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Article Info Abstract

In this study that was conducted to determine science teachers’ and pre-service

DOI: 10.14812/cuefd. 273857 science teachers’ epistemological beliefs and opinions about the nature of science, the

study group constituted of 236 pre-service science teachers and 61 science teachers
working in secondary schools. In this study conducted with mixed research pattern, as
data collection tools, “ScientificEpistemological Beliefs Survey” and “Perspectives on
Scientific Epistemology Scale” were used. As a result of the research, according to
findings obtained from “Scientific Epistemological Beliefs Survey,” it was concluded
that science teachers and pre-service science teachers have a traditional
understanding of science and there was not significant differences between scientific
epistemological beliefs among science teachers and pre-service science teachers.
According to the findings obtained from “Perspectives on Scientific Epistemology
Scale,” it has been revealed that both groups have traditional understanding of science
based on positivist paradigm especially towards “source of scientific knowledge,
scientific theories and laws”, and non-traditional (contemporary) scientific
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Fen Bilimleri Ogretmenleri ve Fen Bilgisi Ogretmen Adaylarinin Bilimsel
Epistemolojik inanglari ve Bilimin Dogasi Hakkindaki Goriisleri

Makale Bilgisi 0z

Fen bilimleri O6gretmenlerinin ve fen bilgisi 6gretmen adaylarinin epistemolojik

DOI: 10.14812/cuefd.273857 inanglari ve bilimin dogasina dair goruslerini belirlemek igin yapilan bu arastirmanin

galisma grubunu, 236 fen bilgisi 6gretmen adayi ve ortaokullarda gérev yapan, 61 fen
bilimleri 6gretmeni olusturmaktadir. Karma arastirma deseniyle yapilan bu arastirmada
veri toplama araci olarak, “BilimselEpistemolojik inanglar Olgegi” ve “Bilimsel
Epistemoloji Uzerine Gériisler Anketi” kullanilmistir. Arastirma sonucunda, “Bilimsel
Epistemolojik inan¢ Olcegi” nden elde edilen bulgulara gére fen bilimleri

O6gretmenlerinin ve 6gretmen adaylarinin geleneksel bilim anlayigina sahip olduklari ve
fen bilimleri 6gretmenleri ile fen bilgisi 6gretmen adaylarinin bilimsel epistemolojik
inanglari arasinda anlamh bir farkin olmadigi sonucuna ulasilmigtir. “Bilimsel
Epistemoloji Uzerine Goriisler Anketi” nden elde edilen bulgulara gére ise, her iki
grubun da “bilimsel bilginin kaynagi, bilimsel teoriler ve kanunlar” 6zelliklerine yonelik
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pozitivist paradigmaya dayanan geleneksel bilim anlayisina, “bilimsel bilginin
degisebilirligi, bilimsel bilginin dogasinin deney ve gozlemlerden elde edilen kanitlara
dayali olmasi, gézlemler, gikarimlar ve bilimde teorik basliklar, bilimsel bilginin yaratici
dogasi, 6znellik ve bilimsel bilginin sosyal ve kiiltirel yapisi” 6zelliklerine yonelik ise,
post-pozitivist paradigmaya dayanan geleneksel olmayan (¢agdas) bilim anlayisina
sahip olduklari tespit edilmistir.

Introduction

Epistemology can be expressed as a field of philosophy that criticizes the problems related to
knowledge, that examines where the information comes from, its structure, origin, criteria, validity and
limitations (Hangerlioglu, 1996; Yazici, 1999; Clicen, 2001; Deryakulu, 2006; Cevizci, 2010).
Epistemology, which is one of the basic structures of philosophy, analyzes the nature of human
knowledge, scope of knowledge, its origins, limitations, conceptual components, accuracy and validity in
all respects. Epistemology includes research fields that can be associated with three basic questions.
These questions include; “What are the limits of human knowledge?", “What are the resources of
human knowledge?” and “What is the nature of human knowledge?” (Muis, Bendixen & Haerle, 2006).
Belief, on the other hand, are individuals’ acceptances that constitute their perceptions, interpretation
and attitudes towards these interpretations (Deryakulu, 2006). According to Hofer and Pintrich (1997),
behind all precise judgments and exhibited behaviors lie individuals’ beliefs. Individuals’ beliefs about
knowledge, knowing and learning are called epistemological beliefs (Schommer, 1990; Deryakulu &
Buyukozturk, 2005). Scientific epistemological belief, on the other hand, covers individuals’ beliefs about
what science and scientific knowledge are, how are they produced and shared, and how should they be
taught (Deryakulu & Bikmaz, 2003).

There are two important paradigms about the formation of scientific knowledge. According to
positivist paradigm, scientific experience is quite important in the formation of scientific knowledge,
only knowledge that is observed through observed and controlled experimental studies is reliable (Ekiz,
2009) and scientific knowledge is single and absolute truths (Ozden, 2003). However, science is not the
outcome of neither pure reason nor pure observation (Yildirnm, 2014). According to post-positivist
paradigm, scientific knowledge is the knowledge that is not only based on experiment, observation and
used method, but also based on conditions of the society and age in which science is done, and scientific
truths and judgments are not absolute (Ozden, 2003). Contemporary conception of scientific
epistemological beliefs has shifted from traditional scientific understanding based on positivist paradigm
towards non-traditional conception of science based on post-positivist paradigm and based on the fact
that scholars are under the effect of culture and society they live in, and individual beliefs and values,
imagination and instincts (Pomeroy, 1993).

In particular, in studies conducted towards science education, it is seen that concepts such as
epistemological beliefs, epistemological opinions and scientific knowledge are used in the same sense
(Coban & Ergin, 2008). In addition to these terms, the nature of science is used for the same purpose. In
the study conducted by Coban and Ergin (2008), it can be seen that while the characteristic of scientific
knowledge is discussed, characteristics in questions are of the nature of science. The same study of
scientific knowledge, "the nature of scientific knowledge, the data source, the value, the accuracy limits
of debate" that supports this thesis. In this study, epistemological beliefs, scientific knowledge and
nature of science are used in the same sense.

Although Khishfe and Abd-El Khalick (2002) indicate that the nature of science cannot be defined
completely due to complex, dynamic and multiple structure of science, Lederman (2007; cited by Akgiin,
2015) defines the nature of science as the whole of beliefs and values that reflect epistemology of
science and that are included in the way of knowledge creation and production of knowledge. Features
of nature of science (scientific knowledge) can be grouped under the following topics (Dogan, Cakiroglu,
Bilican & Cavus, 2009).

v" Changeable nature of scientific knowledge
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v" Nature of scientific knowledge based on evidence obtained from experiment and
observations

Subjectivity

Creative nature of scientific knowledge

Social and cultural structure of scientific knowledge

Observations, inferences and theoretical titles in science

Scientific theories and laws

ASANENE NN

The subject of how individuals consider the nature of science draws the attention of educational
researchers day by day. There are several studies finding out that, due to individualistic differences,
individuals tend to have different perspectives towards events and facts and each individual has their
peculiar epistemology (Evcim, 2010) and these beliefs have significant effects on learning (Hofer, 2001;
Ongen, 2003; Deryakulu & Biyiikéztiirk, 2005; Deryakulu, 2006; Eroglu & Giiven 2006). For example,
Deryakulu (2004) concluded that, during the process of learning, students with developed
epistemological beliefs are more successful academically based on their increased usage of qualified
learning strategies when compared to students with underdeveloped epistemological beliefs. While
Yilmaz and Delice (2007) suggest that, despite having enough knowledge in problem solving, pre-service
teachers’ beliefs negatively affect their achievement, Izgar and Dilmag (2008) and Giirol, Altunbas and
Karaaslan (2010) suggest that teachers with high level of self-perception also have higher level of
epistemological beliefs. Schommer and Walker (1997), in their study in which they analyzed the
relationship between university students’ attitudes towards school and their epistemological beliefs,
conclude that students, who strongly believe that learning skill comes from birth and it is an irrevocable
skill, tend to care for school less and believe in the value of education less when compared to students,
who believe that learning skill can be improved.Chan (2002) has concluded in a study conducted with
pre-service teachers in Hong Kong, Institute of Education, that pre-service teachers believing that
learning depends of effort and process adopt thorough learning approach for meaning learning, on the
other hand, pre-service teachers believing that knowledge should be provided by an authority or an
expert adopt superficial learning approach. In addition, scientific epistemological beliefs have a decisive
effect on people’s preferred teaching-learning approaches, learning strategies, perception and
interpretation methods of knowledge and experiences (Deryakulu & Barge, 2003).

Educating scientific literate individuals is placed in the center of education programs in many
countries (Lederman, 1992; Abd-El-Khalick, 2001; Dogan, 2010; MEB, 2013; Akgiin, 2015). In the most
broader terms, a scientific literate person should be able to develop an understanding towards the
complex relationship between concepts, theories, principles, scientific processes and science,
technology and society, and more importantly towards the nature of science (Abd-El-Khalick &
Boulaoude, 1997). It has become important in terms of functionality of education programs to
determine opinions towards the nature of scientific knowledge (scientific epistemological beliefs)
among teachers who will educate the target population, namely students who are expected to become
scientific literate people. When the related literature is reviewed, it has been revealed that there are
many studies on epistemological beliefs among pre-service teachers (Ongen, 2003; Deryakulu &
Blylikozturk, 2005; Terzi, 2005; Eroglu & Giiven, 2006; Yilmaz & Delice, 2007; Ayaz, 2009; Meral &
Colak, 2009; Oztiirk, 2009; Oztirrk, 2011), but there are less number of studies on teachers’
epistemological beliefs (lzgar & Dilmag, 2008; Ayvaci & Nas, 2010; Akcay, 2011). In this regard, the
research sample was determined as pre-service science teachers and science teachers. In this study that
was conducted to determine science teachers’ and pre-service science teachers’ scientific
epistemological beliefs and their opinions on the nature of science, answers to the following questions
were searched:

1. What is the level of scientific epistemological beliefs among pre-service science teachers?

2. What is the level of scientific epistemological beliefs among science teachers?

3. Are there any significant differences between science teachers’ scientific epistemological
beliefs and those of pre-service science teachers?
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4. What are the opinions of science teachers and pre-service science teachers on the nature of
science?

Method

This study was based on mixed research pattern. Mixed research method is the research pattern in
which quantitative and qualitative data or techniques are combined (Christensen, Johnson & Turner,
2015). The current study, therefore, is a mixed study in terms of containing qualitative and quantitative
data. In the study, quantitative data was collected through scanning model, and qualitative data was
collected through phenomenological analysis. In the study, some measures, valid for mixed studies,
were taken to ensure validity and reliability. The first one among these measures was the weakness
minimization validity that was based on researcher’s use of another method to cover up weakness of a
method (Christensen, Johnson & Turner, 2015). In-depth knowledge, which was the lack of quantitative
data, was obtained through quantitative ways. The second one was the multiple validity that was based
on the comparison of specific validities within appropriate quantitative, qualitative and mixed methods
(Christensen, Johnson & Turner, 2015). Another measure taken for qualitative data was triangulation.
Triangulation can be in three forms including data sources, method and researcher triangulation
(Patton, 2014). In this study, data sources, researcher triangulation and method triangulation were
used. As for data source, science teachers and pre-service science teachers were selected. To ensure
diversity among participants, teachers were selected from both schools located in city center and from
central districts, on the other hand, pre-service science teachers were selected from 1st, 2nd, 3rd and
4th grades of science teaching program. For method diversity, scanning and phenomenology patterns
were used. In terms of researcher diversity, the study was conducted by two researchers. Thus, the aim
was to avoid researches’ subjective judgments as much as possible.

Participantsand Data Collection Procedure

Study group of the research consists of 61 science teachers working in secondary schools in Burdur
city center and its districts and 236 pre-service science teachers attending the 1st, 2nd, 3rd and 4th
grades of Science Teaching Program in the Faculty of Educational Sciences as of 2013-2014 academic
year and all selected through the stratified purposive sampling method. According to Bliylikéztirk,
Cakmak, Akgtin, Karadeniz and Demirel (2009:91), “Differing from stratified sampling with its feature of
not considering randomness in unit selection, the stratified purposeful sampling is also known as quota
sampling in the literature.” The reason for selecting this sampling method for pre-service teachers was
that it was considered more appropriate to include pre-service teachers from all grade levels in the
sample. All these two groups were applied with “ScientificEpistemological Beliefs Survey” in which
guantitative data was collected.“Perpectives on Scientific Epistemology Scale,” in which qualitative data
was collected, was applied to 85 pre-service science teachers and 40 science teachers selected randomly
from the study sample, but 28 of the pre-service science teachers and 10 of the science teachers were
excluded from the study since they could not fill in scales completely. In the final situation, the
qualitative data was collected from 57 pre-service science teachers and 30 science teachers.

Instruments

Scientific Epistemological Beliefs Survey. ScientificEpistemological Beliefs Survey was developed by
Pomeroy (1993). This scale is composed of 50 items under three subdimensions in English in its original
form. Translated into Turkish by Deryakulu and Bikmaz (2003), the scale consists of 30 items in total
including 22 positive items reflecting traditional conception of science and 8 negative items reflecting
non-traditional conception of science as a result of validity and reliability analyses. Alpha internal
consistency coefficient calculated for the original form of the scale translated into Turkish is .91
(Deryakulu and Bikmaz, 2003). The scale has a five point Likert-type ranging from (1) | Strongly Agree to
(5) I Strongly Disagree. The lowest score that can be obtained from the scale is 1, and the highest score
is 5. High score (>2.5) obtained from the scale indicates strong belief in traditional understanding of
science, and low score (< 2.5) indicates non-traditional (contemporary) understanding of science.
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Perpectives on Scientific Epistemology Scale. Opinions on Scientific Epistemology Scale was
developed by Abd-El-Khalick (2002). This survey consists of 10 open-ended questions. The survey was
adapted by Dogan (2010), and reviews by two experts were taken for content validity. From the scale,
consisting of 10 questions in its original form, 8 questions were used for this study. Questions cover the
following features of the nature of science;

e Changeable nature of scientific knowledge

e Nature of scientific knowledge is based on evidence and observation.

e  Subjectivity

e Creative nature of scientific information

e Social and cultural structure of scientific knowledge

e Scientific theories and laws

e Observations, inferences and theoretical titles in science (evidence and data).

Data Analysis

For analyses of scientific epistemological belief scale that constituted quantitative data of the
research, single factor analysis of variance (One-Way ANOVA) was applied for descriptive analysis and
unrelated samples by considering normal distribution of scores by pre-service teachers and teachers.
For the analysis of scores obtained from “Scientific Epistemological Beliefs Survey” that constituted
guantitative data of the research, total scores obtained from all items in the scale were used. Cronbach
Alpha reliability coefficient of the scale, in which quantitative data was obtained, was calculated as .91
for this study. Qualitative data of the research was collected from participants’ answers to “Perspectives
on Scientific Epistemology Scale”. Qualitative data was analyzed using the content analysis, one of the
qualitative analysis methods. In the content analysis, data is subjected to an in-depth examination,
similar data was combined around certain themes and concepts (Yildinm & Simsek, 2008). In this
context, surveys read repeatedly by researchers were subjected to content analysis, similar data were
encoded, and themes that would express these codes were established. To ensure reliability and
consistency in analysis of the data in the research, the same data set was encoded by both researchers,
and consistency between encoders was considered. Consistency was calculated using “Consensus
(Consensus+Dissidence)x100” formula (Miles & Huberman, 1994). As a result of this calculation, 0.87
percent consistency was determined among analysis results obtained by researchers. Besides, direct
quotes were used for external validity in data.

Results
Findings related to the First Sub-Problem

Results of descriptive analysis towards pre-service science teachers’ scores obtained from “Scientific
Epistemological Belief Survey” are presented in Table 1.

Table 1.
Results of Descriptive Analysis towards Pre-service Science Teachers’ Scientific Epistemological Beliefs
Scores

Variable N Min Max = SD
Scientific

Epistemological 236 2.97 3.93 3.48 197
Beliefs

As can be seen in Table 1, it can be said that, based on pre-service science teachers’ higher average
score (X = 3.48, SD =.197) from Scientific Epistemological Beliefs Survey, pre-service science teachers
have a traditional understanding of science.
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Findings related to the Second Sub-Problem

Results of descriptive analysis conducted to determine science teachers’ levels of scientific
epistemological beliefs are presented in Table 2.

Table 2.

Results of Descriptive Analysis towards Science Teachers’ Scientific Epistemological Beliefs Scores
Variable N Min Max = SD
Scientific

Epistemological 61 2.83 4.00 3.50 22
Beliefs

Analyzing the Table 2, it can be said that, based on higher average scores (X = 3.50, SD =.22) from
Scientific Epistemological Beliefs Survey, science teachers have a traditional understanding of science.

Findings related to the Third Sub-Problem

Results of One-Way ANOVA conducted to analyze the difference between levels of scientific
epistemological beliefs among science teachers and pre-service science teachers are presented in Table
3.

Table 3.
Results of One-Way ANOVA Test towards Science Teachers and Pre-service Science Teachers’ Scientific
Epistemological Beliefs

Source of Variance Sum of df Mean Square F P
Squares

Between Groups .024 1 .024 .594 442"

Within Groups (error)  12.089 295 .041

Total 12.114 296

"p>.05

As can be seen in Table 3, as a result of the variance analysis applied, no significant differences were
found (F1,05=0.594; p >.05) between science teachers’ scientific epistemological beliefs scores (X=3.47,
SD=.19) and pre-service science teachers’ scientific epistemological beliefs scores (X=3.50, SD=.22).

Findings related to the Fourth Sub-Problem
Findings are given in the forms of headlines associated with features of the nature of science.

Source of Scientific Knowledge. Findings obtained as a result of the analysis of data that was
obtained from opinions of the participants on the source of scientific knowledge are given in Table 4.

Table 4.
Findings related to the Theme “The Source of Scientific Knowledge”
Sub-Themes Pre-service Teachers Teachers

f % f %
Just experiment and 19 33.92 8 28.57
observation
Accidentally 13 23.21 3 10.71
Scientific method 6 10.71 6 21.42
Research and analysis 6 10.71 0 0
Curiosity 4 7.14 3 10.71
Based on needs 3 5.35 4 14.28
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Trial and error 3 5.35 0 0
Thinking 2 3.57 2 7.14
Technology 0 0 2 7

According to Table 4, it is observed that opinions of both pre-service teachers and teachers
concentrate on “only experiment and observation”. While experiment and observation, one of the pre-
service teachers’ opinions, is followed respectively by accidentally, scientific method, research and
analysis, curiosity, needs and trial-and-error; teachers’ opinions are also accumulated around similar
themes. It attracts attention that mostly “scientific method” opinion is common only after experiment
and observation, and teachers mentioned about the theme of “technology” that pre-service teachers
never mentioned. Besides, vast majority of teachers and pre-service teachers, who mentioned that
experiment was used is the production of scientific knowledge, answered the question of “will you use a
miraculous liquid that will grow your flower faster without using scientific ways?” by saying “they will
not try something like this”. According to these findings, it can be said that science teachers and pre-
service science teachers have a traditional understanding of science with regard to “source of scientific
knowledge.” Direct quotation example regarding this theme is given below.

“This miraculous liquid was tested with controlled experiments before their shipment to market
shelves. Therefore, there is no need for me to try. Already, it’s going to work”... (PST-41 [Traditional
understanding of science].

Changeability of Scientific Knowledge. Findings related to science teachers’ and pre-service science
teachers’ opinions on the feature of the nature of science, “changeability of scientific knowledge” can
be seen in Table 5.

Table 5.
Findings Related to the Theme “Changeability of Scientific Knowledge”
Sub-Themes Pre-service Teachers Teachers

f % f %
Changes with technological developments 17 32.69 8 28.57
Varies with the progress of science 12 23.07 7 25
Changes with research and experiment 7 13.46 2 7.14
Changes with new thinking and 6 11.53 4 14.28

interpretations

Theories vary 4 7.69 5 17.85
Law do not change 3 5.76 0 0
Information does not change 2 3.84 0 0
Changes with the requirements of the age 1 1.92 2 7.14

Analyzing the Table 5, it can be seen that, while a few opinions by pre-service teachers are towards
irrevocable feature of laws and knowledge, vast majority of opinions by pre-service teachers and all
opinions by teachers are towards that the fact that scientific knowledge can be changed with the
developments in science, technological developments, theories, new thinking and interpretations,
research and experiments or based on requirements of the age. Accordingly, it can be said that pre-
service teachers and science teachers have non-traditional conception of science with regard to features
of the nature of science “changeability of scientific knowledge”. Direct quotation examples regarding
this theme are given below.

... “Science and knowledge are not static, knowledge also varies with research and technological
developments...” (ST-29 [Non-traditional conception of science])

. “Scientific knowledge may change in accordance with newly produced ideas and hypotheses
introduced. It is not static.” (PST-37 [Non-traditional conception of science])
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Nature of Scientific Knowledge is Based on Evidence and Observation/Observations, Inferences
and Theoretical Titles in Science. Findings relating to science teachers’ and pre-service science teachers’
opinions towards the features of the nature of science such as “nature of scientific knowledge is based
on evidence and observation” and “observations, inferences and theoretical titles in science” are shown
in Table 6.

Table 6.
Findings related to Themes of “Nature of Scientific Knowledge is Based on Evidence and Observation”
and “Observations, Inferences and Theoretical Titles in Science”

Sub-Themes Pre-service Teachers Teachers

f% %
Evidence
Proof 19 38 16 59.25
Hint, trace 9 18 3 11.11
Information based on experiment and observation 7 14 4 14.81
Proof of truth 6 12 0 0
Suggestions 5 10 4 14.81
The foundation of research 4 8 0 0
Data
Gather information 23 45.09 5 19.23
Qualitative and quantitative information 10 19.60 14 53.84
Main element forming the basis of research 7 13.72 2 7.69
The values at the end of research 5 9.80 1 3.84
Written materials 3 5.88 0 0
Information divided into stages 3 5.88 0 0
Raw form of information 0 0 4 15.38
Collection of data and evidences
Observation 13 22.41 7 20.58
Questionnaire 10 17.24 4 11.76
Research / Examination 8 14.54 2 5.88
Experiment / Controlled experiment 7 12.06 5 14.70
Meeting / interview 6 10.34 2 5.88
Journey / Observation 4 6.89 3 8.82
Analysis of works 3 5.17 5 14.70
Archive investigation 3 5.17 2 5.88
Scientific methods 2 3.44 1 2.94
Internet 2 3.44 2 5.88
Nature research 0 0 1 2.94

Analyzing the Table 6, it has been determined that, while opinions of pre-service teachers focus on
themes such as evidence, tips and trails, knowledge based on testing and observation, proof of truth,
proposition and proof and the basis of research respectively, teachers’ opinions focus on similar themes
with exception of themes such as proof of truth and basis of research. In addition, it has been
determined that most of the teachers consider proof as “evidence”. It has been observed that teachers’
and pre-service teachers’ opinions towards data focus on themes such as qualitative and quantitative
knowledge, collecting information, raw form of information, values at the end of research, main
element forming the basis of research. In addition to these sub-themes, other themes such as written
materials and fragmented form of knowledge are found among pre-service teachers despite being few
in numbers. While pre-service teachers define data as “collecting information”, teachers mostly define it
as “qualitative and quantitative information”. While it is seen that the vast majority of pre-service
teachers’ answers related to data and evidence collection methods include observation, survey,
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research/review, experiment/controlled experiment and meeting/interview, on the other hand, the vast
majority of teachers’ opinions concentrate on observation, experiment/controlled experiment, analysis
of works and survey. Based on all these findings, it can be said that science teachers and pre-service
science teachers exhibit non-traditional conception understanding of science related to the features of
the nature of science such as “nature of scientific knowledge is based on evidence and observation” and
“observations, inferences and theoretical titles in science”. Below are examples of direct quotes about
this theme.

... “Evidence consists of information that we collect for solving a problem and that will verify the
hypothesis.” (ST-8 [Non-traditional conception of science])

...”Quantitative and qualitative information obtained as a result of experiments and observations is
called data...” (ST-9 [Non-traditional conception of science])

Scientific Theories and Laws. Findings related to science teachers’ and pre-service science teachers’
opinions on the feature of the nature of science, “scientific theories and laws” are given in Table 7.

Table 7.
“Scientific Theories and Laws” Theme
Sub-Themes Pre-service Teachers Teachers
% f%
Theory
Knowledge with its accuracy widely accepted 11 17.18 10 23.25
Hypothesis  proven  with  experiment and 10 15.62 15 34.88

observation

Experiment results not accepted by everybody 9 14.06 5 11.62
Facts likely to be refuted 8 12.05 2 4.65
Experiment result considered by many scientists 7 10.93 3 9.30
Hypotheses that are accepted but likely to be 6 9.37 4 9.30
falsified

Scientific proposition not yet proven 5 7.81 1 2.32
Scientific facts 3 4.68 3 6.97
Description of information 3 4.68 0 0
Vision hard to prove 2 3.12 0 0
Formation of the theory

By establishing hypothesis 22 34.37 2 6.45
Just through experiment and observation 19 29.68 11 35.48
Through controlled experiment 11 17.18 5 16.12
Scientific method 10 15.62 10 32.25
Through thinking 2 3.12 3 9.67
Law

Universalized information 20 40 8 21.62
Theories accepted by everybody 10 20 6 16.21
Researchable and provable information 6 12 2 5.40
Real information gained unchanged quality and 5 10 8 21.62
cannot be refuted

Hypothesis validated with observation and 4 8 6 16.21
experiments

Facts proven with repeating experiments (shown) 3 6 7 18.91
De facto information 2 4 0 0
Formation of law

Only controlled experiments and observations 35 54.68 25 83.33
Scientific methods 29 45.31 5 16.66
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The difference between theory and the law

Theories can be transformed into law 15 26.31 0 0

Laws are universal, theories are not universal 9 15.78 11 40.74
Theories are unprovable facts 8 14.03 2 7.40
Don’t Know 8 14.03 0 0
Laws do not change, theories may change 5 8.77 0 0
There are no differences between them 4 7.01 0 0
Law are certainly proven information, and theories 4 7.01 3 11.11
are greatly proven information

Laws are irrefutable information, theories are real 2 3.50 8 29.62
refutable information

Laws define event, theories define event 0 0 3 11.11

According to Table 7, opinions of both groups towards the definition of theory concentrate on
“hypothesis proven with experiment and observation,” “knowledge with its accuracy widely accepted”
and “experiment results not accepted by everybody”. Among other themes include answers such as
“scientific facts,” “experiment result considered by many scientists,” “explanation of knowledge,”
“scientific proposition not yet proven” and “facts likely to be refuted”. With regard to this sub-theme, it
is difficult to say that all of pre-service teachers’ and science teachers’ opinions reflects non-traditional
scientific approach. That is because answers by both participant groups are insufficient in literally
reflecting non-traditional scientific approach. For example, “explanation of knowledge,” “experiment
results not accepted by everybody,” “scientific proposition not yet proven” themes are insufficient for
non-traditional scientific approach despite being sufficient for traditional opinion. With regard to the
formation of theory, it has been observed that most of pre-service teachers’ and teachers’ opinions
focus on themes such as “just experiment and observation,” “establishing hypothesis,” “controlled
experiment”.

» u

» o u

With regard to law, pre-service teachers’ and teachers’ opinions mainly focus on “universalized
information, real information that cannot be refuted, theories accepted by everybody,” accordingly, it
can be seen that scientific approach of both groups is against non-traditional scientific understanding or
insufficient. With regard to formation of laws, pre-service teachers’ and teacher’ opinions are collected
under themes of “only controlled experiments and observations” and “scientific method”.

With regard to the difference between theory and law, most of teachers and pre-service teachers
express that laws are universal and theories are not universal. Based on all these findings, it can be said
that science teachers and pre-service science teachers have traditional understanding of science
towards features of the nature of science including “scientific theories and laws”. Below is the direct
quote about this theme.

... “Dalton indicated that, in atom theory, atom cannot be broken. But later, it was proven with
obtained information that atom could be broken (modern atomic theory). Laws are facts that cannot
be change under no circumstances. Theories, on the other hand, are facts that can change...” (ST-13
[Traditional understanding of science])

Creative Nature of Scientific Knowledge/Social and Cultural Structure of Scientific
Knowledge/Subjectivity. Findings about science teachers’ and pre-service science teachers’ opinions on
features of the nature of science including “creative nature of scientific information,” “social and
cultural structure of scientific knowledge,” and “subjectivity” are given in Table 8.
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Table 8.
Findings related to Themes of “Creative Nature of Scientific Knowledge,” “Social and Cultural Structure of
Scientific Knowledge” and “Subjectivity”

Sub-Themes Pre-service Teacher Teacher

% f %
The Reason for Reaching Different Results by Scientists Despite Having Data
Difference in personal opinions, ideas, perspectives, 25 49.01 19 63.33
special views and their difference in interpreting the
information
Lacking precise information 8 15.68 2 6.66
Imagination 6 11.76 3 10
Scientists’ having different fields of study and 6 11.76 2 6.66
having different knowledge
They established different hypotheses based on 6 11.76 2 6.66
same data
Selective perception 0 0 2 6.66
The Difference between Scientific Knowledge and Scientific Thought
Scientific knowledge is objective facts based on 22 41.50 10 38.46

experiment and observation, scientific thought is

subjective ideas

While the scientific knowledge is explained theories 15 28.30 8 30.76
and laws, scientific thought is explained with

emotions and beliefs

Scientific knowledge consists of proven facts, 8 15.09 5 19.23
scientific thoughts consists of the phase of producing

scientific knowledge based on imagination and

creativity

Don’t Know 8 15.09 3 11.53

According to Table 8, the reason for scientists’ obtaining different results despite having same data is
determined as the fact that nearly half of pre-service teachers and more than the half of teachers’
opinions constitute of the theme, “difference in personal views, perspectives and subjective views”.
Answers such as “lack of precise information, imagination and establishing different hypotheses based
on same data” are among notable themes.

With regard to the difference between scientific knowledge and scientific thought, it can be seen
that teachers’ pre-service teachers’ opinions mostly focus on answers such as “Scientific knowledge is
objective facts based on experiment and observation, scientific thought is subjective ideas” and “While
the scientific knowledge is explained theories and laws, scientific thought is explained with emotions
and beliefs”, some teachers and pre-service teachers mention about imagination and creativity. Based
on these findings, it can be said that science teachers and pre-service science teachers generally exhibit
non-traditional understanding of science towards features of the nature of science including “creative
nature of scientific knowledge,” “social and cultural structure of scientific knowledge” and
“subjectivity”. Below is an example of a direct quote about this theme.

.... “Science stems from the fact that people look at events from their own perspectives. For example,
when astronomers are those claiming the asteroid hit, natural scientists are those who say that the
cause is volcanic eruption. In other words, they interpret data in accordance with their own fields...”
(ST-13 [Non-traditional conception of science])
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Discussion & Conclusion

In the research, based on high level of pre-service science teachers’ scores obtained from scientific
epistemological beliefs scale, it can be said that pre-service science teachers have a traditional
understanding of science. In the literature, there are some studies concluding that pre-service teachers’
epistemological beliefs are towards traditional scientific understanding (Abd-El-Khalick & BoulJaoude,
1997; Abd-El-Khalick & Akerson, 2004; Terzi, 2005; Meral & Colak, 2009; Ayvaci and Nas, 2010;
Karabulut & Ulucan, 2012). For instance; Meral and Colak (2009), as a result of the study conducted with
651 students attending the teachers educational college, have determined that students have a
traditional understanding of science. Karabulut and Ulucan (2012) have determined as a result of the
study they conducted with the participation of the first and last grade pre-service physical education
teachers that pre-service teachers have high level of traditional scientific beliefs.

Another finding of the study is that science teachers’ scientific epistemological beliefs reflect
traditional understanding of science. In the literature, there are some studies available in which
teachers’ epistemological beliefs are examined (Karhan, 2007; Dogan & Abd-El-Khalick, 2008; Izgar &
Dilmag, 2009; Kurt, 2010; Aslan & Tasar, 2013; Bayir, 2016). Karhan (2007) has determined, in the study
in which teachers’ epistemological beliefs are examined, that teachers have superficial beliefs towards
the fact that facts are single and absolute. Kurt (2010), as a result of the research conducted with 256
teachers, has determined that, while teachers’ epistemological beliefs have sides suitable for partly
developed epistemological understanding, they have more traditional understanding of science. Dogan
and Abd-El-Khalick (2008) have revealed that, in addition to science teachers having traditional
understanding of science towards the nature of science, they have similar opinions and these naive
opinions independent of age, gender, geographic origin and social-economic status. Aslan and Tasar
(2013), as a result of the study conducted with science teachers, have found that teachers have naive
views about many sub-dimensions of the nature of science. Aslan (2009) indicates that naive opinion is
the one that adopts positivist paradigm. Finding that science teachers are far from many sub-dimensions
of the nature of science, Bayir (2016), based on the results of this study, claims that current findings do
not support expectations of science education in the 21th century and reform movement in the country
considering that the vision of 2004 and 2013 science programs was to raise students with science
literacy.

Another result of this research is that there are no significant differences between science teachers’
and pre-service science teachers’ scientific epistemological beliefs. Analyzing the relationship between
teachers’ and pre-service teachers’ epistemological beliefs, Alpan and Erdamar (2014), in their study
conducted with 247 senior grade students attending Gazi University and 32 teachers guiding these
students, have examined teachers’ and pre-service teachers’ epistemological beliefs before and after
the teaching application and have observed that there are no significant differences between their
epistemological beliefs before and after the implementation of the program. Sara¢ and Cappellaro
(2015) have indicated that there are no significant differences among classroom teachers’ and pre-
service teachers’ opinions towards the nature of science apart from hierarchy of hypothesis-theory-law
and consistency of inter-scientific concepts.

Science teachers’ and pre-service science teachers’ opinions towards the nature of science are
determined according to features of the nature of science. It has been observed that both pre-service
teachers’ opinions and teachers’ opinions towards “the source of scientific knowledge” focus mostly on
experiment and observation. It is a true but incomplete information that, in obtaining scientific
knowledge, scientific methods such as experiment and observation are used. This is one of myths
accepted related the nature of science. Not only are there a single scientific method in obtaining
scientific knowledge, but also are scientists’ creativity and imagination important (Palmquist & Finley,
1997; Abd-el-Khalick & Akerson, 2004; Dogan, 2010). According to Dogan (2010), thinking that scientific
knowledge is produced “through experiment” coincides with experimentalism knowledge theory,
namely positivist view, that was supported by Francis Bacon and that suggests the only source of human
knowledge as experimentalism. Accordingly, it can be said that science teachers and pre-service science
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teachers have a traditional understanding of science with regard to “the source of scientific knowledge”.
This finding shows similarities with many studies in the literature (Dickinson, Abd-El-Khalick &
Lederman, 2000; Abd-el-Khalick & Akerson, 2004; Ari, 2010; Dogan, 2010; Dursun, 2015). For example,
Abd-El-Khalick and Akerson (2004), as a result of their study conducted with 28 pre-service teachers
attending science course, have determined that 86% of participants think that scientific knowledge is
created through the scientific method constituting of single or serial phases; Dogan (2010) indicates that
vast majority of high school students say that scientific knowledge is produced by scientific method.

It has been found that all science teachers and majority of pre-service teachers have opinions
towards changeability of scientific knowledge with regard to features of the nature of science,
“changeability of scientific knowledge”. Very few of pre-service teachers’ opinions are related to fact
that information will not change. Accordingly, it can be said that pre-service teachers and science
teachers have non-traditional conception of science with regard to features of the nature of science
“changeability of scientific knowledge”. This view is consistent with the results obtained from studies
conducted by Lederman (1999), Dogan and Abd-el-Khalick (2008), Ari (2010) and Aslan (2009). For
example, in a study conducted by Aslan (2009) with regard to volatility of scientific knowledge, Aslan has
revealed that science and technology teachers hold the idea that scientific knowledge may change as a
result of scientific studies repeated with new techniques and developed tools.

It can be said that, with regard to features of the nature of science including “nature of scientific
knowledge is based on evidence and observation” and “observations, inferences and theoretical titles in
science,” science teachers and pre-service science teachers exhibit non-traditional conception of
science. Although the study group consisted of high school students, Dogan (2010) also reached similar
findings as a result of his study.

It has been determined that science teachers’ and pre-service science teachers’ opinions towards the
whole theory focus on views such as “hypothesis proven with experiment and observation,” “knowledge
with its accuracy widely accepted” and “experiment results not accepted by everybody”. With regard to
definition of theory, it is difficult to say that all of pre-service teachers’ and science teachers’ opinions
reflects non-traditional scientific approach. That is because answers by both participant groups are
insufficient in literally reflecting non-traditional scientific approach. For example, “explanation of
knowledge,” “experiment results not accepted by everybody,” “scientific proposition not yet proven”
themes are insufficient for non-traditional scientific approach despite being sufficient for traditional
opinion. With regard to law, it can be seen that pre-service teachers’ and teachers’ opinions mainly
focus on themes such as universalized information, real information that cannot be refuted, theories
accepted by everybody, and it can be seen that scientific approach of all is against nontraditional
scientific understanding or insufficient.With regard to the difference between theory and law, most of
teachers and pre-service teachers express that laws are universal and theories are not universal. Based
on all findings obtained from participants’ opinions towards theory, law, formation of theory and law
and their differences, it can be said that science teachers and pre-service science teachers have
traditional understanding of science towards the feature of nature of science, “scientific theories and
laws”. This finding coincides with the findings by Dogan (2010) and Mihladiz (2010) and Aslan
(2009).0ne of the known myths towards the nature of science is the fact that hypotheses constitute
theories, theories constitute laws (Aslan, 2009), namely, there is a hierarchy between theory and law
(Dickinson, Abd-El-Khalick & Lederman, 2000; Dogan Bora, Arslan & Cakiroglu, 2006). However, law and
theories are different information types and they cannot be transformed into each other (Dogan,
Cakiroglu, Bilican & Cavus, 2009: 25). According to Irez (2008) and Dogan (2010), one of the biggest
reasons for this error is wrong information in current course books.

” u

It is observed that science teachers, pre-service science teachers and scientists may have different
personal opinions, imagination etc., thus, different points of view; therefore, they mention about the
view that they may achieve different outcomes and about features such as “creative nature of scientific
knowledge, social and cultural structure and subjectivity”. Based on these findings, it can be said that
science teachers and pre-service science teachers, generally exhibit non-traditional understanding of
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science towards features of the nature of science including “creative nature of scientific knowledge,”
“social and cultural structure of scientific knowledge” and “subjectivity”. Consistent with these findings,
in Dogan’s study (2010), students expressed that the reason for scientists producing different theories
with regard to disappearance of the dinosaurs, different theories produced by people and inability to
adopt a common theory despite same data at hand were different studies and different interpretations.
In the study conducted by Aslan (2009), vast majority of science and technology teachers (66.2%)
expressed that “successful scientists should be always very open-minded, and they should also carry
properties like imagination, intelligence and honesty.”

In short, although, according to findings obtained from “Scientific Epistemological Scale,” it was
concluded that science teachers and pre-service science teachers have a traditional understanding of
science; according to the findings obtained from “Opinions on Scientific Epistemological Beliefs Scale,” it
was revealed that both groups have traditional understanding of science based on positivist paradigm
especially towards “nature of scientific knowledge to be based on experimentation, scientific theories
and laws” features of the nature of science, and non-traditional (contemporary) scientific understanding
based on post-positivist paradigm towards “the diversity of scientific knowledge, scientific knowledge to
be based on proof and observation, observations, inferences and theoretical titles in science, creative
nature of scientific knowledge, subjectivity and social and cultural structure of scientific knowledge”.
Abd-El Khalick and BouJaoude (1997) attribute science teachers’ still having traditional conception of
science to the fact that teachers training programs are not useful towards pre-service science teachers’
developing information towards the nature of science that they need during their science education.

Based on the results of this research, science teachers may be provided with in-service trainings to
guide them towards scientific understanding by saving them from traditional scientific understanding
towards some features of the nature of science. Dogan, Cakiroglu, Cavus, Bilican and Arslan (2011)
indicated that science and technology teachers’ opinions towards the nature of science improved
positively thanks to educational programs. Also, effective methods can be used towards the nature of
science to develop pre-service science teachers’ opinions on the nature of science. Although Abd-El-
Khalick and Lederman (2000), as a result of wide literature review they applied, have indicated that
attempts towards strengthening science teachers’ opinions on the nature of science mainly fail, there
are also studies indicating that some approaches are effective on this issue (Bianchini & Colburn, 2000;
Abd-El-Khalick, 2001; Késeoglu, Tumay & Budak, 2008; Turkoz, 2015; Tola, 2016). For example, Abd-El-
Khalick (2001) indicated that open reflective approach is effective in reflecting teachers’ opinions about
the nature of science.
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Turkge Stirumii

Giris

Epistemoloji, bilgiyle ilgili sorunlari tenkit eden, bilginin nereden geldigini, yapisini,
kokenini,kriterlerini, gegerliligini ve sinirlarini inceleyen felsefe alani olarak ifade edilebilir (Hangerlioglu,
1996; Yazici, 1999; Ciicen, 2001; Deryakulu, 2006; Cevizci, 2010). Felsefenin temel yapilarindan biri olan
epistemoloji, asil olarak insan bilgisinin dogasini, bilginin kapsamini, kaynaklarini, sinirlarini, kavramsal
bilesenlerini, dogrulugunu, gecerligini tim vyonleriyle inceler. Epistemoloji ¢ temel soruyla
iliskilendirilebilecek arastirma alanlarini kapsamaktadir. Bu sorular; “insan bilgisinin sinirlari nelerdir?”,
“Insan bilgisinin kaynaklari nelerdir?”’ ve “insan bilgisinin dogasi nedir?”’ seklindedir (Muis, Bendixen &
Haerle, 2006). inangsa bireylerin algilamalarini, anlamlandirmalarini ve bunlara yonelik tavrini olusturan
kabullenmeleridir (Deryakulu, 2006). Hofer ve Pintrich’e gére (1997), alinan bitin kesin yargilarin ve
sergilenen davranislarin ardinda, bireylerin sahip olduklari inanglari yatmaktadir. Bireylerin sahip
olduklari bilgi, bilme ve 6grenme ile ilgili inanglari epistemolojik inang olarak adlandirilir (Schommer,
1990; Deryakulu & Buyukoézturk, 2005). Bilimsel epistemolojik inang ise, bireylerin bilimin, bilimsel
bilginin ne oldugu ve nasil Uretildigi ve paylasildigl ve nasil 6gretilmesi gerektigiyle ilgili inanglarini kapsar
(Deryakulu & Bikmaz. 2003).

Bilimsel bilginin olusumuyla ilgili iki dnemli paradigma bulunmaktadir. Pozitivist paradigmaya gore
bilimsel bilginin olusumunda, bilimsel deneyim fazlasiyla 6nemli olup, sadece ve sadece gozlemlenmis ve
kontrol edilmis deneysel arastirmalar sonucunda elde edilen bilgiler giivenilirdir (Ekiz, 2009) ve bilimsel
bilgiler tek ve mutlak dogrulardir (Ozden, 2003). Oysa bilim, ne salt aklin ne de katiksiz gézlem ve
deneyin sonucudur (Yildirim, 2014). Post-pozitivist paradigmaya gore ise bilimsel bilgi sadece deney,
gozlem ve kullanilan yonteme bagli degil, bilimin yapildigl toplumun ve tarihin kosullarina da bagh olan
bilgidir ve bilimsel dogrular ve yargilar mutlak degildir, degisebilir (Ozden, 2003). Bilimsel epistemoljik
inanclara dair cagdas anlayis, 6znelligi dikkate almayan, pozitivist paradigmaya dayanan geleneksel bilim
anlayisindan, bilim insanlarinin yasadiklari kiltir ve toplumun etkisinde kaldigi, bireysel inang ve
degerlerin, hayal glicli ve sezgilerin de etkili oldugunu temel alan, post-pozitivist paradigmaya dayanan
geleneksel olmayan bilim anlayisina dogru kaymistir (Pomeroy, 1993).

Ozellikle fen egitimiyle ilgili yapilan ¢alismalarda, epistemolojik gériis, epistemolojik inang, bilimsel
bilgi kavramlarinin ayni anlamda kullanildigi gérilmektedir (Coban & Ergin, 2008). Bu terimlere ek olarak
bilimin dogasi da ayni amagla kullaniimaktadir. Nitekim, Coban ve Ergin’in (2008) galismalarinda, bilimsel
bilginin o6zelligini anlatilirken, aslinda bahsi gegcen 6zelliklerin bilimin dogasinin o6zellikleri oldugu
gorilmektedir. Ayni calismada bilimsel bilginin, “bilimsel bilginin dogasini, kaynagini, dogruluk degerini,
sinirlarini ele alan tartisma” tanimi da bu savi desteklemektedir. Bu calismada epistemolojik inang,
bilimsel bilgi ve bilimin dogasi ayni anlamda kullaniimistir.

Khishfe ve Abd-El Khalick (2002), bilimin karmasik, dinamik ve ¢oklu yapisindan dolayi bilimin
dogasinin taniminin tam olarak yapilamadigini belirtseler de, Lederman (2007; akt. Akgtin, 2015), bilimin
dogasini, bilimin epistemolojisini yansitan, bilgiyi olusturma yolu ve bilimin Uretilmesinde yer alan
inanglar ve degerler bitiini olarak tanimlamaktadir. Bilimin dogasinin (bilimsel bilginin) 6zellikleri su
basliklar altinda toplanabilir (Dogan, Cakiroglu, Bilican & Cavus, 2009).

Bilimsel bilginin degisebilir dogasi

Bilimsel bilginin deney ve gozlemlerden elde edilen kanitlara dayanmasi
Oznellik

Bilimsel bilginin yaratici dogasi

Bilimsel bilginin sosyal ve kiltlrel yapisi

Gozlemler, ¢cikarimlar ve bilimde teorik baghklar

Bilimsel teoriler ve kanunlar

Bireylerin bilimin dogasina nasil baktiklari konusunun her gecen giin 6nem kazanmasi egitim
arastirmacilarinin da ilgilerini cekmektedir.Bireysel farkhliklardan dolayi, bireylerin olay ve olgulara bakis
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actlarinin farkli olmasi, her bireyin kendine 6zgii bir epistemolojisinin olduguna (Evcim, 2010) ve bu
inancglarin, 6grenme (zerinde 6nemli etkileri olduguna dair calismalar bulunmaktadir (Hofer, 2001;
Ongen, 2003; Deryakulu & Biiyiikéztiirk, 2005; Deryakulu, 2006; Eroglu & Giiven, 2006). Ornegin,
Deryakulu (2004), 6grenme sirecinde, gelismis epistemolojik inanglara sahip 6grencilerin, gelismemis
epistemolojik inanglara sahip 6grencilere gére daha ¢ok sayida ve nitelikli 6grenme stratejilerini
kullanmalarina bagh olarak akademik yonden de daha basarili olduklari sonucunu elde etmistir. Yilmaz
ve Delice (2007), problem ¢6zmede yeterli bilgiye sahip olsalar dahi 6gretmen adaylarinin inanglarinin,
basarilarini olumsuz yonde etkiledigini iddia ederken, lzgar ve Dilmag¢ (2008) ve Girol, Altunbas ve
Karaaslan (2010), 6zyeterlilik algisi yiksek 6gretmenlerin epistemolojik inanglarinin da yiiksek oldugunu
iddia etmektedirler. Schommer ve Walker (1997), Universite 6grencilerinin okula yénelik tutumlari ile
epistemolojik inanglarini arasindaki iliskiyi arastirdiklari calismalarinda, 6grenme yeteneginin dogumla
geldigine ve degistirilemez bir yetenek olduguna glicli bigcimde inanan &grencilerin, 6grenme
yeteneginin gelistirilebilecegine inanan o6grencilere gore okuldan daha az hoslandiklarini, egitimin
degerine daha az inandiklarini sonucuna ulasmislardir.Chan(2002),HongKongEgitimEnstitUsi’ndeki
Ogretmenadaylar ile yaptigi c¢alismada, ©grenmeningabayavesirecebagloldugunainananégretmen
adaylarininanlamhégrenmeleriigcinderinlemesineégrenme
yaklasiminibenimsediklerini,digertaraftanbilgininbirotoriteyadauzmantarafindansunulmasigerektigineina
nanogretmen adaylarinin ise yiizeysel 6grenme yaklasiminibenimsedikleri sonucunubulmustur. Ayrica
bilimsel epistemolojik inanclarin, kisilerin tercih ettikleri 6grenme-6gretme vyaklasimlari, 6grenme
stratejileri, bilgileri ve deneyimleri algilama ve yorumlama bicimleri Gzerinde belirleyici bir etkisi
bulunmaktadir (Deryakulu & Bikmaz, 2003).

Bilimsel okuryazar bireyler yetistirmek, bircok Ulkenin 6gretim programlarinin merkezinde yer
almaktadir (Lederman, 1992; Abd-El-Khalick, 2001; Dogan, 2010; MEB, 2013; Akglin, 2015). En genel
terimlerle bilimsel okur-yazar bir insan, kavramlar, teoriler, ilkeler, bilimsel siiregler ve bilim, teknoloji ve
toplum arasindaki karmasik iliskilerle ilgili daha da 6nemlisi bilimin dogasina yoénelik bir anlayis
gelistirebilmelidir (Abd-El-Khalick & Boulaoude, 1997). Hedef kitleyi yani bilim okur-yazari olarak
yetismesi beklenen 6grencileri yetistirecek olan 6gretmenlerin bilimsel bilginin dogasina (bilimsel
epistemolojik inang) yonelik goruslerinin belirlenmesi 6gretim programlarinin islevselligi agisindan 6nem
kazanmaktadir. ilgili literatiir incelendiginde, dgretmen adaylarinin epistemolojik inanglari ile birgok
calisma (Ongen, 2003; Deryakulu & Biiyiikéztiirk, 2005; Terzi, 2005; Eroglu & Giiven, 2006; Yilmaz &
Delice, 2007; Ayaz, 2009; Meral & Colak, 2009; Oztiirk, 2009; Oztiirk, 2011) varken &gretmenlerin
epistemolojik inanglari Gzerindeki arastirmalarin (Izgar & Dilmag, 2008; Ayvaci & Nas, 2010; Akgay, 2011)
sayisinin daha sinirli sayida oldugu tespit edilmistir. Bu bakimdan arastirmanin 6érneklemi, fen bilgisi
o6gretmen adaylari ve fen bilimleri 6gretmenleri olarak belirlenmistir. Fen bilimleri 6gretmenlerinin ve
fen bilgisi 6gretmen adaylarinin bilimsel epistemolojik inanglarini ve bilimin dogasina dair gorislerini
belirlemek igin yapilan bu ¢alismada asagidaki sorulara cevap aranmistir:

1.Fen bilgisi 6gretmen adaylarinin bilimsel epistemolojik inanclari ne diizeydedir?

2.Fen bilimleri 6gretmenlerinin bilimsel epistemolojik inanglari ne diizeydedir?

3.Fen bilgisi 6gretmen adaylari ile fen bilimleri 6gretmenlerinin bilimsel epistemolojik inanclari
arasinda anlamli bir fark var midir?

4.Fen bilimleri 6gretmenlerinin ve fen bilgisi 6gretmen adaylarinin bilimin dogasi hakkindaki
gorisleri nelerdir?

Yontem

Bu calismada karma arastirma deseni esas alinmistir. Karma arastirma, nicel ve nitel verilerin veya
tekniklerin birlestirildigi arastirma desenidir (Christensen, Johnson & Turner, 2015). Mevcut calisma da
verilerin nicel ve nitel olmasi agisindan karma arastirmadir. Arastirmada nicel veriler tarama modeliyle,
nitel veriler ise olgubilim incelemesiyle toplanmistir. Arastirmada gecerlik ve glivenirligi saglamak igin
karma arastirmalarda gecerli bazi énlemler alinmistir. Bunlardan birincisi arastirmacinin bir yéntemin
zayifligini kapatmak igin baska bir yontemi kullanmasina dayanan, zayifliklarn indirme gegerligidir
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(Christensen, Johnson & Turner, 2015). Nicel verilerin eksikligi olan derinlemesine bilgi, nitel yollarla elde
edilmistir. ikincisi ise arastirmacinin uygun nicel, nitel ve karma yénteminin kendilerine has gecerliklerini
karsilastirmasina dayanan coklu gegerliktir (Christensen, Johnson & Turner, 2015). Nitel veriler igin
alinan tedbirlerden bir digeri de cesitleme (triangulation) dir. Cesitleme, veri kaynaklari, yontem ve
arastirmaci cesitlemesi olarak (¢ sekilde olabilir (Patton, 2014). Bu calisma igin veri kaynaklari,
arastirmaci cesitlemesi ve yontem c¢esitlemesi kullanilmistir. Veri kaynagl olarak, fen bilimleri
ogretmenleri ve fen bilgisi 6gretmen adaylari segilmistir. Katihmcilarin kendi aralarinda da gesitli olmasi
acisindan 6gretmenler hem il merkezindeki okullardan hem de merkez ilgelerden segilmis, 6gretmen
adaylari ise fen bilgisi 6gretmenligi anabilim dalinin 1.2.3 ve 4. siniflarindan segilmistir. Yontem cesitliligi
icin tarama ve olgubilim desenleri kullaniimistir. Arastirmaci cesitliligi acisindan da calismayi iki
arastirmaci ydrutmustir. Boylelikle arastirmacilarin 6znel yargilarinin mimkin oldugu kadar oniine
gecilmeye cahsiimistir.

Katilimcilar ve Veri Toplama Siireci

Arastirmanin g¢alisma grubu,Burdur il merkezi ve ilge merkezlerindeki ortaokullarda gorev yapan 61
fen bilimleri 6gretmeni ve 2013-2014 egitim-6gretim yilinda bir Universitenin egitim fakiiltesi Fen Bilgisi
Ogretmenligi Anabilim Dali 1.. 2.. 3. ve 4. sinifinda 6grenim gérmekte olan ve oranl tabakali amagsal
ornekleme yoluyla secilen 236 fen bilgisi 6gretmen adayindan olusmaktadir. Buyukoztirk, Cakmak,
Akgiin, Karadeniz ve Demirel’e gore (2009:91). “Tabakal 6rneklemeden, érneklem icin birim segcmede
seckisizligin dikkate alinmamasi nedeniyle farkhlasan tabakali amagl oOrnekleme,literatiirde kota
drnekleme olarak da bilinir”. Ogretmen adaylari icin bu drnekleme yénteminin secilme sebebi, her sinif
diizeyinden 6gretmen adayinin érneklemde bulunmasinin daha uygun olacaginin disinilmesidir. Bu iki
grubun tamamina nicel verilen toplandigi “BilimselEpistemolojik inanglar Olgegi” uygulanmistir.Nitel
verilerinin toplandigi “Bilimsel Epistemoloji Uzerine Gériisler Anketi” ise calismanin érnekleminden
rastgele segilen 85 fen bilgisi 6gretmen adayina ve 40 fen bilimleri 6gretmenine uygulanmis, ancak fen
bilgisi 6gretmen adaylarindan 28’i ve fen bilimleri 6gretmenlerinden 10 tanesi, Olceklerin tamamini
doldurmamalari nedeniyle arastirmadan g¢ikarilmistir. Son durumda, nitel veriler 57 fen bilgisi 6gretmen
adayi ve 30 fen bilimleri 6gretmeninden toplanmistir.

Kullanilan Veri Toplama Araglari

Bilimsel Epistemolojik inang Ol¢egi. BilimselEpistemolojik inanglar Olgegi,Pomeroy (1993) tarafindan
gelistirmistir. Ozgiin formu Ingilizce olan bu &lgek (i¢ alt boyut altinda toplam 50 maddeden
olusmaktadir. Deryakulu ve Bikmaz (2003) tarafindan Tirkgeye cevrilen 6lcek, gegerlik ve giivenirlik
analizleri sonucunda, geleneksel bilim anlayisini yansitan 22 olumlu madde ve geleneksel olmayan bilim
anlayisini yansitan 8 olumsuz madde olmak iizere, toplam 30 maddeden olusmaktadir. Olcegin Tiirkge’ye
cevrilmis orijinal formu icin hesaplanan alfa i¢ tutarlilik katsayisi.91’dir (Deryakulu ve Bikmaz, 2003).
Olgek (1) Kesinlikle Katilmiyorum ile (5) Kesinlikle Katiliyorum arasinda degisen likert tipi besli
derecelendirmeye sahiptir. Olgekten alinacak en diisiik puan 1, en yiiksek puan ise 5’tir. Olgekten alinan
yiksek puan (>2.5) geleneksel bilim anlayisina, diisiik puan (<2.5) ise geleneksel olmayan (¢agdas) bilim
anlayisina glicli inanci gostermektedir.

Bilimsel Epistemoloji Uzerine Goriisler Olgegi. Bilimsel Epistemoloji Uzerine Goriisler Anketi,Abd-El-
Khalick (2002) tarafindan gelistirilmistir. Bu anket 10 acik uglu sorudan olusmaktadir. Anket, Dogan
(2010) tarafindan adapte edilmis ve icerik gegerligi icin iki uzmanin gérisleri alinmistir. Ozgiin formu 10
sorudan olusan 6lgegin 8 sorusu bu ¢alisma icin kullanilmistir. Sorular bilimin dogasinin;

e Bilimsel Bilginin Degisebilir Dogasi

e Bilimsel Bilginin DogasI Kanita ve G6zleme Dayaldir
o Oznellik

e  Bilimsel Bilginin Yaratici Dogasi

e Bilimsel Bilginin Sosyal ve Kilturel Yapisi

e Bilimsel Teoriler ve Kanunlar
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e Gozlemler Cikarimlar ve Bilimde Teorik Baslklar (Kanit ve Veri),6zelliklerini
kapsamaktadir.

Veri Analizi

Arastirmanin nicel verilerini olusturan bilimsel epistemolojik inang dlgeginin analizlerinde, 6gretmen
adaylarinin ve 6gretmenlerin puanlarinin normal dagihimlarina bakilarak, betimsel analiz ve iliskisiz
orneklemler igin tek faktorld varyans analizi (One-Way ANOVA) yapilmistir. Arastirmanin nicel verilerini
olusturan “Bilimsel Epistemolojik inang Olgegi”’nden alinan puanlarin analizi igin, 6lgekteki tiim
maddelerden alinan toplam puanlar kullanilmistir. Nicel verilerin elde edildigi 6lgegin bu ¢alisma igin
Cronbach Alfa guvenirlik katsayisi .91 olarak hesaplanmistir. Arastirmanin nitel verileri, katihmcilarin
“Bilimsel Epistemolojik inanglar Uzerine Gérisler Anketi”ne verdikleri cevaplardan elde edilmistir. Nitel
veriler, nitel analiz ydntemlerinden igerik analizi ile yapilmistir. icerik analizinde veriler derinlemesine bir
incelemeye tabi tutulur, birbirine benzer olan veriler belli temalar ve kavramlar cercevesinde birlestirilir
(Yildirnm & Simsek, 2008). Bu baglamda arastirmacilar tarafindan defalarca okunan anketler igerik
analizine tabi tutulmus, birbirine benzeyen veriler kodlanmis ve bu kodlari ifade edecek temalar
olusturulmustur. Arastirmada verilerin analizinde giivenirligin ve tutarligin saglanmasi agisindan ayni veri
seti arastirmacilarin her ikisi tarafindan kodlanmis ve kodlayicilar arasi tutarhiliga bakilmistir.
Tutarhlik,“Gorus birligi/(Gorus birligi+Gorus ayrihgl) x 100” formalu kullanilarak hesaplanmistir (Miles &
Huberman, 1994). Bu hesaplama sonucunda arastirmacilarin analiz sonugclari arasinda, .87 oraninda
tutarhlik tespit edilmistir. Ayrica, nitel verilerde dis gecerlilik icin dogrudan alintilar kullaniimistir.

Sonuglar

Birinci Alt Probleme iliskin Bulgular

vy

Fen bilgisi dgretmen adaylarinin “Bilimsel Epistemolojik inan¢ Olcegi”’nden aldiklari puanlarin
betimsel analiz sonuglari Tablo 1’de sunulmustur.

Tablo 1.
Fen Bilgisi Ogretmen Adaylarinin Bilimsel Epistemolojik inang Puanlarinin Betimsel Analiz Sonuglari

Degisken N Min Max = SS

Bilimsel Epistemolojik

. 236 2.97 3.93 3.48 197
inang

Tablo 1‘de gérildigi gibi, fen bilgisi 6gretmen adaylarinin “Bilimsel Epistemolojik inan¢ Olcegi”
ortalama puaninin (X=3.48. S$5=.197) yiiksek olmasina dayali olarak, fen bilgisi 6gretmen adaylarinin
geleneksel bilimsel anlayisa sahip olduklari séylenebilir.

ikinci Alt Probleme iliskin Bulgular

Fen bilimleri 6gretmenlerinin bilimsel epistemolojik inang diizeylerini belirlemek i¢in yapilan betimsel
analiz sonuglari Tablo 2’de sunulmustur.

Tablo 2.

Fen Bilimleri Odretmenlerinin Bilimsel Epistemolojik inang Puanlarinin Betimsel Analiz Sonuclari
Degisken N Min Max = SS
Bilimsel 61 2.83 4.00 3.50 22

Epistemolojik inang
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Tablo 2 incelendiginde,“Bilimsel Epistemolojik inang¢ Olcegi” ortalama puanlarinin (X=3.50. 55=.22)
ylksek olmasina dayal olarak, fen bilimleri 6gretmenlerinin geleneksel bilimsel anlayisa sahip olduklari
soylenebilir.

Ugiincii Alt Probleme iliskin Bulgular

Fen bilimleri 6gretmenlerinin ve fen bilgisi 6gretmen adaylarinin bilimsel epistemolojik inang
diizeyleri arasindaki farki incelemek igin yapilan One-Way ANOVA sonuglari Tablo 3’te verilmistir.

Tablo 3.
Fen Bilimleri Ogretmenlerinin ve Fen Bilgisi Ogretmen Adaylarinin Bilimsel Epistemolojik inanclarinin
One-Way ANOVA Testi Sonuglari

Varyansin Kareler Sd Kareler ortalamasi  F P
Kaynagi toplami

Gruplararasi .024 1 .024 .594 442"
Gruplarigi (hata) 12.089 295 .041

Toplam 12.114 296

"p>.05

Tablo 3’te goruldigi gibi, yapilan varyans analizi sonucunda, fen bilimleri 6gretmenlerinin bilimsel
epistemolojik inang puanlari (X=3.47. S5=.19) ile fen bilgisi 6gretmen adaylarinin bilimsel epistemolojik
inang puanlari (X=3.50. SS=.22) arasinda anlaml bir fark bulunmamistir (F1.,95=0.594; p>.05).

Dérdiincii Alt Probleme iliskin Bulgular

Bu kisimdaki bulgular, bilimin dogasinin o6zellikleriyle iliskilendirilerek olusturulan temalarla alt
basliklar halinde verilmistir.

Bilimsel Bilginin Kaynagi. Bilimsel bilginin kaynagina yonelik, katilimcilarin gérislerinden elde edilen
verilerin analizi sonucunda ulagilan bulgular Tablo 4’te verilmistir.

Tablo 4.
“Bilimsel Bilginin Kaynadi” Temasina iliskin Bulgular
Alt Temalar Ogretmen Adayi Ogretmen
f % f %
Sadece deney ve gozlem 19 33.92 8 28.57
Tesadifen 13 23.21 3 10.71
Bilimsel yontem 6 10.71 6 21.42
Arastirma ve inceleme 6 10.71 0 0
Merak 4 7.14 3 10.71
ihtiyaglardan yola gikarak 3 5.35 4  14.28
Deneme yanilma 3 5.35 0 0
Dislinme 2 3.57 2 7.14
Teknoloji 0 0 2 7

Tablo 4’e gore, hem 6gretmen adaylarinin hem de 6gretmen gorislerinin en fazla “sadece deney ve
gozlem”de yogunlastigi  goérilmistir. Ogretmen adayr gorislerinden sadece deney ve
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gozlemi,sirasiyla.tesadifen, bilimsel yontem, arastirma ve inceleme, merak, ihtiyaclar ve deneme-
yanilma temalari izlerken, 6gretmen gorislerinin de benzer temalar etrafinda toplandigi goriilmekle
beraber, sadece deney ve gbzlemden sonra en fazla “bilimsel yontem” gérisinin hakim oldugu ve
o6gretmen adaylarinin hi¢ deginmedigi “teknoloji” temasina degindikleri dikkati cekmektedir. Ayrica,
bilimsel bilginin Gretilmesinde deneyin kullanildigini séyleyen 6gretmenlerin ve 6gretmen adaylarinin
bilylk ¢ogunlugu “Ciceginizi yetistirirken bilimsel yollari kullanmadan daha hizli biyitecek mucize bir
siviyl kullanir misiniz?’ sorusuna “Boyle bir seyi denemeyeceklerini” sdylemislerdir. Bu bulgulara gore fen
bilimleri 6gretmenlerinin ve 6gretmen adaylarinin bilimsel bilginin kaynagina yonelik, geleneksel bilim
anlayisina sahip olduklari séylenebilir. Bu temayla ilgili dogrudan alinti 6rnegi asagida verilmistir.

“Bu mucizevi sivi market reyonlarina gelmeden énce kontrollii deneylerle test edilmistir. Bundan
dolayi benim denememe gerek yoktur. Zaten ise yarayacaktir”...(FOA-41 [Geleneksel bilim anlayisi].

Bilimsel Bilginin Degisebilirligi. Fen bilimleri 6gretmen ve 6gretmen adaylarinin, bilimin dogasinin

“bilimsel bilginin degisebilirligi” 6zelligine yonelik gorisleriyle ilgili bulgular Tablo 5’te gorilmektedir.

Tablo 5.
“Bilimsel Bilginin Dedisebilirligi” Temasi ile ilgili Bulgular
Alt Temalar Ogretmen adayi Ogretmen

f % f%
Teknolojik gelismelerle degisir 17 32.69 8 28.57
Bilimin ilerlemesiyle degisir 12 23.07 7 25
Arastirma ve deneyle degisir 7 13.46 2 7.14
Yeni dislince ve yorumla degisir 6 11.53 4 14.28
Teoriler degisir 4 7.69 5 17.85
Kanunlar degismez 3 5.76 0 0
Bilgiler degismez 2 3.84 0 0
Cagin gereksinimleri ile degisir 1 1.92 2 7.14

Tablo 5 incelendiginde, 6gretmen adaylarinin gorislerinin ¢ok azinin kanunlarin, bilgilerin
degismeyecegi yoninde iken, 6gretmen gorislerinin tamaminin 6gretmen adaylarinin gorislerinin ise
biylk ¢ogunlugunun bilimsel bilginin, bilimin ilerlemesi, teknolojik gelismeler, teoriler, yeni diisiince ve
yorumlar, arastirma ve deneyler veya c¢agin gereksinimleriyle degisebilecegi yoniinde oldugu
gorilmektedir. Buna gore O0gretmen adaylarinin ve fen bilimleri 6gretmenlerinin bilimin dogasinin
“bilimsel bilginin degisebilirligi” ozelligiyle ilgili olarak geleneksel olmayan bilimsel anlayisa sahip
olduklari séylenebilir. Bu temayla ilgili dogrudan alinti 6rnekleri asagida verilmistir.

... “Bilim ve bilgi duragan dedgildir arastirma ve teknolojik gelismelerle birlikte bilgi de degisim
géstermektedir...” (FO-29 [Geleneksel olmayan bilim anlayisi])

... “Bilimsel yeni iiretilen fikirler ve ortaya atilan hipotezler dogrultusunda degisebilir. Sabit degildir...”
(FOA-37 [Geleneksel olmayan bilim anlayisi])

Bilimsel Bilginin Dogasi Kanita ve Gozleme Dayalidir/ Gézlemler. Cikarimlar ve Bilimde Teorik
Basliklar. Fen bilimleri 6gretmen ve fen bilgisi 6gretmen adaylarinin, bilimin dogasinin “bilimsel bilginin
dogasi kanita ve gozleme dayalidir” ve “gozlemler, cikarimlar ve bilimde teorik bashklar” ozelliklerine
yonelik gorislerine iliskin bulgular Tablo 6’da gériilmektedir.
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Tablo 6.
“Bilimsel Bilginin Dogasi Kanita Ve Gézleme Dayalidir” ve “Gézlemler, Cikarimlar Ve Bilimde Teorik
Basliklar” Temasina iliskin Bulgular

Alt Temalar Ogretmen adayi Ogretmen

f % f %
Kanit
Delil 19 38 16 59.25
ipucu, iz 9 18 3 11.11
Deney ve gozleme dayih bilgi 7 14 4 14.81
Gergegin ispati 6 12 0 0
Onermeler 5 10 4 14.81
Arastirmanin temeli 4 8 0 0
Veri
Bilgi toplamak 23 45.09 5 19.23
Nitel ve nicel bilgiler 10 19.60 14 53.84
Arastirmanin temelini olusturan ana 6ge 7 13.72 2 7.69
Arastirma sonundaki degerler 5 9.80 1 3.84
Yazili materyaller 3 5.88 0 0
Bilginin basamaklara boélinmds hali 3 5.88 0 0
Bilginin ham hali 0 0 4 15.38
Data ve kanitlarin toplanma yollari
Gozlem 13 22.41 7 20.58
Anket 10 17.24 4 11.76
Arastirma / inceleme 8 14.54 2 5.88
Deney / Kontrollii deney 7 12.06 5 14.70
Gorusme / mulakat 6 10.34 2 5.88
Gezi/ Gozlem 4 6.89 3 8.82
Eser incelemesi 3 5.17 5 14.70
Arsiv arastirmasi 3 5.17 2 5.88
Bilimsel yontemler 2 3.44 1 2.94
internet 2 3.44 2 5.88
Doga arastirmasi 0 0 1 2.94

Tablo 6 incelendiginde, kanit kelimesiyle ilgili 6gretmen adaylarinin gorisleri sirasiyla delil, ipucu ve
iz, deney ve goézleme dayali bilgi, gercegin ispati, 6nerme ve arastirmanin temeli temalarinda
yogunlasirken, 6gretmen gorislerinin ise gergegin ispati ve arastirmanin temeli temalari haricinde
benzer temalarda yogunlastigl saptanmistir. Ayrica, Ogretmenlerin ¢ogunun kaniti, “delil” olarak
gordikleri belirlenmistir. Ogretmen ve 6gretmen adaylarinin veriye yénelik gériislerinin ise, nitel ve nicel
bilgi, bilgi toplamak, bilginin ham hali, arastirma sonundaki degerler, arastirmanin temelini olusturan ana
6ge temalari lzerinde yogunlastiklari goriilmistir. Bu alt temalara ilave olarak 6gretmen adaylarinin
gorislerinden sayisi az da olsa yazili materyaller ve bilginin basamaklara bolinmis hali temalari da
ortaya ¢tkmistir. Ogretmen adaylari veriyi en ¢ok “bilgi toplamak” olarak tanimlarken, 6gretmenler en
¢ok “nitel ve nicel bilgiler” olarak tanimlamaktadirlar. Data ve kanitlarin toplanma yollarina dair
6gretmen adaylarinin verdikleri cevaplarin biyik ¢ogunlugunun goézlem, anket, arastirma/ inceleme,
deney/kontrolli deney ve goérisme/milakat oldugu gorilirken, 6gretmen goérislerinin  blyik
cogunlugunun ise goézlem, deney/kontrolli deney, eser incelemesi ve ankette yogunlastig
gorilmektedir. Tim bu bulgulara dayanarak, fen bilimleri 6gretmen ve fen bilgisi 6gretmen adaylarinin.
bilimin dogasinin “bilimsel bilginin dogasi kanita ve gézleme dayalidir” ve “gézlemler, cikarimlar ve
bilimde teorik basliklar” ozelliklerine yonelik geleneksel olmayan bilim anlayisini sergiledikleri
soylenebilir. Asagida bu temayla ilgili dogrudan alinti 6rnekleri verilmistir.
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... “Kanit.bir problemin ¢6ziimiinde etraftan topladidimiz ve hipotezleri dogrulayacak bilgilerdir...” (FO-

8 [ Geleneksel olmayan bilim anlayisi])

... “Deney ve gézlemler sonucu elde edilen nicel ve nitel bilgilere veri denir...”(FO-9 [ Geleneksel

olmayan bilim anlayisi])

Bilimsel Teoriler ve Kanunlar. Fen bilimleri 6gretmen ve fen bilgisi 6gretmen adaylarinin bilimin
dogasinin “bilimsel teoriler ve kanunlar” 6zelligine yonelik gorislerine iliskin bulgular Tablo 7’de

verilmistir.
Tablo 7.
“Bilimsel Teoriler ve Kanunlar” Temasi
Alt Temalar Ogretmen adayi Ogretmen

f % f %
Teori
Dogrulugu buyuk olgide kabul edilmis bilgi 11 17.18 10 23.25
Deney ve gozlemle ispatlanmis hipotez 10 15.62 15 34.88
Herkes tarafindan kabul goérmemis deney 9 14.06 5 11.62
sonucu
Curatulme olasiligi olan gergekler 8 12.05 2 4.65
Bircok bilim insani tarafindan kabul gérmus
deney sonucu 7 10.93 3 6.97
Dogrulugu kabul edilmis ancak yanlislanabilme 6 9.37 4 9.30
olasiligi olan hipotezler
Heniz kanitlanmamis bilimsel dnerme 5 7.81 1 2.32
Bilimsel gercekler 3 4.68 3 6.97
Bilginin agiklamasi 3 4.68 0 0
Kanitlanmasi zor goris 2 3.12 0 0
Teorinin olusumu
Hipotez kurarak 22 34.37 2 6.45
Sadece deney ve gozlemle 19 29.68 11 35.48
Kontrolli deneyle 11 17.18 5 16.12
Bilimsel yontem 10 15.62 10 32.25
Dislinerek 2 3.12 3 9.67
Kanun
Evrensellesmis bilgi 20 40 8 21.62
Herkes tarafindan kabul edilmis teorilerdir 10 20 6 16.21
Arastirilabilir ve kanitlanabilir bilgi 6 12 2 5.40
Degismez nitelik kazanmis ve clritiilemeyen 5 10 8 21.62
gercek bilgiler
Hipotezlerin gozlem ve deneylerle dogrulanmis 4 8 6 16.21
hali
Tekrarlanan deneylerle dogrulugu ispatlanmis 3 6 7 18.91
(kanitlanmis) gergekler
Genel gecer bilgi 2 4 0 0
Kanunun olusumu
Sadece kontrolll deneyler ve gézlemler 35 54.68 25 83.33
Bilimsel yontemler 29 45.31 5 16.66
Teori ve kanun arasindaki fark
Teoriler kanuna donisebilir 15 26.31 0 0
Kanunlara evrenseldir, teoriler evrensel degildir 9 15.78 11 40.74
Teoriler ispatlanamaz gergeklerdir 8 14.03 2 7.40
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Bilmiyorum 8 14.03 0 0
Kanunlar degismez teoriler degisebilir 5 8.77 0 0
Aralarinda fark yoktur 4 7.01 0 0
Kanunlar kesin olarak kanitlanmis bilgiler, 4 7.01 3 11.11
teoriler ise biyuk 6l¢iide kanitlanmis bilgilerdir

Kanunlar, clritilemez gercek bilgiteoriler 2 3.50 8 29.62
clritllebilir gergek bilgilerdir

Kanunlar olayi tanimlar, teoriler olayi agiklar 0 0 3 11.11

Tablo 7'ye gore,teorinin tanimina yonelik her iki grubun géruslerinin de en fazla, “deney ve gozlemle
ispatlanmis hipotez”, “dogrulugu biyik olcide kabul edilmis bilgi”, “herkes tarafindan kabul gérmemis
deney sonucu”nda yogunlastiklari gorilmektedir. “Bilimsel gergekler”, birgok bilim insani tarafindan
kabul gérmis deney sonucu”, “bilginin agiklanmasi”, “hentiz kanitlanmamis bilimsel 6nerme” gibi
cevaplarin yaninda “guritiilme olasiligl olan gergekler” cevabi da belirlenen diger temalar igindedir. Bu
alt temayla ilgili olarak, 6gretmen adaylari ve 6gretmen gorislerinden tamaminin geleneksel olmayan
bilimsel anlayisi yansittigini sdylemek gtigtiir. Cinkd her iki katihmci grubun verdikleri cevaplar, tam
anlamiyla geleneksel olmayan bilimsel anlayisi yansitmakta yetersiz kalmaktadir. Ornegin “bilginin
actklanmasi”, “herkes tarafindan kabul gérmemis deney sonucu”, heniliz kanitlanmamis bilimsel
onerme” temalari her ne kadar geleneksel goris olmasa da geleneksel olmayan bilimsel anlayis icin de
yetersiz kalmaktadir. Teorinin olusumuyla ilgili olarak, 6gretmen adaylarinin ve 06gretmenlerin
gorislerinin cogunun geleneksel olmayan bilimsel anlayis icin yetersiz kabul edilebilecek “sadece deney
ve gozlem”, “hipotez kurmak”, “kontrolli deney” gibi temalarda yogunlastiklari gorilmustiir.

Kanunla ilgili olarak ise Ogretmen adaylarinin ve &gretmenlerin goriglerinin  ¢ogunlukla,
“evrensellesmis bilgi, curttilemeyen gergek bilgiler, herkes tarafindan kabul edilmis teoriler”de
yogunlastiklari, buna bagl olarak da her iki grubun bilim anlayisinin, geleneksel olmayan bilim anlayisina
aykiri ya da yetersiz oldugu gorilmektedir. Kanunlarin olusumu ile ilgili, 6gretmen ve 6gretmen
adaylarinin gorislerinin “sadece kontrolli deneyler ve gézlemler” ve “bilimsel yontem” temalari altinda
toplandig gorilmektedir.

Teori ve kanun arasindaki farka dair 6gretmen ve Ogretmen adaylarinin ¢ogunlugu, kanunlarin
evrensel oldugunu, teorilerinse evrensel olmadigini ifade etmistir. Tum bu bulgulara dayanarak fen
bilimleri 6gretmen ve 6gretmen adaylarinin, bilimin dogasinin “bilimsel teoriler ve kanunlar” 6zelligine
yonelik geleneksel bilim anlayisina sahip olduklari sdylenebilir. Asagida bu temayla ilgili dogrudan alinti
verilmistir.

... “Dalton atom teorisinde atomun parcalanmayacadgini séylenmistir. Ancak daha sonra elde edilen

bilgilerle atomun pargalanabilecegdi ispatlanmistir (modern atom teorisi). Kanunlar ise hicbir kosulda

dedismez gerceklerdir. Teoriler ise degisebilen gerceklerdir...”’(FO-13 [Geleneksel bilim anlayisi])

Bilimsel Bilginin Yaratici Dogasi/ Bilimsel Bilginin Sosyal ve Kiiltiirel Yapisi/ Oznellik. Fen bilimleri
O0gretmenlerinin ve 6gretmen adaylarinin bilimin dogasinin “bilimsel bilginin yaratici dogasi”, “bilimsel
bilginin sosyal ve kiltlrel yapisi” ve “6znellik” 6zelliklerine yonelik gorisleriyle ilgili bulgular Tablo 8'de
verilmistir.

Tablo 8.
“Bilimsel Bilginin Yaratici Dogasi”, “Bilimsel Bilginin Sosyal ve Kiiltiirel Yapisi” ve “Oznellik” Temasina
iliskin Bulgular

Alt Temalar Ogretmen aday! Ogretmen

f % f %
Ayni Verilere Sahip Olduklari Halde Bilim insanlarinin Farkli Sonuclara Ulasmalarinin Sebebi
Kisisel goruslerinin, diisiincelerinin, bakis acilarinin, 25 49.01 19 63.33
6zel kanilarinin farkl olmasi ve bilgiyi yorumlama
farkliliklar
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Kesin bilgilerin olmamasi 8 15.68 2 6.66
Hayal glict 6 11.76 3 10
Bilim insanlarinin ¢alisma alanlarinin farkli olmasive 6 11.76 2 6.66
farkh bilgi birikimine sahip olmalari

Ayni verilere dayali farkli hipotezler kurmusturlar 6 11.76 2 6.66
Algida secicilik 0 0 2 6.66
Bilimsel Bilgi ile Bilimsel Diisiince Arasindaki Fark

Bilimsel bilgi deney ve gozlemle agiklanan objektif 22 41.50 10 38.46
gercekler, bilimsel dislince 6znel fikirlerdir

Bilimsel bilgi teoriler ve kanunlarla agiklanirken, 15 28.30 8 30.76
bilimsel duslince duygu ve inanglarla agiklanir

Bilimsel bilgiler kanitlanmis gercgekler, bilimsel fikirler 8 15.09 5 19.23

ise hayal glci ve yaraticihga bagli yeni bilimsel bilgiler
Uretme agsamasi
Bilmiyorum 8 15.09 3 11.53

Tablo 8e gore, bilim insanlarinin ayni verilere sahip olmalarina ragmen farkli sonuglar elde
etmelerinin sebebi olarak 06gretmen adaylarinin gorlslerinin neredeyse vyarisinin ve 0Ogretmen
gorislerinin ise yarisindan fazlasinin, “kisisel gorislerin, bakis agilarinin ve 6znel kanilarinin farkl olmasi”
temasl olusturdugu belirlenmistir. “Kesin bilgilerin olmamasi, hayal giici ve ayni verilere dayali farkh
hipotezler kurmusturlar” cevaplari da dikkat ceken temalardir.

Bilimsel bilgi ile bilimsel duslince arasindaki farka iliskin ise, 6gretmen gorislerinin ve 6gretmen
adaylarinin goérislerinin en fazla “bilimsel bilginin deney ve goézlemle agiklanan objektif gergekler,
bilimsel disiince 6znel fikirlerdir” ve “bilimsel bilgiler teoriyle agiklanirken bilimsel distinceler inangla
aciklanir” cevaplarinda yogunlastiklari gérultrken, bir kisim 6gretmen ve 6gretmen adayinin hayal glicu
ve vyaraticihga degindikleri gorilmektedir. Bulgulara dayanarak, fen bilimleri 6gretmenlerinin ve
o6gretmen adaylarinin bilimin dogasinin “bilimsel bilginin yaratici dogasi”, “bilimsel bilginin sosyal ve
kilturel yapisi” ve “Oznellik” o6zelliklerine yonelik genel olarak geleneksel olmayan bilim anlayisini
sergiledikleri sdylenebilir. Asagida bu temayla ilgili 6rnek bir dogrudan alinti verilmistir.

.... “Bilim insanlarinin olaya kendi ¢alisma alanlarindan bakmasindan kaynaklanir. Ornedin asteroit

carptigini iddia eden kesim gék bilimcilerken, volkanik patlamanin neden oldugunu séyleyenler doga

bilimcilerdir. Yani ayni veriyi kendi alanlarina uygun sekilde yorumlamistiriar...”( FO-13 [Geleneksel
olmayan bilim anlayisi])

Tartisma ve Oneriler

Arastirmada fen bilgisi 6gretmen adaylarinin bilimsel epistemolojik inang 6lgegi puanlarinin yliksek
olmasina dayanilarak fen bilgisi 6gretmen adaylarinin geleneksel bilimsel anlayisina sahip oldugu
soylenilebilir. Literatiirde, 6gretmen adaylarinin epistemolojik inanglarinin geleneksel bilimsel anlayis
yoniinde olduguna dair bazi gcalismalara rastlanmistir (Abd-El-Khalick & Boulaoude, 1997; Abd-El-Khalick
& Akerson, 2004; Terzi, 2005; Meral & Colak, 2009; Ayvaci ve Nas, 2010; Karabulut & Ulucan, 2012).
Ornegin; Meral ve Colak (2009), teknik egitim fakiiltesinde &grenim géren 651 6grenciyle yaptiklari
calismalari sonucunda, o6grencilerin geleneksel bilim anlayisina sahip olduklarini belirlemislerdir.
Karabulut ve Ulucan (2012), farkli Universitelerin beden egitimi ve spor ylksekokullarinda 6grenim
gormekte olan birinci ve son sinif beden egitimi 6gretmen adaylarinin katilimiyla gergeklestirdikleri
calisma sonucunda 6gretmen adaylarinin geleneksel bilimsel inanglarinin yiiksek diizeyde oldugunu
tespit etmislerdir.

Arastirmanin bir diger bulgusu, fen bilimleri 6gretmenlerinin bilimsel epistemolojik inanglarinin da
geleneksel bilim anlayisini yansittigidir. Literatiirde 6gretmenlerin epistemolojik inanglarinin incelendigi
bazi calismalar mevcuttur (Karhan, 2007; Dogan & Abd-El-Khalick, 2008; Izgar & Dilmag, 2009; Kurt,
2010; Aslan & Tasar, 2013; Bayir, 2016). Karhan (2007), 6gretmenlerin epistemolojik inanglarini
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inceledigi calismasi sonucunda, ogretmenlerin dogrularin tek ve mutlak oldugu yoniinde yiizeysel
inanglara sahip olduklarini saptamistir. Kurt (2010), 256 6gretmen ile gercgeklestirdigi arastirmanin
sonucunda 6gretmenlerin epistemolojik inanglarinin kismen gelismis epistemolojik anlayisa uygun
yanlari olmakla birlikte, daha ¢ok geleneksel bilim anlayisina sahip olduklarini tespit etmistir. Dogan ve
Abd-El-Khalick (2008), fen o0Ogretmenlerinin bilimin dogasina yonelik geleneksel bilim anlayisi
tasimalarinin yaninda, 6grencileriyle de benzer gorislere sahip olduklarini ve bu naif goruslerin, yas,
cinsiyet, cografi koken ve sosyo-ekonomik statliden bagimsiz oldugunu bulmuslardir. Aslan ve Tasar
(2013), fen 6gretmenleriyle yaptiklari galismalari sonucunda 6gretmenlerin bilimin dogasinin birgok alt
boyutuna yonelik naif goruslere sahip olduklarini bulmuslardir. Aslan (2009), naif goériisiin, pozitivist
paradigmayl benimseyen bir goriis oldugunu belirtmektedir. Fen bilimleri 6gretmenlerinin, bilimin
dogasinin bircok alt boyutuyla ilgili glinimiiz bilim anlayisindan oldukga uzak olduklari sonucunu bulan,
Bayir (2016), ¢alismasinin sonuglarina dayanarak, 2004 ve 2013 fen programlarinin vizyonu olarak
ogrencilerin fen okuryazar olarak yetismesinin vurgulandigi disindlirse, mevcut bulgularin tlkemizin
reform hareketlerini ve 21. yy fen egitiminin beklentilerini desteklemedigini iddia etmektedir.

Bu arastirmanin bir diger sonucu, fen bilimleri 6gretmenleri ile fen bilgisi 6gretmen adaylarinin
bilimsel epistemolojik inanglari arasinda anlamli bir farkin olmamasidir. Ogretmen ve &gretmen
adaylarinin epistemolojik inanglari arasindaki iliskiyi inceleyen Alpan ve Erdamar (2014), Gazi
Universitesi’'nde 6grenim géren 247 son sinif 6gretmen adayi ile égretmenlik uygulamasinda onlara
rehberlik yapan 32 6gretmenle yaptiklari ¢calismalarinda, 6gretmenlik uygulamasi éncesi ve sonrasinda
ogretmen ve Ogretmen adaylarinin epistemolojik inanglarini incelemis, 6gretmenlerin ve 6gretmen
adaylarinin uygulama 6ncesinde ve sonrasinda epistemolojik inanglarinin boyutlari arasinda anlaml bir
farkin olmadigini gozlemlemislerdir. Sarag ve Cappellaro (2015), sinif 6gretmenleri ve 6gretmen
adaylarinin bilimin dogasina yénelik gorisleri arasinda, hipotez-teori-kanun hiyerarsisi ile bilimlerarasi
kavramlarin tutarlihgi konulari haricinde, anlamli bir farkin olmadigini belirtmektedirler.

Fen bilimleri 6gretmenleri ve 6gretmen adaylarinin bilimin dogasina yonelik goriasleri, bilimin
dogasinin 6zelliklerine gore belirlenmistir. Bilimsel bilginin kaynagina yonelik hem 6gretmen adaylarinin
hem de 6gretmen goruslerinin, en fazla deney ve gézlemde yogunlastigl goriilmastir. Bilimsel bilginin
elde edilmesinde deney, gozlem gibi bilimsel metotlarin kullanildigi dogru fakat eksik bir bilgidir. Bu
durum bilimin dogasina yonelik kabul edilen mitlerden biridir. Bilimsel bilginin elde edilmesinde tek bir
bilimsel metot olmadigi gibi, bilim insanlarinin yaraticilik ve hayal gigleri de 6nemlidir (Palmquist &
Finley, 1997; Abd-el-Khalick & Akerson, 2004; Dogan, 2010). Dogan’a gére (2010), bilimsel bilginin
“deney yoluyla” Uretildigini disinmek, Francis Bacon’un savundugu insan bilgisinin tek kaynaginin
deney oldugunu 6ne siiren deneycilik bilgi kuramiyla yani pozitivist gorisle ortismektedir. Buna gore fen
bilimleri 6gretmenlerinin ve 6gretmen adaylarinin bilimsel bilginin kaynagina yonelik geleneksel bilim
anlayisina sahip olduklari séylenebilir. Bu bulgu literatiirdeki birgok ¢alismayla benzerlik gdstermektedir
(Dickinson, Abd-El-Khalick & Lederman, 2000; Abd-el-Khalick & Akerson, 2004; Ari, 2010; Dogan, 2010;
Dursun, 2015). Ornegin Abd-El-Khalick ve Akerson (2004), fen dersi alan 28 dgretmen adayiyla yaptigi
¢alismalari sonucunda katilimcilarin %86’sinin  bilimsel bilginin tek ya da birbirini sirayla izleyen
asamalarin olusturdugu bilimsel metotla olustugunu dislindiklerini, Dogan (2010), lise 6grencilerinin
biyuk bir cogunlugunun bilimsel bilginin bilimsel metotla tretildigini séylediklerini belirtmistir.

Fen bilimleri 6gretmen ve 6gretmen adaylarinin, bilimin dogasinin “bilimsel bilginin degisebilirligi”
ozelligine yonelik, 6gretmenlerin tamaminin, 6gretmen adaylarinin ise cogunlugunun gorisiiniin bilimsel
bilginin degisebilecegi ydniinde oldugu bulunmustur. Ogretmen adaylarinin gériislerinden ¢ok azi ise
kanunlarin, bilgilerin degismeyecegi yonindedir. Buna goére 6gretmen adaylarinin ve fen bilimleri
O0gretmenlerinin bilimin dogasinin “bilimsel bilginin degisebilirligi” 6zelligiyle ilgili olarak geleneksel
olmayan bilimsel anlayisa sahip olduklari séylenebilir. Bu goris Lederman (1999), Dogan ve Abd-el-
Khalick (2008), Ari (2010) ve Aslan’in (2009) calismalarindan elde ettikleri sonuclarla tutarlidir. Ornegin,
Aslan’in (2009) bilimsel bilginin geciciligi konusunda yaptigi calismada, fen ve teknoloji 6gretmenlerinin
yeni teknikler ve gelismis araglarla tekrarlanan bilimsel calismalar sonucunda, bilimsel bilginin
degisebilecegi goriisiinde olduklari tespit edilmistir.
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Bilimin dogasinin “bilimsel bilginin dogasi kanita ve gozleme dayalidir” ve “gézlemler, ¢ikarimlar ve
bilimde teorik basliklar” 6zellikleriyle ilgili olarak, fen bilimleri 6gretmen ve 6gretmen adaylarinin
geleneksel olmayan bilim anlayisini sergiledikleri sdylenebilir. Her ne kadar ¢alisma grubu lise 6grencileri
de olsa Dogan (2010) da ¢alismasinin sonucunda benzer bulgulara ulasmistir.

Fen bilimleri 6gretmen ve fen bilgisi 6gretmen adaylarinin, teorinin tanimina yonelik gorislerinin en
fazla, “deney ve gozlemle ispatlanmis hipotez”, “dogrulugu biliyik o6lglide kabul edilmis bilgi”, “herkes
tarafindan kabul gormemis deney sonucu” goruslerinde yogunlastiklari belirlenmistir. Teorinin tanimiyla
ilgili olarak, 6gretmen adaylari ve 0gretmen gorigslerinden tamaminin geleneksel olmayan bilimsel
anlayisi yansittigini séylemek gugtir. Clinkl her iki katilimci grubun verdikleri cevaplar, tam anlamiyla
geleneksel olmayan bilimsel anlayisi yansitmakta yetersiz kalmaktadir. Ornegin “bilginin aciklanmasi”,
“herkes tarafindan kabul gormemis deney sonucu”, heniiz kanitlanmamis bilimsel dnerme” temalari her
ne kadar geleneksel goriis olmasa da geleneksel olmayan bilimsel anlayis icin de yetersiz kalmaktadir.
Kanunla ilgili olarak ise 6gretmen adaylarinin ve 6gretmenlerin gorislerinin ¢cogunlukla, evrensellesmis
bilgi, clrutilemeyen gergek bilgiler, herkes tarafindan kabul edilmis teoriler gibi temalarla tamaminin
bilim anlayisinin geleneksel olmayan bilim anlayisina aykiri ya da yetersiz oldugu gériilmektedir.Teori ve
kanun arasindaki farkla ilgili, 6gretmen ve 6gretmen adaylarinin ¢ogunlugu, kanunlarin evrensel
oldugunu, teorilerinse evrensel olmadigini ifade etmislerdir. Katilimcilarin teori, kanun, teori ve kanunun
olusumlari ve farklarina dair gorislerinden elde edilen bulgularin tamamina dayanarak, fen bilimleri
o6gretmen ve 6gretmen adaylarinin, bilimin dogasinin “bilimsel teoriler ve kanunlar” 6zelligine yonelik
geleneksel bilim anlayisina sahip olduklari séylenebilir. Bu bulgu Dogan (2010), Mihladiz (2010) ve
Aslan’in  (2009) bulgulariyla 6rtismektedir.Bilimin dogasina yonelik bilinen mitlerden biri de
hipotezlerden teorilerin, teorilerden de kanunlarin olustugu (Aslan, 2009), yani teori ve kanun arasinda
bir hiyerarsinin oldugudur (Dickinson, Abd-El-Khalick & Lederman, 2000; Dogan Bora, Arslan & Cakiroglu,
2006). Oysa kanun ve teoriler farkh bilgi turleridir ve birbirlerine dénismezler (Dogan, Cakiroglu, Bilican
& Cavus, 2009: 25). Irez (2008) ve Dogan’a gore (2010), bu yanilginin en biyik sebeplerinden biri
mevcut ders kitaplarindaki yanls bilgilerdir.

Fen bilimleri 6gretmenlerinin ve 6gretmen adaylarinin, bilim insanlarinin kisisel goris, hayal glict vb.
ozellikleri dolayisiyla farkli bakis acilarina sahip olabilecekleri, bu nedenle de farkh sonuglara
ulasabilecekleri gorusleriyle, “bilimsel bilginin yaratici dogasi, sosyal ve kultirel yapisi ve 6znellik”
ozelliklerine degindikleri goérulmektedir. Bu bulgulara dayanarak, fen bilimleri 6gretmenlerinin ve
O0gretmen adaylarinin bilimin dogasinin “bilimsel bilginin yaratici dogasi”, “bilimsel bilginin sosyal ve
kilturel yapisi” ve “Oznellik” o6zelliklerine yonelik, genel olarak geleneksel olmayan bilim anlayisini
sergiledikleri soylenebilir. Bu bulgularla tutarli olarak, Dogan’in (2010) calismasinda Ogrenciler,
dinozorlarin yok olusu ile ilgili bilim insanlarinin farkli teoriler Gretmesini, eldeki verilerinin ayni olmasina
ragmen ortak bir teori lzerinde karara varamamalarinin sebebinin farkli arastirmalar ve farkli yorumlar
oldugunu ifade etmislerdir.Aslan’in (2009) calismasinda, fen ve teknoloji 6gretmenlerinin biytk bir
bolimi tarafindan (%66,2) “basarili bilim insanlarinin ¢alismalarinda daima ¢ok agik fikirli, mantikli,
6nyargisiz ve nesnel olmalarinin yaninda hayal giicii, zeka ve diirtistliik gibi 6zellikleri de tasimasi
gerektigi” ifade edilmistir.

Ozetle, her ne kadar “Bilimsel Epistemolojik Olcegi” nden elde edilen bulgulara gére fen bilimleri
o6gretmenlerinin ve 6gretmen adaylarinin geleneksel bilim anlayisina sahip olduklari sonucu bulunsa da,
“Bilimsel Epistemoloji Uzerine Goriisler Anketi” nden elde edilen bulgulara gére, her iki grubun da
bilimin dogasinin “bilimsel bilginin dogasi deneye dayalidir, bilimsel teoriler ve kanunlar” 6zelliklerine
yonelik pozitivist paradigmaya dayanan geleneksel bilim anlayisina, “bilimsel bilginin degisebilirligi,
bilimse bilginin dogasi kanita ve gbzleme dayalidir, gbzlemler, gikarimlar ve bilimde teorik bagliklar,
bilimsel bilginin yaratici dogasi, 6znellik ve bilimsel bilginin sosyal ve kiltirel yapisi” 6zelliklerine yonelik
ise post-pozitivist paradigmaya dayanan geleneksel olmayan (¢agdas) bilim anlayisina sahip olduklari
tespit edilmistir. Abd-El Khalick ve Boulaoude (1997), fen 0Ogretmenlerinin hala geleneksel bilim
anlayisina sahip olmalarini, 6gretmen adaylarinin fen 6gretimi sirasinda gerek duyduklari bilimin
dogasina yonelik bilgiyi gelistirmeleri konusunda 6gretmen yetistirme programlarinin yararl olmadigina
baglamaktadirlar.
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Bu arastirmanin sonugclarina dayanarak, fen bilimleri 6gretmenlerine, bilimin dogasinin bazi
ozelliklerine yonelik sahip olduklari geleneksel bilim anlayisindan kurtarip geleneksel olmayan bilim
anlayisina yoneltmek icin hizmetici egitimler verilebilir. Dogan, Cakiroglu, Cavus, Bilican ve Arslan (2011),
fen ve teknoloji 6gretmenlerinin bilimin dogasina yonelik gorlslerinin hizmetici egitim programlari
sayesinde olumlu yonde gelistigini belirtmislerdir. Fen bilgisi 6gretmen adaylarinin bilimin dogasina
yonelik gorislerini gelistirmek icin de bilimin dogasina yonelik etkili yontemler kullanilabilir. Her ne
kadar Abd-El-Khalick ve Lederman (2000), yaptiklari genis literatiir incelemesi sonucunda fen
O0gretmenlerinin bilimin dogasi hakkindaki goériglerini guglendirmek igin dikkate alinan girisimlerin
basarisiz oldugu sonucunu belirtseler de, bazi yaklasimlarin bu konuda etkin oldugunu belirten
calismalar da mevcuttur (Bianchini & Colburn, 2000; Abd-El-Khalick, 2001; Kdseoglu, Timay & Budak,
2008; Tiirkdz, 2015; Tola, 2016). Ornegin Abd-El-Khalick (2001), acik yansitici yaklasimin 6gretmenlerin
bilimin dogasi hakkindaki géruslerini yansitmada etkili oldugunu belirtmektedir.
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