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In this study, it was investigate that the reflection of explicit-reflective nature of

DOI: 10.14812/cufej.309431 science (NOS) teaching and explicit-reflective argumentation based NOS teaching on

prospective science teachers’ written arguments about NOS. The reflection of
different teaching methods about NOS on prospective science teachers’ written
arguments was assessed by using open-ended VNOS-C questionnaire (Lederman, Abd-
El-Khalick, Bell, & Schwartz, 2002). Sample of the study was composed of 70
prospective science teachers and two experiment groups. It was tried to bring NOS
aspects to prospective science teachers, when first experiment group was enrolled in
explicit-reflective argumentation based NOS teaching, other experimental group was
participated in explicit-reflective NOS teaching during a semester. These experimental
groups was decided to randomly assigned as first and second experimental groups
from intact groups at department of science education in a public university.
Prospective science teachers’ views about NOS were evaluated by using VNOS-C as
before and after implementation. Findings of the study showed that second
experimental group participating explicit-reflective teaching about NOS had difficulties
in constructing arguments before implementation but they showed development in
constructing argument and constructing a low quality of scientific data and evidence
after implementation. Another finding of the study showed that when explicit-
reflective argumentation based NOS teaching experimental group constructed low
level of arguments before implementation, most of the participants constructed high

level of arguments by using sound evidence and scientific data after implementation.
Also, it was seen that a small number of prospective science teachers in this group
used weak backing to questions about socially and culturally embedded NOS and
creativity NOS aspects. As a result it was found that prospective science teachers get
educated via argumentation based NOS teaching constructed more sound arguments
about NOS than ones get educated via explicit-reflective based NOS teaching about
NOS.
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Argliimantasyon Temelli Acik Diisiindiiriicii ve Agik Diistiindiiriicii Bilimin
Dogasi Ogretiminin Ogretmen Adaylarinin Yazili Argiimanlarina
Yansimasi

Makale Bilgisi 0z

Bu ¢alismada, agik dustindiriict bilimin dogasi (ADBD) ve arglimantasyon destekli agik

DOI: 10.14812/cufe;.309431 disindurica bilimin dogasi (ADADBD) 6gretiminin fen bilimleri 6gretmen adaylarinin

bilimin dogasina iliskin yazili arglimanlarinin yapisina ve kavramsal anlamalarina
yansimalari incelenmistir. Ogretmen adaylarinin ADBD ve ADADBD &gretiminin bilimin
dogasina yonelik yazili argimanlarinin yapisina ve kavramsal anlamalarina yansimalari
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aclk uglu VNOS-C (Lederman, Abd-El-Khalick, Bell, & Schwartz, 2002) anketi ile
degerlendirilmistir. Calismanin katiimcilari 70 kisiden (iki deney grubundan)
olugmaktadir. Birinci gruba ADADBD etkinlikleriyle bilimin dogasi &zellikleri
kazandirilirken, diger gruba ADBD etkinlikleriyle bilimin dogasi 6zellikleri bir donem (3
ay) suresince kazandiriimaya g¢alisiimistir. Bu gruplar bir devlet tiniversitesinde var olan
fen bilgisi egitimi bolumiindeki iki subenin rastgele deney gruplarina atanmasiyla
belirlenmistir. Calismanin sonuglari ADBD uygulanan grubun uygulama o&ncesinde
argiman kurmada zorlandiklari uygulama sonrasinda ise zayif kanit ve veriler
gelistirerek uygulama 6ncesine gore az da olsa bir gelisim gosterdikleri bulunmustur.
Galismanin bir diger sonucu ise ADADBD uygulanan grubun uygulama 6ncesinde ¢ok

zayif argimanlar olusturdugu gorulurken uygulama sonrasinda ¢ogunlugun guglu kanit
ve bilimsel veriler ile daha gug¢lu argimanlar kurdugu bulunmustur. Ayrica az sayida da
olsa bilimin, bilimsel bilginin sosyal ve kiiltlirel degerlerden etkilenmesi ve hayal giicl
ve yaraticihgin bilimsel bilginin olusmasindaki roliine yonelik sorulara iliskin zayif
destekleyicilerin ADADBD grubunda kullanildigi gorilmustir. ADADBD uygulanan
grubun, ADBD uygulanan gruba gore bilimin dogasi 6zellikleri hakkinda daha gugli
argiimanlar kurdugu sonucuna ulagiimistir.

Anahtar Kelimeler:
Arglimantasyon,

acik digtindiricd,
bilimin dogasi,

yazili arglimantasyon.

Introduction

Today, the changes in attitudes towards education cause significant changes in the aims of science
education. It is clear that all of this information cannot be taught to all students when the rate of
emergence of new scientific information is taken into consideration (Ministry of National Education
[MONE], 2013). For this reason, in Turkey, as in many countries, the skills of reaching this information
have been taken into the foreground of science literacy and science (Ministry of National Education
[MONE], 2013), instead of transferring all the information in new education programs. One of the
important sub-titles of scientific literacy, which is a top title that includes scientific concepts and skills, is
the nature of science (Késeoglu, Tumay & Budak, 2008). In general, it refers to the values and beliefs
inherent in the nature of science and epistemology of science, the development of science or scientific
knowledge as a way of knowing (Lederman, 1992). McComas & Olson (1998) concludes that science
brings together various fields of science such as the nature of science, psychology, sociology, history of
science and philosophy, and “what is science?, how do science work?, how do scientists work?, what is
the influence of social and cultural contexts?” was addressed.

When the relevant studies in the literature in recent years about the nature of science are examined,
it is seen that there is not a single definition accepted by all. However, when studies on the nature of
science are examined, it can be said that the following general points best reflect the nature of science
and the aspects of the nature of science;

e Scientific knowledge is being tested with experiments. So, scientific knowledge is factual.
Observation and inferences are different from each other. Scientists also attach importance to
how to justify the arguments of the evidence to make a claim using observation and data. In
this process, scientists make inferences about observations and data, and therefore scientific
knowledge is subject to change (McComas, 2004, Scwartz, Lederman & Crawford, 2004;
Lederman, 2007; Bell, 2009).

e Although the same data for a topic can be found in different inferences, different theoretical
theories may arise. For this reason, when scientists decide which of these theories to support,
they choose the theory that best fits the existing evidence, constantly question, develop and
change knowledge. Therefore, scientific knowledge has a clear nature to change (Abd-El-
Khalick, Bell & Lederman, 1998, Khishfe & Abd-El-Khalick, 2002, McComas, 2004, Scwartz,
Lederman & Crawford, 2004, 2009).

e Scientists are influenced by imagination and creativity while creating scientific knowledge (Abd-
El-Khalick, Bell & Lederman, 1998, Khishfe & Abd-El-Khalick, 2002; McComas, 2004; Scwartz,
Lederman & Crawford, 2004; Bell, 2009). In addition, scientists are also influenced by the social
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and cultural values of the society in which the scientific knowledge, science, and knowledge are
built (McComas, 2004, Scwartz, Lederman & Crawford, 2004, Lederman, 2007; Bell, 2009).

In addition, Driver, Newton & Osborne (2000) proposed the teaching of the nature of science in
science education as a way to understand and follow the norms and ethical rules of the scientific
community, to understand and follow sociological and scientific issues and processes which it is
necessary for the content to be taught successfully. There are many different approaches to how nature
of science is taught in science education as well as What is the nature of science in science
education.When the literature is examined, approaches used in teaching nature of science; Historical,
indirect and open-minded(Abd-El-Khalick & Lederman, 2000, Khishfe & Abd-El-Khalick, 2002). However,
in recent years, it has been seen that teaching with argumentation-oriented and argumentation-
oriented teaching, together with scientific argumentation focused on explicit-reflective approach, is the
subject of research in teaching (Cetin, 2014, Demircioglu & Ugar, 2014). In the science curriculum of
elementary education institutions, the basic approach is the argumentation that the teacher, who is
actively involved in the planning and implementation of the lessons, assumes more guidance role. It is
therefore expected that teachers should create an environment in which students can freely express
their thoughts, defend these thoughts for different reasons, and create counter arguments in order to
refute opposing views. It is also expected that teachers will take the role of guiding and guiding the
students to support the claims they have made and their counterclaims with reasonable justification. As
a result, the importance of argumentation based teaching emerges in science education.

Science teaching with explicit-reflective scientific argumentation

Common misconception about scientific argumentation was that scientific argumentation was seen
as simple discussion and claims. Actually, argumentation could be defined as configuration process of
suitable warrants which associated with the data they are based on claims (Toulmin, 2003). Actually,
there is no only one definition about argumentation but also according to Toulmin (2003),
argumentation was defined as claim and accompanying justifications. Jimenez-Aleixandre and Erduran
(2007) have identified argumentation two ways in terms of individual and social. From the individual
perspective, argumentation was thought as any claim was justified by person, any opinion about this
claim was formed by person or argumentation process of person. From the social perspective,
argumentation was defined as discussion and rebuttal of opposite opinions about same topic. Studies
about argumentation practices in science education showed some limitations related with poor
argumentation skills, disregarding to data and warrant, lack of inferences and comments about claim
sufficiently, achieving results by not using warrant and data and limitations about assessing of opposite
opinions (Driver, Newton, & Osborne, 2000). Studies about classroom practices of argumentation
showed that classroom was suitable for teacher-centered education and there was no necessary
discussion atmosphere for argumentation to incorporate students in argumentation process (Newton,
Driver, & Osborne, 1999). Argumentation based classroom practices in science education has been
shifted explicit-reflective argumentation education in time (Cetin, 2014, Khishfe, 2014; Zohar & Nemet,
2002). Inexplicit-reflective strategy, argumentation was introduced explicitly and taught students in
terms of structural, functional and application based on assessment criterions (McDonald, 2010). In
studies, implemented in scientific context and with explicit argumentation, development of
argumentation skills and quality of arguments was realized (Bell & Linn, 2000; McDonald, 2008; Yerrick,
2000; Zohar & Nemet, 2002). For this reason, it can be said that explicit argumentation and scientific
context used in studies were effective to improve quality of arguments and students argumentation
skills. Also, considering history of science, scientists assert different theories by using and looking at
same data. In addition, when scientists decide which theories can be supported, they pay attention to
which one is consistent with existed evidences. Similarly, it was expected from students that they can
improve own claim which was consistent with existing evidences, include rebuttals of opposite claims
and high quality of justifications instead of asserting claims and conclusions (Driver et al., 2000).
Scientific argumentations can be seen as process of students reveal scientific claims about science topic,
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support, criticize, assess and revision and correction of asserted claim. At the end of this process,
students can see science as a process including proposed claims continuously, questioning of these
claims and generally developments and changing of these claims (Cetin 2014; Khishfe, 2012). Evolving,
changing and inquiry aspects of science can be seen as combining characteristics of nature of science
and scientific argumentation. In addition, some studies (Jimenez-Aleixandre &Erduran, 2007; McDonald,
2008; McDonald & McRobbie, 2011; Khishfe, 2014) investigated the combinations of nature of science
and scientific argumentations and results supported nature of science education with argumentation.

Recently, argumentations based studies in the context of nature of science showed that
argumentation based explicit-reflective teaching was effective to improve students’ views towards
nature of science and quality of argumentations (Cetin 2014; Khishfe, 2012, 2014; McDonald, 2008;
McDonald & McRobbie, 2011). Considering literature review about nature of science and argumentation
studies was collected together under two headings. Studies in the first heading investigated how
students’ views about nature of science influence on quality of their arguments and problems of
students in forming argumentation (Bell & Lederman, 2003; Sadler, Chambers, & Zeidler, 2004; Walker
& Zeidler, 2004). Studies in the second headings researched on how argumentation teaching reflect on
and influence on students’ views about nature of science (Bell & Linn, 2000; Yerrick, 2000; Ogunniyi,
2006). In addition to these studies, argumentation can be seen as mechanism to learn scientific
epistemology (Sandoval & Millwood, 2007). One of the objectives of argumentation in the context of
science education is the development of the ability of use evidence and backings to support their claims
about a scientific topic (Kelly, Regev, & Prothero, 2008; McDonald, 2008; Sandoval & Millwood, 2007;
Yore, Florence, Pearson, & Weaver, 2006). The results of studies about oral argumentation showed that
students in cooperative learning or problem solving education generally make claims without using
backings and evidences in group works (Erduran, Simon & Osborne, 2004; Jimenez-Aleixandre,
Rodriguez, &Duschl, 2000; Kelly et al., 2008). It was seen that studies about written argumentation also
provide opportunity to investigate students’ argumentation structure, to decide students’ thinking
schema about claims, to evaluate the others studies (Bell & Linn, 2000; Kelly et al., 2008; Sandoval,
2003). If students were wanted to educate as scientifically literate person or scientists, it was needed
that students should have improved nature of science opinions, creativeness, and sophisticated
argumentation skills. For this reason, the most important mission in the training of these individuals falls
to teachers and the education institutions that will train these teachers.

To comprehend above mentioned new teaching approach related with nature of science, one of the
best effective teaching approaches is to engage students in explicit-reflective argumentation based
science education process. In this context, the aim of this study was to investigate that the reflection of
explicit-reflective nature of science (NOS) teaching and explicit-reflective argumentation based NOS
teaching on prospective science teachers’ written arguments about NOS.

Method
Research Design

In this study, pretest-posttest without control group experimental design was used to determine the
quality of prospective science teachers’ their written arguments about the nature of science. In this
research model, cause-and-effect relationship between variables is determined (Campbell & Stanley,
1963). When explicit reflective argumentation based nature of science education was implemented in
first experimental group, explicit reflective nature of science education was implemented in second
experimental group. Qualitative techniques were used to collect data. By using VNOS-C scale, students’
written arguments about nature of science view was collected and descriptive analysis was used.

Participants

Sample of the study was composed of 70 (52 female, 18 male) prospective science teachers and two
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experiment groups. These prospective science teachers were 3" grade level students and firstly they
attended “nature of science and history of science” course during their undergraduate education.
Participants were divided into 30 prospective science teachers (26 female and 4 male) in first
experimental group and 40 prospective science teachers (26 female and 14 male). Classrooms were
randomly assigned into first and second experimental groups. First experimental group were attending
explicit-reflective argumentation based NOS teaching. Second experimental group were attending
explicit-reflective nature of science (NOS) teaching. Reflection of implemented teachings in
experimental groups to structure of prospective science teachers’ written arguments and conceptual
understandings of them was determined as comparing before and after practice.

Data Collection

Views of Nature of Science Questionnaire (VNOS) was developed by Lederman and colleagues
(2002), translated and adapted in Turkish by Kigilik (2006), was used to determine prospective science
teachers’ views of nature of science at the beginning and ending of spring semester in 2013-2014 year.
The View of Nature of Science Questionnaire (VNOS-C) was composed of 10 open-ended questions
about aspects of nature of science. Questionnaire was implemented as pretest and posttest before and
after practice. The scale was aimed to find out students’ views about aspects of nature of science such
as empirically based, differences between observation and inference, differences between theory and
laws, creativity, subjectivity or theory-laden, culturally and socially embedded, tentative. Example
question from questionnaire was “Is there a difference between a scientific theory and a scientific law?
Illustrate your answer with an example.”

Procedure and Administration

In nature of science and history of science course, explicit-reflective argumentation based NOS
teaching and explicit-reflective nature of science (NOS) teaching based on seven aspects of nature of
science activities were prepared for experimental implementations. Also, history of science activities
was implemented in this course. In addition, the historical development of science for prospective
teachers were processed as Egypt-Mesopotamia, Ancient Greek, Medieval, Science in Islam,
Renaissance, Science in the 17-18th century, Science in the 19-20th century and science periods in
Turks. Each week, the discussion activities focused on the philosophical features of the period and the
developments that were being processed.

Prepared activities were aimed to bring prospective science teachers aspects of nature of science
and argumentation skills. All activities include group works and beginning with prospective science
teachers’ questions and presentations about nature of science. Activities were designed to explicitly
present seven aspects of nature of science and actively explain and discuss participants’ ideas about
nature of science and history of science. The Great Fossil Find and tricky tracks activities were used from
literature (Lederman & Abd-El-Khalick, 1998; Dogan, Cakiroglu, Bilica & Cavus, 2012). Discussions of
content and science process skills were based on reflective nature of science teaching. After each
activity, nature of science aspects were especially paid attention and reflection opportunity about
relations about nature of science aspects were given to students under guidance of instructor. These
activities based on seven aspects ofnature of science;

e Scientific knowledge is tentative (subject to change).

e Science is empirically based (based on or derived from observation of the natural world).
e Science is inferential, imaginative and creative.

e Science is subjective and theory laden.

e Science is socially and culturally embedded.

e The distinction between observation and inferences.

e The relationships between scientific theories and data.
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Main concepts and other concepts related with nature of science aspects focused in activities also
were explained. Subject, content and implementation of activities were presented below.

Explicit-reflective argumentation based NOS teaching activities in first experimental group

Following activities only were presented in first experimental group via explicit-reflective
argumentation based NOS teaching. During implementation period, only one activity was presented for
each week.

1. Activity: Does the scientific knowledge change?

In this activity, it is aimed to give students the opportunity to experience the changes of scientific
knowledge by making claims about whether the prospective teachers have changed their scientific
knowledge. Two proposals were given to the prospective teachers (scientific knowledge changed and
scientific knowledge did not change) and they were asked to give evidence and to reason with which
they participated and why they supported it. Then, it is desirable to refute the claims against their own
views. At the end of the activity, it was aimed that the prospective science teacher would learn the claim
of “scientific knowledge is change” through an explicit-reflective argumentation approach.

2. Activity: is scientific knowledge subjective?

In this activity, it is aimed that prospective science teacher should experience why scientific
knowledge is subjective by making claims about whether or not scientific knowledge is subjective. In the
activity, it is desirable that prospective science teachers were given two arguments (scientific knowledge
is subjective and scientific knowledge is not subjective) and they are asked to present evidence and
reasoning which one they are agreeing and why they support it. Later, they were asked to give
refutations against the claims of opposition. At the end of the activity, it was aimed that prospective
science teachers would learn the argument that scientific knowledge is subjective through explicit-
reflective argumentative approach.

3. Activity: Will there be a big earthquake in Istanbul?

In this activity, it is aimed that prospective science teachers should experience scientific knowledge
and knowledge about whether scientific knowledge is subjective and whether scientific knowledge can
be affected from the social and cultural environment. In order to understand whether scientific
knowledge is subjective, two readings were given to prospective teachers. These readings were
describing the reports of two different professors who claim to have an earthquake or not until 2015 in
Istanbul. One of the readings claimed that a major earthquake would be realized until 2015 in Istanbul
with scientific evidences, while another reading claimed that there is no evidence that there would be
an earthquake in Istanbul until 2015. As a result of these readings, it is aimed to apply the explicit-
reflective argumentation based nature of science teaching approach so that prospective science
teachers learn that scientific knowledge can be affected from the social and cultural environment and
scientific knowledge is subjective.

4. Activity: Do we need evidence from experiments and observations for scientific knowledge?

In this activity, it was aimed that prospective science teachers should make a claim about whether or
not scientific knowledge is based on experiments and observations, so that they should experience why
scientific knowledge needs evidence from experiments and observations. In this activity, two proposals
were given prospective science teachers (evidence from experiments and observations is needed for
scientific knowledge and evidence from experiments and observations is not required for scientific
knowledge) by asking them which one they participated in and why they supported it, and they were
asked to provide evidence and to reason. Then, they were asked to present rebuttal against their
opposing views.At the end of the activity, it was aimed that the prospective science teachers would
learn the claim that scientific knowledge is based on experimentation and observation, with an explicit-
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reflective argumentation based nature of science teaching approach.
5. Activity: Tricky Tracks

This activity aims to inform prospective science teachers about differences between observation and
inference in a scientific research and the uncertain aspects of nature of science.In the first part of the
activity, it was attempted to give the prospective science teachers the message that "all the different
opinions about a subject are not representative of the correct answer". In this activity, different shapes
were projected onto the screen with the help of the projector and asked students to explain what they
might have been in each case. Firstly prospective science teachers wrote explanations on worksheet,
and then they were encouraged to share their explanations with the class. Focusing on the scenarios of
the students about these pictures, they were taught the concept of difference between observation and
inference. Again, it is reasonable to have different inferences about the same data (picture) but it is
emphasized that these inferences cannot be fully explained the data (picture). At the end of this activity,
it has been stated that many inferences can be made at the same level on the same question based on
the same data. It is stated that while scientists are trying to find answers to the questions about natural
phenomena, they make similar inferences. Scientists have been argued that a single answer cannot
explain it alone, even though the given answers to the questions are consistent with existed data.
Throughout the event, it is desirable that prospective science teachers present their own assertive
evidence for their own claims and present their counter-arguments and qualifiers. At the end of the
activity, it was aimed that prospective science teachers understand difference between observation and
inference by the explicit-reflective argumentation based nature of science teaching approach.

6. Activity: Fossils

This activity is aimed that prospective science teachers recognize the importance of imagination and
creativity in a scientific research. In the first part of the activity, prospective science teachers were given
a picture of a fossil piece so that they could figure out what kind of creature it might belong to and draw
it. Then, prospective science teachers are asked to present qualifiers and rebuttals that defend their
own beliefs. At the end of this activity, the prospective science teachers are presented with a picture of
fossil belongs to which organism.

Prospective science teachers are guided through the discussion of why different creatures’ pictures
were plotted and are able to realize that different results can be reached from the same data while
generating scientific knowledge. Prospective science teachers completed fossil piece by using their own
imagination and they were asked to argue whether scientists are using their imagination and creativity
while creating scientific knowledge like themselves or not. At the end of the activity, it was aimed that
prospective science teachers understood that scientists were influenced by the imagination and
creativity in the creating of scientific knowledge.

7. Activity: Relationship Between Law and Theory

This activity aims that prospective science teachers comprehend the differences between theory and
law in a scientific research. Prospective science teachers are given two theories and a list of evidence
supporting any of these two theories at the beginning of the activity (Theory 1-Theories turn into laws
when they are adequately supported by new evidence, and Theory 2-Laws and theories represent
different scientific knowledge and there is no hierarchical order between them). Prospective science
teachers were asked to discuss the theories using these evidences. Prospective science teachers either
accepted or rejected the theories using the evidence. As a result of this activity, it is aimed that
prospective science teachers will understand the relation between theory and law. In the course of this
activity, it was emphasized that students could be given a reading that explains the historical change of a
changing physics law and that scientific laws may change in the light of the new data.
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Explicit-reflective NOS teaching activities in second experimental group

In the following activities using in this experimental group, explicit-reflective NOS teaching approach
was used.

1. Activity: Spontaneous Formation Theory

In this activity, the experiments of Louis Pasteur and previous experiments in a historical order were
given to prospective science teachers with explicit-reflective teaching approach to grasp how scientific
knowledge changed in the course of time. Then, it was asked prospective science teachers to give a
similar example by asking whether the scientists change experiments and other theories over time.
Louis Pasteur proved that in the experiments, there was no spontaneous formation of living things in the
environment with water and adequate nutrients. Because the experiments carried out in the early
years, it is argued that the frogs pass to the soil by rain water. Louis Pasteur has refuted this theory with
his experiments. As a result of this activity, it was aimed that prospective science teachers
comprehended how scientific theories could change in the light of new knowledge and experiments.

2. Activity: Is it scientific or not?

In this activity, prospective teachers are requested to give scientific and non-scientific expressions to
determine whether they are scientific and to explain the reasons. In this way, it is ensured that the
prospective teachers can decide about the characteristics of scientific knowledge by arguing. The
conclusion of this activity is that science uses experiments, logical debates and doubts to distinguish
itself from other research fields and information.

3. Activity: Teaching the Nature of Science Using Newspaper News

In this activity, prospective science teachers were given a reading that explains the discovery of the
scientists who produce water-free and dirty-free surface coating material by observing and
experimenting with the lotus flower that was published in the National Geographic News magazine.
Through this activity, it was tried to be understood that the science was based on experiments. As a
result of this activity, it was aimed that prospective science teachers should understand that scientific
knowledge based on experiments, logical discussions and observations in nature.

4. Activity: Science with roundhouse diagram

In this activity, prospective science teachers are given a roundhouse diagram, asking what the
science is and demanding them to fill in the roundhouse diagram. Everybody's definition is different
because they will fill the roundhouse diagram themselves. Each prospective science teacher
conceptualize that scientific knowledge is subjective and properties of scientific knowledge by filling
roundhouse diagram because they fill title of roundhouse diagram and properties of scientific
knowledge in the roundhouse diagram. As a result of this activity, it was aimed that prospective science
teachers conceptualize the characteristics of scientific knowledge.

5. Activity: New fossils

This activity is aimed that prospective science teachers recognize the importance of imagination and
creativity in a scientific research. In this activity, prospective science teachers were given a reading
about the new fossil of the eye. Different interpretations have been made about which organism fossil
of the eye belongs to. Scientists have decided which organism fossil of eye belongs to using their own
imagination and creativity. As a result of this activity, it was aimed that prospective science teachers
conceptualize the influence of imagination and creativity in the formation of scientific knowledge.

Data Analysis

Answers of prospective science teachers about nature of science questionnaire were read and
investigate by two experts for science education and nature of science to improve validity and reliability
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of the study and categorized into “none”, “weak”, “strong” categories. Categories of the experts were
found to be coherent among categories of experts. As a result of the analysis made, consistency among
experts was found to be 75%. If answers of prospective science teachers include accurate and sufficient
claim, data, warrant and rebuttal components, it was categorized as strong, if accurate but not enough,
it was categorized as weak, if not accurate and not enough or not answered, it was categorized as none
(Table 1). Also, “Argumentation Levels” (Osborne, Erduran, & Simon, 2004) and other studies (Driver et
al., 2000; Zohar & Nemet, 2002) got referenced and it has been taken into account consistency with
Turkish argumentation model (Aktamis & Higde, 2015), conceptual understanding and whether
reasoning was used or not (Sampson & Clark, 2008) to assess the quality of argumentation. According to
these evaluation criteria, the frequency distributions according to the argument components of the
categorized answers are given in Table 2. In order to demonstrate the change in the written arguments
that teacher candidates use to express their views on the nature of science, frequency distributions of
pre- and post-implementations are given separately. While the frequency distributions in Table 2 and
Table 4 constituted the quantitative part of the study, quotations supporting this frequency distribution
composed the qualitative part of. Supportive findings were included through qualitative and
quantitative findings.

Table 1.

Evaluation criteria

Components 0 (none) 1 (weak) 2 (strong)
Claim None claim or Certain but Certain and complete
A claim and result answers original uncertain claim  incomplete claim
question claim
Evidence scientific  a. data Wrong or none Data from Give data by
data supports data supports the experience in comparison with
claim. Data was claim everyday life others. Utilizing
suitable and experimental and
enough to support scientific data.
claim. b. reasoning Wrong or none Insufficient Sufficient reasoning
the statement reasoning supported by scientific
connect data and data
claim each other
Warrant None warrant- A warrant More than one
Conceptual quality of warrant wrong or none warrant
rebuttals None rebuttals- A rebuttals More than one

explanations and claims to opponents
claims

wrong or none

rebuttal

Findings

The frequency distributions of the answers to the VNOS-C questionnaire by students in the explicit-
reflective argumentation based nature of science teaching implemented experimental group and
explicit-reflective nature of science teaching implemented experimental group before and after the
science courses. The frequency distributions of the explicit-reflective argumentation based nature of
science teaching implemented experimental group are given in Table 2, while the distributions of the
explicit-reflective nature of science teaching implemented experimental group are given in Table 4.
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a) Results of the explicit-reflective argumentation based nature of science teaching
experimental group

The frequency distributions of the participants’ responses to the VNOS-C questionnaire before and
after the nature and history of science lessons supported by explicit-reflective argumentation based
activities were given below (Table 2). The second question on the VNOS-C questionnaire, “What is an
experiment?” is not included in analyses. Because this question is a question of information, it is not a
suitable question for students to make arguments and to reason.

Table 2.

Frequency distribution of prospective science teachers’ VNOS-C results pre and post explicit-reflective
argumentation based NOS teaching implementation

£
8 8 4 7, % ©
T © = g 2 S v
2 o ﬁ =L % & v v = § E s
£ 8868 T ESE 2 33583
Components Timing v L, G 3 DL B o TG
e €5 ® o £ 90 o §3zw
s o 2 € 5 c o C 2 >o0% g
c € (9] o K B = € o =
Q C == 3 9 8o s
S O = %) 2 ()
wv % A
w
None 17 5 7 6 8 17 8 4
Pre-implementation = Weak 9 17 17 18 21 16 12 17 18
Claim Strong 4 8 11 3 6 1 5 8
None 6 1 2 0 5 4 1 0

Post-implementation Weak 5 3 4 11 9 12 10 3 6
Strong 19 26 24 19 16 14 20 26 24

None 24 16 10 19 20 16 25 14 18
Pre-implementation = Weak 6 10 19 10 8 14 4 16 12

Reasoning Strong O 4 1 1 2 0 1 0 0
None 7 1 3 7 7 2 5
Post-implementation Weak 9 8 10 10 8 10 8 6 6
Strong 14 21 17 15 15 13 16 22 19
None 27 22 15 19 17 18 26 17 22
Pre-implementation  Weak 3 4 13 10 11 12 3 13 7
Data Strong O 4 2 1 2 0 1 0 1
None 16 9 12 12 12 7 13 5 7
Post-implementation Weak 6 7 11 7 5 13 9 8 7
Strong 8 14 7 11 13 10 8 17 16
None 30 29 30 30 28 30 30 29 29
Pre-implementation = Weak 0 0 0 0 2 0 0 1
Strong O 1 0 0 0 0 0 0 1
Warrants

None 30 24 26 25 24 26 27 20 25
Post-implementation Weak 0 0 1 1 2 2 1 4 1
Strong O 6 3 4 4 2 2 6

None 30 30 30 30 30 30 30 30 30
Rebuttals Pre-implementation = Weak 0 0 0 0 0 0 0 0 0
Strong O 0 0 0 0 0 0 0 0
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None 30 30 30 30 30 30 30 30 30
Post-implementation Weak 0 0 0 0 0 0 0 0 0
Strong O 0 0 0 0 0 0 0 0

When Table 2 is examined, it can be seen that most of the prospective teachers are able to make
weak arguments before application, but they can establish strong arguments after the application.
When the reasoning component is taken into consideration, it has been determined that the majority of
the prospective teachers failed in reasoning, but more than half of the participants were able to provide
strong reasoning after the application. It has been determined that more than half of the participants
are able to provide more powerful data than participants who are not able to show much improvement
compared to the preliminary data, but who are influenced by the social and cultural values of scientific
knowledge and the role of imagination and creativity in the formation of scientific knowledge. Taking
into account the reasoning and data components, it is seen that the majority of the prospective teachers
failed in evidence but more than half of the participants were able to provide strong evidence after the
implementation. Very few of the prospective teachers have been found to be in a supportive position.
Participants were found to have never improved in the refutation step. In order to support these
frequency data, the following are cited for each questionnaire and they are given under separate titles
before and after the application.

Table 3 gives a summary of the answers given by prospective teachers regarding the questionnaire of
the nature of science applied before and after argumentation based explicit-reflective nature of science
education. In the preliminary application, participants gave answers such as science being based on
more experiments, questionable, objective, and prone to reason and conjecture. The majority of
participants think that experiments are needed to develop science. They have supported these claims
with the need for experiments for the observability, verifiability, experimentability, development and
change of science. A large part of the participants thought that scientific theories will change over time.
They have supported these claims by the fact that scientific knowledge can be refuted by the
developments. If it were certain, it was found that there were misconceptions about the transition to
the law. The vast majority of prospective teachers state that there is a difference between theory and
law. At the same time, it has been seen that the vast majority of prospective teachers have the
conceptual misconception that scientific theories will eventually turn into laws. Participants were
convinced that theories for which theories are not definitive are precise information, so theories that
the laws cannot refute will eventually be refuted. Teacher candidates questioned how scientists use
specific information about the atom and how confident they are about the structure of the atom, by
means of the experiments and the advanced tools used, and by the theories developed over a long
period of time, they have been able to assure themselves of atomic structure. Teacher candidates have
tried to support how scientists are confident about a species by showing examples of external
appearance, genes, chromosome numbers, progeny, and experimentation in peas. Teacher candidates
often fail to answer the question of how scientists reach different outcomes by looking at the same
results and the same data, or they have stated that the event may have multiple causes. The majority of
prospective teachers claim that science is universal about whether science is universal. Very few
prospective teachers have claimed that science can be influenced by personal values and the values of
society. Teacher candidates express the fact that imagination and creativity play an active role in
science. They claimed that imagination and creativity played an active role in almost every phase.

Teacher candidates claimed that in their post-application answers, science is different from other
fields of research, that science is more objective, provable, and tested with scientific process skills than
verbal fields such as religion and philosophy. Teacher candidates expressed the need for
experimentation for the development, validation and realization of science. The vast majority have also
tried to support the importance of experimenting with the formation of scientific knowledge by giving
examples from scientific experiments and inventions. Teacher candidates have been arguing that
scientific theories may change over time. In addition, according to the preliminary application, it has
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been found that the teacher candidates mostly try to give evidence, data and supporting examples and
examples from the scientific history and scientific theories they have encountered in practice.Teacher
candidates state that the difference between scientific law and theory is that there is still a hierarchical
relationship between them and that the law cannot be changed. However, according to the answers
before implementation, they tried to support their claims with scientific theories, laws and examples
from the history of science, even though their claims in post-implementation answers are wrong.
Teacher candidates have long argued thedifferent perspectives, many experimental results,
technological advances and new experiments, in short, the knowledge of atomic structure, can be
assured by the accumulation of scientific knowledge. Prior to application, the teacher candidates used
scientific theories and development to further support their claims and provide evidence. Teacher
candidates have stated that scientists are observing species when researching species, using features
similar to species, and being able to make certain of the inferences and species based on them. They
also said that they considered the ability of the species to yield fertile fertilizers when they mated. Prior
to the application, it was found that the prospective teachers tried to support their claims by giving
more scientific examples and knowledge and tried to provide evidence. Teacher candidates have tried to
explain how scientists reach different results using the same data, with scientists having their own
individual views and assumptions. They have tried to support these claims by using different scientific
theories. The majority of prospective teachers stated that scientific knowledge is objective, that science
is influenced by social and cultural values, and by the philosophical and religious values and economic
conditions of the society it is in. Prior to the application, it was seen that the participants had changed
both in their views and tried to provide evidence and evidence by giving examples and theories from the
history of science. They claim that science is based on imagination and creativity. Prior to the
application, the teacher candidates pointed out the importance of creating more scientific knowledge of
imagination and creativity with stronger claims. They tried to support and prove their claims by
exemplifying the discoveries and inventions of scientists such as Newton, Archimedes, Einstein, Mendel
and Thomson. In Table 3 below, the pre- and post-implementation views of students whose answers are
conspicuous and understandable are given.

Table 3.

Quotations of teacher candidates’ opinions Pre- and Post-implementations in argumentation based
explicit-reflective nature of science teaching group

Scientific enterprise
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Opinions before implementation
OP: “Science examines the nature and nature of
nature. It also explains the situations that cause this
behavior. (Law, theory, etc.), it is in the framework
of cause-and-effect when making explanations of
different situations from other research fields, and
if there is a lawful case, it is explained by
experiments, with evidence.”
0Z: “The science means knowing nature, universe
and environment. What makes science different
from other fields is experimentally provable.”
OU: “After science has existed, it examines the
events that occur in nature. It is the object. It
depends on reason and judgment. Religion and
philosophy examine the cause of existence. He is
subjective.”

Opinions after implementation

OA: “Scientific nature is a field of interest that creates
definitions of living things, lifeless assets, and
concepts that explore the living environment. Verbal
fields such as religion and philosophy are more
subjective than object. It can vary depending on the
experience of the person's ideas and his past
experience. Areas such as physics, chemistry and
biology are tested with scientific process skills. They
pass to the objective dimension.”

0S: “The science means the process of reaching a
wisdom or discovery as a result of the curiosity of the
scientist with the observations, the experiments, the
discoveries. The feature that distinguishes science
from other research areas is that it can be tried and
proved. It is desired to reach certain knowledge in the
frame of certain reason and logic.”
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0Z: “Yeah. Because scientific knowledge must be
observable or provable. Experiments are needed

because experiments made reveal different
information. Smooth surface makes movement
difficult.”

0OB: “Yes there is. For example, the information
given in the first atomic model is insufficient and
more advanced results have emerged in the
direction of scientists' researches.”

0OG: “Yes there is. The experiment proves the
information. True and false information are
separated in this way. In this way scientific
knowledge develops.”

OD: “Yes, experiments are needed. Scientific
knowledge is knowledge that is supported and this
is often through experimentation. For example,
atomic theory is the scientific knowledge obtained
from experiments and observations.”

ON: “Is necessary. The best way to have knowledge
is to try and observe. For example, students want to
learn how to lift water. We can show them by
putting some water into the cabinet with the
simplest arrangement and leaving a few light
objects on it.”

OP: “Yes there is. Because experiments are scientific
steps that are made to confirm the observations
made. The scientific process is the third step to
experiment. For example, if Faraday did not
experiment, he could not reach the laws that show
the relationship between the magnetic field and
electricity.”

0Z: “We can exemplify many things we use in our
everyday life. Pendulum clocks, car wheels, acid and
base reactions. We can learn all of this by applying
scientific knowledge to experiments.”

OH: “Yes, because there is a need for experimentation
to be able to research a claim with evidence and
supporters. It is easier to prove and defend scientific
knowledge made with experiments. For example,
Newton's experiments with gravity.”

OBA: “Yes there is. Scientific knowledge evolves by
doing experiments. For example, the lifting force of
fluids has evolved through experiments. Newton's
gravity law is an example. Evidence of scientific
knowledge can be defended by conducting
experiments.”

OM: “Yeah. Because scientific evidence requires
evidence to prove it. As an example, gravity force,
experiment and observation, Newton's head falls into
apples.”

Tentativeness

0OG: “Yes, a scientific theory can change over time.
Because the theory can be refuted after a long
period of time over the theory that was created
according to the conditions of that time.”

OM: “Because the theory does not become a direct
law when we find many experiments are done
through the theories. Finally, the theory, which is
the right theory, becomes legal. Therefore,
different theories can be written constantly, the
theories can be changed.”

OGA: “Yes, it may change. For example, when we
look at atomic models, it begins with Dalton. Until
Bohr, the errors are noticed and changed. The
theories were never looked at. There must be a law
to not change. Theories may change.”

OA: “Theories may change. The laws do not change.
Although the Newtonian laws of motion are
everywhere the same, the theory of evolution is not
accepted. It provides contributions to them by
examining the regulation of theories. A scientist
presents a new theory that deals with a previous
theory and fixes its deficiencies.”

OMA: “It may change. Because, in the atomic
theories, every scientist has been influenced by
each other from the very beginning and has
disproved their theories. While there was no
concept of orbit in the first atomic theory, other
scientists found orbit. We need to learn theories.
Because the next theories are formed from the first
theories.”

OM: “Scientific theories may change. Theories can be
affected from time to time. For example, even the
culture structure of that period is influential. The tool-
restraint theories that can be used indicate that
theories may change. For example, the atomic
theories Dalton-Thomson-Rutherford atom theories
evolved over time. Because the tools they use are
influential. Science progresses cumulatively. Each
theory has set the ground for the other. Theories also
bring a sense of curiosity.”

OBB: “Scientific theories change. Atomic theory and
the theory of evolution add new information on the
progress of science and the development of
technology. As time progresses, new evidence
emerges. So scientific theories can change.”

OH: “Theories are changing. For example, new ideas
emerge every day into the atom and the theory of
evolution, changing the theories. The current theory
of evolution is a clear theory. It has opened to the
new investigations because the theory is open-
ended.In these new researches, theory is changing by
joining theory.”
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Theories and laws

0S: “It certainly exists. Scientific theory can be
proved by experiment or it may be wrong. But the
law certainly does not change. Darwin's theory is
not certain.”

OU: “There is a difference. Although the theory is
changeable, the law cannot be changed. For
instance, despite the emergence of different
thoughts despite the theory of evolution, no such
contrary ideas have been put forward in Newton's
time. It was just supportive. It is accepted and
final.”

0B: “A scientific theory can be refuted, but the law
cannot be refuted. The Ohm law and the theory of
evolution are examples.”

OA: “The theory may lose its validity, but the law is
unchangeable. The Thomson atomic model has
changed and evolved into Bohr. The theory of
evolution is not widely accepted. The gravity is
accepted by everyone.”

OMA: “A scientific theory can change. But a scientific
law cannot change. For example, it is enacted that the
speed of light will not change in any reference system.
However, the concept of "captivity" is still a theory.
Because there are still doubts as to whether or not
they exist.”

Scientific models
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OBA: “After they have done so many experiments,
they come to such a judgment. After researching
with advanced instruments, they reveal this
information.”

OD: “The discovery of atoms and particles by
scientists has not been rapid. This can be
understood from the various atom models (Bohr,
Dalton, Thomson) as well as the gradual trial-and-
error method. For example, the Millikan
experiment has shown us that electrons have also a
mass. Each subsequent scientist has produced new
theories in light of this information, paying
attention to this information.”

OA: “The data obtained as a result of the
experiments made in that area are used. But it
turns out that even the atom has come to form
smaller constructions (quarks). This information
may change in the future.”

OMA: “Scientists have expressed the atom's structure
in different ways. For many years different opinions
have been raised about atomic structure. For
example, Thomson, Dalton, Bohr atomic model.
Today, as technology advances, atomic structure
becomes definite. For example, Thomson, who
simulates atom as a grape cake, thinks grapes as an
electron.”

OR: “Scientists are confident about the atom by doing
many experiments. In order to say this state of atom,
many theories have been formed experiments have
been developed with the most comprehensive
information obtained by the development of science.
While scientists decided what the atom looked like,
previous scientists' experiments on the atom
investigated and did information. As a result, the
atomic structure has been changed by correcting the
wrong places. The atom is already simulated with
grape cake etc. This thought has changed with science
and today's situation has occurred.”

OH: “Of course, they have done a lot of experiments
about these scientific considerations. They were very
impressed by each other's previous scientists before
they could be sure. For example, there are many atom
models. Thomson, Bohr, Dalton, modern atom theory.
They have all conducted research in turn and have
been finalized by adding the work of previous
scientists. Just like the grape cake model ...”

0S: “Atom was first described as bubbles in a
mushroom stopper. Grape cake, Dalton atom model,
Thomson atom model, Rutherford atom models were
developed with microscope. As time goes by, the
points for which the adequacy of information is
unexplained are determined. Thanks to the
developing technological materials they are sure of
themselves.”
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Look at
genes,

OBA: “Similar features are set out.
information such as  appearance,
chromosome numbers.”

OAA: “To be able to decide whether or not they are
species, efficient fertilization can be obtained when
they are mated with each other, Such a description
has been made by taking advantage of these
properties.”

OP: “Of course, according to the law, which are in
the direction of the studies done, they become
evidence. For example, experiments are being
made by crossing the peas. Then it is done with
different plants and the results are compared and a
certain traits are revealed.”

OBB: “Scientists have set out from the similarities
between species. They can determine which species
belongs to each other by looking at whether or not
living things are tailed or living in poultry, hair, water,
or land. For example, they can determine which
species belongs by comparing them. For example,
felids, tears, monocotyledons, dicotyledonous plants
can be divided into species according to their different
characteristics.”

0S: “Experiments were sure to observe to be sure.
This judgment is reached as a result of observations
made in the laboratory or in the natural environment.
For example, horse and donkey mating does not
produce fertile progeny. But the mating between the
wolf and the dog produces fertile progeny. As a result
of long-term observations and follow-up, special
evidence is reached.”

Subjectivity

OAA: “An event can have multiple causes. If a law is
reached, the theories can be reached by going out
of the way. Having two different theories brings
more than one cause and hypothesis.”

OA: “They have to have different thoughts and
investigate different assumptions because they make
different judgments despite reaching the same data.
One of the characteristics of being a scientist believes.
Different scientists believe in different assumptions
and pursue their work in this framework. This
situation is like the situation between the coming of
man and the theory of creation.”

OR: “Every scientist's personal opinion is an event
such as scientific knowledge transfer. The data used
and the same data obtained indicate that the
dinosaurs have disappeared with too much
temperature and extinction. Whether it's a volcano or
a meteor is the science's thought. This event cannot
be tried and the evidence of that time or the narrative
of the story cannot be found.”
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OM: “Science is universal. Although social and
cultural values try to influence science, it is
universal. For example; Gravity exists for a culture
and cannot disappear for a different culture.”

OT: “Science is universal. Because there is no
science that changes according to environmental
conditions. There is a science that everyone accepts
(universal gravitation - gravity is an example).”

OR: “I think science is universal because scientific
phenomena are studied by scientists in many
different cultures and societies. Scientific events are
always accepted by all societies as they are true and
are expressed with proofs.”

0OG: “Science is influenced by the society we are in.
Everything that a person has is the effect of his life.
Even what he wondered may change according to
the social life. People living in the poles may be
interested in ice structure. Ice can build houses,
tools.”

0z: “It is influenced by the social and cultural values
of science. Because science is made to improve living
conditions to improve people, it is affected by the
environment. For example; He published his
Copernican work towards the end of his life. Because
he knows the reactions of the church and its
surroundings. For this reason, he stated that the
information he wrote in his foreword is only correct as
philosophy. So he did not want to take the reaction.
We can give Galileo the same status.”

OBB: “Science is influenced by social and cultural
values. It may remain in the face of the world. Factors
that occur with social and cultural values can affect
knowledge positively or negatively. For example, in
the 19th century, religion and science were in war.
The greatest reaction to Darwin's theory of evolution
came from religious circles. Here we come to the
conclusion that religion is influenced by
consciousness.”

OM: “Science has been influenced by social and
cultural values in the first years. There is a great deal
of influence especially on religion. For example,
observations made with the Galileo telescope found
Jupiter in various jurisdictions such as the moon, the
earth turning around the sun. But at that time the
church put it before the court twice, saying it was
contrary to the sacred book Joshua.”

Creativeness and imagination

OGA: “Yes they are. Examples are Rutherford's
grape cake model, Newton's gravity finding,
Pythagorean's formula founding on his donkey
back.”

OM: “Scientists, unlike other humans, have created
many inventions using their imagination and
creativity because of their curiosity and their desire
to make new information. Sometimes they use their
imagination to work out how they should be when
they cannot make observations.”

OP: “It's based on your imagination. They imagine the
answer to a curious question before actually
hypothesizing it. They use their creativity and
imagination during planning and editing. The result of
setting up the experiment setup and the result of the
experiment are actually using the creativity. Einstein
created the magnetic field created by magnetism with
imagination in his head and achieved it.”

OBB: “Yes, scientists use imagination and creativity. If
not, many laws would not exist. They experimented
and explored something abstract using their own
wisdom, creativity and imagination, and turned it into
a concrete truth. For example, in the Thomson atomic
model, the grape cake converts the abstract atomic
structure into a concrete wisdom by visualizing it.”
OH: “They are using it. Every scientist was wondering
about using his imagination. For example, as Newton
wonders how he would fall into his head while sitting
under a tree, as Archimedes wonders how the stone
could survive on the water. Newton has found its
gravitational force with this curiosity, and Archimedes
has found the force of lifting water.”
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b) Results of the explicit-reflective nature of science teaching experimental group

The frequency distributions of answers given by the participants to the VNOS-C questionnaire before
and after the explicit-reflective nature of science teaching course are given below (Table 4).
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Table 4.
Frequency distribution of prospective science teachers’ VNOS-C results pre and post explicit-reflective
NOS teaching implementation

Components Timing

Scientific enterprise
Experiments and place
in science
Tentativeness
Theories and laws
Scientific models
Observation and
inference
Subjective
Socially and culturally
embeddedness
Creativeness and
imagination

None 18 3 10
Pre-implementation Weak 18 31 23 33 17 13 15 19 17

w
N
o
N
N
N
w
I
~N
[ERY
e}

Claim Strong 4 6 7 4 3 5 0 4 4
None 12 0 3 2 11 11 16 7 10

Post-implementation Weak 12 27 21 20 28 25 19 20 19

Strong 16 13 16 18 1 4 5 13 11

None 36 23 25 34 32 30 38 31 31

Pre-implementation = Weak 3 14 13 5 4 9 2 9 9

Reasoning Strong O 3 2 1 4 1 0 0 0
None 15 2 7 12 22 14 23 14 20

Post-implementation Weak 23 33 26 20 18 25 17 22 17

Strong 2 5 7 8 0 1 0 4 3

None 39 35 35 36 35 38 39 34 36

Pre-implementation = Weak 1 5 4 2 3 2 1 6 4

Data Strong O 0 1 2 2 0 0 0 0
None 29 17 19 18 30 34 31 28 28

Post-implementation Weak 11 22 18 16 10 5 9 11 11

Strong O 1 3 6 0 1 0 1 1

None 40 40 40 40 40 40 40 40 40

Pre-implementation  Weak 0 0 0 0 0 0 0 0 0

Warrants Strong O 0 0 0 0 0 0 0 0
None 40 40 40 40 40 40 40 40 40

Post-implementation Weak 0 0 0 0 0 0 0 0 0

Strong O 0 0 0 0 0 0 0 0

None 40 40 40 40 40 40 40 40 40

Pre-implementation Weak 0 0 0 0 0 0 0 0 0

Rebuttals Strong O 0 0 0 0 0 0 0 0

None 40 40 40 40 40 40 40 40 40
Post-implementation Weak 0 0 0 0 0 0 0 0 0
Strong O 0 0 0 0 0 0 0 0

When Table 4 is examined, it can be seen that the majority of prospective teachers are able to make
weak arguments before the application, but the number of participants with weak arguments is still high
despite the increase in the number of strong arguments. Considering the reasoning component, it was
determined that the majority of the prospective teachers failed in reasoning, but more than half of the
participants did poorly reasoning after the application. It has been determined that the teacher
candidates cannot show much improvement compared to the data prior to the application but only one
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fourth of the teacher candidates can provide weak data. When the reasoning and data components are
evaluated together, it has been determined that the majority of the prospective teachers failed in
evidence but more than half of the participants were able to provide weak evidence after the
application. It was found that none of the prospective teachers showed improvement in providing and
refusing support. In order to support these frequency data, the following citation is given for each
questionnaire and given under separate columns before and after the application.

Table 5 summarizes the answers given by the participants to the questionnaires on the nature of
science applied to prospective teachers before and after explicit-reflective nature of scienceeducation.
In the preliminary application, teacher candidates were given answers such as science, which is based
on experimentation and observation based on scientific knowledge, which is different from other
research areas. The majority of participants think that experiments are needed to develop science. They
have supported these claims with the need for experiments for the demonstrability, experimentability,
development and change of science. A large part of the teacher candidates think that scientific theories
will change over time. They have supported these claims with the technological developments brought
about by the time of scientific knowledge. They said that they could change over time because they
could not explain some events exactly. The vast majority of prospective teachers state that there is a
difference between theory and law. Teacher candidates are convinced that theories for which theories
are not definitive are precise information, so theories that the laws cannot refute will eventually be
refuted. The question of how the prospective teachers are using scientifically specific information about
the atom and how confident they are about the structure of the atom is that they use evidence that
confirms this knowledge through experimentation as a result of time-developed theories and models.
Teacher candidates have tried to support how scientists are certain about a species by examining the
genetics of the organism, the offspring they give, and the experiments they have done, as to how they
are confident about what they are about. Teacher candidates generally did not respond to the question
of how scientists achieved different outcomes by looking at the same results and the same data, and
respondents expressed that the scientists were influenced by the culture they were living in and the
working environment. The majority of prospective teachers claim that science is universal whether
science is universal. Besides, they expressed that science is influenced by society and cultural values.
Teacher candidates claimed that imagination and creativity play an active role in almost every stage of
science.

Teacher candidates stated that in their post-application answers, science made experiments and
research instead of accepting different characteristics from other research fields directly as in the verbal
fields such as religion and philosophy. Teacher candidates expressed the need for scientific
experimentation to develop science and obtain valid and reliable information. The vast majority have
also tried to support the importance of experimenting with the formation of scientific knowledge by
giving examples from scientific experiments and inventions. Teacher candidates have been arguing that
scientific theories may change over time. Some of the prospective teachers state that there is still a
hierarchical relationship between them, as it was before applying it, and that the law is unchangeable, in
relation to the difference between scientific law and theory. However, according to the answers before
the application, some of the teacher candidates in the post-practice answers were often said to be
unable to be changed and that it could change in the light of the new evidence. Teacher candidates have
argued that can be sure based on the results of hypotheses, experiments, and observations. Teacher
candidates have stated that scientists are observing species when researching species, using features
similar to species, and being able to make certain of the inferences and species based on them. They
also said that they considered the ability of the species to yield fertile fertilizers when they mated.
Teacher candidates have tried to explain to scientists how different individuals reach different results
using the same data, from the difference between the preliminary of the scientists, because each
individual has different imagination. The majority of teacher candidates expressed that scientific
knowledge is influenced by social and cultural values and the philosophical and religious values of the
society in which they are in. They also expressed that science is influenced by imagination and creativity.
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They have tried to exemplify these claims by using inventions and inventions of scientists such as
Einstein and Newton. In Table 5 below, the pre- and post-implementation views of students whose
answers are conspicuous and understandable are given.

Table 5.
Quotations of prospective science teachers’ opinions about nature of science Pre- and Post-
implementations in argumentation based explicit-reflective nature of science teaching group

Scientific enterprise

Opinions before implementation

EE: “Science is an effort to find laws linking the
world's events through reasoning based on
observation and observation. One of the greatest
features that distinguishes it from other research is
experimentation and observation. It is information
that is made by doing and living and science is a
constantly changing concept.”

FO: “It is the sum of the information that makes the
research, investigates the cause-effect relation of
the events, produces the solutions, and provides
the meaning of the environment. What makes
science different is the gathering of information
with observations and experiments.”

Opinions after implementation

H: “Science is a process that results in people
approaching nature with an outlook contrary to the
views accepted as a result of observing their
environment. Religion is different from a science of
physics. The physicist does not accept an event
directly. He conducts experiments and research in
that subject. In the science of religion there are some
definite judgments which are not subject to
experimentation.”

S: “Science; Researching the phenomenon with
curiosity, is a branch that contains many subjects
designed to facilitate human life. While these
phenomena are being investigated, various
experiments and observations are used. What makes
a physics branch different from philosophy or religion
is based on experiments.”

Experiments and place in

science

EK: “Experiments are needed to develop scientific
knowledge. For example, Magellan proved by
experimenting that the Earth is round. When
Newton dropped apples, he proved this idea by
doing a series of new experiments.”

MU: “Experiments are needed. Experiments are
conducted to develop scientific research. Without
experiments, there is no definite opinion. Going to
the Moon is not known without trial, for example.”

C: “Experiments are needed to develop scientific
knowledge. Because scientific information must be
valid and reliable information. Experiments are
needed to ensure that valid and reliable information
cannot be obtained precisely through observations.”
EK: “The development of scientific knowledge requires
experimentation. Because after Newton has fallen the
apple, he investigated whether the fall of the objects
was related to altitude. Then another scientist proved
it by dropping the ball from different heights into the
clay.”

Tentativeness

EE: “Yes scientific theories may change. Because
science is a constantly changing concept. As
technology progresses, people may find that it is
not the case when they examine the previously
accepted theories. Thus theories may change.”

DK: “Theories cannot be changed like laws. There is
validity, but there are cases where he cannot
explain exactly. We strive to learn quantum theory.
Because there are more things that cannot be
achieved, the matter behaves differently in that
dimension. Theories can be refuted, developed.”

CK: “After scientists have developed a scientific
theory, the theories may change. The number of
planets was 7 while it was be 6. The theory here has
changed. Because the observations or studies made
when the theories are introduced may not be definite.
But today's scientists may have proven them by
making them more sensitive.”

HY: “Scientific theory, other validity can be changed
with high evidence. Although the theory of evolution
seems to have proved valid, it may change with the
investigations made. For example, the theory that the
Earth is like a round tray has changed.”
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ZG: “The theory may change, but the law is
accepted. For example, Newton's law of gravity was
accepted when the theory of evolution was
constantly changing.”

BP: “Scientific law is a proven theory, yet an
unproven scientific compilation. For example, the
gravitation law, the Newtonian law of motion, the
theory of special relativity and the theory of
evolution can be given as examples.”

BP: “Yes there is. The theory of evolution is an
unproven and controversial issue. The Kepler Law is a
proven knowledge of the world's movement and has
been accepted by all.”

FO: “Both can change. The law is known as
unchangeable. But with new information they can
change. Newton's first law and atomic theory are
examples of this.”

DK: “Yes there is a difference. A scientific law usually
does not change. Newton's laws of motion, for
example, are always in every case. A scientific theory
can be refuted as it can be developed. For example,
we say that there is a particle that passes the speed of
light.”

Scientific models

DK: “Scientists have done a lot of work when
deciding about the structure of the atom, and these
studies have always progressed in a gradual way.
The precedent is likened to the model of the atomic
grape cake model solar system, which is likened to
an empty sphere. Each work contributed to the
development of scientific knowledge about the
atom. Work has been done by taking advantage of
the special cases of the material.”

Y: “Researches have been done for many years
about atomic structure. Atomic structure was
revealed by prediction. First of all, scientists started
by imagining that electrons could be mobile and
then supported it with experiments. Scientists have
discovered the shape of an atom because of the
charge of protons, neutrons, and electrons. They
came out of the action of these particles.”

HY: “They put scientific theories into scientific law by
making experiments and observations. Of course, this
proposal was formed at the end of their experiments.
It can be so sure. They used the information
generated by protons and neutrons around a core
nucleus in the center and electrons circulating around
it.”

TA: “Experiments, assumptions, observations,
hypotheses they make are sure of what they do. The
result is concrete information on your hands. They
have the chance to prove it right or wrong.”

Observation and inference
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DK: “Scientists have observed that this group makes
observations and that the other group does not give
fruitful fertility to the mating group. They have
interpreted according to the situations that are
made as a result of the work done. When deciding,
they used the structure of the living thing, their
genes, and the progeny they gave.”

CS: “They did experiments. For example, we are
observing that the offspring who are breeding when
they accept the same species as the donkey and the
horse are inefficient. Scientists are also on the road
from hypotheses.”

YY: “They may have learned this by pairing animals.
Because species can make efficient prostitution
among themselves. Horses and donkeys are separate
species and live mules born in their mating. Mule is a
vicious animal. There is no efficient prostitution here.
Scientists explain the concept of logic and a series of
experiments.”

BK: “It has been understood that many species of
fertile offspring have been tried to learn by many
experiments, and it has been understood that similar
organisms will produce fertile ones only by their own
species. By looking at the gene maps of all the
organisms, their characteristics can be revealed and it
can be concluded which kind of product is fertile.”
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AE: “We can say that scientists have different
theories. The fact that hypotheses reach the same
data and produce different results may depend on
the place, culture, working environment, thought
style of these scientists.”

SA: “Because the idea that everyone is trying to
achieve is different and precisely because science
has not improved so much, there are differences.
The exact results, the evidence is not as good as the
old one.”

YY: “Especially everyone's forecast and imagination
are different from each other. There are different
predictions in both groups. Two hypotheses describe
how dinosaurs disappear from Earth.”

TA: “Differences arise from interpretations.
Ultimately, the thinking and interpreting skills of the
scientists who put forward these ideas are different
from each other. They are also influential in the
environment and conditions they are in. Some can
raise such thoughts (science of the medieval era)
because some of them are able to put their ideas in a
relaxed environment while others have to stay
connected to a certain authority.”

Socially and culturally embeddedness

SB: “Actually it reflects both. In other words, it
reflects social and cultural values. Therefore,
science can also shape the social structure of a
person's culture. Science must be universal. It is not
true that it is entirely connected to the sociocultural
structure. The cultural social structure of each
community may be different. But everyone on
science can join in the same place. Because science
is based on evidence and facts.”

BP: “It is influenced by social and cultural values. In
the light of science, it is dominant that there is no
other occupation by science in distant parts. This
prevents the acceptance of science from developing
in place.”

A: “Science is influenced by the social and cultural
environment. Because the effects of science are
different in places where there is scientific work in
Europe and Islam at that time. In the Dark Age, Arab
and Turkish scientists have developed in the field of
science while there has not been any improvement in
the name of science in Europe. In addition, church
coercion has also influenced science.”

S: “Scienceand biology do not reflect social and
cultural ones in medicine. Because when they are
experimented in two places with different social and
cultural environments, they both give the same result.
But philosophy is influenced by religion. Science is
universal. The same judgments are accepted by
everyone.”

Creativeness and imagination

AY: “Yes, scientists use their imagination and
creativity at every step. Scientists decide to
investigate objects that are interested in objects
around them. He designs the experiment on
creative thinking. They perform experiments by
collecting data accordingly. Because if they do not
have the imagination, they do not know how to go
about their curiosity. Creativity is the foundation of
experiments.”

CS: “Scientist is curious. He dreams. Yes he uses
imagination and creativity. For example, they
imagined its structure without seeing the sun. They
use their powers more in the planning phase.”

YA: “Yes, scientists use hypotheses and imagination
and creativity at all stages. He designs experiments to
solve problems with his creativity. Einstein would not
have found the speed of light if he had imagined how
fast he would go if he got into a beam of light.”

SB: “Yes they have to use their imagination. Because
we have to look past and imagine the future to learn
the future. For example, Einstein says, "logic takes us
from A to B, dreams take us everywhere." To
understand what kind of light is, we have to imagine
what kind of structure the light has.”

Discussion, Conclusion and Implementation

Argumentation was seen as an effective way of analyses and interpretation of expressions in science
classes. Using of scientific argumentation in courses help evaluation and formation of students’ and
teachers’ scientific knowledge claims (Duschl, 2007). Similarly, it was investigate how affect on
conceptual understanding prospective science teacher engage in nature of science teaching approaches
and how reflect on formation of written arguments about prospective science teachers’ nature of
science opinions. Prospective science teachers’ written arguments about nature of science were
investigated by using Turkish argumentation model (Aktamis & Higde, 2015). Prospective science
teachers were engaged in implementation courses including Turkish argumentation model.

Written arguments about prospective science teachers’ opinions towards nature of science were
investigated in accordance of claim, data, evidence (data and reasoning), warrant and rebuttals.
Consistent with the findings of previous studies, the results of the present study demonstrated those

59



Emrah HIGDE, Hilal AKTAMIS — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 46(1), 2017, 39-84

prospective science teachers’ written arguments towards views about nature of science before
implementation were found weak but strong ability to make argumentation was found after
implementation. This findings could not be explained by not only engaging in argumentation based
teaching but also related with development of epistemological knowledge about nature of science (Bell
& Lederman, 2003; Sandoval, 2003; McDonald, 2010).

Prospective science teachers enrolled in argumentation based teaching could not provide evidences
for their claim before implementation but more half of participants could provide strong evidence for
their claim after implementation, only small number of participants could not provide evidences. Also,
participants in explicit-reflective teaching could provide weak evidences for their claim. It can be
inferred that argumentation based explicit-reflective NOS teaching and explicit-reflective NOS teaching
were effective to represent appropriate data by using reasoning ability for prospective science teachers.
Argumentation based experiment group provide more evidence than explicit-reflective group because
argumentation experiment group enrolled in argumentation and history of science embedded activities.
Therefore, argumentation group participants used more evidence about history of science and more
examples form history of science. Consistent with these findings of the current study, McDonald (2010)
found that prospective teachers enrolled in explicit-reflective nature of science teaching and
argumentation based teaching could provide evidences by using appropriate data.

It was found that participants enrolled in argumentation based teaching stronger data than ones
enrolled in explicit-reflective based teaching. These findings could be explained with using examples
from history of science and experimental data properly to support own their claims. Also, development
of prospective science teachers’ ability to use data may be associated with engaging in argumentation
based historical activities and examples related with formation of scientific knowledge (Sandoval, 2003).
In addition, prospective science teachers provide examples from engaged in activities during
argumentation based teachingas data (Khishfe, 2014).

In providing warrants, argumentation based group showed a few development but explicit reflective
group did not show any development. In providing rebuttal, each of groups did not show any
improvement. Because prospective science teachers firstly engaged in argumentation based teaching,
providing rebuttal in written arguments about nature of science was difficult, the lack of prior learning
about argumentation among students, prospective science teachers’ knowledge about nature of science
was not improved to provide warrants and rebuttals (Kelly et al., 2008). In addition, there was
pedagogical lacking of teachers to use argumentation in their class and lacking of experience of teachers
about argumentation (Driver, Newton & Osborne, 2000). Students and teachers have not been
improved to assess scientific topic and knowledge with multiple perspectives so they could not provide
advance level of argument and not reasoning (Demircioglu & Ucar, 2014). In the light of findings of this
study, engaging in argumentation based teaching cause not advance level but intermediate level of
development of written arguments about nature of science. In a similar study, teachers improve
intermediate level of argumentations to increase the quality of argumentation in two and a half years of
project (Erduran, Simon & Osborne, 2004). When compared with this study and current study time,
current study realized in a short time such as three months can be regarded as a significant constraint.
To improve argumentation level of prospective science teachers, it was suggested that they engage in
activities developing conceptual and epistemological perspectives for science and increasing
metacognitive awareness towards nature of science. Instead of direct questions about the nature of
science, prospective sciences teachers can justify their own views about nature of science by using
activities including separated into argumentation components easily and distinguish the argumentation
components (claim, data, evidence, warrant and rebuttal). The current study can be tested with middle
school and high school students. While this study can be experimental support for studies work together
about nature of science and argumentation, it was suggested to study about how teachers can use
argumentation to teach nature of science in their classrooms.
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Turkge Strumii

Giris

GlnUumuzde egitime yonelik bakis agisinda ortaya cikan degisiklikler fen egitiminin amaglarinda da
onemli degisimlere sebep olmaktadir. Yeni bilimsel bilgilerin ortaya ¢ikma hizi dikkate alindiginda tiim
Ogrencilere bu bilgilerin hepsinin &6gretilemeyecegi aciktir (Milli Egitim Bakanligi [MEB], 2013). Bu
sebeple bir¢ok Ulkede meydana geldigi gibi Turkiye’de de yeni 6gretim programlarinda tim bilgileri
aktarmak yerine bu bilgilere ulasma becerileri, bilim okuryazarligi ve bilimin dogasi 6n plana alinmistir
(Milli Egitim Bakanhg [MEB], 2013). Bilimsel kavramlar ve becerileri iceren bir st baslik olan bilim
okuryazarliginin 6nemli alt basliklarindan birisi de bilimin dogasidir (Késeoglu, Timay & Budak, 2008).
Genel olarak ele alindiginda, bilimin dogasi ile bilim epistemolojisi, bilmenin bir yolu olarak bilim veya
bilimsel bilginin gelisiminin dogasinda var olan degerler ve inanglar kastedilmektedir (Lederman, 1992).
McComas & Olson, (1998) ise bilimin dogasinin, psikolojisi, sosyolojisi, bilim tarihi ve felsefesi gibi bilimin
cesitli galisma alanlarini bir araya getirdigini ve “bilim nedir, nasil isler, bilim insanlari nasil galigir, sosyal
ve kilturel baglamlarin bilime etkisi nedir?” gibi konulari ele aldigini ifade etmistir.

Bilimin dogasi ile ilgili son yillarda literatirdeki ilgili calismalar incelendiginde herkes tarafindan kabul
goren tek bir tanim olmadigi gorilmustir. Ancak bilimin dogasi hakkinda yapilan c¢alismalar
incelendiginde asagida verilen genel hususlarin bilimin dogasini ve bilimin dogasinin unsurlarini en iyi
sekilde yansittigi sdylenebilir;

* Bilimsel bilgiler deneylerle test edilmektedir. Bu ylizden bilimsel bilgi olgusal temellidir. Gdzlem ve
¢ikarim birbirinden farkhdir. Bilim insanlari da gézlem ve verileri kullanarak bir iddia olusturmak igin
delillerin iddialarini nasil gerekgelendirecegine 6nem verirler. Bu siiregte bilim insanlari gézlem ve veriler
hakkinda cikarimlar yaparlar ve bu nedenle bilimsel bilgi subjektiftir (McComas, 2004; Scwartz,
Lederman & Crawford, 2004; Lederman, 2007; Bell, 2009).

® Bir konuya yonelik ayni veriler bulunsa da farkli ¢ikarimlarda bulunulabileceginden farkli yarisan
teoriler ortaya ¢ikabilir. Bu nedenle bilim insanlari da bu teorilerden hangisini destekleyecegine karar
verirken mevcut kanitlara en uygun olan teoriyi secer, devamli sorgular, bilgiyi gelistirir ve degistirir. Bu
yuzden bilimsel bilgi degiseme acik bir dogaya sahiptir (Abd-El-Khalick, Bell & Lederman, 1998; Khishfe &
Abd-El-Khalick, 2002; McComas, 2004; Scwartz, Lederman & Crawford, 2004; Lederman, 2007; Bell,
2009).

e Bilim insanlari bilimsel bilgiyi olustururken hayal giicii ve yaraticiigin etkisinde kalirlar (Abd-El-
Khalick, Bell & Lederman, 1998; Khishfe & Abd-El-Khalick, 2002; McComas, 2004; Scwartz, Lederman &
Crawford, 2004; Lederman, 2007; Bell, 2009). Ek olarak bilim insanlari da toplumun ve bir kiltirln
parcasi oldugu icin bilimsel bilgi, bilimin, bilginin olusturuldugu toplumun sosyal ve kiiltiirel
degerlerinden etkilenir (McComas, 2004; Scwartz, Lederman & Crawford, 2004; Lederman, 2007; Bell,
2009).

Ayrica, Driver, Newton & Osborne (2000) fen egitiminde bilimin dogasinin 6gretimini insanlarin bilimi
ve teknolojik degisimleri takip etmek ve anlamak icin, sosyo-bilimsel konularda ve sireglerde karar
verebilmek ve degerlendirebilmek icin, bilimsel toplumun normlarini ve ahlaki kurallarini anlamak icin ve
fen egitiminde fen iceriginin basarili sekilde 6gretilmesi icin gerekli oldugunu ileri sirmistdr. Bilimin
dogasinin fen egitimindeki dneminin ne oldugunun yaninda nasil 6gretilecegine iliskin bircok farkl
yaklasim bulunmaktadir. Alan yazin incelendiginde bilimin dogasi 6gretiminde kullanilan yaklagimlarin;
tarihsel, dolayli ve agik-diisiindirtci yaklasim oldugu gérilmektedir (Abd-El-Khalick & Lederman, 2000;
Khishfe & Abd-El-Khalick, 2002). Ancak son yillarda sorgulama odakli ve arglimantasyon odakli 6gretimin
o6ne ¢ikmasiyla birlikte acik-distindiriicl yaklasim odakh bilimsel arglimantasyon ile 6gretimin arastirma
konusu oldugunu gériilmektedir (Cetin, 2014; Khishfe, 2014; Demircioglu ve Ucar, 2014). ilkégretim
kurumlari Fen Bilimleri ders programinda da temel yaklasim olarak derslerin planlanmasinda ve
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uygulanmasinda 6grencinin aktif katiliminin saglandigi 6gretmenin ise daha ¢ok rehber rolini Ustlendigi
argimantasyona yer verilmistir. Dolayisiyla da 6gretmenlerden, 6grencilerin dislincelerini Ozgirce
aciklayabildikleri, farkli gerekgelerle bu duslincelerini savunabildikleri ve karsit gorisleri glritmek
amaciyla karsit iddialar olusturabildikleri ortami olusturmalari beklenir. Ayrica bu siregte
ogretmenlerden 6grencilerin  olusturduklari iddia ve karsit iddialarini  uygun gerekgelerle
desteklemelerini saglayici rehber ve yoénlendirici rolu Gstlenmeleri beklenmektedir. Bunun sonucu olarak
fen egitiminde argiimantasyon destekli 6gretimin 6nemi ortaya ¢ikmaktadir.

Acik-Diisiindiiriicii Bilimsel Argiimantasyon ile Bilim Ogretimi

Bilimsel argimantasyon hakkinda yaygin bir kavram yanilgisi bilimsel argiimantasyonun basitge
tartisma veya karsihkh iddialar 6ne siurme olarak gorilmesidir. Aslinda arglimantasyon, iddialari
dayandiklari veriler ile iliskilendiren uygun gerekgeleri yapilandirma sireci olarak tanimlanabilir
(Toulmin, 2003). Argiiman ve arglimantasyonun literatiirde kesin bir tanimi olmamakla birlikte Toulmin
(2003) tarafindan bir iddia ve beraberindeki gerekcelendirmeler olarak tanimlanmaktadir. Jimenez-
Aleixandre ve Erduran (2007) arglimantasyonu bireysel ve sosyal acgidan iki sekilde tanimlamistir.
Bireysel acidan bir kisinin gerekgelendirdigi herhangi bir iddia, bu iddia hakkinda kisinin olusturdugu bir
gorus veya kisinin bir argiiman olusturma sireci olarak disinilebilecegi tanimini yaparken, sosyal
acidan bir konuya yonelik karsit goruslere sahip kisilerin tartismasi ve birbirlerini gliritmesi olarak
tanimlamistir. Argimantasyonun fen egitimindeki uygulamalari incelendiginde ise yapilan ¢alismalar
zayIf arglimantasyon becerileri, verileri ve destekleyicileri Snemsememe gibi 6zel sinirhliklari, ¢ikarimlara
ve yorumlamalara c¢ok yer verilmesi, gerekce ve veri kullanmadan sonuca gitme, karsit kanitlar
degerlendirmedeki eksiklik gibi sinirliliklarin oldugu goérilmistir (Driver, Newton, &Osborne, 2000).
Ayrica yapilan c¢alismalarda sinif i¢ci uygulamalarin 6gretmen merkezli 6gretime uygun oldugu,
ogrencilere daha az tartisma ortami saglandigi, 6grencileri argiimantasyona dahil edecek ortam
olusturulmadigi bulunmustur (Newton, Driver, & Osborne, 1999). Fen egitiminde arglimantasyon odakh
sinif i¢i uygulamalarin zamanla agik-dlistindiriicli arglimantasyon egitimine dogru kaydigi gérilmektedir
(Cetin, 2014, Khishfe, 2014; Zohar & Nemet, 2002). Agik duslindirict yaklasimda arglimantasyon
yapisal, islevsel ve uygulama olarak 6grencilere arglimantasyonu degerlendirme kriterleri temel alinarak
actkca direkt olarak tanitiir ve 06gretilir (McDonald, 2010). Bilimsel baglamda yapilan ve acik
arglimantasyonun uygulandigi arastirmalarda 6grencilerin  arglimantasyon becerilerinde ve
arglimantasyon kalitelerinde artisin oldugu saptanmistir (Bell&Linn, 2000; McDonald, 2008; Yerrick,
2000; Zohar & Nemet, 2002). Bu nedenle agik distndiriici arglimantasyon yaklasimi ve kullanilan
bilimsel baglamin 6grencilerin becerilerini ve olusturduklari arglimantasyonlarin kalitelerini gelistirmek
icin etkili oldugu gorilmektedir. Ayrica bilim tarihini géz 6nline alindiginda, bilimde incelenen fenomenle
ilgili ayni verilere bakilarak farkh teorilerin 6ne ¢iktigi gérilmektedir. Bilim insanlari da bu teorilerden
hangisini destekleyecegine karar verirken, argimanlarin hangisinin var olan kanitlara uygun olduguna
dikkat eder. Benzer sekilde 6grencilerde sadece iddialari ve sonuglari 6ne siirmek yerine iddialarini en iyi
sekilde kanitlara uygun olusturmayi ve diger karsit iddialarinda zayifliklarini belirleyerek eldeki kanitlara
dayal dogru gerekgelendirme ile kendi iddialarini olusturabilmelidir (Driver ve dig., 2000). Bilimsel
arglimantasyonda 0Ogrenciler bilimsel bir konuda iddialar ortaya koyar, destekler, elestirme,
degerlendirme ve gbzden gecirip diizeltmeyi iceren bilimsel arglimantasyon siirecine katilirlar, bilimi
devaml olarak iddialarin 6ne surildugu, sorgulandigl ve genellikle gelistirildigi veya degistirildigi bir
siire¢ olarak gorebilirler (Cetin 2014; Khishfe, 2012). Bilimin bu degisen, gelisen ve sorgulanan yapisi
bilimin dogasi ve bilimsel arglimantasyonu birlestiren 6zellikler olarak gorilmekte, arglimantasyonun
o6grencilerin bilimin dogasini anlamasina yardim ettigi belirtiimekte ve ikisinin birlestirildigi bircok
calismayla karsilasilmaktadir (Jimenez-Aleixandre& Erduran, 2007; McDonald, 2008; McDonald &
McRobbie, 2011; Khishfe, 2014).

Son zamanlarda bilimin dogasi baglaminda yapilan argiimantasyon temelli ¢calismalarda 6grencilerin
hem bilimin dogasina yonelik goruslerini hem de olusturduklari argimantasyon kalitelerini artirmada
actk dastndarica argimantasyon odakl 6gretimin uygulanmasinin etkili oldugu goérilmektedir (Cetin
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2014; Khishfe, 2012, 2014; McDonald, 2008; McDonald & McRobbie, 2011). Literatiir incelendiginde
bilimin dogasi ve arglimantasyonun bir arada arastirildigi ¢alismalar iki bashk altinda toplanmaktadir.
Birinci gruptaki ¢alismalar, 6grencilerin bilimin dogasi hakkindaki goriislerinin argimantasyon kalitesi
Uzerindeki etkisini ve 6grencilerin arglimantasyon olusturmadaki problemlerini incelemektedir (Bell &
Lederman, 2003; Sadler, Chambers, & Zeidler, 2004; Walker & Zeidler, 2004). ikinci gruptaki calismalar
arglimantasyonun 0Ogrencilerin bilimin dogasina yoénelik gorlslerine yansimalarini ve etkilerini
arastirmaktadir (Bell & Linn, 2000; Yerrick, 2000; Ogunniyi, 2006). Bu calismalara ek olarak
arglimantasyon bilimsel epistemolojiyi 6grenmek icin bir mekanizma olarak goriilmektedir (Sandoval &
Millwood, 2007). Bilimsel argiimantasyon Uzerindeki etkisinin incelendigi bir¢ok ¢alismada sézll ve yazili
argiimantasyona yansimalar olarak yogun sekilde ¢alisilmistir. Fen egitimi baglaminda argimantasyonun
amaglarindan biri de 6grencilerin iddialarini desteklemek igin kanitlari ve destekleyicileri kullanma
yeteneklerinin gelistiriimesidir (Kelly, Regev, & Prothero, 2008; McDonald, 2008; Sandoval & Millwood,
2007; Yore, Florence, Pearson, & Weaver, 2006).

S6zIU arglimantasyona iliskin arastirmalar sonucunda isbirlikli sorgulama veya problem ¢6zmede
genellikle grup calismalarinda 6grencilerin destekleyicileri ve kanitlari kullanmadan tipik iddialari
olusturduklari goériilmektedir (Erduran, Simon & Osborne, 2004; Jlimenez-Aleixandre, Rodriguez, &
Duschl, 2000; Kelly ve dig., 2008). Ayrica yazili arglimantasyona yonelik yapilan ¢alismalarin 6grencilerin
argiiman vyapilarinin incelenmesine, iddialar hakkinda nasil bir dislince yapisina sahip olduklarinin
belirlenmesine ve digerlerinin ¢alismalarinin analizini belirlemek i¢in 6nemli bir firsat sagladig
gorulmektedir (Bell & Linn, 2000; Kelly ve dig., 2008; Sandoval, 2003). Bilim insani veya bilim okuryazari
olmasini istedigimiz bireyleri yetistirmek istiyorsak eger, bu 6grencileri iretken, bilimin dogasini bilen ve
arglimantasyon becerilerine sahip bireyler olarak yetistirmemiz gerekmektedir. Bu nedenle bu bireylerin
yetistiriimesinde de en 6nemli gérev 6gretmenlere ve 6gretmenleri yetistirecek egitim kurumlarina
diismektedir.

Bilimin dogasi ile ilgili yukarida bahsedilen yeni anlayislari 6grencilerin anlamh bir sekilde kavramasi
icin sinifta kullanilabilecek en etkin 6gretim yaklasimlarindan birinin 6grencileri agik-disiinduricu
bilimsel arglimantasyon ile bilim 6gretimi siirecine katmaktir. Bu baglamda bu ¢alismanin amaci, bilimin
dogasina iliskin argiimantasyon destekli acik dustindiriici yaklasimla ve sadece acik disundirici
yaklasim ile yapilan bilimin dogasi etkinliklerinin fen bilgisi 6gretmen adaylarinin yazil argiimanlarinin
yapisina ve kavramsal anlamalarina yansimasini incelemektir.

Yéntem
Arastirma Modeli

Ogretmen adaylarinin bilimin dogasi hakkinda olusturduklari yazili argiimanlarin kalitesinin
belirlenmesine yonelik bu arastirmada deneysel arastirma modellerinden kontrol grupsuz 6n test-son
test deneysel desen arastirma modeli kullaniimistir. Bu arastirma modelinde, degiskenler arasindaki
neden-sonug iliskisi belirlenir (Campbell & Stanley, 1963). Birinci deney grubunda argiimantasyon temelli
acik dislindurtca bilimin dogasi 6gretimi uygulanirken, ikinci deney grubunda agik diisiindtrici egitim
uygulanmustir. Verilerin toplanmasinda nitel arastirma teknikleri kullaniimistir. Ogretmen adaylarina
VNOS-C o6lgegi uygulanarak bilimin dogasina yonelik gorislerini ifade ettikleri yazili argimanlari ADADBD
ogretimi uygulanan ve ADBD 06gretimi uygulanan gruplardan uygulama oOncesi ve sonrasi olarak
toplanmis ve betimsel analiz yapilmistir.

Katilimcilar

Bu calismaya bir devlet Universitesindeki 3. sinifta okuyan 70 (52 kadin, 18 erkek) fen bilgisi
ogretmen adayi katilmistir. 3. siniftaki 6grencilerin segilmesinin sebebi olarak 6grencilerin ilk defa bu
sinifta “Bilimin Dogasi ve Bilim Tarihi” isimli derse katilmis olmalaridir. Katilimcilar ADADBD deney grubu
30 kisi (26 kadin ve 4 erkek) ve ADBD deney grubu 40 kisi (26 kadin ve 14 erkek) olarak iki gruba
ayrilmislardir. Siniflardan biri rastgele olarak ADADBD deney grubu, digeri ise ADBD deney grubu olarak
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secilmistir. ADADBD deney grubuna argiimantasyon destekli agik distindiriici yaklasim ile bilimin
dogasi Ogretimi uygulanirken, ADBD deney grubuna agik digtindirici yaklagim ile bilimin dogasi
dgretimi uygulanmistir. Ogretmen adaylarinin aldiklari egitimin yazili argimanlarinin yapisina ve
kavramsal anlamalarina yansimalari, uygulama dncesi ve sonrasi olarak karsilastiriimasiyla belirlenmistir.

Veri Toplama Araglari

Ogretmen adaylarinin 2013-2014 yili bahar déneminin ilk ve son haftalarinda bilimin dogasi
hakkindaki gorislerini belirlemek igin, Lederman ve digerleri tarafindan 2002 yilinda gelistirilen ve
Tiirkgeye Kiigiik (2006) tarafindan adapte edilen Bilimin Dogasi Uzerine Goriisler Anketi (Views of Nature
of Science Questionnaire) (VNOS) kullaniimistir. Bilimin Dogasi Hakkinda Gorusler Anketi-Form C bu
¢alismada odaklanilan bilimin dogasi boyutlariyla ilgili 10 adet acik uglu soru icermektedir. Anket
dgrencilere, uygulamadan énce 6n test ve uygulamadan sonra son test olarak uygulanmistir. Olgekteki
sorular bilimin dogasi ozelliklerinden; bilimsel bilginin deneye dayali olmasi, gbézlem ve c¢ikarim
arasindaki fark, teori ve kanun arasindaki fark, bilimsel bilginin degisebilirligi, bilimsel bilginin teoriye
dayali olmasi, bilimsel bilginin Gretilmesinde hayal glici ve yaraticiligin rold, bilimsel bilginin sosyal ve
kiiltirel yapisi konusundaki diisiinceleri ortaya ¢ikarmaya yoneliktir. Ornek bir soru maddesi; “Bilimsel
teori ile bilimsel kanun arasinda bir fark var midir? Cevabinizi bir 6rnekle agiklayiniz.” seklindedir.

islem ve Uygulama

Arastirmada,Bilimin dogasi ve bilim tarihi dersinde bilimin dogasinin yedi 06zelligine dayal
arglimantasyon destekli agik dislindiirlici yaklasim ve agik diisindiriici yaklasima yonelik etkinlikler
hazirlanmistir. Ayrica 6gretmen adaylarina bilimin tarihsel gelisimi Misir-Mezopotamya; antik yunan;
ortacag; islam’da bilim; Rénesans; 17-18. YY. ‘da bilim; 19-20. YY.” da bilim ve Turklerde bilim donemleri
basliklari altinda her hafta bir donemin felsefi 6zellikleri ve déneme damga vuran gelismelerin izerinde
duruldugu tartisma etkinlikleri ve dénem ile ilgili kisa bir video veya drama etkinligi ile desteklenerek
islenmistir.

Hazirlanan etkinlikler, fen bilgisi 6gretmen adaylarina, fen egitimi reform dokiimanlarinda belirtilen
bilimin dogasinin yedi unsuru hakkinda bilimsel olarak kabul edilen kavramlar kazandirmayi ve argiiman
kurma becerilerini gelistirmeyi hedeflemektedir. Bu etkinliklerde 6gretmen adaylari tim calisma
boyunca grup calismasi yapmislar ve her bir etkinlik 6gretmen adaylar tarafindan ortaya atilan bir soru
veya bir gosteri ile baslamistir. Etkinliklerin her biri, 6gretmen adaylarinin bilimin dogasinin yedi
ozelligini acik bir sekilde ortaya koyacak ve sinifta sunulan fikirlerin aktif bir sekilde agiklanmasini ve
tartisiimasini saglayacak sekilde tasarlanmistir. Etkinliklerin bazilarinda kullanilan 6gretim senaryolari
(6rnegin, fosiller) ve resimler (6rnegin, hileli izler) literatirden alinmistir (Lederman & Abd-El-Khalick,
1998; Dogan, Cakiroglu, Bilica ve Cavus, 2012). icerigin ve bilimsel siire¢ becerilerinin tartisilmasinda,
yansitict bilimin dogasi unsuru takip edilmistir. Her bir etkinlikten sonra, bilimin dogasinin bazi
unsurlarina o6zellikle dikkat cekilmis ve yapilan etkinlik ile bu unsurlar arasindaki iliskiler Gzerinde
ogrencilerin yansitma yapmalari ve tartismalari igin kendilerine rehberlik edilmistir. Bu etkinliklerde
bilimin ve bilimsel bilginin yedi 6zelligi Gzerine odaklaniimistir:

a) Bilimsel bilginin deneysel olmasi,

b) Bilimsel bilginin degisebilir olmasi,

c) Gozlem ve gikarim arasinda fark olmasi,

d) Bilimsel bilginin insan yaraticiliginin ve hayal glictiniin bir Grind olmasi,
e) Bilimsel bilginin 6znel olmasi,

f) Teori ve kanun arasinda fark olmasi,

g) Bilimsel bilginin sosyal ve kultlrel degerlerden etkilenebilir olmasi.

Etkinliklerin her birinde odaklanilan bilimin dogasiyla ilgili temel kavramlar ve ilgili diger kavramlar
ayrica acgiklanmistir. Bilimin dogasinin 6grencilere kavratiimasiyla ilgili tasarlanan ve uygulanan 6gretim
etkinliklerinin konusu, icerigi ve islenis sekliyle ilgili bilgilere asagida sirayla ve ayrintili olarak yer
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verilmistir.
ADADBD Deney Grubuna Uygulanan Etkinlikler

Asagida verilen etkinlikler bu grupta ADADBD yaklagimiyla uygulanmigtir. Uygulama sirasinda her
hafta bir etkinlik uygulanmistir.

Etkinlik 1. Bilimsel bilgi degisir mi?

Bu etkinlikte, 6gretmen adaylarinin bilimsel bilginin degisip degismedigi hakkinda iddialar olusturarak
bilimsel bilginin nicin degistigini tecriibe etmeleri hedeflenmistir. Etkinlikte 6gretmen adaylarina iki iddia
verilerek (bilimsel bilgi degisir ve bilimsel bilgi degismez) bunlardan hangisine katildiklari ve nigin bunu
destekledikleri sorularak deliller sunmalari ve akil yuritme yapmalari istenmistir. Daha sonra karsit
gorusln iddialarina karsi g¢lrGticiler vermeleri istenmistir. Etkinlik sonucunda 6gretmen adaylarinin
bilimsel bilginin degistigi iddiasini argimantasyon destekli agik dustndiriict yaklagim ile 6grenmeleri
amaglanmistir.

Etkinlik 2. Bilimsel bilgi 6znel midir?

Bu etkinlikte, 6gretmen adaylari bilimsel bilginin 6znel olup olmadigl hakkinda iddialar olusturarak
bilimsel bilginin nicin 6znel oldugunu tecribe etmeleri hedeflenmistir. Etkinlikte 6gretmen adaylarina iki
iddia verilerek (bilimsel bilgi 6zneldir ve bilimsel bilgi 6znel degildir) bunlardan hangisine katildiklari ve
nigin bunu destekledikleri sorularak deliller sunmalari ve akil yiriitme yapmalari istenmistir. Daha sonra
kargit goriisiin iddialarina karsi curiticiler vermeleri istenmistir. Etkinlik sonucunda 6gretmen
adaylarinin bilimsel bilginin 6znel oldugu iddiasini arglimantasyon destekli agik dustindiiriicu yaklagim ile
o6grenmeleri amaglanmistir.

Etkinlik 3. istanbul'da biiyiik deprem olacak mi?

Bu etkinlikte, 6gretmen adaylari bilimsel bilginin 6znel olup olmadigi hakkinda iddialar olusturarak
bilimsel bilginin nigin 6znel oldugunu tecriibe etmeleri hedeflenmistir. Bilimsel bilginin 6znel olup
olmadigini ve bilimsel bilginin sosyal ve kiltlrel ortamdan etkilenebilecegini anlamalari igin 6gretmen
adaylarina istanbul’da 2015 yilina kadar deprem olacagi ve olmayacagini savunan iki farkl profesériin
raporlarini anlatan iki okuma pargasi verilmistir. Okuma pargalarindan birinde istanbul’da 2015 yilina
kadar buyuk bir deprem olacagi bilimsel verilerle desteklendigi iddia edilirken diger okuma pargasinda
istanbul’da 2015 yilina kadar deprem olacagini gésteren hicbir verinin olmadigi iddia edilmektedir. Bu
okuma pargasi sonucunda argiimantasyon destekli ac¢ik distndiriicli yaklasim metodu uygulanarak
o6gretmen adaylarinin bilimsel bilginin sosyal ve kiltlrel ortamdan etkilenebilecegini ve bilimsel bilginin
oznelliginiogrenmeleri hedeflenmistir.

Etkinlik 4. Bilimsel bilgi icin deney ve gbzlemlerden elde edilmis kanitlar gerekir mi?

Bu etkinlikte, 6gretmen adaylari bilimsel bilginin deney ve gézlemlere dayali olup olmadigi hakkinda
iddialar olusturarak bilimsel bilginin nicin deney ve gozlemlerden elde edilmis kanitlara ihtiyag
duydugunu tecriibe etmeleri hedeflenmistir. Etkinlikte 6gretmen adaylarina iki iddia verilerek (Bilimsel
bilgi icin deney ve gézlemlerden elde edilmis kanitlar gerekir ve bilimsel bilgi icin deney ve gézlemlerden
elde edilmis kanit gerekmez) bunlardan hangisine katildiklari ve nigin bunu destekledikleri sorularak
deliller sunmalari ve akil yiritme yapmalari istenmistir. Daha sonra karsit gortsin iddialarina karsi
clrGtlcialer sunmalari istenmistir. Etkinlik sonucunda 6gretmen adaylarinin bilimsel bilginin deneye ve
gozleme dayall oldugu iddiasini arglimantasyon destekli agik diisiindirici yaklasim ile 6grenmeleri
amaglanmistir.

Etkinlik 5. Hileli izler!

Bu etkinlik 6gretmen adaylarinin bilimsel bir arastirmada gézlem ve ¢ikarim arasindaki farki ve bilimin
kesin olmayan dogasini kavramalarini amaglamaktadir. Etkinligin ilk kisminda, 6gretmen adaylarina “bir
konu hakkinda sahip olunan farkli fikirlerin hepsinin dogru cevabi temsil etmeyecegi” mesaji verilmeye
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cahsilmistir. Etkinlikte, projektér yardimiyla ekrana degisik sekiller yansitiimis ve her bir durumda ne
olmus olabilecegi, 6grencilere sorularak bunlari agiklamalari istenmistir. Yaptiklari agiklamalari 6nce
¢alisma kagitlarina yazmalari ve sonra sinifla paylagsmalar tesvik edilmistir. Bu resimlerle ilgili
Ogrencilerin ortaya attigi senaryolar Uzerinde odaklanilarak, goézlem ve g¢ikarim arasindaki farki
kavramalari saglanmistir. Yine, ayni veriyle - resim - ilgili olarak farkh g¢ikarimlarda bulunulmasinin
mantikli oldugu fakat yine de yapilan bu g¢ikarimlarin veriyi tam olarak acgiklamasinin mimkin
olamayacag tzerinde durulmustur. Bu etkinligin sonunda, ayni verilere dayali olarak ayni soru hakkinda
esit derecede birgok destekli ¢ikarimin yapilabilecegi belirtilmistir. Bilimle ilgilenen kisilerin, dogal olaylar
hakkinda sorulan sorulara cevap bulmaya ¢alisirken benzer g¢ikarimlarda bulunduklar ifade edilmistir.
Bilim insanlarinin sorduklari sorularla ilgili cevaplarinin ellerindeki verilerle tutarli olmasina ragmen, tek
bir cevabin o veriyi yalniz basina agiklayamadig hususu tartisilmistir. Etkinlik boyunca &gretmen
adaylarindan kendi olusturduklari iddialara yonelik deliller sunmalari ve iddialarini reddedici ve
niteleyicileri sunmalari istenmistir. Etkinlik sonucunda 6gretmen adaylarinin argiimantasyon destekli
actk distindiriict yaklasim ile gézlem ve ¢ikarim arasindaki farki kavramalari hedeflenmistir.

Etkinlik 6. Fosiller

Bu etkinlik 6gretmen adaylarinin bilimsel bir arastirmada hayal glici ve yaraticiligin dnemini
kavramalarini amaglamaktadir. Etkinligin ilk kisminda, 6gretmen adaylarina bir fosil pargasinin resmi
verilerek bunun ne tiir bir canliya ait olabilecegini diisinmeleri ve gizmeleri istenmistir. Daha sonra
o6gretmen adaylarindan kendi disincelerini savunan niteleyici ve reddediciler sunmalari istenir.
Ogretmen adaylarinin bu argiimantasyon sonunda 6grencilere tam resim gosterilerek fosilin hangi
canliya ait oldugu sunulur. Ogretmen adaylarindan nigin farkli canhlarin resmini gizdikleri tartismasina
rehberlik edilerek bilimsel bilgi olusturulurken ayni verilerden farkli sonuglara ulasilabildigini fark
etmeleri saglanir. Ogretmen adaylarindan ilk verilen fosili herkesin kendi hayal giicii ile tamamladigi ve
bilim insanlarinin da kendileri gibi bilimsel bilgiyi olustururken hayal gilici ve yaraticiliklarini kullanip
kullanmadiklarini tartismalari istenir. Etkinligin sonucunda 6gretmen adaylarinin bilimsel bilginin
olusturulmasinda bilim insanlarinin hayal glicii ve yaraticiligindan etkilendigini anlamalari hedeflenmistir.

Etkinlik 7. Yasa ve Teori Arasindaki iliski

Bu etkinlik Ogretmen adaylarinin bilimsel bir arastirmada teori ve kanun arasindaki farki
kavramalarini amaglamaktadir. Ogretmen adaylarina etkinlik baslangicinda iki teori (Teori 1-Teoriler yeni
kanitlarla yeterince desteklendiginde yasalara donusir ve Teori 2-Kanun ve teoriler farkli bilimsel
bilgileri temsil ederler ve aralarinda hiyerarsik bir sira yoktur) ve bu teorilerden herhangi birisini
destekleyen kanitlar listesi verilmistir. Ogretmen adaylarindan bu kanitlari kullanarak teorileri
tartismalari istenmistir. Ogretmen adaylari verilen kanitlari kullanarak teorileri kabul etmisler ya da
reddetmislerdir. Bu etkinlik sonucunda Ogretmen adaylarinin teori ve yasa arasindaki iliskiyi anlamalari
hedeflenmistir. Bu etkinligin devaminda 6grencilere degisen bir fizik kanununun tarihsel degisimini
actklayan bir okuma pargasi verilerek kanunlarinda yeni veriler 1si8inda degisebilecegi vurgulanmaya
calisiimistir.

ADBD Deney Grubuna Uygulanan Etkinlikler

Bu deney grubunda uygulanan etkinliklerde ise agik distindirtci yaklasimla etkinlikler kavratilmaya
cahsiimistir.

Etkinlik 1. Kendiliginden Olusum Kurami

Bu etkinlikte 6gretmen adaylari Louis Pasteur’un deneyleri ve 6ncesinde yapilmis deneyler tarihsel
siralamada verilerek 6grencilere bilimsel bilginin zamanla nasil degistigi acik duslindirici yaklasimla
kavratilmaya calisilmistir. Daha sonra 6gretmen adaylarindan bilim insanlarinin da diger deneyleri ve ya
teorileri zamanla degistirip degistirmedikleri sorularak 6gretmen adaylarindan buna benzer 6rnek
vermeleri istenmistir. Louis Pasteur deneylerinde su ve yeterli besin bulunan ortamda canlilarin
kendiliginden olusmadigini kanitlamistir. Clinkii 6ncesinde yapilan deneylerde kurbagalarin yagmur
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suyuyla topraga gectigi savunulmaktadir. Louis Pasteur yaptigl deneylerle bu teoriyi ¢lritmustir. Bu
etkinlik sonucunda 06gretmen adaylari bilimsel teorilerin yeni bilgiler ve deneyler isiginda
degisebilecegini kavramalari hedeflenmistir.

Etkinlik 2. Bilimsel mi Degil mi?

Bu etkinlikte 6gretmen adaylarina bilimsel olan ve bilimsel olmayan ifadeler verilerek bunlari bilimsel
olup olmadiklarini belirlemeleri ve nedenlerini agiklamalari istenmistir. Bu sayede 6gretmen adaylarinin
bilimsel bilginin 6zelliklerini tartisarak karar vermeleri saglanir. Bu etkinlik sonucunda bilimin, deneyleri,
mantikli tartismalan ve kuskuculugu kullanarak, kendini diger arastirma alanlarindan ve bilgi
pargalarindan ayirdigini kavramalari hedeflenmistir.

Etkinlik 3. Gazete Haberlerini Kullanarak Bilimin Dogasinin Ogretilmesi

Bu etkinlikte 6gretmen adaylarina National Geographic News dergisinde yayinlanan lotus cigegi
lzerinde gbzlem ve deney yaparak su ve kir tutmayan ylzey kaplama maddesi tireten bilim adamlarinin
bulusunu anlatan bir okuma parcasi verilmistir. Bu etkinlik araciligiyla 6gretmen adaylarina bilimin
dogasinin gozlemlenmesi ve vyapilan deneylere dayandigl kavratilmaya calisiimistir. Bu etkinlik
sonucunda 6gretmen adaylarinin bilimsel bilginin deneylere, mantikli tartismalara ve dogada goézlemlere
dayandigini kavramalari hedeflenmistir.

Etkinlik 4. Kavram Carki ile Bilim

Bu etkinlikte 6gretmen adaylarina bir kavram carki verilerek bilimin ne oldugu sorusu sorulur ve
kavram carkini doldurmalari istenir. Kavram carkini kendileri dolduracagi i¢in herkesin tanimlamalari
farkhdir. Her 6gretmen adayi kendi kavram carkinin bashgini ve bilimin 6zelliklerini kendisi dolduracagi
icin bilimsel bilginin 6znel oldugu, bilimsel bilginin 6zelliklerini kavram c¢arkini doldurarak kavramalari
saglanir. Bu etkinlik sonucunda 06gretmen adaylarinin bilimsel bilginin 6zelliklerini kavramalari
hedeflenmistir.

Etkinlik 5. Yeni Fosiller

Bu etkinlik 6gretmen adaylarinin bilimsel bir arastirmada hayal giici ve yaraticihgin énemini
kavramalarini amaglamaktadir. Bu etkinlikte, 6gretmen adaylarina yeni bulunan goz fosili hakkinda bir
okuma pargasi verilmistir. Bu okuma pargasinda gozin hangi canliya ait oldugu hakkinda farkh yorumlar
yapilmistir. Bilim adamlari goz fosilinin hangi canliya ait oldugunu kendi hayal glici ve yaraticiklarini
kullanarak karar vermislerdir. Bu etkinlik sonucunda 6gretmen adaylarinin bilimsel bilginin
olusturulmasinda hayal giicti ve yaraticiligin etkisi oldugunu kavramalari hedeflenmistir.

Verilerin Analizi

Ogretmen adaylarinin ankete verdigi cevaplar kapsam gecerligini ve giivenirligini yikseltmek
amaciyla iki uzman tarafindan ayri ayr dikkatli bir sekilde defalarca okunarak incelenmis ve “Yok”,
“Zayif”, “Gucli” olarak kategorize edilmistir. Uzmanlarin yaptiklari kategoriler incelendiginde kategoriler
arasinda uyum oldugu gorilmdistir. Yapilan analiz sonucunda uzmanlar arasindaki tutarlilik sonuglarin %
75 oraninda tutarli oldugu tespit edilmistir. Ogrencilerin verdigi cevaplar iddia, veri, kanit, destekleyici ve
clirGtlca bilesenlerinin kesin ve yeterli ise glcli, kesin fakat yeterli degil ise zayif, kesin ve yeterli degilse
veya bos birakilmissa yok olarak siniflandiriimislardir (Tablo 1). Bu kriterlerin belirlenmesinde ve Tablo
1l’'in  hazirlanmasinda literatiirdeki vyazili argiiman kalitesini degerlendirme igin kullanilan
“Argiimantasyon Seviyeleri” (Osborne, Erduran, & Simon, 2004) ve diger c¢alismalar (Driver ve dig.,
2000; Zohar & Nemet, 2002) referans alinarak verilen 6gretimde kullanilan Tiirk¢e argiimantasyon
modelinin (Aktamis ve Higde, 2015) yapisina uygunluga, kavramsal anlamalarina (icerigin dogrulugu) ve
akil yaratme vyapilip yapilmadigi (Sampson & Clark, 2008) dikkate alinmistir. Bu degerlendirme
kriterlerine gore ¢alismadaki kategorilere ayrilmis cevaplarin argiimantasyon bilesenlerine gore frekans
dagilimlari Tablo 2’de verilmistir. Ogretmen adaylarinin bilimin dogasina ydnelik goérislerini ifade
ederken kullandiklari yazili argimanlarindaki degisimi gdstermek igin uygulama 6ncesi ve sonrasi olarak
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ayri ayri frekans dagilimlar verilmistir. Tablo 2 ve Tablo 4’teki frekans dagilimlari ¢calismanin nicel kismini
olustururken, alintilarla bu frekans dagilminin desteklenmesi nitel kismini olugturmaktadir. Nitel ve nicel

olarak sunulan bulgular araciligiyla destekleyici bulgulara yer verilmistir.

Tablo 1.

Degerlendirme Kriterleri

Bilesen

0 (yok)

1 (zayif)

2 (glgl)

iddia

Bir iddia veya sonug orijinal soruyu

Bir iddia yok veya
kesin olmayan

Kesin fakat
tamamlanmamig

Kesin ve tam bir iddia

cevaplar iddia iddia

Kanit Bilimsel veri a. Veri Yanls ya da hig Glinlak Karsilastirma yaparak

iddiayi destekler; iddiayi verilmemis yasamdaki veriyi saglamis.

verinin iddiayi desteklemek igin deneyimlerinden Deneysel ve bilimsel

desteklemek icin icerilen veri sunulan veri verilerden yararlanmis

yeterli ve uygun

olmasina ihtiyag b. Akil Yiiritme  Yanlis ya da hic Yetersiz akil Bilimsel veri ile

vardir. Veri ile iddiay! verilmemis yuriutme desteklenmis yeterli
birbirine akil yirtGtme
baglayan ifade

Destekleyici Destekleyici yok -  Bir tane Birden fazla

Destekleyicinin kavramsal kalitesi

Ciratacdler

Karsit iddiaya yonelik verilen

aciklamalar

yanlis ya da hig
verilmemis
Curutiict yok-
yanlis ya da hig
verilmemis

destekleyici var

Bir tane
guratlcu var

destekleyici var

Birden fazla glritiicl
var

Bulgular

Arglimantasyon destekli agik duslindiriici etkinliklerle ve sadece agik distindlrici etkinliklerle

desteklenen bilimin dogasi ve bilim tarihi dersinden 6nce ve sonrasi olarak ADADBD ve ADBD grubundaki
ogrencilerin VNOS-C anketine verdikleri cevaplarin arglimantasyon bilesenlerine gore analizinin frekans
dagihimlari asagida verilmistir. ADADBD grubunun frekans dagilimlari Tablo 2’de verilirken, ADBD
grubunun dagihimlari Tablo 4’te verilmistir.

a) ADADBD Grubu Bulgulari

Argiimantasyon destekli agik dustndiricu etkinliklerle desteklenen bilimin dogasi ve tarihi dersinden
once ve sonrasi olarak katilimcilarin VNOS-C anketine verdikleri cevaplarin frekans dagilimlari asagida
verilmistir (Tablo 2). VNOS-C anketindeki 2. soru olan “Deney nedir?” deneyin tanimi ile ilgili soru analize
dahil edilmemistir. Cinkl bu soru bilgi sorusu oldugu igin 6grencilerin argiman kurmalari ve akil
ylritme yapmalarina uygun bir soru degildir.
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Ogretmen adaylarinin ADADBD dersi 6ncesi ve sonrasi VNOS-C sonuglarinin frekans dadgilimlari

£ E. f &£ 8 & 2 £%2
: © E F 2 2 § 5 =2=g=¥3
Bilegenler Zamanlama 3 o ‘_:" Q > < g g L5 = S
(] > o— - 2] N _ 0
E 3% 2 E § © 5&%
Yok 17 5 2 7 6 8 17 8 4
Uygulama 6ncesi Zayif 9 17 17 18 21 16 12 17 18
iddia Glgli 4 8 11 5 3 6 1 5 8
Yok 6 1 2 0 5 4 0 1 0
Uygulama sonrasi  ZayiIf 5 3 4 11 9 12 10 3 6
Glgli 19 26 24 19 16 14 20 26 24
Yok 24 16 10 19 20 16 25 14 18
Uygulama 6ncesi Zayif 6 10 19 10 8 14 4 16 12
- Guglu 0 4 1 1 2 0 1 0 0
Alal Yaratme Yok 7 1 3 5 7 7 6 2 5
Uygulama sonrasi  ZayiIf 9 8 10 10 8 10 8 6 6
Gugla 14 21 17 15 15 13 16 22 19
Yok 27 22 15 19 17 18 26 17 22
Uygulama 6ncesi Zayif 3 4 13 10 11 12 3 13 7
Veri Gugla 0 4 2 1 2 0 1 0 1
Yok 16 9 12 12 12 7 13 5 7
Uygulama sonrasi  Zayif 6 7 11 7 5 13 9 8 7
Gugla 8 14 7 11 13 10 8 17 16
Yok 30 29 30 30 28 30 30 29 29
Uygulama 6ncesi Zayif 0 0 0 0 2 0 0 1 0
Destekleyici Glgli 0 1 0 0 0 0 0 0 1
Yok 30 24 26 25 24 26 27 20 25
Uygulama sonrasi Zayif 0 0 1 1 2 2 1 4 1
Glgli 0 6 3 4 4 2 2 6 4
Yok 30 30 30 30 30 30 30 30 30
Uygulama oncesi Zayif 0 0 0 0 0 0 0 0 0
Curiitiiciler Glgli 0 0 0 0 0 0 0 0 0
Yok 30 30 30 30 30 30 30 30 30
Uygulama sonrasi Zayif 0 0 0 0 0 0 0 0 0
Guglu 0 0 0 0 0 0 0 0 0

Tablo 2 incelendiginde uygulama Oncesinde 6gretmen adaylarinin biyilk c¢ogunlugunun zayif
argliman kurabildikleri goruliirken, uygulama sonrasinda glicli argimanlar kurabildikleri gorilmektedir.
Akil yaritme bileseni dikkate alindiginda 6gretmen adaylarinin gogunlugunun akil yiriitme saglamada
basarisiz olduklari ancak uygulama sonrasinda katilimcilarin yarisindan fazlasinin giigli akil yiriatmeler
saglayabildigi belirlenmistir. Ogretmen adaylarinin veri saglamada uygulama 6ncesine gére c¢ok fazla
gelisim gosteremedikleri ancak uygulama sonrasinda bilimsel bilginin sosyal ve kiiltlirel degerlerden
etkilenmesi, hayal glici ve yaraticihgin bilimsel bilginin olusmasindaki roliine yonelik sorulara veri
saglamada 6gretmen adaylarinin yarisindan fazlasinin giiglii veriler saglayabildigi belirlenmistir. Akil
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ylratme ve veri bilesenleri dikkate alindiginda 6gretmen adaylarinin ¢ogunlugunun kanit saglamada
basarisiz olduklari ancak uygulama sonrasinda katilimcilarin yarisindan fazlasinin gugla kanitlar
saglayabildigi goriilmektedir. Destekleyici saglamada ise 6gretmen adaylarinin ¢ok azinin gelisim
gosterdigi bulunmustur. Ogretmen adaylarinin ¢iiriitme basamaginda ise hi¢ gelisim gdstermedikleri
bulunmustur. Bu frekans verilerini desteklemek icin asagida her bir anket sorusuna yonelik alintilar
yapilarak uygulama 6ncesi ve sonrasi olarak ayri basliklar altinda verilmistir.

Ogretmen adaylarina ADADBD egitimi 6ncesinde ve sonrasinda uygulanan bilimin dogasi gérisler
anketine iliskin verdikleri cevaplardan dikkat ceken alintilar tablo 3’te verilmistir. Ogretmen adaylarinin
on uygulamada bilimi diger arastirma alanlarindan farkh kilan nedir sorusuna yénelik bilimin daha ¢ok
deneye dayali olmasi, kanitlanabilir olmasi, nesnel olmasi ve akla ve mantiga yatkin olmasi gibi cevaplar
verilmistir. Katihmcilarin gogunlugu bilimin gelismesi igin deneylere gerek oldugunu disiinmektedir. Bu
iddialarini da bilimin gozlenebilirligi, kanitlanabilirligi, denenebilirligi, gelisimi ve degisimi icin deneylere
ihtiyac duyulmasiyla desteklemislerdir. Ogretmen adaylarinin biiyiik bir kismi bilimsel teorilerin zamanla
degisecegini dusinmektedir. Bu iddialarini da bilimsel bilginin zamanin getirdigi gelismeler ile
cliritllebilecegi ve teorinin tanim olarak kesin olmadigi ile desteklemislerdir. Eger kesin olsaydi yasaya
doénisecegiyle ilgili kavram yanilgilarinin oldugu bulunmustur. Ogretmen adaylarinin biyiik bir kismi
teori ve yasa arasinda fark oldugunu ifade etmektedir. Ayni zamanda 6gretmen adaylarinin blyuk
¢ogunlugunun bilimsel teorilerin zamanla yasaya donilisecegine dair kavram yanilgisina sahip olduklari
gorilmustiir. Ogretmen adaylari teorilerin kesin olmadigl kanunlarin ise kesin bir bilgi oldugunu bu
ylzden kanunlarin c¢lritilemeyecegini teorilerin ise zamanla c¢iritllecegini disinmektedirler.
Ogretmen adaylari atom hakkinda bilim insanlarinin nasil 6zel bilgiler kullandiklari ve atomun yapisi
hakkinda nasil bu kadar emin olduklarina iliskin soruya ise deneyler ve kullanilan gelismis aletler
aracihigiyla ve uzun zaman zarfinda gelisen teoriler sayesinde atomun yapisi hakkinda emin olabildiklerini
ifade etmislerdir. Ogretmen adaylari bir tiirin ne olduguyla ilgili 6zellikler hakkinda nasil emin
olduklariyla ilgili soruya ise dis goriiniis, genler, kromozom sayilari, neslin devami saglayip saglamadigi ve
bezelyelerde yapilan deneyleri 6rnek gostererek bilim insanlarinin bir tir hakkinda nasil emin olduklarini
desteklemeye calismislardir. Ogretmen adaylari bilim insanlarinin ayni sonuglara ve ayni verilere bakarak
farkh sonuglara nasil ulastigina iliskin soruya genellikle cevap verememisler veya olayin birden ok
nedeni olabilecegini ifade etmislerdir. Ogretmen adaylarinin ¢cogunlugu bilimin evrensel olup olmadigiyla
ilgili bilimin evrensel oldugunu iddia etmektedirler. Cok az sayida 6gretmen adayi da bilimin kisisel
degerlerden ve toplumun degerlerinden etkilenebilecegini iddia etmistir. Ogretmen adaylari bilimde
hayal glici ve yaraticilligin etkin rol oynadigini ifade etmektedirler. Hayal glici ve yaraticiligin hemen
hemen her asamada etkin rol oynadigini iddia etmislerdir.

Ogretmen adaylari uygulama sonrasindaki cevaplarinda bilimi diger arastirma alanlarindan farkl kilan
ozelliklerin bilimin din, felsefe gibi sozel alanlara gére daha nesnel olmasi, kanitlanabilir olmasi ve
bilimsel siire¢ becerileriyle sinanmasi oldugunu iddia etmislerdir. Ogretmen adaylari bilimin gelismesi,
dogrulanmasi ve gerceklestirilmesi icin deneye ihtiya¢ duydugunu ifade etmislerdir. Buyik ¢cogunlugu da
bilimsel deneylerden ve buluslardan 6rnekler vererek bilimsel bilginin olusmasinda deneyin énemini
desteklemeye calismislardir. Ogretmen adaylari bilimsel teorilerin zamanla degisebilecegine dair
iddialarda bulunmustur. Ayrica uygulama 6ncesine gore 6gretmen adaylarinin daha ¢ok kanit, veri ve
destekleyici kullanmaya ve uygulamada karsilastiklari bilim tarihi ve bilimsel teorilerden 6rnekler
vermeye calistiklart bulunmustur. Ogretmen adaylari bilimsel yasa ve teori arasindaki farki uygulamadan
o6nce oldugu gibi hala aralarinda hiyerarsik bir iliski oldugunu ve yasanin degistirilemez oldugunu ifade
etmektedirler. Ancak uygulamadan onceki cevaplarina gére uygulama sonrasi cevaplarinda iddialari
yanlis olsa da iddialarini bilimsel teoriler, yasalar ve bilim tarihinden 6&rnekler ile desteklemeye
calismaktadirlar. Ogretmen adaylari uzun yillardan bu yana siiregelen farkli gérisleri, bircok deney
sonuglarini, teknolojinin gelismesiyle ve yeni deneylerin yapilmasiyla kisacasi bilimsel bilginin birikimiyle
atomun yapisi hakkinda emin olabildikleri iddiasinda bulunmuslardir. Uygulama 6ncesine gore 6gretmen
adaylari bilimsel teorileri ve gelisimini daha ¢ok iddialarini desteklemek ve kanit saglamak igin
kullanmislardir. Ogretmen adaylari bilim insanlarinin tiirler hakkinda arastirma vyaparken tirleri
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gozlemlediklerini, turlerin benzeyen 6zelliklerini kullandiklarini ve bunlara dayali ¢ikarimlar ile turler
hakkinda emin olabildiklerini ifade etmislerdir. Ayrica turlerin ciftlestiklerinde verimli dol verip
verememe Ozelliklerini dikkate aldiklarini séylemiglerdir. Uygulama 6ncesine gbre 6gretmen adaylarinin
daha fazla bilimsel 6rnek ve bilgiye yer vererek iddialarini desteklemeye calistiklari ve kanit saglamaya
calistiklari bulunmustur. Ogretmen adaylari bilim insanlarinin ayni verileri kullanarak farkh sonuglara
ulasma durumlarini bilim insanlarinin kendi kisisel farkli gorislere ve varsayimlara sahip olmasiyla
actklamaya ¢alismislardir. Bu iddialarini da farkli bilimsel teorileri kullanarak desteklemeye ¢alismislardir.
Ogretmen adaylarinin cogunlugu bilimsel bilginin nesnel oldugunu, bilimin sosyal ve kiiltiirel degerlerden
ve iginde bulundugu toplumun felsefi ve dini degerlerinden ve ekonomik kosullarindan etkilendigini
ifade etmislerdir. Uygulama oOncesine gore katilimcilarin hem goérislerinde degisme olmus hem de
iddialarini bilim tarihinden 6rnekler ve teorileri vererek desteklemeye ve kanit saglamaya galistiklari
gorilmistir. Bilimin hayal giicl ve yaraticiliga dayandigini iddia etmislerdir. Uygulama 6ncesine goére
ogretmen adaylarinin daha fazla gl¢li iddialar ile hayal gicti ve yaraticihigin bilimsel bilginin
olusmasindaki 6nemine dikkat c¢ekmislerdir. Bu iddialarini Newton, Arsimet, Einstein, Mendel ve
Thomson gibi bilim insanlarinin buluslar ve icatlarini 6rnek vererek desteklemeye ve kanitlamaya
¢alismiglardir. Asagida Tablo 3’de cevaplari dikkat ¢eken ve anlasilir olan 6grencilerin uygulama 6ncesi ve
sonrasi gorisleri verilmistir.

Tablo3.

ADADBD Grubu Ogrencilerinin Uygulama Oncesi ve Sonrasi Gériislerinden Alintilar

Bilimsel Girisim

Uygulama oncesi goriigler
OP: “Bilim dogayl ve doganin isleyisini inceler.
Ayrica bu isleyisine neden olan durumlari agiklar.
(kanun, teori, ...vb.) iste bilimi diger arastirma
alanlarindan farkh kilan durum agiklamalar
yaparken neden-sonug ¢ercevesinde ve eger kanun
olmusg bir durum varsa bunu kanitlarla deneylerle
actklamis olmasidir.”
0z: “Bilim evreni c¢evreyi, dogayr tanimak
demektir. Bilimi diger alanlardan farkli yapan ise
deneylerle kanitlanabilir olmasidir.”
OU: “Bilim var olduktan sonra dogada gerceklesen
olaylariinceler. Nesneldir. Akla ve mantiga dayanir.
Din ve felsefe varolus sebebini inceler. Ozneldir.”

Uygulama sonrasi goriisler

OA: “Bilim dogay! canlilari cansiz varliklari varolusu ve
yasanilan gevreyi arastiran kavramlar tanimlar yaratan
ilgi alanlaridir. Din, felsefe gibi s6zel alanlar nesnelden
daha c¢ok 0Oznel boyuttadir. Kisinin fikirlerine
deneyimlerine geg¢mis yasantisina gore degisebilir.
Fizik, kimya, biyoloji gibi alanlar bilimsel sireg
becerileri ile sinanirlar. Nesnel boyuta gecerler.”

0s: “Bilim insanlarin meraklari sonucu, yaptiklari
gozlemlerle, deneylerle, buluglariyla bir bilgiye veya
icada ulagma surecine bilim denir. Bilimi diger
arastirma alanlarindan ayiran 6zellik denenebilir ve
kanitlanabilir  olmasidir.  Belli akil ve mantik
cergevesinde kesin bilgiye ulagmak istenir.”
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0Z: “Evet. Ciinkii bilimsel bilginin gdzlemlenebilir
veya kanitlanabilir olmasi gerekmektedir. Yapilan
deneyler farkh bilgiler ortaya ¢ikarttigi igin
deneylere ihtiya¢ vardir. Ylzeyin piirizle olmasi
hareketi zorlastirir.”

0B: “Evet vardir. Ornegin ilk atom modelinde
verilen bilgiler yetersiz kalmis ve bilim adamlarinin
arastirmalari dogrultusunda daha gelismis sonuglar
ortaya ¢ikmistir.”

OG: “Evet vardir. Deney yoluyla bilgiler ispatlanmis
olur. Dogru ve yanlis bilgiler bu sekilde birbirinden
ayrilir. Bu sekilde de bilimsel bilgi gelisir.”

OD: “Evet deneylere ihtiya¢ vardir. Bilimsel bilgi
desteklenen bilgidir ve bu ¢ogu zaman deney
yoluyla olur. Mesela atom teorisi deneyler ve
gozlemlerle elde edilen bilimsel bilgidir.”

ON: “Gereklidir. Bilgiye varmanin en giizel yolu
deneyerek gozleyerek  varilmasidir.  Mesela
ogrenciler suyun kaldirma kuvvetini 6grenmek
istiyor. Onlara en basit bir diizenekle kabin igine bir
miktar su koyarak Uzerine birkag hafif nesneler
birakarak gosterebiliriz.”

OP: “Evet vardir. Ciinkii deneyler yapilan gézlemleri
dogrulamak igin yapilan bilimsel adimlardir. Bilimsel
siirecin  Uglinci adimi deney yapmaktir. Ornegin,
Faraday eger deney yapmasaydi manyetik alanla
elektrik  arasindaki iliskiyi  gosteren  kanunlara
ulasamazdi.”

0z: “Ginlik yasantimizda kullandigimiz pek ¢ok seyi
ornek verebiliriz. Sarkagl saatler, araba tekerleri, asit
ve baz tepkimesi gibi. Tim bunlar bilimsel bilginin
deneylere uygulanmasiyla 6grenebiliriz.”

OH:  “Evet, c¢Unki bir iddiayr kanitlariyla ve
destekleyicileriyle arastirma yapabilmesi icin deneylere
ihtiyag vardir. Deneylerle vyapilan bilimsel bilgiyi
kanitlamak ve savunmak daha kolay olur. Ornegin,
Newton’un yergekimi yasasinda yaptigi deneyler.”

OBA: “Evet vardir. Bilimsel bilgi deneyler yaparak
gelisir. Ornegin, sivilarin kaldirma kuvveti deneyler
yaparak gelismistir. Newton’un yercekimi yasasi 6rnek
verilebilir. Deneyler yaparak bilimsel bilginin kanitlari
savunulabilir.”

OM: “Evet. Ciinki bilimsel bilgi kanit ister bunun igin
olayin kanitlanmasi gerekir. Ornek olarak yergekimi
kuvveti, deney ve gozlem olarak Newton’un kafasina
elma dismesi.”

Degisebilirlik
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OG: “Evet, bilimsel bir teori zamanla degisebilir.
Cuinkii o zamanin sartlarina gore olusturulan
teorinin Uzerinden uzun bir siire gectikten sonra
teori guratilebilir.”

OM: “Ciinkii teoriyi buldugumuzda direk yasa
haline gelmiyor birgok deney yapiliyor teoriler
lizerinden. En son olarak dogru teori olan teori
kanunlasiyor. Bu vylzden surekli farkh teoriler
yazilabilir, teoriler degisebilir.”

OGA: “Evet degisebilir. Ornegin atom modellerine
baktigimizda Dalton’dan baslamis. Bohr’a kadar
vanilgilar fark edilmis ve degisime ugramistir.
Teorileri higbir zaman kesin goziiyle bakilmamigtir.
Degismemesi i¢cin kanun olmasi gerekmektedir.
Teoriler degisebilir.”

OA: “Teoriler degisebilir. Kanunlar degismez.
Newton hareket kanunlari her yerde ayni kabul
gérmesine ragmen evrim teorisi herkes kabul
edilmez. Teorilerin diizenlenmesi incelemesi ile
onlara katkilar saglar. Bir bilim insani kendinden
onceki bir teoriyi ele alip eksiklerini giderir yeni bir
teori sunar.”

OMA: “Degisebilir. Clinkii atom teorilerinde her
bilim adami en basindan beri birbirinden
etkilenerek teorilerini ¢lritmistir. ik atom
teorisinde yoringe kavrami yokken diger bilim
adamlari yoriingeyi bulmustur. Teorileri
ogrenmemiz gerekir. Clnkl sonraki teoriler ilk
teorilerden yola gikarak olusmustur.”

OM: “Bilimsel teoriler degisebilir. Teoriler yasanilan
zamandan etkilenebilir. Ornegin o dénemim kdltir
vapisi  bile etkilidir. Kullanabilecekleri arag-gereg
kisithligi teorilerin degisebilecegini gdsterir. Ornegin
atom teorileri Dalton-Thomson-Rutherford atom
teorileri zamanla gelismistir. Cluinkii kullandiklari arag-
gerecler etkilidir. Bilim birikimli ilerler. Her bir teori
digeri icin zemin olusturmustur. Teoriler beraberinde
merak duygusunu da getirir.”

0BB: “Bilimsel teoriler degisir. Atom teorisi ve evrim
teorisi bilimin ilerlemesi ve teknolojinin gelismesiyle
Gzerine yeni bilgiler ekleniyor. Zaman ilerledikge yeni
kanitlar ortaya cikiyor. Bu yizden bilimsel teoriler
degisebilir.”

OH: “Teoriler degisiyor. Ornegin, atom ve evrim
teorisine her giin yeni fikirler ortaya ¢ikarak teorileri
degistiriyor. Su anki evrim teorisi ucu agik bir teoridir.
Ucu acik oldugu icin yeni arastirmalara agiktir. Bu yeni
arastirmalarda teoriye katilarak teoriyi degistiriyor.”
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0S: “Kesinlikle vardir. Bilimsel teori deney yoluyla
ispatlanabilir de yanlis da olabilir. Ama kanun
kesinlikle degismez. Darwin teorisi kesin degildir.”
OU: “Fark vardir. Teori degistirilebilir olmasina
ragmen vyasa degistirilemez. Ornegin evrim
teorisine karsin farkl diistinceler ortaya ¢ikmasina
ragmen Newton yasasinda boyle karsit diisiinceler
ortaya atilmamistir. Sadece destekleyici olmustur.
O yiizden kabul edilmis ve kesindir.”

0B: “Bilimsel bir teori ciritilebilir fakat yasa
clritilemez. Ohm vyasasini ve evrim teorisini
ornek olarak verebiliriz.”

OA: “Teori gecerliligini kaybedebilir oysaki yasa
degismez Ozelliktedir. Thomson atom modeli degisip
geliserek Bohr’a donligmustir. Evrim teorisi herkesce
kabul edilmez. Yer ¢cekimi herkesge kabul edilir.”

OMA: “Bilimsel bir teori degisebilir. Ama bilimsel bir
yasa degisemez. Ornegin, 15tk hizinin higbir referans
sisteminde degismeyecegi yasalasmistir. Ancak “esir”
kavrami hala bir teoridir. Clnkl var olup olmadig
konusunda hala slipheler vardir.”

Bilimsel Model

OBA: “Bircok deney yaptiktan sonra bdyle bir
yarglya variyorlar. Gelismis aletlerle arastirma
yaptiktan sonra bu bilgileri ortaya gikariyorlar.”
OD: “Bilim insanlarinin atom ve pargaciklarini
kesfetmesi hizli bir sekilde olmamistir. Bunu gesitli
(Bohr, Dalton, Thomson) atom modellerinden de
anlayabilecegimiz gibi kademeli deneme-yanilma
yéntemiyle gerceklesmistir. Ornegin milikan deneyi
bize elektronlarin da bir kitlesi oldugunu
gostermistir. Her bir sonraki bilim insani bu
bilgilere dikkat ederek bu bilgiler 1sig8inda yeni
teoriler Gretmistir.”

OA: “O alanda yapilan deneyler sonucunda elde
edilen verileri kullanilir. Ancak atomun bile daha
kiiglk yapilardan (kuarklar) meydana geldigi ortaya
cikmistir. Bu bilgi belki de ileride degisebilir.”

OMA: “Bilim insanlari atomun yapisini farkh sekillerde
ifade etmistir. Uzun yillarca atom yapisi hakkinda farkh
gorisler ortaya atilmistir. Ornegin, Thomson, dalton,
bohr atom modeli. Gliniimizde teknoloji ilerledikge
atomun yapisi kesinlesmistir. Ornegin, atomu Gzimli
keke benzeten Thomson bir kekteki Giztimleri elektron
olarak diistinmustur.”

OR: “Bilim insanlari bircok deneyler yaparak atom
hakkinda emin konusmaktadirlar. Atomun bu halini
soyleyebilmek igin birgok teori olusmus deneyler
yapilmis zamanla bilimin gelismesiyle en kapsamli elde
edilen bilgi elde edilmistir. Bilim insanlari atomun neye
benzedigine karar verirken onceki bilim adamlarinin
atom Uzerinde yapilan deneyleri bilgileri arastirmistir
ve yapmislardir. Bunun sonucunda vyanlis vyerler
dizeltilerek atom yapisi degistirilmistir. Atom 6nceden
Uzimli keke vb. durumlara benzetilmistir. Bilimle
birlikte bu disince degismis buglinkii durum
olusmustur.”

OH: “Tabi ki bu bilimsel disiinceler hakkinda bircok
deneyler yapmislardir. Emin olabilmeleri iginde
birbirlerinden kendilerinden dnceki bilim adamlarindan
cok etkilenmislerdir. Ornegin, bircok atom modelleri
vardir. Thomson, Bohr, Dalton, modern atom teorisi.
Sirasiyla hepsi arastirmalar yapmislar ve kendilerinden
onceki bilim adamlarinin galismalarini da katarak son
haline getirilmistir. Uziimlii kek modeline benzetmeleri
gibi...”

0s: “Atom ilk olarak mantar tipa icindeki baloncuklar
olarak nitelendirildi. Daha sonralari mikroskobun icadi
ile UzimlG kek, Dalton atom modeli, Thomson atom
modeli, Rutherford atom modelleri gelistirilmistir.
Zaman gegtikge bilginin yeterliligi aciklanamayan
noktalar saptanir. Gelisen teknolojik malzemeler
sayesinde kendilerinden emin olurlar.”
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OBA: “Benzer 6zelliklerinden vyola cikilir. Dis
gorunls, genleri, kromozom sayilari gibi bilgilere
bakilir.”

OAA:  “Tur
aralarinda

olduguna karar
ciftlestiklerinde

verebilmek igin
verimli doller

0OBB: “Bilim insanlari tirler arasindaki benzerliklerden
yola ¢ikmiglardir. Canlilarin kuyruklu olup olmadigina ya
da kanath, tlyli, suda ya da karada vyasayip
yasamadigina bakarak birbirleriyle kiyaslayarak hangi
tlire ait oldugunu belirleyebilirler. Ornegin, kiyaslayarak

g alinabiliyor ve neslin devamini saglaniyorsa tiirdir.  hangi tiire ait oldugunu belirleyebilirler. Ornegin,
E Bu Ozelliklerinden yararlanarak boyle bir tir tanimi kedigiller, yirticilar, tek cenekli bitkiler ¢ift ¢enekli
S yapilmustir.” bitkiler bu gibi canhlar farkh 6zelliklerine gére tlrlerine
¢ OP: “Tabii ki yapilan galismalar dogrultusunda  ayrilabilir.”
g bulunan kanunlara, yasalara gére yani bunlar  0S: “Emin olmak igin deneyler de gézlemlerle emin
g deliller oluyor. Mesela bezelyelerle caprazlama olmuglardir.  Laboratuvar  ortamlarinda  yapilan
O yoéntemiyle deneyler vyapiliyor. Sonra farkli  doéllenmeler veya dogal ortamda yapilan gozlemler
bitkilerle yapilip sonuglar karsilastiriliyor ve belli bir ~ sonucunda bu vyargiya ulasihir. Ornegin, at ve esek
tirin 6zellikleri ortaya gikiyor.” ciftlesmesi ile verimli déller elde edilmez. Ama kurt ile
kopek arasindaki ciftlesme ile verimli dol elde edilir.
Uzun sireli gozlemler ve takipler sonucunda 0zel
delillere ulasihyor.”
OAA: “Bir olayin birden ¢ok nedeni olabilir. Eger bir ~ OA: “Farkli diisiincelere sahip olup da ayni verilere
yasaya ulasmak icin teorilerden yola c¢ikilarak ulasmalarina ragmen farkh yargilar olusturmalarinin
ulasilabilir. iki farkl teorinin olmasi birden ¢ok sebebi farkli varsayimlar ({zerinde arastirmalarini
nedeni ve hipotezi beraberinde getirir.” yapmalandir. Bilim adami olmanin &zelliklerinden biri
de inanmalaridir.  Farkli  bilim adamlari  farkl
varsayimlara inanirlar ve c¢alismalarini bu cergevede
surddrdrler. Bu durum insanin maymundan gelmesi ve
= yaradilis teorisi arasindaki durum gibidir.”
g OR: “Her bilim adaminin kendi kisisel gérislerini
0 bilimsel bilgiye aktarmasi gibi bir olay s6z konusudur.
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Kullanilan veriler ve ulasilan ayni veriler bir sekilde fazla
sicaklik ve yok olus ile dinozorlarin kayboldugunu
soylemektedir. Bunun volkan ya da meteor olmasi bilim
insaninin duslncesidir. Bu olay denenemez ve o
zamana ait kanit ya da yasanmis hikaye anlatimi
bulunamaz bu olayin gergeklesmesi bir sekilde bilim
insanlarinca agiklanmaya g¢aligilmistir.”
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OM: “Bilim evrenseldir. Sosyal ve kiiltiirel degerler
bilimi etkilemeye calissa da evrenseldir. Ornegin;
yercekimi bir kdltar igin var olup farklh bir kaltar
icin yok olamaz.”

OT: “Bilim evrenseldir. Ciinkii gevre sartlarina gore
degisen bir bilim yoktur. Herkesin kabullendigi bir
bilim vardir. (evrensel gekim yasasi-yani yergekimi
buna 6rnek)”

OR: “Bilim evrenseldir bence ¢iinkii bilimsel olaylar
birgok farkh kaltir ve toplumdaki bilim adamlari
tarafindan incelenmektedir. Bilimsel olaylar her
zaman dogru oldugu ve ispatlarla ifade edildigi igin
her toplum tarafindan kabul edilmektedir.”

0G: “Bilim icinde bulundugumuz toplumdan
etkilenir. insanin icinde oldugu her sey onun
yasayisinin etkisindedir. Neyi merak ettigi bile
toplum yasayisina gore degisebilir. Bu da arayisini
arastirmayi etkiler. Kutuplarda yasayan insanlar
buzun yapisiyla ilgilenebilir. Buzlardan evler, aletler
yapabilir.”

Sosyal ve kiiltiirel degerlerin etkisi

0z: “Bilim gevresindeki sosyal ve kiiltiirel degerlerden
etkilenir. Clinkl bilim insanlar gelistirmek igin yasam
sartlarini  kolaylastirmak icin yapildigindan dolayi
gevreden etkilenir. Ornegin; Kopernik calismalarini
yasaminin sonlarina dogru yayinlamistir.  Clnki
kilisenin ve c¢evresinin tepkilerini bilmektedir. Bu
nedenle 6nsézinde yazdigl bilgilerin sadece felsefe
olarak dogru oldugunu belirtmistir. Yani g¢evrenin
tepkisini almak istememistir. Ayni duruma Galileo’yu
verebiliriz.”

0OBB: “Bilim, sosyal ve kiiltiirel degerlerden etkilenir.
Cevrenin baskisinda kalabilir. Sosyal ve kiiltirel
degerlerle olusan etkenler bilimi olumlu ya da olumsuz
etkileyebilir. Ornegin, 19. yy’de din ve bilim savas
icindeydi. Darwin’in evrim teorisine en buyiik tepki dini
cevrelerden geliyordu. Burada dinin bilimi etkilendigi
sonucuna ulasiriz.”

OM: “Bilim en bastaki yillarda aslinda sosyal ve kiiltiirel
degerlerden etkilenmistir. Ozellikle din konusunda
biiylk bir etkilenme s6z konusudur. Ornegin, Galileo
teleskop ile yaptigl gozlemlerde Jipiter, ay, diinyanin
giines etrafinda donmesi gibi ¢esitli yargilarda
bulunmustur. Fakat o zamanlarda kilise bunun kutsal
kitap Yesu’ya aykiri oldugunu soyleyerek 2 kere
mahkeme 6niine ¢ikarmigtir.”

OGA: “Evet kullaniyorlar. Rutherford ‘un Gziimlii
kek modeli, Newton’un yer ¢ekimi bulma asamasi,
Pisagor’un esegin sirtinda bagintisini bulmasi 6rnek
verilebilir.”

OM: “Bilim insanlari diger insanlardan farkli olarak
meraklari nedeniyle ve yeni bir bilgi yapma
istekleriyle hayal glict ve yaraticiliklarini kullanarak
bircok bulus ortaya koymustur. Bazen gozlem
yapamadiklari  durumlarda  hayal  guglerini
kullanarak nasil olmasi gerektiginden yola c¢ikarak
¢alismalarini sirdarar.”

Yaraticilik/Hayal giicii

OP: “Hayal giiciine dayalidir. Merak edilen bir sorunun
cevabini aslinda hipotez kurmadan 6nce hayal ederler.
Planlama ve diizenleme asamasinda yaraticiliklarini ve
hayal glglerini kullanirlar. Deney diizenegi kurma ve
yapilan deney sonucu ortaya ¢ikan sonug da aslinda
yaraticiliklarini - kullanir.  Einstein  miknatista olusan
manyetik alani hayal giicliyle kafasinda yaratmis ve
sonuca ulagsmistir.”

OBB: “Evet, bilim insanlari hayal giicii ve yaraticiklarini
kullanirlar. Boyle olmasa birgok yasa olusmazdi. Soyut
olan bir seyi kendi akilcihigini, yaraticiigini ve hayal
giglerini kullanarak deneyler ve arastirmalar yaparak
somut bir veriye, gercege dénistiirmislerdir. Ornegin,
Thomson atom modelinde, Gzimli keki soyut olan
atomun vyapisini gorsellestirerek somut bir bilgiye
dondstirmagstar.”

OH: “Kullaniyorlar. Her bilim insani merak ederek hayal
glicini  kullanarak c¢alismalar yapmistir.  Ornegin,
Newton’un bir agacin altinda otururken elmanin
kafasina diismesini merak etmesi gibi, Arsimet’in suyun
Uzerinde tasin nasil kalabildigini merak etmesi gibi.
Newton bu merakiyla yer ¢ekim kuvvetini, Arsimet’se
suyun kaldirma kuvvetini bulmustur.”

b) ADBD Deney Grubu Bulgulari

Acik duslindirici etkinliklerle desteklenen bilimin dogasi ve 6gretimi dersinin dncesi ve sonrasi
olarak katilimcilarin VNOS-C anketine verdikleri cevaplarin frekans dagilimlari asagida verilmistir (Tablo

a).
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E E ~ TE ] g g E -4
£ E_E &8 83 E x £%¢2
: S s 35 9 2 O 5 =2=£¥3
Bilesenler Zamanlama 3 o2 g > 3 g g 95 =3
2 >< m & g E S 5% =27
s ¥ & 5 5 3 ERE
8 8 8 §% 7
Yok 18 3 10 3 20 22 25 17 19
Uygulama 6ncesi Zayif 18 31 23 33 17 13 15 19 17
iddia Gugla 4 6 7 4 3 5 0 4 4
Yok 12 0 3 2 11 11 16 7 10
Uygulama sonrasi  Zayif 12 27 21 20 28 25 19 20 19
Gugla 16 13 16 18 1 4 5 13 11
Yok 36 23 25 34 32 30 38 31 31
Uygulama 6ncesi Zayif 3 14 13 5 4 9 2 9 9
- Glgli 0 3 2 1 4 1 0 0 0
Alal Yaratme Yok 15 2 7 12 22 14 23 14 20
Uygulama sonrasi  Zayif 23 33 26 20 18 25 17 22 17
Gugla 2 5 7 8 0 1 0 4 3
Yok 39 35 35 36 35 38 39 34 36
Uygulama 6ncesi Zayif 1 5 4 2 3 2 1 6 4
Veri Gugla 0 0 1 2 2 0 0 0 0
Yok 29 17 19 18 30 34 31 28 28
Uygulama sonrasi Zayif 11 22 18 16 10 5 9 11 11
Gugla 0 1 3 6 0 1 0 1 1
Yok 40 40 40 40 40 40 40 40 40
Uygulama 6ncesi Zayif 0 0 0 0 0 0 0 0 0
Destekleyici Gugla 0 0 0 0 0 0 0 0 0
Yok 40 40 40 40 40 40 40 40 40
Uygulama sonrasi  Zayif 0 0 0 0 0 0 0 0 0
Gugla 0 0 0 0 0 0 0 0 0
Yok 40 40 40 40 40 40 40 40 40
Uygulama 6ncesi Zayif 0 0 0 0 0 0 0 0 0
Ciiriiticler Guglu 0 0 0 0 0 0 0 0 0
Yok 40 40 40 40 40 40 40 40 40
Uygulama sonrasi Zayif 0 0 0 0 0 0 0 0 0
Guglu 0 0 0 0 0 0 0 0 0

Tablo 4 incelendiginde uygulama o6ncesinde Ogretmen adaylarinin blylk cogunlugunun zayif
argiiman kurabildikleri gorilirken, uygulama sonrasinda gigli argiimanlarin sayisindaki artisa ragmen
zayif argliman kurabilen katilimci sayisinin hala fazla oldugu goriilmektedir. Akil yliritme bileseni dikkate
alindiginda 6gretmen adaylarinin ¢ogunlugunun akil ylritmede basarisiz olduklari ancak uygulama
sonrasinda katilimcilarin yarisindan fazlasinin zayif akil yiritmeler yaptig belirlenmistir. Ogretmen
adaylarinin veri saglamada uygulama oOncesine gore cok fazla gelisim gosteremedikleri ancak veri
saglamada 6gretmen adaylarinin dértte birinin zayif veriler saglayabildigi belirlenmistir. Akil ylriitme ve
veri bilesenleri birlikte degerlendirildiginde, 6gretmen adaylarinin ¢ogunlugunun kanit saglamada
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basarisiz olduklari ancak uygulama sonrasinda katilimcilarin yarisindan fazlasinin zayif kanitlar
saglayabildigi belirlenmistir. Destekleyici saglama ve ¢lritme yapmada ise 6gretmen adaylarinin
higbirinin gelisim gostermedigi bulunmustur. Bu frekans verilerini desteklemek icin asagida her bir anket
sorusuna yonelik alintilar yapilarak uygulama 6ncesi ve sonrasi olarak ayri sutunlar altinda verilmistir.

Ogretmen adaylarina ADBD egitimi 6ncesinde ve sonrasinda uygulanan bilimin dogasi gérisler
anketine iliskin katihmcilarin verdikleri cevaplardan dikkat c¢eken alintilar Tablo 5’te verilmistir.
Ogretmen adaylarinin 6n uygulamada bilimi diger arastirma alanlarindan farkli kilan nedir sorusuna
yonelik bilimin daha ¢ok deneye ve gbzleme dayali olmasi, degisken olmasi gibi cevaplar verilmistir.
Katilimcilarin gogunlugu bilimin gelismesi icin deneylere gerek oldugunu diisinmektedir. Bu iddialarini
da bilimin kanitlanabilirligi, denenebilirligi, gelisimi ve degisimi icin deneylere ihtiya¢ duyulmasiyla
desteklemislerdir. Ogretmen adaylarinin biiyiik bir kismi bilimsel teorilerin zamanla degisecegini
diisinmektedir. Bu iddialarini da bilimsel bilginin zamanin getirdigi teknolojik gelisimler ile degismesiyle
desteklemislerdir. Bazi olaylari tam olarak agiklayamadigi icin zamanla degisebilecegini ifade etmislerdir.
Ogretmen adaylarinin biiyiik bir kismi teori ve yasa arasinda fark oldugunu ifade etmektedir. Ogretmen
adaylarn teorilerin kesin olmadigi kanunlarin ise kesin bir bilgi oldugunu bu ylzden kanunlarin
gritilemeyecegini teorilerin ise zamanla ciiriitiilecegini diisinmektedirler. Ogretmen adaylari atom
hakkinda bilim insanlarinin nasil 6zel bilgiler kullandiklari ve atomun yapisi hakkinda nasil bu kadar emin
olduklarina iliskin soruya ise zamanla gelistirilen teoriler ve modellerin sonucunda yapilan deneylerle bu
bilgileri dogrulayan kanitlar kullandiklarini ifade etmislerdir. Ogretmen adaylar bir tiiriin ne olduguyla
ilgili 6zellikler hakkinda nasil emin olduklariyla ilgili soruya ise canlinin genlerini, verdigi yavrulari ve
yaptiklari deneyleri 6rnek gostererek bilim insanlarinin bir tir hakkinda nasil emin olduklarini
desteklemeye calismislardir. Ogretmen adaylari bilim insanlarinin ayni sonuglara ve ayni verilere bakarak
farkh sonuglara nasil ulastigina iliskin soruya genellikle cevap verememisler ve cevap veren katilimcilar
ise bilim insanin yasadigi kiiltiirden, ¢alisma ortamindan etkilendigini ifade etmislerdir. Ogretmen
adaylarinin ¢ogunlugu bilimin evrensel olup olmadigiyla ilgili bilimin evrensel oldugunu iddia
etmektedirler. Bunun yaninda az da olsa bilimin toplumun ve kiltirin degerlerinden etkilendigini ifade
etmislerdir. Ogretmen adaylari bilimde hayal giicii ve yaraticiligin hemen hemen her asamada etkin rol
oynadigini iddia etmislerdir.

Ogretmen adaylari uygulama sonrasindaki cevaplarinda bilimi diger arastirma alanlarindan farkl kilan
ozelliklerin bilimin din ve felsefe gibi s6zel alanlardaki gibi direkt kabul etmek yerine, deney ve arastirma
yaptigini ifade etmistir. Ogretmen adaylari bilimin gelismesi, gecerli ve giivenilir bilgi elde edilmesi igin
bilimin deneye ihtiya¢ duydugunu ifade etmislerdir. Blyik ¢ogunlugu da bilimsel deneylerden ve
buluslardan érnekler vererek bilimsel bilginin olusmasinda deneyin 6nemini desteklemeye calismislardir.
Ogretmen adaylari bilimsel teorilerin zamanla degisebilecegine dair iddialarda bulunmustur. Ogretmen
adaylarinin bir kismi bilimsel yasa ve teori arasindaki fark ile ilgili olarak, uygulamadan 6nce oldugu gibi
hala aralarinda hiyerarsik bir iliski oldugunu ve yasanin degistirilemez oldugunu ifade etmektedirler.
Ancak uygulamadan 6nceki cevaplarina gore uygulama sonrasi cevaplarinda 6gretmen adaylarinin bir
kismi genellikle degistirilemeyecegini ve yeni kanitlar 1siginda degisebilecegini sdylemistir. Ogretmen
adaylari tahmin, hipotez, deney ve goézlem sonuglarina dayanarak emin olabildikleri iddiasinda
bulunmusglardir. Ogretmen adaylari bilim insanlarinin tiirler hakkinda arastirma yaparken tirleri
gozlemlediklerini, turlerin benzeyen 6zelliklerini kullandiklarini ve bunlara dayali ¢ikarimlar ile tirler
hakkinda emin olabildiklerini ifade etmislerdir. Ayrica tirlerin ciftlestiklerinde verimli dol verip
verememe &zelliklerini dikkate aldiklarini sdylemislerdir. Ogretmen adaylari bilim insanlarinin ayni
verileri kullanarak farkl sonuglara ulasma durumlarini bilim insanlarinin 6nbilgileri arasindaki farktan,
her bireyin farkli hayal giiciine sahip olmasiyla agiklamaya calismislardir. Ogretmen adaylarinin
cogunlugu bilimsel bilginin sosyal ve kiltirel degerlerden ve icinde bulundugu toplumun felsefi ve dini
degerlerinden etkilendigini ifade etmislerdir. Ayrica bilimin hayal glici ve yaraticiliktan etkilendigini ifade
etmislerdir. Bu iddialarini agirhkli olarak Einstein ve Newton gibi bilim insanlarinin buluslarini ve icatlarini
kullanarak orneklendirmeye calismislardir. Asagida Tablo 5’de cevaplari dikkat ¢eken ve anlasilir olan
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ogrencilerin uygulama 6ncesi ve sonrasi gorusleri verilmistir.

Tablo 5.

ADBD Grubu Ogrencilerinin Uygulama Oncesi ve Sonrasi Gériislerinden Alintilar

Bilimsel Girigim

Uygulama oncesi goriigler

EE: “Bilim, gozlem ve gozleme dayali akil ylritme
yoluyla diinyaya iliskin olaylari birbirine baglayan
yasalari bulma c¢abalaridir. Diger arastirmalardan
ayiran en buyik 6zelliklerden biri deneye ve gézleme
dayali olmasidir. Yani yaparak ve yasayarak edilen
bilgilerdir ve bilim strekli degisen bir kavramdir.”

FO: “Arastirma yaparak olaylarin neden sonug iliskisi
arastiran,  ¢oziimler  lreten, dogayr ¢evreyi
anlamamizi saglayan bilgilerin toplamidir. Bilimi farkh
yapan sey gozlem ve deneylerle bilginin
toplanmasidir.”

Uygulama sonrasi goriisler

H:  “Bilim, insanlarin  dogayi, cevrelerini
gozlemlemeleri sonucunda kabul goren diisiincelere
aykir bir bakis agisiyla yaklasimlari sonucu olugan
bir stregtir. Bir fizik bilimiyle, din bilimi farkhdir.
Fizik¢i bir olayr dogrudan kabul etmez. O konuda
deneyler ve arastirmalar yapar. Din biliminde
deneye tabii olmayacak bazi kesin yargilar vardir.”
S: “Bilim; merak ile olgularin arastirilmasi, insanlik
hayatini kolaylastirmak igin yapilan birgok konuyu
iceren bir daldir. Bu olgular arastirilirken gesitli
deney ve gozlemlerden yararlanilir. Bir fizik dalini
felsefe veya din dalindan farkl yapan sey deneylere
dayanmasidir.”

Deney ve Bilimdeki Anlami

EK: “Clinkl bilimsel bilginin gelismesi icin deneylere
ihtiyac vardir. Ornegin, Macellan Diinya’nin yuvarlak
oldugunu deneyerek kanitlamistir. Newton basina
elma dustiginde yeni bir dizi deney yaparak bu
disuncesini kanitlamistir.”

MU: “Deneylere ihtiyag vardir. Bilimsel arastirmalarin
gelisebilmesi igin deneyler yapilir. Deneyler olmazsa
kesin gorugsler olmaz. Ay’a gitmek mesela denemeden
bilinemez.”

C: “Bilimsel bilginin gelismesi icin deneylere ihtiyag
vardir. Clnku bilimsel bilgi olmasi igin gegerli ve
guvenilir bilgiler olmahdir. Gegerli ve guvenilir bilgiler
gozlemler vyoluyla kesin  bir sekilde elde
edemeyecegimiz icin deneylere ihtiyag vardir.”

EK: “Bilimsel bilginin gelismesi deneye ihtiyac duyar.
Clinki Newton elmanin dugusiinden sonra cismin
yere dismesini yiikseklikle ilgili olup olmadigini
arastirmis. Daha sonra baska bir bilim insani kilin
icerisine kursun topu farkli yiksekliklerden birakarak
bunu kanitlamigtir.”

Degisebilirlik

EE: “Evet bilimsel teoriler degisebilir. Clnki bilim
surekli degisen bir kavramdir. Teknoloji ilerledikce
insanlar daha ©nceden kabul edilen teorileri
incelediginde aslinda 6yle olmadigi fark edebilirler.
Boylelikle teoriler degisebilir.”

DK: “Teoriler yasalar gibi degistirilemez degildir.
Gegerliligi vardir ama tam olarak agiklayamadigi
durumlarda vardir. Kuantum teorisini 6grenmek igin
¢aba harcariz. Cunkl ulagilamayan daha ¢ok sey
vardir, madde o boyutta farkh  sekilde
davranmaktadir. Teoriler curutilebilir, gelistirilebilir
de.”

CK: “Bilim insanlari bilimsel bir teori gelistirdikten
sonra teorileri degisebilir. Gezegenlerin sayisi 7 iken
6 oldu. Buradaki teori degisti. Clink teorilerin ortaya
atildigi zaman yapilan gézlemler veya galismalar tam
olarak kesinlesmemis olabilir. Ama glnimuzdeki
bilim insanlari bunlari daha hassas araglarla yaparak
kanitlamis olabilirler.”

HY: “Bilimsel teori, baska gegerliligi ylksek kanitlarla
degistirilebilir. Evrim teorisi gegerliligi kanitlanmig
gibi goziikse de yapilan arastirmalarla degisebilir.
Ornegin, Dinya’nin yuvarlak bir tepsi gibi oldugu
teorisi degismistir.”

Teoriler ve Yasalar
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ZG: “Teori degisebilir fakat yasa kabul edilmistir.
Ornegin, Evrim teorisi siirekli degiskenlik gosterirken
Newton’un yergekimi kanunu kabul edilmistir.”

BP: “Bilimsel yasa kesin olarak ispatlanmig teorisi ise
heniiz kanitlanmamis bilimsel derlemedir. Ornegin
yver c¢ekim kanunu, Newton hareket kanunu, o6zel
gorelilik kurami ve evrim teorisi Ornek olarak
verilebilir.”

BP: “Evet vardir. Evrim teorisi kanitlanmamis ve hala
tartisma halinde olan bir konudur. Kepler yasasi ise
dinyanin hareketiyle ilgili kanitlanmis bir bilgi olup
herkes tarafindan kabul gérmustir.”

FO: “Her ikisi de degisebilir. Yasa degismez diye
bilinir. Fakat yeni bilgilerle bunlar degisebilir.
Newton’un birinci yasasi ve atom teorisi buna
ornektir.”

DK: “Evet fark vardir. Bilimsel bir yasa genellikle
degismez. Ornegin Newton’un hareket kanunlari her
zaman her kosulda kesindir. Bilimsel bir teori
gelistirilebildigi gibi curitilebilir. Ornegin, 151k hizini
gegen bir parcacigin bulundugu séylemiyiz.”
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DK: “Bilim insanlari atomun yapisi hakkinda karar
verirken bircok ¢alismalar yapmislardir ve bu
c¢alismalar hep bir asamali sekilde ilerlemistir.
Onceleri bos bir kiireye benzetilen atom Gziimlii kek
modeli glines sistemi modeline de benzetilmistir.
Yapilan her bir calisma atom hakkindaki bilimsel

HY: “Bilimsel olarak 6ne siirllen teorileri deneyler ve
gozlemler yaparak bilimsel bir yasaya getirmislerdir.
Tabii bu 6neri kendileri arasinda yaptiklari deneyler

soncunda olusmustur. Bu kadar emin
olabilmektedir. Proton ve nétronlarin merkezdeki bir
cekirdek bir c¢ekirdek ile etrafindan dolasan

gelismedigi icin bu farkhlklar olmaktadir. Kesin

sonuglar, kanitlar eskisi kadar iyi degildir.”

E bilginin gelismesine katkida bulunmustur. Maddelerin  elektronlarin olustugu bilgileri kullanmislardir.”
§ ozel durumlarinda yararlanilarak calismalar  TA: “Yaptiklari deneyler, varsayimlar, gozlemler,
< Yapimistir.” kurduklari hipotezler sayesinde emin
E Y: “Atomun vyapisi ile ilgili uzun yillar boyunca olabilmektedirler. Sonugta ellerinde somut bilgiler
E arastirmalar yapilmigtir. Atomun yapisi tahmin ile  vardir. Dogru veya vyanlis ispat etme sanslari
ortaya ¢ikmistir. En basta bilim adamlari elektronlarin ~ bulunmaktadir.”
hareketli olabileceklerini hayal ederek baslamis daha
sonra deneylerle bunu desteklemistir. Bilim adamlari
atomun seklini proton, notron ve elektronlarin
yuklerinden dolayi bulmuslardir. Bu taneciklerin
hareketlerinden yola ¢ikmislardir.”
DK: “Bilim insanlari bu konuda go6zlemler yapip YY: “Bunu hayvanlari ¢iftlestirerek 6grenmis
ciftlesen grubun verimli dol verdigini diger grubun ise  olabilirler. ClinkQ tirler kendi aralarinda verimli dol
vermedigini  gormuglerdir.  Yapilan  g¢alismalar  aligverisi yapabilirler. At ve esek birbirinden ayri
sonucunda ¢ikan durumlara goére yorumlamiglardir.  tirlerdir ve ciftlestiklerinde dogan canh katirdir.
§ Karar verirken canlinin yapisini, genlerini ve verdigi  Katir kisir bir hayvandir. Burada verimli dol alisverisi
a‘:_“ dollerden yararlanmislardir.” olmamistir. Bilim adamlari mantik ve bir dizi
'ﬁ: CS: “Deneyler yapmislardir. Ornegin, esek ile ata ayni  deneyler tiir kavramini agiklamistir.”
E tir kabul ederek cgiftlestiklerinde meydana gelen  BK: “Verimli dolleri hangi tlrlerin verdigi birgok
% yavru verimsiz oldugunu gozlemleriz. Bilim adamlari  deneyle 06grenilmeye c¢alsilmistir ve bu sekilde
8 da varsayimlardan denemelerden yola gikiyor.” birbirine benzer organizmalarin ancak kendi
turleriyle verimli dél verecekleri anlasiimistir. Batin
organizmalarin gen haritalarina bakilarak ozellikleri
ortaya cikarilabilir ve hangi tiriin hangi tiirle verimli
dol verdigi sonucuna varilabilir.”
AE: “Bilim insanlarinin farkh teorileri oldugunu YY: “Ozellikle herkesin tahmini ve hayal giici
sdyleyebiliriz. Hipotezlerin ayni verilere ulasip farkli  birbirinden farkhidir. iki grupta da farkli &ngoriiler
sonuglarin olusmasi bu bilim adamlarinin yasadiklari  mevcuttur. iki hipotez de dinozorlarin Diinya’dan
yer, kiltiir, calisma ortami, diisiince tarzinda bagh  nasil yok oldugunu ifade etmektedir.”
+ olabilir.” TA: “Yorumlamalardan dolayr farkhliklar olusur.
% SA: “Clnkd herkesin disindigiu elde etmek igin  Sonugta bu fikirleri ortaya atan bilim insanlarinin
6‘5 ugrastigi fikir farkhdir ve kesin eskiden bilim bu kadar  duslince ve yorumlama yetenekleri birbirlerinden

farkhdir. Yine bulunduklari ortam ve sartlarda bunda
etkilidir. Kimisi fikrini rahat bir ortamda ortaya
atabilirken kimisi ise belirli otoriteye baglh olarak
kalmak zorunda kaldigi igin (orta ¢ag zamanindaki
bilim) bu tarz dislinceler ortaya atabilir.”
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Sosyal ve kiiltiirel degerlerin etkisi

Yaraticilik/Hayal giicii

SB: “Aslinda her ikisi de yansitiyor. Yani sosyal ve
kaltirel degerleri de vyansitiyor. Dolayisiyla bilim
insanin kiltlrini sosyal yapisini da kendine gore

A: “Bilim, sosyal ve kdltlirel c¢evreden etkilenir.
Clnku karanlik ¢ag Avrupa’da bilimsel galismalar ile
o zamandaki islamiyet’in oldugu yerlerde bilimin

sekillendirilebilir. Bilim evrensel olmalidir. Tamamen  etkileri  birbirinden farklidir. Karanhk Cagda
sosyokiiltiirel yapiya baglanmakta dogru degildir. Her  Avrupa’da bilim adina gelismeler olmazken Arap ve
toplumun kultiirG sosyal yapisi farkl olabilir. Ama  Turk asilli  bilim adamlari  bilim  alaninda
bilim konusunda herkes ayni yerde birlesebilir. Ciinkii  gelismislerdir.  Ayrica kilise baskisi da bilimi
bilim kanitlara ve gercgeklere dayahdir.” etkilemistir.”

BP: “Sosyal ve kiltirel degerlerden etkilenir. Bilim
1Isiginda uzak kesimlerde bilim hurafeden baska bir
ugras olmadigl gorist  hakimdir. Bu ise bilimin
kabullenilmesinin yerinde gelismesini engeller.”

AY: “Evet bilim insanlari hayal gilicu ve yaraticiliklarini
her asamada kullanirlar. Bilim insanlar etrafindaki
cisimleri merak eden arastirmaya karar verir. Bunun
lizerine yaratici dlstnerek deneyi tasarlar. Buna
uygun olarak verileri toplayarak deneyi
gerceklestirirler. ClnklU hayal glci olmasa nasil bir
yol ile merakini gidereceklerini bilmezler. Yapilan
deneylerin temelinde yaraticilik vardir.”

CS: “Bilim insani merakhdir. Hayal eder. Evet, hayal
gict ve vyaraticiklarini kullaniyor. Mesela glnesi
gérmeden yapisini hayal etmiglerdir. Haya guglerini
planlama asamasinda daha ¢ok kullanirlar.”

S: “Bilim fen ve biyoloji tip alaninda sosyal ve
kiltirel olanlari yansitmaz. Clinki sosyal ve kdlturel
ortami farkh iki yerde deney yapildiginda ikisi de
ayni sonucu verir. Fakat felsefe din alanindan
etkilenmektedir. Bilim evrenseldir. Herkes
tarafindan ayni yargilar kabul edilmektedir.”

YA: “Evet, bilim insanlari hipotez kurma ve butiin
asamalarda hayal giict ve yaraticiliklarini kullanirlar.
Yaraticiliklari ile problem ¢6zmeye yarayan deneyler
tasarlar. Einstein, kendini bir 1sik demetine binerse
ne hizla gidecegini hayal etmeseydi isik hizini
bulamazdi.”

SB: “Evet hayal guglerini kullanmak zorundadirlar.
Clnkl biz gelecegi 6grenmek icin gecmise bakip
gelecegi hayal etmemiz lazim. Ornegin, Einstein
sunu diyor “mantik bizi A’dan B’ye gotirir, hayaller
bizi her yere gotirir” 1s1gin hangi tirden oldugunu
anlamak igin 15181n nasil bir yapiya sahip oldugunu

hayal etmek gerekir.”

Sonug, Tartisma ve Oneriler

Arglimantasyon fen siniflarindaki séylemlerin analiz ve yorumlanmasinin etkili bir yolu olarak
gorulmektedir. Derslerde bilimsel argimantasyonun kullanilmasi 6grencilerin ve 6gretmenlerin bilimsel
bilgi iddialarini degerlendirmesi ve olusturmasina yardimci olur (Duschl, 2007). Benzer sekilde bu
calismada 6gretmen adaylarinin bilimin dogasina yonelik gorislerini ifade ettikleri yazili arglimanlarini
nasil olusturduklari ve aldiklari farkli bilimin dogasi 6gretimlerinin kavramsal anlamalarina nasil yansidigl
incelenmistir. Ogretmen adaylarinin bilimin dogasina iliskin gérislerini ifade etmek icin olusturduklari
yazii argimanlar Tirkce arglimantasyon modeli (Aktamis & Higde, 2015) temel alinarak
degerlendirilmistir. Clinkii deney grubundaki 6gretmen adaylari ders siirecinde bu model temel alinarak
bilimin dogasina iliskin argiimantasyon destekli agik duslindirict bilimin dogasi 0Ogretimine
katilmiglardir.

Ogretmen adaylarinin bilimin dogasina yonelik gorislerini ifade ettikleri yazili argiimanlari iddia,
kanit (veri ve akil yiiriitme), destekleyici ve ciriitiici bilesenleri bakimindan incelenmistir. Ogretmen
adaylarinin uygulama oncesinde bilimin dogasina yonelik yazili arglimanlarinin zayif oldugu ancak
uygulama sonrasinda glicli argiman kurma becerisi gelisen bircok 0Ogretmen adayr oldugu
gorilmektedir. Bu sonucun yalnizca 6gretmen adaylarinin arglimantasyon destekli bir 6gretime katilarak
glcli argiimantasyon kurmayi 6grenmeleriyle degil bilimin dogasi hakkindaki epistemolojik bilgilerinin
gelismesiyle iliskili oldugu birgok arastirmaci tarafindan ifade edilmistir (Bell & Lederman, 2003;
Sandoval, 2003; McDonald, 2010).

ADADBD egitimi alan 6gretmen adaylarinin uygulama 6ncesinde iddialari icin kanit saglayamadiklari
ama uygulama sonrasinda katilimcilarin yarisindan fazlasinin gii¢lii kanitlar olusturabildigi, sadece az
sayida katilmcinin kanit saglayamadigi gorilmektedir. ADBD etkinliklerine katilan katilimcilarin ise
genellikle zayif kanitlar saglayabildikleri gorilmektedir.

Ogretmen adaylarinin akil yiiritme becerilerini kullanarak uygun verileri kanit olarak sunmada
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aldiklari agik distndiriici argimantasyon destekli ve sadece agik dislindiriici bilimin dogasi
Ogretiminin etkili oldugu gorilmustiir. Argimantasyon destekli egitim alan gruptaki katilimcilarin gugli
kanitlar saglarken diger gruptakilerin zayif kanitlar sunmus olmasi argiimantasyon destekli egitim
alanlarin agik dustindirtct yaklasimdan ve bilim tarihi iceren 6rneklerden etkilenmis olabilecegi
soylenebilir. Clnki argiimantasyon destekli egitim alan gruptakilerin daha fazla ve bilim tarihine
dayanan cesitli kanitlar saglayabildigi ve kanitlarini zenginlestirdigi goriilmektedir. Ek olarak agik
distndirtci yaklasimin uygulanmasi ve bilimin tarihi ile ilgili konularda bilimin gelisiminin nasil
oldugunun tarihteki bilimsel olaylarla birlikte ele alinmasinin kanit kullanmay: gelistirdigi ancak kullanilan
kanitlarin istenen seviyede olmadigi gorlilmektedir. Buna paralel olarak McDonald (2010) yaptig
¢alismada o6gretmen adaylarinin agik dusiundiricu bilim dogasi ve argliimantasyon 0Ogretiminin
sonucunda uygun verileri kullanarak kanit saglayabildiklerini ortaya ¢ikarmistir.

Argiimantasyon destekli egitim alanlarin sadece acik disiindirici bilimin dogasi dersi alanlara gore
daha fazla gicli veri saglayabildikleri ve agik dustndirici bilimin dogasi egitimi alanlarin ¢ok azinin
gelisim gostererek zayif veri saglayabildigi gorilmektedir. Argiimantasyon destekli gruptakilerin glicli
veriler sunmadaki gelisimleri bilim tarihindeki ornekleri ve deneysel verileri uygun sekilde kendi
iddialarini desteklemek igin kullanabilmeleriyle agiklanabilmektedir. Bilimin dogasina yonelik veri
saglayabilmeleri uygulamada katildiklari argiimantasyon destekli etkinliklerde bilim tarihinden ve
bilimsel bilginin olusumuyla ilgili 6rnekler hakkinda bilgilerinin gelismesi ile bagdastirilabilir (Sandoval,
2003). Ayrica 6gretmen adaylarinin sagladiklari verilerin ¢ogunda katildiklari uygulamada 6grendikleri
ornekleri kullanmalari gosterilebilir (Khishfe, 2014).

Destekleyici saglamada arglimantasyon destekli egitim alan 6gretmen adaylarinin ¢ok az gelisim
gosterirken ADBD alan katilimcilar higbir gelisim gosterememistir. Clrltict olusturmada da her iki
gruptakilerin higbir gelisim gosteremedikleri gorilmustir. Bunun sebebi olarak 6gretmen adaylarinin
argimantasyon destekli bir derse ilk kez katilmalari, yazili argimantasyonda ciritlici saglamanin zor
olmasi, 6grencilerin argimantasyon hakkindaki 6n 6grenmelerinin olmayisi, destekleyici ve ¢liriitlict
saglayacak kadar bilimin dogasina yonelik bilgilerinin gelismis olmamasi olabilir (Kelly ve dig., 2008). Ek
olarak 6gretmenlerin fen siniflarinda argiimantasyon uygulama deneyimlerinin eksikligi ve pedagojik
olarak arglimantasyon uygulama becerilerinin eksikligi olarak gérilmektedir (Driver, Newton & Osborne,
2000). Alan yazina bakildiginda bircok ¢alismada 6gretmen adaylari ve 6grencilerin bilimsel konulara
farkh acilardan ve coklu bakis agisiyla bakmalarinin gerekliligine vurgu yapilmistir (Yang & Anderson,
2003). Ancak yapilan ¢alismalarin sonuglari bu galisma sonuglariyla tutarli sekilde 6gretmen adayi ve
ogrencilerin bilimsel konulari farkli agilardan degerlendirmedeki eksikliklerinden dolay ileri seviyede
argiman kuramadiklari ve akil yliritme yapamadiklarini géstermektedir (Demircioglu & Ugar, 2014). Bu
calismanin bulgular 1siginda fen bilgisi 6gretmen adaylarinin ADADBD 6gretimi almalarinin bilimin
dogasina yonelik yazili arglimanlarini Ust derece olmasa da orta seviyede gelistirdigi gorilmektedir.
Benzer sekilde okullarda argimantasyon kalitesinin artirilmasina yonelik yapilan iki buguk yillik proje
calismasinda 6gretmenlerin orta diizeyde argiimantasyon gelistirebildikleri gérilmustir (Erduran, Simon
& Osborne, 2004). Bu proje galismasinin siiresi ile ADADBD calismasinin sireleri karsilastirildiginda
O0gretmen adaylariyla yapilan ADADBD 6gretiminin Ug¢ ay gibi kisa bir siire iginde gerceklesmis olmasi
dnemli bir kisitlama olarak goriilebilir. Ogretmen adaylarinin {ist derecede vyani gelistirdikleri
arglimanlara daha fazla destekleyici saglayabilmeleri ve ¢lritme bilesenlerini de kullanabilmeleri igin
bilime yonelik kavramsal ve epistemik bakis agilarini gelistiren, bilimin dogasina yonelik Ust bilissel
farkindaliklarini artiran etkinliklere katilmalari dnerilmektedir. Ogretmen adaylarina bilimin dogasina
yonelik direkt sorular yerine arglimantasyon bilesenlerini ayirt edebilecekleri ve nasil bu bilesenleri
kullanabileceklerini 6rnekleyen hazir bilesenlerin (iddia, veri, kanit, destekleyici ve c¢iritme) verildigi
etkinlikler uygulanarak arglimantasyonda bilimin dogasina yonelik gorislerini gerekcelendirmelerine
yardimci olunabilir. Ogretmen adaylariyla yapilan bu galisma ortaokul ve lise seviyesindeki dgrenciler ile
de test edilebilir. Bu ¢alisma bilimin dogasi ve arglimantasyonun bir arada calisildigi ¢alismalar igin
deneysel bir destek saglarken, gercekten 6gretmen adaylarinin kendi siniflarinda bilimin dogasi ve
argiimantasyonu nasil uyguladiklarina yonelik calismalarin yapilmasi dnerilmektedir.
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