Activity 1 was completed in both groups, the experimental group was
introduced to the second historical material. At this time comparison group

reviewed and solved questions about a topic different than circulation.

Historical short story 2 (Only in Experimental Group): This HOS material
was adapted from Hajdu (2003). By the help of this activity students were
introduced that knowledge about the constituents of blood had taken a different
direction with the invention of the microscopes which enabled to obtain more
reliable information and led to the accumulation of knowledge in the field. The
nature of science aspect emphasized in this story was that science seeks for
empirical evidence derived from observations of the natural world. The difference
between science and other disciplines was stated as science relies on empirical
evidence. However, at the end of this activity, students were referred to the first
activity and it was highlighted that even though science relies on empirical
evidence, scientists’ beliefs, background, interests and inferences based on

observations influence the science. Through this activity students were also
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expected to see how different scientists draw different conclusions by looking at

the same data or observing the same thing.

Students were initially distributed historical reading material which was about the
history of blood cells’ discovery (see Appendix 1). In this paper students were
introduced some key turning points chronologically in the history of discovering
blood cells. For example: In ancient times, just because of its color, scientist
considered that blood consisted only of small, red drops; in 1658 the German
naturalist Jan Swammerdam observed red blood cells under the microscope for the
first time; in1695 Antonie van Leeuwenhoek, German microscope expert,
identified the size and shape of the red blood cells and drew the first illustration of
it (original drawing also provided to students); next 150 years other scientists saw
just nothing but red blood cells under the microscope until 1843 when Gabrial
Andral, a French professor of medicine, and William Addison, a British
practitioner physician, were observed white blood cells independently of each other
and other related information was presented. When students finished reading this
material, they worked on probing questions related to it. At this point, researcher
initiated the whole class discussion about empirical and subjective nature of
science based on the probing questions. Regarding empirical aspect, two main
questions were asked: “Which information about the structure of blood seems more
scientific; before or after the invention of microscope? And how did the scientific
knowledge on blood cells develop through history? These questions were asked to

emphasize the importance of empirical evidence in development of scientific
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knowledge. Some students agreed on that scientists could observe the blood cells
with the help of microscope and they obtained more accurate information about the
blood cells. Some students referred that microscope helped scientists observe very
small cells and they were able to explain them but in the past they could not obtain
any observations and could not explain them. The discussion on this aspect was
completed by highlighting that science seeks for empirical evidence and this

distinguishes science from other disciplines.

Next students were directed to the question “What made scientists couldn’t observe
all the blood cells at one point in time?” to stress the subjective nature of science.
Students were encouraged to share their ideas. Some of them pointed out to the
technology as a reason for not being able to observe blood cells at once. It was
further explained that although all scientists look at blood under the microscope as
William Addison, they could not refer to the white blood cells like him. This was
generalized to the epistemology of scientific endeavor highlighting that science is
subjective. As a final comment, it was stated that scientists try to explain natural
world better based on empirical evidence and their background knowledge may

lead to differences in their explanations.

When experimental group completed the discussion about historical material, the
second content-specific activity was carried out in experimental and comparison

group.
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Activity 2 (In Experimental and Comparison Group): This was another
common activity in which both experimental and comparison group engaged in.
The aim of this activity was to show students that blood consists of plasma and
cells. During this activity three science process skills, observing, communicating
and inferring, were aimed to develop. First, students made observation using
microscope. Then they communicated by explaining their observation and drawing
to their classmates. Finally they drew inferences about the existence of blood
plasma without directly observing it under the microscope. This activity took place
in science laboratory. Students used microscope in this activity therefore they were
reminded about how to use it. There were five working microscopes in the
laboratory and they were set before the class. The laboratory also included the
prepared slide sets for human blood. These slides were placed under each
microscope and made ready for observation. Students were required to make fine
adjustment for a better focus on the details of the specimen. During the activity
students worked individually in each microscope. Due to the lack of enough
microscopes four to five students shared a microscope for their observations. This
helped the instructors to use the time efficiently. At the beginning of the activity,
students were provided a handout to draw their observations (see Appendix J).
They only observed red blood cells (erythrocyte) and white blood cells (leukocyte)
under the microscopes. After students finished their drawing some probing
questions were posed to them. For example: “How many different kinds of cells
did you see under the microscope? Do you think that there may be other cells than

what you observed in the blood?” Students explained their observations. They
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discussed about shape, color and the amount of blood cells in the slide. Some
students disagreed on shape of the blood cells and observed them again. Finally, a
consensus was reached about red blood cells similar to backgammon checkers in
red color, regular shape and higher amount compared to the white blood cells. The
white blood cells were described as in irregular shape, white color and less in
number compared to red blood cells. After receiving students’ responses, students
were explained that they only observed red and white blood cells. Students were
told that in addition to these two cellular structures, there is also another cellular
structure called “platelets” in the blood which is too small to be seen via light
microscopes used in school laboratory. After blood cells, the discussion was shifted
to the “plasma” of blood. The following questions were asked to guide the
discussion on it: “Do you think that blood only consists of cells?” Students agreed
that the blood only consists of cells. Then they were challenged with the question
“If it only includes cells then how it is fluid?” The discussion about it occurred.
The flow of blood in the vessels was discussed and students came up with the
conclusion that blood should also have liquid component. Next, another question
was directed as “Considering that the blood is fluid, what may cause blood to be
liquid?” The common answer was that “The blood includes water”. The liquid part
of blood was introduced as “plasma” which includes 90-92 % water and the rest
includes protein, fat, carbohydrates, vitamin, mineral, oxygen, and carbon dioxide.
In this activity, students observed the blood cells under the microscope and they
inferred that the blood should have another component which makes it fluid based

on the fact that it flows in the vessels.
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In the last part of this activity, both groups were introduced the basic components
of blood with power point presentation. In this presentation students were given
detailed information about red blood cells, white blood cells, blood platelets, and

blood plasma.

After Activity 2 was completed in both groups, the experimental group was
engaged in the third historical material. While experimental group students were
receiving this historical material, comparison group reviewed “force and motion”

unit.

Historical short story 3 (Only in Experimental Group): This HSS was
adapted from Altintas (n.d.); Ozkaynak (2006); Ribatti (2009); Schultz (2002);
Shank (1985); and Westfall (1977). Compared to others, this HSS was more
comprehensive and focused on more than one aspect of NOS. Through this activity
it was intended to make students aware of some common fallacies in scientific
enterprise which are: there is a single scientific method that all scientists follow;
scientific knowledge is objective, and scientific knowledge does not change. There
was also reference to creative and imaginative nature of science, and empirical

nature of science.

At the outset of the activity handouts were distributed to students (see Appendix
K). In this handout the historical information about human circulatory systems was
introduced to students. More specifically, there was information about the

fundamentals of Galen’s theory on the physiology of circulatory system; how
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Galen’s theory remained unchanged over sixteen century even though it was almost
completely wrong; how Harvey discovered blood circulation; which methods he
had used on the way of discovering circulation; and the basics of Harvey’s
circulation theory. After students read the historical material on their own, they
were required to write their answers for the questions in the handout. These were
the questions that guided the upcoming whole classroom discussion. Some of them
were “Can we say that Harvey followed so-called “scientific methods” in
discovering blood circulation? Why Galen’s theory did remained unchanged nearly
1600 years? Why did scientific community determine that Harvey’s circulation
theory supersede Galen’s theory?” After students finished their individual work,
researcher initiated the whole class discussion by listening to some students’
reflections on probing questions. In the first part of this discussion aforementioned
single-method fallacy in science was negotiated with reference to Harvey’s work
(see Appendix K for details of Harvey’s work). At the beginning of this discussion
most of the students seemed to believe the existence of single scientific method.
However, when students were provided with Harvey’s work in which he did not
follow any step by step procedure, they seemed to be convinced that there is no
single scientific method. For example one of the students stated that “I read about
Mendel who studied outside with pees, and made observation in most part of his
study. He did not follow any stepwise method throughout his study”. The
discussion on this aspect of NOS was generalized into scientific endeavor by

highlighting that there is no single, stepwise scientific method in science.
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Next discussion was related to the subjective nature of science. In the handout it
was underscored that Galen’s theory gained acceptance for about1600 years. Even
though it was almost entirely erroneous, Galen’s theory of human circulation had
gone on unchanged for a long time and scientists of those times studied the
circulation based on it because it was explaining this complex physiology of
circulatory system. As a frame of reference to their whole class discussion, students
used the idea that ancient scientists who were inspired by Galenic views reflected a
similar pattern on their work about human circulation system. Students discussed
that what scientists believe may shape how they study and what they found. In this
discussion, one of student’s statements was worth noting. She exemplified the
subjective nature of science as “some of the ancient scientist believed that earth
was the center of the universe therefore they observed that stars and planets orbit
the earth every day”. The discussion was concluded with the generalization which
is the presently-held theories as well as personal characteristics influences the way
scientists conduct studies and how they interpret the data and all other processes in

science. In other words, it was emphasized that science is not objective.

When the subjective nature of science was stressed through the influence of
Galen’s theory on other scientists’ studies for long years, the discussion was
directed toward tentative and empirical nature of science by emphasizing how
Harvey’s theory replaced the Galen’s. Harvey did not believe in Galen’s theory
therefore he conducted empirical studies to support his theory. For example Galen

proposed that there were pores on the wall between the right and left ventricles
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which allows the blood pass from right ventricle to left ventricle. On the other hand
Harvey denied the existence of these pores by dissecting some mammalian hearts
and conducting perfusion experiment (see Appendix K for the details of this
experiment). In other words empirical based nature of science was highlighted in
this part by the help of Harvey’s study. Moreover it was discussed that Harvey
provided new empirical evidence on circulatory system that Galen’s theory could
not explain the complex structure of the circulatory system anymore. Hence new
empirical evidence resulted in the change of scientific knowledge on circulation.
That is the tentative nature of science was underlined. After ensuring that the
discussion focused on tentative and empirical based nature of science students were
directed to comment on creative and imaginative NOS by highlighting the fact that
“Science, contrary to common belief, is not a lifeless, entirely rational, and orderly
activity. Science involves the invention of explanations and theoretical entities,
which requires a great deal of creativity on the part of scientists” (Lederman et al.,
2002, p. 500), so did Harvey in his seminal work. For example, he thought
performing perfusion experiment and used mathematical data to justify that blood
was not consumed in the body. He made the first attempt to use quantitative data in
the history of physiology. It was stressed that majority of his works in his study

required creativity and imagination.

After experimental group completed the whole class discussion about third
historical material, both group engaged in the next content-specific activity. It was

mainly about pulmonary and systemic circulation.
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Activity 3 (In Experimental and Comparison Group): This activity was
about pulmonary and systemic circulation and consisted of two parts. In the first
part, students were supposed to develop simple models of pulmonary circulation
and systemic circulation. In the second part, students were engaged in a class game

about pulmonary circulation and systemic circulation.

Blood circulation model activities were inspired from Damli and Sivaci (n.d.). At
the beginning students formed groups of five-student and each group was provided
with required materials (cardboard, play dough, transparent hose, blue and red
dyes) and a handout (see Appendix L for handout). In this handout, following

information was given to students:

On the left side of the heart there is always oxygenated (oxygen-rich)
blood; and on the right side of the heart there is always deoxygenated
(oxygen-poor) blood.

¢ Inthe heart, ventricles always pump blood away from the heart; atria
always receive blood returning to the heart.

e The arteries always carry blood away from the heart.

The veins always carry blood toward the heart.

Next, following information was written on the board: “In pulmonary circulation
deoxygenated blood (oxygen-poor) is carried away from the heart to the lungs, and
oxygenated (oxygen-rich) blood is returned back to the heart.” Then groups were

asked to create a pulmonary circulation model using the given information and
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materials. During this activity students were required to color transparent hose to
red if they think that it carries oxygenated blood; or to blue if they think that it
carries deoxygenated blood so that their model is better understood by other
groups. This had a potential to develop misconception among students like “blue
blood and red blood”. In order to avoid possibility of developing such a
misconception students were told that there is nothing like “oxygenated blood is
red while deoxygenated blood is blue”. They were further explained that the aim of
coloring the hose into red and blue is just to characterize the types of vessels
(arteries or veins) better in their model. After the groups finished their work, they
were also told to draw their group model to the handout. After each group worked
on pulmonary circulation, students were asked to model systemic circulation. For
this purpose following information was written on the board: “In systemic
circulation oxygenated blood is carried away from the heart to the body organs, and
deoxygenated blood is returned back to the heart.” After students were given this
information related to systemic circulation, they were asked to create a model of
systemic circulation by following the same steps in pulmonary circulation. After
groups finished modeling systemic circulation and drawing their models to the
handouts, each group communicated their models to the class. They explained
where they placed ventricles, atria, and vessels on the model and discussed about
them. When the groups presented their models they submitted their models to the
instructor. Then the teacher in comparison group and the researcher in experimental
group made a power point presentation to students. In this presentation the types

and the functions of blood vessels (arteries, veins, and capillaries) were introduced
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to students first. Then detailed information about both pulmonary and systemic
circulation was presented to students. To consolidate what they have learned so far,
students were engaged in the second activity about pulmonary and systemic
circulation as mentioned before. In this curriculum adapted activity, a simple
representation of pulmonary and systemic circulation were drawn on the floor of
laboratory. In this drawing, heart (with its four chambers), lung, and some organs
(brain, liver, intestine, and kidney) were included. In this activity students were
expected to participate into two tours; short tour (referring to pulmonary
circulation), and long tour (referring to systemic circulation). Each student was
required to participate both of the tours. The aim of this activity was to visualize
the path of blood in pulmonary and systemic circulation through a small class
game. In the short tour students were acted as a blood drop and followed the

following path:

Right ventricle >Pulmonary artery = Lung = Pulmonary vein >Left atrium

In the long tour students were again acted as a small blood drop and followed the

following path:

Left ventricle = Aorta - Body organs - Upper/lower vena cava - Right atrium

When each student finished the game, they were asked about the path in both
circulations. After listening to students, they summarized the main parts of the
topic. Up to this point both group experienced the same activity to the extent

possible. Ahead of this point, only with experimental group, explicit and reflective
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classroom discussion took place about targeted aspects which were empirical,
subjective, and creative and imaginative nature of science. First, their models for
pulmonary and systemic circulation were given back to groups and their drawings
were attached to the board. Then, students were asked some probing question such
as “If you have chance to make your models again, do you make modifications on
them?”” “If you make your model again, will it be more difficult or easier for you to
do it?” After students came up with ideas such as “We know more so it will be
easier now,” “We have more information at hand now therefore we can make more
sophisticated models,” the discussion were directed to the importance of evidence
in science. It was stressed that seeking empirical evidence in nature makes science
unique. After ensuring that the whole class discussion focused on empirical aspect
of NOS, students were asked “Why each group did not create the same model even
though each group was provided the same information about blood circulation?”
“Do scientists develop similar models to explain the nature? If so, do they
incorporate their insight into the model?” This discussion was focused on the
creative and imaginative aspect of NOS as well as subjective nature of science.
During this discussion some of the remarkable discourse was as follows; “we
create different model because we imagine differently”, “some group’s members
may have more experience with circulatory system so they may create better
model”, “the interpretation of given information was different in different groups”.
Some students further added that “scientists also develop simple models to explain

the scientific events”, “scientists try to use models to make abstract things more

concrete”. They were able to discuss that scientists use their imagination and
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creativity during the process of science. One of the students, for example, stated
that “I believe that DNA model is not the same as the real DNA in our body,
scientists have created to visualize them using their imagination”. The discussion
was ended by emphasizing that “Models are developed when a scientist’s creativity
and insight are combined with data and observations about many similar scenarios

(“A Closer Look,” 2011).

When the third activity was completed in both groups, experimental group engaged
in the next historical material while comparison group reviewed and solved

problems about “electricity” unit.

Blood Transfusion Timeline (Only in Experimental Group): In this activity
students were required to create a timeline about the historical development of
blood transfusion. The information about it was obtained from Atamer (2009);
History of Blood Transfusion (n.d.); Maluf (1954); and Uluhan (2011). With the
help of this activity students were aimed to demonstrate the development and
change in scientific knowledge from XIV century to the present; the key role of
observation and experimentation in science; the role of imagination and creativity
in the development of science; and the effect of subjectivity in interpreting the

same observation.

The researcher identified the key events in the history of blood transfusion. Then a
label for each key event was prepared. Each label consisted of images and a brief

explanation printed on A4 paper. At the beginning of this activity four groups were
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formed. They were asked to organize the labels to figure out the development of
blood transfusion throughout time. Each group prepared their own timeline using
labels provided and used the wall of school science laboratory as the background of
their timeline. Some of the interesting historical information in the timeline was as
follows: “In XV and XVI century, the blood of young people was believed to avoid
agedness and weakness when transfused to old people. With this belief the blood of
three 10-year old boys were transfused to Pope by physicians in 1492.
Unfortunately, all four died.” “In 1665 a British physician, Richard Lower,
succeeded the first recorded blood transfusion. He transfused the blood of dogs to
one of injured dog and kept the dog alive.” “Jean-Baptiste Denis in 1667
accomplished the first recorded blood transfusion to a human. He transfused the
sheep blood to a man and he survived.” “In 1818 British obstetrician James
Blundell was documented as the first person who performed a successful
transfusion from one person to another. He transfused blood to a women having
postpartum hemorrhage (post-natal bleeding) from her husband” (see Appendix M
for the complete labels used in this activity). After each group finished their
timeline, a handout (see Appendix M) was distributed to each group in order to let
them organize their group views for following whole class discussion. Some of the
probing questions in the handout were “Did you find any evidence in your timeline
showing that scientific knowledge had been modified or changed?” “Did different
scientists in the history of science draw different conclusions from the same data?
If so, why did they draw different conclusions?” “Did any scientist integrate

his/her own personal opinion into his study?” After groups completed their
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handout, they first presented their timeline to the class. Next the researcher initiated
the whole class discussion. In this part four aspects, tentative, empirical, creative,
and subjective NOS were discussed. The question “Did you find any evidence in
your timeline showing that scientific knowledge had been modified or changed?”
was used to guide the classroom discussion to emphasize the tentative NOS. The
typical answer to it was that there was evidence showing the change in scientific
knowledge. For example one of the students stated that “scientific knowledge about
blood transfusion changed during history referring to fact that to meet the need for
blood physicians and scientists first transfused blood, and then milk was transfused
instead of blood due to unsatisfactory results. However adverse reactions to milk
were observed frequently and saline (a special mixture of water and salt) was
replaced by milk to meet the need for blood”. Similar answers were received and
researcher emphasized that although being durable and reliable scientific
knowledge can change in light of new evidence or reinterpretations of evidence;
which means that scientific knowledge is never absolute. Following this discussion,
the question “what made scientists and physicians change their ideas from blood to
milk and milk to saline infusion, and they returned back to blood transfusion again
to meet the need for blood?”. Some students explained that “the earlier blood
transfusion was not satisfactory and many people died”; “Maybe contaminated
blood was transfused”; “scientists could not detect the microbes in the blood in
ancient times”. Another student answered as “they observed that some patients had
allergic reactions to the milk and they decided to replace it with saline”. Researcher

further asked “What do these answers refer to? Do you have any comments?” One
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student told that “Science is dynamic and open to changes.” Students were
challenged with the following question: “What makes science dynamic and open to
change?” The common answer was “more evidence and new studies”. Researcher
concluded that “Any scientific explanation must be consistent with empirical
evidence, and new evidence brings the revision of scientific knowledge” (“Tenets

of Nature of Science,” 2011).

The discussion was shifted to the creative NOS by asking students “you learned
that some physicians tried to transfuse goat or cow milk to the human. How did
scientists come up with these ideas? What do you think? Some answers were “they
used trial and error”, “they used their imagination”, and “they might think milk as
blood building food”. After receiving similar answers, students were posed the
question: “Do scientists use their creativity and imagination in their studies?”
Students agreed that scientists use their creativity and imagination. The researcher
summed up the discussion and noted that “imagination and creativity are needed in
every aspect of a scientist’s work — making sense of observations, making the
creative leap from data to possible explanation, coming up with new ideas,

designing investigations and looking at old data in a new light”(“Tenets of Nature

of Science,” 2011).

The last aspect of NOS emphasized in this discussion was subjectivity. The
questions “Did different scientists in the history of science draw different
conclusions from the same data? If so, why did they draw different conclusions?

Did any scientist integrate his/her own personal opinion into his study?” were
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directed to the students to initiate discussion. Some example answers were “Yes
they did”, “The problem was to meet the need for blood and was the same for all
scientists but different solutions were suggested by physicians and scientists and |
think this was because of the difference in their background”, and “The scientist
[Karl Landsteiner] discovered the first three blood groups and then his background
enabled him to explore Rh factor too”. Researcher also highlighted that the
scientists are also human beings and they have values, beliefs, prior knowledge,
experience, and biases which influence the way they conduct studies and they
interpret data. This, results in the fact that science is not objective rather it is

subjective.

When the experimental group studied on the history of blood transfusion and the
related NOS aspects, the fourth content-specific activity took place in both

experimental and comparison group.

Activity 4 (In experimental and Comparison Group): This activity, being
common to both groups, was basically about main human blood types. Students
were also intended to learn that each blood cannot make blood transfusion with
each other through this activity. In terms of science process skills, students were
expected to develop the skills of collecting data; graphing; interpreting the graph;

and communicating.

For the aim of this activity, students were assigned homework in previous class. It

was about learning and taking notes of the blood types of their family member (as
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many person as possible) including themselves, and bring them to the next class. At
the beginning of the activity, all students’ and their family members’ blood types
were tabulated to the board. Next, it was formed groups of five students and they
were given graph papers. All groups were expected to create two bar graphs
showing the frequency of each types of blood; one for whole class, and one for
group members they were in. After all groups finished creating bar graphs, they
presented them to the class. Before starting to their presentation they were given
the following piece of information: “The most common blood types in Turkey are
A, 0, B and AB respectively.” In their presentation they talked about the number of
people they identified in each blood group; which groups had highest frequency in
their group and in the class; and they also compared their findings with the
frequency of each blood type in Turkey. When each group finished presenting their
graphs, the topics of interest were delivered to comparison group by the teacher and
to experimental group by the researcher through power point presentation. In this

presentation following topics were covered.

e Four major types of human blood (A, B, AB, 0)
e The essence of blood transfusion

e The importance of Rh in blood transfusion

After they were given detailed information about these topics, the activity was
completed by letting students to make decision about who can make blood

transfusion to whom in the class.
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When the forth common activity was completed in both groups, experimental
group engaged in the next historical material while comparison group reviewed and

solved problems about “cell” unit.

William Harvey's Experiments (Only in Experimental Group): The aim of
this activity was to create an environment in which experimental group students
explicitly and reflectively discuss empirical, and creative and imaginative nature of
science. This historical course material was a video format material which was
produced by Wellcome Film (1971) and sponsored by Royal College of Physicians.
It has been stated that this version of the film revised some minor errors in earlier
two versions (1928 and 1957) by taking information directly from the Harvey’s
original writing and by incorporating new historical research into the film
(Wellcome Film, 1971). About the film the company stated that:

With the aid of animated diagrams and dissections, the film describes

the way in which Harvey formulated his revolutionary new theories of

cardiac action and of the motion of the blood throgh [sic] the heart,

arteries and veins. The commentary is taken very largely from Harvey's

own writings, and the film shows how Harvey verified his conclusions

regarding the circulation of the blood by repeating his key experiments

(Wellcome Film, 1971).
The film was stated as one of the best production ever generated on the history of
medicine by Welch Institute of the History of Medicine (Wellcome Film, 1978). In
the class the abbreviated version of the film was used. This version consists of five
segments. In the first segment there is a brief biography of William Harvey. In this

segment there is also a short information on the basics of Galen’s work on the

circulatory system which uncontested over sixteen century. The second segment
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starts with Fabricius’s (one of Harvey’s colleagues in University of Padua) original
drawing which displays the presence of valves in the veins. Toward the end of this
part Harvey’s observation that heart pumps blood with two motions: “one of the
auricles [atria] and the other of the ventricles and they are not altogether
simultaneous, but the motion of the auricles [atria] goes before and the motion of
the ventricles follows” (Wellcome Film, 1978).This part concludes with showing
the heart beats of some animals such as dog, rabbit, and snake. In the third part, the
narrator gives information about Harvey’s experiments. In this part there is
vivisection video showing how heart pumps blood out of the cut on one of eel’s
aorta. There is an illustration about Harvey’s perfusion experiment which enabled
to disprove the existence of pores between left and right ventricles. Toward the end
of this part Harvey’s hypothesis has been emphasized that blood circulates
throughout the whole body. In the fourth segment of the video, it is shown some
other experiment Harvey conducted to support his hypothesis. For example, in one
of the experiment blood flow in a vein of a living snake below the heart has been
stopped, and then it is observed that heart becomes smaller and peeler as the blood
inside the heart is pumped out. It was given as evidence to show that veins returns
blood to the heart back. This part also includes similar experiments as to confirm
the direction of blood in the arteries. It ends with demonstrating the difference
between arteries and veins by cutting the veins and arteries of a living rat. In the
last segment Harvey’s experiments about the verification of the existence of valves
in the veins were reconstructed. In one of the experiment a thin rod is driven inside

the vein from one direction however it stops at a certain point because the valve
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blocks the way. When the same thin rod inserted from the other direction it can
pass all the way through the same vein. In another experiment the arm of a lean
man’s is tied and in some part of the vein some swellings emerge. It shows the
position of the valves in the vein. In the end the narrator explains Harvey’s theory

of blood circulation.

The language of the video was English and participants did not have a good
command of English to understand the video. Therefore, the researcher explained
what is mentioned in the video simultaneously. After the experimental group
students engaged in this historical material, they were given a handout (see
Appendix N) which included some probing questions to make them prepared for
coming whole class discussion. Some of the questions in the handout were as
follows: “How did Harvey develop a new theory of circulation?” “Did Harvey
observe all the process in circulation?” After students completed their individual
task, the researcher initiated whole class discussion after listening to some of the
opinions of students to the probing questions. In the first part of whole class
discussion the focus was on the empirical aspect of NOS. Students explicitly and
reflectively discussed the empirical aspect of NOS by taking into account of
Harvey’s investigations during the development of his theory of blood circulation.
Students came to conclude that “instead of blindly accepting what he was told,
Harvey dared to question the accuracy and reliability of that knowledge by
conducting ample studies”. Next they were directed to generalize Harvey’s work to

the complex epistemology of science. This discussion was completed by
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highlighting that “science is different because it is supported by logical
explanations or concrete evidence” (Hanuscin at al., 2005). After being sure that
students’ discussion focused on empirical NOS, they were directed to discuss the
creative and imaginative aspect of NOS. In this part of whole class discussion
experimental group participants stressed that while depicting about circulatory
system Harvey did not observe all the things directly. He used his creativity most
of the time in generating his theory. For example they stated that “It is his
creativity to bring to mind that rod may be used to verify the existence of valves in
veins” Also in this part Some students referred to the inferential nature of scientific
enterprise. After ensuring that the whole class discussion focused on creative and

imaginative nature of scientific knowledge the activity has been concluded.

After experimental group students completed this activity by explicit and reflective
discussing related NOS aspects, both groups were engaged in the last content-

specific activity.

Activity 5 (In Experimental and Comparison Groups): This was the fifth
shared activity in which both experimental and comparison group was engaged in.
It was about blood donation. By means of this activity students were expected to
develop a common sense to blood donation. It was also expected that after
finishing this activity students would raise awareness to benefits of blood donation

to hospitals, donors, patients and also society.
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This activity was conducted at the school’s science laboratory. At the beginning of
the activity students were divided into four groups. Next each group was assigned
a topic. In this activity students were expected to develop a creative drama and
exhibit them to the class. One of the following topics was given to each group:
“Benefits of blood donation for recipients” “Benefits of blood donation for
donors” “The feelings of recipients and their relatives” “The benefits of blood
donation to hospitals and the society”. As the first step students within each group
discussed their ideas on how to dramatize their topic of interest. After students
finished planning their creative drama, they dramatized their story to whole class.
First group focused on the benefits of blood donation for recipients and
emphasized that they get better again after an illness or injury. They also
underlined that receiving blood helps people to save their life when they were
injured or had surgery. Second group put emphasis on health screening. They
stated that before donating blood physicians or nurses conduct a blood test for
infectious diseases in donor’s blood. They also stressed that experts check their
blood pressure before donating blood and this helps to screen their health as well
as early diagnosis of some diseases from time to time. Lastly they explained that
blood donors get personal satisfaction for saving one’s life. The third group
generally mentioned about the happiness of recipients and their relatives. They
clarified that when someone needs blood in an emergency case; both the person
and their relatives become concerned about him/her. When the blood needs are
met, everybody feels great and pleased. The last group discussed that blood

donation makes the thing easier for hospitals. They explained that having blood
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banks facilitates emergency medical response to injured people because it is not
always possible to find some blood types easily. They concluded that in order to
create healthier society volunteer donation is required because donating blood can
save the life of a baby, a child, or a young person. When the students completed
acting their stories, they shared their experiences to the whole class. In this part,
they reflected on the things they learned and felt during the process of preparation
and acting. Last, the whole class shared their thoughts to presentation. When the
whole class finished their dramatization, the teacher in comparison group and the
researcher in experimental group talked about the benefits of blood donation. They
also emphasized the fact that Turkey is quite behind of developed countries in
terms of voluntary blood donation and there are not enough voluntary blood
donors in Turkey. They were also mentioned about the operations of Turkish Red

Crescent.

After finishing the activities about blood circulation, the attention was moved to
the lymphatic circulation. First of all the definition and function of the lymph were
mentioned. Then through the power point presentation the location of lymphatic
vessels and lymph nodes on human body was shown on a picture. Tonsils were
given as an example of lymph nodes. Then the basic function of lymphatic
circulation was explained to students. Toward the end of the implementation
students were discussed the importance of circulatory system health. In this part
students were talked about the importance of healthy and balanced diet on

circulatory system health. They were also explained the hazards of smoking,
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alcohol, drug, air pollution, stress and fatigue on circulatory system health. They
were warned about not to consume too much fast-food; not to eat too much fried
dishes. They were encouraged to make sufficient and balanced diet; and to do
exercise for the healthier circulatory system. The implementations were concluded
by addressing the importance of technologies in the development of novel
treatment of circulatory system diseases such as stent, angioma, bypass, and

pacemaker.

After the treatment, SPST, CSCT, TOSRA, and VNOS-E were administered to
participants in both groups as posttest in order to measure their science process
skills, attitudes toward science, understanding of circulatory system concepts, and

nature of science views respectively.

Following five weeks students followed national science and technology
curriculum as described in teacher guide book. They followed regular activities in
their course book. Neither experimental group nor comparison group engaged in
historical materials during this time period. At the end of this five week interval
they were again administered SPST, CSCT, TOSRA, and VNOS-E to evaluate

their follow-up results.

3.6 Ethics
For studies including human subjects, ethical review is imperative in the whole
process. This study was conducted with 6™ grade students. This age group is known

as more vulnerable therefore ethical issues were considered carefully before, during
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and after data collection process. In this study, firstly, essential documents (purpose
of the study, consent form, parent consent form, instruments, and activities) were
reviewed by ethical committee in Middle East Technical University and there were
no concerns related to the ethics. The second ethical review was performed by the
ethical committee in Ministry of National Education. The committee investigated
the study in terms of ethical issues such as confidentiality, the content of activities,
and age level appropriateness. The study was also approved by the second ethical
committee and the school was informed about it. Before data collection process, the
researcher communicated with school administration and the teacher. The teacher
was selected long time ago voluntarily since this would be more effective
especially in implementing the study. The students were informed about the study
very briefly and they were told that the data collected would be accessed only by
the researcher. They were also informed that the concept test administered for the
study would not affect their scores on Science and Technology course. Researcher
stated that the involvement in the study was based on voluntary participation and
students have right not to complete instruments and not to participate activities at
any time during the study. They were even told that they were free to withdraw any
time from the study if they chose not to continue. Signed parent consent forms
were collected before data collection from each student who participated in the
study. The parents were informed about the study and the contact information of
the researcher was provided. They were encouraged to feel free to contact and ask

question to the researcher at any time about the study. As the last ethical

141



consideration there was no concern about physical and psychological harm to

participants and no deception in the nature of the study.

3.7 Data Analysis

In this study both qualitative and quantitative data sources were utilized. First of
all, a one-way MANOVA was conducted to inspect whether there was any
preexisting difference between the groups on the collections of SPST, CSCT, and
TOSRA. Next, Repeated-measures MANOVA was used to test whether two
instructions had created different profile in terms of science process skKills,
understanding of science concepts, and attitudes toward science. After finding
statistically significant difference between the profiles of two groups through
repeated-measures MANOVA, follow-up analyses were run for each DV separately
to gain a deeper understanding about them. For this purpose three separate mixed
between-within subjects of ANOVAS were conducted on students’ science process
skills, understanding of circulatory system concepts, and attitudes toward science
scores respectively. Next, in order to inspect between-group difference, two
separate independent-samples t-tests were conducted: one for posttest and one for
follow-up test. In order to compensate inflated type I error causing from multiple
testing, alpha rate was set as .025 for each test to account for 2 comparisons
(0.05/2). Hence, results were evaluated based on 97.5 % confidence interval. Also
in order to see within-group difference two separate one-way repeated measures
ANOVAs were conducted: one for experimental group, one for comparison group.

When the difference between time periods was found to be significant in the
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analysis, three separate comparisons among time pairs for each group were utilized
across three time periods: one for pretest to posttest, one for posttest to follow-up
test, and one for pretest to follow-up test. Accordingly, 6 potential comparisons
might lead to increased type | error rate. So as to compensate inflated type | error
possibility originated from multiple comparisons, alpha rate was situated at .008

(0.05/6) owing to 99.2 % confidence interval through within-group comparisons.

In the second part of the data analysis, participants NOS views were explored in
detail. This part was divided into two parts. In the first part, students NOS views
were compared between two groups while in the second part within group
comparison took place for each group separately. The main data about NOS

understanding of students were collected through VNOS-E as stated earlier.

In order to evaluate and score participants' responses to VNOS-E, a rubric was
developed. Before developing the rubric, the studies using different forms of
VNOS instruments were reviewed. This guided the categories and their
descriptions for the rubric used in this study. Moreover, twenty completed VNOS-
E instruments were selected randomly and open coding was performed for
emerging themes and patterns to develop categories and their descriptions. In
addition to VNOS-E, researcher's field notes (including individual, small group,
and whole class discussions), KWL charts, informal conversations with the teacher
and students, students’ handouts, and activity sheets were used to enhance
trustworthiness of the categories and their descriptions in the rubric. The researcher

studied with a NOS expert during the analysis of VNOS-E. This expert had a
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strong background in NOS studies. After developing the rubric, researcher and the
expert analyzed a subset of responded VNOS-E instruments independently to
reveal that the rubric measures what it is supposed to measure. In the first step of
analysis the researcher and the expert were independently analyzed five sets of
randomly selected participants’ VNOS-E responses. In this comparison, the
significance of the inter-rater reliability was tested using Cohen’s Kappa. The
results of the inter-rater analysis were Kappa = .78 with p < .001. It means that
there were significant agreements between the researcher and the expert. Also
Landis & Koch (1977) stated that Kappa values from 0.40 to 0.59 are considered
moderate, 0.60 to 0.79 substantial, and 0.80 outstanding. For a convincing
agreement, Kappa values should be at least 0.6 and most often higher than 0.7.
According to this result it was safe to assume that there was a substantial
agreement between the researcher and the expert in the first set of evaluation. To
further establish validity and reliability of the rubric, a second five sub-set of
randomly selected papers was analyzed. The significance of the inter-rater
reliability was tested using Cohen’s Kappa again. The results of the inter-rater
analysis was Kappa = .89 with p < .001. The second analysis also supported
significant agreement between them. After each of these two sessions two coders
come together and discussed coding for each participant and discrepancies in
interpretations were resolved and reached an agreement. Table 3.10 presents the
rubric for VNOS-E which developed and validated by the researcher and NOS

expert for 6™ grade students.
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Table 3.10 Developed Rubric for VNOS-E during the Study: Categories and Their Descriptions

Aspect

Naive

Transitional

Informed

Empirical

Tentative

Subjective

Creative and
Imaginative

Fail to differentiate science from
other school subjects. Views science
as totally belief-based. May consider
scientists to talk through their heads.

Ascribe science to reveal unknown
facts. Believe that science discover
the reality. Views science as the
accumulation of proven data. May
equate science to inventions.

View science as universal, society-
independent and bias-free. Views
subjectivity as a significant threat to
validity of science.

View creativity and imagination as a
threat to the trustworthiness of

science. Describe science as a
systematic attempt and routine
process.

Recognize the value of empirical evidence in
science but at the same time equates science to
other school subjects.

Recognize the development of science but
hesitate to characterize it as change. Consider
scientific knowledge as subject to change but
may express that sometimes science may
prove things. Degrade scientific change to
technological development.

Attribute science as bias and opinion free
enterprise but at the same time identify
scientists as self-reflecting in conducting
science.

Recognize that scientists use their imagination
and creativity only in the early phase of their
studies. May underline that science partially
include creativity and imagination.

Underline that science seeks for evidence or data.
Recognize the role of science as investigating
natural events. May emphasize that scientists
observe nature/phenomena to find evidence and
approach situations using evidence

Recognize that what scientists know is subject to
change. Describe science as an attempt to find
new interpretations. Consider science as dynamic
and evolving.

Identify scientists as of all people and recognize
that they may have different world views. May
stress inevitable role of scientists’ background in
interpreting data.

Be aware that scientists use creativity and
imagination in the whole scientific process.
Recognize science as mental process in which
scientists design what they imagine. May
highlight creativity as the emerging point of
scientific knowledge.




orT

Table 3.10 (Continued)

Inferential View direct evidence as the sole source of
scientific knowledge and do not give credence
to indirect evidence. Believes that scientists
should see or observe the things to be confident
about it.

Recognize the presence of indirect
evidence in science but still view
direct observation or seeing as the
convincing evidence.

Recognize that it is not always possible to find direct
evidence therefore scientists need to make logical
predictions. Underline that scientists task include to
consider every possibility and make sound
predictions.




In this rubric students’ views were categorized into three level as “naive”
“transitional” and “informed”. During the analysis NOS profiles of students were
analyzed based on their collectivist responses to the instrument instead of limiting
analysis to one-to-one correspondence between a question on the instrument and a
specific aspect of NOS. According to Khishfe and Abd-El-Khalick (2002); and
Lederman et al., (2002) this approach has two important advantages. First it allows
researcher to analyze participants NOS views in multiple contexts. Second this
approach allows researchers to evaluate participants NOS understanding
meaningfully instead of evaluating of key term replications. In order to show how

participants’ NOS profiles established, an example was provided in Table 3.11.
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Table 3.11 An Example NOS Profile of a Student in the Study

Aspect

Collection of the Answer

Profile

Empirical:

Tentativeness

Subjective

Creative

Inferential

This student referred that science requires evidence. S/he also
referred that accumulation of empirical evidences leads to develop
scientific knowledge. S/he stressed that different tools can be used
to study the nature empirically. S/he believed that scientists seek
for evidence to explain any phenomena.

This student explicitly referred that science can change. S/he also
stressed that what scientist found may be incorrect from time to
time. S/he referred dynamic nature of scientific knowledge as
well. On the other hand, s/he believed that it is sometimes
possible to reach ultimate reality or accurate knowledge. This
student thinks scientific ideas change because we were ‘wrong’ in
the past; but also recognizes that this may come from different
perspectives.

S/he mentioned the personal interpretations of evidence. S/he
accepted that scientist can look the situations based on their own
judgments. S/he also stresses the personal position (proponent or
opponent) of scientists toward theories.

This student stressed that creativity plays role in trying alternative
ways to evaluate evidence. S/he also accepted that different
phases of science include imagination and creativity which help
scientists in varied ways. S/he accepts that creativity facilitates
scientists’ work

S/he referred that scientists study on evidences and based on those
they infer about what is unknown. S/he had an idea that all
phenomena cannot be observed directly. S/he also stressed
inference is worth in science.

Informed

Transitional

Informed

Informed

Informed

In order to avoid possible bias of data collection and analysis, the analysis of

students’ responses to VNOS-E was postponed until the end of follow-up

administration as suggested by Abd-El-Khalick, Bell, and Lederman (1998). At the

beginning of analysis, all VNOS-E papers, which were used during the course of

the study, were mixed together. Then one was randomly selected among them and

without looking at its groups (experimental or comparison) and sequence of

administrations (pretest, posttest, or follow-up test) it was assessed. In the analysis

five aspects of NOS was handled one by one. Each student’s NOS understanding
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were evaluated by giving 1 point to “naive” views; 2 point to “transitional” views;
and 3 point to “informed views on each aspect separately. Then VNOS-E scores of
experimental and comparison groups at pretest, posttest, and at follow-up test were
compared separately for each aspect. To test the statistical significance between
groups Contingency Table Analyses (Pearson Chi-square Test and its extensions)
was utilized. To test the NOS views of students within each group, McNemar's Test
was utilized by providing some of the representative quotes to each aspect. Also

analyses were elaborated with descriptive data.

3.8 Validity

Internal Validity. Internal validity means that the differences found in the outcome
variable occur as a result of the independent variable in the study (Fraenkel &
Wallen, 2006). Subject characteristics, mortality, location, instrumentation, testing,
history, maturation, regression, and implementation are the internal validity threats
that can emerge in a study (Fraenkel & Wallen, 2006). Subject characteristics,
location, testing, and maturation were potential threats to internal validity in this
study. However, subject characteristics threat was determined to be inoperative
after finding a non-significant group difference on pretest scores of participants on
collective DVs. Namely two groups did not differed significantly from each other
in terms of science process skills, understanding of circulatory system concepts,
science process skills and nature of science views. Location was not assumed to
cause any problem because the study was conducted in the same school. In other

words experimental and comparison classes were at the same school. Testing might
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cause some problems to internal validity due to the repeated design nature of the
study. But it was accepted that these threats affected both groups in the parallel
way because they have completed the tests at similar times. Maturation also is not a
serious threat since there is limited time for the intervention and data were
collected from both groups in similar time frames. Lastly implementation might be
a potential threat since the teacher delivered instruction to comparison group while
the researcher delivered instruction to experimental group. In order to minimize
implementation threat to internal validity common content-specific activities were
outlined before the class by the collaboration of classroom teacher and the
researcher based on teacher handbook. Additionally the researcher and the teacher
observed each other during the implementation. Therefore both group engaged in

similar content-specific activities to the extent possible.
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CHAPTER IV

RESULTS

In this study the effectiveness of history of science instruction over curriculum-
oriented instruction in terms of Grade six students’ science process skills,
understanding of circulatory system concepts, attitudes toward science, and nature
of science NOS views were compared by means of pre, post and follow up
measurements.

4.1 Analysis of Participants® Science Process Skills, Understanding of Science
Concepts, and Attitudes toward Science

Under this heading, students’ science process skills, understanding of circulatory
system concepts, and attitudes toward science were investigated quantitatively.
Accordingly, Repeated-Measures MANOVA was utilized to examine the data
related to these variables. Since the participants’ prior science process skills, prior
understanding of science concepts, and prior attitudes toward science may affect
their post-treatment or follow-up test scores, which in turn might threat the validity
of the inferences, one-way MANOVA was run prior to Repeated-Measures
MANOVA on participants' pretest scores and it was presented first. Then, the
description of doubly multivariate design and justification for how the nature of the

study is compatible with this design were presented. Next, required assumptions
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checks were reported in detail for the appropriateness of the data for Repeated-
Measures MANOVA and corresponding test results were provided. Guided by
Tabachnick and Fidell's (2012) suggestions, results were reported on each
dependent variable separately due to deviation from parallelism between groups
(statistically significant interaction). Whenever other assumptions were required for
follow-up analysis, the results of assumption checking were reported just before the

tests.

4.1.1 Analyses of Participants’ Pretest Scores

One-way MANOVA was conducted to compare the groups with respect to the
pretest scores on the combination of abovementioned dependent variables. In the
following sections, evaluation of underlying assumptions, descriptive statistics, and

result of the test were presented respectively.

4.1.1.1 Evaluation of Assumptions of One-way MANOVA

There are numerous assumptions of One-way MANOVA namely minimum
required sample size for each cell, univariate normal distribution of the cases,
absence of univariate outliers, multivariate normal distribution, absence of
multivariate outliers, straight-line relationship between each pair of dependent
variables, absence of multicollinearity and singularity, and homogeneity of
variance-covariance matrices. These were discussed in the following sections in

detail.
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4.1.1.1.1 Sample Size

When conducting MANOVA, it is essential to have more cases than dependent
variables in each cell (Tabachnick & Fidell, 2012). In this study, there were 51
participants in experimental group and 44 participants in comparison group. In both
groups there were only one individual who had missing scores at pretest. There
were also three dependent variables in the study. Therefore there were many more

participants than required in each cell.

4.1.1.1.2 Univariate Normality

The skewness and kurtosis statistics for pretest scores of Science Process Skills
Test (SPST), Circulatory System Concepts Test (CSCT), and Test of Science-
Related Attitudes (TOSRA) of both groups were presented at Table 4.1. The table
illustrated that the values lay between -.99 and .61. These values were within the
range of tolerable values. Therefore there was no concern about univariate

normality.

Table 4.12 Skewness and Kurtosis Values of Each Test Prior to Treatments

Experimental Group Comparison Group

Skewness  Kurtosis Skewness  Kurtosis
SPST .38 -.80 A7 -.23
CSCT A7 -.95 -22 -.59
TOSRA -.36 -.34 -.99 .61

4.1.1.1.3 Absence of Univariate Outliers
Tabachnick and Fidell (2012) explained that the univariate outlier is any case in the

data that has a large standardized score. They also mentioned that cases having z >
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+3.29 or z < -3.29 (p = .001) are possible outliers. Table 4.2 shows the range of

standardized score for each dependent variable at pretest.

Table 4.13 Highest and Lowest Standardized Scores of Each Test Prior to
Treatments

Standardized Score (Z Score)

Highest Lowest
SPST 2.51 -1.64
CSCT 2.10 -2.30
TOSRA 1.75 -2.61

As shown in the table, there was not any case having standard scores greater than
| 3.29 | in the data. Therefore, it was concluded that there was not any univariate

outlier in the data at pretest scores.

4.1.1.1.4 Multivariate Normality

Tabachnick and Fidell (2012) discussed that MANOVA is robust to even modest
violation of the multivariate normality when there are 20 or more degrees of
freedom for error. In this case there were 89 degrees of freedom for error (N = 93,
DVs = 3). Also Mardia (1971) clarified that MANOVA is robust to the violation of
multivariate normality when there are around 20 sample size for each cell with a
few dependent variables, even with unequal sample size between groups. In this
study there were 43 cases in the smallest cell and there were 3 dependent variables.
Hence it was safe to conclude that even violation of multivariate normality for
pretest scores is not expected to pose a threat to the validity of interpretations of the

results.
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4.1.1.1.5 Absence of Multivariate Outliers

In order to check whether the data have multivariate outliers, SPSS Regression
process was run to create Mahalanobis distance. In order to check whether the data
have multivariate outliers, the criteria of the critical value of Mahalanobis distance
was used at p < .001. As suggested by Tabachnick and Fidell (2012), Mahalanobis
distance was assessed using chi-square (y?) table and the degrees of freedom (df)
value was taken as the number of DVs, in this case it was three. Therefore,
depending on Chi Square Table, any case having Mahalanobis distance larger than
x? = 16.27 (Tabachnick & Fidell, 2012, p. 952) is treated as multivariate outlier.
The cases were sorted in descending order in terms of Mahalanobis distance. The

first five values were given at Table 4.3.

Table 4.14 Highest Mahalanobis Distances of DVs Prior to Treatments

No Group Case Number Statistic

1 2 88 8.49
2 2 86 8.45
3 2 73 8.17
4 2 54 7.74
5 1 39 6.79

As seen in Table 4.3 there was not any Mahalanobis distance which was larger than

16.27. It referred that there was not any multivariate outlier in the data.

4.1.1.1.6 Linearity
Linearity assumption was evaluated separately using matrix scatter-plots for each

group in the study (Figure 4.1).
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Experimental Comparison

SPST
SPST

CSAT
CSAT

TOSRA
TOSRA

SPST CSCT TOSEA SPST CsCT TOSRA

Figure 4.1 Matrix Scatterplots of Pretests Scores of SPST, CSCT, and TOSRA for
Groups
The two matrix scatterplots above illustrates that there is no noticeable evidence

indicating non-linearity.

4.1.1.1.7 Absence of Multicollinearity and Singularity
In order to check multicollinearity, SPSS Correlation was run to see the degrees of
correlation among dependent variables at pretest. The result was tabulated at Table

4.4,

Table 4.15 Correlation Coefficient among Tests Prior to Treatments

SPST CSCT TOSRA

SPST 1.00
CSCT 41 1.00
TOSRA .36 .46 1.00

As seen in Table 4.4 all the correlation between variables were moderate according
to Cohen (1988)’s guidelines. This illustrated that there was not multicollinearity
among variables at pretest. Singularity happens when one of the variables becomes

the combination or sub-dimension of other variable/s. The instruments used across
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this study measures totally different constructs, so there was no concern about

singularity too.

4.1.1.1.8 Homogeneity of VVariance-Covariance Matrices
This assumption was tested using Box's M test. The result of the Box's Test of
Equality of Covariance Matrices was tabulated below (Table 4.5).

Table 4.16 Result of Box's Test for Equality of Covariance Matrices at
Pretests

Box's M F Significance

4.62 74 .616

This table provided information about the assumption of homogeneity of variance-
covariance matrices. When the table was examined, it was clear that the Box test
was not significant at the .05 significance level, F (6, 56386) = .74, p = .616.
Accordingly, the data met the assumption of homogeneity of variance-covariance

matrices.

4.1.1.2 One-way MANOVA for Pretest Scores of SPST, CSCT, and TOSRA

The research question tested in this part was; “To what extent experimental and
comparison group students differ in terms of collective dependent variables of
science process skills, understanding of circulatory system concepts, and attitudes
toward science prior to the treatments”. Statistical Package for Social Sciences
(SPSS) 15 was used and statistical decision was made at p = .05 significance level.
Descriptive statistics on the pretest scores of both groups were presented in Table

4.6.
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Table 4.17 Mean and Standard Deviation Scores of the Groups Prior to
Treatments

Group Mean Std. Deviation N

SPST Experimental 13.04 4.08 50
Comparison  12.88 4.82 43
CSCT  Experimental 14.28 3.93 50
Comparison  14.70 4.29 43
TOSRA Experimental 3.45 51 50
Comparison  3.40 .55 43

As shown in the table, both groups seemed to have similar mean values on the
pretest scores. Experimental group appeared to have slightly better science process
skills and a little more favorable attitudes toward science while comparison group
was slightly better at understanding circulatory system concepts prior to the

treatments.

After meeting the assumption and presenting the descriptive information about the
pretest scores of DVs, the result of one-way MANOVA was described to figure out
whether two groups differed in terms of pretest scores of collective DVs. Table 4.7
shows one way MANOVA result. Tabachnick and Fidell (2012) stated that Wilks’
Lambda is the most common used criterion among others if there is nothing wrong
with the assumption forcing researcher to use Pillai’s criterion, a more conservative
test. All the assumptions were met for one-way MANOVA; therefore Wilks’

lambda was reported.

Table 4.18 Multivariate Test Result for Pretest Scores

Source Wilks’ Lambda F  Significance Partial Eta Squared

Pretests .99 .29 .832 .01
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Based on the Wilks’ Lambda criterion, there was not a statistically significant
difference between experimental group and comparison group in terms of
combined DVs prior to the treatments, F (3, 89) = .29, p = .832, Wilks’ Lambda =
.99, partial #%=.01. This result implies that there was not a preexisting difference
between experimental and comparison group in terms of science process skills,
understanding of science concepts on human circulatory system, and attitudes
toward science.

4.1.2 Multivariate Analysis of Pretest, Posttest, and Follow-up Test: Doubly
Multivariate Design

4.1.2.1 Description of Doubly Multivariate Design

Doubly multivariate design is an extension of profile analysis where at least two
different DVs are measured several different times during the study. Tabachnick
and Fidell (2012) stated that “Rapidly growing in popularity is the use of repeated-
measures MANOVA for the doubly multivariate designs where several DVs, not
all measured on the same scale [noncommensurate], are measured repeatedly” (p.
314). In this study, three quantitative DVs of two groups (experimental, and
comparison) have been measured three times (prior to treatment, post-treatment,
and five-week follow-up) over the course of the study. Therefore, for the purpose
of this study, the researcher conducted Repeated-Measures MANOVA as the main
statistical analysis. Besides, follow-up tests were performed whenever necessary.
SPSS (Statistical Package for the Social Sciences) 15 program was utilized for the

analysis of the data.
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4.1.2.2 Justification for how the Nature of the Study is Compatible with
Doubly Multivariate Design

In this study noncommensurate DV’s were measured repeatedly. To be more
specific, students in experimental group and comparison group were measured
three times during the course of the study on science process skills, understanding
of circulatory system concepts, and attitudes toward science. "Both the within-
subjects part of the design [Time 1, Time 2, Time 3]* and the multiple DVs were
analyzed multivariately"”, so the analysis becomes doubly multivariate (Tabachnick
& Fidell, 2012, p. 343). To remind, at the very beginning of the each analysis,
related assumptions were reported to determine the appropriateness of data and
then corresponding analyses results were discussed. Whenever other assumptions
required for follow-up analysis, they were checked and presented just before the
tests. Moreover, the abbreviations® of the instruments were used in most part of

result section.

4.1.2.3 Evaluation of Assumptions of Repeated-Measures MANOVA
4.1.2.3.1 Missing Data and Sample Sizes
At the beginning, ninety-five grade 6 students participated to the study. Table 4.8

shows the result of preliminary analysis of missing data.

Throughout the study the following terms have been used interchangeably: prior to treatment =
Time 1; post-treatment = Time 2; five-week follow-up = Time 3.

*TOSRA for Test of Science-Related Attitudes; CSCT for Circulatory System Concepts Test; SPST
for Science Process Skills Tests

160



Table 4.19 Missing Data Identification

Valid Missing Total

Group N Percent N Percent N Percent

Pretest
SPST E* 48 94.1% 3 59% 51 100 %
C** 42 955% 2 45% 44 100 %
CSCT E 48 94.1% 3 59% 51 100 %
C 42 955% 2 45% 44 100 %
TOSRA E 48 94.1% 3 59% 51 100 %
C 42 955% 2 45% 44 100 %

Posttest
SPST E 48 94.1% 3 59% 51 100 %
C 42 955% 2 45% 44 100 %
CSCT E 48 94.1% 3 59% 51 100 %
C 42 955 % 2 45% 44 100 %
TOSRA E 48 94.1% 3 59% 51 100 %
C 42 955% 2 45% 44 100 %

Follow-up

SPST E 48 94.1% 3 59% 51 100 %
C 42 955% 2 45% 44 100 %
CSCT E 48 94.1% 3 59% 51 100 %
C 42 955% 2 45% 44 100 %
TOSRA E 48 94.1% 3 59% 51 100 %
C 42 955% 2 45% 44 100 %

*E represents experimental group
**C represents comparison group

As seen in Table 4.8, three participants in experimental group and two participants
in comparison group had one or more missing scores on at least one of the
instruments in the data. Since just five cases had missing score and they were
distributed evenly among two groups, researcher had decided to delete them from
data. In addition to missing cases, there was one disabled student in one of the
comparison classes. Data from this student was also excluded from the analysis
because this student was out of the target population of this study. Of the remaining
89 participants, 48 were in experimental group and 41 were in comparison group.

According to Tabachnick and Fidell (2012) “there should be more research units in
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the smallest group than there are DVs” in repeated-measures MANOVA (p. 317).
In this study there were 13.7 times more participants than the number of DVs in the

smaller group, thus sample size was appropriate for repeated-measures MANOVA.

4.1.2.3.2 Accuracy of Input, and Univariate Normality
Descriptive statistics were utilized to examine accuracy of data entry and

distribution of scores. All related values were tabulated at Table 4.9.

Table 4.20 Descriptive Statistics for SPST, CSCT, and TOSRA

Mean Std. Dev. Skewness Kurtosis Minimum Maximum

Pretest
SPST 12.94 4.35 A48 -.36 5.00 25.00
CSCT 14.49 4.09 .05 -91 7.00 24.00
TOSRA 3.43 .53 -.69 .16 1.96 4.36
Posttest
SPST 13.76 5.21 -.07 -.95 4.00 25.00
CSCT 23.72 4.13 -.30 -.54 14.00 30.00
TOSRA 3.65 .55 -.75 .25 2.01 4.50
Follow-up
SPST 13.79 4.30 .05 -.59 4.00 23.00
CSCT 20.48 4.85 A1 -.83 10.00 30.00
TOSRA 3.68 46 -.95 .75 2.16 4.38

In the table, the means, standard deviations, minimum, and maximum values were
examined to determine whether all the scores are within the acceptable range. For
example TOSRA was a 5 point Likert scale and the values of the scores are
supposed to change from 1 to 5. When the descriptive statistics regarding, for
example, pretest TOSRA checked, it was seen that the mean value is 3.43 with
minimum value = 1.96, and maximum value = 4.36. These values were within the
range of plausible output as were the values on the other variables. These statistics

were checked for other DVs for each of three time period and results showed that
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there was not any unusual value, which indicates the accuracy of data entry

process.

According to Table 4.9, the skewness values of DVs changed within the range of -
.95 and .48 and the kurtosis values changed from -.95 to .75. These skewness and
kurtosis values were within the acceptable range for all of the DVs. Based on
skewness and kurtosis results, there was no concern about the divergence of data
from univariate normal distribution. Histograms (see Appendix O) also supported

that there was not much deviation from normality.

4.1.2.3.3 Univariate Outliers

According to Tabachnick and Fidell (2012) the univariate outlier is any case in the
data that has a large standardized score. They also put forward that cases having z >
+3.29 or z < -3.29 (at p = .001) are possible outliers. Table 4.10 shows the range of

standardized score for each DV at three time periods.

Table 4.21 Highest and Lowest Standardized Scores for SPST, CSCT, TOSRA

Standardized Score (Z Score)

Highest Lowest

Pretest

SPST 2.77 -1.83

CSCT 2.32 -1.83

TOSRA 1.76 -2.75
Posttest

SPST 2.16 -1.87

CSCT 1.52 -2.35

TOSRA 1.54 -2.98
Follow-up

SPST 214 -2.27

CSCT 1.96 -2.16

TOSRA 1.53 -3.32
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There was at least one potential univariate outlier in the follow-up test of TOSRA
(Table 4.10). When the data file inspected for univariate outlier, it was noticed that
case 73 was the one having -3.32 z-score from the follow-up test of TOSRA. There
was no other case having standard scores greater than |3.32| in the data. The mean
score of this case from follow-up test of TOSRA was 2.16. A mean score of 2.16 is
within the acceptable range for any case in comparison group; therefore, the

researcher decided to retain it for the analysis.

4.1.2.3.4. Multivariate Normality

Repeated-Measures MANOVA, a special type of profile analysis, is robust to
violation of normality unless there are smaller numbers of cases than DVs in the
smallest group and the groups have substantially unequal sample sizes (Tabachnick
& Fidell, 2012). In this study groups were large enough and the case ratio of
experimental group to control group is just 1.17, therefore there was no concern for

the violation of the assumption of multivariate normality.

4.1.2.3.5 Multivariate Outlier

Tabachnick and Fidell (2012) stressed that Repeated-Measures MANOVA is
extremely sensitive to outliers. Therefore, possible multivariate outliers were
analyzed and results were discussed in detail. First, in order to find possible
multivariate outliers in the sample, SPSS Regression process was run to create
Mahalanobis distance. This measure has been defined as “the distance of a case
from the centroid of the remaining cases” by Tabachnick and Fidell (2007, p. 386).

To check whether the data have multivariate outliers, the criteria of the critical
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value of Mahalanobis distance at p < .001 was used. As suggested by Tabachnick
and Fidell (2012), Mahalanobis distance was assessed using chi-square (y?) table
and the degrees of freedom (df) value was taken as the number of DVs, in this case
it was three. Therefore, depending on Chi Square Table, any case having
Mahalanobis distance larger than y? = 16.27 (Tabachnick & Fidell, 2012, p. 952)
was treated as multivariate outlier. The cases were sorted descending in terms of

Mahalanobis distance. The first ten values were provided at Table 4.11.

Table 4.22 Highest Mahalanobis Distances for Collective DVs

No Group Case No. Statistics

1 1 24 21.84
2 2 92 15.04
3 1 23 14.58
4 2 73 14.10
5 1 39 13.34
6 2 95 13.19
7 1 29 12.88
8 1 44 12.85
9 2 56 12.84
10 2 54 12.70

As shown in the table, case 24 had Mahalanobis Distance = 21.84 exceeding the
critical chi-square value of y? = 16.27. According to Tabachnick and Fidell (2012)
it is essential to look for why any case is an outlier. Therefore SPSS Regression

was used to see why this case diverges from other cases.

Before conducting stepwise regression, dummy variable were created to separate
case 24 from other cases. The key point here was that case 24 was belong to

experimental group so dummy coding created just for experimental group and
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comparison group excluded from the analysis for this part. Regression analysis
results were reported to show which variables distinguish case 24 from other cases
in experimental group (Table 4.12). In this step, dummy variable was used as DV

and actual DVs were used as Vs to see the divergence of outlier from other cases.

Table 4.23 Dependent Variables Making the Case 24 an Outlier

Unstandardized Standardized
Coefficients Coefficients

Model B  Std. Error Beta t Sig.
1 Constant .54 .18 3.02 .004
TOSRA (Time 3) -.14 .05 -.40 -2.92 .005
2 Constant .65 A7 3.71 .001
TOSRA (Time 3) -.41 12 -1.19 -3.45 .001
TOSRA (Time 2) .25 .10 .86 248 .017

As seen in the Table 4.12, posttest and follow-up test scores of the TOSRA were
two significant predictors of why the case 24 deviated multivariately from other
cases. This means that the mean TOSRA scores of case 24 at posttest and follow-

up test was considerably different than the means scores of other participants in

experimental group.

The last step of analyzing the reason of being multivariate outlier was to find out
how case 24 differ from other cases on these two variables. SPSS Descriptive

procedure was run to examine these two variables as depicted in Table 4.13.
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Table 4.24 Descriptive Statistics of Case 24 and Other Cases in Experimental
Group

dummy N Mean
0* TOSRA (Time 2) 47 3.80

TOSRA (Time3) 47 3.80
o TOSRA (Time2) 1 293
TOSRA (Time3) 1 2,65

*0 represent cases in experimental group except case 24
**] represents case 24 in experimental group which is found to be multivariate outlier

Table 4.13 shows that the 24™ case had considerable lower score on both posttest
and follow-up test score of TOSRA than other cases in experimental group.
Because of potential harm to the accuracy of inference from the data, case 24 was
deleted from analysis leaving 88 cases for the analysis. After deletion of the
multivariate outlier, there were 47 subjects in experimental group and 41 subjects

in comparison group for the analyses.

4.1.2.3.6 Linearity

This assumption refers to straight-line relationship between each pair of DVs. This
assumption was evaluated separately using matrix scatter-plots for each group in
the study. Considering matrix scatterplots (see Appendix P), it can be inferred that
there was not any fundamental evidence supporting non-linearity. Besides
Tabachnick and Fidell (2012) confirmed that the assumption of linearity may be
ignored with many normally distributed sample and large sample size. In the study
normality assumption was met and the sample size was large enough. Accordingly

there was nothing to worry about the assumption of linearity.
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4.1.2.3.7 Absence of Multicollinearity and Singularity

Multicollinearity and singularity happen when the pairs of variables correlate
highly. Tabachnick and Fidell (2012) underlined that multicollinearity and
singularity cause two problems; logical problem and statistical problem. They
pointed out that if the bivariate correlations among the variables are .70 or more,
logical problem takes place, and they advised to eliminate one of the bivariate
correlating variables in the analysis. They maintained that statistical problems,
caused by singularity and multicollinearity, arise when the correlation among two
variables are .90 or higher (pp. 89-90). Tabachnick and Fidell (2012) clarified that
“Correlations among DVs are expected to be quite high when they are the same
measure taken from the same cases over time [i.e. for repeated measures].
Therefore, only statistical multicollinearity poses difficulties, and even then only if
tolerance is less than .001 for the measures combined over groups.” (p. 319).
Keeping this in mind, .90 or higher bivariate correlation among variables and
tolerance is less than .001 were used as a criteria to test multicollinearity due to the
repeated measure of variables in the study. Table 4.14 demonstrates the correlation

among the DVs.
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Table 4.25 Correlation Coefficient among SPST, CSCT, and TOSRA

Pretest Posttest Follow-up
SPST CSCT TOSRA SPST CSCT TOSRA SPST CSCT TOSRA
Pretest
SPST 1.00
CSCT 45 1.00
TOSRA
36 50 1.00
Posttest
SPST 68 53 40 1.00
CSCT 49 57 35 43 1.00
TOSRA
22 44 61 33 38 1.00
Follow-up
SPST 60 46 35 84 41 33 1.00
CsCT 38 40 23 38 70 34 41 1.00
TOSRA 22 44 58 30 41 92 27 33 1.00




According to the Table 4.14, the only correlation threatening the data is between
posttest TOSRA and follow-up TOSRA with r = .92. This was not an unexpected
happening because the same instrument was used at both post and follow-up
measurements on the same subjects across the study. Therefore, it was considered
as an expected result. Tolerance was also checked for the presence of
multicollinearity. In fact, tolerance is defines as 1-SMC (Squared Multiple
Correlation) where SMC serves as DV and remaining DVs serve as Vs in multiple
correlation. Whenever SMC is high, it means that the variable has a high
correlation with the set of other variables in the data and the data have
multicollinearity (Tabachnick & Fidell, 2012). Table 4.15 below shows the

tolerance statistics of DVSs.

Table 4.26 Tolerance Value for Assessing Multicollinearity

Pretest Posttest Follow-up
SPST CSCT TOSRA SPST CSCT TOSRA SPST CSCT TOSRA
Tolerance .47 .52 .53 24 37 A3 .28 A7 14

Although bivariate coefficient between posttest TOSRA and Follow-up TOSRA
score were suspected multicollinearity, there was not any tolerance value less than
.001laccompanying bivariate r for multicollinearity. Therefore, it was safe to
conclude that there was not enough evidence to support multicollinearity among

variables.

Singularity happens when one of the variables becomes the combination or sub-

dimension of other variable/s in the analysis. The instruments used across this
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study measures totally different constructs, so there was no concern about
singularity in this sense. Besides, Tabachnick and Fidell (2012) expressed that “If
the SMC is 1, the variable is perfectly related to others in the set and you have
singularity (p. 90)”. Taking into consideration the equation that “Tolerance = 1-
SMC”, and if SMC = 1 then to be singular, tolerance must be equal to 0. Checking
Table 4.15 showed that all tolerance values were substantially greater than zero. In
consequence, it was also safe to posit that there was no threat for singularity. These
two results indicated that the data have met the assumption of both absence of
multicollinearity and singularity.

4.1.2.3.8 Homogeneity of Variance and Homogeneity of Variance-Covariance
Matrices

Homogeneity of variance-covariance matrices assumes that the variance-
covariance of the DVs for groups is sampled from similar population variance-
covariance matrices, so allows pooling them to create a single estimate of error
(Tabachnick & Fidell, 2012). According to Tabachnick and Fidell (2012),
evaluation of this assumption is not necessary if the sample sizes are equal. Stevens
(2007) suggested that when the ratio of largest group size to smallest group size is
less than 1.5, multivariate test is robust to violation of this assumption. In this study
this ratio is about 1.15 (47/41). Univariate homogeneity of variance also required to
be met and advised that unless sample sizes are extremely deviating from each
other, this assumption safely ignored (Tabachnick & Fidell, 2012). These posit
suggest that there was not a big threat for the related assumptions but for the sake

of the analysis the researcher checked it statistically.
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Table 4.27 Levene Test for Homogeneity of Variance

Pretest Posttest Follow-up
SPST CSCT TOSRA SPST CSCT TOSRA  SPST CSCT TOSRA
Stat. .99 .29 .06 A4 1.67 .76 .95 1.35 1.47
Sig. 322 591 .809 510 .200 .385 332 .249 .228

Table 4.16 indicates that all the Levene statistics were non-significant at p = .05,
therefore it can be concluded that there was no violation of the assumption of

homogeneity of variance.

The result of Box’s Test of Equality of Covariance Matrices was depicted in Table
4.17 which gives information about the assumption of homogeneity of variance-

covariance matrices.

Table 4.28 Box's Test of Equality of Covariance Matrices

Box's M F Significance

58.33 1.15 .226

When the table was examined, it is clear that the Box test was not significant at the
.05 level (F = 1.15, p = .226). In consequence the data was met the assumption of

both homogeneity of variance and homogeneity of variance-covariance matrices.

After completing the necessary screening procedure of the data and assumption
check, the result of main analysis, Repeated-Measures MANOVA, was presented.
4.1.2.4 Repeated-Measures MANOVA for Multivariate Analysis of Pretest,
Posttest, and Follow-up Test Scores of SPST, CSCT, and TOSRA

After checking the assumptions and meeting them, a Repeated-Measures

MANOVA was performed on the data obtained from two groups in the study. The
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between-subject 1V (levels) was types of instruction. The within-subjects IV was
the three sessions of testing. The three noncommensurate DVs were attitudes

toward science, science concepts understanding, and science process skills.

Repeated-Measures MANOVA is not a frequently used analysis; therefore, the

hypotheses it test was described briefly before reporting the results.

4.1.2.4.1 Parallelism Test

This hypothesis tests whether the profiles of groups are parallel or not (Stevens
2009; Tabachnick & Fidell, 2012). With the best known term in univariate tests, it
is known as the test of interaction. The following research question was tested by
means of parallelism test: “To what extent HOS instruction and curriculum-
oriented instruction create different profiles on the collective DVs across three
testing conditions?” or in statistical words: “Do experimental and comparison
groups have parallel profiles on the collective set of DVs over the three testing

condition?”

4.1.2.4.2 Level Test

In Repeated-Measures MANOVA what is known as the test of levels is actually
tests the overall difference among groups. In other words, it analyze whether one
group score higher on the collective DVs than other group (Tabachnick & Fidell,
2012). It deals with the similar question with between-subject main effect in

repeated-measures ANOVA. The research question tested with level hypothesis is
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as follows: “To what extent does one method lead to the higher score on the

collected set of DVs than the other?”

4.1.2.4.3 Flatness Test

Tabachnick and Fidell made clear that the last question addressed by Repeated-
Measures MANOVA tests whether all DVs have had similar gain or lost
throughout the study independent of groups. In other words it tests; “Do all the
DVs elicit the same average response?” In Repeated-Measures MANOVA analysis
it is called as “flatness” hypothesis. “This question is typically relevant only if the
profiles are parallel” (2012, p. 316). Actually these three hypotheses can be

investigated by means of Repeated-Measures MANOVA.

4.1.2.4.4 The interpretation of Parallelism, Level, and Flatness Test
Results of Repeated-Measures MANOVA for levels (Group), flatness (Time), and

parallelism (Time*Group) appear in Table 4.18.

Table 4.29 Multivariate Test Result for Repeated-Measures MANOVA

Effect Wilks’ Multivariate  Hypothesis  Error  Significance Partial Eta
Lambda F df df (p) Squared
Group .92 2.40 3 84 074 .08
Time 12 99.15 6 81 .000 .88
Time*Group .76 4.17 6 81 .001 24

The parallelism test produced statistically significant result with respect to
combined DVs with p = .001. It means that there was statistically significant
differences among two groups in their profiles on the combined DVs. Effect size

was found to be medium according to Cohen’s criteria (1988) with partial #° = .24.
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This result implied that HOS based instruction and curriculum-oriented instruction
created different profile regarding three core dimension of scientific literacy with
the time; and the magnitude of this nonparallel profile was not small. The profiles

of the groups were shown in Figure 4.2.
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Although, it is clear that the profiles of experimental and comparison group are

different, it is still ambiguous which DV or DVs split the groups. To find out this,
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follow up tests are needed but before conducting it, flatness and level tests were
reported. According to Tabachnick and Fidell (2012) when the parallelism test is
rejected, typically testing flatness and level hypothesis are not relevant. But to
generate an idea about flatness and level hypotheses with this data, it was decided

to report them here.

It is clearly shown in Table 4.18 that the level test is not significant with p = .074,
Wilks’ Lambda = .92. In addition, with Cohen (1988) criteria it has small effect

size (partial 7%= .08).

On the other hand, flatness test reached statistical significance, multivariate F (6,
81) = 99.15, p < .0005, Wilks’ Lambda = .12, partial #°= .88. Mean and standard

deviation statistics for the plots can be found at Table 4.19.

Table 4.30 Descriptive Statistics of DVs

Pretest Posttest Follow-up
Group SPST CSCT TOSRA SPST CSCT TOSRA SPST CSCT TOSRA

Mean E* 13.02 1447 3.45 13.94 24.30 3.80 13.87 22.17 3.80

C** 1298 14.59 341 13.61 23.29 3.51 13.78 18.46 3.57
Std. E 401 393 52 534 419 49 456  4.72 .39
Dev. C 474 434 .56 519 379 57 405 4.28 A48

*E represents experimental group
**C represents comparison group

The result of Repeated-Measures MANOVA vyielded a significant parallelism and
flatness test while it yielded a non-significant level test. These results suggested
that the change in collective DVs of SPST, CSCT, and TOSRA was not same over
three session of testing between experimental and comparison groups; and the

change in each DV was not same over the testing. In other words HOS based
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instruction and curriculum-oriented instruction did not lead to the same change
over time. In order to interpret nonparallel profiles of two groups, follow up test
was necessary for each dependent variable separately. Tabachnick and Fidell
(2012) suggested simple-effects analysis in case of significant parallelism and
flatness test, and non-significant level test. They added that the group means should
be compared separately for each DV in such cases. In the following part, the
comparison of groups was presented for each dependent variable separately. In
fact there were multiple comparisons among the groups, so Bonferroni-type
adjustment was used whenever necessary while making the statistical decision on
results. In the first part SPST; in the second part CSCT; and in the third part

TOSRA results were reported.

4.1.3 Follow-up Test Results

4.1.3.1 Follow-up Test Results for SPST

The result of Mixed between-within subjects of ANOVA was presented to show
the difference between two treatments on students’ science process skills.
Underlying assumptions of sample size, normality, homogeneity of variance were
checked and the results revealed that all the assumptions were satisfied (see
sections 4.1.2.3.1; 4.1.2.3.2; 4.1.2.3.8 respectively for the details). Another
assumption was homogeneity of intercorrelations. According to Box M test, this
assumption was also met, F (6, 50909) = 8.82, p = 507. One additional assumption
for mixed between-within ANOVA is sphericity assumption. It was assessed

through Mauchly’s Test of Sphericity. In this analysis, sphericity assumption was
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violated (p = .003); therefore, multivariate test (which does not require sphericity
assumption) results for within-subject part was reported. Table 4.20 shows the
results of multivariate test for within-subject and interaction effect; and Table 4.21

shows between-group main effect test result for SPST.

Table 4.31 Within-Group Multivariate Test Result of SPST

Effect Wilks’ Multivariate  Hypothesis  Error  Significance Partial Eta
Lambda F df df (9] Squared
Time .95 2.13 2 85 125 .05
Time*Group 1.00 .09 2 85 912 .00

Table 4.32 Between-Group Main Effect of SPST

Error  Significance Partial Eta
Effect F df of ®) Squared
Group .03 1 86 .863 .00

Before checking for the main effects, it was suggested to assess the interaction
effect which tests whether there is similar change in science process skills of
students over time for the groups. For SPST the interaction effect was not
significant with a significance value of .912. Equally, the main effect for time (p =
.125) and group (p = .863) were not significant. Hence it can be concluded that
there was no statistically significant interaction among the teaching methods and
time in terms of science process skills, Wilks 4 = 1.00, F (2, 85) = .09, p = .912,
partial #° < .0005. There was also statistically non-significant main effect for time
Wilks 2 = .95, F (2, 85) = 2.13, p = .125, partial #° = .05. Lastly the main effect for

two groups in terms of science process skills was not significant F (1, 86) = .03, p
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= .86, partial #”< .0005 implying that there was not enough evidence to conclude
that one of the instructions has superiority over the other in terms of improving
science process skills. Based on the result, it is also possible to claim that the
change in SPST scores over time is similar for HOS based and curriculum-oriented
instructions. Table 4.22 shows mean scores of two groups across three time periods

in terms of SPST.

Table 4.33 SPST Scores of Two Groups across Time

Experimental Group Comparison Group
N M SD N M SD

SPST (Time 1) 47 13.02 4.01 41 1298 4.74
SPST (Time2) 47 1394 534 41 13.61 519
SPST (Time 3) 47 13.87 4.56 41 13.78 4.05

4.1.3.2 Follow-up Test Results for CSCT

The result of Mixed between-within subjects of ANOVA was discussed in this part
to illustrate the difference between two treatments on students’ understanding and
retention of circulatory system concepts. Preliminary analysis of sample size
(sections 4.1.2.3.1), normality (sections 4.1.2.3.2), homogeneity of variance
(section 4.1.2.3.8) showed that there was no violation of these assumptions. Also
Box M test provided that homogeneity of intercorrelations assumption was met too,
F (6, 50909) = 1.25, p = 276. On the other hand, Mauchly’s Test of Sphericity
indicated that sphericity assumption was violated (p = .001). Thus, multivariate test
results were reported for within-subject main effect and interaction effect. Table

4.23 and 4.24 illustrates the result of main analyses.
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Table 4.34 Within-Group Multivariate Test Result of CSCT

Effect Wilks’ Multivariate  Hypothesis  Error  Significance Partial Eta
Lambda F df df (9] Squared
Time 13 284.40 2 85 .000 .87
Time*Group .82 9.44 2 85 .000 .18

Table 4.35 Between-Group Main Effect of CSCT

Effect F df Error df Significance Partial Eta
(p) Squared
Group 4.03 1 86 .048 .05

Table 4.23 demonstrates that there was a significant interaction effect between the
types of instruction and time (p < .0005) in terms of CSCT. It means that there was
not the same change in scores of CSCT over three time periods for two groups.
Figure 4.2b (see section 4.1.2.4.4) shows the profile plot of CSCT across three time
periods. The profile plot in the figure clearly shows that when the students progress
through weeks, the gap between mean scores of groups on the science concepts test
broadened and the students having HOS based instruction increasingly
outperformed over the students having curriculum-oriented instruction as the time
passes. To sum up, based on the profile plot, it can be concluded that students in
HOS classes retained their science concepts understanding better than students in

other classes.

The profile plot gave a clear picture of the change in CSCT scores of both groups.
However, it did not give any evidence on the statistical significance of the change.
In other words we know that both groups’ CSCT scores increased at posttest

similarly and a decrease was observed in both groups’ follow-up test scores.
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However, the decrease was sharper for comparison group. There was a need to test
statistical significance of these changes. For this aim, the interaction effect was

further analyzed.

4.1.3.2.1 Further Examination of the Interaction Effect for CSCT
In this part of the result, the interaction effect in CSCT scores of two groups was

explained further in an attempt to address three research questions of interest:

1. What are the differences between HOS instruction group and curriculum-
oriented instruction group with respect to understanding of circulatory
system concepts at post-instruction and follow-up measurements?

2. How do experimental group students’ understanding of human circulatory
system concepts change from pre-instruction to post-instruction and from
post-instruction to follow-up measurements?

3. How do comparison group students’ understanding of human circulatory
system concepts change from pre-instruction to post-instruction and from

post-instruction to follow-up measurements?

In order to examine the first research question, two separate independent-samples t-
tests were conducted: one for posttest and one for follow-up test. The reason why
the posttest was compared was that, the researcher was interested in whether one
treatment has superiority over another just after the treatment in terms of

understanding of circulatory system concepts. Follow-up score was also compared
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because the researcher was also interested in whether one group had retained

content knowledge better than the other group.

For the second and third research questions, two separate one-way repeated
measures ANOVAs were conducted. When the difference between time periods
was found to be significant in the analysis, three separate comparisons among time
pairs for each group was utilized across three time periods: one for Time 1 to Time
2, one for Time 2 to Time 3, and one for Time 1 to Time 3. The rationales for these

multiple comparisons were as follows;

Time 1 to Time 2: This comparison tested whether there was a significant change in
students’ post-treatment CSCT scores compared to their prior to treatment CSCT

Scores.

Time 2 to Time 3: This comparison tested whether there was a significant change in

CSCT scores of students at follow-up test compared to their scores on posttest.

Time 1 to Time 3: This comparison was conducted to see whether students'
understanding of human circulatory system concepts were better at follow-up
measurement when compared to their preexisting understanding. What should be
noted here is that; time-pair comparisons were held within each group. First the
results of the experimental group analysis were given; later the same comparison

results were introduced for comparison group.
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4.1.3.2.1.1 Between-Group Comparisons for CSCT

Under this subtitle, two groups' CSCT scores on post and follow-up measurements
were reported. Consequently there were 2 comparisons in total. In order to
compensate for inflated type | error causing from multiple testing, alpha rate was

set as .025 for each test to account for 2 comparisons (0.05/2).

For the independent-samples t-tests, homogeneity of variance assumption was
checked to see whether variation of scores for two groups was similar. The
significance levels for Levene’s test were p = .200 and p = .249 for posttest and
follow-up test, respectively. These two values are above the cut-off point .05.
Therefore, the data did not violate the assumption of homogeneity of variance
assumption. As presented in section 4.1.2.3.2, skewness and kurtosis values
indicated that there was no violation of normality assumption either post or follow-
up measurements.

Table 4.36 Independent-Samples t-Tests Result of Posttest and Follow-up Test
of CSCT

Confidence
Interval (97.5 %)
t df Significance Mean Difference Lower  Upper

CSCT (Time2) 1.17 86 244 1.01 -95 296
CSCT (Time3) 3.84 86 000 371 151 5091

In Table 4.25, it is seen that the mean difference between posttest scores of CSCT
was not statistically significant for experimental (M = 24.30, SD = 4.19) and

comparison (M = 23.29, SD = 3.79) groups; t (86) = 1.17; p = .244. The magnitude
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of mean difference was small, = 0.02. A note here is that, the magnitude of

difference (5* value) was calculated using Formula 1.

Formula 1. Eta Squared Formula for t-Test

tz
TS Erdr

Substituting the values from Table 4.25:

2
) 1.17

T = 1172+ 86

n?=0.016
According to the guidelines proposed by Cohen (1988), 0.016 is a small effect size.
This value expresses that, only nearly 2 percent of the variance on the posttest
scores of CSCT could be explained through the types of instruction. This result
suggests that there was no considerable difference between mean scores of two
groups just after the treatment in terms of understanding of circulatory system

concepts.

On the other hand, the mean follow-up test scores of CSCT of experimental group
(M = 22.17, SD = 4.72) were significantly higher than comparison group (M =
18.46, SD = 4.28); t (86) = 3.84; p <.0005. The magnitude of this mean difference
was large, #°= .15. It means that almost 15 percent of the variance on the follow-up
test of CSCT could be explained by the types of instruction. This finding implies
that the difference found between the experimental and comparison groups at
follow-up test arouse from the natures of treatment and this difference has practical

value in terms of retaining content knowledge. In other words it is proper to
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conclude that HOS instruction enabled better retention of science content

knowledge than curriculum-oriented instruction.

4.1.3.2.1.2 Within-Group Comparisons for CSCT

This part focuses on the changes in the CSCT scores over three time periods
(Timel, Time 2, and Time 3) within each group separately. To check if there was a
statistically significant mean difference among three sets of scores in each group,
two separate one-way repeated measures ANOVAs were employed after splitting
file according to the types of instruction. As can be checked in section 4.1.2.3.2,
skewness and kurtosis values indicated that there was no violation of normality
assumption across three times of testing. Also Levene test in Table 4.16 indicated
that homogeneity of variance assumption was satisfied. Hence, it is safe to interpret

the results.

As shown in Table 4.26, one-way repeated measures ANOVA result for
experimental group was significant: Wilks’ Lambda = .12, F (2, 45) = 159.68, p <
.0005, multivariate partial eta squared = .88. This result suggests that there was a
significant difference in CSCT scores of experimental group over three time

periods of testing.

Likewise the mean CSCT score of students in comparison group was significantly
different across time: Wilks’ Lambda = .14, F (2, 39) = 124. 65, p < .0005, partial
eta squared = .87. It indicated that there was a statistically significant change in

CSCT scores of comparison group across three times periods too.
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Table 4.37 Multivariate Test Results of One-Way Repeated Measures ANOVA
for CSCT

Group Wilks’ Multivariate  Hypothesis ~ Error  Significance  Partial Eta
Lambda F df df (p) Squared
Experimental A2 159.68 2 45 .000 .88
Comparison 14 124.65 2 39 .000 .87

Having obtained statistically significant results from one-way repeated measures
ANOVA, paired sample t-tests were utilized to check whether there was
statistically significant mean difference between pretest to posttest; posttest to
follow-up test; and pretest to follow-up test. Experimental group was handled first

and comparison group was handled next.

4.1.3.2.1.2.1 Pairwise Comparison of CSCT: Experimental Group
In this part of the result section, the CSCT scores of experimental group were
presented to determine which set of scores differ from one another regarding

CSCT. Particularly, researcher seeks to find answer to the following questions:

1. How do experimental group students' understanding of human circulatory
system concepts change from pre-instruction to post-instruction?

2. How do experimental group students' understanding of human circulatory
system concepts change from post-instruction to follow-up measurements?

3. How do experimental group students’ understanding of human circulatory

system concepts change from pre-instruction to follow-up measurements?

186



To find answer to these questions, three paired-samples t-test were conducted at
.008 alpha levels. Table 4.27 shows paired-samples t-test results of experimental
group in terms of CSCT scores.

Table 4.38 Paired-Samples t-Test Results of CSCT Scores of Experimental
Group

Confidence
Interval (99.2 %)

Pairs t df Sig. Mean Difference  Lower  Upper Eta Squared™
Time 1-Time 2 -17.84 46 .000 -9.83 -11.36  -8.30 0.87
Time 2-Time 3 540 46 .000 2.13 1.04 3.22 0.39
Time 1-Time 3 -12.23 46 .000 -7.70 -9.45 -5.96 0.77

*Eta Squared has been calculated using Formula 1.

Table 4.27 illustrates that there was a statistically significant increase in CSCT
scores from pretest (M = 14.47, SD = 3.93) to posttest (M = 24.30, SD = 4.19) for
the students in experimental group (for mean and standard deviation statistics, see
Table 4.28 below), t (46) = -17.84, p < .0005. The mean increase in CSCT scores is
9.83. According to Cohen (1988), the magnitude of this difference was very large
(7°= .87). This finding implied that HOS instruction improved students’ circulatory

system concept understanding.

The table 4.27 also illustrates that there was a significant decrease in experimental
groups students” CSCT scores from posttest (M = 24.30, SD = 4.19) to follow-up
test (M = 22.17, SD = 4.72); t (46) = 5.40, p < .0005. The actual mean difference
between groups was 2.13. Eta squared statistics (°= .39) shows that this decrease

was large. In the context of the current research, this finding implies that five week
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after the treatment students receiving HOS instruction were unable to retain their

understanding of circulatory system concepts at the posttest level.

The last point emerged from Table 4.27 was that the experimental group at follow-
up test (M = 22.17, SD = 4.72) had significantly higher score than their pretest
score (M = 14.47, SD = 3.93); t (46) = 12.23, p < .0005. The mean CSCT score
difference was equal to 7.70. The effect size between mean scores was still very
large (° = .77). This significant difference between follow-up test and pretest
suggested that experimental group students’ understanding of circulatory system
concepts five week after the treatment was better than that of prior to the treatment.
The means and standard deviations for three time periods were presented at Table

4.28 for the groups.

Table 4.39 Descriptive Statistics for CSCT

Experimental Group (N = 47) Comparison Group (N = 41)

M SD M SD
CSCT (Time 1) 14.47 3.93 14.59 4.34
CSCT (Time 2) 24.30 4.19 23.29 3.79
CSCT (Time 3) 22.17 4.72 18.46 4.28

4.1.3.2.1.2.2 Pairwise Comparison of CSCT: Comparison Group
In this part of the result section, the CSCT scores of comparison group were
presented to determine which CSCT scores differ significantly from each other.
Particularly, researcher seeks to address the following questions:

1. How do comparison group students' understanding of human circulatory

system concepts change from pre-instruction to post-instruction?
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2. How do comparison group students' understanding of human circulatory
system concepts change from post-instruction to follow-up measurements?
3. How do comparison group students’ understanding of human circulatory
system concepts change from pre-instruction to follow-up measurements?
Paired-samples t-tests were utilized to compare pretest-posttest; posttest-follow-up
test; and pretest-follow-up test scores of CSCT. The results of these comparisons
were tabulated at Table 4.29.

Table 4.40 Paired-Samples t-Test Results of CSCT Scores of Comparison
Group

Confidence
Interval (99.2 %)

Pairs t df Sig. Mean Difference  Lower  Upper Eta Squared*
Time 1-Time 2 -1495 40 .000 -8.71 -10.33  -7.08 0.85
Time 2-Time 3 8.12 40 .000 4.83 3.17 6.49 0.62
Time 1-Time 3 -5.11 40 .000 -3.88 -6.00 -1.76 0.40

*Eta Squared has been calculated using Formula 1.

According to Table 4.29, there was a statistically significant mean increase for
comparison group from pretest (M = 14.59, SD = 4.34) to posttest (M = 23.29, SD
= 3.79) on CSCT; t (40) = -14.95; p < .0005. The average increase from pretest to
posttest was equal to 8.71. This average mean increase had a large effect with eta
squared = .85. (For mean and standard deviation statistics, see Table 4.28). This
result showed that students in comparison group gained reasonably high science

content knowledge after the treatment.

The CSCT scores of comparison group from posttest (M = 23.29, SD = 3.79) to

follow-up test (M = 18.46, SD = 4.28) decreased significantly; t (40) = 8.12; p <
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.0005. The average decrease in mean scores was equal to 4.83. Eta squared
statistics showed very large effect for this decrease (4° = .62). This finding shows
that understanding of circulatory system concepts of students in comparison classes

declined reasonably five week after the treatment.

At five-week follow-up test, the mean CSCT scores (M = 18.46, SD = 4.28) of
students in comparison group was significantly higher than that of their pretest
scores (M = 14.59, SD = 4.34); t (40) = -5.11, p < .0005. The average mean scores
difference from follow-up test to pretest was equal to 3.88. The difference between
follow-up to pretest had large effect size with #°= .40. In other words, comparison
classes were better at understanding of circulatory system concepts five weeks after
the treatment compared to their initial understanding of circulatory system

concepts.

4.1.3.3 Follow-up Test Results for TOSRA

In order to find out the relative effectiveness of two different types of instruction on
students’ attitudes toward science across three time periods, another mixed
between-within subjects of ANOVA was conducted on TOSRA scores of two
groups. In this part, multivariate test results were reported for within-subject main
effect and interaction effect part of the analysis due to the violation of sphericity
assumption (p < .0005). The following two tables present the result of mixed

between-within subjects ANOVA in terms of TOSRA across time.
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Table 4.41 Within-Group Multivariate Test Result of TOSRA

Effect Wilks’ Multivariate  Hypothesis  Error df  Significance Partial Eta
Lambda F df (p) Squared
Time .75 14.15 2 85 .000 .25
Time*Group .93 3.32 2 85 041 .07

Table 4.42 Between-Group Main Effect of TOSRA

Effect F df Error df Significance Partial Eta
(p) Squared
Group 3.77 1 86 .056 .04

As it can be inferred from Table 4.30, there was a statistically significant
interaction between the types of instruction and time in terms of TOSRA scores;
Wilks 2 = .93, F (2, 85) = 3.32, p = .041, partial eta squared = .07. It means that the
change in attitudes of students’ toward science was different over three time
periods for experimental and comparison group. Although both groups showed an
increase in TOSRA scores just after the treatments compared to their pretest scores,

the increase appears to be sharper in experimental group (see Figure 4.2c).

Figure 4.2c also shows that the mean difference between groups becomes less 5
weeks after the completion of the study when compared with the difference in
posttest scores. However, compared with their pretest scores, striking difference
still exists between experimental and comparison group five weeks after the
completion of the study in favor of experimental group students. Table 4.32 shows
mean and standard deviation scores of both groups in terms of TOSRA across three

time periods.
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Table 4.43 Descriptive Statistics for TOSRA

Experimental Group (N = 47) Comparison Group (N = 41)

M SD M SD
TOSRA (Time 1) 3.45 .52 341 .56
TOSRA (Time 2) 3.80 49 3.51 57
TOSRA (Time 3) 3.80 .39 3.57 48

The profile plot and mean scores of both groups provided valuable information
about the change in TOSRA scores of both groups. However, it did not give any
evidence on the statistical significance of the change. Therefore the following part
allocated for the explanation of statistical evaluation of interaction effect on the

TOSRA scores of experimental and comparison groups.

4.1.3.3.1 Further Examination of the Interaction Effect for TOSRA

Due to a significant interaction effect between the types of instruction and time,
further analyses were needed for both between groups and within group of each
instruction through time. As in the previous section, two separate independent-
samples t-tests were utilized for the posttest and follow-up test scores of TOSRA to
see if there was significant difference between the scores of two groups. Next, two
separate one-way repeated measures ANOVAs were conducted to inspect whether
there was a significant difference among three time periods for each group
separately. Similar to the previous part, alpha was set as .025 to evaluate between
group differences; and .008 for within group comparison. The following research

question was investigated in this part of the result section:
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1. Is there a significant mean difference between the groups exposed to HOS
and curriculum-oriented instruction in terms of attitudes toward science on
posttest, and on follow-up test?

2. Do the TOSRA scores of experimental group change significantly during
three time period?

3. Do the TOSRA scores of comparison group change significantly during

three time period?

4.1.3.3.1.1 Between-Group Comparison for TOSRA

This part of the result mainly describes the comparison of the posttest and follow-
up test scores of experimental and comparison group in terms of TOSRA. To
explore these, independent-samples t-test was used as a statistical tool.
Independent-samples t-test requires the assumption of equality of variance.

Following table presents the result of Levene’s test.

Table 4.44 Levene’s Test for Equality of Variance

F df Sig.
TOSRA (Time 2) 76 86 385
TOSRA (Time 3) 1.47 86 228

The Levene results for posttest (p = .385) and follow-up test (p = .228) of TOSRAS
revealed that both data meet the assumption of equality of variance. Also, skewness
and kurtosis values, presented in section 4.1.2.3.2, indicated that there was no
violation of normality assumption either post or follow-up measurements. The

results of independent-samples t-tests were given at Table 4.34.
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Table 4.45 Independent-Samples t-Tests Result of Posttest and Follow-up Test
of TOSRA

Confidence
Interval (97.5 %)
t df Sig. Mean Difference Lower Upper Eta Squared*

TOSRA (Time2) 2560 86 .012 .29 .03 .55 .07
TOSRA (Time3) 245 86 .016 .23 .02 44 .07

*Eta Squared has been calculated using Formula 1.

Table 4.34 reveals that the mean difference between experimental group (M = 3.80,
SD =.49) and comparison group (M = 3.51, SD =.57) in terms of posttest scores of
TOSRA reached statistical significance; t (86) = 2.56; p = .012. The mean
difference between two groups was equal to .29. The magnitude of this difference
in the means was moderate (eta squared = .07). This finding implied that, nearly 7
percent of the variance on the mean posttest scores of TOSRA can be explained by
the types of instruction. This result also shows that students receiving HOS
instruction had more favorable attitudes toward science than students receiving

curriculum-oriented instruction, just after the treatment.

Similarly, TOSRA scores of the experimental group (M = 3.80, SD = .39) were
significantly higher than comparison group (M = 3.57, SD = .48) five weeks after
the treatment; t (86) = 2.45; p = .016. The magnitude of mean difference (mean
difference = .227) was medium, n2 = .07. This means that nearly 6.5 percent of the
variance on the follow-up test of TOSRA can be explained by the types of
instruction. Overall, this finding revealed that, experimental group students still
exhibited more favorable attitudes toward science than comparison group students,

even five weeks after the treatment.
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4.1.3.3.1.2 Within-Group Comparison of TOSRA

This section focuses on the changes in the TOSRA scores over three time periods
(Timel, Time 2, and Time 3) within each group separately. To check if there was a
statistically significant mean difference among three sets of scores in each group,
two separate one-way repeated measures ANOVAs were employed after splitting
file according to the types of instruction.

Table 4.46 Multivariate Test Results of One-Way Repeated Measures ANOVA
for TOSRA

Group Wilks’ Multivariate  Hypothesis ~ Error  Significance  Partial Eta
Lambda F df df (p) Squared
Experimental .59 15.69 2 45 .000 41
Comparison 87 2.81 2 39 072 A3

As shown in Table 4.35, one-way repeated measures ANOVA result for
experimental group was significant; Wilks” Lambda = .59, F (2, 45) = 15.69, p <
.0005, partial eta squared = .41. It implies that attitudes of students in experimental
groups significantly changed across time. The means and standard deviations

statistics for three time periods were presented at Table 4.32.

While TOSRA scores of experimental group reached statistical significance across
time, the main effect for time was statistically non-significant for comparison
group in terms of TOSRA; Wilks’ Lambda = .87, F (2, 39) = 2.81, p = .072, partial
eta squared = .13. It means that the attitudes of comparison group students did not

change across time (see Table 4.32 for means and standard deviations).
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Having obtained statistically significant result from one-way repeated measures
ANOVA for experimental group, paired sample t-tests were utilized to check
whether there was statistically significant mean difference between pretest to

posttest; posttest to follow-up test; and pretest to follow-up test.

4.1.3.3.1.2.1 Pairwise Comparison of TOSRA: Experimental Group
In this part of the result section, the TOSRA scores of experimental group were
presented to determine which TOSRA scores differ significantly from each other.

Particularly, researcher seeks to find answer to following questions:

1. Is there a significant change in experimental group students’ TOSRA
scores from pretest to posttest?

2. Is there a significant change in experimental group students’ TOSRA
scores from posttest to their follow-up test?

3. Is there a significant change from experimental group students’ TOSRA

scores from pretest to their follow-up test?

Three paired-samples t-test were performed at .008 alpha levels to address
abovementioned questions. Table 4.36 shows paired-samples t-test result of

experimental group in terms of TOSRA.
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Table 4.47 Paired-Samples t-Test Results of TOSRA for Experimental Group

Confidence
Interval (99.2 %)

Pairs t df Sig. Mean Difference  Lower  Upper Eta Squared™
Time 1-Time 2 -5.12 46 .000 -35 -.54 -.16 .36
Time 2-Time 3 .03 46 .973 .00 -.08 .08 .00
Time 1-Time 3 -5.66 46 .000 -.35 -52 -.18 41

*Eta Squared has been calculated using Formula 1.

The first pair at Table 4.36 shows that there was a significant increase in
experimental group students’ TOSRA scores from pretest (M = 3.45, SD = .52) to
posttest (M = 3.80, SD =.49); t (46) = -5.12, p < .0005. The increase in the mean of
TOSRA was equal to .35 and the magnitude of this difference was very large with
n?=.36. It points out that HOS instruction has practical value in that it promotes

favorable attitudes toward science.

The second pair presented in Table 4.36 reveals that there was no significant
change in experimental group students’ TOSRA scores from posttest (M = 3.80, SD
= .49) to follow-up test (M = 3.80, SD = .39); t (46) = .03, p = .97. This result
indicates that the experimental group students’ attitudes toward science remained at

the same level within the five weeks after the treatment.

The final pair in Table 4.36 indicates that there was a significant increase in
experimental group students’ TOSRA scores from pretest (M = 3.45, SD = .52) to
follow-up test (M = 3.80, SD = .39); t (46) = -5.66, p < .0005. The difference in
mean TOSRA score was .35. Eta squared statistic (.41) denotes a large effect size.
Overall, pairwise comparisons of experimental group’s TOSRA scores revealed

that HOS instruction promoted development of more favorable attitudes toward
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science and these favorable attitudes were retained across five weeks after the

treatment.

4.1.3.3.1.2.2 Pairwise Comparison of TOSRA: Comparison Group

Even though multivariate test results of one-way repeated measures ANOVA for
comparison group gave non-significant result for the effect of time on TOSRA (see
Table 4.35), detailed examination of difference of time pairs may give valuable
information on the actual difference among them. Paired sample t-tests were
administered among the following pairs: pretest to posttest; posttest to follow-up
test; and pretest to follow-up test and the results was evaluated at .008 alpha levels

and 99.2 % confidence interval.

Table 4.48 Paired-Samples t-Test Results of TOSRA of Comparison Group

Confidence
Interval (99.2 %)

Pairs t df Sig. Mean Difference  Lower  Upper Eta Squared*
Time 1-Time 2 -1.38 40 .175 -10 -.30 .10 .05
Time 2-Time 3 -1.65 40 .107 -.06 -17 .04 .06
Time 1-Time 3 -2.18 40 .035 -.16 -.37 .05 A1

*Eta Squared has been calculated using Formula 1.

The first row at Table 4.37 evaluates the impact of curriculum-oriented instruction
on students’ TOSRA scores and compares posttest scores to pretest scores of
comparison group at .008 alpha levels. There was not a significant increase in
TOSRA scores from pretest (M = 3.41, SD = .56) to posttest (M = 3.51, SD = .57); t
(40) = -1.38, p = .175. The mean score increase was .10 and eta squared statistics

(.05) indicates a small effect size.
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What the second row explains is how the scores of comparison group changed five-
weeks after the completion of the treatment compared with post-treatment.
Interestingly, a slight increase was found from posttest (M = 3.51, SD = .57) to
follow-up test (M = 3.57, SD = .48). Yet, this increase was not significant
statistically; t (40) = -1.65, p = .064. The mean difference was .16 and eta squared

showed a moderate effect size.

The last row at Table 4.37 compares follow-up test result to pretest TOSRA. The
result reveals that follow-up test (M = 3.57, SD = .48) was not significantly
different than pretest (M = 3.41, SD = .56) score of TOSRA for comparison group;
t (40) = -2.18, p = .035. The difference in means scores from pretest to follow-up
test is -.16. Eta squared statistic (.11) indicated a medium effect size (see Table

4.32 for means and standard deviations of TOSRA).

4.2 Analysis of Participants’ NOS Views

In the current study, students’ nature of science views were examined through
VNOS-E. In order to provide exhaustive profiles of participants regarding NOS
aspects, the findings from between groups and within group comparisons were
given for each targeted NOS aspect separately. While creating these profiles,
qualitative data were converted to quantitative data as needed. The targeted NOS

aspects in this study were as follows:

1. Scientific knowledge is tentative that; it is subject to change with new

observation and reinterpretation of existing observation.
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2. Scientific knowledge is subjective that; it is influenced by presently
accepted scientific theories and laws; and it also affected by personal
subjectivity.

3. Scientific knowledge is empirical that; it is based on or derived from
observation of the natural world.

4. Scientific knowledge is creative and imaginative that; its creation involves
logical reasoning as well as human imagination.

5. Scientific knowledge is inferential that; it is not possible to observe all
phenomena in science therefore, it is possible to make logical inferences

based on observations.

In an attempt to quantify the qualitative data for each abovementioned NOS aspect,
the participants' responses were classified as “naive”, “transitional”, and
“informed” based on the developed rubric (see methodology section for details of
the rubric). The reader is reminded that, participants' NOS profiles were created
based on their collectivist responses to VNOS-E instead of limiting analysis to one-
to-one correspondence between a question on the instrument and a specific aspect
of NOS as suggested by Khishfe and Abd-EI-Khalick (2002); and Lederman et al.,
(2002). For example, participants' NOS views regarding empirical aspect were
mostly explicated in response to items 1, 2, and 4 on the instrument (see Appendix
C). If participants explicated naive, transitional or informed views regarding
empirical aspect in any one item and there were no inconsistencies or other

disconfirming evidence in their responses to other items regarding this aspect, they
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were assigned to that level (Khishfe & Abd-El-Khalick, 2002). The following table
summarizes the number of item in VNOS-E and the aspect of nature of science it

measures.

Table 4.49 The Number of VNOS-E Items and Measured NOS Aspects

Measured Aspect VNOS-E Item

Tentative 1,2,3,4
Subjective 1,2,3,4,5,6
Empirical 1,2,4,56
Creative and Imaginative 1,4,5,6,7
Inferential 4,5,6

In order to ensure confidentiality, the names of the students were not given across
the result section. Instead, a coding system was used. In this coding system, each
participant identified with a letter followed by a numerical value. Letter indicated
participant’s group (E represents experimental group, C represents comparison
group). The numerical value identified the quoted participant. It changed from 1 to
95; and first 51 numbers were assigned for experimental group (1-51) and next 44
numbers (52-95) were assigned for comparison group. In this coding system, for
example, "E12" refers to one of the student in "experimental™ group with "12"
identification number; while "C83" refers to one of the student in "comparison”

group who has the identification number of "83".

4.2.1 Between Group Comparisons of Participant's NOS Views
During the between group comparisons, following research question was

investigated:
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"What are the differences between HOS instruction group and curriculum-oriented
instruction group with respect to targeted NOS aspects at pre-instruction, post-

instruction, and follow-up measurements?"

In order to address this research question, experimental and comparison group
students' pre-instruction, post-instruction, and follow-up NOS views were analyzed

and the results were reported for each targeted NOS aspect separately.

4.2.1.1 Comparison of Groups’ Pre-Instruction NOS Views

4.2.1.1.1 Comparison of Groups’ Pre-Instruction NOS Views Regarding
Tentative Aspect

The following part presented experimental and comparison group participants'
profiles of pre-instruction NOS views regarding tentative aspect. To make the
presentation coherent, the percent of participants in each level (i.e. naive,
transitional and informed), related assumption checking and the result of test were

exhibited sequentially.

The following figure (Figure 4.3) presents the percent of participants in each level.
As shown in the bar graph students in both group demonstrated similar

understandings across each level.
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Figure 4.3 Participants’ Pre-instruction Views Regarding Tentative Aspect (%)

In fact, prior to instruction only 3 (8%) students in comparison group and 8 (17%)
students in experimental group exhibited an informed views of tentative NOS. In
turn,15 (31%) students in experimental group and 11 (28%) students in comparison
groups revealed transitional views. In terms of naive views, there were 25 (52%)

students in experimental group and 26 (65%) students in comparison group.

Bar graph (Figure 4.3) did not indicate considerable difference between the groups.
To test the statistical significance, Contingency Table Analysis (Pearson Chi-
square Test) was conducted and the results were tabulated below (4.39). Before
presenting the result of the test, the assumption for the chi-square test was reported.
Yates, Moore and McCabe (1999) stated that in order to conduct chi-square test
there should be "No more than 20% of the expected counts are less than 5 (p.

734). The assumption test indicated that minimum expected count for tentative
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aspect was 5.00. This means that there is no expected cell sizes less than 5, so the
assumption was met for chi-square test. Therefore it was safe to interpret the result
of the chi-square test.

Table 4.50 Chi-square Test Results Regarding Tentative Aspect Prior to the
Instructions

Aspect Pearson  Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Tentative 2.20 333 16

As seen in Table 4.39, the significance value is .333 which is greater than critical
point of .05. In other words it was not significant. Moreover the effect size is .16
which indicates small effect size (Cohen, 1988). As a result, it can be concluded
that prior to instruction there was not statistically significant differences in
proportions regarding naive, transitional, and informed views between
experimental and comparison group in terms of tentative aspect of NOS, »? (2, n =
88) = 2.20, p =.333, Cramer’s V = .16.

4.2.1.1.2 Comparison of Groups’ Pre-Instruction NOS Views Regarding
Subjective Aspect

This part presents experimental and comparison group participants pre-instruction
NOS views regarding subjective aspect. Figure 4.4 shows the percentages of
participants in each level (naive, transitional and informed). As seen in the figure,
most of the participants articulated naive or transitional views at both group.
Specifically, more than half of the participants (22 out of 40) in comparison group

and 40 percent of participants (19 out of 48) in experimental group demonstrated
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naive views regarding subjective aspect of NOS. Similarly, 20 (42%) students in
experimental group and 13 (33%) students in comparison groups held transitional
subjective views. Only 9 (19%) students in experimental group and 5 (13%)
students in comparison group perceived informed views regarding subjective

aspect of NOS.
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Figure 4.4 Participants’ Pre-instruction Views Regarding Subjective Aspect (%)

The assumption checking for the chi-square test indicated that minimum expected
count was 6.36. This means that expected cell sizes was greater than 5 so the
assumption was met for chi-square test. Therefore it was safe to interpret the result

of the chi-square test. Table 4.40 illustrates the result of Chi-square test.
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Table 4.51 Chi-square Test Results Regarding Subjective Aspect Prior to the
Instructions

Aspect Pearson  Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Subjective 2.14 .343 .16

The chi-square test did not yield significant results with small effect size. Therefore
it is reasonable to conclude that prior to instruction there was not statistically
significant differences in proportions regarding naive, transitional, and informed
views between experimental and comparison group in terms of the subjective
aspect of NOS, 2 (2, n =88) = 2.14, p=.343, Cramer’s V = .16.

4.2.1.1.3 Comparison of Groups’ Pre-Instruction NOS Views Regarding
Empirical Aspect

In this part, the comparison of groups' pre-instruction NOS understanding were
presented with respect to empirical tenet. In line with the previous two parts, the
percent of participants in each level was presented through bar graph first (Figure
4.5). The bar graph indicated that the largest percent of experimental group
students expressed transitional views while comparison group students hold

informed views mostly.
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Figure 4.5 Participants’ Pre-instruction Views Regarding Empirical Aspect (%)

In particular, as shown in the Figure 4.5, while almost half of the participants (18
out of 40) in comparison group and 25 percent of participants (12 out of 48) in
experimental group demonstrated informed empirical views. In terms of
transitional views, there were 24(50%) students in experimental group and 11
(28%) students in comparison group. However, twelve (25%) students in
experimental group and 11 (28%) students in comparison group articulated naive

empirical views.

Before reporting the result of the test, which investigated statistical significant
difference between the groups, the assumption for the chi-square test was provided.
The result indicated that minimum expected count for empirical aspect was 10.45.

This means that expected cell sizes was greater than 5 so the assumption was met
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for chi-square test. Therefore it can be concluded that there is not an important treat

for the validity of conclusions drawn from statistical analysis result (Table 4.41).

Table 4.52 Chi-square Test Results Regarding Empirical Aspect Prior to the
Instructions

Aspect Pearson  Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Empirical 5.39 .068 247

Table 4.41 indicates that the significance value is .068 which is greater than critical
point of .05; implying a non-significant relationship. Moreover the effect size is
less than .30. According to Cohen (1988) this is the indication of small effect size.
Consequently, it can be concluded that prior to instruction there was not
statistically significant differences in the proportions of participants who articulated
naive, transitional, and informed views between experimental and comparison
group in terms of the empirical aspect of NOS, »? (2, n = 88) = 5.39, p = .068,
Cramer’s V = .25.

4.2.1.1.4 Comparison of Groups’ Pre-Instruction NOS Views Regarding
Creative and Imaginative Aspect

The comparison of the two groups' profiles of pre-instruction NOS views regarding
creative and imaginative aspect were introduced in this part. Figure 4.6 shows the
percentages of participants in each level. It shows that 15 (31%) students in
experimental group and 14 (35%) students in comparison group revealed a naive
view. Similarly, 21 (44%) students in experimental group and 16 (40%) students in

comparison groups demonstrated transitional creative and imaginative views. In
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turn, 12 (25%) students in experimental group and 10 (25%) students in

comparison group reflected their informed understandings prior to instructions.
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Figure 4.6 Participants’ Pre-instruction Views Regarding Creative and Imaginative
Aspect (%)

The result of assumption checking indicated that minimum expected count for
creative and imaginative aspect was 10.00, indicating that the assumption was met
for chi-square test. Therefore it was safe to interpret the result of the chi-square
test. Table 4.42 shows the result of it.

Table 4.53 Chi-square Test Results Regarding Creative and Imaginative
Aspect Prior to the Instructions

Aspect Pearson Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Creative and Imaginative A7 .920 .04
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As seen in Table 4.42, the chi-square test did not yield significant results with
small effect size, y? (2, n = 88) = .17, p = .920, Cramer’s V = .04. Therefore it is
reasonable to conclude that prior to instruction there was not statistically significant
differences in the proportions of participants who articulated naive, transitional,
and informed views between experimental and comparison group in terms of the
creative and imaginative aspect of nature of science.

4.2.1.1.5 Comparison of Groups’ Pre-Instruction NOS Views Regarding
Inferential Aspect

Regarding inferential aspect of NOS, this part presents the experimental and
comparison group participants' NOS understanding before the instructions. Figure
4.7 shows the percentages of participants in each level. The figure indicates that a
substantial amount of students in both groups expressed naive views. In this
respect, 36 (75%) students in experimental group and 29 (73%) students in
comparison group held naive views. On the other hand, 7 (15%) students in
experimental group and 5 (13%) students in comparison groups held transitional
inferential views. Only five (10%) students in experimental group and 6 (15%)
students in comparison group, however, demonstrated an informed views regarding

inferential aspect of NOS.
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Figure 4.7 Participants’ Pre-instruction Views Regarding Inferential Aspect (%)

Before discussing the result of statistical test, the assumption for the chi-square test
was reported. The result indicated that minimum expected count for inferential
aspect was 5.00 meaning that the assumption was met for chi-square test. Therefore
it was safe to interpret the result of the chi-square test (Table 4.43).

Table 4.54 Chi-square Test Results Regarding Inferential Aspect Prior to the
Instructions

Aspect Pearson Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Inferential 46 797 .07

Table 4.43 illustrates that the chi-square test did not yield significant results, y? (2,
n =88) = .46, p =.797, Cramer’s V = .04. Therefore it can be concluded that prior

to instruction there was not statistically significant differences in proportions
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regarding naive, transitional, and informed views between experimental and

comparison group in terms of the inferential aspect of NOS.

So far, experimental and comparison group students' understanding of nature of
science were discussed by taking into account of their understanding before
curriculum-oriented and history of science instruction. It was found that there was
not a significant difference between the groups. In the next part, their post-

instruction understanding were presented.

4.2.1.2 Comparison of Groups’ Post-Instruction NOS Views

4.2.1.2.1 Comparison of Groups’ Post-Instruction NOS Views Regarding
Tentative Aspect

In this part of the result, the comparisons of students’ tentative views in both
groups were explained in terms of their post-instruction views. The percents of

participants in the levels were presented in Figure 4.8.
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Figure 4.8 Participants’ Post-instruction Views Regarding Tentative Aspect (%)

Figure 4.8 shows that 16 (33%) students in experimental group and 5 (13%)
students in comparison group perceive the notion that scientific knowledge is
subject to change. The response 0f18 (38%) students in experimental group and 12
(30%) students in comparison groups reflected their transitional tentative views. On
the other hand, 14 (29%) students in experimental group and 23 (58%) students in

comparison group revealed a naive views.

To test the difference between the groups statistically, Contingency Table Analysis
was performed. Before tabulating the result of the test the assumption for the chi-
square test indicated that minimum expected count for tentative aspect was 9.55.
This means that assumption was met for chi-square test. Table 4.44 summarizes the

result of Chi-square test.

213



Table 4.55 Chi-square Test Results Regarding Tentative Aspect Right After
the Instructions

Aspect Pearson  Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Tentative 8.42 .015 31

As seen in Table 4.44, statistical comparison yielded a significant difference with p
= .015. It means that, at least in one level, the proportions of participants in the
groups were significantly different than each other right after the instructions, y? (2,
n = 88) = 8.42, p = .015. The magnitude of this difference was medium, Cramer’s V

=.3L

In order to find out the level (or levels) the groups differ, separate chi-square tests
was performed. In other words, the proportion of participant in both groups was
compared for each level (naive, transitional, and informed) separately. In this
comparison, Yates’ continuity correction for statistical significance and phi
coefficient for effect size were reported in order to compensate for overestimation
of chi-square test. Before conducting chi-square test for the levels, the assumption
was checked and the outcome were reported. The minimum expected counts were
found as 16.82, 13.64, and 9.55 for naive, transitional and informed level
respectively. Therefore there was not any expected count less than 5; meaning that

the assumption was met. Hence it is safe to interpret the chi-square result.
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Table 4.56 Chi-square Test Results of Levels for Tentative Aspect of NOS at
Posttest

Category  Yates’ Continuity ~ Significance Effect Size

Correction (p) (Phi Coefficient)
Naive 6.072 .014 -.286
Transitional 0.263 .608 .079
Informed 4.128 .042 .243

Table 4.45 reveals that the proportion of participants in experimental group who
elucidated naive views was significantly lower than comparison group, y? (1, n =
88) = 6.07, p =.014. The degree of this proportion difference was roughly medium,
phi = -.29. Actually 58 percent of total participant in comparison group expressed

naive views while this percent was just 29 in experimental group at posttest.

In the transitional level, though, there was no significant difference, y? (1, n = 88) =
.26, p = .61, phi = .08. In fact 38 percent of participants in experimental group and
30 percent of comparison group reflected a transitional views about tentative aspect

of NOS after the instructions.

In informed level, the proportion of participants in experimental group was
significantly higher than comparison group, y? (1, n = 88) = 4.13, p = .042. The
magnitude of this proportion difference was small, phi = .24. While 33 percent of
participant in experimental group demonstrate an informed view of tentative aspect
of NOS, only 13 percent of participants in comparison group reflected an informed

understanding of tentative NOS.
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4.2.1.2.2 Comparison of Groups’ Post-Instruction NOS Views Regarding
Subjective Aspect

In this part, the comparisons of students’ subjective views were discussed in terms
of their post-instruction views. Figure 4.9 illustrates the percent of participants in

each group.
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Figure 4.9 Participants’ Post-instruction Views Regarding Subjective Aspect (%)

The bar graph shows that there were noticeably different amount of participants
especially in naive and informed level. Close examination of bar graph indicated
that twenty-three (48%) students in experimental group and only 8 (20%) students
in comparison group exhibit an informed views after the instructions. Accordingly,
17 (35%) students in experimental group and 13 (33%) students in comparison
groups demonstrated transitional subjective views. In response, 8 (17%) students in
experimental group and 19 (48%) students in comparison group were exhibited a

naive views regarding subjective aspect of NOS after the instructions.
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It was evident that students in experimental group held more informed views and
less naive views about subjective aspect of NOS when compared to the students in
comparison group. To test the difference between groups another Contingency
Table Analysis was performed. Before providing the result of the test the
assumption for the chi-square test was given. The result indicated that minimum
expected count for subjective aspect was 12.27. This means that assumption was
met. Table 4.46 summarizes the result of Chi-square test.

Table 4.57 Chi-square Test Results Regarding Subjective Aspect Right After
the Instructions

Aspect Pearson Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Subjective 11.61 .003 .36

As seen in Table 4.46, the proportions of participants in both group who articulated
naive, transitional or informed views were significantly different than each other
right after the instruction, y? (2, n = 88) = 11.61, p = .003. The magnitude of this

difference was medium, Cramer’s V = .36.

In order to find out the sources of difference between the groups, separate chi-
square tests were performed. Before discussing the chi-square test result, the
assumption was given. The minimum expected count was found to be 12.27, 13.64,
and 14.09 for naive, transitional and informed levels respectively. Therefore there

were not any expected counts less than 5; meaning that the assumption was met.
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Table 4.58 Chi-square Test Results of Levels for Subjective Aspect of NOS at
Posttest

Yates’ Continuity ~ Significance Effect Size
Correction (p) (Phi Coefficient)
Naive 8.36 .004 -.33
Transitional .00 951 .03
Informed 6.28 012 29

From Table 4.47, it can be deduced that the proportion of participants in
comparison group who had naive views regarding subjective aspect of NOS was
significantly higher than experimental group, ? (1, n = 88) = 8.36, p = .004. The
magnitude of this difference was medium, phi = -.33. The participants in
comparison group holding naive views was 48 percent of their group, while just 17
percent of participant in experimental group maintained naive views about

subjective nature of science.

There was not a significant difference in the proportion of participants in both
groups who held transitional views about subjective aspect of NOS, x2 (1, n = 88) =
.004, p = .95, phi = .03. Overall, 35 percent of experimental group and 33 percent

of comparison group elucidated transitional views.

The number of participants who demonstrated an informed understanding of
subjective NOS in experimental group was significantly higher than comparison
group regarding right after the instruction, y? (1, n = 88) = 6.28, p = .012. The
degree of this difference was close to medium, phi = .29. After the instruction more
than twice of the participants were holding informed views about subjective aspect

of NOS. In fact, the percent of participant at experimental group were 48 while the
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percent of participant at comparison group were 20 in terms of informed views on
subjective NOS.

4.2.1.2.3 Comparison of Groups’ Post-Instruction NOS Views Regarding
Empirical Aspect

This part presented experimental and comparison group participants' post-
instruction NOS profiles about empirical aspect. To be consistent, same sequence
of presentation was followed with the previous parts. Figure 4.10 presents the

percentages of participants’ post-instruction views.
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Figure 4.10 Participants’ Post-instruction Views Regarding Empirical Aspect (%)

As seen in the bar graph, although sizable amount of participants in both group
elucidated informed view, more participants in experimental group expressed an
informed understanding. Actually, thirty-six (75%) students in experimental group
and 21 (53%) students in comparison group reflected their informed understanding

of empirical NOS. However, only eight (17%) students in experimental group and
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14 (35%) students in comparison groups elucidated transitional views. Likewise,
there were just 4 (8%) students in experimental group and 5 (13%) students in

comparison group holding naive views.

Figure 4.10 revealed that after the instructions students in both groups exhibited
more informed views and less naive views about empirical aspect of NOS. To test
the difference between the groups statistically, Contingency Table Analysis was
performed and result were reported below (Table 4. 48). But before presenting it,
the result for the assumption of the chi-square test indicated that minimum
expected count for empirical aspect was 4.09 and 33% of expected count were less
than 5. This means that assumption was not met for chi-square test. In such case, it
is suggested that Fisher’s exact test statistics should be reported instead of chi-
square statistics. Hence it was reported for chi-square test.

Table 4.59 Chi-square Test Results Regarding Empirical Aspect Right After
the Instructions

Aspect Pearson Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Empirical 4.98 .076 .239

As seen in Table 4.48, the proportions of participants’ naive, transitional and
informed views of experimental group regarding empirical aspect of NOS was not
significantly different than comparison group right after the instruction, y? (2, n =

88) =4.98, p=.076, Cramer’s V = .24,
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4.2.1.2.4 Comparison of Groups’ Post-Instruction NOS Views Regarding
Creative and Imaginative Aspect

This part reports the results of the participants’ creative and imaginative views in
terms of their post-instruction views. Figure 4.11 presents the percentages of

participants’ level by level.
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Figure 4.11 Participants’ Post-instruction Views Regarding Creative and
Imaginative Aspect (%)

Figure 4.11 shows that noticeably different amount of participants in both group
expressed informed and transitional views after the instructions. Twenty-two (46%)
students in experimental group and 10 (25%) students in comparison group held
informed views. On the other hand, there were 16 (33%) students in experimental
group and 23 (58%) students in comparison expressing a transitional views. In turn,
10 (21%) students in experimental group and 7 (48%) students in comparison

group, reflected their naive understanding after the instructions.
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The bar graph indicated that after instruction students in experimental group held
more informed views and less transitional views than students in comparison
group. Contingency Table Analysis (Pearson Chi-square Test) was performed to
assess whether these difference is statistically significant. Preliminary analysis
indicated that minimum expected count for creative and imaginative aspect was
7.73. This means that assumption was met. Table 4.49 summarizes the result of
Chi-square test.

Table 4.60 Chi-square Test Results Regarding Creative and Imaginative
Aspect Right after the Instructions

Aspect Pearson Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Creative and Imaginative 5.55 .063 .25

As seen in Table 4.49, the proportions of participants’ naive, transitional and
informed views of experimental group regarding creative and imaginative aspect of
NOS was not significantly different than comparison group right after the
instruction, y? (2, n = 88) = 5.55, p = .063. The magnitude of this difference was
small, Cramer’s V = .25.

4.2.1.25 Comparison of Groups’ Post-Instruction NOS Views Regarding
Inferential Aspect

Regarding inferential NOS, this part presents experimental and comparison group
participants post-instruction views. Figure 4.12 presents the proportion of

participants’ post-instruction views in each level.
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Figure 4.12 Participants’ Post-instruction Views Regarding Inferential Aspect (%)

Figure 4.12 shows that noticeably different amount of participants in each group
articulated naive and transitional views after the instructions. Eighteen (38%)
students in experimental group and 32 (80%) students in comparison group
exhibited naive views, while 17 (35%) students in experimental group and 3 (8%)
students in comparison groups revealed a transitional inferential views. On the
other hand, 13 (27%) students in experimental group and 5 (13%) students in

comparison group demonstrated an informed understanding after the instructions.

Before presenting the result of test which assessed this difference statistically, the
assumption checking indicated that minimum expected count was 8.18. This means
that there is no violation of the assumption. The result of Chi-square test was given

in Table 4.50.
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Table 4.61 Chi-square Test Results Regarding Inferential Aspect Right After
the Instructions

Aspect Pearson  Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Inferential 16.89 .000 44

Table 4.50 displays that the proportions of participants in experimental group who
hold naive, transitional or informed views was significantly different than
comparison group right after the instructions, y? (2, n = 88) = 16.89, p <.0005. The

magnitude of this difference was medium, Cramer’s V = .44,

In order to explore the levels in which experimental and comparison group
students’ views differed, separate chi-square tests were performed. Again,
preliminary analyses showed that the minimum expected cell frequencies for naive,
transitional, and informed levels were 17.27, 9.09, and 8.18 respectively. It means
that there were not a violation of the assumption for chi-square tests.

Table 4.62 Chi-square Test Results of Levels for Inferential Aspect of NOS
Right After the Instructions

Yates” Continuity ~ Significance Effect Size

Correction (p) (Phi Coefficient)
Naive 14.38 .000 -43
Transitional 8.16 .004 .33
Informed 2.03 .155 18

Table 4.51 illustrates that the proportion of participants in experimental group who
elucidated a naive views was substantially lower than comparison group at posttest,
x? (1, n=88) = 14.38, p < .0005. The degree of this proportion difference is close

to large, phi = -.43.
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There was also a statistically significant difference between the groups who have
transitional views about inferential aspect of NOS, »? (1, n = 88) = 8.16, p = .004.

The magnitude of this percent difference among groups was medium, phi = .33.

However, the proportion of participants in informed level was not significantly
different than each other between the groups, y? (1, n = 88) = 2.03, p = .155, phi =

18.

4.2.1.3 Comparison of Groups’ Follow-up NOS Views

4.2.1.3.1 Comparison of Groups’ Follow-up NOS Views Regarding Tentative
Aspect

In this part of the result section, the comparison of groups’ follow-up NOS views
were discussed. Figure 4.13 reveals the percentages of participants’ follow-up

views regarding tentative aspect of NOS.
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Figure 4.13 Participants’ Follow-up Views Regarding Tentative Aspect (%)
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Figure 4.13 shows that 13 (27%) students in experimental group and 5 (13%)
students in comparison group expressed an informed views while 19 (40%)
students in experimental group and 12 (30%) students in comparison groups
demonstrated transitional tentative views. However, 16 (33%) students in
experimental group and 23 (58%) students in comparison group were holding naive

views at follow-up measurement.

To figure out the statistical meanings of the difference, the result of Contingency
Table Analysis was tabulated (Table 4.52). Also, inspection of minimum expected

count revealed no violation of the assumption (8.18).

Table 4.63 Chi-square Test Results Regarding Tentative Aspect at Follow-up

Aspect Pearson  Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Tentative 5.59 .061 .26

Table 4.52 indicated no significant difference between experimental and
comparison group regarding tentative aspect of NOS at follow-up measurement, y2
(2,n=88) =5.59, p=.061, Cramer’s V = .26.

4.2.1.3.2 Comparison of Groups’ Follow-up NOS Views Regarding Subjective
Aspect

In this part, groups' follow-up NOS views regarding subjective aspect were
presented based on follow-up measurement. Figure 4.14 reveals the percentages of

participants in each level.
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Figure 4.14 Participants’ Follow-up Views Regarding Subjective Aspect (%)

As shown in the bar graph above, the number of participants in each level differed
substantially. Detailed examination of the data showed that 20 (42%) students'
response in experimental group and 9 (23%) of comparison group reflect their
informed understanding where 21 (44%) students in experimental group and 12
(30%) students in comparison groups articulated transitional subjective views. Yet,
7 (15%) students in experimental group and 19 (48%) students in comparison

group were still holding naive subjective views at follow-up.

Contingency Table Analysis (Pearson Chi-square Test) was conducted to
investigate whether the groups differed statistically in terms of their subjective
views at follow-up measurement. Preliminary analysis indicated no violation about
minimum expected count (11.82). The following bar graph (Table 4.53) tabulates

the result of Chi-square test.
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Table 4.64 Chi-square Test Results Regarding Subjective Aspect at Follow-up

Aspect  Pearson  Significance  Effect Size
Chi-Square (p) (Cramer’s V)

Subjective 11.40 .003 .36

As seen in Table 4.53, the proportions of participants’ naive, transitional and
informed views of experimental group regarding subjective aspect of NOS was
significantly different than comparison group at follow-up, y? (2, n =88) = 11.40, p

=.003. The magnitude of this difference was medium, Cramer’s V = .36.

In order to find out where the difference occurred, separate chi-square tests were
performed for each level. The minimum expected cell frequencies were 11.82,
15.00, and 13.18 for naive, transitional and informed levels respectively. This
indicated that there were no violation of the assumption of chi-square tests. Hence
it was secure to interpret chi-square test results.

Table 4.65 Chi-square Test Results of Levels for Subjective Aspect of NOS at
Follow-up

Yates” Continuity ~ Significance Effect Size

Correction (p) (Phi Coefficient)
Naive 9.830 .002 -.359
Transitional 1.222 .269 141
Informed 2.812 .094 .203

Five weeks after the intervention, a significant proportion of participants at
comparison group held naive views regarding subjective aspect of NOS when
compared to experimental group, %> (1, n = 88) = 9.83, p = .002. The degree of this
difference was medium, phi = -.36. Almost half of the participants at comparison

group were holding naive views about subjective aspect of NOS while just 1 of
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every seven individual at experimental group was holding naive views regarding

same aspect.

There was no significant difference in the proportions of participants the groups
who revealed transitional views, y? (1, n = 88) = 1.22, p = .269, phi = .14. Forty
four percent of participants in experimental group and 30 percent of participants in

comparison group hold transitional views.

Taken into account of the proportions of participants who expressed informed
views, experimental group did not differ significantly than comparison group, »? (1,
n=88) = 2.81, p = .094, phi = .20.

4.2.1.3.3 Comparison of Groups’ Follow-up NOS Views Regarding Empirical
Aspect

The following part describes the groups’ follow-up NOS views regarding empirical

aspect.

According to Figure 4.15 most of the participants in experimental group were
informed about empirical aspect of NOS. Thirty-three (69%) students in
experimental group and 19 (48%) students in comparison group elucidated
informed views. In response, 11 (23%) students in experimental group and 17
(43%) students in comparison groups indicated transitional empirical views.
Accordingly, 4 (8%) students in experimental group and 4 (10%) students in

comparison group expressed naive Views.
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Figure 4.15 Participants’ Follow-up Views Regarding Empirical Aspect (%)

After briefly mentioning about the percent of participants in each level, the results
of Contingency Table Analysis were tabulated below (Table 4.55) to compare the

groups' follow-up empirical views statistically.

Before interpreting the result of the chi-square test, the assumption for the chi-
square test was provided. It was found that minimum expected count for empirical
aspect was 3.64 and 33% of expected count were less than 5. This means that the
data did not meet the required assumption for chi-square test. Therefore, Fisher’s

exact test statistics was reported to compensate it.

Table 4.66 Chi-square Test Results Regarding Empirical Aspect at Follow-up

Aspect Pearson  Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Empirical 4.37 .098 223

Table 4.55 indicated that the proportions of participants’ naive, transitional and

informed views of experimental group regarding empirical aspect of NOS was not
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significantly different than comparison group at follow-up measurement, ¥ (2, n =
88) =4.37, p = .098, Cramer’s V = .22. It means that participants' follow-up NOS
views between groups were comparable at each level (i.e. naive, transitional and
informed) regarding empirical NOS.

4.2.1.3.4 Comparison of Groups’ Follow-up NOS Views Regarding Creative
and Imaginative Aspect

During the following part, the groups' creative and imaginative NOS views were
presented by comparing their follow-up views. The percent of participants in each

level were shown in Figure 4.16.
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Figure 4.16 Participants’ Follow-up Views Regarding Creative and Imaginative
Aspect (%)

The bar graph shows that 22 (46%) students in experimental group and 10 (25%)
students in comparison group demonstrated informed views while 15 (31%)

students in experimental group and 23 (58%) students in comparison groups
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articulated transitional creative and imaginative views. On the other hand,11 (23%)
students in experimental group and 7 (18%) students in comparison group

elucidated naive views at follow-up measurement.

To express the statistical significance of the difference between groups, the result
of Contingency Table Analysis (Pearson Chi-square Test) was tabulated below
(Table 4.56). Assumption testing indicated that minimum expected count for
creative and imaginative aspect was 8.18. This means that assumption was met for
chi-square test.

Table 4.67 Chi-square Test Results Regarding Creative and Imaginative
Aspect at Follow-up

Aspect Pearson Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Creative and Imaginative 6.31 .046 27

According to Table 4.56, the proportions of participants’ naive, transitional and
informed views of experimental group was significantly different than comparison
group at follow-up, x? (2, n = 88) = 6.31, p = .046. The magnitude of this difference

was small, Cramer’s V = .27.

In order to find out where the difference lies, chi-square tests were performed for
each level separately. The minimum expected frequencies were found to be 8.18,
17.27, and 14.55 for naive, transitional and informed levels respectively. This

indicated that there were no violation of the assumption of chi-square tests.
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Table 4.68 Chi-square Test Results of Levels for Creative and Imaginative
Aspect of NOS at Follow-up

Yates’ Continuity ~ Significance Effect Size
Correction (p) (Phi Coefficient)
Naive A3 Jq17 -.07
Transitional 5.10 .024 -.26
Informed 3.24 072 22

Five weeks after the intervention, there was a significant difference only in
proportion of participants expressing transitional views, y? (1, n = 88) = 5.10, p =
.024. The degree of this difference was small, phi = -.26. The result showed that
more participants in comparison group (58%) held transitional creative and

imaginative views than the participants in experimental group (31%).

At follow-up measurement, there was no significant difference in the proportions of
participants in experimental group and in comparison group who had naive views,
x?(1,n=288)=.13, p =.717, phi = -.07; and informed views »? (1, n = 88) =3.24, p
=.072, phi = .22 about creative and imaginative aspect of NOS.

4.2.1.3.5 Comparison of Groups’ Follow-up NOS Views Regarding Inferential
Aspect

Throughout this part, the comparison of participants' inferential views were
presented in terms of their follow-up views. Actually, there seemed to have a major
differences between the groups at five-week follow-up measurement (see Figure

4.17).

Figure 4.17 shows that 16 (33%) students in experimental group and 31 (78%)

students in comparison group elucidated naive views where 19 (40%) students in
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experimental group and 4 (10%) students in comparison groups held transitional
inferential views. Thirteen (27%) students in experimental group and 5 (13%)

students in comparison group, though, expressed informed views.
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Figure 4.17 Participants’ Follow-up Views Regarding Inferential Aspect (%)

To test the statistical significance of this difference, Contingency Table Analysis
(Pearson Chi-square Test) was performed and the result was tabulated (Table 4.58).
But, before providing the result of the test, the assumption for the chi-square test
was given. The result indicated that minimum expected count for inferential aspect

was 8.18. This means that assumption was met for chi-square test.

Table 4.69 Chi-square Test Results Regarding Inferential Aspect at Follow-up

Aspect Pearson  Significance  Effect Size
Chi-Square (p) (Cramer’s V)
Inferential 17.69 .000 45
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According to Table 4.58, the proportions of participants’ naive, transitional and
informed views of experimental group regarding inferential aspect of NOS was
significantly different than comparison group at follow-up, y? (2, n = 88) = 17.69, p

<.0005. The magnitude of this difference was medium, Cramer’s V = .45,

Separate chi-square tests were performed to find out the sources of the difference.
Preliminary analysis indicated that the minimum expected frequencies were 18.64,
10.45, and 8.18for naive, transitional, and informed levels respectively. This
indicated that there was no violation of the assumption of chi-square test.

Table 4.70 Chi-square Test Results of Levels for Inferential Aspect of NOS at
Follow-up

Yates’ Continuity ~ Significance Effect Size

Correction (p) (Phi Coefficient)
Naive 15.38 .000 -44
Transitional 8.42 .004 34
Informed 2.03 .155 18

As seen in Table 4.59, at follow-up measurement, there was significant differences
in proportion of participants expressing naive views, y? (1, n = 88) = 15.38, p <
.0005; and transitional views, y? (1, n = 88) = 8.42, p = .004. However, there was
no significant difference in the proportions of participants in experimental and
comparison groups who had informed views, y? (1, n = 88) = 2.03, p = .155, phi =
.18. The result showed that comparison group participants more likely expressed
naive views (78%) while experimental group participants expressed more

transitional inferential views (40%) at follow-up.
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To sum up, when the between group difference were examined, it was found that
there was not a statistically significant difference between the groups prior to
instructions on any targeted NOS aspects. In other words, both experimental and
comparison group students hold similar conception of targeted aspects of NOS
before the instructions. On the other hand, when the result for students' post-
instruction views were considered, it was found that there was a statistically
significant difference between experimental and comparison groups on some
aspects (tentative, subjective, and inferential) while there was not a statistically
significant difference between the groups on others (empirical and creative &
imaginative). Also, follow-up measurement result showed that there was a
significant difference between the groups only on some targeted aspects
(subjective, creative & imaginative, and inferential). Therefore, to make the result
more informative, participants' NOS conceptions were discussed within each group

separately throughout the next parts.

4.2.2 Within Group Comparisons of Participants' NOS Views
Under this heading, participants’ NOS conceptions were explained within each

group separately. The following research question was investigate in this part:

"How do each group students’ nature of science views of targeted aspects change
from pre-instruction to post-instruction and from post-instruction to follow-up

measurements?"
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For this purpose, experimental and comparison group participants NOS views
were presented across two consecutive times of testing (pre- to post-instruction;
and post-instruction to follow-up) respectively. Both qualitative and quantitative

results were given.

4.2.2.1 Within Group Comparisons: Tentative Aspect of NOS

Students' understanding of tentative NOS was evaluated especially with the third
questionnaire item of VNOS-E which explicitly asks "Scientists are always trying
to learn more about our world. Do you think what scientists know will change in
the future?". When students' responses were further investigated, it was found that
some of the students' responses to the first questionnaire item (What is science?")
also provided clues to their tentative views. Moreover, few students referred to this
aspect while responding to the second and fourth questionnaire items which are
"What are some of the other subjects you are learning? (2.a); How is science
different from these other subjects? (2.b)" and "How sure are scientists about the

way dinosaurs looked? Why?(4.b)", respectively.

4.2.2.1.1 Tentative NOS Views of Experimental Group: Pre to Post-Instruction
The following part addressed experimental group participants' tentative NOS views
before and after HOS instruction. The percent of participants in each level, the
result of statistical test, and example quotes exemplifying the change (or

consistency) were provided in order.
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Bar graph in Figure 4.18 illustrates the proportions of participants in each level
before and after HOS instruction. It indicates that the proportion of participants
holding naive views decreased while the proportion of participants articulating
transitional and informed views increased after HOS instruction. Before the
instruction, 25 (52%) students elucidated naive views, while after the instruction
this number reduced to 14 (29%). However, 15 (31%) students articulated
transitional views before the instruction, while 18 (38%) students elucidated
transitional views after HOS instruction. In terms of informed views, there were 8
(17%) students prior to instruction. On the other hand, this number increased to 16

(33%) students after HOS instruction.
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Figure 4.18 Experimental Group Participants’ Pre and Post Tentative Views (%)

This change implied that HOS instruction may develop tentative views among

students. This effect was tested using McNemar’s test. To note, McNemar's test
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value was calculated by using the following formula as suggested by Fleiss, Levin,
and Paik (2003).

Formula 2. McNemar’s Test Value Computation for Repeated Pairs (Fleiss, et al.,
2003):

_(b=c|-1)?
B b+c

2

Note: b and c refers to cells that represent changes from the first data collection to the second.

Table 4.60 summarizes the result of comparison of experimental group participants'

tentative NOS views before and after HOS.

Table 4.71 McNemar Test Result of Experimental Group Participants’ Pre
and Post Tentative Views

Level McNemar’s Significance
Test* (p)
Naive 5.88 .013
Transitional 16 .690
Informed 2.72 .096

*McNemar’s Test Value has been calculated using Formula 2.

Table 4.60 indicates that the proportion of participants in experimental group who
exhibited a naive view about tentative aspect of NOS changed significantly right
after HOS instruction, y? = 5.88, p =.013. Participants were more likely expressed

naive views before HOS instruction (52%) than after HOS instruction (29%).

On the other hand, the proportion of participants in experimental group who hold
transitional views about tentative aspect of NOS did not change significantly before

and after HOS instruction, y? = .16, p = .690.
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Similarly, there was not a significant change in the proportion of participants who
demonstrated an informed tentative views after HOS instruction when compared

with proportion of participants before HOS instruction, y?=2.72, p = .096.

The following quote pairs exemplify how participants’ tentative views change
before and after HOS instruction. It is appropriate to mention that students'
responses were given as a table format to facilitate the reader to follow the
presentation. First column illustrates the time of measurement (pre, post, or follow-
up). Second column indicates VNOS-E questionnaire item, and last column shows
students' responses to the related VNOS-E item. Note that each student's
identification number was given in the first row in a brackets next to the label

"Student's Response™.

Measurement Item Student's Response (E12)

Pretest 1 Science is to come up with an invention. In science,
scientists make various inventions in different areas...
3 Idon’t think what scientists know will change in the future.

Posttest 1  Science is any attempt in which scientists try to find new and
different knowledge about a topic... | believe that scientists
conduct study in order to modify or change what they know
at present.

3 Yes, every scientific knowledge is subject to change.

Before HOS instruction, participant 12 elucidated naive views while s/he
articulated informed views after the instruction regarding tentative aspect of NOS.
Before the instruction s/he seemed to believe that scientists invent the things
around us. S/he also explicitly underlined that scientific knowledge is not subject to

change. But after HOS instruction, s/he could perceive that science has
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evolutionary characteristics, therefore s/he stated that every scientific knowledge is

subject to change.

Participant 19 could also express more adequate understanding in terms of tentative

NOS after HOS instruction.

Measurement Item Student's Response (E19)

Pretest 3 | think that what scientists know will not change in future
because scientists may know everything.

Posttest 3 In my opinion, the knowledge scientists have may change in
future...

Before the instruction, her/his (E19) response to the third questionnaire item
exhibit a naive view by explicitly noting that scientific knowledge does not change.
But after the instruction her/his response to the same question revealed an informed

view by explicitly underlining the tentative nature of scientific knowledge.

Participant 51 was another student who developed more adequate views after HOS

instruction.

Measurement Item Student's Response (E51)

Pretest 3 Scientists discover and publish what is not known before.
From my point of view scientific knowledge doesn’t change.
Posttest 3 Yes | do believe that what scientists know will change in the

future. For example ancient scientists thought that heart
controls the body. This is not known like this right now.
Similarly other knowledge in science can change too.

This student (E51) developed her/his naive understanding to an informed
understanding of tentative NOS after HOS instruction. Before HOS instruction s/he

seemed to believe that scientific knowledge should be accepted as if it is 100%
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true, because reality is there and scientists find them. But after HOS instruction
her/his view was significantly changed. By giving example from the history of

science s/he explicitly stated that scientific knowledge is subject to change.

4.2.2.1.2 Tentative NOS Views of Comparison Group: Pre to Post-Instruction

Comparison group participants' tentative NOS views were presented in this part
based on their views before and after curriculum-oriented instruction. Bar graph in
Figure 4.19 shows the proportion of participants holding naive, transitional, and

informed views before and after curriculum-oriented instruction.
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Figure 4.19 Comparison Group Participants’ Pre and Post Tentative Views (%)

It was evident in the above bar graph that the number of participant elucidating
naive views declined while the number of participants in transitional and informed
level increased slightly. There were 26 (65%) students holding naive views before

the curriculum-oriented instruction. This number reduced to 23 (58%) after the
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instruction. In contrast, there were 11 (28%) students articulated transitional views
prior to the instruction while 12 (30%) students reflected the same views after the
instruction. Similarly only 3 (8%) students elucidated informed views before
curriculum-oriented instruction while 5 (13%) students demonstrated an informed

views regarding tentative nature of science after the instruction.

The effect of curriculum-oriented instruction on students’ tentative view was tested

using McNemar’s test. Table 4.61 shows the result of the comparison in each level.

Table 4.72 McNemar Test Result of Comparison Group Participants’ Pre and
Post Tentative Views

Level McNemar’s Significance
Test* (p)
Naive 21 .648
Transitional .00 1.000
Informed A7 .687

*McNemar’s Test Value has been calculated using Formula 2.

Table 4.61 reveals that the proportion of participants in comparison group who held
naive (y? = .21, p = .648), transitional (> = .00, p = 1.000), and informed views (y?
= .17, p = .687) about tentative aspect of NOS did not change significantly from

pre to post-instruction.

The following quote pairs show how the participants’ view on tentative aspect was
consistent from pre to post-instruction in comparison group. Participant 92, for
example, elucidated transitional views before and after curriculum-oriented

instruction.
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Measurement Item

Student's Response (C92)

There are always realities in science and scientific
knowledge is proven by research and experiments...

| think what scientists know may change in future...
Scientists create models based on their own knowledge and
try to explain phenomena using them. Their explanations
may change when they observe the phenomena.

Pretest 1
3
Posttest 1
3

Science covers everything, at least partly. By the help of
scientific methods scientists can prove scientific knowledge
and find the realities.

What scientists know may change in future. For example
Democritus asserted that atoms are same but other scientists
found that different atoms have different properties.

At the beginning of the study, when participant 92 was asked to define science,

her/his response revealed a naive conception where s/he stated that scientific

knowledge is proven by scientific methods. At the same time s/he precisely

expressed that what scientist know may change in future while responding to the

third questionnaire item. Overall, her/his views were categorized as transitional at

pretest. Likewise, after curriculum-oriented instruction, S/he stated that what

scientists know is subject to change. On the other hand s/he expressed that

scientists can prove scientific knowledge and can find the realities.

Participant 93 was another example showing that curriculum oriented instruction

did not lead to any significant change on students views about tentative NOS. S/he

articulated naive tentative views before and after the instruction.
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Measurement Item Student's Response (C93)

Pretest 3 | think what scientists know will not change in the future
because science has been proven by scientific experiments...
For example, if you change the knowledge that the shape of
the Earth is circular, nobody believes in anything and this
result in chaos.

Posttest 3 No! What scientists know does not change in the future
because scientists use experiments to prove it. For example
the shape of the Earth was proved by satellite photos and if
you start from one point and go forward, you will reach to
the starting point. Those are the proof of the Earth's shape.

Student 93 expressed relatively identical response at both measurements. It was
evident in this participant's (C93) responses that s/he believes scientific knowledge
to be certain and unchanging at both pre and post measurements. S/he also believes
that scientific experiment makes all scientific knowledge verification possible. This
participant also support her/his naive views by providing example both before and
after curriculum-oriented instruction.

4.2.2.1.3 Tentative NOS Views of Experimental Group: Post-Instruction to
Follow-up

Under this heading, experimental group participants' post and follow-up tentative
views were presented. Before reporting the result of the statistical test, the relative
percent of students in each level right after the HOS instruction and at follow-up

measurement were given (Figure 4.20).
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Figure 4.20 Experimental Group Participants’ Post and Follow-up Tentative
Views(%)

Figure 4.20 indicates that there was only a minor change in NOS views of students
from post-instruction to follow-up measurement. There were 14 (29%) students
holding naive tentative views after the instruction while 16 (33%) students
expressed naive tentative views at follow-up. The number of participants having
transitional views seemed to increase. Eighteen (38%) students articulated
transitional views right after the instruction while 19 (40%) students expressed
transitional views at follow-up. Conversely the proportion of participants having
informed views seemed to decrease from post to follow-up regarding tentative
aspect. There were 16 (33%) students at post measurement, and 13 (27%) students
at follow-up measurement articulated informed views regarding tentative aspect of

NOS.
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The difference between experimental group participants’ tentative views from post
measurement to follow-up measurement was tested statistically using McNemar’s
test. Following table shows the result of this comparison.

Table 4.73 McNemar Test Result of Experimental Group Participants’ Post
and Follow-up Tentative Views

Level McNemar’s Significance
Test* (p)
Naive .25 .625
Transitional .00 1.000
Informed 1.33 .250

*McNemar’s Test Value has been calculated using Formula 2.

Table 4.62 displays that the proportion of participants in experimental group who
elucidated naive (y? = .25, p = .625), transitional (y?> = .00, p = 1.000), and informed
views (y? = 1.33, p = .250) about tentative aspect of NOS did not change

significantly from post to follow-up measurement.

At five-week follow-up test experimental group participants follow-up views were
similar to their post-instruction views. When students’ responses investigated
further, it was noticed that they articulated quite similar responses at both
measurement. The quotes below exemplify the similarity in the views of
participants at both measurements. To present a clear picture, quote pairs including

students’ post and follow-up responses were provided.
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Measurement Item Student's Response (E18)

Posttest 1 | think that science is any knowledge that is proven by
scientists...
3 | believe that scientific knowledge does not change. For

example Edison invented light bulb and we still use it. In
other words we still use the light bulbs and we will use it in

future too.
Follow-up 1 To me, science is to investigate the truth; to find, and to
learn the truth; and to be informed...
3 | believe that scientific knowledge does not change. For

example the researcher's knowledge about telephone does
not change from past to present.

Participant 18 did not seem to figure out tentative NOS at both post-instruction and
follow-up measurements. At post-instruction s/he equated scientific knowledge
with facts, and explicitly noted that it does not change. Similarly s/he seemed to
equate scientific knowledge as accumulation of proven data at follow-up
measurement, and stated that scientific knowledge is fixed and does not subject to

change.

Following participant's responses at both measurements was also evident to the

consistency of experimental group participants’ understanding of tentative NOS.

Measurement Item Student's Response (E11)

Posttest 3 | think that what scientists know may change in future
because different scientists have different interpretations
and this result in different conclusions...

Follow-up 3 | believe that people may change their ideas. By this way
they may interpret the data in a different way. This is also
possible for scientists. They [scientists] may reinterpret the
data and their knowledge may change too...

It was evident in participant 11's responses that s/he could demonstrate an informed

understanding of tentative aspect of nature of science at both post and follow-up
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measurements. When s/he was asked the difference between science and other
subject, s/he expressed that different scientists may have different position and this
may allow them to explain events differently.

4.2.2.1.4 Tentative NOS Views of Comparison Group: Post-Instruction to
Follow-up

In this part comparison group participants' views of tentative NOS were presented
based on their post and follow-up views. The percent of students in each level right

after the instruction and at follow-up measurement were given at Figure 4.21.
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Figure 4.21 Comparison Group Participants’ Post and Follow-up Tentative Views
(%)

The Figure 4.21 indicates that there was no change in comparison group students'
tentative NOS views from post to follow-up measurement. There were 23 (58%)
students holding naive views after the curriculum-oriented instruction and at

follow-up measurement. However, there were 12 (30%) students articulated
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transitional views while 5 (13%) students elucidated informed views at both

measurements.

No difference was observed between post and follow-up tentative views among
comparison group. Therefore the result of statistical analysis was not reported here.
The following quote pairs also verified that students’ views were quite parallel at

post and follow-up measurements.

Measurement Item Student's Response (C70)

Posttest 3 What scientists know is proven. | mean scientists can prove
their knowledge; therefore, | think that what scientists know
will not change in the future.

Follow-up 3 I don't think what scientists know will change in the future
because they [scientists] prove that knowledge.

This student (C70) articulated naive tentative views at both measurements. S/he
explicitly articulated that scientific knowledge is not subject to change after
curriculum oriented instruction and at follow-up measurement. S/he seemed to
perceive scientific knowledge as the accumulation of proven data and scientists' job
as verification of realities in the nature. In other words s/he could not comprehend

the tentative NOS both post and follow-up measurements.

Student 76 was another example showing that comparison group students
elucidated quite similar responses at post and follow-up measurement. This student
expressed informed views after curriculum oriented instruction and at five-week

follow-up measurement.
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Measurement Item Student's Response (C76)

Posttest 1  Science is a discipline in which there is not a single reality...
3 | consider that scientific knowledge may change. For
example, in the past it was thought that atoms cannot be

divided. But today we know that it can be...

Follow-up 3 | think that what scientists know may change in the future.
Because, when Galileo said that the Earth is spherical
nobody paid attention to him. But now, people believe it.
This is an example for how scientists’ knowledge may
change.

Student 76 could demonstrate an informed understanding of tentative nature of
science by explicitly underlying that scientific knowledge is subject to change. S/he
supplied an example at both post and follow-up measurement to the tentative
aspect of NOS. This student was a good example showing the consistent trends in
student’s tentative views about scientific knowledge from post instruction to

follow-up views.

4.2.2.2 Within Group Comparisons: Subjective Aspect of NOS

The conception of students subjective NOS was assessed mostly with the fifth
VNOS-E questionnaire item which exactly ask "A long time ago all the dinosaurs
died. Scientists have different ideas about why and how they died. If scientists all
have the same facts about dinosaurs, then why do you think they disagree about
this?". Moreover some of the students' responses to fourth questionnaire item that
is "How do scientists know that dinosaurs once lived on the earth? (4.a)" also
provided evidence to evaluate students' subjective views. In addition, a few
students' responses to sixth item; ("TV weather people show pictures of how they

think the weather will be for the next day. They use lots of scientific facts to help
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them make these pictures. How sure do you think the weather people are about
these pictures? Why?"; first, second and third items (see section 4.2.2.1 for these
questionnaire items) also referred to this aspect.

4.2.2.2.1 Subjective NOS Views of Experimental Group: Pre to Post-
Instruction

Before presenting the difference in the proportion of participants who held naive,
transitional and informed views regarding subjective aspect before and after HOS
instruction, it is useful to illustrate the percent of participants in each level (Figure

4.22).
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Figure 4.22 Experimental Group Participants’ Pre and Post Subjective Views (%)

The bar graph in Figure 4.22 clearly indicates that the proportion of participants
holding naive views decreased almost by half, while the proportion of participants

articulating informed views increased by more than twice after the HOS
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instruction. Before instruction, 19 (40%) students held naive views while 8 (17%)
students expressed naive views after HOS instruction. Similarly, 20 (42%) students
articulated transitional views before instruction, while 17 (35%) students elucidated
transitional views after HOS instruction. In terms of informed views, 9 (19%)
students expressed informed views prior to instruction. On the other hand, 23
(48%) students articulated informed views after HOS instruction. This result
implied that HOS instruction has merits to develop students conception of
subjective NOS. This effect was tested using McNemar’s test. Following table
shows the result of the comparison before and after HOS instruction in each level.

Table 4.74 McNemar Test Result of Experimental Group Participants’ Pre
and Post Subjective Views

Level McNemar’s Significance
Test* (p)
Naive 5.26 .019
Transitional A7 .678
Informed 7.68 .004

*McNemar’s Test Value has been calculated using Formula 2.

Table 4.63 indicates that the proportion of participants in experimental group who
held naive views about subjective aspect of NOS changed significantly right after
HOS instruction, »?=5.26, p = .019. Participants were more likely in naive level

before HOS instruction (40%) than after HOS instruction (17%).

The proportion of participants in experimental group who reflected her/his
transitional views about subjective aspect of NOS did not change significantly

before and after HOS instruction, y?=.17, p =.678.
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There was a significant change in the proportion of participants who demonstrated
an informed subjective views after HOS instruction when compared with
proportion of participants before HOS instruction, y? = 7.68, p = .004. Participants
were more likely in informed level after HOS instruction (48%) than before HOS

instruction (19%).

The following quotes pair illustrates how experimental group participants’ views

about subjective aspect of NOS changed after HOS instruction.

Measurement Item Student's Response (E33)

Pretest 5 The trace and the fossil of each dinosaur are different from
each other. Therefore the fossils they [scientists] are
working on belong to different dinosaurs. So they disagree
about them [dinosaurs' extinction].

Posttest 5 Each scientist has different point of view. They are
interpreting the evidence based on it. That is why they don't
agree with each other about the reason why dinosaurs
disappeared.

Participant 33 articulated naive views before HOS instruction while s/he articulated
informed views after the instruction. Before HOS instruction, s/he believed that
scientists worked on different fossils and different dinosaurs may be died from
different reasons. By posing it, s/he seemed to believe that if scientists observed the
same dinosaurs' traces, they would draw the same conclusion. S/he seemed science
as bias free before the instruction. But just after the instruction, s/he demonstrated
an understanding that scientists interpret the evidence based on their own point of

view inevitably. That is why they disagree about dinosaurs' extinction.
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Participant 40 was another example showing that students who were in
experimental group exhibited more informed views regarding subjective aspect of

NOS after HOS instruction.

Measurement Item Student's Response (E40)

Pretest 5 1 think that the fossils different scientists examine found in
different part of the Earth and different disasters might take
place in different part of the Earth. So all scientists study on
different fossils. That is why they disagree about dinosaurs'
extinction.

Posttest 5 All scientists have different ideas. Therefore they have
different position on this topic [why dinosaurs disappeared].

Regarding subjective aspect, participant 40 also exhibited more informed views
after HOS instruction. S/he elucidated naive views before the instruction. S/he
hesitated to accept that scientists had disagreement about a scientific claim. But
after the instruction s/he could demonstrate an approval that scientists may have

different position because their background is different.

4.2.2.2.2 Subjective NOS Views of Comparison Group: Pre to Post-Instruction
In this part, comparison group participants' subjective NOS views were explained
by considering their views before and after curriculum-oriented instruction. Before
evaluating the result of statistical test, the relative percent of students in each level

were displayed (Figure 4.23).

As seen in Figure 4.23, there were 22 (55%) students who did not perceive
subjective NOS and articulated naive views before curriculum-oriented instruction.

This number reduced to 19 (48%) after the instruction. The number of participants
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in transitional level did not change before and after curriculum-oriented instruction
(13 students in both measurements). There was a slight increase in the number of
students who demonstrated an informed understanding as well. Five (13%) students
elucidated informed views before curriculum-oriented instruction while 8 (20%)

students held informed views after the instruction.
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Figure 4.23 Comparison Group Participants’ Pre and Post Subjective Views (%)

The effect of curriculum-oriented instruction on students’ subjective view was
tested using McNemar’s test. Table 4.64 shows the result of the comparison in each
level.

Table 4.75 McNemar Test Result of Comparison Group Participants’ Pre and
Post Subjective Views

Level McNemar’s Significance
Test* (p)
Naive 21 .648
Transitional .00 1.000
Informed .36 .549

*McNemar’s Test Value has been calculated using Formula 2.
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Table 4.64 reveals that the proportion of participants in comparison group who held
naive (y? = .21, p = .648), transitional (y? = .00, p = 1.000), and informed views (y?
= .36, p = .549) about subjective aspect of NOS did not change significantly from

pre to post-instruction.

Following quotes pairs exemplify representative responses of students in
comparison group regarding subjective aspect of NOS at pre and post
measurements. It was evident in their responses that their view about subjectivity in
scientific endeavor was durable. In other words curriculum-oriented instruction did

not lead participants' subjective NOS views to develop.

Measurement Item Student's Response (C66)

Pretest 4.a Dinosaurs are appearing on TV, so scientists could gather
information about them from TVs. They [scientists] might
collect information from computers too. Therefore they
[scientists] know that dinosaurs lived on the Earth...

6  Weather people are sure about weather pictures because
they [weather people] obtain that information from
scientists.

Posttest 4.a Scientists collect information about dinosaurs from TVs,
other people, and computers. Therefore they [scientists]
know that dinosaurs' survived in ancient times...

6  Weather people are 100% sure about weather picture
because they broadcast the report of experts and scientists.

This student (C66) expressed naive subjective views before and after curriculum-
oriented instruction. Her/his response could refer that scientists' individual views
do not manipulate their views and what scientists say is true and should be

believed. Therefore it was evident in her/his response that s/he could not
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demonstrate an understanding that factors other than data could allow scientists to

support scientific argumentations.

Likewise it was apparent in the following student's response that comparison group

students expressed similar views before and after the instruction.

Measurement Item Student's Response (C87)

Pretest 2 Science is different from other school subjects. Others, such
as music and art, require talents. But science is distant from
subjective component. It requires specialist knowledge...

5 In the times of dinosaurs there were different conditions
therefore scientists don’t know what happened exactly. They
are explaining what seems more rational to them. Therefore
they disagree about their [dinosaurs'] extinction.

Posttest 1  Science is facts. Science is to get away from ignorance and
to observe the facts with the most realistic ways...
5 Scientists disagree about the way dinosaurs disappeared,
because those fossils are predating to millions of years.
Therefore they draw conclusion based on their own
interpretations.

Student 87 articulated transitional views about subjective NOS at both
measurements. Before the instruction, when s/he was asked the difference between
science and other subjects, s/he explicitly stated that science is free from subjective
elements but at the same time s/he could reflect her/his informed understanding in
the case of dinosaurs' extinction. Therefore s/he held a transitional understanding of
subjective NOS before the instruction. Similarly s/he could figure out the influence
of personal characteristics on scientists' conclusions while referring to dinosaurs'
disappearance. However, s/he could not extend her/his informed subjective views
to define science after the instruction. In other words s/he could not develop her/his

transitional understanding to informed level after curriculum-oriented instruction.
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4.2.2.2.3 Subjective NOS Views of Experimental Group: Post-Instruction to
Follow-up

Under this subtitle, experimental group participants post and follow-up subjective
views were presented. Before reporting the result of statistical test, the relative
percent of students in each level right after the HOS instruction and at follow-up

measurement were given at Figure 4.24.
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Figure 4.24 Experimental Group Participants’ Post and Follow-up Subjective
Views (%)

Figure 4.24 indicates that there was just a minor change in experimental group
students' subjective NOS views from post-instruction to follow-up measurement.
There were 8 (17%) students holding naive views after the instruction while 7
(15%) students expressed naive views at follow-up. The number of participants
having transitional views seemed to increase. Seventeen (35%) students articulated
transitional views right after the instruction while 21 (44%) students expressed

transitional views at follow-up. Conversely the proportion of participants having
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informed views seemed to decrease. There were 23 (48%) students at post
measurement, and 20 (42%) students at follow-up measurement holding informed

views.

The difference between experimental group participants’ subjective views from
post measurement to follow-up measurement was tested statistically using
McNemar’s test. Following table shows the result of the test.

Table 4.76 McNemar Test Result of Experimental Group Participants’ Post
and Follow-up Subjective Views

Level McNemar’s Significance
Test* (p)
Naive .00 1.000
Transitional 2.25 125
Informed 1.33 .250

*McNemar’s Test Value has been calculated using Formula 2.

Table 4.65 displays that the proportion of participants in experimental group who
held naive (x> = .00, p = 1.000), transitional (y? = 2.25, p = .125), and informed
views (y? = 1.33, p = .250) about subjective aspect of NOS did not change

significantly from post to follow-up measurement.

In addition to the quantitative comparison, students’ responses to subjective NOS
were also examined qualitatively. The finding revealed that experimental group
students elucidated similar understandings both at posttest and follow-up test. The
quotes below exemplify the similarity in the views of participants from posttest to

follow-up measurement.
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Measurement Item

Student's Response (E39)

Science can be proven by experiments. In science everything
has been connected to a reality and nobody assert the
contrary...

Scientists disagree about dinosaurs' extinction because they
are adding their own interpretation into that knowledge.

Posttest 1
5
Follow-up 2
5

Scientists discover the things around the world by the help of
experiments. Science is different from others because it
doesn't change person to person, | mean you like or dislike
music but science affects everybody in the same way...
Scientists all have the same facts about dinosaurs but they
disagree about it [dinosaurs' extinction] because they all
possess different ideas.

Student 39 elucidated transitional views regarding subjective aspect of NOS at both

measurements. In her/his post and follow-up response, s/he could demonstrate an

understanding that scientists could make different inference based on their own

interpretation of the same data (subjective). But at the same time s/he stated that

science does not change one person to another (objective). Therefore her/his

collectivist response indicated her/his transitional subjective view.

It was also evident in the next participants’ responses that experimental group

students' articulated similar subjective views from post to follow-up measurement.

Measurement Item

Student's Response (E35)

Posttest 5

I think that the reason why they [scientists] disagree [about
dinosaurs' extinction] is that they [scientists] all have
different thoughts. Also every scientist may look this
situation from different directions.

Follow-up 5

... Because every scientist has different thoughts, they have
different views about this situation [the way dinosaurs'
disappeared].
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Student 35 could recognized that scientists’ background knowledge and their views
can affect what they conclude at both measurements. In other words s/he could
express an adequate views regarding subjective aspect of NOS at both
measurements.

4.2.2.2.4 Subjective NOS Views of Comparison Group: Post-Instruction to
Follow-up

As similar to the previous part, following part describes comparison group students'
understanding of subjective NOS at post and follow-up measurements. The percent

of students in each level were given at Figure 4.25.
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Figure 4.25 Comparison Group Participants’ Post and Follow-up Subjective Views
(%)

The bar graph above indicates that there was almost no change in NOS views of
students regarding subjective aspect of NOS. Actually, there were 19 (48%)
students holding naive views both at post-instruction and follow-up measurements.

Similarly, there were 13 (33%) students articulated transitional views after the
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instruction and 12 (30%) students at follow-up. In turn, 8 (20%) students elucidated
informed views after curriculum-oriented instruction and 9 (23%) students at

follow-up measurement.

The effect of curriculum-oriented instruction on students’ subjective view was
tested using McNemar’s test. Table 4.66 shows the result of the comparison for in
each level.

Table 4.77 McNemar Test Result of Comparison Group Participants’ Post to
Follow-up Subjective Views

Level McNemar’s Significance
Test* (p)
Naive .00 1.000
Transitional .00 1.000
Informed .00 1.000

*McNemar’s Test Value has been calculated using Formula 2.

Table 4.66 reveals that the proportion of participants in comparison group who held
naive, transitional, and informed views about subjective aspect of NOS did not

change significantly from post to follow-up measurement (y> = .00, p = 1.000).

In addition to the statistical comparison which showed that comparison group
students held similar subjective views at both assessments, qualitative comparison

also supported that they articulated quite similar responses from post to follow-up.
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Measurement Item Student's Response (C83)

Posttest 5  Scientists might have investigated it with different scientific
methods, if they used the same method they would agree
about it [dinosaurs' extinction]... In my point of view we
require more research to know exactly why they [dinosaurs]
disappeared.

Follow-up 5  All of them [scientists] might conduct different experiments
and different research. Therefore they disagree about it
[how dinosaurs extinct]. In order to prove why they extinct
surely, more experiments and more research are needed.

This students (C83) could not comprehend subjective NOS at both measurement
and elucidated naive views. S/he referred that when the scientists use the same
scientific method or scientific experiments, they will reach the same conclusion.
S/he could not demonstrate an understanding that different scientists can deduce
different conclusion from the same datasets even they use the same scientific
methods or experiments. S/he also stated that if scientists conduct enough

experiment and research they will know how dinosaurs' extinct.

Following students elucidated informed views at both post and follow-up
measurements which demonstrate the consistency of comparison groupstudents’

responses from post to follow-up measurement.

Measurement Item Student's Response (C82)

Posttest 1  Science is a discipline in which there is not a definite answer
and it may change person to person...

5 Itis not unusual that scientists propose different explanation
to dinosaur's extinction. As | said before scientific
knowledge is relative. Therefore scientists may draw
different conclusions from the same data.

Follow-up 5 | think that scientists interpret the data about dinosaurs
extinction based on their own interpretation. That is why
they draw different conclusions.
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Students 82 in comparison group could seem to comprehend an informed
understanding of subjective NOS at both post and follow-up measurements. While
responding to the first and fifth questionnaire item, s/he could refer that science is
relative and may change person to person, therefore scientists may reach different
conclusion looking at the same data especially in the case of dinosaurs' extinction.
To sum, her/his response exhibited an informed view of subjective nature of

science.

4.2.2.3 Within Group Comparisons: Empirical Aspect of NOS

Students' empirical views were primarily explicated in response to 1%, 2" and 4™
questionnaire items in VNOS-E (see section 4.2.2.1 for these items). Moreover
some students' responses to fifth and sixth items also provided evidence to evaluate
students' empirical NOS views (see section 4.2.2.2 for these items).

4.2.2.3.1 Empirical NOS Views of Experimental Group: Pre to Post-
Instruction

In this part, experimental group participants’' NOS views were addressed based on

their pre- and post-instruction views.
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Figure 4.26 Experimental Group Participants’ Pre and Post Empirical Views (%)

Bar graph in Figure 4.26 clearly indicates that the number of participants exhibiting
naive and transitional views decreased after the HOS instruction while the number
of participants in informed level increased substantially. Before the instruction 12
(25%) students elucidated naive views, while only 4 (8%) students expressed naive
views after HOS instruction. Similarly, 24 (50%) students articulated transitional
views before instruction, while 8 (17%) students elucidated transitional views after
HOS instruction. In terms of informed views, 12 (25%) students demonstrated an
informed view prior to the instruction. On the other hand, 36 (75%) students
demonstrated informed views after HOS instruction. This result implied that HOS
instruction had positive effect on fostering informed views among students.
Statistical significance of this effect was tested using McNemar’s test and the

results were tabulated below (Table 4.67).
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Table 4.78 McMemar Test Result of Experimental Group Participants’ Pre
and Post Empirical Views

Level McNemar’s Significance
Test* (p)
Naive 3.06 .077
Transitional 9.38 .002
Informed 16.53 .000

*McNemar’s Test Value has been calculated using Formula 2.
It is seen in Table 4.67 that the proportion of participants in experimental group
whose response reflected a naive views about empirical aspect of NOS did not
change significantly right after HOS instruction compared to prior to instruction, y?

=3.06, p =.077.

However, the proportion of participants whose response revealed a transitional
view of empirical aspect of NOS changed significantly before and after HOS
instruction, y? = 9.38, p = .002. Participants more likely exhibited a transitional
views of empirical NOS before HOS instruction (50%) than after HOS instruction

(17%).

There was also a significant change in the proportion of participants who elucidated
informed views, y? = 16.53, p < .0005. Participants were more prone to appreciate
the role of empirical evidence in science after HOS instruction (75%) than before

HOS instruction (25%).

Actually, at the outset of the treatment there were totally 12 students in
experimental group having informed view on empirical aspect of NOS while this
number increased to 36 at following to HOS instruction. In other words three times

more participants held informed views after the HOS instruction regarding
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empirical aspect of NOS. The following quotes show how the participants’ views
on empirical aspect changed from pre to post-instruction in experimental group.
Also in this part the quote pairs for each participant were introduced to make the

change comprehensible.

Measurement Item Student's Response (E6)

Pretest 1  Science is arising from mental thoughts of a person...
2  Science is different from other subjects because science is
the accumulations of those thoughts. There are also some
thoughts in other subject but they are limited.

Posttest 2 Scientists always reasons about situations. In science people
do research, observe the nature, and conduct experiment on
scientific topics. This is the difference between science and
other topics.

Participant 6 expressed naive views before HOS instruction while s/he articulated
informed views after the instruction. S/he could not make a distinction between
science and other disciplines in terms empirical based nature of science before the
instruction. Although s/he expressed science is different from other subjects, s/he
failed to relate this to empirical nature of science and stressed that science is based
on personal thoughts. After HOS instruction, however, s/he could acknowledge that
science is different from other disciplines due to its empirical nature and s/he

referred to the observation, research, and experiments in science.

Participant 3 also elucidated naive and informed views before and after the

instruction respectively.
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Measurement Item Student's Response (E3)

Science takes place in mysterious laboratories. Scientists go
and develop strange ideas there. This, of course, takes a
long time. But ultimately they discover new scientific
knowledge.

Pretest 1
Posttest 1
2

I think that science is an effort to seek for evidence in nature.
For example people once believed that the Earth was flat,
but Galileo find evidence to support the idea that the Earth
is in spherical like shape...

Science is completely different than other school subjects
because drawing, for example, is an art but science always
tries to investigate and search the things...

Before HOS instruction, when s/he (E3) was asked the definition of science, her/his

response reflected a naive view where s/he viewed science as a discipline in which

scientists discover strange and unknown things in closed laboratories. However

after the instruction s/he was able to refer science as an attempt to study nature by

collecting evidence while defining science. S/he also separate science from other

subjects in a way that science investigates the things unlike the others.

The next quote pair illustrates one of the students who developed her/his naive

understanding to transitional about empirical NOS after HOS instruction.

Measurement Item Student's Response (E38)

Science is not different than other school subjects. As others
it is just a school subject...

Dinosaurs were damaging people, so they [people] killed
them [dinosaurs]. They [scientists]saw dinosaurs’ body and
become sure that they [dinosaurs] had existed once.

Pretest 2
4.a

Posttest 2
4.a

Science is not different than other school subjects. The only
difference is that science contains experiments...

Dinosaurs were killed by ancient people and they
[scientists] examined and studied on them [dinosaurs'
remaining]. By this way scientists know that they
[dinosaurs] once lived on the Earth.
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The participant 38 could not recognize the difference between science and other
disciplines before HOS instruction. S/he made no distinction between science and
other school subjects as describing science. In the case of dinosaurs, s/he also
stated that scientists saw the dinosaurs and become sure about their existence
before the instruction. In other words, s/he seemed to have an idea that "seeing is
believing™" before the instruction. After the instruction, although s/he could not
explicitly distinguish it from other school subjects, s/he was able to state that
experimentation is a part of science. S/he also developed her/his understanding in
the case of dinosaurs. S/he expressed that scientists examined dinosaurs to find
indication about them. Therefore s/he developed her/his naive view to transitional

after HOS instruction.

4.2.2.3.2 Empirical NOS Views of Comparison Group: Pre to Post-Instruction
In this part, comparison group students' empirical NOS views were presented by
comparing their pre- and post-instruction views. With the purpose of maintaining
the flow of presentation, the percent of participants in each level before and after
the instruction, the result of statistical test, and example quotes exemplifying the

their views were given respectively.

Before presenting the statistical test result of comparison in the proportion of
participants who held naive, transitional or informed views regarding empirical

aspect, the percent of participants in each level were shown (Figure 4.27).
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Figure 4.27 Comparison Group Participants’ Pre and Post Empirical Views (%)

Bar graph in Figure 4.27 shows that the proportion of participants whose response
revealed a naive understanding decreased after the curriculum-oriented instruction.
There were 11 (28%) students who exhibit naive views of empirical NOS before
the curriculum-oriented instruction. This number reduced to 5 (13%) after the
instruction. The number of participants in transitional level and informed level
increased slightly. There were 11 (28%) students who articulated transitional views
prior to the instruction while 14 (35%) students exhibit the same views after the
instruction. Similarly 18 (45%) students elucidated informed views before
curriculum-oriented instruction while 21 (53%) students elucidated informed views
regarding empirical nature of science after the instruction. This result implied that
curriculum-oriented instruction may also have some positive effect on fostering

students’ empirical views of NOS.
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The effect of curriculum-oriented instruction on students’ empirical view was
tested using McNemar’s test. Table 4.68 shows the result of the comparison before
and after curriculum-oriented instruction in each level.

Table 4.79 McNemar Test Result of Comparison Group Participants’ Pre and
Post Empirical Views

Level McNemar’s Significance
Test* (p)
Naive 2.50 109
Transitional 31 581
Informed .36 .549

*McNemar’s Test Value has been calculated using Formula 2.

As seen in Table 4.68 there was not a significant change in the proportion of
participants who demonstrated naive views of empirical NOS after curriculum-
oriented instruction when compared with the proportion of participants before the

instruction, 2= 2.50, p =.109.

Similarly, the proportions of participants in comparison group who demonstrated a
transitional views about empirical aspect of NOS did not change significantly

before and after curriculum-oriented instruction, y? = .31, p =.581.

Consistently, there was not a significant change in the proportion of participants
who expressed informed views after curriculum-oriented instruction when
compared with proportion of participants before curriculum-oriented instruction, y2

= .36, p = .549.
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The following quote pairs show how the participants’ view on empirical aspect was
consistent from pre to post-instruction in comparison group. Participant 62

expressed naive views before and after curriculum-oriented instruction.

Measurement Item Student's Response (C62)

Pretest 2 | don't think that science is different than other school
courses; they are all same... Science seems to me as a
subdivision of art. Because some people are skillful and
others not in science as in the art.

Posttest 1  Science is one of the school subjects that we have to take in
school...
2 Science is not different than other subjects, as | mentioned
before, it is just a course...

This student (C62) could not make a distinction between science and other
disciplines in terms of empirical based nature of science. Her/his response revealed
a naive view where s/he believed science just a course that s/he is supposed to take
in school. In her/his pre and post response s/he equated science with other school

subjects.

Similarly, participant 77 also indicated naive empirical views before and after

curriculum-oriented instruction.

Measurement Item Student's Response (C77)

Pretest 2 Science is one of our courses in the school. Others, for
example literature and art, are also courses in the school. |
mean no difference exist between science and others.

Posttest 2  There is nothing that makes science different than other
school courses. They are all one of the school subjects and
they are all identical...

4.b  Scientists found the bones of dinosaurs and combine them.
The appearance of dinosaurs emerged spontaneously.
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This students failed to understand the empirical nature of science before and after
the instruction. In her/his response to the second questionnaire item about the
distinction between science and other subjects, s/he could not differentiate science
from other disciplines by taking into account the empirical nature of science. S/he
considered science as a school subject. It was also apparent in her/his response to
the fourth questionnaire item at post-measurement that s/he believed science as a
jigsaw activity in which scientists interlock the parts together and produces a
complete picture of the phenomena. In other words s/he seemed to believe that
scientists do not need to draw conclusions based on the evidence at hand. Taken as
a whole, this students’ pre and post-instruction responses could not refer to

developed understanding of the crucial role of evidence in science.

The next quote pairs illustrate another participant in comparison group who exhibit

a transitional empirical view before and after the instruction.

Measurement Item Student's Response (C90)

Pretest 2 Science is like other school subjects. But sometimes we go
laboratories and conduct experiments in our science classes.
There are not experiments in others.

Posttest 2 Science is different from other school subjects in a way that
we cannot conduct experiment in others but we do in
science. Actually | believe that science encompass all other
school subject.

Before the instruction, this participant (C90) stated that science is similar to other
courses except it includes conducting experiments. In her/his post-instruction
understanding, s/he could differentiate science from other disciplines, but s/he

viewed science as an overarching discipline covering all other school subjects.
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Overall, this student pre- and post instruction responses reflected that s/he could
refer to the experimentation in science, but s/he could not make reference to the
role of observation.

4.2.2.3.3 Empirical NOS Views of Experimental Group: Post-Instruction to
Follow-up

Similar to the previous parts, the following part addressed the comparative
understanding of experimental group students' post and follow-up empirical views.
Before giving the result of statistical significance of the difference between
experimental group students' post and follow-up empirical views, the relative
percent of students in each level right after the HOS instruction and at follow-up
measurement were shown at Figure 4.28. As clearly shown, there was a slight
change in NOS views of students regarding empirical aspect of NOS from post-
instruction to follow-up measurement. No change was evident in the proportion of
naive views from post-instruction to follow-up measurement. There were 4 (8%)
students in post and follow-up measurement holding naive empirical views. The
number of participants elucidating transitional views seemed to increase. In fact, 8
(17%) students articulated transitional views right after the instruction while 11
(23%) students expressed transitional views at follow-up. Conversely the
proportion of participants having informed views seemed to decrease. There were
36 (75%) students at post measurement, and 33 (69%) students at follow-up

measurement holding informed views.
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As stated earlier, the difference between experimental group participants’ empirical
views from post measurement to follow-up measurement was evaluated statistically
using McNemar’s test. Following table shows the result of this comparison.

Table 4.80 McNemar Test Result of Experimental Group Participants’ Post
and Follow-up Empirical Views

Level McNemar’s Significance
Test* (p)
Naive 0.00 1.00
Transitional 1.33 .250
Informed 1.33 .250

*McNemar’s Test Value has been calculated using Formula 2.

It is seen in Table 4.69 that the proportion of participants in experimental group
who revealed a naive views about empirical aspect of NOS did not change
significantly from post to follow-up measurement. Actually there were same

numbers of participants in this level.
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Similarly, the number of participants in experimental group who demonstrated a
transitional views about empirical aspect of NOS did not change significantly from

post to follow-up measurement, y? = 1.33, p =.250.

Likewise, there was not a significant change in the proportion of participants who
articulated informed views after HOS instruction when compared with proportion

of participants at follow-up measurement, > =1.33, p = .250.

At five-week follow-up test experimental group participants’ NOS views regarding
empirical aspect were similar to their post views. When students’ responses
investigated further, it was noticed that they also articulated quite similar responses
from posttest to follow-up test. In other words if students were, for example, in
transitional level at post measurement, they were most likely in transitional level at
follow-up measurement too. The quotes below exemplify the similarity in the
views of participants from posttest to follow-up measurement regarding empirical
aspect of NOS. To present a clear picture, quote pairs including students’ post and

follow-up responses were provided.
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Measurement Item Student's Response (E19)

Posttest 1  Science looks for logical responses to different problem
which arise in nature; and scientists try to find alternative
explanations or solutions to those problem based on
evidence....

2 ... In science, we search about what we don’t know, but in
art, music, and history we just learn things and we don’t
conduct research.

Follow-up 1  Science is the investigation of new things and learning of
what we are not familiar with...

2  The distinctive feature of science [from other subjects] is
that we try to explore new things. In science we do research
and seek for evidence and answers. But others [school
subjects] do not include such things.

In response to both first and second questionnaire items, participant 19 articulated
informed empirical views at post-instruction and follow-up measurement. S/he
defined science based on evidence and investigation. S/he also emphasized the role
of research and evidence in science and attributed them as distinctive features of

science from other disciplines.

The next participant also expressed informed views right after the instruction and

five weeks after the instruction.

Measurement Item Student's Response (E21)

Posttest 1 Science is the discipline that investigates the things that are
unknown before...
2  Inscience scientists seek for evidence around universe. This
is what differentiates science from other school subjects.

Follow-up 1 | think that science means doing research and science is
really important...
2  Scientists always do a lot of research about the Earth and
universe and this makes science distinctive among others.

Based on the first and second questionnaire items, this participant's (E21) response

revealed an informed understanding of empirical NOS at both measurements where
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s/he admitted that science requires doing research to address the natural
phenomena. S/he also could differentiate science from other disciplines based on its
empirical nature.

4.2.2.3.4 Empirical NOS Views of Comparison Group: Post-Instruction to
Follow-up

This part presents comparison group participants' empirical views at post and
follow-up measurements. The percent of students in each level right after the
curriculum-oriented instruction and at follow-up measurement were given at Figure

4.29.
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Figure 4.29 Comparison Group Participants’ Post and Follow-up Empirical Views
(%)

When the bar graph examined, it was seen that there was a minor change in NOS
views of students regarding empirical aspect of NOS from post measurement to

follow-up measurement. The percent of participants in naive and informed levels
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seemed to decrease slightly, but the proportion of participants holding transitional
views slightly increased. There were 5 (13%) students who could not perceive the
understanding of empirical NOS and articulated naive views after the curriculum-
oriented instruction and there were 4 (10%) at follow-up measurement.
Correspondingly, there were 14 (35%) students who elucidated transitional views
after the instruction while 17 (43%) students expressed the same views at follow-
up. Twenty-one (53%) students, though, elucidated informed views after
curriculum-oriented instruction while 19 (48%) students expressed informed views

regarding empirical nature of science at follow-up measurement.

The difference between comparison group participants’ empirical views from post
measurement to follow-up measurement was again tested statistically using
McNemar’s test. Table 4.44 indicates the result of this comparison.

Table 4.81 McNemar Test Result of Comparison Group Participants’ Post and
Follow-up Empirical Views

Level McNemar’s Significance
Test* (p)
Naive 0.00 1.00
Transitional 1.33 .250
Informed 0.50 .500

*McNemar’s Test Value has been calculated using Formula 2.

Table 4.70 shows that there was not a significant change in the proportion of
participants who hold naive views after curriculum-oriented instruction when
compared with the proportion of participants at follow-up measurement, 2 = .00, p

=1.00.
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Similarly, the number of participants in comparison group who hold transitional
views about empirical aspect of NOS did not change significantly from post

measurement to follow-up measurement, y? = 1.33, p =.250.

Likewise, there was not a significant change in the proportion of participants who
hold informed views after curriculum-oriented instruction when compared with

proportion of participants at follow-up measurement, y? = .50, p = .500.

The statistical comparison showed that there was not a major variability in
comparison group students’ empirical views between two measurements. The
following quote pairs also confirmed this consistency. Participant 59 in comparison
group, for example, expressed transitional views at both post and follow-up

measurement.

Measurement Item Student's Response (C59)

Posttest 1 | see science as the collection of all attempts to prove events
occurring in the universe...
2 Science is different from other discipline in the following
ways: in science, you can prove everything and set up
experiments to test anything.

Follow-up 1  Science is the attempts of proving the accuracy or verifying
the inaccuracy of the events in the universe by means of
experiments...

2 In science, you carry out experiments but in other school
subjects you do not.

Taking into account of responses to the first and second questionnaire item at
VNOS-E, this students exhibited a transitional view of empirical NOS. S/he(C59)

could differentiate science from other school subjects by emphasizing the role of
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experiments in science. However s/he was not able to mention the role of

observation and evidence in scientific endeavor in both measurements.

The next participant articulated naive empirical views in both post and follow-up

measurements.

Measurement Item Student's Response (C77)

Posttest 2 There is nothing that makes science different than other
school subjects. They are all one of the school subjects and
they are all identical...

4.b  Scientists found the bones of dinosaurs and combine them.
The appearance of dinosaurs emerged spontaneously..

Follow-up 2  Like many others, science course is taught in schools. We
are responsible from science as other courses. It seems to
me that it [science] is a bit more difficult than others.

4b The fossils and the bones of dinosaurs were brought
together by scientists, and this reveled their [dinosaurs]
appearance.

As it is apparent in her/his responses to both measurement, s/he (C77) equated
science with other school subjects at both post and follow-up measurements. When
discussing about dinosaurs, s/he also could not refer to the function of evidence.
S/he neither referred to experiments nor observation and evidence in development
of scientific knowledge. Therefore her/his response revealed her/his naive

understanding that s/he could not perceive the role of evidence in science.

4.2.2.4 Within Group Comparisons: Creative and Imaginative Aspect of NOS

Basically, students' creative and imaginative NOS conceptions were evaluated
using seventh questionnaire item which asks "Do you think scientists use their
imaginations when they do their work? If No, explain why? If Yes, then when do

you think they use their imaginations?". Some students responses to fourth, fifth
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and sixth questionnaire item also provided evidence for their creative and
imaginative NOS conceptions (see section 4.2.2.2 for these items).

4.2.2.4.1 Creative and Imaginative NOS Views of Experimental Group: Pre to
Post-Instruction

Under this caption, experimental group participants NOS conception regarding
creative and imaginative aspect were discussed based on their pre- and post-
instruction views. Before introducing the result of statistical comparison, the

proportions of participants were presented for each level through bar graph in

Figure 4.30.

Time

D Before

Right After

50, 0%

40, 0%

30, 0%

Percent

20, 0%

10, 0%

Haiwve Transitional Informed

Figure 4.30 Experimental Group Participants’ Pre and Post Creative and
Imaginative Views (%)

Bar graph clearly indicates that the proportion of participants elucidating naive and
transitional views decreased, while the proportion of participants articulating

informed views increased right after the HOS instruction. Before instruction, 15
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(31%) students held naive views. This number decreased to 10 (21%) after HOS
instruction. Similarly, 21 (44%) students articulated transitional views before
instruction, and 16 (33%) students elucidated transitional views after HOS
instruction. In terms of informed views, 12 (25%) students expressed informed
views prior to instruction while ten more students (22 in total) articulated informed

views after HOS instruction.

This result implied that HOS instruction may enhance developed creative and
imaginative views. This effect was tested using McNemar’s test. Table 4.71 shows
the result of the statistical comparison.

Table 4.82 McNemar Test Result of Experimental Group Participants’ Pre
and Post Creative and Imaginative Views

Level McNemar’s Significance
Test* (p)
Naive 1.78 .180
Transitional .94 332
Informed 45 .031

*McNemar’s Test Value has been calculated using Formula 2.

Table 4.71 indicates that the proportion of participants in experimental group who
elucidated naive views, y? = 1.78, p =.180; and transitional views, y? = .94, p = .332
about creative and imaginative view did not change significantly right after HOS
instruction compared to prior to instruction. On the other hand, there was a
significant increase in the proportion of participants who articulated informed
views after HOS instruction, y? = 4.5, p = .031. Participants were more likely
demonstrated an informed view of creative and imaginative NOS after HOS

instruction (46%) than before HOS instruction (25%).
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The following quote pairs show how the participants’ views on creative and

imaginative aspect developed from pre to post-instruction in experimental group.

Measurement Item Student's Response (E42)

Pretest 4.b  Scientists have conducted scientific research; therefore they
are sure about dinosaurs' appearance...

7 No I don’t think that scientists use their imaginations when
they do their work. They inform us about the knowledge they
obtain. If they incorporated it [creativity and imagination]
into their work, then we would have incorrect knowledge.

Posttest 4.b Scientists may not be exactly sure about dinosaurs'
appearance. On the one hand they [scientists] seem to be
created dinosaurs' appearance. On the other hand it was
reported that they once lived on the Earth through
photography and etc....

7  Yes | believe that scientists use their imagination... | think
that scientists utilize creativity and imagination during the
beginning of any scientific study.

Before HOS instruction, student 42 elucidated naive views regarding creative and
imaginative NOS. S/he seemed to believe that scientists know surely about
dinosaurs because they conduct scientific research. S/he did not make reference to
the role of creativity and imagination in science. S/he also explicitly stated that
creativity and imagination would make scientists to arrive wrong conclusions. But
after HOS instruction s/he articulated transitional views regarding the same aspect.
S/he seemed to have undecided about the role of creativity and imagination in
science. S/he could not decide whether scientists use their creativity or whether
they only report what they see. S/he also stated that early stage of scientific

investigations include those skills.
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Student 44 was another example showing that how students in experimental group

improved their views after the instruction.

Measurement Item Student's Response (E44)

Pretest 7 | believe that they [scientists] may use [their creativity and
imagination] in planning their research. Because in
planning imagination works best. | don't think that scientists
use their creativity in other phases.

Posttest 6 | think they [weather people] are not totally sure about it
[weather pictures]. They are creating different scenarios
about weather and they are reporting which seems more
rational to them...

7 In my point of view they [imagination and creativity] are
used in all phase like planning and interpretation of results.
In order to create new things they [scientists] have to be
creative.

Student 44 expressed transitional views before HOS instruction while s/he
articulated informed views after the instruction. At the beginning of the study s/he
expressed that scientists use their imagination and creativity only in some particular
phase of their studies. S/he continued that scientists use them while planning and
conducting experiments. Right after the instruction, s/he explicitly stated that
scientists are supposed to have those characteristics. S/he also added that different
parts of scientific research include different creative and imaginative components.
S/he concluded that scientists should be creative to generate new things.

4.2.2.4.2 Creative and Imaginative NOS Views of Comparison Group: Pre to
Post-Instruction

In this part, comparison group participants' creative and imaginative NOS views
were expressed by evaluating their pre- and post-instruction views. To remind, the

percent of participants in each level, the result of statistical test results, and
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example quotes were provided respectively to be consistent in presentation. Bar
graph in Figure 4.31 shows the proportion of participants holding naive,
transitional, and informed creative and imaginative views before and after

curriculum-oriented instruction.
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Figure 4.31 Comparison Group Participants’ Pre and Post Creative and
Imaginative Views (%)

There were 14 (35%) students who articulated naive views before the curriculum-
oriented instruction. This number reduced to 10 (21%) after the instruction. The
number of participants in transitional level increased from pre-instruction (40%) to
post-instruction (58%). There was no change in the proportion of students having

informed views (25%).
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The effect of curriculum-oriented instruction on students’ creative and imaginative
view was tested using McNemar’s test. Table 4.72 shows the result of the
comparison before and after curriculum-oriented instruction based on each level.

Table 4.83 McNemar Test Result of Comparison Group Participants’ Pre and
Post Creative and Imaginative Views

Level McNemar’s Significance
Test* (p)
Naive 2.12 .143
Transitional 1.89 .167
Informed .00 1.000

*McNemar’s Test Value has been calculated using Formula 2.

Table 4.72 reveals that the proportion of participants in comparison group who
demonstrated a naive (y? = 2.12, p = .143), transitional (y?> = 1.89, p = .167), and
informed views (y? = .00, p = 1.000) about creative and imaginative aspect of NOS

did not change significantly from pre to post-instruction.

Following quote pairs demonstrates some of the students’ views before and after
curriculum-oriented instruction. It was evident in those students’ responses that
comparison group students could not make progress in their views regarding

creative and imaginative NOS after the instruction.

Measurement Item Student's Response (C78)

Pretest 7 Idon’t think that they [scientists] are using their creativity
or imagination because science is not a fictitious thing.
Posttest 7 Scientists should always seek for reality; therefore | don't

think they use their creativity or imagination.

Student 78 articulated naive views before and after curriculum-oriented instruction.

It was apparent in her/his response to the seventh questionnaire item that s/he did
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not believe in the role of creativity and imagination in generating scientific

knowledge both at pre and post measurements.

Following student (C71) also expressed similar views before and after curriculum-

oriented instruction.

Measurement Item Student's Response (C71)

Pretest 7  Yes. Scientists use their imagination in planning and in
conducting experiments. By this way they decided on how to
precede their work. But scientists are supposed to be
objective in other phases such as reporting their result...

Posttest 7 Of course scientists use their creativity and imagination in
their study. They hypothesize what to research and then
conduct their experiments. | think they use their imagination
during stating hypothesis and their creativity during
experiments. But final part should be imaginative and
creativity free...

Before the instruction s/he expressed that scientists use their imagination and
creativity only in some particular phase of their studies, planning and conducting
experiments. After the instruction, s/he accepted the role of creativity and
imagination as well; but stated that scientists use them only during hypothesizing
and conducting experiments.

4.2.2.4.3 Creative and Imaginative NOS Views of Experimental Group: Post-
Instruction to Follow-up

In the following part, experimental group participants' creative and imaginative
NOS views were discussed by comparing their views at post and follow-up
measurements. The relative proportion of students in each level right after the HOS

instruction and at follow-up measurement were given at Figure 4.32. The bar graph
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indicates that there was a minor change in the number of students who elucidated
naive and transitional views, and no change was observed in informed level.
Actually, there were 10 (21%) students holding naive views after the instruction
while 11 (23%) students demonstrated a naive creative and imaginative views at
follow-up measurement. The number of participants articulating transitional views
decreased 16 (33%) to 15 (31%) from post to follow-up measurement. There were

22 (46%) students at post and follow-up measurement in informed level.
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Figure 4.32 Experimental Group Participants’ Post and Follow-up Creative and
Imaginative Views (%)

The difference between experimental group participants’ creative and imaginative
views from post to follow-up measurement was tested statistically using

McNemar’s test and the result was tabulated at Table 4.73.

290



Table 4.84 McNemar Test Result of Experimental Group Participants’ Post
and Follow-up Creative and Imaginative Views

Level McNemar’s Significance
Test* (p)
Naive .00 1.000
Transitional .00 1.000
Informed .00 1.000

*McNemar’s Test Value has been calculated using Formula 2.

Table 4.73 displays that the proportion of participants in experimental group who
held naive (y? = .00, p = 1.000), transitional (y?> = .00, p = 1.000), and informed
views (y? = .00, p = 1.000) about creative and imaginative aspect of NOS did not

change significantly from post to follow-up measurement.

This result indicated that at five-week follow-up measurement, experimental group
participants’ NOS views regarding creative and imaginative aspect were similar to
their post views. When students’ responses investigated further, it was noticed that
they articulated quite parallel responses at both measurements. The quotes below
illustrates that experimental group students retained their post-instruction views

five week after the instruction.

Measurement Item Student's Response (E8)

Posttest 7  Yes, they [scientists] use creativity and imagination.
Imagination is one of the central characteristics that a
scientist should have. Only in this way scientist may be
creative, comes up with new ideas, defends her/his ideas,
and designs experiments to test those ideas.

Follow-up 7 | think that scientific research includes using both creativity
and imagination. Without creativity and imagination
scientists could fail to create original ideas. Therefore they
use their creativity and imagination always.
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While responding to the seventh questionnaire item, which ask whether scientists
use their imagination, the students above (E8) seemed to comprehend creative and
imaginative NOS at both measurements. In her/his post-instruction response, s/he
indicated that science includes creative and imaginative components and s/he added
that scientists come up with new ideas by being creative. S/he retained her/his
informed views at follow-up measurement. S/he expressed that creativity and
imagination are needed in every aspect of a scientist’s work. S/he also explicitly
stated that imagination and creativity facilitate scientists’ job in terms of creating

original ideas. In brief s/he elucidated informed views at both measurements.

Following student (E46) also expressed an adequate view at post and follow-up

measurements.

Measurement Item Student's Response (E8)

Posttest 7  Yes, scientists use their imaginations when they do their
work. If they don’t use their imagination they don't know and
cannot understand what to do. So they are using their
imaginations...

Follow-up 7  Of course they [scientists] use them [creativity and
imagination]. Otherwise they can't know what to do and how
to do...

This participant admitted that scientists should have creativity and imagination in
order to do science at post and follow-up measurements. In other words S/he could
retain her/his informed view point about creative and imaginative NOS five-week

after HOS instruction.
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4.2.2.4.4 Creative and Imaginative NOS Views of Comparison Group: Post-
Instruction to Follow-up

In this part, the understanding of comparison group participants' post-instruction
and follow-up views were explained based on their creative and imaginative
conceptions. The percent of students in each level right after the curriculum-

oriented instruction and at follow-up measurement were given at Figure 4.33.
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Figure 4.33 Comparison Group Participants’ Post and Follow-up Creative and
Imaginative Views (%)

The figure indicates that there was no change in NOS views of students regarding
creative and imaginative aspect of NOS from post measurement to follow-up
measurement. There were 7 (18%) students articulating naive views; 23 (58%)
students elucidating transitional views; and 10 (25%) students reflecting informed
views at post-and follow-up measurement respectively. Because of finding no

change, it is not required to test the statistical difference.
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Following quote pairs also supported that comparison group participants preserve
their understanding of creative and imaginative NOS at five-week follow-up

measurement.

Measurement Item Student's Response (C53)

Posttest 6  Weather people are 100% sure about weather pictures
which shows how weather will be for the next day because of
advanced tools, such as satellites [artificial ones]...

7  Scientists don't use them [creativity and imagination]
because science is not a subject that can be risked. Such
issues [scientific issues] should be tested precisely and
hypothesis should not be publicized.

Follow-up 4.b  Scientists are sure about dinosaurs’ appearance because
their appearance can easily be noticed from their skeleton...
7 1 don't think they [scientists] use their creativity and
imagination, because precise results cannot be achieved
with them.

Student 53 elucidated naive views at both post and follow-up measurements.
Her/his post-instruction response referred that technological apparatus enable
scientists to find what the truth is. S/he also explicitly stated that creativity and
imagination is a danger for the confidence of people to science. Correspondingly
her/his follow-up response demonstrated her/his view point that evidence allows

scientists to find the truth, without using creativity and imagination.

It was apparent in the next participant's response that s/he holds transitional views

about the same aspect at both measurements.
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Measurement Item Student's Response (C71)

Posttest 7 Of course scientists use their creativity and imagination in
their study. They hypothesize what to research and then
conduct their experiments. | think they use their imagination
during stating hypothesis and their creativity during
experiments.

Follow-up 7 Science is the study of what you imagine... Prior stages of
science require creativity and imagination. But when you
make progress, you have to leave your interpretation and
you have to be focus on what the evidence says.

Right after the instruction, student 71 accepted the role of creativity and
imagination; but stated that scientists use them only during hypothesizing and
conducting experiments. At follow-up measurement, s/he could demonstrate an
understanding of the role of creativity and imagination as well. However, s/he

expressed that scientists use those skills only during the early stage of their studies.

Student 69 articulated informed creative and imaginative views in both post and

follow-up measurements.

Measurement Item Student's Response (C69)

Posttest 7 Yes. To me, they [scientist] use them [creativity and
imagination] in every phase of their research. If they don’t
use their imagination, they can't create any original ideas...

Follow-up 7 Scientists use imagination and creativity in every step, for
example in planning, experimentation, data analysis and etc.
As a result they produce different innovative ideas and
present them to society.

It is clear that student 69's responses made reference to creative and imaginative
aspect of NOS at both measurements. At her/his post-instruction response s/he
stated that scientists could construct original idea by being creative. At follow-up

measurement s/he could also articulated that creativity and imagination are needed
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in every aspect of a scientist’s work. S/he explicitly stated that imagination and

creativity facilitate scientists’ job in terms of creating original ideas.

4.2.2.5 Within Group Comparisons: Inferential Aspect of NOS

Students' inferential views were assessed based on their responses to fourth, fifth
and sixth questionnaire items (see section 4.2.2.2 for these items).

42251 Inferential NOS Views of Experimental Group: Pre to Post-
Instruction

The proportion of participants who held naive, transitional and informed views
regarding inferential aspect before and after HOS instruction were presented for

each level through bar graph in Figure 4.34.
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Figure 4.34 Experimental Group Participants’ Pre and Post Inferential Views (%)

Bar graph in Figure 4.34 indicates that the proportion of participants holding naive

views decreased, while the proportion of participants articulating transitional and
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informed views increased right after the HOS instruction. Before the instruction, 36
(75%) students held naive views whilel8 (38%) students expressed naive views
after HOS instruction. Nevertheless, 7 (15%) students articulated transitional views
before instruction. This number increased to 17 (35%) after HOS instruction.
Compared to 5 (10%) students prior to instruction, the number of students who

articulated informed views increased to 13 (27%) after HOS instruction.

The effect of HOS instruction on students’ inferential views was tested statistically
using McNemar’s test. Table 4.74 shows the result of the comparison before and
after HOS instruction in each level.

Table 4.85 McNemar Test Result of Experimental Group Participants’ Pre
and Post Inferential Views

Level McNemar’s Significance
Test* (p)
Naive 16.06 .000
Transitional 4.50 .031
Informed 4.90 .021

*McNemar’s Test Value has been calculated using Formula 2.

The above table indicates that the proportion of participants in experimental group
who held naive views, y? = 16.06, p < .0005; transitional views, y? = 4.50, p = .031;
and informed views, y? = 4.90, p = .021 about inferential aspect of NOS changed

significantly right after HOS instruction.

The following quotes show how the participants’ views on inferential aspect of

NOS developed from pre to post-instruction in experimental group.
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Measurement Item Student's Response (E9)

Pretest 4.b  Scientists are certain about it [the way dinosaurs looked]...
Dinosaurs’ traces reveal their appearance.
Posttest 4.b By combining the parts of skeleton, scientists created

possible appearance of dinosaurs. In this way they gained
knowledge [about dinosaurs' appearance]. | think they are
not sure about it because those shapes are scientists own
creation.

This student (E9) elucidated naive views before HOS instruction. S/he could seem
not to comprehend the distinction between observation and inference before the
instruction. S/he held the conception that evidence is the only way to create
scientific explanations. But after HOS instruction s/he could demonstrate an
informed conception about the distinction between observation and inference. S/he
expressed that scientists utilize part of dinosaurs’ skeleton and make grounded

estimation to tell how dinosaurs looked like.

It was also evident in the following student's (E27) response that experimental
group student could expressed more adequate understanding about the distinction

between observation and inference after HOS instruction.

Measurement Item Student's Response (E27)

Pretest 4b They [scientists] are not totally sure about the way
dinosaurs looked. Because they [scientists] didn’t see them
[dinosaurs].

Posttest 4.b  They [scientists] are struggling to join the different fossils of
dinosaurs together. Scientists don’t have all the information
about them. Based on what they have, they are trying to
estimate their appearance

This students articulated naive and informed views before and after the instruction

respectively. Before HOS instruction s/he held the stereotypic naive conception
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that "knowing is seeing”. After HOS instruction, however, s/he could demonstrate
informed understanding of the distinction between observation and inference in the
construction of scientific explanations. In her/his post response, s/he referred that
scientists are attempting to estimate dinosaurs' appearance (inference) based on

studying ever found dinosaurs' fossils (observation).

4.2.2.5.2 Inferential NOS Views of Comparison Group: Pre to Post-Instruction
During the following part, the evaluation of comparison group participants'
inferential NOS views were presented based on their pre- and post-instruction
views. Bar graph in Figure 4.35 shows the proportion of participants holding naive,
transitional, and informed inferential views before and after the curriculum-

oriented instruction.
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Figure 4.35 Comparison Group Participants’ Pre and Post Inferential Views (%)

As seen in the bar graph, there were 29 (73%) students holding naive views before

the curriculum-oriented instruction. This number increased to 32 (80%) after the
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instruction. The number of participants in transitional level decreased from pre-
instruction (5 students) to post-instruction (3 students). There was also a slight
decrease in the proportion of students having informed views from pre-instruction

(15%) to post-instruction (13%).

The effect of curriculum-oriented instruction on students’ inferential view was
tested using McNemar’s test. Table 4.75 shows the result of the comparison before
and after curriculum-oriented instruction according to each level.

Table 4.86 McNemar Test Result of Comparison Group Participants’ Pre and
Post Inferential Views

Level McNemar’s Significance
Test* (p)
Naive 27 .607
Transitional A7 .687
Informed .00 1.000

*McNemar’s Test Value has been calculated using Formula 2.

Table 4.75 reveals that the proportion of participants in comparison group who held
naive (y? = .27, p = .607), transitional (y*> = .17, p = .687), and informed views (> =
.00, p = 1.000) about inferential aspect of NOS did not change significantly from

pre to post-instruction.

The following quote pairs show how the participants’ view on inferential aspect
was consistent from pre to post-instruction in comparison group. Participant 59

expressed naive views before and after curriculum-oriented instruction.
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Measurement Item

Student's Response (C59)

...by analyzing the bones of dinosaurs which dates from past,
they [scientists] have had information about their
[dinosaurs] existence on the Earth.

They [scientists] are conducting DNA tests on the bones
[fossils] of dinosaurs. By this way they obtain their
appearance accurately.

Pretest 4.a
4.b
Posttest 4.a
4.b

Geologists found the traces of dinosaurs under the soil and
scientists analyze them in the laboratories. They have
discovered their existence by this way...

...They [scientists] also examined their DNA sequence and
found how they [dinosaurs] appeared.

Students 59 believed that direct evidence is the only source of scientific knowledge

and nothing else is relevant to scientific explanations. Her/his response illustrated

her/his understanding of science as strictly evidence based. S/he could not

demonstrate an understanding that scientists inferred the way dinosaurs looked by

grounding their inference to fossils of dinosaurs. In brief, s/he could not

demonstrate an adequate understanding of the distinction between observation and

inference at both measurements.

The following quote pairs also demonstrate how comparison group participants’

view on inferential aspect was consistent from pre to post-instruction. Her/his

response exhibited a transitional view of inferential NOS at both measurements.
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Measurement Item Student's Response (C54)

Pretest 4.b  When scientists make excavation, they found the fossils of
dinosaurs. They are bringing scattered bones together and
estimating the way they looked...

6  Meteorologists are sending balloons to air and the devices
inside the balloon measures the weather exactly. Experts are
sharing this information with the society too.

Posttest 4.b  Scientists study on dinosaurs traces. They [scientists] don't
have definite information about their [dinosaurs]
appearance. They are trying to estimate it...

6  Weather experts are sending white balloons to the air every
day and week. Those balloons are measuring the weather.
By this way they [weather people] are certain about weather
pictures.

Before and right after curriculum-oriented instruction, student 54 could
demonstrate an understanding of inferential nature of scientific knowledge in the
case of dinosaurs, but s/he could not exhibit the same understanding in the case of
weather pictures. In other words s/he articulated transitional views regarding
inferential NOS at both measurements.

4.2.2.5.3 Inferential NOS Views of Experimental Group: Post-Instruction to
Follow-up

In the following part, experimental group participants' inferential NOS views were
explained by comparing their post-instruction and follow-up views. The relative
proportion of students in each level right after the HOS instruction and at follow-up

measurement was given at Figure 4.36.
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Figure 4.36 Experimental Group Participants’ Post and Follow-up Inferential
Views (%)

It indicates that there was a small change in students’ naive and transitional views
regarding inferential aspect of NOS from post-instruction to follow-up
measurement. In turn, no change was found the number of students who elucidated
informed views. There were 18 (38%) students holding naive views after
instruction while 16 (33%) students expressed naive inferential views at follow-up.
Seventeen (35%) students articulated transitional views right after the instruction
while 19 (40%) students expressed transitional views at follow-up. Conversely, as
mentioned above, the proportion of participants having informed views did not
change. There were 13 (27%) students holding informed views at post and follow-

up measurements.
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The difference between experimental group participants’ inferential views from
post to follow-up measurement was tested statistically using McNemar’s test which
was provided in Table 4.76.

Table 4.87 McNemar Test Result of Experimental Group Participants’ Post
and Follow-up Inferential Views

Level McNemar’s Significance
Test* (p)
Naive .50 .500
Transitional .50 .500
Informed .00 1.000

*McNemar’s Test Value has been calculated using Formula 2.

Table 4.76 displays that the proportion of participants in experimental group who
revealed naive (y? = .50, p = .500), transitional (y? = .50, p = .500), and informed
views (y? = .00, p = 1.000) about inferential aspect of NOS did not change

significantly from post to follow-up measurement.

At five-week follow-up test, experimental group participants’ NOS views
regarding inferential aspect were similar to their post views. When students’
responses investigated further, it was noticed that they articulated comparable
responses at both measurement. The quotes below exemplify the similarity in the

views of participants from posttest to follow-up measurement.
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Measurement Item Student's Response (E1)

Posttest 4.b [ think that they [scientists] don’t know for certain about
dinosaurs’ appearance. Only, they make prediction based on
their [dinosaurs] fossils...

6 They [weather people] are sure about weather pictures
because they use various tools to observe the weather...

Follow-up 4.b Taking into account their [dinosaurs’] fossils, they
[scientists] make prediction about their [dinosaurs] looking.
| mean, they [scientists] are not totally sure about it...

6 For this purpose [to measure weather] they [weather
people] use different tools. | think they are sure about them
because those are very sensitive instruments.

Student 1 could demonstrate transitional understanding of the distinction between
observation and inference at post-instruction and follow-up measurements. Right
after the instruction s/he could express an adequate understanding in the case of
dinosaurs' appearance, but s/he could not exhibit the same understanding in the
case of weather pictures. At follow-up measurement s/he, similarly, elucidated
adequate views in the case of dinosaurs. S/he indicated that scientists deduce
dinosaurs' looking based on their fossils. But in the case of weather pictures, s/he
could not exhibit the same level of understanding. S/he believed that sensitive
instruments enabled weather expert to make precise measurement without requiring

inferential approximation.

The next participant (E27) also expressed informed views right after the instruction

and five weeks after the instruction.
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Measurement Item Student's Response (E27)

Posttest 4.b  They [scientists] are struggling to join the different fossils of
dinosaurs together... Scientists don’t have all the
information about them [dinosaurs]. Based on what they
have, they are trying to estimate their appearance.

Follow-up 4.b By combining the different bones together, scientists learn
something about the appearance of dinosaurs. They cannot
have a full knowledge about it because different scientists
could draw different conclusions from them [fossils].

Student 27 could demonstrate informed understanding of the distinction between
observation and inference in both measurements. S/he stated that scientists
investigate the fossils and bones of dinosaurs (observation) and work out their
appearance (inference).

4.2.2.5.4 Inferential NOS Views of Comparison Group: Post-Instruction to
Follow-up

Similar to the previous part, this part addressed the understanding of comparison
group participants' post and follow-up inferential views. As a reminder, the percent
of participants in each level (naive, transitional, and informed), the result of
statistical test, and example quotes exemplifying the change (or consistency) were
provided in order. The percent of students in each level right after the curriculum-
oriented instruction and at five-week follow-up measurement were given at Figure

4.37.
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The bar graph above indicates that there was only a minor change in students’
naive and transitional views regarding inferential aspect of NOS from post-
instruction to follow-up measurement. When the bar graph was inspected, it was
found that there were 32 (80%) students who did not perceive the distinction
between observation and inference; that is, they demonstrated a naive inferential
views after curriculum-oriented instruction. In turn,31 (78%) students' responses
reflected their naive views regarding inferential nature of science at follow-up
measurement. The number of participants whose response exhibited a transitional
view of inferential NOS seemed to increase slightly. Only 3 (8%) students reflected
their transitional views right after curriculum-oriented instruction. In response,4
(10%) students expressed transitional views at follow-up measurement. Conversely

the proportion of participants who could differentiate the distinction between
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observation and inference did not change from post-instruction to follow-up

measurement. There were 5 (13%) students who at both measurements.

The effect of curriculum-oriented instruction on students’ inferential view was
tested using McNemar’s test. Table 4.77 shows the result of the comparison
between post- instruction and follow-up measurements based on each level.

Table 4.88 McNemar Test Result of Comparison Group Participants’ Post and
Follow-up Inferential Views

Level McNemar’s Significance
Test* (p)
Naive .00 1.000
Transitional .00 1.000
Informed .00 1.000

*McNemar’s Test Value has been calculated using Formula 2.

Table 4.77 reveals that the proportion of participants in comparison group who held
naive, transitional, and informed views about inferential aspect of NOS did not
change significantly from post-instruction to follow-up measurement (y? = .00, p =

1.000).

The statistical comparison showed that there was not variability in comparison
group students’ views of the distinction between observation and inference from
post measurement to follow-up measurement. The following quote pairs also
verified this consistency. Participant 65 in comparison group expressed naive views

at both post and follow-up measurement.
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Measurement Item Student's Response (C65)

Posttest 4b  With the help of fossils scientists know dinosaurs’
appearance... After conducting a lot of research scientists
provide information to public. In other words they are sure.

Follow-up 4.b  Scientists are sure about the way dinosaurs looked because
fossils provided scientists information about their
[dinosaurs] appearance. They also conducted other
research about this topic

This student's (C65) response at both measurements illustrated her/his acceptance
of science as rigorously evidence based, without involving human inference.
Her/his response referred that direct evidence is the single basis of scientific

knowledge and nothing else is relevant to scientific explanations.

The next participant articulated informed inferential views in both post and follow-
up measurements. Her/his post and follow-up response also indicate how
comparison group participants’ view on inferential aspect was consistent from post

to follow-up measurement.

Measurement Item Student's Response (C68)

Posttest 4.b Scientists are familiar with dinosaurs [dinosaurs'
appearance] by means of excavation, fossils and adding
their inference to what they have...

6  Meteorological service send balloon to the air and predict
weather based on it...

Follow-up 4.b It was found some of the bones and fossils of dinosaurs.
Based on those bones and fossils, scientists form an opinion
about the way dinosaurs' looked. Therefore they don't have
definite answer.

6  They [weather people] are sending air balloon and it obtain
some information. Based on those information, they make
prediction.
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Students 68 could demonstrate informed understanding of the distinction between
observation and inference in the construction of scientific explanations at both
measurements. In her/his post response, s/he explicitly stated that scientists use
their inference in the case of how dinosaurs looked. S/he also referred to inferential
NOS in weather forecast case. In her/his follow-up response, s/he also discussed
that scientists investigate the fossils and bones of dinosaurs (observation) and work

out their appearance (inference).

Summary of Findings
So far, the groups’ pre, post and follow up tests scores regarding attitudes toward
science, understanding of circulatory system concepts, science process skills, and
nature of science views were presented. First, the result of one-way MANOVA was
presented in relation to the pretest scores of the groups in order to show whether
there was any significant preexisting difference between experimental and
comparison group in terms of aforementioned collective DVs. To recall, this
analysis was conducted because participants’ prior attitude, prior science process
skills and/or prior content knowledge may affect their posttest and/or follow-up test
scores. The result showed that, there was not a statistically significant difference
between experimental group and comparison group in terms of combined DVs
prior to treatments. Moreover, Pearson Chi-square Test pointed out that there was
not a substantial preexisting difference between the groups' views regarding
tentative, subjective, empirical, creative and imaginative, and inferential nature of

science. This result implied that the experimental and comparison group were
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similar in terms of their science process skills, understanding of circulatory system
concepts, attitudes toward science, and nature of science views prior to the

treatments.

Second, the results of Repeated-Measures MANOVA, which multivariately
analyzed the groups' pretest, posttest, and follow-up scores on SPST, CSCT, and
TOSRA, were presented. This was the main analysis and tested "to what extent
HOS instruction and curriculum-oriented instruction create different profiles on the
collective dependent variables of science process skills, understanding of human
circulatory system concepts, and attitudes toward science across three testing
conditions”. The parallelism test produced statistically significant result with
respect to combined DVs. It means that there were statistically significant
differences among two groups in their profiles on the combined DVs. This result
implied that HOS based instruction and curriculum-oriented instruction had created
different profiles regarding three core dimension of scientific literacy with the time;
and the magnitude of this nonparallel profile was not small. Repeated-Measures
MANOVA gave an overall difference between groups. In order to pinpoint the
sources of variability, contrasts were needed to discover which DV created the
difference between groups. Therefore further contrasts were conducted for each

DV separately and results were provided.

First contrast was conducted using science process skill test scores. Mixed
between-within subjects of ANOVA results showed that interaction effect for the

types of instruction and time in terms of SPST scores was not significant.
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Similarly, the main effects for time and group were not significant. These results
implied that there was not enough evidence to conclude that one of the instructions
has superiority over the other in terms of improving science process skills. In other
words the change in SPST scores over time was similar for HOS based and

curriculum-oriented instructions.

The second contrast was conducted for science concepts understanding on
circulatory system topic across time. Mixed between-within subjects of ANOVA
yielded a significant interaction effect between the types of instruction and time in
terms of CSCT scores. It means that there was not the same change in scores of
CSCT over three time periods for two groups. The profile plot was examined for
interaction effect and it was observed that as the students progress through time,
the gap between mean scores of the groups broadened. More specifically, the
students receiving HOS instruction increasingly outperformed over the students
receiving curriculum-oriented instruction on circulatory system concepts test as the
time passes. Thus, it was noticed that students in HOS classes retained key
concepts of circulatory system better than students in other classes. Indeed, further
statistical analysis for this interaction showed that although the mean difference
between posttest scores of CSCT was not statistically significant for experimental
and comparison groups, the mean follow-up scores of experimental group was
significantly higher than that of comparison group. The magnitude of this mean
difference was large. This finding implied that the difference found between the

experimental and comparison groups at follow-up test arouse from the natures of
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treatment and this difference has practical value in terms of retaining content
knowledge. In other words it is proper to conclude that HOS based instruction
enabled better retention of science content knowledge than curriculum oriented

instruction.

Lastly, in order to find out the relative effectiveness of two types of instruction on
improving students’ attitudes toward science across three time periods, another
mixed between-within subjects of ANOVA was run. According to result, there was
a statistically significant interaction between the types of instruction and time in
terms of TOSRA scores. It means that the change in attitudes of students’ toward
science was different over three time periods for the groups. When the profile plot
was inspected, it was noticed that although both groups showed an increase in
TOSRA scores just after the treatments, the increase was sharper in experimental
group. Further statistical investigation revealed that the mean difference between
experimental group and comparison group in terms of posttest scores of TOSRA
reached statistical significance. Similarly TOSRA scores of the experimental group
were significantly higher than comparison group five weeks after the treatments.
These results suggested that HOS instruction promoted favorable attitudes toward
science than curriculum-oriented instruction just after the treatment and also
experimental group still exhibited more positive attitudes toward science compared

to comparison groups even five-week after the treatment.

In terms of nature of science views, between group comparison indicated that

students receiving HOS instruction elucidated significantly more adequate views
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than students receiving curriculum-oriented instruction regarding tentative,
subjective, and inferential nature of science while they did not differ significantly
in terms of empirical and creative aspects of NOS right after the instructions.
Within group comparison of students' pre- and post-instruction views, on the other
hand, indicated that experimental group students revealed better understanding in
all targeted aspects of NOS after receiving HOS instruction. Comparison group
students did not show any improvement about these aspects after getting
curriculum-oriented instruction, as expected. At follow-up measurements,
experimental group students elucidated significantly more adequate views than
students in comparison group with regard to subjective, creative and imaginative,
and inferential aspects of NOS. When experimental group students’ post and
follow-up NOS views were compared within the group, it was found that they
expressed quite similar responses to the VNOS-E items at both measurements.
Moreover, comparison group students articulated quite similar responses at post
and follow-up measurements too. This means that both groups retained their post
views five weeks after the instructions. Overall, it can be concluded that
curriculum-oriented instruction is not sufficient for developing students’ nature of
science views, therefore history of science should be incorporated into science
curriculum to develop it. Following tables summarizes the overall results found in

this study.
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Table 4.89 Overall Summary of Between Group Comparisons Regarding
SPST, CSCT, and TOSRA

Timel Time2 Time3

SPST - - -
cscT - - +
TOSRA - + +

Note: "+" refers to statistically significant difference, in favor of experimental group;
"-" refers to statistically non-significant difference.

Table 4.90 Overall Summary of Between Group Comparisons Regarding NOS
Aspects

Aspects Timel Time2 Time3
Tentative - + -
Subjective - + +
Empirical - - -
Creative and Imaginative - - +
Inferential - + +

Note: "+" refers to statistically significant difference, in favor of experimental group;
"-"refers to statistically non-significant difference.

Table 4.91 Overall Summary of Within Group Comparisons Regarding SPST,
CSCT, and TOSRA

Time 1-Time2 Time 2-Time3 Time 1-Time 3

SPST Experimental - - -

Comparison - - -
CSCT Experimental + + +
Comparison + + +
TOSRA  Experimental + - +
Comparison - - -

Note: "+" refers to statistically significant difference;
"-" refers to statistically non-significant difference.
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Table 4.92 Overall Summary of Within Group Comparisons Regarding NOS

Aspects
Aspect Comparison Group Naive Transitional Informed

Tentative Time 1-Time 2  Experimental ! — PEN
Comparison - PN “
Time 2-Time 3  Experimental > — P
Comparison > PN VEN
Subjective Time 1-Time 2  Experimental l > 1
Comparison > PN VEN
Time 2-Time 3  Experimental > — P
Comparison - PN “
Empirical Time 1-Time 2  Experimental — ! 1
Comparison - PN “
Time 2-Time 3  Experimental > — PN
Comparison VS o “
Creative and Time 1-Time 2 Experimental < > 1
Imaginative Comparison — — PN
Time 2-Time 3  Experimental — - —
Comparison — - —
Inferential Time 1-Time 2  Experimental l 1 1
Comparison — - —
Time 2-Time 3  Experimental — - —
Comparison — - —

Note: "|" refers to statistically significant decrease;

<" refers to statistically non-significant change;

"1" refers to statistically significant increase.
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CHAPTER V

DISCUSSION

The main purpose of this study was to compare the relative effectiveness of history
of science instruction and curriculum-oriented instruction on Grade 6 students’
scientific literacy. This chapter is allocated to the discussion of the results,
conclusions, related implications, limitations and recommendations for further

research.

5.1 Discussion of the Results

Under this heading, experimental and comparison group students' science process
skills, understanding of human circulatory system concepts, attitudes toward
science, and nature of science views were discussed. During the discussion of each

variable, a brief review of results were also provided.

Before the instructions SPST, CSCT, TOSRA, and VNOS-E were administered to
the students in both experimental and comparison groups to determine whether two
groups differed in terms of these dependent variables. One-way MANOVA result
indicated that the students in experimental and comparison group did not differ
regarding their pretest scores on the SPST, CSCT, and TOSRA instruments. This

finding suggested that both groups had similar levels of science process skills,
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understanding of circulatory system concepts, and attitudes toward science before
the instruction. Moreover, Pearson Chi-square Test, conducted on VNOS-E data,
pointed out that there was not a substantial preexisting difference between the
groups' views regarding tentative, subjective, empirical, creative and imaginative,
and inferential nature of science. Thus, based on these findings revealing that
groups were similar prior to the instructions, it is safe to attribute any significant
results on post and follow-up measurements to the implementation of different
instructional methods: history of science instruction and curriculum-oriented

instruction.

During the instructions, experimental group students engaged in history of science
instruction and comparison group students were instructed with curriculum-
oriented instruction on the topic of circulatory system. Upon the completion of the
instructions, both groups were re-administered SPST, CSCT, TOSRA, and VNOS-
E as posttest. Following five weeks, both groups followed regular national science
and technology curriculum. At the end of this time interval, they were again tested
using same instruments to determine how much they retained their science process
skills, circulatory system concepts understanding, attitudes toward science, and

NOS views.

The result of Repeated-Measures MANOVA showed that two groups created
substantially different profiles in terms of collective dependent variables of science
process skills, understanding of circulatory system concepts, and attitudes toward

science. This result implied that HOS instruction and curriculum-oriented
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instruction lead to different gains in terms of three core dimensions of scientific
literacy with the time. In light of this result, each dependent variable was further

investigated following the guidelines suggested by Tabachnick and Fidell (2012).

5.1.1 Science Process Skills

The effectiveness of two instructions was compared in terms of their effects on
students' science process skills. At the outset of the study, it was hypothesized that
experimental group students will score higher on science process skills than
comparison group. However the results revealed that there was similar change in
science process skills of the groups over time. In other words, two instructions did
not give an advantage over each other in terms of improving students' science
process skills. The lack of significant difference between experimental and
comparison group in terms of science process skills could be attributed to two
reasons: students’ preexisting science process skills and nature of activities used in

instructions.

First, in the present study participant's pretest SPST mean scores of experimental
group were 13.02 (50%) and comparison group were 12.98 (50%) out of 26. These
mean scores were not low for grade six students which mean that they already
possessed moderate level of science process skills before the study. This finding
was consistent with the literature investigating the Turkish elementary students’
science process skills. For example, Aydinli et al. (2011) investigated the Turkish
elementary school students’ performance on integrated science process skills in

terms of gender, grade level, socioeconomic status, the education background of
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mother, and the number of family members. A total of 670 students from grades
six, seven, and eight participated in the study. They found that sixth grade students’
performance on integrated science process skills test was 4.70 out of 12 (39%).
They stated that although they expected low level performance on integrated
science process skills, students’ level of performance was at moderate level.
Similarly, Delen and Kesercioglu (2012) compared sixth, seventh, and eighth grade
students’ science process skills. They found that sixth grade students’ had a means
of 4.18 out of 9 (46%) in terms of preexisting performance on science process
skills. Moreover, in their study, sixth and seventh grade students were taught based
on current curriculum, while eight graders were taught based on the previous
curriculum. They have found an increase from grade six to grade seven while a
decrease from grade seven to grade eight in students’ science process skills scores.
Based on this result, they discussed that current science curriculum develop
students’ science process skills. To conclude, students in the present study had
already showed a moderate level of science process skills. As a result, the
development of their science process skills through history of science instruction

was not found to be as effective as it is hypothesized at the beginning of the study.

Second, the insignificant difference found between the groups regarding SPST may
be attributed to the nature of activities. In both groups, content specific activities
(e.g. the structure of and the function of the heart) were carried out based on the
activities suggested in current science and technology curriculum. As a result,

students in both groups participated in the same content-specific activities, except
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experimental group received HOS instruction. The mean scores of experimental
group (M = 13.94) and comparison group (M = 13.61) at posttest showed that
engaging with the same content specific activities helped students developed their
science process skills similarly in both groups when compared to the mean scores
at pretest (for experimental M = 13.02, for comparison M = 12.98). The integration
of HOS activities did not make discernible difference in experimental group
students’ science process skills. At the outset of the study, it was expected that
experimental group students will develop science process skills after HOS
instruction because, unlike comparison group students, they became familiar with
the science process skills scientists used in the development of circulatory system
knowledge by the help of historical stories, video-simulations of Harvey's
experiments, and timeline of blood transfusion. It was suggested that HOS aids
students to understand scientists' way of thinking (Matthews, 1994; Alichin, 1992).
However, it was not likely to help students gain first-hand experience. It could not
provide the students with the opportunity to be actively involved in learning
process in attaining science process skills. Therefore students may not develop
their science process skills significantly. The literature review showed that there is
not empirical evidence supporting the assumption that HOS instruction improves
students’ science process skills. Although Guinta (1998) and Vincent (2010)
suggested some lesson materials including historical examples and case studies to
stress science process skills but they did not investigate their effect on science
process skills. On the other hand research showed that the development of science

process skills can be mostly achievable through inquiry-based or activity-based
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science instruction in which students experience hands-on activities (Riley, 1979;
Turpin, 2000). Lumpe and Oliver (1991) defined hands-on science activities as
“any science lab activity that allows the students to handle, manipulate or observe a
scientific process” (p. 345) and emphasized that these activities differ from other
instructional strategies by providing students with the opportunities to interact with
the materials. Moreover science processes such as formulating research problems,
planning experiments, making observations, interpreting and analyzing data, and
drawing conclusions identified by The National Committee on Science Education
Standards and Assessment (1994) requires an activity-based approach for science
teaching. Studies that report significant improvement in science process skills
generally implemented activity-based or inquiry-based programs to develop these
skills (Bower & Linn, 1978; Bunterm et al., 2014; Khaperde & Pradhan, 2009;
Koksal & Berberoglu, 2014; Kowasupat, Jittam, Sriwattanarothai, Ruenwongsa, &
Panijpan, 2012; Shaw, 1983; Yager & Akcay, 2010). Wellman (1978) found that
when third graders were engaged in direct manipulative experiences, they could
develop science process skills. However, in this study students could not participate
in manipulative learning experiences through history of science activities. They
made some observations, collect and interpret data but these were limited. This is
because of the nature of circulatory system. This topic might not provide students
with such opportunities to perform hands-on activities. It is an abstract topic and it
is limited in terms of conducting experiments and supplying hands-on materials.
For example, although students observed the structure of the heart through

dissecting the sheep heart (a mammalian heart), they could not observe its function
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in classrooms through naked eye. Moreover they drew models for pulmonary and
systemic circulation as a group but they could not observe them in a living
organism. Consequently, experimental group students could not develop science
process skills as expected at the beginning of the study. Although this result
revealed that HOS could not provide significant improvement on experimental
group students’ science process skills, it also showed that it did not interfere with
the development of science process skills. Based on this result, it is recommended
that the effect of HOS instruction on science process skills should also be
investigated with other topics in which students can engage with experimental
settings or other scientific activities derived from history of science. This may
reveal a more accurate picture of the relationship between HOS instruction and

development of science process skills.

5.1.2 Circulatory System Concepts

The effectiveness of history of science and curriculum-oriented instructions was
compared in terms of their effects on students' understanding of circulatory system
concepts. At the beginning of the study it was hypothesized that history of science
instruction will lead to better gains in students’ understanding of circulatory system
concepts. It was found that the students in experimental group (M = 14.47 out of
32) and comparison group (M = 14.59 out of 32) had similar but inadequate
knowledge of circulatory system concepts prior to the instructions. This was
consistent with the literature. For example, Cardak, Dikmenli, and Saritas (2008)

investigated the effectiveness of SE learning model on sixth grade students’ success
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of circulatory system unit. They found that the experimental and comparison group
students’ mean scores on circulatory system test as, out of 100, 31.68 and 30.21
respectively; which were similar but inadequate. Similar to the present study,
Cardak et al. (2008) could not find significant difference in pretests. Another study
conducted by Cakmak, Gurbuz, and Kaplan (2012) investigated the effectiveness of
concept maps on sixth grade students understanding of circulatory system concepts.
They found that experimental group students had a mean score of 10.73 out of 32
and the comparison group had a mean score of 11.78 out of 32 at pretest. They
stated that students had similar and inadequate knowledge of circulatory system

concepts at the outset of the study.

After history of science and curriculum-oriented instructions, the results revealed
that both group students developed their understanding on circulatory system
concepts (M = 24.30 for experimental; M = 23.29 for comparison). However there
was not a significant difference in both groups’ posttest of circulatory system
concepts test. This result may be explained by the implementation of the same
content-specific activities in both groups although experimental group students
were engaged with the historical materials. Since both groups received the same
content-specific activities, they developed their understanding of circulatory system
concepts similarly. In this point, history of science did not lead to significantly
higher gains compared to curriculum-oriented instruction. This can be attributed to
the fact that history of science is more associated with learning about science

rather than learning of science. Monk and Osborne (1997) identified history of

324



science as learning about science. The history of science does not primarily aim to
teach disciplinary knowledge rather it aims to teach how scientific knowledge was
developed throughout the history. It aims to develop students’ understanding of
what science is, how it works, its features, methodological activities and interaction
with its cultural environment (Galili & Hazan, 2001). For example, students may
realize that scientific knowledge changes as a result of new evidence, information
and technological developments. This result was also consistent with the research
investigating the effect of history of science instruction on students’ understanding
of science concepts such as Irwin (2000), Kim (2007) and Seker (2004). Therefore

it was not surprising to obtain such a result at post circulatory system concepts test.

When the groups’ follow-up test scores were compared, it was found that
experimental group students' follow-up scores on CSCT (M = 22.17) were
significantly higher than comparison group (M = 18.46) and eta-squared statistics
indicated a large between-group effect. This result meant that HOS instruction
promoted better retention of circulatory system concepts than curriculum-oriented
instruction. Actually the significant difference between groups in the follow-up
testing regarding understanding of circulatory system concepts was one of the
important findings of the current study. This finding has important contribution to
relevant literature. First, some of the previous studies found that HOS instruction
did not lead to a better understanding of science concepts (e.g. Irwin, 2000; Seker,
2004). These studies generally used pretest-posttest to measure participants'

learning of science concepts, ignoring follow-up measurement. However, the
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findings of this study provided evidence that when students engage in the same
content-specific activities; it may not be possible to detect the effectiveness of HOS
instruction right after the implementation. Therefore, follow-up analysis may be
required to see the whole picture, because it was found that when the time passes
the students in HOS group retained circulatory system science concepts better than
the other group. Hence it is highly suggested that studies using history of science
instruction should evaluate the effectiveness of HOS instruction longitudinally.
Otherwise, evaluating the effectiveness of HOS instruction only with post-test may
be misleading. In addition, this finding implied that the difference between
experimental and comparison groups at follow-up test arouse from the natures of
implementations and this difference had practical value in terms of retaining
science concepts. This finding also provided evidence to Millar and Osborne’s
(1998) contention that HOS allows long-term learning of science by making
scientific concepts coherent, memorable, and fruitful. During the instruction it was
observed that students in HOS classes involved in classroom activities more
actively. They shared their ideas with their peers and collaborated on the activities.
HOS materials enabled them realize how circulatory system concepts emerged and
they were more enthusiastic to share their ideas with their peers. This created a
social learning environment in which students interacted with each other and
constructed their own knowledge. As a result, this may lead to a better retention of
circulatory system concepts. In the literature, there is not sufficient evidence in
terms of investigating the effect of history of science instruction on understanding

of science concepts at follow-up test. One of the few studies which evaluated the
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effect of history of science instruction on retention of science concepts was
conducted by Kim (2007). She used a research design similar to this study as pre,
post, and delayed post test. The author found no significant results in students

understanding of genetic concepts at the delayed post test.

5.1.3 Attitudes Toward Science

The effectiveness of two instructions was compared in terms of their effects on
students' attitudes toward science. At the beginning of the study it was
hypothesized that students receiving history of science instruction will improve
their attitudes toward science after instruction. The pretest scores on TOSRA
between groups (M = 3.45 for experimental; M = 3.41 for comparison) showed that
students in both groups were holding similar and above average attitudes toward
science. This result was consistent with other studies conducted with Turkish sixth
grade students. For example, Cetin and Gunay (2006) investigated the effect of
constructivist learning approach on sixth grade students’ attitudes toward science.
At pretest, they found that the experimental and comparison group students’ mean
attitudes scores (M = 66.68 for experimental; M = 62.91 for comparison out of 85)
were similar and above average. Similarly Senol, Bal, and Yildirim (2007)
investigated the effect of cooperative learning strategy on sixth grade students’
attitudes toward science. The experimental group students’ mean score was 161.83
out of 225 and the comparison group had a mean score of 162.75. There was no
significant difference between groups and their pre attitudes scores were above

average similar to the pretest attitudes scores in the present study. Bulut, Gul
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Guven and Guzel (2009) examined the sixth grade students’ attitudes toward
science in a descriptive and also found that their attitudes as above average (M =
4.09 out of 5). To conclude sixth grade students had similar attitudes toward
science with a level above average before having any formal education other than

curriculum oriented instruction.

Associated analysis showed that right after the instructions the mean attitudes score
of the groups were significantly different than each other, in favor of experimental
group. Moreover, statistically significant difference existed between experimental
and comparison group five weeks after the completion of the study. This result
implied that HOS instruction promoted favorable attitudes toward science better
than curriculum-oriented instruction. The positive effect of HOS instruction on
students’ attitudes toward science was emphasized by many scholars (Carvalho &
Vannucchi, 2000; .Gallagher, 1991; Kubli, 1999; Matthews, 1994; Monk &
Osborne, 1997; Russell, 19981). There is also empirical evidence about positive
influence of HOS on attitudes toward science which were reported in the literature
(e.g. Solbes and Traver, 2003; Mamlok-Naaman, et. al, 2005). Lin, Cheng, and
Chang (2010), for instance, examined the effect of history of science teaching on
promoting attitudes toward science. The research team revealed that students
exposed to HOS instruction develop their positive attitudes toward science better
than students exposed to textbook-driven instruction. They emphasized that
traditional, textbook-driven instruction introduce students with pure science

concepts without including related background knowledge and this directs students
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to seem science as a boring activity. On the other hand, HOS makes students to
perceive science vivid by allowing students to comprehend that scientists are like
other people. They concluded that students have fun with science by integrating the
history of it. Thus the history of science instruction is found to provide an
environment in which students' could develop positive attitudes toward science.
Indeed, Haladyna, Olsen, and Shaughnessy (1982) emphasized that "research
should lead practitioners to develop teaching methods, materials, and educational
experiences to foster positive students' attitudes™ (p. 671). They underlined the
impact of the learning environment and students’ active involvement in learning
process on students' development of favorable attitudes toward science. Matthew
(1994) argued that HOS instruction may foster students' positive attitudes toward
science through humanizing science because students will have a chance to be
aware of scientists' life and the times of those scientists. He added that integrating
historical material into classroom context have also potential to make subject
matter more engaging for students. Indeed, during the instruction it was noticed
that students in experimental group participated to the activities more actively than
comparison group students. There were also some other research which empirically
tested the impact of HOS on attitudes toward science and found positive
relationship between the two. Solbes and Traver (2003), for example, designed
classroom activities based on history of science in physics and chemistry for
secondary school students. The experimental group was instructed with the
historical approach while comparison group received traditional instruction. As a

result, it was found that learning physics and chemistry through history of science
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improved students’ attitudes toward science. Seker (2004) also found adding stories
about history of scientists affected positively students’ interest in science. Another
study (Mamlok-Naaman et al., 2005) also supported the results of the present
study. It reported that students developed positive attitudes after learning science
with history and the students who did not choose science as a major showed more
interest in science. To conclude the integration of history of science to circulatory
system resulted in that science was humanized and an abstract topic was made
more concrete, understandable and enjoyable. The interesting ideas in the history of
circulatory system such as first blood transfusion from a sheep to a man, the
experiments Harvey conducted, and the cultural differences contributed to the

improvement in students’ attitudes toward science.

5.1.4 Nature of Science

Lastly, in the present study, the effectiveness of two instructions was compared in
terms of their effects on students' nature of science views. The results indicated that
prior to instruction, there was not a preexisting difference between experimental
and comparison group in terms of any targeted NOS aspects. While most of the
students in both groups hold naive views especially about tentative, subjective, and
inferential nature of science, they articulated more adequate views regarding
empirical, and creative and imaginative NOS at the outset of the study. Literature
also reported similar findings (Akerson & Donnelly, 2010; Khishfe & Abd-El-
Khalick, 2002; Khishfe, 2008; Quigley, Pongsanon, & Akerson, 2010). For

example, while studying the effects of explicit-reflective NOS instruction on
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elementary students' understanding of nature of science tenets, Quigley,
Pongsanon, and Akerson (2010) found that only one student (out of 19) could
articulate an informed understanding of tentative NOS prior to the instruction.
They also found that although half of the students could refer to creativity in
describing science, no one could perceive how scientists use their creativity in
doing science. They further reported that considerable percent of students
elucidated adequate views on empirical NOS before the instruction. Similarly,
Khishfe and Abd-El-Khalick (2002) studied with 62 sixth-grade students to
investigate the relative influence of explicit-reflective instruction and implicit
inquiry-oriented instruction on participants' nature of science understanding. The
researcher measured students' pre- and post-instruction NOS views. In terms of
pre-instruction NOS views, the authors reported that eighty-five percent of the all
participants revealed a naive view regarding tentative and inferential NOS. The
researchers also found that eighty-two percent of participants demonstrated a naive
view about the role of creativity in scientific knowledge. Students preexisting naive
views may be resulted from two reasons. One of the reasons of students' naive
views before the instructions might result from science textbooks (Bell, 2004; Irez,
2009; Abd-El-Khalick, Waters & Le, 2008). For example, Abd-El-Khalick et al.
2008) examined 14 high school chemistry textbooks in terms of their accuracy,
unity, and approach (explicit or implicit) to NOS. The researchers indicated that the
books were insufficient for reflecting nature of science tenets. More importantly,
some of the books provided messages which have a potential to foster readers'

inadequate NOS views. Similar problem was also reported in Turkish context. Irez
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(2009), for instance, examined five frequently used Turkish high-school textbooks
for the appropriateness of underlying nature of science. He found a serious problem
in terms of communicating nature of science aspects. The author reported that all of
these textbooks describe science as built up of facts, instead of practice of
observing the nature for producing alternative explanations. Unfortunately,
corresponding serious problems were also covered in national elementary science
curriculum materials in Turkey. For example, Turkish Science and Technology
Teacher Guidebook for the seventh graders states that (see Appendix R-1 for the
original text):

... If the existing studies support the hypothesis, the quality and validity

of the hypothesis increases. If other hypotheses support it, then, the

hypothesis becomes a theory. After a long process, if the theory

becomes universal, not giving the possibility for objection, it become a
scientific fact and finally, it becomes a law (MoNE, 2008, p. 9-4).

The Teacher Guidebook further claimed that (see Appendix R-2 for the original

text):

While some scientists conduct theoretical research, others concentrate
on experimental studies. In addition, some others are more interested in
technological designs. Regardless of these differences, all scientists
follow a scientific process. First, they decide on what they are looking
for; next they collect resources which support their ideas; then they
make observation and conduct experiments and produce alternative
solutions (MoNE, 2008, p. 9-2)

Although the above two quotations exemplify how textbooks may trigger

inadequate understanding of nature science, there are also other reference which
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may provoke inadequate NOS views. For example, the same book describes
science, among others, as "finding the truth", "to observe and to describe the facts"
(p. 9-2). Similar problems were also evident in the following publications of
Teacher Guidebook which may cause inadequate views regarding nature of
science. For example, the Teacher Guidebook (MoNE, 2011) for grade-six level
expressed that science is: "to explain facts with theories™; "to observe and to
describe the facts"; and "scientific knowledge is objective in terms of moral values"
(p. 9-2). All of these ideas are in conflict with the tenets of nature of science and
demonstrate that textbooks may be a possible source of inadequate views among
students. Another possible source of students inadequate NOS conception prior to
instruction may be teacher's inadequate NOS views (Abd-EIl-Khalick & Lederman,
2000; Akerson, Cullen, & Hanson, 2009; Lederman & Zeidler, 1986; Lederman,
1992; Vazquez-Alonso, Garcia-Carmona, Manassero-Mas, & Bennassar-Roig,
2012; Wahbeh & Abd-El-Khalick, 2013). The literature provides evidence that
teachers and their students held similar conception of NOS. For example, Dogan
and Abd-El-Khalick (2008) investigated students and their teachers' NOS views in
a representative sample consisting of 2,087 students and with 378 science teachers
in Turkey. One of important findings of the survey revealed that students' NOS
views were similar to those of their teachers. Similarly, Kucuk (2006) studied with
17 students and their science teacher to test the effectiveness of explicit-reflective
instruction on seventh graders NOS views as well as their teacher. He found that
students held certain misconception about tentative, empirical, creative and

imaginative and inferential NOS prior to the study. He also found that the teacher
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also articulated similar misconceptions regarding tentative, empirical, and
subjective nature of science at the outset of the study. To summarize,
aforementioned literature suggest that textbooks and teachers may be two important

sources of students’ inadequate views before the instructions.

After the instructions, students in experimental group elucidated significantly more
adequate views than students in comparison group regarding tentative, subjective,
and inferential nature of science while they did not differ significantly in terms of
empirical and creative aspects of NOS. However, within group comparison of
students' pre- and post-instruction views were considered, it was found that
experimental group students' understanding in all targeted aspects of NOS
improved after participating in HOS instruction. Students who exposed to
curriculum oriented instruction, on the other hand, fail to show any improvement
about these aspects. After the instructions, majority of participants receiving HOS
instruction improved their informed views about empirical, subjective, creative and
imaginative, and inferential NOS. Moreover, the number of students in
experimental group who elucidated naive views regarding tentative, subjective and
inferential aspects of NOS decreased significantly after HOS instruction. The
percent of participants in experimental group who revealed transitional views about
empirical aspect decreased after HOS instruction while transitional inferential
views increased significantly as well. When the literature investigating the
relationship between history of science and nature of science was examined, it was

found that the results differed from study to study. For example, Abd-El-Khalick
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(1998) investigated the effect of HOS on NOS views and could not find enough
evidence to support that history of science instruction did enhance nature of science
views. On the other hand, there is a number of studies supporting the positive
influence of HOS on participants' NOS views (Howe & Rudge, 2005; Lin & Chen,
2002; Rudge & Howe, 2009; Seker & Welsh, 2006; Smith, 2010). For instance,
Irwin (2000) reported that history of science instruction on atomic theory helped
middle school students develop better understanding of scientific theory and
tentative aspects of NOS. Another study conducted by Lin and Chen (2002)
revealed that HOS instruction improved participants' understanding of NOS aspects
which are the creative, subjective NOS, as well as the functions of theories. Seker
and Welsh (2006) also reported the improvement in students’ ideas of scientific
methods and the role of inference in the scientific process with the HOS
instruction. The result of the present study supported that history of science
instruction have a positive influence on developing students' nature of science
views than curriculum-oriented instruction does. This finding may be explained
with several factors. Firstly, each historical material was prepared in such a way
that each targeted NOS aspect was aimed as an instructional goal. Also each
historical material allowed students to make connection between historical material
and targeted NOS aspects. These two attempts, taken together, were named as
"explicit-reflective™ NOS instruction in science education literature (Akerson, Abd-
El-Khalick, & Lederman, 2000; Bell, Matkins, & Gansneder, 2011; Khishfe &
Abd-El-Khalick, 2002; Rudge & Howe, 2009; Wahbeh, 2009). Comparison group

students, on the other hand, followed curriculum-oriented activities which focus on
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mostly process skills by means of different activities (Berberoglu et al., 2009).
When the sixth-grade science and technology curriculum is examined, it is found
that there is not any objective in circulatory system which targeted any NOS
aspects. Also, the examination of Teacher Guidebook (MoNE, 2011) indicated that
the activities did not include explicit reference to the discussion of NOS aspects at
all. Overall, curriculum-oriented instruction includes inquiry activities but it lacks
of explicit-reflective elements. This approach reflects the characteristics of implicit
approach which contends that by doing science, students can develop more
adequate understanding of NOS (Abd-El-Khalick & Lederman, 2000; Khishfe,
2008). To sum, the instruction implemented in experimental group reflected the
characteristics of explicit-reflective NOS instruction while comparison group's
instruction revealed implicit NOS instruction character. The literature consistently
shown that explicit-reflective instruction is more effective than implicit instruction
in terms of developing nature of science views (Abd-El-Khalick & Lederman,
2000; Akerson et al., 2000; Demirbas & Balci, 2012; Khishfe & Abd-El-Khalick,
2002; Schwartz, Lederman, & Crawford, 2004). For example Moss (2001) studied
the effect of implicit instruction on high-school students' understanding of science
through project-based, hands-on activities. Although implementations lasted for a
full year, students’ NOS understandings did not develop through engaging implicit
instruction. The author recommended that throughout teaching of science, the
effective way to teach NOS might be explicit instead of implicit. Khishfe and Abd-
El-Khalick (2002) compared the effectiveness of implicit inquiry-oriented

instruction and explicit and reflective approach on sixth graders' nature of science
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views. They found that an explicit and reflective inquiry-oriented approach was
more effective than an implicit inquiry-oriented approach in promoting students’
NOS views. They concluded that students' NOS views do not develop as a result of
participating in inquiry activities without explicitly referring to the nature of
science aspects. Akerson, Hanson, and Cullen (2007) also investigated the
influence of explicit and reflective instruction with guided inquiry on participants'
NOS views. The authors found that explicit-reflective NOS activities were
effective in improving NOS views. More recently Demirbas and Balci (2012)
investigated the effectiveness of explicit-reflective instruction on six-grade
students' nature of science understanding. The researchers found that explicit-
reflective instruction developed students' NOS views. Therefore, one of the factors
which enabled the development of experimental group students' nature of science
views could be attributed to explicit-reflective characteristics of the instruction.
Through historical materials used in the present study, experimental group students
engaged in explicit-reflective discussion of targeted NOS aspects. Students shared
their ideas, questioned others thoughts, challenged with counterclaims, came up
with new ideas, and provided evidence from historical material by making explicit

connection between the historical material and specific NOS aspect.

Another factor which enabled experimental group students to be more competent in
terms of nature of science views could be attributed to contextualized
characteristics of activities used in experimental group. Clough (2006) argued that

explicit-reflective instruction may be both decontextualized and contextualized.
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According to Clough, contextualized NOS instruction differ from decontextualized
NOS instruction in that it explicitly and reflectively focuses on targeted NOS
aspects by incorporating specific science content. It also bridges the gap between
science and society by exhibiting the human-side of science (Clough, 2006). Other
researchers also suggested that NOS should be embedded into science content (e.g.
Brickhouse, Dagher, Letts IV, & Shipman, 2000; Kruse, 2010), otherwise both
students and their teacher may perceive NOS as extraneous which is apart from
science content (Bell et al., 2011). In this study, history of science was used as a
means to contextualize NOS tenets in circulatory system topic. For example, the
first content-specific activity in circulatory system topic was the structure and the
function of the heart. Before this activity, experimental group students were
engaged in the first historical activity which illustrated how the human heart was
conceptualized differently by different scientists through emphasizing tentative and
subjective NOS aspects. In other words, history of science was embedded into
circulatory system for students' better comprehension of NOS aspects. Instead of
history of science, if a generic activity (e.g. black box), which is decontextualized
in nature, was used to emphasize NOS aspects students may not develop deeper

understanding of NOS (Clough, 2006).

At follow-up measurements experimental group students elucidated significantly
more adequate views than students in comparison group as well. When
experimental group students’ post and follow-up NOS views were compared within

the group, it was found that they expressed very similar responses to the VNOS-E
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items at both measurements. Moreover, comparison group students articulated
quite similar responses at post and follow-up measurements too. This result showed
consistency with other research in the literature. For example, Kim (2007)
investigated the effects of history of science instruction on learning of genetic
concepts and nature of science. In terms of NOS, she found that comparison group
students who followed regular instruction did not differ between pretest, posttest,
and delayed posttest. However, students in experimental group who engaged in
historical material developed their NOS views right after the instruction and they
retained their developed views. Hence, it can be concluded that curriculum-oriented
instruction is not sufficient for developing students’ nature of science views,
therefore history of science should be incorporated into science curriculum to

develop it.

Overall, the findings of the current study revealed that history of science instruction
improves students' retention of science concepts, attitudes toward science, and
nature of science views better than curriculum oriented instruction. In terms of
science process skills, although HOS instruction did not lead to a higher gains, it

also did not result in any retreat about science process skills.

5.2 Implications

The current study investigated the comparative effectiveness of history of science
instruction and curriculum-oriented instruction on sixth-grade students’ science
process skills, understanding of circulatory system concepts, attitudes toward

science, and nature of science views. It was found that history of science
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instruction was more effective than curriculum-oriented instruction on the
development of students’ attitudes toward science, retention of circulatory system
concepts as well as nature of science views. However, experimental group students
did not indicate higher gains regarding science process skills than comparison

group. Based on the results, this study has a number of implications.

First, it was found that history of science instruction neither favored nor disfavored
the development of science process skills over curriculum-oriented instruction.
This result, combined with the results reported in previous studies, implied that
developing science process skills, especially for lower-grade students, require more
experiential learning (i.e. allowing students to physically interact with objects) in
which students can use more senses like touching and seeing. It is recommended
that apart from making demonstrations and providing students with opportunities to
watch videos, science teachers should also allow students to engage in activities
and perform experiments in which they can experience a variety of science process
skills. For example, students may be allowed to re-create the original experiment of
an ancient scientist or setup of a historical investigation to let them be more

competent in terms of science process skills.

Second, the result indicated that although two groups did not differ right after the
instructions in terms of understanding circulatory system concepts, there was a
significant difference between the groups at follow-up measurement in favor of
experimental group. This result provided evidence to support the claim that

incorporating history of science into classroom environment promotes better
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retention of science concepts. Moreover, the current study demonstrates that the
use of follow-up measurement, in combination with pre- and post-instruction
measurements, are effective for determining the way students retain science
concepts. Therefore the assessment of the effect of history of science instruction on
students' understanding of science concepts should be done with follow-up
measurements as well as post-test so that the effectiveness of HOS instruction may
begin to be discernible with the time. This will prevent to report an incomplete
result which may discredit the use of history of science instruction. Hence, science
education researchers, who study the effectiveness of history of science instruction
on students understanding of science concepts, are highly recommended to use

follow-up measurements.

Third, the result of the present study also demonstrated that history of science
instruction is more efficient than curriculum-oriented instruction in terms of
developing students’ attitudes toward science. Based on this result, it is possible to
conclude that history of science instruction, in which students learn about how
science works while learning science, lead to a positive attitudes toward science.
Therefore, it is recommended to curriculum developers and teachers that history of
science instruction should be incorporated into science and technology curriculum
in order to develop favorable attitudes toward science. Besides, due to the fact that
students' attitudes toward science shapes at their early ages and last for a long time,

it is also suggested that history of science instruction should be incorporated into
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curriculum at the earlier stages of schooling. Consequently, students may be

predisposed to maintain their positive attitudes at subsequent grades.

Forth, the result of this study provide empirical evidence to deduce that history of
science instruction is an important context in which students can develop more
adequate nature of science views. While students in comparison group articulated
and preserved their naive views about certain aspect of NOS during the course of
the study, experimental group students expressed more adequate views after the
instruction and retained their adequate views. This result implied that the current
science and technology curriculum, although aiming to develop NOS views, is not
sufficient for improving NOS views. Moreover, curriculum materials might be
among the potential sources of students' naive NOS views. On the other hand, HOS
improved students’ NOS views through contextualized explicit-reflective NOS
approach. This result also implied that HOS should be an integral part of science
curriculum and it is recommended for teachers to discuss NOS aspects explicitly

and reflectively in science classrooms.

The overall picture emerging from this study is that, history of science instruction
can serve as an appropriate instruction to develop students' scientific literacy
through fostering its core elements. The findings of this study provided evidence
that current science and technology curriculum is devoid of historical materials.
Students, especially in lower grades, need to be provided ample of historical
materials to improve their scientific literacy. Therefore it is recommended to

curriculum developers that history of science should be incorporated into science
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and technology curriculum implemented in Turkey. They need to develop materials
which incorporate historical materials to science teaching. Also, curriculum
developers should provide teachers with historical materials and diverse resources

about it.

Moreover, the findings of this study have some implications for teacher education
program as well as in-service training program. As mentioned in the methodology
chapter, the researcher implemented the instruction in experimental group because,
besides other factors, the teacher in this study indicated that he could not able to
succeed in history of science instruction due to his incompetence about it. One of
the important factors of teachers inadequacy in implementing history of science
instruction may results from teacher education program and in-service training
program. Neither teacher education program nor in-service training program offer
history of science courses to pre-service and in-service science teachers formally.
For that reason, it is advocated that teacher education program should offer at least
one must course regarding history of science instruction. In this course, a
combination of different historical materials from physics, chemistry, and biology
should be developed and offered to pre-service science teacher to prepare them for
history of science instruction. This course should also provide preservice science
teachers with the opportunity of pedagogical practices, such as writing objectives
considering historical materials, preparing lessons plan by incorporating historical
material into content-specific activities, and teaching with historical materials.

These pedagogical practices will prepare future science teachers equipped with

343



required skills for the implementation of historical materials into classroom
environment. Moreover, in-service training program should offers similar training
for in-service teachers. Above all, science teachers should use history of science in

their classrooms more actively.

5.3 Limitations and Recommendations

The present study have some limitations. Taken those limitations into consideration
may strengthen the validity of future research. First of all, the sample of the study
was drawn from four intact classes because there was no chance to select
participants randomly. Although the students were coming from comparable
backgrounds, which was also ensured with the related descriptive data (see Table
3.2), still due to chance factor there may be some hidden systematic difference
(such as, academic achievement levels, motivation level) between the groups which
may influence the findings. Choosing the sample randomly in future research will
increase the representativeness of the population which in turn increase the
generalization of the result to the target population. Additionally, if this study can

be replicated with larger sample size, the generalizability can also increase.

Second, historical materials developed in this study were limited to “human
circulatory system” unit in science and technology curriculum. Therefore, the effect
of history of science instruction was assessed in human circulatory system in the
current study. The investigation of the effect of history of science instruction in
other topics may provide evidence about the transferability of the effect of HOS

instruction to other settings in future research.
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Third, the participants of the present study was chosen from sixth-grade students
and they were coming from families of middle to high socio-economic status
(SES). The probability of having more books is higher for those groups than
students coming from low SES. Having more books also means likelihood of
reading more historical stories. Therefore the result may not reflect the exact
situation if generalized to students coming from low SES. In order to draw more
complete picture about the effect of history of science instruction on related
variables, the study may be replicated with different grade levels and different

sample coming from low socio-economic status.

Fourth, testing threat was also among possible limitations of this study due to the
repeated administration of the instruments. Throughout this study, aforementioned
instruments used at pretest, posttest, and follow-up test. Some students may be alert
in remembering before-used instruments. Therefore, additional data may be

collected from the sample in following semesters using alternative instruments.

Fifth, as mentioned in methodology chapter, while experimental group students
was engaging in historical materials, comparison group students engaged in
activities different than circulatory system topic in order to balance the time
between the groups. Although this application allowed researcher not only to
balance time, but also to administer the tests to the groups at parallel time intervals;
this might lead comparison group students to be disadvantageous in terms of

science content knowledge. In future studies participating another group to the
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study and eliminating unrelated topic for them may be helpful for more precise

result.

Last, the activities in experimental group was introduced by the researcher while
comparison group students was taught by their science teacher. Although, various
efforts was made to equate the groups as explained in the Methodology chapter,
there might still have some effect on the results. Therefore to overcome this, one
classroom may be added to the design and instructed by their science teacher who

is trained about history of science instruction.
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APPENDICES

APPENDIX A

A. SCIENCE PROCESS SKILLS TEST (SPST)

(BILIMSEL SUREC BECERILERI TESTI)

1) Arabalarin verimliligini inceleyen bir aragtirma yapilmaktadir. Test edilen hipotez,
benzine katilan katki maddesinin arabalarin verimliligini arttirdig1 yolundadir. Ayni tip
bes arabaya, ayn1 miktarda benzin ve farkli miktarlarda katki maddesi konulur.
Arabalar benzinleri bitinceye kadar ayn1 yol boyunca giderler. Daha sonra her arabanin
aldig1 mesafe kaydedilir. Bu ¢aligmada arabalarin verimliligi sizce nasil dlgiiliir?

a. Arabalarin benzinleri bitinceye kadar gegen stire ile.

b. Her arabanin gittigi mesafe ile.

Kullanilan benzin miktart ile.

d. Kullanilan katki maddesinin miktari ile.

2) Bir araba iireticisi daha ekonomik arabalar yapmak istemektedir. Arastirmacilar
arabanin litre bagina alabilecegi mesafeyi etkileyebilecek degiskenleri
arastirmaktadirlar. Sizce agsagidaki degiskenlerden hangisi arabanin litre bagina
alabilecegi mesafeyi etkileyebilir?
a. Arabanim agirhig.
b. Motorun hacmi.
Arabanin rengi

d. aveb.
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3) Bir polis sefi, ara¢ kullanma hizinin azaltilmasi ile ugrasmaktadir. Ara¢ kullanma

hizini etkileyebilecek bazi faktorler oldugunu diisiinmektedir. Siiriiciilerin ne kadar

hizli araba kullandiklarini sizce asagidaki hipotezlerin hangisiyle test edilebilir?

a.
b.

Daha geng siiriiciilerin daha hizli araba kullanma olasilig1 ytiksektir.

Kaza yapan arabalar ne kadar biiyiikse, i¢indeki insanlarin yaralanma olasilig1
o kadar azdir.

Yollarda ne kadar ¢ok polis ekibi olursa, kaza sayis1 o kadar az olur.

Arabalar eskidikce kaza yapma olasiliklar artar.

4) Bir fen dersinde, tekerlek genisliginin tekerlegin daha kolay yuvarlanmasi tizerine

etkisi aragtirllmaktadir. Bir oyuncak arabaya genis tekerlekler takilir, 6nce bir

rampadan (egik diizlem) asag1 birakilir ve daha sonra diiz bir zemin iizerinde gitmesi

saglanir. Deney, ayn1 arabaya daha dar tekerlekler takilarak tekrarlanir. Hangi tip

tekerlegin daha kolay yuvarlandigi sizce nasil 6l¢iiliir?

a.
b.

Her deneyde arabanin gittigi toplam mesafe 6l¢iliir.
Rampanin (egik diizlem) egim ag1s1 dlgiiliir.
Her iki deneyde kullanilan tekerlek tiplerinin genislikleri dl¢iiliir.

Her iki deneyin sonunda arabanin agirliklar: dl¢tliir.

5) Ahmet basketbol topunun i¢indeki hava arttik¢a, topun daha yiiksege sigrayacagini

diistinmektedir.

Bu hipotezi aragtirmak i¢in, birkag basketbol topu alir ve i¢lerine farkli miktarda hava

pompalar. Sizce Ahmet hipotezini nasil test etmelidir?

a.
b.

C.

Toplar1 ayni yiikseklikten fakat degisik hizlarla yere vurur.

I¢lerinde farkli miktarlarda hava olan toplari, aym yiikseklikten yere birakir.
I¢lerinde ayni miktarlardaki hava olan toplari, zeminle farkli agilardan yere
vurur.

I¢lerinde ayn1 miktarlarda hava olan toplari, farkl yiiksekliklerden yere birakir.
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6) Bir tankerden benzin almak i¢in farkli genislikte 5 hortum kullanilmaktadir. Her
hortum i¢in aynt pompa kullanilir. Yapilan ¢alisma sonunda elde edilen bulgular
asagidaki grafikle gosterilmistir.

Size gore asagidakilerden hangisi degiskenler arasindaki iligkiyi agiklamaktadir?

a. Hortum genisledikce

dakikada pompalanan benzin

[
LA

miktar1 da artar.

b. Dakikada pompalanan

fa—y
(=]

benzin miktar1 arttik¢a, daha

=]

fazla zaman gerekir.

C. Hortum daraldik¢a

L=

dakikada pompalanan benzin

L

miktar1 da artar.

=
L J

d. Pompalanan benzin

Dakikada Pompalanan Benzin Miktar: [Litre)

5 10 15 20 25 30 35
Hortumlarin Capi (mm)

miktar1 azaldikca, hortum

genisler.
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7) Bir hedefe ¢esitli mesafelerden 25 er atis yapilir. Her mesafeden yapilan 25 atistan

hedefe isabet edenler asagidaki tabloda gosterilmistir. Bu tabloya gore asagidaki

grafiklerden hangisi ¢izilmelidir?

Mesafe (m) Hedefe vuran atis sayisi
5 25
15 10
25 10
50 5
100 2
a. b.
25 | Hodefe olan 100
Hedefi bul
alig sarman 20 uzaklik (m)  gq
15 25
10 15
5 5
.
20 40 60 80 100
Hedele olan uzaikchk
{rm)
c. d.
100 25
| Hedefi bulan
Hedefe clan £0 alig saymi 20
uzaklik {m)
15
4 x'i?“--.._‘__._____-_ . 10
[ ]
o 5
5 10 156 20 25
Hedefi bulan
alig sayis|
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8..9., 10. ve 11. sorulari asagidaki bilgive gore cevaplaviniz.

Ayse, giinesin karalari ve denizleri ayni derecede 1sitip isitmadigini merak etmektedir.

Bir arastirma yapmaya karar verir ve ayni biiyiikliikte iki kova alir. Bunlardan birini

toprakla, digerini de su ile doldurur ve ayni miktarda giines 15181 alacak sekilde bir

yere koyar. Giiniin 8.00-18.00 saatleri arasinda, her saat basi sicakliklarini olger.

8) Sizce arastirmada asagidaki hipotezlerden hangisi test edilmistir?

a.
b.

Toprak ve su ne kadar ¢ok giines 15181 alirlarsa, o kadar 1sinirlar.
Toprak ve su giines altinda ne kadar fazla kalirlarsa, o kadar ¢ok 1sinirlar.
Giines farkli maddeleri farkli derecelerde 1sitir.

Giiniin farkl: saatlerinde giinesin yaydig1 1s1 da farkli olur.

9) Sizce aragtirmada asagidaki degiskenlerden hangisi sabit tutulmustur?

a.
b.

Kovadaki suyun cinsi.
Toprak ve suyun sicakligi.
Kovalara koyulan maddenin tiirii.

Her bir kovanin giines altinda kalma siiresi.

10) Sizce aragtirmada 6lgiilen degisken hangisidir?

a.
b.
C.
d.

Kovadaki suyun cinsi.
Toprak ve suyun sicaklig.
Kovalara koyulan maddenin tiirti.

Her bir kovanin giines altinda kalma siiresi.

11) Sizce arastirmada degistirilen degisken hangisidir?

a.
b.
C.

Kovadaki suyun cinsi.
Toprak ve suyun sicakligi.
Kovalara koyulan maddenin tiirti.

Her bir kovanin giines altinda kalma siiresi.
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12., 13., 14. ve 15. sorular: asagidaki bilgive gore cevaplayiniz.

Murat, suyun sicakliginin, su i¢inde ¢oziinebilecek seker miktarini etkileyip
etkilemedigini arastirmak ister. Birbirinin ayni dért bardagin her birine 50 mililitre su
koyar. Bardaklardan birisine 0 °C de, digerine de sirayla 50 °C, 75 °C ve 95 °C
sicaklikta su koyar. Daha sonra her bir bardaga ¢oziinebilecegi kadar seker koyar ve

karistirir.

12) Bu arastirmada sizce test edilen hipotez hangisi olabilir?
a. Seker ne kadar ¢ok suya karistirilirsa o kadar ¢ok ¢oziiniir.
b. Ne kadar ¢ok seker ¢oziiniirse, su o kadar tatl olur.
Sicaklik ne kadar yiiksek olursa, ¢oziinen sekerin miktar1 da o kadar fazla olur.

d. Kullanilan suyun miktar1 arttikga sicakligi da artar.

13) Bu arastirmada sizce sabit tutulan degisken hangisidir?
a. Her bardaktaki ¢ozlinen seker miktari.
b. Her bardaga konulan su miktari.
Bardaklarin sayisi.

d. Suyun sicaklig.

14) Sizce aragtirmanin dlgiilen degiskeni hangisidir?
a. Her bardaktaki ¢6zlinen seker miktari.
b. Her bardaga konulan su miktari.
c. Bardaklarin sayisi.

d. Suyun sicaklig.
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15) Sizce arastirmadaki degistirilen degisken hangisidir?

Her bardaktaki ¢6ziinen seker miktart.
Her bardaga konulan su miktari.
Bardaklarin sayisi.

Suyun sicaklig1.

16) Bir bahgivan domateslerinin ¢abuk filizlenmesini istemektedir. Degisik birkag

alana domates tohumu eker. Hipotezi, tohumlar ne kadar ¢ok sulanirsa, o kadar cabuk

filizlenecegidir. Sizce bu hipotezi nasil test eder?

a.
b.

Farkli miktarlarda sulanan tohumlarin kag giinde filizlenecegine bakar.
Her sulamadan bir giin sonra domates bitkisinin boyunu 6lger.
Farkli alanlardaki bitkilere verilen su miktarini dlger.

Her alana ektigi tohum sayisina bakar.

17) Ahmet, buz pargaciklarinin erime siiresini etkileyen faktorleri merak etmektedir.

Buz pargalarinin biiyiikliigii, odanin sicakligi ve buz parcalarinin sekli gibi faktorlerin

erime siiresini etkileyebilecegini diisiiniir. Daha sonra su hipotezi sinamaya karar verir.

Buz parcalarinin sekli erime siiresini etkiler. Sizce Ahmet bu hipotezi sinamak i¢in

asagidaki deney tasarimlarinin hangisini uygulamalidir?

a.

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

Her biri ayni sekilde fakat farkli agirlikta bes buz parcasi alinir. Bunlar ayni
sicaklikta benzer bes kabin i¢ine ayr1 ayr1 konur ve erime stireleri izlenir.

Her biri ayn1 agirlikta fakat farkl sekillerde bes buz pargasi alinir. Bunlar ayn
sicaklikta benzer bes kabin i¢ine ayr1 ayr1 konur ve erime siireleri izlenir.

Her biri ayn1 agirlikta fakat farkli sekillerde bes buz pargasi alinir. Bunlar farkli

sicaklikta benzer bes kabin i¢ine ayr1 ayr1 konur ve erime stireleri izlenir.
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18) Bir biyolog su hipotezi test etmek ister; Farelere ne kadar ¢ok vitamin verilirse o
kadar hizl1 biiyiirler. Biyolog farelerin biiyiime hizini sizce nasil dlgebilir?
a. Farelerin hizini 6lger.
b. Farelerin, giinliik uyumadan durabildikleri siireyi dlger.
Her giin fareleri tartar.

d. Her giin farelerin yiyecegi vitaminleri tartar.

19) Ogrenciler, sekerin suda ¢dziinme siiresini etkileyebilecek degiskenleri
diistinmektedirler. Suyun sicakligini, sekerin ve suyun miktarlarin1 degisken olarak
saptarlar. Ogrenciler, sekerin suda ¢dziinme siiresini sizce asagidaki hipotezlerden
hangisiyle sinayabilir?
a. Dabha fazla sekeri ¢6zmek icin daha fazla su gereklidir.
b. Susogudukea, sekeri ¢ozebilmek i¢in daha fazla karistirmak gerekir.
Su ne kadar sicaksa, o kadar ¢ok seker ¢oziinecektir.

d. Susindik¢a seker daha uzun siirede ¢oziiniir.
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20) Bir arastirma grubu, degisik hacimli motorlar1 olan arabalarin verimliligini olger.

Elde edilen sonuglarin grafigi asagidaki gibidir:

Sizce asagidakilerden hangisi degiskenler arasindaki iliskiyi gosterir?

a. Motor ne kadar biiyiikse, bir
litre benzinle gidilen mesafe de o kadar
uzun olur.

— b. Bir litre benzinle gidilen
mesafe ne kadar az olursa, arabanin
motoru o kadar kiiciik demektir.

15 c. Motor kiiciildiikce, arabanin bir

10 " litre benzinle gidebilecegi mesafe

T artar.

Litre BEasina Ahinan Mesafe (ki)

| z 3 4 § d. Bir litre benzinle gidilen
Maolor hacml
{litre) mesafe ne kadar uzun olursa, arabanin

motoru o kadar biiylik demektir.

21.,22., 23. ve 24. sorular1 asagidaki bilgiye gore cevaplayiniz.

Topraga karistirtlan yapraklarin domates tiretimine etkisi arastiriimaktadir.
Arastirmada dort biiyiik saksiya ayni miktarda ve tipte toprak konulmustur. Fakat
birinci saksidaki topraga 15 kg., ikinciye 10 kg., tigiinciiye ise 5 kg. ¢tiriimiis yaprak
karigtirtlmigtir. Dordiincii saksidaki topraga ise hig ¢iiriimiis yaprak karistirilmamigtir.
Daha sonra bu saksilara domates ekilmistir. Biitiin saksilar giinese konmus ve ayni

miktarda sulanmistiv. Her saksidan elde edilen domates tartilmis ve kaydedilmistir.
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21) Bu arastirmada sizce test edilen hipotez hangisidir?

Bitkiler giinesten ne kadar ¢ok 151k alirlarsa, o kadar fazla domates verirler.
Saksilar ne kadar biiyiik olursa, karigtirilan yaprak miktari o kadar fazla olur.
Saksilar ne kadar ¢ok sulanirsa, i¢lerindeki yapraklar o kadar ¢abuk ¢iirtir.

Topraga ne kadar ¢ok c¢iiriik yaprak karistirilirsa, o kadar fazla domates elde

edilir.

22) Sizce bu arastirmada sabit tutulan degisken hangisidir?

a.
b.

Her saksidan elde edilen domates miktari.
Saksilara karistirilan yaprak miktari.
Saksilardaki toprak miktart.

Ciiriimiis yaprak karistirilan saks1 sayist.

23) Sizce arastirmada 6l¢iilen degisken hangisidir?

a.
b.

Her saksidan elde edilen domates miktari.
Saksilara karistirilan yaprak miktari.
Saksilardaki toprak miktarr.

Ciriimiis yaprak karistirilan saksi sayisi.

24) Sizce aragtirmada degistirilen degisken hangisidir?

a.
b.

C.

Her saksidan elde edilen domates miktari.
Saksilara karigtirilan yaprak miktari.
Saksilardaki toprak miktari.

Ciirtimiis yaprak karistirilan saks1 sayist.
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25) Sibel, akvaryumdaki baliklarin bazen ¢ok hareketli bazen ise durgun olduklarini
gozler. Baliklarin hareketliligini etkileyen faktorleri merak eder. Sizce baliklarin
hareketliligini etkileyen faktorleri hangi hipotezle sinayabilir?

a. Baliklara ne kadar ¢ok yem verilirse, o kadar ¢ok yeme ihtiyaglar1 vardir.

b. Baliklar ne kadar hareketli olursa o kadar ¢ok yeme ihtiyaglar1 vardir.

c. Su da ne kadar ¢ok oksijen varsa, baliklar o kadar iri olur.

d. Akvaryum ne kadar ¢ok 151k alirsa, baliklar o kadar hareketli olur.

26) Murat Bey’in evinde birgok elektrikli alet vardir. Fazla gelen elektrik faturalari
dikkatini ¢eker.
Kullanilan elektrik miktarini etkileyen faktorleri arastirmaya karar verir. Sizce

asagidaki degiskenlerden hangisi kullanilan elektrik enerjisi miktarin etkileyebilir?

a. TV nin acik kaldig siire.
b. Elektrik sayacinin yeri.
€. Camasir makinesinin kullanma siklig1.

d. a. vec.
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APPENDIX B
B. CIRCULATORY SYSTEM CONCEPTS TEST (CSCT)

(DOLASIM SISTEMI KAVRAM TESTI)

1. Dolagim sisteminin gorevleriyle ilgili verilen bilgilerden hangileri dogrudur?
I. Hiicrelerin ihtiya¢ duydugu besin maddelerini hiicrelere iletir

Il. Hiicrelerin ihtiya¢ duydugu oksijeni hiicrelere tasir.

I11. Hiicrelerde olusan atik maddeleri hiicrelerden uzaklastirir

A Tvell B. 1velll C. llvelll D. 1, 1lve Il

2. Alj, insan viicudundaki yapilar1 dolasim sistemini olusturacak sekilde
siniflandirmistir. Ali’nin yaptig1 siniflandirma hangi secenekte verilmistir?
A. Damarlar-Kalp-Kan
B. Damarlar-Kalp-Mide
C. Damarlar-Kan-Mide
D. Kalp-Kan-Mide

3. Kalbin dis yapisinda bulunan damarlarin gérevi nedir?
A. Kalbi besler.
B. Kulakgiklarin kasilmasini saglar.
C. Karnciklarin kasilmasini saglar.

D. Kalbin mikroplara kars1 savunmasini saglar.

4. Insan kalbi kag odaciktan olusur?

Al B. 2 C. 3 D.4
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5. Kalbin yapisini inceleyen Arda karinciklarin kulakgiklara gore daha kasli yapida

oldugunu gozlemler. Bu gozlemine dayanarak Arda bu durumla ilgili hangi

cikarimi

A.

yapabilir?
Karimciklar kulak¢iklardan daha fazla sayida atim yapar.

B. Karinciklar kulakgiklara gore daha giiglii pompalama yapar.
C.
D. Karinciklarin hacmi kulakg¢iklardan biiyiiktiir.

Karinciklar viicuttan gelen kan1 kulakgiklara pompalar.

6. Asagida verilen tablodaki bilgilere dayanarak kalple ilgili hangi genelleme

yapilabilir?
Balik Kalbi Kurbaga Kalbi Koyun Kalbi
Iki odaciklidr. Uc odaciklidir. Dért odaciklidir.
A. Kalp, dolagim sisteminin merkez organidir.
B. Her canlinin kalbi ayn1 yapiya sahip degildir.
C. Kalp karincik ve kulakgiklardan olusur.
D. Kalp kanin viicuda pompalanmasini saglar.

7. Kani olusturan yapilardan hangileri hiicresel 6zellik gosterir?

A.

Alyuvar, Kan Plazmasi, Kan Pulcuklari

B. Alyuvar, Kan Pulcuklari, Akyuvar
C.
D. Alyuvar, Kan Plazmasi, Akyuvar

Kan Plazmasi, Kan Pulcuklari, Akyuvar
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8. Bir biyolog, koyun kalbinin boliimleri arasindaki 6zel kapakgiklarin gérevleriyle

ilgili asagidaki bulgular1 not etmistir.

Olay Sonug¢

Kulakgiklar kasilir. | Kulak¢iklardaki kan karinciklara geger.

Karmciklar kasilir. | Kan kulakgiklara geri donmez; fakat aort ve akciger
atardamari yoluyla kalpten uzaklasir.

Bu notlara bagh olarak arastirmaci hangi sonuca ulasamaz?
A. Kapakgeiklar kalp kasilmasini baglatir.
B. Kapakgiklar, kulakeiklar kasildiginda kanin karinciklara gegisine izin
verir.
C. Kapakgiklar, karinciklar kasildiginda kanin kulakg¢iklara donmesini
engeller.

D. Kapakgiklar, kulakgiklar ile karinciklar arasinda yer alir.

9. Canli hayvanlar lizerine aragtirma yapan bir bilim insani, canli bir kdpegin kalbi

iizerinde agagidaki islemleri yapiyor ve gozlemlerini not ediyor.

Islem Gozlem
- Kalp yakinlarindaki X damarin1 pens Gozlem 1: Bu damarin kalp ile
ile sikip damardaki kan akigini bir sikilan kismi aras1 sisiyor.
streligine durduruyor. Gozlem 2: Kalp biiyiiyor

Gozlemlerine dayanarak bu bilim insam1 X damariyla ilgili hangi sonuca
varamaz?

A. X damari kalbin karincigindan ¢ikmaktadir.

B. X damari, kan1 kalpten viicuda tasiyan bir damardir.

C. X damari, kalbin sag kismindan ¢ikiyorsa akcigere baglanmaktadir.

D. X damari ya alt ya da iist ana toplardamardir.
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10., 11., 12. ve 13. sorular1 asagidaki bilgive gore cevaplayiniz.

“Bir grup o6grenci kalp atim hizint etkileyen faktorlerle ilgili calisma yapmaktadir.
Gruptan ayni yas ve kiloda ti¢ kisi seciliyor. Birincinin dinlenme konumunda, ikincinin
on dakika kosu yaptirildiktan sonra, iigiinciiniin yirmi dakika kosu yaptirildiktan sonra

1

bir dakikadaki kalp atim sayilart ol¢iiliiyor.”

10. Bu caligmada 6grencilerin test ettigi hipotez hangisidir?
A. Yas arttik¢a kalp atim hiz1 artmaktadir.
B. Kilo arttikca kalp atim hiz1 artmaktadir.
C. Egzersiz siiresi arttik¢a kalp atim hizi artmaktadir.

D. Her kisinin kendine 6zgii kalp atim hiz1 vardir.

11. Bu calismada hangi degiskenler sabit tutulmustur?
A. Egzersiz siiresi - cinsiyet
B. Yas - kilo
C. Kalp atim hiz1 - egzersiz siiresi

D. Cinsiyet - yas

12. Bu ¢aligmadaki bagimli degisken hangisidir?
A. Egzersiz siiresi
B. Egzersiz yapan kisilerin yaslar
C. Kalp atim hiz1

D. Egzersiz yapan kisilerin cinsiyetleri
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13

14

15

16

17.

. Bu ¢alismadaki bagimsiz degisken hangisidir?

A

Egzersiz siiresi

. Egzersiz yapan kisilerin yaslari

B
C.
D

Kalp atim hiz1

. Egzersiz yapan kisilerin cinsiyetleri

. Kalbin kulakgiklart gevsediginde asagidakilerden hangisi meydana gelir?

A

Akcigerden ve viicuttan gelen kan kulakg¢iklara dolar.

B. Karinciklar da ayni anda gevser.
C.
D. Karmciklar kan1 kulakgiklara pompalar.

Kulakeiklar kani karinciklara pompalar.

. Dolasim sisteminde kanin viicutta dolasmasini saglayan damarlar kag ¢esittir?

A.

2 B. 3 C. 4 D. 5

. Damarlarla ilgili asagidakilerden hangisi yanhstir?

A

Atardamarlar, kani kalpten viicuda tasiyan damarlardir.

B. Akciger atardamar disindaki atardamarlar oksijence fakir kan tagir.
C.
D

. Akciger toplardamar1 oksijence zengin kan tagir.

Toplardamarlar, kan1 kalbe getiren damarlardir.

Kilcal damarlarla ilgili asagidaki ifadelerden hangisi yanhstir?
A.

Atardamarlarla toplardamarlar arasinda yer alir.

B. Genis bir yiizey olusturacak sekilde dallanmistir.
C.
D

Viicuttaki en genis ikinci damardir.

. Kan ile dokular arasinda madde aligverisinin yapildig: yerdir.
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18. Damarlarin gorevleriyle ilgili hangi segenekteki eslestirme dogrudur?

Akciger Atardamari Aort Akciger
Toplardamari
A. | Akcigerlere oksijence | Akcigerlerde Oksijence zengin
fakir kan tagir. temizlenen kani kalbe | kanin viicuda
getirir. taginmasini saglar
B. | Akcigerlerde Oksijence zengin Akcigerlere oksijence
temizlenen kani kalbe | kanin viicuda fakir kan tagir.
getirir. taginmasini saglar
C. | Oksijence zengin Akcigerlerde Akcigerlere oksijence
kanin viicuda temizlenen kani kalbe | fakir kan tasir.
taginmasini saglar getirir.
D. | Akcigerlere oksijence | Oksijence zengin Akcigerlerde
fakir kan tagir. kanin viicuda temizlenen kani kalbe
taginmasini saglar getirir.

19. Dr. Ayse kan tahlilini inceledigi bir kiginin kanindaki akyuvar sayisini normalin
izerinde oldugunu saptamistir. Bu kisinin durumuyla ilgili Dr. Ayse’nin yapacagi
cikarim hangisi olabilir?

A. Bu kisi tahlil 6ncesi spor yapmistir. Kandaki karbondioksiti daha kolay
uzaklastirabilmek i¢in kanindaki akyuvar sayisi artmistir.

B. Bu kisinin viicuduna mikrop girmistir. Bu mikroplarla savasabilmek
icin kanindaki akyuvar sayisi artmistir.

C. Bu kisi yayla gibi yiiksek rakimli bir yerde yasamaktadir. Bu yerlerdeki
oksijen azligindan dolay1 yeterli oksijeni tagtyabilmek i¢in kanindaki
akyuvar sayis1 artmistir.

D. Bu kisi asir1 derecede sigara tiiketmektedir. Kan hiicrelerinin oksijen
temin etmesi yetersizligine bagl olarak kanindaki akyuvar sayisi

artmistir.
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20. Bir diyetisyen 6glinlere kirmizi et takviyesinin alyuvar sayisi tizerindeki etkisini
aragtirmak istemektedir. Diyetisyen kaninda alyuvar sayist normalden az olan ayni
cinsiyetten dort kisi secer. Bu kisilere ayn1 6giinlerde ayn1 miktarda diger
gidalardan verip yalnizca aldiklar1 kirmizi et miktarlarin1 degistirir. Diyetisyen
caligma sonunda biitiin deneklerin kanindaki alyuvar artisin1 kaydeder.

Bu calismada diyetisyen kirmizi etin alyuvar iizerindeki etkisini nasil 6l¢cmiistiir?

A. Alman kirmizi et miktarlariyla

B. Et disinda alinan diger gidalarin miktarlariyla
C. Arastirmaya katilan kisi sayisiyla

D. Kandaki alyuvar sayilarindaki artigla

21. |- Kanin pihtilagmasini saglayan hiicrelere kan pulcuklar1 adi verilir.
I1-Kan hiicrelerinin i¢inde bulunduklar1 s1v1 kan plazmasidir.
Kanin yapisiyla ilgili verilen ifadeler icin ne soylenebilir?

A. Her ikisi de dogrudur.

B. Idogru, II yanlistir.

C. Iyanls, II dogrudur.

D. Her ikisi de yanlstir.

22. Kan gruplariyla ilgili asagidaki ifadelerden hangisi yanhstir?
A. En uygun kan aligverisi ayni kan gruplari arasinda gergeklesir.
B. ABO sisteminde 4 farkli ¢esit kan grubu bulunmaktadir.
C. Kan bagisinda bulunmak kisilerin sagligini1 bozar.
D

. Kan aligverisinde Rh uyumlulugu 6nemlidir.
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23. Kiicilik kan dolasiminda, kanin izledigi yol hangi secenekte dogru verilmistir?
Baslangic Bitis

Sag kulak¢ik = Akciger atardamar1 = Akciger toplardamari— Sol karicik

Sag karincik = Akciger toplardamar1 = Akciger atardamar1 — Sol kulakgik

Sag karincik = Akciger atardamar1 = Akciger toplardamar1 — Sol kulakgik

o w>

Sol karincik = Akciger atardamari— Akciger Toplardamari— Sag kulakg¢ik

24. Kan gruplanyla ilgili asagidakilerden hangisi dogrudur?
A. AB kan grubu genel vericidir.
B. 0 kan grubu genel alicidir.
C. Enideal kan aligverisi genel vericiden digerlerinedir.

D. Kan gruplarinda genel alic1 ve genel vericilik pratikte kullanilmaz.

25. Asagidaki grafikte dinlenme konumunda, insan kaninin damarlara uyguladigi

basing gosterilmektedir.

DAMAR BASINCLARI

100 , . -.
[ [ i ' '
= B0 +------—---= - - ———- e e mant
T ; : : : : !
= ; - | : | !
E 6044 KF -t ——
> ; ; ; ; : :
Z 40 - : - : ¥
e ; : . : : i
20 - :. :. ; : : :
o i i i i i '
= = = =
= = = =
= = =
= = =
= ] =3
=< = =

393



Yukaridaki grafige gore asagidakilerden hangisi dogrudur?
A. Toplardamarlarin basinci kilcal damarlardan yiiksektir.
B. Kan biiyiik dolagim yaparken basinci devamli diiser.
C. Atardamarlarla toplardamarlar benzer basinglara sahiptir.
D

. En yiiksek basing kilcal damarlarda olusur.

26. Asagida kan gruplariyla ilgili verilen ifadeler icin ne sdylenebilir?
I- Alyuvarinda Rh faktorii bulunan kan Rh(+) olarak adlandirilir.
I1- Kan gruplar1 alyuvarda bulunan antikor ¢esidine goére belirlenir.

A. Her ikisi de dogrudur.

B. Idogru, II yanlistir.

C. Iyanls, IT dogrudur.

D. Her ikisi de yanlstir.

27. Lenf dolagimiyla ilgili asagidakilerden hangisi yanhstir?
A. Kan dolagimina yardimci bir dolagim sistemidir.
B. Kan damarlar1 ve lenf damarlarindan olusur.
C. Lenf damarlar1 i¢indeki akict maddeye lenf ad1 verilir.
D. Lenf damarlar kandan hiicreler arasina sizan maddeleri toplayarak

yeniden kana kazandirir.

28. Lenf diigiimleriyle ilgili asagida verilen ifadeler icin ne sdylenebilir?
I- Lenf diigiimleri viicudu hastaliklara kars1 korumakla gorevlidir.
I1- Bademciklerimiz birer lenf diigiimiidiir.

A. Her ikisi de dogrudur.

B. Idogru, II yanhstir.

C. I yanls, II dogrudur.

D. Her ikisi de yanlistir.
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29.

30.

© o w>

Saglik Bakanliginin arastirmalar1 sonucunda, Tiirkiye’de kalp ve damar
hastaliklarina yakalananlarin sayisinin giin gegtikce arttig1 gézlemlenmistir.
Bunun nedeni asagidakilerden hangisi ya da hangileri olabilir?
A. Tiiketilen fastfood (ayakiistii tiikketilen gida) miktarmin artmasi
B. Sigara kullananlarin sayisindaki artiglar
C. Egzersiz yapanlarin oraninin disiikliigii
D

. Yukaridakilerin hepsi

Asagidakilerden hangisi kan bagisinin 6neminden biri degildir?
A. Siirdiirtilebilir kan stoku i¢in 6nemlidir.
B. Kana ihtiya¢ duyan kisilerin hayatini kurtarabilir.
C. Kilo vermeye yardimei olur.
D. Kan bagislarinda yapilan tarama bazi hastaliklarin erken teshisini

saglar.

. Biiytik kan dolagiminda, kanin izledigi yol hangi se¢cenekte dogru verilmistir

Baslangic Bitis
Sol karincik — Aort— Ust ana toplardamar — Sag karincik

Sag karinctk —— Aort — Ust ana toplardamar — Sol kulak¢ik

Sol kulakeik » Aort » Ust ana toplardamar —— Sag karincik

Sol karmncik —— Aort—— Ust ana toplardamar — Sag kulakgik
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32. Asagidaki grafik, bir kisinin yasina gore 1 dakikadaki ortalama kalp atim sayisini

gostermektedir.

Yasa Gore Ortalama Kalp Atim Sayisi
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¥
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Bu grafige gore bu iki degisken (yas ve kalp atim sayis1) arasinda iliski nasildir?
A. Yas arttik¢a kalp atim sayis1 artmaktadir.
B. Kalp atim sayis1 ile yas arasinda herhangi bir iligki yoktur.
C. Yas arttikca kalp atim sayis1 azalmaktadir.

D. Yas arttik¢a kalp atim sayis1 once artmakta sonra azalmaktadir.
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APPENDIX C

C. TEST OF SCIENCE RELATED ATTITUDES (TOSRA)

(FEN TUTUM TESTI)
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1. Onceki diisiincelerimle uyusmayan konular hakkinda 0 O I [ T I B |
okumaktan hoglanirim.
2. Fen dersleri eglencelidir. I 1 I I I
3. Fen ile ilgili kuliibe veya topluluga katilmak isterim. | o/ a/a|d
4. Okulu bitirdikten sonra fen bilimleri alaninda bilim a aja;[aj|a
insani1 olarak caligmak istemem.
5. Her defasinda ayn1 sonuglara ulasip ulagsmadigimi alaololalao
kontrol etmek i¢in yaptigim deneyleri tekrarlamaktan
hoslanmiyorum.
6. Fen derslerinden hoslanmiyorum. Q o, o, Q. a
7. Evde televizyondaki fen ile ilgili programlari izlerken Qaja[a|aQ
sikiliyorum.
8. Okuldan mezun oldugumda fen alaninda kesifler yapan 0 I [ T O O B |
insanlarla ¢aligmak isterim.
9. Yasadigimiz diinya hakkinda meraklryim. I I I B
10. Okulda haftalik ders programinda daha fazla fen dersi o, o, a a
olmalidir.
11. Fen ile ilgili bilimsel bir kitabin veya bir fen arag o, o, a a

gerecinin hediye olarak bana verilmesinden hoslanirim.
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12.

Okuldan mezun olduktan sonra fen laboratuarlarinda
caligmak istemem.

13.

Yeni seyler kesfetmek onemsizdir.

14.

Fen dersleri beni sikar.

15.

Tatil siiresince fen ile ilgi kitaplar okumaktan
hoslanmam.

16.

Fen laboratuarinda ¢alismak gecim saglamak i¢in ilging
bir yol olabilir.

17.

Benden farkli goriisleri olan insanlar1 dinlemeyi severim.

18.

Fen okuldaki en ilging derslerden biridir.

19.

Evde fen ile ilgili deneyler yapmaktan hoslanirim.

20.

Fen alaninda kariyer sahibi olmak sikicit ve monotondur.

21.

Yeni fikirler hakkinda bilgi edinmeyi sikici bulurum.

22.

Fen dersleri zaman kaybidir.

23.

Okuldan sonra arkadaslarla fen dersi ile ilgili konular
hakkinda konusmak sikicidir.

24,

Mezun olduktan sonra fen ile ilgili konular1 6gretmek
isterim.

25.

Fen deneylerinde daha 6nce kullanmadigim yeni
yontemleri kullanmay1 severim.

26.

Fen derslerinden ¢ok hoslanirim.

27.

Tatillerde fen laboratuarinda bir is imkan1 bulmaktan
hoslanirim.

28.

Meslek olarak fen bilimleri alaninda bilim insani olmak
sikicidir.

29.

Eger kanitlar fikirlerimin yetersizligini (zayifligini)
gosterirse fikrimi istemeyerek degistiririm.

30.

Fen derslerinde islenen konular ilging degildir.

31.

Radyodan fen ile ilgili programlar1 dinlemek sikicidir.

32.

Fen alaninda bilim insan1 olmak bir is olarak ilging
olabilir.

o 0 0 O O OO 0O O OO O O O O O O O O U O

o oo O 0 OO0 00 000 0 0 O 0 O OO DO O

o oo O 0 OO0 0O 0 000 0 0 O 0 O O O DO O

[N | ]y 6y |y Sy T )y | Yy | Uy Ay N Iy

o oo O 0 OO0 00 000 0 0 O 0 O OO DO O
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33.

Fen deneylerinde beklenen sonuglarin yaninda
beklenmeyen sonuglar1 da raporuma yazarim.

34.

Fen derslerini sabirsizlikla beklerim.

35.

Hafta sonlar1 bilim miizesine gitmek bana zevk verir.

36.

Fen alaninda bilim insan1 olmak istemem g¢iinkii uzun
stireli egitim gerektirir.

37.

Baskalarinin fikirlerini dinlemekten hoslanmam.

38.

Eger fen dersleri olmasaydi, okul daha eglenceli olurdu.

39.

Fen ile ilgili gazete makalesi okumaktan hoslanmam.

40.

Okuldan mezun oldugumda fen alaninda bilim insani
olmak isterim.

o O 0O O O O O O

o O 0O O O O O O

o 0O O O O 0O O O

o O 0O O O O O O

o O O O O 0O O O
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APPENDIX D

D. VIEWS OF NATURE OF SCIENCE ELEMENTARY SCHOOL VERSION

(VNOS-E)

(BILIMiIiN DOGASI OLCEGIi: FORM-E)

1. Sizce “bilim” nedir?

2. a) Sizce bilimi diger konulardan (resim, miizik, Tiirk¢e gibi) ayiran 6zellikler

nedir? Ornek vererek agiklayimiz.

b) Bilim sizce bu konulardan (resim, miizik, Tiirk¢e gibi) hangi agilardan

farklidir? Aciklayiniz.
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3. Bilim insanlar1 daima diinyamiz hakkinda daha ¢ok bilgi sahibi olmaya ¢alisirlar.
Bilim insanlariin bugiin sahip olduklar1 bilgilerinin gelecekte degisecegini

diistinlir miistiniiz? Liitfen 6rnekler yardimiyla agiklayiniz.

4.  a) Bilim insanlar1 bir zamanlar dinozorlarin diinyada yasadiklar1 hakkinda nasil

bilgi sahibi olmuslardir?

b) Bilim insanlari dinozorlarin goriiniisleri hakkinda nasil bilgi sahibi
olmuslardir? Sizce bu konuda kesin bilgilere sahip midirler? Nedenleriyle

aciklaymiz.
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5. Bilim insanlari; dinozorlarin uzun bir zaman 6nce, neden ve nasil yok oldugu

konusunda farkli goriislere sahiptirler. Bilim insanlar1 ayni veri ve kanitlara sahip

olmalarma ragmen dinozorlarin yok oluslariyla ilgili olarak neden farkli goriislere

sahiplerdir?

6. Her giin televizyonda hava durumu spikeri

yarin havanin nasil olacagina dair bilgileri
resimlerle bize aktarmaktadir. Bu
resimlerin hazirlanmasinda bir¢ok bilimsel

veriler ve kanitlar kullanilir. Hava durumu

spikeri bu resimlerin verdigi bilgiler

hakkinda nasil emin olabilmektedir?

Nedenleriyle birlikte agiklaymiz.

7. Bilim insanlariin ¢alismalarinda hayal giicii ve yaraticiliklarini kullandiklarini
diistiniir miisiiniiz?

(] Evet
E] Hayir
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a) Eger cevabiniz “hayir” ise neden boyle diisiindiigiiniizti 6rneklerle agiklayiniz.

b) Eger cevabiniz “evet” ise sizce bilim insanlar1 hayal giicii ve yaraticiliklarini
aragtirmalarinin; planlama, deney yapma, gozlem yapma, verileri analiz etme,
sonuglar1 agiklama ve yorumlama gibi asamalarin hangisinde kullanirlar? Liitfen
bilim insanlarinin neden hayal giicii ve yaraticiliklarini kullandigini 6rneklerle
aciklaymiz.
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APPENDIX E

E. KWL CHART
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APPENDIX F

F. DRAW A SCIENTISTS ACTIVITY SHEET

(BILIM INSANI CiZELIM ETKINLIK FORMU)

ETKINLIK 1
—Bilim Insan Gizelim-—
Isim: Smif:

Asagidaki kutucuga bir bilim insam ¢izin, ¢iziminizi yaparken yaptif isi de
cizmeyi unutmayin!
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CiZDIGIMIZ BILIM INSANINI TANIMLAYALIM.

Kisisel Ozelliklerini Yazimz:

Cahisma Ortamini Tarif Ediniz:

Yaptig isi Tarif Ediniz:
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Cizdiginiz Bilim insam Resimde Ne Yapiyor:

Adapted from: Fralick, B., Kearn, J., Thompson, S., & Lyons, J. (2009). How Middle Schoolers Draw Engineers and Scientists.
Journal Of Science Education & Technology, 18(1), 60-73. doi:10.1007/s10956-008-9133-3

407




APPENDIX G

G. HISTORICAL SHORT STORY 1

(KALP HAKKINDA NE BILiYORDUK)

ETKINLIK 2
—Kalp Hakkmds Ne Biliyorduk-—-
Grup Ad Smf:

Gruptaki Kisiler:

Tarihsel Siirecte Kalp
Tarih boyunca kalp, hem gorevi acisindan, hem de sembolik olarak 6nemli bir organ
olarak goriilmiistiir. Kalbin nasil galistig1 ve ne ise yaradigi degisik toplumlardaki
bilim insanlarinin zihnini mesgul eden bir konu olmustur.
Eski Hint toplumlar1 kalbi, sinir sistemini olusturan yapilarin viicudun kisimlarina
ulagmak i¢in ¢iktig1 merkez olarak diisiiniiyorlardi. Bilim tarihinde, ilk diseksiyon
yontemini kullanan anatomistlerden biri olarak bilinen Empedokles’e gore kalp,
viicudun yasamsal 1s1 kaynagmin dagitim merkeziydi. Unlii yunan hekim Hipokrat,
karaciger ve dalagin kan tireten merkez organlar olduguna ve bu kanin sogutulmak ya
da 1sitilmak amaciyla kalbe geldigine inaniyordu. Aristoteles'e (filozof ve biyolog)
gore kalp; biling, zeka ve bes duyumuzun kontrol edildigi merkezdi. Herofiliis (Yunan
Hekim) bu fonksiyonlari kalp degil de beynin gerceklestirdigini kanitlamistir.
Erasistratus ortaya attig1 yeni bir teoriyle kalbin pompa gorevinin oldugunu ileri siirdii.
Teorisinde kalbin kulakgiklarini ve kan damarlarini (aort, akciger atar ve
toplardamarlari, {ist ve alt ana toplardamar) tanimladi. Eski anatomistlerin fikirleri
cogunlukla eksik olmasina ragmen daha sonra yapilan bilimsel gelismeler i¢in temel

olusturmustur
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Galen (131-192) su anda Izmir’in bir ilgesi olan Bergama’da dogmustur. {yi bir hekim
olan Galen’in yazilar1 anatomiden (viicut yapisi) tedavi yontemlerine kadar tibbi
bilginin biitlin yonlerini olusturuyordu. Yiizyillar boyunca Galen dyle itibar kazandi ki
hi¢ kimse bulgularinin ve fikirlerinin dogrulugunu sorgulamaya cesaret edemedi.
Galen’e gore kalp; akcigerleri beslemek tizere sahip oldugu kanin bir kismini sag
karincigindan akcigerlere pompaliyordu. Kalan kisim karincik duvarlarindaki
gozeneklerden sol karinciga geciyordu. Burada akcigerden gelen hava ile birlesiyordu.
Galen, bu solunan havanin yagsamin temel prensiplerini igerdigine inaniyordu.

William Harvey (ingiliz Hekim) kalbin viicuda kan pompaladigini kanitladi. Kalbin
kasl1 bir yapiya sahip oldugunu; karincik duvarlarinda gézenekler olmadigini, dolagim
sisteminin merkez organinin kalp oldugunu ispatlamistir. Kiiciik diizenlemeler
yapilmis olmasina ragmen, modern fizyolojide kalbin yapis1 ve gorevleriyle ilgili halen

kabul goren goriis Harvey’e aittir.
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SORULAR

Yukarida tarihsel siirecte bilim insanlarinin ve toplumlarin kalp, kalbin yapis1 ve
gorevleri ile ilgili bilimsel makalelerde yayinlanan 6zet bilgiler okudunuz. Bu
bilgilere gore asagidaki sorulara cevap veriniz.

1. Asagidaki tabloyu okudugunuz bilgilere gore doldurunuz.

Bilim Insam Meslegi/Uzmanlik Kalp ile Ilgili Gériisii
Alani
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2. Yukaridaki 6zet bilgiyi okuduktan sonra bilim insanlarinin kalbin yapisi ile ilgili
bilgilerinden ne kadar emin olduklarini diisiiniiyorsunuz? Agiklayniz.

3. Sizce bilim insanlarinin kalp ile ilgili bilgileri degismez midir? Aciklayiniz.

4. Yukaridaki 6zet bilgiyi gbz onilinde bulundurunca sizce bilimsel bilgi bir kesinlige
ya da degismezlik 6zelligine sahip midir? Cevabinizi agiklayiniz.

Azizi, M. H., Nayernouri, T., & Azizi, F.(2008). A brief history of the discovery of the circulation of blood in the
human body. Archives of Iranian Medicine, 11(3), 345-350.

Gross, C. G. (1995). Aristotle on the brain. The Neuroscientist, 1(4), 245-250.

A history of the heart. (n.d.) Retrieved December 24, 2011, from
http://www.stanford.edu/class/history13/earlysciencelab/body/heartpages/heart.html

Malomo, A. O., Idowu, O. E., & Osuagwu, F. C. (2006). Lessons from history: Human anatomy, from the origin to
the renaissance. International Journal of Morphology, 24(1), 99-104.
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APPENDIX H

H. STRUCTURE AND THE FUNCTION OF THE HEART

(KALBIN ICINE BAKALIM)

ETKINLIK 3
—Kalbin I¢tne Bokalm—
Isim: Smif:

1. Kalbin dis kismiyla ilgili gézlemler yaptiniz. Gozlemlerinizde edindiginiz
bilgilere gore asagidaki sorulara cevap veriniz.

Sekli nasil?

Yapilar1 hangi renk?
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Hangi kism1 daha kaslh, hangi kisim daha az kash?

Biiyiikliigii ne kadar?

Yapisinda damar var mi?

Diger gozlemlerim?
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2. Kalbin dis yapisiyla ilgili gozlemlerinizi asagidaki kutucuga ciziniz.

3. Kalbin i¢ kismyla ilgili gozlemler yaptiniz. Gézlemlerinizde edindiginiz
bilgilere gore asagidaki sorulara cevap veriniz.

Kac boliimden olusuyor?
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Damarlar ciktig1 bolgeler neresi?

Damarlarin biiyiikliikleri nasil?

Diger gozlemlerim?
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4. Kalbin icyapisiyla ilgili gozlemlerinizi asagidaki kutucuga ciziniz

5. Kalbin dis yapisinda damarlar oldugunu gozlemledik. Sizce bu damarlarin
gorevleri ne olabilir?
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6. Kalbin karmncik kisminin kulak¢ik kismina gore daha kash bir yapiya sahip
oldugunu gozlemledik. Sizce bunun sebebi ne olabilir?

7. Bu gozlemlerinize gore kani viicuda pompalayan kisim hangisidir?
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APPENDIX I

I. HISTORICAL SHORT STORY 2

(KANIN YAPILARI)

ETKINLIK. 2%
——Kanm Yapisi-—
Iston: Smif:

KANIN YAPILARI
Kanin ¢iplak gbzle incelenmesi ¢ok eski zamanlara dayanmaktadir. Bu zamanlarda
kanin, renginden dolay1, yalnizca kirmizi taneciklerden olustugu diistiniilmekteydi.
Mikroskobun icadi kanin yapisti ile ilgili ilk bilimsel ¢aligmalarin yapilmasina olanak
saglamistir. 1658 yilinda ilk defa Alman doga bilimci, Jan Swammerdam, mikroskop
altinda kirmiz1 kan hiicrelerini gézlemlemistir. Alman mikroskop uzmani, Antoni van
Leeu-wenhoek, ise 1695 yilinda kirmizi kan hiicrelerinin biiytikliik ve seklini
tanimlayip resmetti. Resim 1°de Leeu-wenhoek tarafindan resmedilen kirmizi kan

hiicreleri goriilmektedir.

Resim 1. Leeu-wenhoek tarafindan ¢izilen kirmizi kan hiicreleri
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Sonraki 150 yil i¢inde, mikroskop altinda kana bakanlar kirmizi kan hiicresinden baska
bir sey goremediler. Ta ki 1843 yilinda Fransiz tip profesorii Gabriel Andral ve ingiliz
pratisyen hekim William Addison ayn1 zamanda birbirinden bagimsiz olarak beyaz kan
hiicrelerini tasvir etti. 1842 yilinda Fransiz halk sagligi uzmani1 Alfred Donne kanin
ticlincii bir yapitasi olan kan pulcuklarini kesfetti. Donne meslektaslari tarafindan ¢ok
fazla umursanmamasina ve hatta meslektaslarinin ona diismanca tavirlar sergilemesine
ragmen, mikroskobun tipta kullanilmasi ile ilgili ¢alistaylar diizenlemis; bu galistaylar

Fransiz 6grencilerinin yani sira diger yabanci 6grencilerin de ilgisini ¢ekmistir.

Hajdu, S. 1. (2003). A note from history: The discovery of blood cells. Annals of Clinical & Laboratory Science, 33
(2), 237-238.

1. Okudugunuz parc¢ada, kanin yapisinda neler oldugunun kesfedilmesi
siirecinde tarih boyunca nasil gelismeler oldugu ve hangi siireclerden
gectigi kisaca anlatilmistir? Bu bilgilere gore asagidaki tabloyu
doldurunuz.

Bilim Insan1 /Devir Kan ile ilgili kesif/ fikir

[lk zamanlar

Jan Swammerdam

Antoni van Leeu-

wenhoek

Gabriel Andral
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William Addison

Alfred Donne

2. Sizce kanin yapisiyla ilgili daha gergekei bilgiler mikroskobun kesfinden 6nce mi
yoksa sonra mi1 ortaya ¢ikmistir? Neden?

3. Okudugunuz parcaya gore bilimsel bilgiyi diger bilgilerden ayiran 6zellikler
nelerdir?
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APPENDIX J

J. CONSTITUENTS OF BLOOD

(KANIN YAPISI VE GOREVLERI)

ETKINLIK 5
—Kanm Yapist Ve Gorevleri-—
Istm: Smif:

1. Mikroskopta daimi kan preparatlarini gézlemleyiniz. Gézlemlerinizi agagidaki
bosluga ¢iziniz.
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2. Mikroskopta incelediginiz ornekte kag ¢esit hiicre gordiiniiz? Aciklayiniz.

3. Gordigiliniz hiicrelerin sekilleri nasildi? Agiklayiniz.

4. Sizce kanin yapisinda gozlemlediklerinizden bagka hiicreler olabilir mi?
Aciklayniz.

5. Sizce bu gozlemlediginiz hiicrelerin gorevleri aynt midir? Neden?
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6. “Kalbin I¢ine Bakalim” etkinliginde gézlem ile ¢ikarim arasindaki farki 6grendiniz.
Kanin akici oldugunu gz dniinde bulundurarak sizce kanin akict olmasini saglayan
nedir? Cikariminiz1 asagiya yaziniz.
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APPENDIX K

K. HISTORICAL SHORT STORY 3

(DOLASIM SISTEMI HAKKINDA)

ETKINLIK 6
—Dolosm Sistemi Hokkmde—-

isim: Smf:

Harvey’in dolasim sistemindeki buluslarini tiimiiyle takdir etmek i¢in Yunanistan’in
altn gag1 olan M.O. 400°lii y1llara dénmek gerekir. O yillarda Helenist (Yunan)
medeniyeti yagmur yagmasi ya da hastalik gibi giindelik olaylarin ¢esitli ruhlarin
elinde oldugunu goriisiinii reddediyordu. Bu olaylar1 dogaiistii degil dogal olaylar
olduguna vurgu yaparak bu olaylarin sebeplerini elestirel ve akilci bir analize
baglanmas1 gerektigini diisliniiyordu. Bu yoniiyle efsaneden mantiga ya da sebep
aramaya gecis yaptilar.

T1p alaninda William Harvey’den 6nce Galen’in kalp ve dolasimla ilgili goriisleri1600
yil boyunca etkili olmustur. Galen’in tibba en 6nemli katkilarindan birisi “Kan
Dagilim Teorisi”dir. Galen’in teorisine gore kan karacigerde, mide ve bagirsaklardan
gelen besinlerden, iiretiliyordu. Uretilen bu kan besin maddesi olarak ya da et gibi
yumusak dokulara doniismek {izere damarlar yoluyla viicuda dagitiliyordu. Geri kalan
kan kalbin sag karincigina geliyordu. Bu kanin bir kismi1 akcigeri beslemek tizere
akcigere gonderiliyor kalani karincik duvarindaki gézeneklerden sol karinciga
bosaliyordu. Burada bu kan akcigerden gelen hava ile birlesiyor, boylece yasamin

temel prensiplerini i¢erdigine inaniliyordu. Kalp genislemesi sirasinda kani sag
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karinciga, havayi sol karinciga emdigi diistiniiliiyordu. Kalp kasildigi zaman sag
karinciktaki kan1 akcigere, sol karinciktakini viicuda gonderiyordu. Kalp genisledigi ve
kanla doldugunda (diyastolde) aktif olarak is yapmakta oldugu ve kalp atiginin bu
sirada olustugu goriisii hakimdi. Mevcut kan viicutta devamli olarak tiiketiliyordu.
Eksilen kan sindirilen besinlerden yeniden iiretiliyordu.
William Harvey 1578 yilinda Folkstone'da dogdu. Ilk tip egitimini iinlii tip
okullarindan Padua'da aldi. Kazandig1 basarilar, 1615 yilinda Kraliyet Tip Okulu'nun
anatomi ve cerrahi kiirsiisiine 6gretim iiyesi olarak atanmasini sagladi.
Harvey, 1616 yilinda kraliyet tip okulunda hocayken yaptigi deneylere ve hayvanlar
iizerindeki gdzlemlere dayanarak kan dolasimini tarif etmeye basladi. Oncelikle
viviseksiyon (tibbi amagli canli hayvan {izerinde inceleme ve arastirma yapma)
yontemini kullandi. Canli bir hayvanin kalbini viicudundan ayirinca kalbin bir miiddet
daha atmaya devam ettigini gbzlemledi. Boylece Galen’in diigiindiigiiniin tersine,
kalbin genisleyince kan1 emen bir organ olmadigini, aksine kalbin bir pompa gibi
calistigini kanitladi. Ayni sekilde canli bir hayvanin kalbi durmaya basladiginda kalbin
hareketini daha iyi gozlemleyip Galen’in sdylediginin tam aksine; kalbin kiigiikken,
sert ve kasilmis halde (sistolde) kan1 pompalayarak aktif olarak is yaptiginy;
genisledigi ve kanla doldugunda (diyastolde) dinlenme haline gectigini ispatladi.
Harvey’in viviseksiyon yontemiyle ispatladigi diger bir bulgu ise kulakgiklarin
kasilmasiyla kanin karinciklara gegtigidir. Harvey canli bir hayvanin kalbinin
karmcigin1 makas yardimiyla kestiginde kulakgiklarin her kasildiginda kanin
karinciklardan fiskirdigin1 gozlemledi. Boylece karinciklara kanin nasil geldigini
dogru bir sekilde ispatlamis oldu. Harvey’in dolagim sistemi ile ilgili sonuglara
ulagmak i¢in kullandig1 diger viviseksiyon yontemleri sdyle 6zetlenebilir:

e Baliklarda kalpten ¢ikan atardamar1 kesince her kalp atiminda kanin kesilen

yerden fiskirdigin1 gozlemleyip atardamarlarin geniglemesinin kalbin

kasilmasini takip ettigini buldu.
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e Koyunlarda toplardamar kestiginde toplardamarin kalbe giden yoniinde daimi
kan akis1 oldugu diger tarafinda ise kan akigsinin olmadigini gozlemleyerek
toplardamarda kanin yoniiniin viicuttan kalbe dogru oldugu; ayni islemi
atardamara yaptiginda tam tersi bir sonug¢ gézlemleyip atardamarlarda kanin
yOniiniin kalpten viicuda dogru oldugunu ispatlamistir.

Harvey’in dolagim sistemini tarif ederken kullandig1 ikinci bir yontem diseksiyondur
(6l insan ve hayvan viicudunun kisimlarini deney amagli inceleme). Diseksiyon yolu
ile buldugu sonuglar 6zetle soyledir:

e Kalbi keserek karincik duvarlarinin kalin, sert, yogun oldugunu, bu duvarlarda
gozenekler olmadigini vurgulada.

e Toplardamarlarda kapakgiklar oldugunu bu kapakg¢iklarin kanin geriye gidisini
engelledigi bu sayede Galen’in diislindiigii gibi toplardamarlarda kanin gel git
yapamayacagini, toplardamarlarda kanin tek yonde hareket ettigi ¢ikarimini
yapmastir.

Harvey’in dolasim sisteminde kullandig1 diger bir yontem nicel, matematiksel
yontemdir. Bu yontemi kullanirken ayni anda viviseksiyon ve diseksiyon
yontemlerinden yararlanmistir. Bu yontemle kanin tiiketilip yedigimiz yiyeceklerden
tekrar tiretilemeyecek kadar ¢cok oldugunu; kanin mutlaka viicutta dolagmasi
gerektigini One siirmiistiir. Bu yontemin 6zii suna dayanir:

e Harvey diseksiyon yoluyla elde ettigi kalbin sol kariciginin hacmini dlger ve
yarim saat i¢inde insanin kalbinden gececek olan kan miktarini hesaplar.
Hesaplarina gore bu miktar viicuttaki toplam kandan fazladir. Bu da kanin
viicutta dolastiginin ispatidir.

Harvey dolagim sistemi ile ilgili caligmalarinda perfiizyon (Bir siviy1 bir organa ya da
dokuya damar yoluyla verme islemi) yontemini de kullanmistir. Bu yontemle Harvey:

e Kalbe giren ve ¢ikan biitiin damarlar1 baglayip ve alt ana toplardamardan kalbe

su verince sag karincigin sistigini gézlemlemistir. Sol karincigi kesmesine
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ragmen buradan su ¢ikisi olmamustir. Eger karinciklar arasinda gézenekler
olsayd sol karinciktan su ¢ikis1 gdzlemlenecekti.
Daha sonra bu bulgularini bir araya toplayip dolagimla ilgili bugiin hala neredeyse

degismeden kabul edilen teorisini ortaya koymustur.

SORULAR

1. Okudugunuz pargaya gore sizce Harvey ve Galen dolagim sistemi hakkinda neden
farkl diistiniiyorlardi?

2. Galen'in ortaya att1g1 teorinin 1600 y1l degismeden kalmasinin sebebi ne olabilir?
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3. Harvey dolagim sistemi ile ilgili teorisini gelistirirken hangi yontemlerden
faydalanmistir?

4. Bilim ¢evresinde, Harvey'in dolasim sistemiyle ilgili gelistirdigi teorinin Galen'in
teorisinin yerine kabul gérmesinin nedenleri ne olabilir?

5. Okudugunuz pargaya gore bilim insanlar1 bir problemi ¢ézmeye calisirken ayni1
yontemleri mi kullanirlar? Neden?
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6. Yanda sekilde kitaplarda Problemin KANUN k GERCEK
.t : " bilimsel Saptanmas:
gosterilen "genel gecer" bilimse i
yontem basamaklar1 verilmistir. ‘ ‘ g
Bu parcay1 okuduktan sonra bu - A
5 e Gazlem T
basamaklarin dogrulugu ile ilgili Yapiir
(<iini HiIPOTEZ44— SOHNU

ne diigtintiyorsunuz? iL nE(";isiR+ oLUMSGZ ‘_‘ TEORI

Veriler TT

toplanr ve Hipotez Tahminler Kontrollii

deney %r_:) Kurulur #} Yapihr Deneyler

yapilir Yaphr

7. Bircok insan bilim insanlarini laboratuarda ¢alistyor olarak hayal eder. Yukarida
okuduklarmiza gére Harvey’in bu bilim insanlarindan farki nedir?

Ozkaynak, B. (2006). Atan kalpte koroner revaskiilarizasyon cerrahisinin postoperatif uzun donem sonuglarinin
degerlendirilmesi. Uzmanlik Tezi, Istanbul, Tiirkiye

Prof. Dr. Ayten Altintas. T1ip Tarihi Ders Notlar1

Ribatti, D. (2009). William Harvey and the discovery of the circulation of the blood. Journal of Angiogenesis
Research, 1(3), 1-2.

Schultz, S. G. (2002). William Harvey and the circulation of the blood: The birth of a scientific revolution and
modern physiology. News in Physiological Science, 17, 175-180.

Shank, M. H. (1985). From Galen's ureters to Harvey's veins. Journal of the History of Biology, 18(3), 331-355.

Westfall, R. S. (1977). The Construction of Modern Science. Modern Bilimin Olusumu Ceviri: Ismail Hakki Duru
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APPENDIX L

L. PULMONARY CIRCULATION AND SYSTEMIC CIRCULATION

(KUCUK VE BUYUK KAN DOLASIM MODELI)

Etkinlik 7
—Kicik Ve Biyik Kan Dolasm Modeli-—-
Grup Adt Smif:
Grupteki Kisiler:
Onbilgi

=% Kalbin sag kisminda her zaman kirli; sol kisminda her zaman temiz
kan bulunur!

=% Viicuda kan her zaman karinciktan pompalanir, viicuttan gelen kan
her zaman kalbin kulakcigina gelir!

% Atardamar her zaman kalpten kani viicuda tasir!

% Toplardamar her zaman kani viicuttan kalbe getirir!

1. Yukandaki bilgilere dayanarak ve size verilen materyalleri kullanarak kiiglik
kan dolagimiyla ilgili bir model olusturunuz ve bu modeli asagidaki kutucuga
¢iziniz.
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2. Yukaridaki bilgilere dayanarak ve size verilen materyalleri kullanarak biiyiik
kan dolagimiyla ilgili bir model olusturunuz ve bu modeli agagidaki kutucuga
¢iziniz.
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3. Biiyiik ve kii¢iik kan dolagimin modelini tek model {izerinde birlestirin ve
birlestirdiginiz modeli asagidaki bosluga ¢iziniz

4. Sizin yaptiginiz modelle diger gruplarin modelleri arasindaki benzer ve farkli
yonler nelerdir? Agiklayiniz.
Benzerlikler:

Farkliliklar:
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5. Sizce bu benzerlik ve farkliliklarin nedeni ne olabilir? Aciklaymiz.

6. Sizce bilim insanlar1 da bilimsel olaylar1 agiklarken model kullanirlar m1?
Aciklaymiz.

7. Sizce farkli bilim insanlar1 ayni olay1 agiklarken farkli modeller olustururlar mi?
Aciklaymiz.

8. Bilim insanlar1 elde ettikleri verilerden modeller olustururken yaraticilik ve hayal
giiclinii kullanirlar m1?
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APPENDIX M

M. BLOOD TRANSFUSION TIMELINE

(KAN NAKIL ZAMAN CIiZELGESI)

Yil: 1492

XV ve XVI. yuzyilda genginsanlarin kaninin yaglilara nakledilmesiyle yaslihgin
6nlenebilecegi disunuliyordu. Bu duslinceyle Papa’ya on yasindaki ti¢ gocuktan kan
nakledilmisti. Sonug¢ maalesef beklendigi gibi olmadigi gibi, hem Papa hem de ug¢
¢ocuk bu olayin ardindan hayatlarini kaybetmislerdir.
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Yil: 1665
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Tarihi kayitlara gore ilk basarili kan nakli ingiltere'de yapilir: Doktor
Richard Lower diger képeklerden aldigi kan ile yarali bir képegi hayatta
tutmayi basarir.



9EY

Yil: 1667

Fransa'dan Jean-BaptisteeDenis ve ingiltere'den Richard Lower ve
Edmund King birbirlerinden bagimsiz olarak bir insana ilk defa
basarili bir kan nakli gerceklestirmislerdir. Bu olaydailginc olan
nokta ise insana nakledilen kanin bir koyundan alinmis olmasidir.



LEY

Yil: 1678

Hayvanlardan insanlara kan nakli cok farkli sekillerde denenmis ve bir¢ok
olimle sonucglanan vakalar gézlemlenmistir. Bu ylizden hayvanlardaninsanlara
kan nakli Paris Hekimler Dernegi’'nce yasadisi ilan edilmistir.



8EY

Yil: 1818

Ingilizkadin dogum uzmaniJames Blundell, birinsandan digerine kan nakli yapaniilk
bilim insani olarak tarihe ge¢mistir. Bu nakil, dogum sonrasi kanamasi olan bir kadina,
kocasindan alinan kan nakledilerek gerceklestirilmistir.



6EY

Yil: 1873-1880

Bu tarihler arasinda Amerikali arastirmacilar, insanlara kan
yerine inek ve keci st nakletmislerdir.



ovy

Yil: 1884

Sute bagliyan etkilerin cok sik gorilmesi tGzerine kan ihtiyacini
karsilamak icin stit yerine tuzlu su insanlara nakledilmeye
baslandi.
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Yil: 1901

Karl Landsteinerilk defa 3 kan grubunu kesfederek bunlara A, B ve C gruplari adini
verdi. Landsteiner’in bu ¢calismasi 6nceleri kimsenin dikkatini cekmemistir; fakat
bulusundantam 29 yil sonra bu calismasiyla Nobel Tip Odulini almaya layik
gorulmustir.
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Yil: 1902

< N

N

Kan gruplarin dordlinclsi olan AB grubu, Karl Landsteiner’in
ogrencileri Decastrello ve Sturli tarafindan kesfedilmistir.



evy

Yil: 1928

Rus felsefeci ve bilim insani olan Alexander Bogdanov kan degisimi sayesinde
yaslanmayi engelleyebilecegini distnlyordu. Bu amagla kendi Gzerinde uyguladigi
bir deney sirasinda, 6grencisinden kaptigi sitma ve tiberkiloz bakterileri nedeniyle
hayatini kaybetmistir.



14%4%

Yil: 1930

Rus profesor Viladimir Shamov ilk kez bir kadavradan (6lG insan viicudu) canliya kan
nakli gerceklestirmistir. Shamov bu yillarda toplamda 2500 kisiye kadavradan nakil
yaptigini rapor etmistir.
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Yil: 1938

Istanbul Universitesi Cerrahpasa Tip Fakiiltesi’nde ilk kan nakli gerceklesmistir.
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Yil: 1940

Karl Landsteiner ve ekibi yine is basindadir ve bu kez
kandaki Rh faktorinu kesfederler.



Lvy

Yil: 1950

Kan bankaciliginda déniim noktalarindan biri yasandi. ilk defa Walter ve Murphy
tarafindan kanin toplanmasiigin plastik torba tavsiye edildi. Dayanikli plastik
torbalar kanin toplanmasi ve saklanmasinda kirilabilir ve saklanmasi zor cam

sisenin yerini aldi. Boylece kanin toplanmasi ve sevkiyati oldukga kolaylast.



11747

Yil: 1951

Bir laboratuvarda calisan teknisyenin gliserol-albumin sisesine yanlislikla fruktoz
yazmasi sonucu gliseroliin soguktan koruyucu etkisi kesfedildi. Tamamen
rastlantiya dayali bu kesif, kanin da gliserol yardimiyla saklanmasina olanak
sagladi.
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Yil: 1981

Ilk AIDS vakasi bildirildi. insanlardan alinan kanin havuzlastirilmasi, HIV (AIDS
virtsu) gibi virtslerin kan nakli yapilan hastalarda gérilmesine sebep oldu.



0S¥

Yil: 1985

Bagiscilardan alinan kanlarda HIV virlisi taranmasi
zorunlu hale getirildi.



13°1%

Yil: 2004

Tum dinyada oldugu gibi Turkiye’de de ABO kan grubu sistemini bulan Karl
Landsteiner'indogum giiniu olan 14 Haziran tarihi, Dlinya Gonulli Kan Bagiscilari
Gunu olarak kutlanmaya baglanmistir.



Etkinlik 8
~—Kean Nokil Zeman Cizelgesi—
Grup Ad Smif:

Grupteki Kisiler:

PR

1. Olusturdugunuz zaman ¢izelgesinde bilimsel bilginin degistigi ya da bagka yone
dogru gittigiyle ilgili bir kanit bulabildiniz mi? Bulduysaniz bunlar nelerdir?

2. Zaman ¢izelgenizde ad1 gegen bilim insanlarindan ayni verilere sahip olmalarina
ragmen farkli sonuglar ¢ikaranlar var m1? Varsa hangi farkli ¢ikarimlarda
bulunmuslardir?
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3. Sizce bilim insanlarinin ayni1 verilerden farkli sonuclar ¢ikarmasinin nedenleri
ne olabilir?

4. Hazirladiginiz zaman ¢izelgesinde ¢alismasina kendi goriislerini katan bilim
insan1 var m1? Eger varsa kendi goriislerini nasil katmiglardir?
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APPENDIX N

N. WILLIAM HARVEY’S EXPERIMENTS

(W. HARVEY DENEYLERI VIDEOSU)

Etkinlik 9
W. Harvey Deneylert Videosu
istm Smif:

1. W. Harvey yeni bir dolagim sistemini gelistirirken nasil bir yol izledi?

2. Harvey dolasim sistemindeki biitiin islemleri gdzlemleyebildi mi?
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3. Harvey teorisini gelistirirken yaraticiligini kullandigini disiiniiyor musunuz?
Cevabiniz evet ise drnek veriniz.
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APPENDIX O

O. HISTOGRAMS SHOWING NORMALITY
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APPENDIX P

P. MATRIX SCATTERPLOTS FOR LINEARITY

Matrix Scatterplots for Experimental Group
Group: 1
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APPENDIX R

R. ORIGINAL TURKISH TEXT OF SOME QUOTATIONS

1) Yapilan ¢alismalar hipotezi destekliyorsa hipotezin yeterliligi ve gegerliligi artar.
Eger baska hipotezlerle de desteklenirse hipotez teoriye doniisiir. Teori, uzun bir
stirecin ardindan higbir itiraza ihtimal birakmayacak sekilde evrensellesir ve bir

bilimsel gergek sekline dontisiirse kanun halini alir (MEB, 2008, s. 9-4).

2) Bazi bilim insanlari teorik ¢alismaya yonelirken bazilar1 deneysel uygulamaya
agirlik verir. Bunlarin yani sira bazi bilim insanlari teknolojik tasarimlarla daha
fazla ilgilenir. Bu farkliliklara karsin, bilim insanlarinin hepsi ¢alismalarinda
bilimsel bir siire¢ izler. Oncelikle neyi aradiklarina karar verirler; ardindan
fikirlerini destekleyen kaynaklar toplar; gozlemler-deneyler yapar ve alternatif

¢oztimler tretirler. (MEB, 2008, s. 9-2).
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APPENDIX S

S. LEARNING OBJECTIVES OF CIRCULATORY SYSTEM

(Dolasim Sistemi Kazanimlari)

Dolasim Sistemi ile ilgili olarak 6grenciler;

10.

Dolasim sistemini olusturan yap1 ve organlari; model, levha ve/veya sema
tizerinde gosterir.

Kalbin yapis1 ve gorevini agiklar.

Kan damarlarinin ¢esitlerini ve gorevlerini belirtir.

Kanin yapis1 ve gorevlerini agiklar.

Biiyiik ve kiiciik kan dolasimini sema lizerinde gostererek aciklar.
Insanlarda farkli kan gruplar1 oldugunu belirtir.

Kan bagisinin insan viicudu ve toplum agisindan énemini fark ederek yakin
cevresini kan bagisinda bulunmaya yonlendirir.

Lenfin dolagim sisteminin 6gesi oldugunu belirtir ve dnemini agiklar.
Kalp ve damar sagligini korumak amaciyla dneriler sunarak, bu konuda
dikkatli davranir.

Teknolojik gelismelerin dolagim sistemi ile ilgili hastaliklarin tedavisinde

kullanimina o6rnekler verir.
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APPENDIX T

T. EXTENDED TURKISH SUMMARY

(Genisletilmis Tiirkce Ozet)

BILIM TARIHI EGITIMININ ORTAOKUL OGRENCILERININ FEN
OKURYAZARLIGINA ETKISi

Giris ve Ilgili Literatiir

Gilinlimiizde fen egitimi arastirmacilari arasinda yaygin olarak kabul edildigi gibi,
fen egitimini daha iyi bir noktaya tasimak i¢in yapilan cabalarin bircogu fen
okuryazari bireyler yetistirmek i¢indir; bdylece fen egitimi belli gruplar i¢in degil
toplumu olusturan tiim bireyler i¢in etkin hale gelir (Bybee, 1997; Feinstein, 2011;
Millar, 2006; Roberts, 2007). Nitekim, Rutherford ve Ahlgren (1990) fen
okuryazarliginin 6nemini vurgularken okullarin temel islevlerinin daha fazla fen
icerigini O0gretmekten ziyade fen okuryazarlik i¢in gerekli olana odaklanmasinin
gerekliligini ifade etmistir. Bugiiniin diinyasinda bilim ve teknolojik degisimler ve
gelisimler ¢cok hizli oldugu icin fen okuryazar bireyler yetistirmenin énemi bir kat
daha artmistir, ¢linkii Abd-El-Khalick ve BouJaoude'nin (1997) de vurguladig: gibi
fen okuryazar bireyler temel bilimsel kavramlari ve fen-teknoloji-toplum arasindaki

iliskiyi kolayca anlayabilir. Bunun farkinda olan fen egitimcileri, fen
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aragtirmacilar1 ve Tiirkiye'de dahil bir¢ok iilke tarafindan fen okuryazar bireyler
yetistirmek egitimin temel amaclarindan biri olarak kabul edilmistir (Ornegin,

BouJaoude, 2002; Milli Egitim Bakanligi [MEB], 2006; Zembylas, 2002).

Fen egitimini gelistirmek icin basta Amerika Birlesik Devletleri olmak {izere
uluslararas1 dlgekte reform niteliginde bircok projeler yapildi (Ornegin Project
2000+, 1993; Project 2061, 1990; Science Literacy Project, 1999, 2005). Bu reform
hareketlerinin ortak noktasi nihai amacin fen okuryazari bireyler yetistirmek olarak
konulmasidir. Milli Egitim Bakanligi Fen Egitimindeki bu uluslararasi reform
hareketlerine paralel olarak Tiirkiye'de egitim alaninda 2004 yilinda yenilige gitmis
ve 2006 yilinda mevcut Fen ve Teknoloji miifredatini uygulamaya koymustur.
Mevcut miifredatin vizyonu bireysel farkliliklar: ne olursa olsun biitlin 6grencilerin

fen ve teknoloji okuryazari olarak yetismesidir (MEB, 2006).

Fen egitimiyle ilgili literatiir incelendiginde, farkli c¢aligmalarda fen
okuryazarh@inin farkli bilesenlerine vurgu yapilmistir. Ornegin Science for All
Americans (AAAS, 1998) fen okuryazar bireylerin 6zelligi olarak temel fen
kavramlarinin anlamayi, bilimsel siire¢ becerilerine sahip olmayi, ve bilim,
teknoloji ve toplum arasindaki etkilesimi kavramay1 vurgulamistir. Ayrica, Abd-El-
Khalick ve BouJaoude (1997) bilim-teknoloji-toplum arasindaki iligskinin farkinda
olmayi, bilimsel siiregleri anlamayi, ve bilimin dogasi anlayisini gelistirmeyi fen
okuryazarhiginin bilesenleri olarak vurguladi. Uluslararas1 Ogrenci Degerlendirme
Programi (The Programme for International Student Assessment), 2003 yilinda

yapmis oldugu fen okuryazarlik tanimma 2006 yilinda fene yonelik tutumu da
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ekleyip tanimini genisletti (OECD, 2006). Benzer sekilde Chin (2005) fene yonelik
tutumu diger li¢ bilesenle birlikte (alan bilgisi, bilim-teknoloji-toplum etkilesimi,
bilimin dogasi1) fen okuryazarliginin ortak boyutu olarak vurguladi. Bu ¢aligmada
yukarida bahsedilen literatiir ve ulusal fen miifredati gz oniinde bulundurularak
fen okuryazarliginin dort bileseni bilimsel siire¢ becerileri, temel fen kavramlarini

anlama, fene yonelik tutum ve bilimin dogas1 goriisleri olarak belirlenmistir.

Fen okuryazarhiginin ilk bileseni bilimsel siireg becerileridir. Lederman'a (2009)
gore bilimsel siire¢ becerileri bilimsel arastirmayla (scientific inquiry) yakindan
iligkilidir. Bu beceriler bilimsel kanitlar1 elde etmeye, yorumlamaya ve bu yonde
hareket etmeye dayanir (OECD, 2006). Bilimsel siire¢ becerileri temel ve
biitiinlestirilmis olarak ikiye ayrilir (Rezba, Sprague, McDonnough, and Matkins,
2007). Temel bilimsel siire¢ becerileri kisilere dogal diinyay1 kesfetme olanagi
saglar. Bu beceriler gézlem yapmayi, tahminde bulunmayi, c¢ikarim yapmayi,
siniflama yapmayt1, 6l¢lim almay1 ve iletisim kurmay igerir (Rezba ve dig., 2007).
Rebza ve meslektaslar biitiinlestirilmis siire¢ becerilerinin temel siire¢ becerilerine
dayandigin, biitlinlestirilmis siire¢ becerilerine sahip olmanin 6grencilere fikirlerini
cesitli arastirmalar planlayarak test edebilme becerileri kazandiracagini vurguladi.
Benzer sekilde Bailer, Ramig, and Ramsey (1995), bilimsel siire¢ becerilerine
hakim olan Ogrencilerin diger Ogrencilerden farkli olarak, en asgari diizeyde
Ogretmen yardimiyla bile, kendi sectikleri konular iizerinde arastirmalar
yapabilmesini miimkiin kilacagini ifade etti. Bu nedenle 6gretmenler, 6grencilerin

siiflarda bu becerileri gelistirmesine yardimci olacak uygulamalar yapmalidir.
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Fen okuryazarliginin ikinci baslica bileseni temel fen kavramlarini anlamaktir.
Temel fen kavramlarin1 anlamadan o kavramlarin iligkili oldugu becerileri de sahip
olmak olas1 degildir. Martin, Sexton, ve Franklin (2005) fen bilgisinin {i¢ temel
ozelliklerini tutum, beceri ve fen kavrami olarak belirledi. Martin ve arkadaslari fen
kavramlarmin bilim insanlarinin ortaya koydugu ve topluma mal ettigi bilgileri
icerdigini ifade ettiler. Temel fen kavramlarin1 anlamak bilimsel okuryazar olmak
acisindan fen miifredatinin en 6nemli hedeflerinden biridir (MEB, 2006). Bu
yiizden de 6grenciler fen okuryazari olmak igin fen kavramlariyla ilgili temel bir

anlayisa sahip olmalidir (AAAS, 1989; NRC, 1996; OECD, 2003).

Fen okuryazarhigimin {iglincii bileseni fene yonelik tutumdur. Koballa ve Crawley
(1985) fene yonelik tutumu fen hakkinda genel ve kalici pozitif veya negatif duygu
olarak tanimlar. Bireylerin fene yonelik tutumlari, bu fertlerin bilimsel aragtirma
yapmasinda ayirt edici bir role sahip olabilir. OECD (2006) fen egitiminin
amaclarindan birinin fene yonelik tutumlari gelistirmek olmasi gerektigini; bu
sayede dgrencilerin fene katiliminin artacagini, ve bu kisilerin kisisel ve toplumsal
sorumluluklarinin gelisecegini vurguladi. Bu sebeple arastirmacilar, dgrencilerin
fene yonelik olumlu tutum gelistirmesi i¢in farkli Ogretim stratejileri iizerinde
durdular; Ornegin laboratuar uygulamalari (Freedman, 1997), yaratici drama
(Hendrix, Eick, Shannon, 2012), tartisma-tabanl egitim (Cakir, 2011) ve bilim

tarihi egitimi (Kubli, 1999).

Fen okuryazarliginin son bileseni bilimin dogas1 goriisiidiir. Literatiirde kabul

goren tanima gore bilimin dogasi, bilimsel bilginin dogasinda yer alan deger ve
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varsayimlardir (Lederman, 1992) ve ayrica bilmenin bir yolu olarak ifade edilir
(Lederman & Zeidler , 1986). Bilimin dogasi fen okuryazar bireyleri yetistirmek
acisindan fen egitiminin kalici hedefi olarak bircok reform belgelerinde ve
akademik calismalarda rastlanmaktadir (AAAS, 1989, 1993; Bell, Matkins ve
Gansneder, 2011; Lederman, 1992; NRC, 1996). Lederman, Abd-El-Khalick, Bell,
ve Schwartz (2002) ozellikle iiniversite Oncesi egitimde Ogrencilerin erismesi
gereken bilimin dogasi boyutlarin1 belirtmislerdir. Bunlar; bilimsel bilginin
degisebilir dogasi, delile dayali dogasi, 6znelligi, ¢ikarimsal yapisi, yaraticilik ve
hayal giicii icermesi, ve sosyal ve kiiltlirel yapisidir. Diger ii¢ ek boyut ise gdzlem
ve ¢ikarim arasindaki farklar, bilimde evrensel bir yontemin olmamasi, ve bilimsel
teori ve kanunlar arasindaki iliskiler ve bunarin islevlerinin farkidir (Abd-El-
Khalick ve dig., 2002). Ogrencilerin fen okuryazari olmasinin 6n sartlarindan biri
bu boyutlardan yeterli bir anlayisa sahip olmasidir. Bu nedenle 6grenciler bilimin
dogas1 anlayisin1 gelistirmek i¢in fen smiflarinda c¢esitli uygulamalara dahil

edilmelidir.

Fen okuryazarliginin yukarida bahsedilen bilesenlerini gelistirmek i¢in cesitli
uygulamalar hayata gecirilmistir. Bilimsel siire¢ becerilerini gelistirmek i¢in,
ornegin, etkinlik temelli 6gretim (Turpin, 2000); sorgulamaya dayali Ogretim
(Yager ve Akgay, 2010); rehberli sorgulama (Koksal ve Berberoglu, 2014,
Yildinim, 2012) ve yaratici-drama temelli 6gretim (Taskin-Can, 2013) gibi
uygulamalardan yararlanilmistir. Ayrica, tartigma-tabanli egitim (Zohar ve Nemet,

2002); probleme dayali 6grenme (Sungur, Tekkaya ve Geban, 2006); sosyo-
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bilimsel konu tabanli egitim (Klosterman ve Sadler, 2010); ve olaya dayali
ogrenme (Boz ve Uzuntiryaki, 2008) de dahil olmak iizere ¢esitli Ogretim
yontemlerinden, 6grencilerin temel fen kavramlarini anlamalarini tesvik etmek igin
yararlanilmistir. Benzer sekilde, tartigma-tabanli uygulama (Cakir, 2011); yaratici
drama (Hendrix, Eick, ve Shannon, 2012); rehberli sorgulama (Koksal ve
Berberoglu, 2014); laboratuar uygulamalar1 (Freedman, 1997) gibi farkli yontemler
de bilime karsi ogrencilerin olumlu tutum gelistirmesi i¢in kullanilmistir. Son
olarak acik-yansitict etkinlik temelli 6gretimin (Akerson, Abd-El-Khalick, ve
Lederman, 2000; Colak, 2009; Khishfe, 2008); deneysel fen programi (Jelinek,
1998); laboratuar etkinlikleri (McComas, 1993); jenerik aktiviteler (Lederman ve
Abd-El-Khalick, 1998) 0Ogrencilerin  NOS  goriislerini  gelistirmek  igin
kullanilmistir. Yukarida sunulan fakat tam olmayan uygulama listesine ek olarak
bilim tarihi egitimi de fen okuryazarliga ulasmak i¢in alternatif yontem olarak fen
aragtirmacilar1 tarafindan tavsiye edilmistir (6rnegin, Rutherford ve Ahlgren,

1990).

Fen egitimindeki reform hareketleri, fen siniflarinda bilim tarihinden yararlanilmasi
gerektiginin altin1 ¢izdi (NRC, 1996). Kuhn (1970) 6grencilere bilimsel bilginin
tarihsel siirecte nasil ilerlediginin verilmesi gerektigini savundu ve buradan yola
¢ikarak bilim tarihinin fen miifredatinin bir pargasi olmasi gerektigini tavsiye etti.
Benzer sekilde fen miifredatina bilim tarihinin entegre edilmesinin bir ihtiyag
oldugu Proje 2061'de de ayni kararlilikla vurgulandi (AAAS, 1989). Bilim tarihinin

fen egitiminde ¢ok farkli yararlarinin oldugu Matthews (1994) tarafindan ortaya
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konmustur. Bu yaralarin bazilar1 temel fen kavramlarini anlamak, otantik 6grenme
ortamlar1 olusturmak, muhakeme ve diisiinme becerilerini gelistirmek, ve bilimi
insancillagtirarak fene karsi ilgi ve olumlu tutum gelistirmek olarak siralanabilir
(Matthews, 1994). Bu sebeplerden dolayidir ki 6gretmenler smiflarinda bilim

tarihinden azami derecede yararlanmalidir.

Bu ¢alismanin amaci, bilim tarihi egitimi ile miifredat tabanli egitimin altinci
sinifta okuyan 6grencilerin fen okuryazarlig: tizerindeki karsilastirmali etkinliginin
arastirilmasidir. Bu ¢alismada fen okuryazarligi, bilimsel siire¢ becerileri, dolasim
sistemi kavramlarin anlagilmasi, fene karsi tutum ve bilimin dogas1 goriisleri olarak
dort bilesen agisindan incelenmistir. Bu baglamda caligmanin ana ve yardimci

arastirma sorular1 asagidaki sekilde belirlenmistir.

Ana Arastirma Sorusu:

Bilimsel siire¢ becerileri, dolagim sistemi kavramlarin anlasilmasi, fene kars: tutum
ve bilimin dogas1 goriisleri lizerinde bilim tarihi egitimi ve miifredat tabanli egitim
ti¢ test kosulu goze alindiginda (6n test, son test, takip testi) hangi olgiide farkli

profiller olusturmaktadir?

Yardimci Arastirma Sorularr:
1. Ogrencilerin bilimsel siire¢ becerilerini gelistirmede iig test kosulu goze

alindiginda bilim tarihi egitimi miifredat tabanl egitimden hangi 6l¢iide

daha etkilidir?
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Bilimsel siire¢ beceriler agisindan deney grubu ile karsilagtirma
grubu arasindaki farklar n test, son test, takip testinde sirasiyla
nelerdir?

Bilimsel siire¢ beceriler agisindan her grubun kendi igindeki 6n
testten son teste; ve son testten takip testine olan degisimleri

nasildir?

2. Ogrencilerin dolasim sistemi kavramlarimin anlasilmasini gelistirmede ii¢

test kosulu goze alindiginda bilim tarihi egitimi miifredat tabanl egitimden

hangi 6l¢iide daha etkilidir?

Dolasim sistemi kavramlarinin anlasilmasi agisindan deney grubu
ile karsilastirma grubu arasindaki farklar 6n test, son test, ve takip
testinde sirasiyla nelerdir?

Dolasim sistemi kavramlarinin anlasilmasi agisindan her grubun
kendi i¢indeki 6n testten son teste; ve son testten takip testine olan

degisimleri nasildir?

3. Ogrencilerin fene kars1 olumlu tutum gelistirmede iic test kosulu goze

alindiginda bilim tarihi egitimi miifredat tabanl egitimden hangi 6lciide

daha etkilidir?

Fene kars1 tutum agisindan deney grubu ile karsilastirma grubu
arasindaki farklar 6n test, son test, takip testinde sirastyla nelerdir?
Fene kars1 tutum agisindan her grubun kendi i¢indeki 6n testten son

teste; ve son testten takip testine olan degisimleri nasildir?
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4. Ogrencilerin bilimin dogas1 goriislerini gelistirmede iic test kosulu goze
alindiginda bilim tarihi egitimi miifredat tabanli egitimden hangi dl¢lide
daha etkilidir?

I.  Bilimin dogas1 goriisleri agisindan deney grubu ile karsilastirma
grubu arasindaki farklar 6n test, son test, takip testinde sirasiyla
nelerdir?

Ii.  Bilimin dogas1 goriisleri agisindan her grubun kendi i¢indeki 6n
testten son teste; ve son testten takip testine olan degisimleri

nasildir?

Yontem
Bilim tarihi egitimini miifredat tabanli egitimle karsilagtirmak icin deneysel
caligma yontemi kullanilmistir. Deneysel ¢alismanin dogasina uygun olarak bilim
tarihi egitiminin ve miifredat tabanl egitimin altinci sinif 6grencilerinin bilimsel
stire¢ becerileri, dolasim sistemi kavramlarmin anlagilmasi, fene karsi tutum ve
bilimin dogas1 goriisleri iizerine etkisi arastirilmistir. Ogrencilerin bu degiskenlere
gore durumlari On test, son test ve takip testi olarak ti¢ farkli zamanda Sl¢iilmiistiir.

Calismanin deseni Tablo 1 de verilmistir.

471



Tablo 1. Calismanin Deseni

Deney Grubu Karsilastirma Grubu
© Bilimsel Siire¢ Becerileri Testi Bilimsel Siire¢ Becerileri Testi
= Dolagim Sistemi Kavram Testi Fen Dolasim Sistemi Kavram Testi
B Tutum Testi Fen Tutum Testi
© Bilimin Dogas1 Olgegi: FORM-E Bilimin Dogas1 Olgegi: FORM-E
©
% Bilim Tarihi Egitimiyle Dol
= tu fatiin Bertimiyle Lotasim Miifredat Tabanli Egitimle Dolasim Sistemi
= Sistemi
D
+ Bilimsel Siire¢ Becerileri Testi Bilimsel Siire¢ Becerileri Testi
i Dolasim Sistemi Kavram Testi Fen Dolasim Sistemi Kavram Testi
S Tutum Testi Fen Tutum Testi
2 Bilimin Dogas1 Olgegi: FORM-E Bilimin Dogas1 Olgegi: FORM-E
<
Ec Bilim Tarihi Olmaksizin Miifredat Bilim Tarihi Olmaksizin Miifredat Tabanh
= < Tabanli Egitim Egitim
w
qﬁ) Bilimsel Siire¢ Becerileri Testi Bilimsel Siire¢ Becerileri Testi
~ Dolasim Sistemi Kavram Testi Fen Dolagim Sistemi Kavram Testi
< Tutum Testi Fen Tutum Testi
S Bilimin Dogasi Olgegi: FORM-E Bilimin Dogasi1 Olgegi: FORM-E

Evren ve Orneklem

Bu ¢alismanin hedef evrenini, Ankara'da kamu okullarinda okuyan tiim altinci sinif
ortaokul ogrencileri olusturmaktadir. Erisilebilir evrenini ise Ankara'nin Cankaya
ilcesindeki devlet okullarinda egitim goéren tiim altinci smif Ogrencileri
olusturmaktadir. Bu c¢aligmanin 6rneklemini toplamda 95 6grenci (47 erkek, 48

kadin) olusturmaktadir. Kirk dort 6grenci karsilastirma grubunda iken, 51 6grenci
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deney grubunda yer ald1. Ogrencilerin 6zgeg¢misleri incelendiginde birbirine benzer

sosyal cevreden geldigi goriilmektedir.

Veri Toplama Araglan
Bu ¢alismanin verileri Bilimsel Siire¢ Becerileri Testi, Dolasim Sistemi Kavram
Testi, Fen Tutum Testi ve Bilimin Dogasi Olcegi: FORM-E kullanilarak

toplanmustir.

Bilimsel Siire¢ Becerileri Testi: Bu test ilk olarak Burns, Okey ve Wise (1985)
tarafindan gelistirilmistir. Ogrencilerin bilimsel siire¢ becerilerini, degiskenleri
belirleme, hipotez kurma, islemsel tanimlama, veri grafigi ve yorumlanmasi, ve
arastirma tasarimi acilarindan 6lgmeyi hedeflemistir. Burns ve ark. (1985) bu testin
sonuclarint her dogru cevaba 1 puan ve yer yanlis cevaba 0 puan vererek
degerlendirmislerdir. Diger bir deyisle bir 6grencinin bu testin orijinalinden alacagi
puan 0-36 arasinda degismektedir. Bilimsel Siire¢ Becerileri Testi Ingilizceden
Tiirkeye ilk olarak Geban, Askar and Ozkan (1992) tarafindan dokuzuncu smif
ogrencileri baz alinarak c¢evrilmis ve gerekli giivenilirlik ve gecerlilik kanitlar
saglanmistir. Daha sonra Can (2008) bu testin gegerlilik ve giivenilirlik ¢alismasini
ortaokul yedinci smif Ogrencileriyle yapmis, ve 26 maddenin bu seviye
ogrencileriyle calistigim1 ortaya c¢ikarmistir. Bu calismada da Bilimsel Siireg
Becerileri Testi'nin 26 maddelik versiyonunun Ogrencilerin seviyesi i¢in daha

uygun oldugu kararlastirilmistir.
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Dolasim Sistemi Kavram Testi: Bu test aragtirmaci tarafindan gelistirilmistir.
Arastirmact bu testi gelistirirken, dolagim sistemi konusundaki altinct smif fen ve
teknoloji miifredatinda belirtilen kazanimlar géz 6niinde bulundurmustur. Bu testi
gelistirirken ilk olarak 32 coktan se¢meli sorudan olusan bir madde havuzu
olusturuldu. Daha sonra fen egitiminden iki uzman G6gretim iiyesi bu maddeleri
teker teker inceleyip, goriis belirtti. Ardindan uzman goriisii paralelinde sorular
tekrar diizenlendi. Bir sonraki siirecte sorular, tipta uzman bir doktor tarafindan
incelenip goriis alindi. Tekrar gerekli diizenlemeler yapildi. Testin bu form tekrar
uzmanlari ile miizakere edilmistir ve ekip arasinda fikir birligi saglanarak test hazir
hale getirilmistir. Bir sonraki basamakta test, Tiirkge Ogretmeni tarafindan
incelenmis ve olast anlatim bozukluklar1 giderilmistir. Testin bu hali bir sonraki
adimda altinc1 siniftan dort 6grenciyle goriisme yapilip, bu 6grencilere testi almasi
saglandirilmistir. Bu siiregte testin altinci siif 6grencilerinin seviyesi i¢in uygun
oldugu ve testi ortalama olarak 30-35 dakikada tamamlayabildikleri tespit
edilmigstir. Daha sonra test 135 Ogrenciye pilot olarak uygulanmis ve gegerlilik

katsayis1 .74 olarak bulunmustur.

Fen Tutum Testi: Bu testin ilk olarak Fraser (1978) tarafindan gelistirilmistir.
Orijinal test toplamda 7 alt boyut ve 70 maddeden olusmaktadir. Fraser bu testin
gegerlilik ve giivenilirlik caligmasimi 7, 8, 9 ve 10. smiflar i¢cin yapmistir. Bu test
Telli, Cakiroglu, ve Rakici (2003) tarafindan, dokuzuncu ve onuncu smif
ogrencileriyle Tiirkgeye adapte edilmistir. Bu calismada 6grencilerin seviyeleri goz

onlinde bulundurularak, Fen Tutum Testi'nin yalnizca dort boyutu kullanilmaya
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karar verilmistir. Bu dort boyutu olusturan maddeler altinci siniftan 8 Ggrenciyle
goriigme yapilmis ve oOgrencilerin maddeleri anlamasinda herhangi bir sorun
gozlemlenmemistir. Bir sonraki adimda bu test 217 altinc1 siif Ogrencisine
uygulanmistir ve bu dort boyut faktor analizle uygunlugu test edilmistir. Faktor
analiz sonucu testin bu halinin dort faktorlii yapiya uymadigi, fakat 5. ve 29.
maddeler ¢ikarildiginda tek faktor altinda toplandigi goriilmiistiir. Bu sebepten
dolayr Fen Tutum Testinde 5. ve 29 maddeler ¢ikartilip tek faktor olarak analiz

edilmisgtir.

Bilimin Dogast Olgegi: FORM-E: Katilmcilarm bilimin dogasi ile ilgili goriislerini
Olemek icin Lederman ve Ko (2004) tarafindan gelistirilen ve toplamda 7 acik uclu
sorudan olusan bu Ol¢ek kullanilmistir. Lederman (2007) bu Olgegin ilkdgretim
ogrencileri i¢in gelisimsel ve dil agilarindan uygun oldugunu belirtmis, bu yiizden
bu calismada bu &lgekten yararlanilmistir. Bilimin Dogas1 Olgegi: FORM-E,
bilimsel bilginin degisebilir dogasi, 6znelligi, delile dayali dogasi, yaraticilik ve
hayal giicli icermesi, ve ¢ikarimsal yapis1 olmak iizere toplamda bes temel bilimin
dogas1 boyutunu o6lgmektedir. Bu o6lgek Dogan, Cakiroglu, Cavus and Bilican

(2010) tarafindan Tiirk¢eye ¢evrilmis ve gegerliligi saglanmustir.

Uygulama
Bu calisma kapsaminda yapilan uygulamada, amagla paralel olarak, deney grubu
ogrencileri dolagim sistemi konusunu miifredata bilim tarihiyle ilgili aktiviteler
entegre edilerek 6grenmis olup; karsilastirma grubu ise miifredat tabanli egitimle

ayni konuyu islemistir. Bircok ¢aligma fen 6gretmenlerinin yeterli bilimin dogasi
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anlayigina sahip olsalar dahi ¢ogu kez Ogrencilerine bilimin dogasi boyutlarini
ogretmelerinin miimkiin olmadigini; ya da bunu 6gretmek icin yeteri diizeyde
motive olamadiklarin1 gostermistir (Akerson ve Abd-El-Khalick, 2003; Akerson,
ve Hanuscin, 2007; Bell ve dig., 2000; Hodson, 1993; Lederman, 1999). Ayrica
calismanin yapildigr smniflarin fen bilgisi 0gretmeni bilim tarihinde yeterli
olamayacagini ¢alisma baslangicinda agik¢a belirtmistir. Bu yiizden, uygulama
boyunca deney grubu 6grencilerine dersler arastirmaci tarafindan verilmis olup,
karsilastirma grubuna dersleri kendi fen 6gretmenleri vermistir. Uygulama boyunca
ortaya ¢ikabilecek olasi uygulama tehdidine ¢6ziim olarak 6gretmen ve arastirmact
her ders oncesi goriisiip konuyla ilgili ders plani hazirlamiglardir. Boylece iki
grupta da benzer sirada ve benzer konu-temelli aktiviteler uygulanmasi
saglanmistir. Ayrica aragtirmaci ve 6gretmen siire¢ boyunca birbirlerinin derslerini
gozlemleyerek hazirlanan ders planinin disina ¢ikilmamasi saglandi. Her dersin
sonunda arastirmact ve Ogretmen iki grupta yapilan derslerin birbirlerine
benzerligini miizakere etti. Bu yapilanlar iki grup arasinda oldukca benzer

uygulamalar yapildigiyla ilgili kanit sagladi.

Uygulama 6ncesinde aragtirmaci, dort haftalik bir 6n hazirlik ¢alismasi yapmustir.
Bu 6n hazirlik ¢aligmanin asil amaci gruplar arasinda ortaya ¢ikabilecek farklarin
yeni bir 6gretmene bagli olma ihtimalini minimuma indirme diislincesiydi. Bu 6n
caligmalarin ilk haftasinda arastirmaci fen bilgisi 6gretmenini gozlemleyerek bazi
yararli bilgiler elde etmeye calist;; Ornegin, simiftaki Ogrencilerin isimleri,

ogretmenin konular1 anlatig bigim, dgretmenin siif yonetimi stratejileri gibi. Geri
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kalan {i¢ haftada arastirmaci deney grubunda dersleri anlatarak siniftaki 6grencilere
alismaya calistt. Yine bu silire zarfinda arastirmaci ile Ogretmen birbirlerini
gozlemleyerek, siif i¢ci uygulamalari olabildigince esitlemeye calismistir. Bu dort
haftalik 6n hazirlik ¢aligmasi sirasinda aragtirmact; 6grencilere asina olma, sinif
kurallar1 ve rutinleri gozlemleme, &grenci-6gretmen ve &grencilerin birbirleriyle
iletisim bi¢imini 6grenme, sinif ortamini aligma, ve en Onemlisi de Ggretmenle
ogretim seklini uyumlu hale getirme sansit bulmustur. Ayriyeten, bu 6n hazirlik
calismasmin iclinci ve dordiincii haftasinda Ogrencilere 6n testler de

uygulanmistir.

Dort haftalik 6n hazirlik calismasinin ardindan her iki grupta da uygulamalara
baglanmistir. Bu siiregte iki grupta miifredatta Onerilen bes temel etkinlik
uygulanmistir. Her etkinlik oncesi sadece deney grubu bilim tarihiyle ilgili ¢esitli

aktivitelere katilmistir. Aktivitelerin kisa halleri asagidaki gibidir.

Tarihsel kisa hikdye 1 (Sadece deney grubu): Bilimsel makalelerden derlenen bu
hikayede kalp, farkli toplum ve farkli bilim insanlar tarafindan ne diizeyde farklt
anlagildigint gostermek igin hazirlanmistir. Bu hikaye ile 6grencilerin arasindaki
genel yargi olan bilimsel bilginin kesin ve degismez oldugunu goriisiiniin

yanliglhiginin farkina varmasi amaglanmastir.

Kalbin yapisi ve gorevleri (Her iki grup): Bu aktivitede dgrenciler beserli gruplar
olusturarak gercek koyun kalbini incelediler. Bu aktivite siiresince Ogrenciler

kalbin dig yapisini, kalbin i¢ yapisin1 ve kisimlarini incelediler. Bu aktiviteyle
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ogrenciler bilimsel siire¢ becerilerinden gozlem, ¢gikarim ve gézlemleri not etmeyi

gelistirilmesi de ayrica amaglanmustir.

Tarihsel kisa hikdye 2 (Sadece deney grubu): Bu hikayedeki ana vurgu
mikroskobun icadiyla kanin yapist hakkindaki bilimsel bilginin farkli bir yon
aldigim1 vurgulamakti. Mikroskobun icadindan sonra 6zellikle kanin yapisiyla ilgili
daha giivenilir bilgiler elde edildigi, ve bu alandaki bilgi birikimin arttig
vurgulanarak bilimin dogasiyla ilgili delile dayali dogasi boyutu kesfedilmeye

calisilmustir.

Kani olusturan yapilar ve gorevleri (Her iki grup): Bu aktivitenin amaci kanin
yapisinda hem plazma hem de kan hiicreleri bulundugunu 6grencilerin dikkatine
sunmaktir. Bu aktivitede bilimsel siire¢ becerilerinden goézlem yapma, iletisim
kurabilme ve ¢ikarim yapma becerilerinin gelistirilmesi amaglanmaktadir.
Ogrenciler aktivitede mikroskop altinda hazir preparatlari incelediler, ayrica

mikroskobu nasil kullanacaklariyla ilgili temel bilgiler de 6grencilere 6gretilmistir.

Tarihsel kisa hikiye 3 (Sadece deney grubu): Bu aktivite digerleriyle
kiyaslandiginda daha genis kapsamli bir aktivitedir. Bu aktiviteyle 6grencilere
ozellikle vurgulanmak istenen bilimin dogas1 boyutlar1 bilimsel bilginin 6znelligi,
bilimsel bilginin degisebilir dogasi, ve bilimde tek yontemin olmadigidir.
Aktivitede ayrica bilimin dogasi boyutlarindan bilimin yaraticilik ve hayal giicii
icermesi ve delile dayali dogasi da vurgulanmistir. Bu hikayedeki temel

noktalardan bazilar1 Galen'in dolasim sistemi fizyolojisi, bu fizyolojinin neredeyse
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tamamen yanlis olmasina ragmen 16 ylizyill nasil ayakta durabildigi, Harvey'in

dolagim sistemini nasil kesfettigi ve bu sirada hangi yontemleri kullandigidir.

Kiigiik ve biiyiik kan dolasumi (Her iki grup): Bu aktivite iki kisimdan olusmaktadir.
[Ik kisimda &grencilere kiigiik ve biiyilk kan dolasimiyla ilgili model
gelistirmelerini saglanip, ikinci kisimda kiiclik ve biiyiik kan dolasimiyla ilgili stmif
ici oyun etkinligi yaptirilmistir. Bu iki aktivitede ve konu siirecinde 6grencilere
saglanan bilgiler sayesinde Ogrencilerin damar ¢esitlerini, kanin kiiclik ve biiyiik
kan dolasiminda izledigi yolu, ve bu iki dolasim arasindaki iliskiyi kavramasi

hedeflenmistir.

Kan nakil tarihi zaman ¢izelgesi (Sadece deney grubu): Bu aktivitenin isminden de
anlagilacag1 gibi 6grencilere kan naklindeki gelisimler hakkinda zaman ¢izelgesi
hazirlatilmistir. Bu aktiviteyle amaglanan; 6grenciler bilimdeki degisimlerin farkina
varmasi, bilimde gozlem ve deneyin kilit roliinii kavramasi, bilimsel bilginin
gelismesinde yaraticiligin ve hayal giiciiniin 6nemini anlamasi, ve ayni bilgiye
bakarak farkli yorumlarin olacagini; yani diger bir deyisle bilimde 06znelligin

farkina varmasidir.

Kan gruplar: (Her iki grup): Bu aktivite sayesinde ogrencilerden beklenen
insanlarda farkli kan gruplarinin oldugunu kavramasi, her grubun da birbirleriyle
kan alig-verisi yapamayacagini icsellestirmesidir. ilaveten Ogrencilerden veri
toplama, grafik olusturma, grafigi yorumlama, ve iletisim kurma becerilerini de

gelistirmesi beklenmektedir.
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William Harvey Deneyleri (Sadece deney grubu): Bu etkiligin amaci deney grubu
ogrencilerinin bilimin dogasinin boyutlarindan olan bilimin delile dayali dogas1 ve
yaraticilik ve hayal giicli igermesi agisindan agik ve yansitict bir tartisma ortami
yaratmaktir. Bu aktivitede 6grenciler Harvey'in ¢alismalariyla ilgili video izlediler.
Bu videoda Harvey'in dolasim sistemini ortaya koyarken yapmis oldugu deneylerin

bir tekrarmi izlediler.

Kan bagisi (Her iki grup): Bu aktivite kan bagisinin 6nemini vurgulamak igin
hazirlanmis ve Ogrencilerin kan bagisina karsi bir sagduyu gelistirmeleri
amaglanmistir. Bu aktivitede 68renciler dort gruba ayrilarak her bir gruba yaratici
drama hazirlayip smif oniinde sergilemeleriyle ilgili konular dagitilmistir. Her bir
gruba dagitilan konular farkli olmasina ragmen her birinin ortak yani kan bagisinin
cesitli kisi ve kurumlara olan faydasiyla ilgili olmasiydi. Etkinligin sonunda
ogrencilere dolasim sistemi sagliginin 6nemi, ve bu sagligin korunmasinda

yapilmasi ve yapilmamasi gerekenlerle ilgili bir sunum yapilmustir.

Biitiin aktiviteler bittikten sonra Ogrencilere son test olarak Bilimsel Siire¢
Becerileri Testi, Dolasim Sistemi Kavram Testi, Fen Tutum Testi, ve Bilimin

Dogasi Olgegi: FORM-E uygulanmustir.

Uygulamayi takip eden 5 hafta iki gruptaki 6grenciler de miifredat tabanli egitimle
ogrenimlerine devam etmisler, ve bilim tarihi ile ilgili herhangi bir uygulama
almamiglardir. Bu bes haftalik aranin sonunda iki gruptaki 6grencilere de yukarida

bahsedilen testler takip testi olarak tekrar uygulanmistir.
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Sonuglar ve Tartisma
Bu bolimde ilk olarak bilimsel siire¢ becerileri, dolasim sistemi kavramlarin
anlagilmasi, ve fene kars1 tutum agisindan gruplar arasinda fark olup olmadig1 Tek-
Yonli MANOVA kullanilarak analiz edilmistir. Bu test igin gerekli olan
varsayimlar test edilmis ve testi uygulamak i¢in gereken varsayimlara aksi bir
durum rastlanmamistir. Wilks' Lambda kriterine gére deney grubu ile karsilagtirma
grubu arasinda, ¢alisma 6ncesinde anlamli bir fark bulunamamistir, F (3, 89) = .29,
p = .832, Wilks’ Lambda = .99. Bu sonug, bilimsel siire¢ becerileri, dolagim
sistemi kavramlarinin anlasilmasi ve fene karsi tutum agisindan deney ve

karsilastirma gruplari arasinda 6nceden var olan bir fark olmadigini gostermistir.

Bir sonraki adimda gruplarin ii¢ 6l¢iim siirecinde bilimsel siire¢ becerileri, dolagim
sistemi kavramlarinin anlasilmasi ve fene karsi tutum agisindan ortaya ¢ikardiklar
profilleri karsilastirmak igin Profil Analizin ozel bir tiirevi olan Tekrarlanan
Olgiimlii MANOVA (Repeated-Measures MANOVA) kullanilmistir. Bu analizin
varsayimlarinin detayli analizi yapilmis ve varsayimlarini ihlal edecek 6nemli bir
kanita rastlanmamistir. Analiz sonuglar1 incelendiginde paralellik testi istatistiksel
olarak anlamli bulunmustur, multivariate F (6, 81) = 4.17, p=.001, Wilks’ Lambda
= .76, partial ;12 = .24. Bu sonug bize gruplarin bagimli degiskenleri ortak olarak
distintildiiglinde iki grubun zamana gore olusturduklari profillerin anlamli derecede
farkli oldugunu gosterir. Bu sonug, c¢alismanin degiskenleri acgisindan

distintildiiglinde, bilim tarihi egitimi ve miifredat tabanli egitimin fen
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okuryazarliginin {i¢ temel bilenlesenleri agisindan farkli kazanimlar ortaya

koydugunu isaret etmektedir.

Tabachnick ve Fidell (2012) gruplarin profillerinin istatistiksel olarak anlamli
sekilde birbirlerinden farkli oldugu durumlarda, basit etkiler analiziyle (simple-
effect analysis) her bir bagimli degiskenin ayr1 ayr1 incelenmesinin gerektigini
tavsiye etmistir. Bu yilizden gruplar, her bir bagimli degisken agisindan ayr1 ayri

analiz edilmislerdir.

Bilimsel Siire¢ Becerileri.

Deney ve karsilastirma gruplarinin Bilimsel Siire¢ Becerileri Testi'nden 6n test, son
test ve takip testinde aldiklar1 puanlar, karma faktorli ANOVA (Mixed-ANOVA)
ile analiz edilmistir. Biitlin varsayimlar saglandiktan sonra, analiz sonucu
istatistiksel olarak anlamli bir etkilesim etkisinin (interaction effect) olmadigim
gostermistir, Wilks 2 = .95, F (2, 85) = .09, p = .912. Benzer sekilde gruplar
arasindaki temel etki, F (1, 86) = .03, p = .86; ve zamana gore temel etki, Wilks A =
.95, F (2, 85) = 2.13, p = .125 istatistiksel olarak birbirinden farkli ¢gikmamistir. Bu
sonug¢ bize bilimsel siire¢ becerilerini gelistirmek agisindan birbirlerine gore
anlamli  bir Ustiinliigliniin  olduguyla ilgili yeterli kanmit bulunamadigini
gostermektedir. Bu sonuca dayanarak, bilim tarihi egitimi ile miifredat tabanl
egitimin zamana gore Ogrencilerin Bilimsel Siire¢ Becerileri Testi puanlarinda
benzer bir degisime sebep oldugunu iddia etmek de miimkiindiir. Tablo 2, gruplarin

Bilimsel Siire¢ Becerileri Testi'nde aldiklari ortalama puanlari yansitmaktadir.
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Tablo 2. Gruplarin Ortalama Bilimsel Siire¢ Becerileri Testi Puanlari

Deney Grubu Karsilagtirma grubu
n M SD n M SD

BSBT* (On test) 47 13.02 4.01 41 1298 4.74
BSBT (Son test) 47 1394 534 41 1361 519
BSBT (Takip testi) 47 13.87 4.56 41 13.78 4.05

BSBT kisaltmast, Bilimsel Siire¢ Becerileri Testi i¢in kullanilmustir.

Dolasim Sistemi Kavramlarinin Anlasiimast.

Karma faktorli ANOVA sonucuna gore, iki grup arasinda Dolasim Sistemi
Kavram Testi agisindan istatistiksel olarak anlamli bir etkilesim etkisi vardir, Wilks
A =.82, F (2, 85) = 9.44, p < .0005. Bu sonug, bilim tarihi egitimi alan grup ile
miifredat tabanli egitim alan grubun, Dolagim Sistemi Kavram Testi'nden ii¢ zaman
diliminde aldiklar1 puanlarinin degisiminin farkli oldugunu gostermektedir. Iki
grubun bu testten aldiklari puanlara gore ¢izdikleri profiller incelendiginde, 6n
testten takip testine dogru gidildikge, puanlar arasindaki farkin, bilim tarihi grubu
lehine, agildig1 gozlemlenmektedir. iki grubun aldiklar1 puanlar bagimsiz gruplar t-
test (independent samples t-test) yontemiyle karsilastirildiginda, son testte deney
grubunun (M = 24.30, SD = 4.19) karsilagtirma grubuna (M = 23.29, SD = 3.79)
gore benzer ortalamalar aldigi gozlemlenmistir t (86) = 1.17; p = .244. Diger
taraftan, deney grubunun takip testinden aldig1 puanlarin ortalamas1 (M = 22.17,
SD = 4.72), karsilagtirma grubundan (M = 18.46, SD = 4.28) anlamli sekilde
yiiksektir, t (86) = 3.84; p < .0005. Bu sonuca gore bilim tarihi egitiminin, miifredat

tabanli egitimden, dolasim sistemi kavramlarini hafizada tutma agisindan daha
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etkin oldugu sonucuna varilabilir. Tablo 3'de iki grubun Dolagim Sistemi Kavram

Testi'nden aldiklari puanlar verilmistir.

Tablo 3. Gruplarin Ortalama Dolasim Sistemi Kavram Testi Puanlari

Deney Grubu Karsilagtirma grubu
n M  SD n M SD

DSKT* On test) 47 14.47 393 41 1459 4.34
DSKT (Sontesty 47 2430 419 41 2329 3.79
DSKT (Takip testi) 47 22.17 472 41 18.46 4.8

DSKT kisaltmasi, Dolagim Sistemi Kavram Testi i¢in kullanilmustir.

Fene Karst Tutum:

Ogrencilerin ¢alisma boyunca gosterdikleri fen tutumlar1 Karma faktdrlii ANOVA
istatistiksel yontemi kullanilarak analiz edilmistir. Analiz sonucu istatistiksel olarak
anlamli bir etkilesim etkisi oldugunu ortaya koymustur, Wilks 1 = .93, F (2, 85) =
3.32, p = .041. Bu sonug, iki grubun ii¢ zaman diliminde fene kars1 sergiledikleri
tutumlarin  farkli oldugu anlammna gelmektedir. 1ki grubun bu testten aldiklari
puanlara gore ¢izdikleri profiller incelendiginde her iki grubunda son test
puanlarinda, 6n testten aldiklar1 puanlarla karsilastirildiginda, bir artis oldugu
gozlemlenmis; fakat bu artisin deney grubu i¢in ¢ok daha belirgin oldugu

gbzlemlenmistir.

Iki grubun Fen Tutum Testi'nin aldiklari puanlar bagimsiz gruplar t-test yontemiyle
karsilastirildiginda, deney grubunun son testten aldigi ortalama puanimnin (M = 3.80,
SD = .49) karsilastirma grubunun ortalama puaniyla (M = 3.51, SD = .57)

karsilastirildiginda, deney grubunun puaninin anlamli oranda yiiksek oldugu
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bulunmustur. Bu sonug bize bilim tarihi egitimi alan 6grencilerin miifredat tabanlt
egitim alan 0grencilere gore uygulamalarin hemen ardindan daha olumlu bir tutum

sergiledigini géstermistir.

Benzer sekilde gruplarin uygulamadan bes hafta sonra Fen Tutum Testi'nden
aldiklar1 puanlar karsilastirildiginda deney grubunun puanmin (M = 3.80, SD = .39)
karsilastirma grubunun puaninda (M = 3.57, SD = .48) anlamli sekilde yiiksek
oldugu goriilmiistiir. Genel olarak bu bulgu, deney grubu &grencilerinin sahip
olduklar1 tutumun karsilagtirma grubu 6grencilerine gore, uygulamalardan bes hafta
sonrasinda bile daha olumlu oldugunu ortaya koymustur. Bu sonuglara gére bilim
tarihi egitiminin fene karsi olumlu tutum gelistirme ve olumlu tutumu siirdiirme
acisindan miifredat tabanli egitimden daha etkin oldugu sonucuna varilabilir.

Tablo 4'de iki grubun Fen Tutum Testi'nden aldiklar1 puanlar verilmistir.

Tablo 4. Gruplarin Ortalama Fen Tutum Testi Puanlari

Deney Grubu Karsilastirma grubu
n M SD n M SD

FTT* (On test) 47 345 52 41 341 56
FTT (Son test) 47 3.80 .49 41 351 57
FTT (Takip testi) 47 3.80 .39 41  3.57 48

FTT kisaltmasi, Fen Tutum Testi i¢in kullanilmustir.

Bilimin Dogast Goriisleri:

Bu calisma boyunca 6grencilerin bilimin dogasi ile ilgili goriisleri, daha 6nce de
bahsedildigi gibi, Bilimin Dogas1 Olgegi: FORM-E kullanilarak elde edilmistir.
Calismada ogrencilerin ad1 gegen dlgege vermis oldugu cevaplar hem nicel hem de

nitel olarak incelenmistir. Katilimcilarindan elde edilen goriisler ¢alisma siirecinde
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gelistirilen bir puanlama anahtar1 (rubric) ile degerlendirilmistir. Bu puanlama
anahtar1 gelistirilirken bilimin dogas1 alaninda uzman bagimsiz bir arastirmaci ile
calisilmis ve kodlar iizerinde uzlagsma saglanmistir. Bu puanlama anahtarinda
Ogrencilerin goriisleri "yetersiz" (naive), "degisken" (transitional), ve "bilgili"
(informed) olarak ii¢ ana kategori altinda gruplandirilmistir. Calisma siirecinde
ogrencilerin bilimin dogasi goriislerinde gelistirilmesi hedeflenen boyutlar: bilimsel
bilginin degisebilir dogasi, oznelligi, delile dayali dogasi, yaraticilik ve hayal giicii
icermesi, ve c¢ikarimsal yapist seklindedir. Burada bahsedilmesi gerek onemli
noktalardan biri de &grencilerin Bilimin Dogas1 Olgegi: FORM-E ye verdigi
cevaplar1 analiz ederken kullanilan "biitiinsellik" yaklasimidir. Bu yaklasimda,
diger arastirmacilar tarafindan da tavsiye edilen (6rn. Khishfe ve Abd-El-Khalick,
2002); Lederman ve dig., 2002) ve 6grencilerin goriislerini her bir maddeye verdigi
cevapla bir bilimin dogasi boyutunu degerlendirmek yerine, 6lgegin biitiiniinde

verdigi cevaplar goz Oniine alinarak degerlendirilmistir.

Bilimsel Bilginin Degisebilir Dogast:

Her bir kategorideki (yetersiz, degisken, bilgili) 6grenci sayilarinin 6n testten son
teste ve son testten takip testine degisimi, McNemar Testi ile istatistiksel olarak
karsilastirildi. Deney grubunda, bilimsel bilginin degisebilir dogas1 ile ilgili
yetersiz goriise sahip olan kisilerin oran1 on testten (% 52) son tests (% 29)
istatistiksel olarak anlamli bir sekilde azaldigi gbzlemlendi, y? = 5.88, p =.013.
Diger taraftan, bu gruptaki degisken ve bilgili goriise sahip kisilerin oraninda bir

artis olmasina ragmen, bu artis istatistiksel olarak anlamli bir farka sebep olmadi.
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Yine deney grubunda ogrencilerin goriislerinde kategori bazinda bir degisim
gozlenmemistir. Karsilastirma grubunun bilimsel bilginin degisebilir yapis1 ile ilgili
goriigleri, hem On testten son teste; hem de son testten takip testine hi¢ bir

kategoride anlamli bir degisim bulunmamustir.

Bilimsel Bilginin Oznelligi:

Bilimin dogasinin 6nemli boyutlarindan biri olan bilimin 6znelligi konusunda,
deney grubunda yetersiz gorilise sahip olan kisilerin 6n testteki orani, son testteki
oranma gore istatistiksel olarak anlamli sekilde farklidir, y? = 5.26, p = .019. iki
zaman dilimi karsilastirildiginda, 6n testte yetersiz goriise sahip olanlarin ylizdesi
son testtekinden c¢ok daha yiiksektir (% 40 On testte, % 17 son testte). Deney
grubundaki degisken goriise sahip olanlarin oraninda ise On testten son teste
anlamli bir degisim 6lgiilmemistir. Ote yandan bilgili goriise sahip 6grencilerin
yiizdesinde ise bilim tarihi egitimi sonrasinda anlamli bir artis Ol¢lilmiistiir, y? =
7.68, p = .004. Karsilagtirma grubu ogrencilerinin bilimsel bilginin 6znelligi
konusunda 6n test ve son testte ortaya koyduklar1 goriisler incelendiginde,
istatistiksel olarak anlamli bir artis ya da azalis gozlemlenmemistir. Son testten
takip testine, iki grupta da istatistiksel olarak anlam ifade eden bir degisiklik
olmamis; Ogrenciler takip testinde, son testte ortaya koyduklar1 goriislere oldukga

paralel goriisler ortaya koymuslardir.

Bilimsel Bilginin Delile Dayali Dogasi:
Bilimsel bilginin delile dayali dogasiyla ilgili 6grencilerin 6n testteki goriisleriyle

son testteki gorlisleri karsilagtirildiginda, bilim tarihi ile egitim yapan gruptaki
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degisken goriise sahip olanlarin oranit anlamli oranda diigmiistiir, y?> = 9.38, p = .
002. Uygulama oncesinde gruptaki kisilerin % 50 sinin gorisleri degiskenken,
uygulama sonrasinda bu oran % 17 ye gerilemistir. Deney grubunda bilgili goriise
sahip olan 6grencilerin yiizdesi 6n testten son teste % 25 den % 75 e yiikselmis ve
bu yiikselis istatistiksel olarak da anlamli olarak bulunmustur, y? = 16.53, p <
.0005. Bu iki 6l¢iim zamaninda karsilastirma grubundaki &grencilerin goriisleri
analiz edildiginde, herhangi bir kategorideki 6grenci oraninda istatistiksel olarak
anlamlt bir fark bulunamamistir. Her iki gruptaki 6grencilerin bu boyut agisindan
son testten takip testine ifade ettikleri goriisler agisindan ne deney ne de

karsilastirma grubunda herhangi bir fark bulunamamastir.

Bilimsel Bilginin Yaraticiltk Ve Hayal Giicii Igermesi:

Bu boyut acisindan, 6n testten son teste her bir kategorideki Ogrencilerin
oranindaki gozlemlenen degisim Kkarsilastirildiginda, deney grubundaki bilgili
goriige sahip olan 6grencilerin ylizdesinde anlamli bir artis oldugu gézlemlenmistir,
7> =4.5, p=.031. On testte bilgili kategorisinde dgrenciler toplam grencilerin %
25 ini olustururken bu oran son testte % 46 ya yiikselmistir. Karsilastirma
grubundaki 6grencilerin herhangi bir kategorideki oraninda On testten son teste
anlamli bir degisim olmamustir. Her iki gruptaki 6grencilerin ise son testten takip
testine goriisleri incelendiginde, 6grencilerin son testte sahip olduklar1 goriisleri
takip testinde de devam ettirdikleri gbzlemlenmis; iki grupta da herhangi bir artis

ya da eksilis bulunamamustir.
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Bilimsel Bilginin Ctkarimsal Yapusi:

Deney grubu oOgrencilerinden, bilimsel bilgini ¢ikarimsal yapist goz Oniine
alindiginda, yetersiz goriis sergileyenlerin 6n testten (% 75) son teste (% 38)
istatistiksel olarak anlaml sekilde azaldigi gézlemlenmistir, y? = 16.06, p < .0005.
Diger taraftan ayni gruptaki degisken kategorisindeki 6grencilerin sayisi anlamli
derecede artmustir, y? = 4.50, p = .031 (% 15'e gore % 35). Benzer sekilde, bilgili
kategorisinde de oOn testten (% 10) son teste (% 27) anlamhi bir artig
gozlemlenmistir, y? = 4.90, p = .021. Karsilastirma grubunda ise, On testten son
teste hi¢ bir kategorideki kisilerin oraninda istatistiksel olarak anlamli degisim
olmadigi bulunmustur. Son testten takip testine 6grencilerin goriisleri grup bazinda
degerlendirildiginde, ne deney ne de karsilastirma grubunda anlamli bir degisim

olmadig1 gozlemlenmistir.

Ozet olarak, bilim tarihi egitimi dolasim sistemi kavramlarini akilda tutma, fene
kars1i olumlu tutum gelistirme ve bu olumlu tutumu siirdiirme, ayrica bilimin dogas1
gorislerini gelistirme ve bu gelismis goriisleri devam ettirme acgilarindan miifredat
tabanli egitime gore daha etkili oldugu bulunmustur. Bilimsel siire¢ becerilerini
gelistirmede bilim tarihi egitimi miifredat tabanli egitimden daha etkili oldugu
bulunamamissa da, bilim tarihi ile egitim yapmanin da bu becerileri gelistirmede

olumsuz bir yanina rastlanmamistir.

Bu calismadan ortaya ¢ikan genel resme gore, bilim tarihi egitimi fen
okuryazarligimmin temel bilesenlerini gelistirme yoluyla, 0Ogrencilerin fen

okuryazarligin1 daha iyi bir yere tagimak i¢in uygun bir ortam hazirlayabilmektedir.
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Bu yiizden miifredat gelistiricilere Tiirkiye'de uygulanan fen ve teknoloji 6gretim
programina bilimin tarihini entegre etmesi tavsiye edilmekte; ayrica fen bilgisi
ogretmenlerine de smiflarinda bilim tarihinden daha aktif bir sekilde yararlanmalari

Onerilmektedir.

490



APPENDIX U

U. CURRICULUM VITAE

PERSONAL DETAILS
Name: Mustafa CANSIZ

Address: Orta Dogu Teknik Universitesi, TSK Modelleme ve Simiilasyon Merkezi,
Universiteler Mah. Dumlupinar Blv. No:1, P.K. 06800, Cankaya
Ankara/ TURKEY

Phone: (+90) 312 210 7382
E-mail : mustafacansiz@gmail.com

EDUCATION
2008 — 2014 : PhD. Middle East Technical University, Elementary Education

2003-2008: B.S. Middle East Technical University, Elementary Science Education
(GPA:3.34/4.00)

1999-2003: Eynesil High School (GPA: 5.00/5.00)

FOREIGN LANGUAGE
English

EXPERIENCE
03/2009-02/2010: Aksaray University, Research Assistant

02/2010-Present: Middle East Technical University, Research Assistant

491



TEACHING EXPERIENCE (TEACHING ASSISTANT)
Quantitative Data Analysis in Education

Analysis of Research in Science & Mathematics Education
Seminar in Elementary Science & Mathematics Education
Laboratory Applications in Science Teaching I-11

Methods of Teaching Science

School Experience

Practice Teaching in Elementary Education

RESEARCH RELATED ACTIVITIES
07/2012-08/2013: Visiting Scholar. University of Missouri, Department of

Learning, Teaching, and Curriculum

PROJECT
January 2009- February 2009: Guide, Little Teachers are Touching the Science.
Funded by Scientific and Technological Research Council of Turkey (TUBITAK)

RESEARCH INTEREST

History of Science, Scientific Literacy, Nature of Science

MEMBERSHIP
National Association of Research in Science Teaching (NARST)

European Science Education Research Association (ESERA)

American Educational Research Association (AERA)

492



NATIONAL AND INTERNATIONAL PUBLICATIONS/ PRESENTATIONS

Cansiz, M., & Tirker, N. (2011). Scientific literacy investigation in science
curricula: The case of Turkey. Western Anatolia Journal of Educational
Sciences, Special Issue, 359-366.

Keles O., Ertas H., Uzun N.& Cansiz, M. (2010). The understanding levels of
preservice teachers’ of basic science concepts' measurement units and
devices, their misconceptions and its causes. Procedia Social and
Behavioral Sciences, 9, p. 390-394

Cansiz, M., Sungur, S., & Oztekin, C. (2014). The effectiveness of teaching
circulatory system through history of science. Paper presented in
American Educational Research Association (AERA)

Cansiz, M., & Cansiz, N. (2014). Students' talk during collaborative group
discussion. Paper presented in International Conference on Education in
Mathematics, Science & Technology.

Cansiz, N., & Cansiz, M. (2014). Argumentation in peer-guided versus teacher-
guided group discussions. Paper presented in International Conference on
Education in Mathematics, Science & Technology.

Cansiz, N. & Cansiz, M. (2013). Exploring pre-service science teachers'
orientations toward teaching science and science classroom practices: The
role of early experiences. Paper presented in 10th biannual Conference of
the European Science Education Research Association (ESERA).

Cansiz, M., Sungur, S., & Oztekin, C. (2013). The role of history of science
instruction on promoting favorable attitude toward science. Paper
presented in 10th biannual Conference of the European Science Education
Research Association (ESERA)

Cansiz, M. & Tiirker, N. (2011). Scientific literacy investigation in science
curricula: The case of Turkey. Paper presented in World Conference on
New Trends in Science Education.

Cansiz, M. & Tiirker, N. (2011). Preservice teachers’ sentiments, attitudes,
concerns and self-efficacy about inclusive education (SACIE): Validation
of SACIE scale. Paper presented in National Association for Research in
Science Teaching (NARST).

Keles O., Ertas H., Uzun N.& Cansiz, M. (2010). The understanding levels of
preservice teachers’ of basic science concepts' measurement units and
devices, their misconceptions and its causes. Paper presented in World
Conference on Learning, Teaching and Educational Leadership.

493



AWARDS

2014: International Travel Award, American Educational Research Association

494



TEZ FOTOKOPISIi iZIN FORMU

ENSTITU

Fen Bilimleri Enstitiisi

Sosyal Bilimler Enstitiisii -

Uygulamali Matematik Enstitiisii

Enformatik Enstitiist

Deniz Bilimleri Enstittsi

YAZARIN

Soyadr : Cansiz
Adi : Mustafa
Boliimii : {lkdgretim

TEZIN ADI : The Effect of History of Science Instruction on Elementary
Students' Scientific Literacy

TEZIN TURU : Yiiksek Lisans Doktora -

1. Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi alinabilir.

2. Tezimin igindekiler sayfasi, 6zet, indeks sayfalarindan ve/veya bir
boliimiinden kaynak gosterilmek sartiyla fotokopi aliabilir.

3. Tezimden bir (1) yil siireyle fotokopi alinamaz. -

TEZIN KUTUPHANEYE TESLIM TARIHI:

495



