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Abstract

Pre-service teachers’ views about scientific method are important because their views
affect what they teach and do in their future classrooms. The main aim of this study
was to investigate 346 pre-service science teachers’ conceptions about scientific method.
Moreover the context dependence of these conceptions was examined by an investigator
developed survey in conjunction with follow- up interviews. Analysis of the data revealed
that participants’ conceptions of scientific method can be categorized as (i) A is A, (ii)
making experiment/ observation, (iii) predetermined steps, (iv) method used by scientific
community, and (v) contemporary view. 44% of the participants supported existence of
a single scientific method. Further, more than half of the participants believed that the
way of getting reliable knowledge in physics, chemistry and biology are different. This
research emphasizes the importance of considering pre-service teachers ‘conceptions of
scientific method as an important component of NOS. The major implication of this work
for developing the concepts of method of science in the science classroom is the need to
consider the pre-service science teachers’ conceptions.
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Oz

Ogretmen adaylarinimn bilimsel yontem hakkindaki goriisleri onlarin ileriki meslek hayat-
larinda neyi 6greteceklerini belirlemesi agisindan son derece dnemlidir. Bu ¢aligmanin
amact 346 6gretmen adayinin bilimsel yontem hakkindaki goriislerini incelemek ve bu
goriislerin ¢alisilan alana bagli olup olmadigini belirlemektir. Calismanin verileri arag-
tirmaci tarafindan gelistirilen 3 adet agik uclu sorudan olusan bir anket ve goriismeler
yoluyla toplanmistir. Verilerin analizi sonucunda 6grenmen adaylarmi bilimsel yontem
hakkindaki goriisleri “A, A’dir”, “deney/gdzlem yapmak”, “Onceden belirlenmis ba-
samaklar”, “bilim komitesi tarafindan kullanilan yontemler ” ve “cagdas goriis” olmak
tizere 5 kategoride agiklanmistir. Katilimcilarin %44 tiniin tek bir bilimsel yontemin var-
ligin1 kabul ettikleri goriilmektedir. Ayrica katilimcilarin yarisindan fazlasi fizik, biyoloji
ve kimya alaninda bilimsel bilgi elde etmenin yonteminin farkli oldugunu belirtmistir.Bu
calisma 6gretmen adaylarmin bilimin dogasinin bir bileseni olan bilimsel yéntem hakkin-
daki goriislerini aragtirmanin ve gelistirmenin énemini ve gerekliligini ortaya koymustur.
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Introduction

Nature of science is a very broad term used to explain what science is, how sci-
ence functions, what the role of society is in scientific enterprise, and how scientific
community operates (McComas, Clough, & Almazroa, 1998). According to Leder-
man (2007) NOS is “the epistemology of science, science as a way of knowing, or
the values and beliefs inherent to scientific knowledge and its development” (p.833).
Throughout the paper the term NOS was used in compatible with the Lederman’s defi-
nition. Although there is a disagreement among philosophers, historians and science
educators on the definition of NOS (Alters, 1997), they agreed on the characteristics of
NOS at K-12 level (Abd- El- Khalick, 2004).

Many researchers emphasized the weight of understanding in NOS as an impor-
tant component of scientific literacy. It was 1960 that NOS was determined as one of
the major aims of science teaching by the National Society for the Study of Education.
Given the importance of NOS understanding, the assessment of students’, teachers’
and scientists’ conceptions of NOS has been a main point for science education re-
search over the years. Without any doubt, there is plenty of evidence for students’ and
teachers’ misunderstanding about the NOS issues (Walls, 2012; Akerson & Donnelly,
2010; Meyling, 1997; Ryan and Aikenhead, 1992). McComas (1998) defined mis-
conceptions in science and named them as “myths of science”. According to him lack
of philosophy of science content in teacher education programs, inefficacy of these
programs in providing real science experiences for pre-service science teachers and
textbooks are some of the main sources of the misconceptions.

In the literature pre-service science teachers’ conceptions of NOS is well docu-
mented. The argument guiding these studies was that teachers need to understand NOS
in order to model students by their behaviors and attitudes (Buaraphan, 2011; Craven,
Hand, & Prain, 2002; Murcia and Schibeci, 1999). Reviewing the researches on pre-
service teachers’ conceptions on NOS is beyond the scope of this research; however
it is important to note that investigations by many researchers revealed similar results
indicating that pre-service teachers have a traditional view of NOS.

Pre-service teachers’ views of scientific method

Pre-service teachers generally believed that scientific method is an orderly step-
wise procedure that scientists should follow in order to reach valid scientific knowl-
edge and in order to be successful scientists the steps of scientific method are needed
to be followed (Haidar, 1997; Turgut, 2009; Murcia & Schibeci, 1999; Palmquist &
Finley, 1997). Buaraphan (2011) used myths of science questionnaire (MOSQ) to
investigate pre-service physics teachers conceptions of NOS concerning 4 main as-
pects; scientific knowledge, scientific method, scientist work and scientific enterprise.
According to this study, two-thirds of the participants held on uninformed concep-
tion that scientific method is a fixed step- by-step process. In their study with 73 pre-
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service primary teachers, Murcia and Schibeci (1999) found similar results. By using
open ended and true- false questions they analyzed pre-service teachers’ views of NOS
and they argued that participants had a naive and unclear understanding of scientific
method. Turgut (2009) investigated prospective science teachers’ conceptions about
scientific knowledge and scientific method. He administered 4 open ended questions
to 70 pre-service teachers and conducted interviews with ten of them. In order to probe
participants’ conceptions about scientific method he asked “Do scientist have to follow
a stepwise procedure to get a reliable and valid knowledge?”” The findings indicated
that pre-service teachers believed that scientists follow a single scientific method for
achieving true knowledge.

Significance of the study

Despite the importance of scientific method domain of NOS, our knowledge base
about pre-service science teachers’ views about scientific method is limited. More de-
tailed descriptions of pre-service science teachers’ views about scientific method are
needed in order to design teacher education programs which have a potential to en-
hance pre-service science teachers’ conceptions of scientific method. However it was
seen in the literature that pre-service teachers’ views of NOS were generally assessed
as a whole (instead of separate domains) by using multiple choice surveys which force
participants to choose between predetermined views. Also some of the researchers
who tried to assess pre-service teachers views of NOS as a whole including all do-
mains such as role of scientist, scientific knowledge, scientific method, scientific laws
etc. concluded that pre-service teachers have mixed views (traditional and contempo-
rary) about NOS. So, highly traditional view in one domain may be neutralized as a
contemporary view in another domain when the total view is considered. For instance,
in their study Palmquist and Finley (1997) assessed pre-service teachers’ views on
NOS and concluded that participants enter teaching program with mixed views about
NOS. However, when pre-service teachers’ views on each domain of NOS examined
separately, it was seen that majority of participants held a traditional view of scientific
method. So the researcher of this study believed that a detailed investigation about sci-
entific method views of pre-service teachers is needed. To this end, this study aims to
contribute to the relatively limited literature on pre-service science teachers’ concep-
tions of scientific method.

The research questions were:

(1) What are the pre-service science teachers’ conceptions of scientific method?

(2) Are these conceptions are general or subject specific?
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Method

Subject

346 pre-service science teachers, 62 male and 284 female, all of whom were in the
same university, participated in the study. The number of participants in their 1st, 2nd,
3rd and 4th year was 102, 84, 93 and 67 accordingly. All of the subjects participated
in the study voluntarily.

Context of the study

Before explaining the characteristics of the study and interpreting the findings
it is useful to describe the context within which this investigation was conducted. In
this study the pre-service science teachers who were seeking certification in elemen-
tary level science were chosen from a public university. This university accepts stu-
dents from the top %10 through a national university entrance examination. They were
attending 4 year program that includes both science and education courses. In the
first year they required to take general chemistry, principle physics, and mathematics
courses. Following year courses are the complementary of the previous one (such as
organic and analytical chemistry, optics and modern physics) and two education cours-
es (instructional principles and methods and science and technology curriculum). Stu-
dents take physiology, genetic and biotechnology, geology and environment sciences
courses plus more education courses in the third year (educational statistics, laboratory
application in science, methods of scientific research, measurement and assessment).
The last year courses are mainly related to education (school experience, guidance,
classroom management, instructional technology and material development). Also in
this year students should take two elective courses among the alternatives (nature of
science, constructivist science teaching, misconceptions in science education, project
based science teaching, history of science, problem based science teaching, technol-
ogy in science education etc.). At the time of this investigation, none of the participants
had taken the NOS courses.

Data collection and analyses

Data were collected through written responses to survey that includes 3 open end-
ed questions and interviews. The survey questions developed by the researcher were
administered in order to examine pre-service science teachers’ views about scientific
method. Survey questions were administered to all participants individually and it ap-
proximately took 30 minutes to complete the questions.

The survey questions were prepared in the native tongue of the participants by
the researcher. However to report the results for the article, the researcher translated
the questions into English and a specialist in linguistics was asked to retranslate it into
original language. At the end of this double translation process, it was seen that the



Journal of Teacher Education and Educators/ Ogretmen Egitimi ve Egitimcileri Dergisi 261

original form of the survey and the retranslated one were very similar.

The interviews were conducted in accordance with the answers given to the open
ended questions. For each grade level 5 participants were selected randomly for inter-
view. The aim of interview was to clarify participants’ responses to survey questions
and investigate their answers in depth. During the interviews, participants were given
their answer sheets in order to remind answers. The researcher requested interviewees
to clarify and elaborate their answers. Each interview lasted approximately 15 min-
utes. Before administering the survey and conducting the interviews, participants were
informed about the purpose of the study both orally and in writing. Also they were
explained that the data would remain confidential and anonymous; and their participa-
tion was not mandatory.

The technique used for analyzing the responses to open ended questions was ana-
lytical induction (Bogdan& Biklen,1992; Abell & Smith, 1994). In the first stage of the
analysis, in order to find a common pattern participants’ responses to the open ended
questions and interview data were read over and over. Then by using these patterns
emergent categories were generated. When the responses did not fit any categories
they werelabelled and reported as “uncategorized”. The open ended questions were
given in the following table.

Tablel. Survey questions

1. What does “scientific method” mean to you? Explain in your own words.

2. Do scientists have to follow a single scientific method to get scientific knowl-
edge? Please explain your reason?

3. Does the way of getting reliable knowledge in physics, chemistry and biology
the same or different?

In the following section written quotes or interview excerpts of participants’ views
are given in order to define and substantiate the categories. Moreover at the end of
each questions number of participants in each category with respect to grade level is
presented forexplanation.

Results

What is scientific method?

Pre-service science teachers’ responses to the first question revealed five catego-
ries; “A is A”, “making experiment/ observation”, “predetermined steps”, “method
used by scientific community”, and “contemporary view”.

Ais A

Although answers grouped under this category do not contradict with contempo-
rary view of scientific method; they do not provide any new information about scien-
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tific method. Rather concept of scientific method is assimilated into general notion of
method. Following excerpt is an example for this category;
“Scientific method is a way of solving scientific problems”

Making experiment/observation

In this category, participants thought that it is making experiment/observation that
distinguishes scientific method from other methods. Unlike “A is A” view, pre-service
teachers have a new schema for scientific method albeit limited to experiment or ob-
servation. They conceived that making experiment and/or observation is the only way
of getting scientific knowledge. 22% of the participants in this category put a hierarchy
between experiment and observation. In the following excerpt one of the participants
exemplified this view:

“Scientific method starts with a careful observation. Observation is the heart of scien-
tific method. To ensure the validity of obtained knowledge, one should first make an unbi-

ased observation, and then according to results of this investigation, a controlled experiment
should be conducted”

Their view reflects the point that one should first make an observation and ac-
cording to results of this observation than a controlled experiment should be made
in order to solve a given problem. Moreover some of the participants explained that
experiments are needed to be conducted in laboratories with sophisticated equipments
(17%).

Predetermined steps

Almost half of the participants’ view in this study fitted this category(40%). Ac-
cording to them following the steps (either some or all) of scientific method is neces-
sary for both getting scientific knowledge and increasing the validity and reliability of
it. It was seen in pre-service science teachers responses that formulating hypothesis,
testing hypothesis, framing laws and theories were the most commonly stated steps

“Although I cannot remember all, I know that scientific method involves 8 steps. The

steps begin with stating the hypothesis and scientists follow these steps in order to get scien-
tific knowledge”

%62 of the participants in this category also stated that the order of these steps
cannot be changed; i.e. second step cannot be conducted unless the first one is com-
pleted. In the following excerpt this view is evident;

“Scientific method involves steps that include making observation, suggesting hypoth-

esis, testing hypothesis with controlled experiment, framing laws and if the laws are sup-
ported by additional data, raising theories. These steps are used by all scientists universally.

The sequence of these steps can not changed”
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Method used by scientific community

Responses in this category did not reflect any predetermined steps, but they point-
ed out scientific community to define scientific method. Most of the statements in this
category mentioned that scientists use scientific method to obtain scientific knowl-
edge/ observe nature/investigate given problem. Necessity of using scientific method
by scientists to produce scientific knowledge accepted and validated by all scientific
community was the other notable view in this category. Moreover some of the par-
ticipants argued that scientific method facilitate the communication among scientists
since it has well accepted by the community.

Contemporary view
The last category reflects participants’ view that is compatible with the contem-
porary view of scientific method. The pre-service teachers in this category realized
that traditional scientific method is not the unique way of getting scientific knowledge.
They actually defined scientific method by explaining what it is not. It is common in
the responses that we cannot describe a rigid scientific method that all scientists should
use. Also %8 of the participants indicated that there is no scientific method. One of the
participants’ responses exemplifies this view as follows:
i I think the important point is to describe the procedure clearly in
order to replicate study by others for verification. I believe everyone creates
their own way of investigation....”

The following table shows the percentage of students’ responses fitted the catego-
ries in each grade level.

Table 2. Percentage of participants’ responses to the first question

Categories Grade levels

1 2 3 4
Ais A 9 8 7 7
Making experiment/observation 12 11 20 18
Predetermined steps 42 45 39 33
Methods used by scientist 9 11 7 6
Contemporary view 21 22 22 33
Uncategorized 7 3 5 3

Existence of a single scientific method

In the second question of the survey, pre-service science teachers were asked
whether scientists have to follow a single scientific method to get scientific knowledge
or not. The participants who believed the existence of a single scientific method sup-
ported their claim by using various arguments. Their arguments can be categorized as
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follows:

Science is not compatible with ambiguity in nature

Pre-service science teachers whose answers can be classified under this category
thought that existence of more than one scientific method impairs the accuracy of sci-
ence. They argued that scientific community agrees on the single scientific method
with clearly stated boundaries and only this method ensures the validity and reliability
of the knowledge obtained from any investigation.

The participants defining scientific method as predetermined steps made use of
these steps also in this question and even some of them claimed that any change in
the sequence of these steps causes uncertainty. However others stated that although
scientists should follow these steps, they are free to decide what kind of activities can
be done for each step.

...... For example after formulating the hypothesis, scientists should test it. In this step
a scientist can apply different procedure to test the hypothesis. After testing process she/he
can pass the third step... ”

Moreover, another notable view under this category was that only when scientists
use a universally accepted single scientific method, we can call their investigations as
scientific, since just the usage of this method permits the duplication of their studies
exactly in the same way by other scientists.

Scientific knowledge is absolute

In this category the participants acknowledged a very traditional view that scien-
tific knowledge is free from the influence of context and individuals. Scientists can get
purely objective knowledge merely by using a scientific method which has a certain
frame predetermined in advance and accepted by everyone. Otherwise, each distinct
method produces different knowledge and it is troublesome to decide which one is
scientific. However, when scientist uses a scientific method which is universally ac-
cepted, the results are absolutely true without any doubt. For example, a pre-service
teacher whose scientific knowledge view is highly traditional explained his view as:

“Scientific knowledge reflects reality and it should be objective. Scientist reaches scien-

tific knowledge through an ordered and careful study. Only this study called scientific method
has unique and universally accepted yields an objective scientific knowledge”

Scientific method is an umbrella

Pre-service science teachers’ views reflected that scientists have to follow a sin-
gle scientific method to get scientific knowledge since it includes all the procedure
that scientists use in their investigations. Participants argued that scientific method is
an inclusive term that may include various kinds of activities. Although the content
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of the activities were not stated explicitly, pre-service teachers claimed that all these
activities form scientific method. They expressed the belief that scientific method is a
general guideline.

Pre-service science teachers who did not accept the existence of a single scientific
method constituted the 56% of all participants. Their views were categorized as “role
of context” and “scientific knowledge is tentative”

Role of context

The responses of participants grouped under this category were compatible with
the contemporary views of NOS. They stated that the scientific method used to get sci-
entific knowledge may change with respect to subject area and scientists. The partici-
pants who claim that scientists may choose the appropriate scientific method in their
investigations seem to accept the role of scientists’ prior knowledge and creativity in
any scientific endeavour.

15% of all participants believed that the scientific methods used in social and
natural/applied sciences cannot be same since the nature of problems they deal with is
quite different.

Scientific knowledge is tentative

Some of the pre-service teachers extended their conceptions about scientific
knowledge to scientific method. Nearly 10% of the participants indicated that scien-
tific method is subject to change just like scientific knowledge:

“Today’s reliable method may change in the future and be classified as ineffective or
unreliable. So something that is not durable to time cannot be unique”

Moreover technological development was also associated with the changes in sci-
entific method. Participants explained their reason by claiming that the instruments we
used to get scientific knowledge are changed with progression in technology and these
instruments in turn alter our scientific method.Table 3 shows the percentage of pre-
service teachers’ responses to second question according to grade level.

Table 3. Percentage of participants’ responses to the second question

Grade levels

Views 1 2 3 4
“Yes” with clear reason 45 41 44 30
“No” with clear reason 53 58 56 57

Uncategorized 2 1 0 3
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Subject dependence of scientific method

In the last question, participants were asked whether the way of getting reliable
knowledge in physics, chemistry and biology are the same or different. It was seen in
the table 4 that almost half of the first year participants thought that scientists use dif-
ferent methods in their investigations about different subjects.

Table 4. Percentage of participants’ responses to the third question

Views Grade levels

1 2 3 4
Same 42 36 30 29
Different 53 61 63 69

The reasons of the pre-service teachers’ answers that were classified as “Yes” to
this question were analyzed under 2 categories:

Nature of the produced knowledge

The participants’ responses under this category reflect the view that the certainty
of these three sciences is different. According to them physics is a science which is
more precise than chemistry and biology. The theories and laws produced in physics
are powerful since they involve numerical expression which is a sign of accuracy.
Unlike physics, biological knowledge cannot be explained by using numbers so they
are not as accurate as physical knowledge. The pre-service teachers concluded that if
the nature of produced knowledge is different, than the way of getting this knowledge
should be also different.

Nature of problem

Participants under this category concentrated on the subject to be investigated.
They claimed that the nature of problem in physics, chemistry and biology is different.
So, scientists should approach these problems with different methods. For example %7
of the total subject argued that it is suitable to investigate a problem in chemistry in
laboratory by experimentation. Nevertheless biology and physics are more compatible
with observation in nature. The following is an excerpt from a third year participants;

“...Although heat and temperature is a common subject in physics and chemistry, a

chemist investigate this subject in laboratory by making some experiment, whereas a physi-
cist may use different method”

The participants who claimed the way of getting reliable knowledge in physics,
chemistry and biology are the same explained their answers by using two main rea-
sons. The first argument reflects the category “Predetermined steps” came off in the



Journal of Teacher Education and Educators/ Ogretmen Egitimi ve Egitimcileri Dergisi 267

first question. %66 of the participants who said “No” to third question explained that
scientific method involves universally accepted fixed step-by-step process. Other re-
spondents clarified their responses by claiming that scientific knowledge is objective
which is a compatible view with the category of “Scientific knowledge is absolute”
emerged in the second question.

Discussion and Conclusion

The myth of existence of a single scientific method is considered as an impor-
tant aspect of NOS (Urhahne, Kremer, & Mayer, 2010; Abd-El-Khalick, Waters,& Le,
2008; Palmquist & Finley, 1997). This study aimed to investigate pre-service science
teachers’ conceptions of scientific method by using three open ended questions and
follow- up interviews. Individual type responses to open ended questions generate
themes in greater detail than those obtained from traditional multiple choice instru-
ments (Neuendorf, 2002). So the questionnaires or interviews such as those in this
study allow researchers to produce deeper insights on NOS. In the following part of
the paper the discussion of results based on three research questions was presented.

The first research question was directed to investigate the conceptualizations of
pre-service science teachers held about the meaning of scientific method. The ana-
lytical induction used in this study revealed that the participants’ conceptions about
scientific method were classified under 5 categories. Three of the emerged categories
namely making experiment/observation, predetermined steps and contemporary view
were similar to those found in previous studies (Urhahne, Kremer, and Mayer 2010;
Abd-El-Khalick, Waters,&Le, 2008). In this study 40% of the all participants defined
scientific method as predetermined steps, this corroborates the findings of Abd-EI-
Khalick (2004). The other notable viewwas that scientific method is “Making experi-
ment/observation”. This finding is in agreement with the previous research in that
science education is based on logical empiricist view of science. For instance Turgut
(2009) concluded that “The core of prospective science teachers’ conceptualizations
of scientific method was experimentalism”. Inconsistent with earlier studies that re-
ported very low percentage for participants having a contemporary view (e.g. Abd-El-
Khalick,2004); it was found that 25% of the pre-service teachers held contemporary
view about scientific method in this study. In addition to these, “A is A” and “method
used by scientific community” categories were specific to this study. Although the for-
mer one does not give any profound information, the subsequent category enhanced
our knowledge base about pre-service science teachers’ conceptions about scientific
method.

It might be the case that the previously discussed reasons in the literature were
responsible for participants’ poor understanding about scientific method herein.
Palmquist and Finley (1997) argued that cookbook type laboratory activities direct
pre-service teachers to describe science as a strict investigation which generate reliable
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and valid knowledge. Moreover their uninformed conceptions may be consolidated by a
universal, stepwise scientific method in school science textbooks (Craven et al., 2002; Haid-
ar,1997). It is somewhat surprising to find that some of the participants referred to research
articles when elaborating their view. These articles generally involve a literature, method
(participants, data collection instruments, data collection process) data analysis, result and
discussion parts which leads pre-service teachers to portray science as procedural in nature.
So it is possible to hypothesize that the presentation of research articles published in journals
mightsolidify pre-service teachers’ naive conceptions of scientific method.

The second research question was designed to investigate pre-service science teachers’
conceptions about the existence of a single scientific method. The analyses of the partici-
pants’ responses revealed that 40% of them believed that there is a single scientific method.
This response pattern showed the common myth of there is a prescribed sequence of re-
search steps to get scientific knowledge. The participants explicated their concept of single
scientific method by using 3 arguments; science is not compatible with ambiguity in nature,
scientific knowledge is absolute and scientific method is an umbrella. The reason of this
view might be due to participants’ laboratory work. They had worked in laboratories as a
junior scientist and did not apply inquiry in the laboratories (Palmquist & Finley, 1997).

The final research question focused on the subject dependence of scientific method. It is
interesting to note that 62% of the total participants claimed that the way of getting reliable
knowledge in physics, chemistry and biology are different. It is remarkable that although
40% of the participants believed the existence of a single scientific method, this percentage
decreased (34%) when subject is considered. This may shows us that their concept of scien-
tific method is not well integrated. To facilitate pre-service teachers’ conceptions of scientific
method, they can be introduced some anecdotes relevant to scientist’ knowledge construc-
tion process in basic science courses. By this way, they will be given a chance to think about
their myth of scientific method and compare it with contemporary view.

One recommendation for further research would be to address pre-service science
teachers’ conceptions of scientific method explicitly during their science and method cours-
es. In our case, the participants only had a chance to discuss their NOS view in their last
year elective course. Nevertheless, their scientific method concept can be facilitated by in-
structions about NOS including explicit and reflective discussions that are spread out their
4 year education.

Ozet

Girig

Bilimin dogast kavrami, bilimin ne oldugu, nasil isledigi, toplumun bu isleyisteki et-
kisi ve bilim komitesinin nasil ¢alistig1 ile ilgilenen genis bir kavramdir (McComas, Clo-
ugh, & Almazroa, 1998). Lederman’a ( 2007) gdre bilimin dogasi; bilimin epistemolojisini,
bir bilme yontemi olarak bilimi veya bilimsel bilgideki ya da onun gelisimindeki deger ve
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inanclari igerir. Tarihgiler, felsefeciler ve fen egitimcileri her ne kadar bilimin dogasinin ta-
nim1 konusunda ortak bir goriise varamamis olsalar da (Alters, 1997) ilkogretim seviyesinde
bilimin dogasinin hangi 6zelliklerinden bahsedilecegi konusunda bir anlasma saglanmistir
(Abd- El- Khalick, 2004).

Literatlirdeki aragtirmalar bilimin dogasinin bilim okuryazarliginin 6nemli bir pargasi
oldugunu vurgulamaktadir. Bunun yani sira fen egitimi alaninda yapilan ¢alismalar 6gret-
menlerin ve 6grencilerin bu konuyu anlamada yetersiz olduklarini gostermektedir (Walls,
2012; Akerson & Donnelly, 2010; Meyling, 1997; Ryan & Aikenhead, 1992). McComas
(1998) bu konuyu anlama yetersizligini bilimin mitleri olarak adlandirmistir. Literatiirde
Ogretmen adaylarinin bilimin dogas1 hakkindaki goriislerini degerlendiren ¢aligmalara sik¢a
rastlanmaktadir (Buaraphan, 2011; Craven, Hand & Prain 2002; Murcia & Schibeci, 1999).
Fakat 6zel olarak 6gretmen adaylarimin bilimsel yontem hakkindaki goriislerini arastiran
caligmalarin sayist oldukg¢a azdir. Literatiir incelendiginde 6gretmen adaylarinin bilimsel
yontemi bilim insanlarinin bilimsel bilgiyi elde etmek icin kullandiklar1 diizenli adimlar
olarak algiladiklar1 ve basarili bir bilim insani olabilmek ic¢in bu adimlarin takip edilmesi
gerektigini disiindiikleri goriilmektedir (Haidar, 1997; Turgut, 2009; Murcia & Schibeci,
1999; Palmquist & Finley, 1997). Buaraphan (2011) bilimin mitleri anketini kullanarak fizik
ogretmenligi adaylarimin bilimin dogasinin dort boyutu ile ilgili goriislerini incelemistir. Bu
caligmanin sonuglarina gore katilimeilari 2/3 i bilimsel yontemi kesin, degismeyen basa-
maklar dizisi olarak agiklamislardir. Murcia ve Schibeci de (1999) 73 &gretmen adayi ile
yaptiklari ¢calismada benzer sonuglara ulagsmislardir. Turgut (2009) ise 70 6gretmen adayi ile
yaptig1 ¢alismada katilimcilara 4 agik uglu sorudan olusan bir anket uygulamis ve 10 kisi
ile de goriisme yapmistir. Aragtirmanin sonucuna gore dgretmen adaylarinin ¢ogu realist
bir bakis acis1 sergileyerek “dogru” bilimsel bilgi elde etmek i¢in izlenecek tek bir bilimsel
yontem oldugunu savunmuslardir.

Bu baglamda bu ¢aligmanin 6gretmen adaylarinin bilimsel yontem konusundaki go-
rusleri ile ilgili kisith literatiire katki saglayacagi diistiniilmiistiir. Bu arastirmada asagidaki
sorulara cevap aranmaktadir:

(1) Fen bilgisi 6gretmen adaylarinin bilimsel yontem hakkindaki goriisleri nelerdir?

(2) Bu goriisler genel midir yoksa calisilan konuya baglt midir?

Yontem

Orneklem

Bu caligmaya bir iiniversitenin farkli siniflarinda 6grenim goren 284’1 kiz, 62’si erkek
346 fen bilgisi 6gretmen aday1 katilmistir. Katilimeilarin 102’si 1.sinif, 84’1 2. smif, 9371 3.
smif ve 67°si 4. sinif 6grencisidir. Caligmaya 6gretmen adaylarmin tamami goniillii olarak
katilmistir.
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Veri Toplama ve Veri Analizi

Verilerin toplanmasi asamasinda 6gretmen adaylarina arastirmaci tarafindan gelisti-
rilen 3 adet agik uclu sorudan olusan bir anket verilmistir. Amacit 6gretmen adaylarimin bi-
limsel yontem hakkindaki goriislerini degerlendirmek olan bu sorular biitiin katilimcilara
bireysel olarak uygulanmistir. Katilimcilarin anketi tamamlamalar1 yaklagik 30 dakika siir-
miistiir. Ogretmen adaylarmin acik uglu sorulara verdikleri cavaplara gore her smiftan 5’er
kisi ile goriisme yapilmistir. Goriismeler ses kayit cihazi ile kaydedilmistir. Goriismelerin
amaci katilimeilarin anket sorularina verdikleri yanitlar1 derinlestirmelerini saglamaktir. Ni-
tel veriler analitik tiimevarim yontemi ile analiz edilmistir (Bogdan & Biklen, 1992; Abell
& Smith, 1994).

Bulgular

Bilimsel yontem nedir?

Katilimcilarin bu soruya verdikleri yanitlar “A, A’dir”, “deney/gozlem yapmak”, “6n-
ceden belirlenmis basamaklar”, “bilim komitesi tarafindan kullanilan yontemler” ve “cagdas
goriis” olmak {izere 5 kategoride incelenebilir.

A, Adir

Bu kategorideki goriisler her ne kadar cagdas gortis ile ¢celismese de 6gretmen adaylari-
nin bilimsel yontem hakkinda ne diisiindiikleri ile ilgili yeni bir bilgi vermezler. Bu gruptaki
katilimcilar bilimsel yontem ile ilgili goriislerini, genel olarak yontem kavramindan olustu-
rurlar.

Deney/gézlem yapmak

Bu kategoride yer alan 6gretmen adaylar bilimsel yontemi diger yontemlerden ayi-
ran Ozelligin deney ve gdzlem yapmak oldugunu sdylemislerdir. Katilimcilar bilimsel bilgi
elde etmenin tek yolunun deney ya da gozlem yapmak oldugunu savunmuslardir. Ayrica bir
problemi ¢dzmenin yolu 6nce o problem ile ilgili g6zlem yapmak daha sonra bu gézlemlere
dayanarak kontrollii deney tasarlamak olarak belirtilmistir.

Onceden belirlenmis basamaklar

Katilimcilarin verdikleri cevaplarin neredeyse % 50°si bu kategoride yer almaktadir.
Ogretmen adaylar1 dnceden belirlenmis basamaklari takip etmenin hem bilimsel bilgi elde
etmede hem de elde edilen bilginin gegerlik ve giivenirligini artirmada gerekli oldugunu sa-
vunmuslardir. Hipotez kurma, hipotezleri test etme, kanun ve teori olusturma en ¢ok bahse-
dilen basamaklar olmustur. Ayrica katilimeilarin % 62’si bilimsel yontemin basamaklarinin
kesinlikle degistirilemeyecegini savunmuslardir.

Bilim komitesi tarafindan kullanilan yontemler
Bu kategoride olan goriisler higbir basamaktan bahsetmezken, bilimsel yontemi agik-
lamak i¢in bilim komitesinden siklikla bahsetmislerdir. Bilimsel bir bilgi elde etmek icin
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bilimsel yontemi kullanmak bilim komitesi tarafindan kabul edilen ve gecerli goriilen bir
yoldur. Bazi 6gretmen adaylari bilimsel yontemi kullanmanin bilim insanlar1 arasinda ileti-
simi kolaylastirdigin1 savunmaktadir.

Cagdas goriis

Bu kategorideki 6gretmen adaylar1 bilimsel bilgi elde etmenin tek yolunun bilimsel
yontemi kullanmak olmadiginin farkindadirlar. Burada agiklamalar genellikle bilimsel yon-
temin ne olmadig1 lizerine yogunlagmistir. Bilim insanlarinin hepsinin kesinlikle kullanmasi
gereken kat1 bir yontemden bahsedilemeyecegi bu kategorideki en tipik goriistiir.

Tek bir bilimsel yontemin varligi

Anketin 2. sorusu katilimcilarin bilim insanlarinin bilimsel bilgi elde etmek i¢in tek
bir bilimsel yontem kullanmak zorunda olup olmadiklari hakkindaki goriislerini almak i¢in
hazirlanmistir.  Tek bir bilimsel yontemin varligia inanan katilimcilar cevaplarim farkls
sekillerde gerekcelendirmislerdir. Bunlar:

Bilimin dogasinda belirsizlik yoktur

Bu kategorideki cevaplar birden fazla bilimsel yontemin varligimin bilimin kesinligi ile
bagdasmayacagini savunmaktadir. Katilimeilara gore bilimsel komite sinirlari belirlenmis
bir bilimsel yontem iizerinde anlagsmistir ve sadece bu yontem elde edilen bilginin gegerligi-
ni ve giivenirligini garanti eder.

Bilimsel bilgi kesindir

Bu kategorideki gortisler bilimsel bilgi ile ilgili geleneksel bir bakis agisina sahiptir. Bi-
lim insanlar1 bilimsel yontemin basamaklarimi izleyerek tamamen objektif bir bilgiye sahip
olabilirler. Katilimeilar birden fazla bilimsel yontemin olmasi durumunda bu yontemlerden
yararlanilarak yapilan arastirmalarin sonucunda elde edilen bilgilerin hangilerinin “dogru”
olduguna karar veremeyecegimizi iddia etmislerdir.

Bilimsel yontem bir semsiyedir

Ogretmen adaylari bilimsel bilgi elde etmenin tek yolunun bilimsel yontemi kullanmak
oldugunu savunurlar ¢iinkii bilimsel yontem bilim insanlarimin kullandig: biitiin prosediirleri
icerir. Katilimcilar bilimsel yontemin farkli eylemleri kapsayict bir terim oldugunu iddia
ederler.

Tek bir bilimsel yontemin varligini kabul etmeyen katilimcilar 6rneklemin % 56’sin1
olustururlar. Bu katilimeilarin goriisleri “baglamin roli” ve “bilimsel bilginin degisebilirli-
§i” kategorilerinde incelenmistir.

Baglamin rolii
Bu kategorideki cevaplar bilimsel bilgi elde etmek i¢in kullanilan yontemin bilim in-
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sanina ve ¢alistig1 alana bagli olarak degisebilecegi goriisiinii yansitir. Katilimcilarm % 15°1
sosyal alanlarda ve fen bilimlerinde ¢alisilan problemin dogas1 farkli oldugundan bu prob-
lemleri arastirmak icin secilen bilimsel yotemin de farkli olacagini savunmuslardir.

Bilimsel bilginin degisebilirligi

Bazi 6gretmen adaylar1 bilimsel bilgi hakkindaki goriislerini bilimsel yontemi de kap-
sayacak sekilde genigletmislerdir. Katilimcilarin % 10’u bilimsel bilgi gibi bilimsel yonte-
min de degisebilecegini savunmuslardir. Bu degisimi de teknolojideki gelismelerin kullan-
digimiz aletleri degistirecegi, bu degisimin de sonug olarak yontem degisikliklerine sebep
olacag1 argiimani ile desteklemektedirler.

Bilimsel yontemin alana baghligi

Son olarak katilimcilara fizik, biyoloji ve kimya alaninda bilimsel bilgi elde etmenin
yonteminin ayn1 olup olmadig1 sorulmustur. Bu soruya “evet” yanitini veren 6gretmen aday-
larinin agiklamalari iki kategoride incelenebilir:

Uretilen bilginin dogast

Bu kategorideki 6gretmen adaylar1 bu bilim dallarmin kesinliginin ayni olmadigini sa-
vunurlar. Onlara gore fizik; kimya ve biyoloji bilim dallarindan daha kesin bilgiler iiretir.
Fizikte ortaya atilan kanunlar sayisal veriler igerdiginden daha giiclii ve daha kesindir. Bu
goriisten yola ¢ikarak katilimeilar kesinlikleri farkli olan bilgileri elde etme yollariin da
farkli olmasi gerektigi sonucunu ¢ikarirlar.

Problemin dogasi

Katilimcilar arastirilacak konu itizerinde yogunlasirlar ve fizik, kimya ve biyolojide
arastirilacak problemlerin dogasinin farkli oldugunu 6ne siirerler. Bu durumda bilim insan-
lar1 da bu problemlere farkli yontemlerle yaklasmalidir. Ornegin katilimeilarin % 7°si kim-
ya alanindaki herhangi bir problemi aragtirmanin en uygun yolunun laboratuvarda deney
yapmak oldugunu, fakat fizik ve biyoloji alanindaki problemlerle ilgilenmenin yolunun ise
dogada gozlem yapmak oldugunu savunmuslardir.

Fizik, kimya ve biyolojide bilimsel bilgi elde etmek i¢in ayn1 yontemin kullanilabile-
cegini savunan adaylar iki farkli argiimandan birini kullanmiglardir. Birinci argiiman birinci
soruda “Onceden belirlenmis basamaklar kategorisi” ile agiklanan goriise paraleldir. Kati-
limeilarin % 66°s1 bilimsel yontemi 6nceden belirlenmis basamaklar olarak algiladiklari i¢in
caligilan alanin yontemi degistirmeyecegini savunurlar. Diger argliman ise bilimsel bilginin
kesin oldugu ve bunun ¢alisilan alandan bagimsiz oldugu ve dolayisiyla bu bilgiyi elde et-
menin de tek bir yolu oldugudur. Bu goriis “bilimsel bilgi kesindir” kategorisindeki goriisler
ile uyumludur.



Journal of Teacher Education and Educators/ Ogretmen Egitimi ve Egitimcileri Dergisi 273

Sonu¢/Tartigma

Tek bir bilimsel yontemin var oldugu miti bilimin dogasi ile ilgili 6nemli yanlis go-
rislerden biridir (Urhahne, Kremer, & Mayer, 2010; Abd-El-Khalick, Waters, & Le, 2008;
Palmquist & Finley 1997). Bu ¢aligsma 6gretmen adaylariin bilimsel yontem hakkinda-
ki goriislerini ortaya ¢ikartmak i¢in yapilmistir. Birinci sorunun analizi 5 farkli kategoride
incelenmistir. Bunlardan 3’ii (deney/gozlem yapmak, dnceden belirlenmis basamaklar ve
cagdag goriis) bundan Once yapilan ¢aligmalar ile ortaktir (Urhahne, Kremer, & Mayer,
2010; Abd-El-Khalick, Waters, & Le, 2008). Diger iki kategori ise ilk kez bu ¢alismada
bahsedilen kategorilerdir. “A, A’dir” kategorisi her ne kadar bize yeni bir bilgi vermese de
“bilim komitesi tarafindan kullanilan yontemler” kategorisi bu konudaki fikirlerimizi de-
rinlestirmektedir. Palmquist ve Finley (1997) yemek kitab1 seklinde hazirlanan laboratuvar
etkinliklerinin 6gretmen adaylarinin bilimsel yontem hakkindaki yanls goriislerinin sebebi
oldugunu ileri siirmiiglerdir. Ayrica katilimeilarin goriislerindeki bu yanliglik ders kitaplarin-
daki, bilimsel yontemin evrensel gosterimi ve basamaklar seklindeki gosterimi ile somutlas-
maktadir (Craven ve digerleri, 2002; Haidar, 1997). Arastirmanin ikinci problemi 6gretmen
adaylarinin tek bir bilimsel yontemin varligr ile ilgili goriislerini almak i¢in hazirlanmustir.
Katilimcilar % 40’1 tek bir bilimsel yontemin var oldugunu diisinmektedir. Bu goriisiin
sebebi katilimcilarin laboratuvar ¢alismalarina bir bilim insani olarak degil de 6grenci ola-
rak katilmalar olabilir (Palmquist & Finley, 1997). Son arastirma sorusu bilimsel yontemin
arastirma alanina bagl olup olmadig: ile ilgilidir. Katilimcilarin % 62’si fizik, kimya ve
biyolojide kullanilan bilimsel yontemin ayni olmadigini savunmustur. Katilimeilarin % 401
tek bir bilimsel yontemin varligindan bahsederken, aragtirma alani s6z konusu oldugunda
bu oranin % 34’e diismiis oldugu gézlenmektedir. Bu da bize 6gretmen adaylarmin konu ile
ilgili gortislerinin tutarli olmadigini géstermektedir. Bilim insanlarinin bilimsel bilgi tiretme
stirecleri ile ilgili hikayeleri, fen derslerinde 6gretmen adaylartyla paylasmalarinin 6gretmen
adaylarinim bilimsel yontem hakkindaki goriislerinin daha saglikli olmasini saglayacagina
inanilmaktadir.
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