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Primary School Pre-service Teachers’ Orientation towards Science
Teaching

Mehmet SEN!

Abstract: One of the challenges that primary school teachers have is teaching science lessons and their
beliefs have an essential role in teaching science. Therefore, this study focuses on primary school pre-service
teachers’ orientation toward science teaching including beliefs about the purposes of science teaching,
beliefs about science teaching and learning, and beliefs about the nature of science (NOS). Data were
collected from seven pre-service primary teachers (PST) through semi-structured interviews to reveal their
beliefs and analyzed by using deductive and inductive coding. The primary analysis showed PSTs focused
on everyday coping, affective domain, and improving skills like social skills as beliefs about the purpose of
science teaching. Teachers mainly had teacher-centered beliefs (e.g. traditional) and transitional beliefs.
Also, they mainly held naive NOS beliefs. Further analysis showed that the teachers having teacher-centered
beliefs had teaching purposes like the correct explanation, solid foundation, and science process skills.
These teachers also had naive NOS understandings. The teacher having informed beliefs in the nature of
science held student-centered beliefs and also focused on the structure of science as a teaching purpose,
unlike other teachers. Discussions and implications are presented considering the beliefs forming teachers’
orientation toward science teaching in primary schools.

Keywords: Beliefs about the nature of science, orientation towards science teaching, primary school pre-
service teachers, purposes of teaching, teaching and learning beliefs.

Smif Ogretmen Adaylarinin Fen Ogretimi Yonelimleri

Oz: Simif 6gretmenlerinin en ¢ok zorlandigi konulardan birisi fen 6gretimidir ve 6gretmen inanslar: fen
Ogretim amaglari, feni 6gretmeye ve 6grenmeye yonelik inanislari ve bilimin dogasina yonelik inaniglarini
igeren fen Ogretimine yonelik yonelimleri arastirilmigtir. Veriler 7 sinif 6gretmeni adayindan yari-
yapilandirilmis goriismeler araciligiyla toplanmis, tiimdengelimsel ve tlimevarimsal yollarla analiz
edilmistir. Ogretmen adaylar1 fen dgretim amaci olarak giinliik hayatta bilgiyi kullanma, duyussal alan
gelistirme ve beceri gelistirme amaglarina odaklanmistir. Fen 6grenmeye ve Ogretimine yonelik inanis
olarak ise 6gretmen adaylar1 genelde 6gretmen merkezli inanisa sahip olmustur ve bilimin dogas ile ilgili
olarak genelde gelismemis inaniglara sahiptir. Sonuglar ayrica, 6gretmen merkezli inaniga sahip olan
Ogretmen adaylarmin dogru cevaba ulasma, Ogrencileri sonraki yillara hazirlama ve bilimsel siireg
becerilerini gelistirme gibi amaglara sahip oldugunu gostermistir. Bu 06gretmen adaylariin ayrica
gelismemis bilimin dogasi inaniglarina sahip oldugu goriilmiistiir. Gelismis bilimin dogasi inanislarina sahip
olup 6grenci merkezli yaklasim gelistiren 6gretmen adayi ise bilimsel bilginin &zelliklerini amag edinen tek
o0gretmen aday1 olmustur. Calismanin sinif 6gretmenligi adaylarinin fen 6gretimi amaglari, fene yonelik
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O6grenme ve 0gretmeye iligkin inaniglari ve bilimin dogasina yonelik inanislari ile ilgili sonuglarinin fen
Ogretimi yonelimi alanina katkilar sunacag diistiniilmektedir ve konu ile ilgili dnerilerde bulunulmustur.

Anahtar Kelimeler: Bilimin dogasina yonelik inaniglar, fen 6gretim yonelimleri, 6gretim amaglari,
Ogretme ve dgrenme inaniglari, sinif 6gretmen adaylari

Introduction

Orientations toward science teaching (OTS) are part of teachers’ affective domain (e.g.,
beliefs) and affect teachers’ quality of teaching (Chan & Hume, 2019). Historically, OTS has been
defined in different ways. Firstly, Grossman (1990) identified OTS as conceptions of purposes of
teaching subject matter. Using this definition, Magnusson et al. (1999) developed the term and
explained that OTS is a teacher’s ideas about the purpose of science at a particular grade level.
Accordingly, OTS shows teachers’ general views toward science teaching. Furthermore,
Magnusson et al. (1999) claimed that teachers can have nine different OTS which are process,
academic rigor, didactic, conceptual change, activity-driven, discovery, project based science,
inquiry and guided inquiry. Then, Friedrichsen et al. (2011) analyzed previous research using
Magnusson et al.’s views about OTS and detected some problems. Accordingly, previous research
used different definitions for OTS and this made the term ambiguous. Likewise, complex belief
systems forming OTS are overlooked when a teacher is categorized in one single OTS (e.g.
didactic). At this point, Friedrichsen et al. (2011) claimed that teachers should not be labeled in a
pre-determined list of categories. Instead of this, teachers’ patterns in beliefs and interactions of
multiple beliefs should be revealed and these revealed beliefs should be used to portray teachers’
OTS profile. Based on these ideas, Friedrichsen et al. (2011) claimed that OTS is formed by
complex belief systems including beliefs about the goals or purposes of science teaching, beliefs
about science teaching and learning, and beliefs about the nature of science and these beliefs need
to be captured to understand teachers’ OTS. Although the nature of science beliefs were seen as
views in previous research (Lederman et al., 2002), we accepted them as beliefs instead of views
as they are part of multiple complex belief systems called OTS (Friedrichsen et al., 2011).

Literature Review

Orientation toward science teaching studies were conducted with pre-service teachers
(PST) (e.g. Aydin etal., 2015), in-service teachers (e.g., Lankford, 2010), and university professors
(e.g., Padilla & van Driel, 2011). Accordingly, Ozden (2008) reported PSTs had constructivist
views regarding OTS. In another study, PSTs reported the goal of teachers is to be guides for the
development of student’s critical thinking skills and inquiry. PSTs also reported that teachers
should raise scientifically literate generations and students should understand how the world works
after they get science courses (Avraamidou, 2013). In the same year, Brown et al. (2013) studied
biology PSTs’ OTS and reported that participants’ OTS is teacher-centered, and PSTs thought that
teaching is delivering the knowledge and learning is listening to the teacher. Aydin et al. (2015)
studied chemistry PSTs’ OTS and focused on their goals for science teaching. Researchers reported
that participants held central and peripheral goals and they use central goals in their teaching, but
they do not use their peripheral goals in their teaching. In another study held with chemistry PSTs;
Demirdégen and Uzuntiryaki-Kondakg¢1 (2016) who aimed to improve participants’ OTS for nature

This study is licensed under Creative Commons Attribution-NonCommercial-NonDerivative (CC BY NC ND) 426



Van Yiiziincii Yil Universitesi Egitim Fakiiltesi Dergisi, 2024, 21(2), 5.425-449.

Van Yiiziincii Yil University Journal of Education, 2024, 21(2), p.425-449. DOI:10.33711/yyuefd. 1413428

of science (NOS) teaching defined OTS as multidimensional beliefs and used Roberts’ (1988,
2007) curriculum emphasis to understand participants’ beliefs about the goals of science teaching.
After the implementation, researchers reported participants gained richer OTS and they started to
have the structure of science and science, technology, and decisions as goals of science teaching.
In another study, Demirdégen (2016) examined the interaction between middle school PSTs’ OTS
and teacher professional knowledge (i.e., Pedagogical Content Knowledge, PCK) components (e.g.
assessment knowledge). The researcher found that if participants’ NOS beliefs are not consistent
with their goals, they do not teach NOS in their teaching. Likewise, the researcher reported that the
goals show themselves differently in teaching. For example; if the goal of the teacher is to teach
the content, all aspects of the teacher's professional knowledge interact with this goal. On the other
hand, if the teacher’s goal is to make students self-explainer, this goal is not reflected in teaching.
The researcher also reported that beliefs about teaching and learning are consistent with beliefs
about the goals of science teaching and beliefs about NOS. In another study, Cansiz and Cansiz
(2022) studied middle school PSTs’ beliefs about teaching and their teaching practices and reported
that PSTs saw themselves as student-centered during interviews, but their teaching practice was
teacher-centered.

There are also OTS studies held with in-service teachers. For example; Lee and Luft (2008)
studied secondary science teachers’ OTS and reported that the goals of teachers were to prepare
students to meet daily life needs. In another study, Cohen and Yarden (2009) reported junior high
school teachers had a duality in their orientation toward teaching cell topics. Accordingly, although
teachers considered the cell topic is important and it should be taught, they reported the cell topic
is difficult, and they postpone teaching the cell topic or they spend less time teaching that topic.
Next, Friedrichsen et al. (2009) compared pre-service and two-year experience teachers and
reported both groups had a didactic orientation towards science and their goal was to prepare
students for high school. Similarly, Sickel (2012) examined beginning biology teachers’ OTS
focusing on their beliefs about learning and teaching, and reported that teacher-centered teachers
focused on teaching content whereas the teacher having student-centered orientation focused on
teaching discipline-specific abilities. In another study, Bakanay and Cakir (2022) focused on how
high school in-service science teachers’ OTS shape their history of science teaching. Researchers
specifically examined participants’ beliefs about teaching and learning and beliefs about NOS and
reported that participants mainly had traditional, instructive, and transitional beliefs about teaching
and learning. Participants’ NOS beliefs also differed from each other and they held naive, eclectic
(e.g. conflicting views), and informed beliefs. Comparing beliefs about teaching and learning and
beliefs about NOS, researchers formed three OTS profiles namely traditional OTS mentioning
teacher-centered beliefs with naive NOS beliefs, reformist OTS representing student-centered
beliefs with informed NOS beliefs, and transitional OTS showing transitional characteristics (e.g.
conflicting ideas for corresponding beliefs). Previous research was not only carried out to reveal
pre-service and in-service teachers’ OTS. For example; Padilla and van Driel (2011) focused on
university professors teaching quantum chemistry and reported that the professors had didactic and
academic rigor orientations because the professors thought that quantum topic is difficult and such
a difficult topic can be taught through teacher explanation.

In addition to these studies, it is possible to infer some conclusions from the literature
regarding teachers’ orientation toward science teaching. First, orientation toward science can
answer the teaching quality problem (Abell, 2008). Accordingly, previous research pointed out that
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teacher-centered or didactic orientation decreases the quality of teaching because teachers could
not connect different dimensions of teaching including curriculum, instructional strategies,
assessment, and students’ understanding if they have the teacher-centered orientation, but teachers
having student-centered OTS could connect different dimensions of teaching (e.g. instructional
strategies and students’ needs) and perform better teaching. (Aydin et al., 2015; Aydin & Boz,
2013; Park & Chen, 2012; Sickel, 2012). Second, previous research mainly focused on teachers’
beliefs about the goals of science teaching and ignored other parts of OTS including beliefs about
teaching and learning and beliefs about NOS when they examined teachers’ OTS (Demirddgen,
2016; Friedrichsen et al., 2011; Sickel, 2012). Third, even though OTS is resistant to change
(Brown et al., 2013) as it is multiple sets of beliefs, it is possible to change teachers” OTS. Previous
research provided evidence that teachers’ OTS can improve through the use of a conceptual change
approach (Demirdégen et al., 2016), content representation tools (CoRes) (Williams et al., 2012),
science education courses learned at the undergraduate level (Avraamidou, 2013), teaching
experience (Arzi & White, 2007). Fourth, OTS is sensitive to the context and it can be negatively
affected by these contexts. For example, Aydin et al. (2014) reported that teachers' ideal goals
conflict with their working goals. Even though their OTS is reform-based, they can shift to didactic
OTS because of contextual factors. Lastly, previous research compared the OTS of teachers
working in different grade levels and disciplines (Kapyla et al., 2009; Markic & Eilks, 2012).
Accordingly, Kapyla et al. (2009) compared primary school PSTs’ OTS with biology PSTs and
reported primary school teachers had constructivist OTS whereas biology teachers had didactic
OTS. In another study, Markic and Eilks (2012) compared freshman PST teachers’ beliefs from
four domains (physics, chemistry, biology, and primary school) considering their beliefs about
teaching and learning and reported that Primary school PSTs’ beliefs were mostly consistent with
modern educational theory, biology PSTs followed them, but physics and chemistry PSTs mostly
held traditional beliefs. Therefore, it can be concluded that teachers” OTS can change from one
discipline to another, and teachers’ OTS might be more student-centered when teachers work in
lower grade levels (e.g. primary school) where an advanced level of content knowledge is not
necessary for teaching.

Significance of the Study

Previous OTS studies mainly focused on beliefs about the goals of science teaching and
there are few studies considering OTS as a multiple set of belief systems including beliefs about
teaching and learning and beliefs about the nature of science (Demirddgen, 2016; Bakanay & Cakir,
2022). These studies focusing on multiple sets of beliefs were carried out with middle school PTSs
and high school in-service teachers. However, OTS as multiple sets of beliefs has not been studied
at the primary school level before. When we turn our agenda to the primary school level, we can
see that primary school teachers have difficulty teaching science lessons (Appleton, 2003;
Summers, 1994). As studying OTS has the potential to solve the problems for the quality of
teaching (Abell, 2008), this study aims to reveal primary school PSTs” OTS as multiple sets of
belief systems. When PSTs” OTS is revealed, some inferences can be made regarding their future
science teaching, and identifying their OTS can be the first step for improving their future teaching.
In this way, the current study can make a contribution to the field of science teaching at the primary
school level.
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Theoretical Framework

This study aims to examine primary school PSTs’ orientation towards science teachers
considering Friedrichsen et al.’s (2011) ideas. Therefore OTS is defined as multiple set of beliefs
including beliefs about the goals or purposes of science teaching, beliefs about science teaching
and learning, and beliefs about the nature of science in this study.

Beliefs about the purposes of science teaching part were framed considering Roberts’
(1988, 2007) work on curriculum emphases. Accordingly, both curriculum and science teachers
can have seven different purposes when teaching science. These seven purposes are everyday
coping, the structure of science, science-technology, and decisions, scientific skills development,
the correct explanation, self as explainer, and the solid foundation (Roberts, 1988). Roberts (1988)
reported that none of these seven purposes is hierarchically better than others.

Beliefs about science teaching and learning part were taken from Luft and Roehrig’s (2007)
study. Accordingly, Luft and Roehrig (2007) defined five different teacher beliefs regarding
teaching and learning after several interviews with teachers. These beliefs are traditional,
instructive, transitional, responsive, and reform-based. While traditional and instructive beliefs are
teacher-centered beliefs, responsive and reform-based beliefs are student-centered, and transitional
belief is between the other two groups (Luft & Roehrig, 2007).

Lastly, beliefs about the nature of science were borrowed from Lederman et al. (2002)
study. Accordingly, Lederman et al. (2002) defined a list of characteristics for scientific knowledge
and seven of these characteristics are suitable to teach at the K-12 level. Therefore, this study
specifically focuses on tentativeness, the empirical NOS, theory-laden NOS (subjectivity),
creativity and imagination, the lack of a universal recipe-like method for doing science (scientific
method myth), difference and the relationship between scientific theories and laws, social and
cultural embeddedness of science (Lederman et al., 2002). Lederman et al. (2002) claimed that
participants can hold informed or naive beliefs about these NOS characteristics.

Research Question(s)

This study is descriptive in nature and aims to understand primary school PSTs' orientation
toward science. Therefore, the main research question of this study is ‘What is primary school pre-
service teachers’ orientation towards science teaching?’. As OTS is defined as the combination of
three types of beliefs (e.g. Beliefs about the purposes of science teaching), the study seeks answers
to the following research questions:

1. What are primary school pre-service teachers’ beliefs about the purposes of science
teaching?

2. What are primary school pre-service teachers’ beliefs about science teaching and
learning?

3. What are primary school pre-service teachers’ beliefs about the nature of science (NOS)?

4. What are the interactions between different beliefs (e.g. beliefs about science teaching
and learning) forming primary school pre-service teachers’ orientation towards science teaching?
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Methodology
Research Design

According to Merriam (2009), basic qualitative research deals with how people interpret
their experiences, how they construct their world, and what meaning they attribute to their
experiences. The overall purpose is to understand how people make sense of their lives and
experiences (Merriam, 2009). In this study, the participants interpret and report their constructed
belief systems. By doing this, this research aims to uncover these constructed beliefs forming PST’s
orientation towards science teaching. Therefore, this study is a basic qualitative research.

Research Context

This study was conducted in one of the private universities located in Ankara, Turkey. The
education language of the university was English. The university offers a four-year-long primary
education program. After completing this program, the pre-service teachers take their certification
and become ready to work as a teacher in primary schools. Primary school teachers work at K-4
levels, they teach life science in K-2 and teach science at third and fourth-grade levels in Turkey.

In Turkey, high school students enroll in different programs when they pass to tenth-grade
level. These programs are social science-focusing programs, math and social science-focusing
programs, math and science-focusing programs, and language-focusing programs. Except for math
and science-focusing program, other programs do not provide an advanced level of scientific
knowledge to the students. Mainly, high school students completing math and social science
programs are enrolled in primary school education departments of universities after they take the
university entrance exam. Therefore, students enrolled in primary school education programs
mainly do not have advanced scientific knowledge and skills.

Before the study, the participants took laboratory applications in science education and
basic science in primary school courses. The study was carried out in the fall semester of 2022-
2023 when participants were taking a science teaching method course at the same time.

Participants

Seven primary school pre-service teachers (PSTs) enrolled in a science teaching method
course voluntarily participated in this study. As the study was conducted at the beginning of the
semester, it is thought that the science teaching method course did not affect participants’ OTS. If
the study was conducted after this course, most probably the course would affect the results much
more. PSTs did not get any incentive for their participation, and it was told that they can withdraw
from the study at anytime they wanted. Pseudonyms were given to participants from PST1 to PST7.
All participants’ university grade level was junior (i.e., third year of university) and six of them
were female except for PST2. Six of the participants graduated from their high schools’ math and
social science-focusing program and one of them (PST 1) graduated from the math and science-
focusing program. Table 1 summarizes the characteristics of the participants:
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Table 1

Characteristics of the Participants

PST# Gender High School Education

PSTI Female Focuses on Math and Science
PST2 Male Focuses on Math and Social Science
PST3 Female Focuses on Math and Social Science
PST4 Female Focuses on Math and Social Science
PSTS5 Female Focuses on Math and Social Science
PST6 Female Focuses on Math and Social Science
PST7 Female Focuses on Math and Social Science

Data Collection

This study aims to understand primary school PSTs’ beliefs (e.g. beliefs about the purposes
of science teaching) forming their orientation towards science teaching. Luft and Roehrig (2007)
reported that interviewing is a suitable method to capture teachers’ beliefs; therefore, interviews
were used to collect data. A total of 17 questions were asked to participants to reveal their OTS.
As OTS included beliefs about the purposes of science teaching, beliefs about teaching and
learning, and beliefs about the nature of science (Friedrichsen et al., 2011), the interview questions
specifically addressed these beliefs. Accordingly, the first four questions were obtained from
Friedrichsen et al. (2011) study to understand participants’ beliefs about the purposes of science
teaching (e.g., What are your goals when you teach science, when you teach science what do your
students learn, and which skills do they develop?). The next three questions were asked to
understand participants’ beliefs about teaching and learning. These questions were obtained from
Luft and Roehrig’s (2007) study (e.g. What is the role of teacher in science lessons, what is the role
of students in science lessons?). Lastly, Nature of Science C (V-NOS C) (Lederman et al., 2002)
questions (10 questions) were asked to participants to understand their NOS beliefs. Interviews
lasted nearly one hour for each participant. All interviews were recorded and transcribed for data
analysis.

Data Analysis

At the beginning of the data analysis, transcriptions about beliefs about the purposes of
science teaching part were deductively coded by two science education researchers having
experience in qualitative data analysis considering the codes obtained from Roberts (1988, 2007).

The definitions and explanations of seven curriculum emphases suggested by Roberts are presented
in Table 2:
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Table 2
Beliefs about the Purposes of Science Teaching (Roberts, 1988; 2007)
Curriculum Emphases Definition Example
(Belief about the Purposes
of Science Teaching)
Everyday Coping Science is taught to improve students’ The teacher explains how chemical

Structure of Science

Science Technology and
Decisions

Scientific Skill
Development

The Correct Explanation

Self as Explainer

The Solid Foundation

understanding of daily life objects and events.

Science is taught to teach characteristics of
science like the relation between theory and
evidence, and the self-correcting feature of
science.

It integrates science and technology to solve a
social problem.

The aim is to improve students’ science
process skills (SPS). The focus is on the means
of scientific inquiry.

The focus is to make students content experts
in science. The focus is on the product of
scientific inquiry (content knowledge).

The focus is the explanation of the scientific
phenomenon. It emphasizes the factors leading
scientists to reach a conclusion. It is consistent
with the history of science and the discussion
of controversial issues having different
explanations from different disciplines (e.g.
science vs. religion).

The focus is to prepare students for the next
units, years. This knowledge is helpful as
students construct their advanced knowledge
on it.

reactions occur in a car.

The teacher focuses on atom models,
Avogadro’s Hypothesis, and Atomic
Theories.

The teacher focuses on the solution
to the eutrophication problem and its
impact on the public.

The teacher teaches the

classification of living organisms
mentioning classifying SPS.

The teacher just focuses on teaching

correct knowledge and this
knowledge is not discussed or
questioned.

The teacher teaches Kepler’s ideas
about the planetary model and refers
to the contextual factors (his
religious beliefs) that lead him to
think in that way.

An elementary school teacher
teaches the content to prepare
students for secondary school.

When we analyzed the data, we found two more codes inductively for the participants’
purposes of science teaching. These codes were ‘affective domain’ and ‘other skills’. In the
affective domain, participants focused on improving students’ attitudes toward science (e.g.
improving curiosity). Similarly, participants reported that they aimed to improve students' social,
physical, and cognitive skills (e.g. reasoning skills) which were not listed in Roberts’s (1988, 2007)
curriculum emphases in some of their explanations. Such goals were coded as other skills. In
conclusion, we coded participants’ beliefs about the goals of science teaching using nine codes.
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Next, we deductively coded transcriptions about beliefs about teaching and learning by
using codes obtained from Luft and Roehrig (2007). Accordingly, we used five codes to reveal
participants’ beliefs about teaching and learning. Definitions and examples of each belief are

presented in Table 3:

Table 3

Beliefs about Science Teaching and Learning (Luft & Roehrig, 2007)

Category

Definition

Example

Traditional

Instructive

Transitional

Responsive

Reform-Based

The teacher focuses on transmitting
knowledge in the traditional category.
This belief is teacher-centered.

The teacher applies the rules in class
and aims to get students to have
experiences without details. This belief
is teacher-centered.

The teacher aims to have a positive
relationship with students and tries to be
a guide for them.

The teacher allows students to be active
and independent learner and expect
them to construct knowledge in
cooperation. This belief is student-
centered.

The teacher adjusts his/her teaching
depending on  students’ needs.
Therefore, the teacher observes
students’ experiences, notices their
needs, and changes the instruction. This
belief is student-centered.

The role of the teacher is to deliver knowledge. The
teacher prepares PowerPoint. The teacher follows the
textbook.

The teacher minimizes the disruptions and provides
students with laboratory experiences. The teacher
provides materials for students to learn. The teacher
gives quizzes. The teacher asks students to follow
laboratory instructions.

The teacher conducts science lessons in a way that
students enjoy it. The teacher encourages students to
think about their ideas. The teacher also has
relationships with students outside of the class.

The teacher gives responsibility to students for their
own learning. The teacher uses small groups where
students make inquiries. The students discuss with
each other and defend their claims. The students
interact and they help each other.

The teacher let students have experiences in science so
the teacher understands students’ needs and modifies
the instruction. The teacher considers ways that
students learn best when s/he selects the instructional
strategy. The teacher selects different strategies as
students learn in different ways. Students’ questions
decide the next topics to be covered. The teacher
considers whether the content is appropriate for the
student’s level.

Then, we coded the questions examining participants’ nature of science beliefs. Lederman
et al. (2002) shared naive and informed beliefs for each NOS aspect (e.g. tentativeness) (see Table
4). Considering these beliefs, we coded each participant’s beliefs about different NOS aspects and
we reached four codes namely naive belief, informed belief, no answer, and dualistic belief. A
dualistic belief was used as code when participants held conflicting beliefs (e.g. including informed
belief in one question and naive belief in another question for the same NOS tenet) for the same
NOS aspects.
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Table 4

Beliefs about the Nature of Science (Lederman et al., 2002)

Nature of Science
(NOS) Aspect

More Naive Belief

More Informed Belief

Tentativeness

The
NOS

Empirical

Theory-Laden
NOS

Creative and
Imaginative NOS

The lack
universal  recipe-
like method for
doing science

of a

Difference and the
Relationship
between scientific
theories and laws

Social and cultural
embeddedness of
science

Scientific knowledge is certain. There
are right and wrong answers in
science. Law is a proven theory.

Science is straightforward and does
not allow individual views. Science is
concerned with facts that are proven.

Scientists can have different ideas on
the same evidence as some evidence
is missing. Scientists may not witness
the event, so they may have different
ideas. Scientists are objective so they
cannot reach different results for the
same evidence.

Scientists use their imagination in
data collection, but they do not use it
after data collection. The next part is
objective.

Science includes an exact method
when we follow it, we reach the right
answer.

Laws start as theory and when
theories are proved, they transform
into laws. Scientific theories can
change, but laws do not.

Science is about facts, so it is not
affected by society. Science should
not be affected by social values. Atom
is the atom in different countries, so
scientific knowledge is universal.

When new evidence emerges or the same data is
interpreted in different ways, scientific knowledge
changes. Negative evidence can refute a theory or
law. We are never certain about a scientific idea.

Scientific knowledge depends on observation that is
filtered by theoretical frameworks. There is no
objective truth. Scientific claims are based on
observational, personal, and social influences.

Scientists can interpret the same data differently
because of their different backgrounds and
education. Scientists are human and they think and
learn differently from each other, therefore, they may
interpret the same data differently.

Scientific knowledge depends on both logic and
creativity. Creativity is used to find new ideas, we
can also use creativity when we explain the
observations.

There is no single and correct way to follow when
scientific knowledge is produced. The product of
scientific inquiry is also not a certain right answer.
Experimentation and falsification are not the only
ways to produce scientific knowledge.

Laws are descriptions and show the quantitative
relationship between variables. Scientific theories
are consistent with observations and they suggest
new explanations and models. Using theories, we ask
new questions and find new hypotheses, so theories
improve our knowledge pool. Laws and theories are
different entities and do not transform each other.
Both laws and theories can change.

All factors in society and culture affect the
acceptance of scientific ideas. Science culture
including rules of practice and evidence affects the
formation and interpretation of scientific knowledge.
Scientists are the product of their culture, so they
reflect their culture in their work.

These three analyses answered the first three research questions. In other words, we found
some clues about participants’ beliefs forming their OTS. However, these beliefs might interact
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with each other, and interactions of these beliefs might provide further information regarding
participants’ OTS. Therefore, we compared the same participant’s different beliefs with each other
and then, we compared different participants’ beliefs with one another. This constant comparison
allowed us to reach some findings about the interaction of these different beliefs. These findings
were used as the answer to the fourth research question.

Trustworthiness and Ethics

We used investigator triangulation to increase the trustworthiness of the study.
Accordingly, we coded the first participant’s transcription together and calibrated the data analysis
process. In this process, we explained our coding to each other. When we coded the data differently,
we discussed the reasons and tried to persuade each other. At the end of calibration, we analyzed
the data separately and compared the results. Inter-rater agreement was calculated as 85 %.
Moreover, the differences in data analysis were also discussed and dissolved.

Prior to the study, ethical permission documents were prepared and presented to the
university’s ethical committee, and ethical permissions were taken from this committee.
Furthermore, volunteer PSTs were selected as participants, and no one physically or
psychologically got damaged. Participants’ rights were protected and their data were not shared
with a third person except for researchers. Lastly, participants were allowed to withdraw from the
study whenever they asked.

Findings

This study aims to understand primary school PSTs’ OTS considering three different beliefs
(e.g. beliefs about the purposes of science teaching) and their possible interactions. Therefore, the
findings are presented in four parts.

Findings for Beliefs about the Purpose of Science Teaching

Table 5 summarizes the results of the beliefs about the purpose of science teaching;
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Table S

Findings for Beliefs about the Purposes of Science Teaching
PST# Everyday Structure STS SPS Correct Self as Solid Affective Other

Coping of Explanation ~ Explainer Foundation Domain Skills
Science

PST1 X X X X X
PST2 X X X
PST3 X X X X X
PST4 X X X X
PSTS X X X
PST6 X X X X
PST7 X X X

Accordingly, findings for beliefs about the purposes of science teaching showed that all
participants had affective domain goals which means they want to improve students’ affective
characteristics (e.g. attitudes, enjoyment, appreciation, curiosity). Other two goals that primary
school PSTs generally had were everyday coping and improving other skills (e.g. cooperation
skills, reasoning skills). Accordingly, participants aimed to get students to use the scientific
knowledge learned in class in daily life (i.e., everyday coping) and they aimed to improve social,
physical, and cognitive skills through science lessons (i.e., improving other skills). Three of the
participants, on the other hand, focused on self as an explainer goal and they aimed to get students
to try on the scientific explanation of the phenomenon and their reasons. Five of the goals were
either rarely used (e.g. structure of science) or not used (e.g., science technology, and society/
decisions) by the participants. The following excerpts provide examples of participants' beliefs
about different purposes of science teaching (Table 6).

Table 6
Excerpts for Beliefs about the Purposes of Science Teaching
Purpose Excerpt
Everyday Coping I expect students to understand and interpret natural events in their
environment. I wish them to connect science and daily life events (PST1).
Structure of Science I do not expect students to memorize the formulas. I want them to understand
the logic of scientific law and explain it in their own words (PST6).
Science Technology and -
Decisions (STS)
Scientific Skill Development When students learn science, they understand science process skills, and how
(SPS) scientific inquiry and practices are done (PST3).
The Correct Explanation I can use hands-on activities in science. Such activities can enhance their self-
efficacy, they can do better and they can understand the content in detail
(PST7).
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Self as Explainer

The Solid Foundation

Affective Domain

Other skills (Social, physical,

cognitive skills)

I want my students to make inquiries in science lessons. You turn the switch
on, why did you do that? Because we want the lamp on. I want students to
think about the relationship between turning the switch on and the current
passing through the circuit (PST2).

The knowledge they learn in primary school will be pre-requisite knowledge
for the following years (PST3).

I can use educational games in my lesson. For example; they can match sense
organs and corresponding objects in a game. When they open the different
cards, they can match a picture visualizing the smell of food and another
picture showing the nose as a sense organ. Such activities can improve their
interest in science (PST4).

When they engage in a science activity as a group, they collaborate with each
other. Such activities improve their cooperation skills (PST5).

Findings for Beliefs about the Teaching and Learning

Table 7 presents participating teachers' beliefs about teaching and learning;

Table 7
Findings for Beliefs about Science Teaching and Learning
PST# Traditional Instructive Transitional Responsive Reform-Based
PST1 X X
PST2 X
PST3 X X
PST4 X X
PSTS5
PST6 X X
PST7 X X X

As seen from Table 7, three general conclusions can be drawn about participants’ beliefs
about teaching and learning. First, PSTs mainly preferred teacher-centered beliefs which are
traditional and instructive. Similarly, they held transitional beliefs that are between teacher-
centered and student-centered beliefs. Second, participants mainly did not hold student-centered
beliefs which were responsive and reform-based beliefs. Only two participants had student-
centered beliefs. Third, participants having teacher-centered beliefs did not have student-centered
beliefs, and the same is also true for the reverse. Table 8 provides further information about

participants’ beliefs about science teaching and learning:
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Table 8

Excerpts for Beliefs about Science Teaching and Learning

Belief Category Excerpt

Traditional The role of a teacher is director. As science lesson is difficult, the teacher presents the
knowledge by decreasing the number of topics, using various teaching methods, and
connecting different ideas (PST7).

Instructive The students try to learn new knowledge by applying the directions of the teacher (PST1).

Transitional When you directly transmit the knowledge, students’ curiosity is lost. Therefore, as a
teacher, [ want to teach the lesson in a way that students enjoy (PSTS5).

Responsive I think that a teacher should benefit from peer learning. Everyone should be active,

Reform-Based

students should talk with their teacher and tell their ideas to peers (PST6).
I am going to prepare portfolios. I need to take notes about their actions and deficiencies. I
should have a folder for each student and answer their specific needs (PST6).

Findings for Beliefs about the Nature of Science

Participants’ beliefs about seven tenets of the nature of science are presented in Table 9:

Table 9

Findings about Beliefs about the Nature of Science

PST# Tentativeness

Empirical Theory-laden  Creativity Recipe Like Theory & Social and

NOS (Subjectivity) and Method Law Cultural
Imagination NOS
PST1 I N I N I N D
PST2 D N N I I N D
PST3 I D NR N N NR N
PST4 N N N N NR N N
PSTS I I N N N N N
PST6 I D I I I I I
PST7 I N NR N I N N

I = Informed, N= Naive, NR= No Response, D= Dualistic

According to Table 9, two general assertions can be made about participants’ beliefs about
the nature of science. First, participants’ naive beliefs are generally more than their informed
beliefs; therefore, it can be asserted that participants mainly did not have developed NOS beliefs.
Second, participants mainly held informed beliefs in the tentativeness aspect of NOS and the
universal recipe-like method for doing science (i.e., scientific method myth), but they held naive
beliefs in the rest of the NOS tenets. Table 10 presents specific information about participants’
differing beliefs in seven different NOS aspects.
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Findings for Possible Interactions between Different Beliefs Forming OTS

After examining participants' different beliefs, we specifically looked for some interactions
between these beliefs. The possible interactions might provide a further understanding of their
OTS. In this analysis, firstly we compared the results about beliefs about the purposes of science
teaching and beliefs about teaching and learning. The findings showed that there is no direct
interaction between these two beliefs. Even though PSTs’ beliefs about teaching and learning
change, their beliefs about the purposes of science teaching are mainly stable. For example; PSTs
had everyday coping and affective domain goals in both teacher-centered and student-centered
beliefs. On the other hand, we found some minor differences in PSTs' beliefs about the purposes
of science teaching when their beliefs about teaching and learning changed. Accordingly, some of
the PSTs having teacher-centered beliefs had purposes which are correct explanation, solid
foundation, and, science process skills, but PSTs having student-centered beliefs did not have such
purposes. On the other hand, one of the PST having student-centered beliefs focused on the
structure of science as a purpose while the other six PSTs did not focus on the structure of science
as a purpose. In conclusion, it might be claimed that correct explanation, solid foundation, and
science process skills goals can be linked to teacher-centered beliefs whereas the structure of
science can be related to student-centered beliefs.

Next, we looked for the interaction between beliefs about the purposes of science teaching
and beliefs about the nature of science. The findings showed that the participant having the most
informed NOS beliefs (PST6) had purposes which are everyday coping, the structure of science,
self-as explainer, and affective domain. On the other hand, PST4 held the most naive NOS beliefs
and this participant had everyday coping, self-as explainer, affective domain, and other skills as
purposes.

In the end, we compared participants’ beliefs about teaching and learning with their NOS
beliefs. The PST having the most informed NOS (PST6) beliefs held student-centered beliefs and
the PST having the most naive NOS (PST4) held teacher-centered beliefs.
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Table 10

Excerpts for Beliefs about the Nature of Science

NOS Aspect

Excerpt

Tentativeness (Informed)
Tentativeness (Naive)
Tentativeness (Dualistic)
Empirical (Informed)
Empirical (Naive)

Empirical (Dualistic)

Theory Laden (Informed)

Theory Laden (Naive)
Creativity (Informed)

Creativity (Naive)
Recipe Like Method (Informed)

Recipe Like Method (Naive)
Theory and Law (Informed)

Theory and Law (Naive)
Socio-cultural (Informed)

Socio-cultural (Naive)

Socio-cultural (Dualistic)

Everything can change and nothing is absolute, this is also true for science. We learned from the science teaching method course that if
something is certain, it becomes dogma (PST1).

Scientists are certain about the definition of species. As they observe similar organisms breed, they reach absolute evidence and define the
species term (PST4).

Scientific knowledge changes when we have different ideas or technological advances. Our knowledge about the speed of light may
change after 50 years (Informed)... Scientists are certain about the definition of species because we do not need further detail about this
definition. We are sure about this definition, this is not something like space (Naive) (PST2).

Scientific experiments include observations and thinking. If you think something, you can externalize it through experiments (PST5).
Science is more tangible compared with philosophy. We can match scientific data with real-world objects and events... Scientists
conducted experiments to discover positive and negative particles of an atom (PST1).

By making observations, scientists define the species, but they are not sure. There are many factors affecting their observations and these
factors can change the observations which also change the results coming from observations (Informed)... Science is about proven facts...
Experimentation is always necessary and when we repeat an experiment, we should get the same result for each trial (Naive) (PST3).
Scientists interpret the evidence differently. Scientists are human beings like us, they follow their own perspectives and they try to find
evidence supporting their ideas (Informed) (PST6).

Scientific knowledge can be proved, so scientists’ beliefs should not affect scientific knowledge (PST2).

Scientists use their creativity in all phases of scientific inquiry. Creativity starts the scientific inquiry. When you collect and analyze the
data, the image in your mind is processed. We reflect our imaginations on the evidence we used for the report (PST6).

Scientists do not use their creativity in their research because their work should be based on facts (PST4).

In science, experiment is not the unique way to construct knowledge. Scientists are curious about nature and they find different ways to
reach knowledge. For example, they use the magnifier to better understand small organisms without conducting any experiments (PST2).
The scientific method has consecutive stages which are making hypotheses, observations, collecting data, and reaching the results (PST3).
During the course, I took some notes. Accordingly, theories are explanations of observable phenomena. On the other hand, laws are
general descriptions of observations. Before the course, I thought theories transform into laws when they are proven (PST6).

Laws are more valid than theories as laws are proven. We accept the laws, but not theories (PST7).

Science is affected by society. Let’s think about the Soviet and USA conflict. Soviet Russia sent astronauts to space and then the USA
interested in space research. Wars, conflicts, and such things improve science. The conflicts among countries direct the development of
scientific research. Therefore, everything is affected by socio-cultural context (PST6).

When scientists produce the knowledge, they learn the system. For example; gravity existed in the past and it exists today. Therefore,
science is universal and not affected by society (PSTS).

Scientific knowledge is universal. When something is invented in the USA, it is also used in other countries (Naive)... Beliefs and ethical
values can affect science. For example; we discussed the cloning of Dolly in the science method course. People interpret the issue
depending on their own ideas. Their ideas, therefore, can affect science (Informed), but science should be universal. I do not know.
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Discussion

According to the findings of this study, primary school PSTs mainly used three goals which
are affective domain, everyday coping, and development of other skills (e.g., social skills). Other
goals such as STS were not preferred by PSTs. Similar to this finding, Cutter-Mackenzie and Smith
(2003) reported that primary school teachers both had a lack of content knowledge and thought
content knowledge is not essential at the primary school level; therefore, teachers claimed that
improving students’ skills and their attitudes toward science is more important than content in
primary school level. If we think that our participants had no background in science because of
their high school and university experiences (e.g. lack of science courses taken in these grade
levels), the results of this study are consistent with Cutter-Mackenzie and Smith’s (2003)
explanations. Furthermore, pre-service teachers’ lack of emphasis on science-related goals such as
the structure of science, STS, and SPS also supported the idea that participants are not familiar with
both science and its product (e.g., scientific knowledge).

Next, the study showed that participants mainly held teacher-centered beliefs for beliefs
about teaching and learning. This finding was interesting because the university program offers
student-centered courses. It is possible that the lack of science courses and PSTs’ lack of content
knowledge becomes an obstacle for them to have student-centered beliefs. This result is consistent
with Appleton and Kindt’s (1999) explanations about beginning elementary teachers’ position.
Accordingly, these teachers do not have a sufficient level of content knowledge and their self-
efficacy level is low. Therefore, teachers having a lack of content knowledge and self-efficacy tend
to control classroom events and prefer teacher-centered instructions.

The study also showed that primary school PSTs had naive NOS beliefs in general. This
result is consistent with previous research (Akerson et al., 2006; Garcia-Carmona, 2022; Garcia-
Carmona & Acevedo-Diaz; 2016a). It is not surprising that PSTs having an insufficient science
background (e.g. lack of knowledge and skills in science) have naive NOS beliefs. Accordingly,
Jittner et al. (2013) reported that content knowledge includes declarative knowledge (i.e.,
explaining facts and theories), and procedural knowledge (e.g., how scientific process works).
Participants” NOS beliefs seem to be directly linked with procedural knowledge because this
procedural knowledge shows how that knowledge is produced. If people have informed NOS
beliefs, most probably they are aware of how scientific knowledge is produced. For example; an
informed belief for the distinction between scientific theories and laws addresses that theory and
law are different entities and they do not transform to each other. This informed belief also assists
that person to understand that scientists use theories to frame and solve their problems, use laws to
formulate their observations, and so on. People having such subtle knowledge are probably more
successful to understand the construction of scientific knowledge. At this point, Traianou (2006)
discussed whether a primary school teacher should know declarative knowledge or procedural
knowledge. According to the small range-constructivists, primary school teachers lack scientific
qualifications and they do not know the knowledge found in the curriculum. Therefore, simple
facts (declarative knowledge) should be presented to these teachers and they are supposed to reach
higher-order knowledge using these simple facts. On the other hand, big ideas-constructivists claim
that primary school teachers should know procedural understanding including scientific principles,
and how scientists work and then these teachers construct the new knowledge on this procedural
understanding (Traianou, 2006). Whether we support small range-constructivists or big-idea
constructivists, our participants had lack declarative and procedural understanding due to their
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limited factual knowledge and naive NOS beliefs, and so they are not ready to construct new
knowledge and improve their understanding of science.

Primary school pre-service teachers’ naive NOS beliefs can also be related to their
education including undergraduate and previous levels. For example; they might learn scientific
method myth in their middle school years. Likewise, their teachers might taught these naive ideas
like ‘theories transform to scientific laws when they are proved’. It should be also noted that these
students mainly graduated from math and social science high schools where limited science courses
are offered. When they did not get enough science courses in high schools, participants may not
correct their naive ideas gained in middle school years. Similarly, participants took only two
science courses in their undergraduate level before participating in this study. Accordingly, their
naive beliefs about NOS were not eliminated in these courses. Therefore, both quality of
undergraduate courses and the number of science courses need to increase in terms of opportunities
used to improve primary school pre-service teachers’ NOS beliefs.

Another focus of the study was the interactions between different beliefs. We compared
participants’ different beliefs and we found that the PST having informed NOS and student-
centered beliefs specifically reported the structure of science as a belief about the purpose of
science teaching, but other participants including the one having student-centered beliefs with
naive NOS beliefs did not focus on the structure of science. Roberts (1988) defined the structure
of science as characteristics of science like the relation between the theory and evidence. In other
words, the structure of science is directly related to teachers’ goals of teaching the Nature of
Science. For the structure of science, therefore, we can claim that having informed NOS belief is
more important than having student-centered beliefs to have goals like teaching this goal (e.g. the
structure of science). On the other hand, we did not find any participant having both teacher-
centered beliefs and informed NOS beliefs. In this point, student-centered beliefs might be
facilitators to teach NOS (e.g. the structure of science), but they are not sufficient alone to have
such goals, and informed NOS beliefs are pre-requisite to have such goals. The close relationship
between the nature of science and student-centered beliefs was also emphasized in previous
research (Henze et al., 2008). Accordingly, Henze et al. (2008) reported if teachers do not have
informed beliefs about the nature of models, they focus on only one model and they do not consider
students’ needs (i.e., teacher-centered beliefs). On the other hand, the teachers with informed
beliefs about the nature of the models aim to teach different models in their teaching (i.e., the
structure of science as purpose) considering students’ needs (i.e., student-centered beliefs).
Supporting our findings regarding the relationship between NOS beliefs and the structure of
science as purpose, Demirdégen and Uzun Uzuntiryaki-Kondak¢1 (2016) reported that PST
chemistry teachers had richer OTS and structure of science as beliefs about the purpose of science
teaching after a treatment focusing on understanding NOS aspects and their teaching.

In this study, participants having teacher-centered beliefs held naive NOS beliefs, and only
these participants focused on goals like the correct explanation, solid foundation, and science
process skills as part of their beliefs about the purposes of science teaching. In line with this, Sickel
(2012) reported that teacher-centered beginning biology teachers did not consider students’ needs
and focused on transmitting content knowledge and content goals. As it is understood, participants’
focus on content and their little attention to students’ needs limit their beliefs about the purpose of
science teaching only with the content-related goals such as correctly explaining the content (i.e.,
correct explanation), teaching the content to connect them to higher grade levels’ content
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knowledge (i.e., solid foundation), and using the content knowledge for the scientific inquiry (i.e.,
science process skills).

Implications

This study has some implications for research and practice. Accordingly, the study showed
that primary school PSTs did not emphasize some science education goals. For example, none of
the participants referred to science-technology and decisions (i.e., STS) goals as their beliefs about
the purpose of science teaching. Such purposes can enrich their potential science lessons when they
become in-service teachers in primary schools. Therefore, science education courses emphasizing
such contents (e.g., STS) can be offered by primary education departments. In this way, primary
school PSTs can gain such purposes to be taught in their future classes.

Similarly, participants mainly held teacher-centered beliefs even though their
undergraduate courses were prepared considering student-centered instructions. It is possible that
PSTs cannot have student-centered beliefs for science teaching and learning because they either
could not connect their student-centered courses which were not directly related to science or the
lack of science education courses made them unfamiliar with science; therefore, they tended to
have teacher-centered beliefs to be safe in their future science teaching. As a solution to this
problem, student-centered science education courses which can be models for PSTs’ student-
centered science instruction can be offered by primary education programs. Furthermore, the
suggested courses can use a conceptual change approach or learning cycle to replace PSTs’ teacher-
centered beliefs with student-centered beliefs. For example; Demirdogen et al. (2016) reported
conceptual change approach is helpful to improve participants’ OTS.

The study also showed that participants mainly held naive NOS beliefs. Explicit NOS
instruction, NOS-embedded argumentation and inquiry activities, and courses addressing NOS
teaching can be prepared and offered by primary school education programs. In this way, primary
school PSTs can improve their NOS beliefs.

This study also has implications for researchers. Examination of the interactions between
different beliefs showed that ‘the structure of science’ as a belief about the purpose of science
teaching can be an indicator of rich OTS that is important for high-quality teaching because this
goal (i.e., the structure of science) was used only by the PST having both informed NOS and
student-centered beliefs. Previous research reported that informed NOS beliefs (Demirddgen et al.,
2016) and student-centered beliefs (Sickel, 2012) bring about high-quality teaching. Therefore,
researchers studying OTS considering multiple sets of beliefs can first look at whether their
participants focus on the structure of science as the purpose of science teaching. Such first
impressions might facilitate researchers’ understanding of the participants’ complex belief systems
(i.e., OTS) before detailed and subtle analysis.

Limitations

The study has two main limitations. The first one is the generalization issue as in the other
qualitative research. The study included seven primary-school PSTs, so the findings cannot be
generalized to all PSTs. However, pre-service science teachers, in-service primary school teachers
having similar characteristics to the participants, and primary school education programs can
benefit from the study's findings. The thick description of the context, detailed explanation of the
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data collection and analysis processes, and the explanation of the findings can be helpful for the
ones seeking the benefits from this study.

Another limitation is the use of only one data collection tool. In this study, the interviews
were used to collect data and understand participants’ OTS formed by different beliefs. In order to
avoid this limitation, data were analyzed by two researchers independently and more than one time
to understand whether our interpretations were consistent. Furthermore, we did not analyze
individual questions. Instead, our approach was holistic and we analyzed the whole data set
together to get further information about participants’ beliefs. In addition to this, Luft and Roehrig
(2007) reported that conducting interviews is sufficient to understand teachers’ beliefs. For
example, if observations are combined with interviews, we understand belief translation into
practice (Luft & Roehrig, 2007). However, the aim of the study was to understand multiple beliefs
(i.e., OTS), not the translation of the beliefs into practice; therefore, observations were not used.
Likewise, the use of card-sorting activity (Friedrichsen & Dana, 2003) or content representation
tools (Williams et al., 2012) was not appropriate to understand participants’ OTS in this study
because these tools were not framed by the views that see OTS as multiple sets of beliefs. For
example; we cannot understand participants’ beliefs about the nature of science by using these
tools. In conclusion, the only tool used to understand participants' OTS formed by multiple beliefs
was the interview.

Ethics Committee Permission Information: This research was carried out with the permission
of TED University Human Research Ethics Committee with the decision dated
14/04/2023 numbered 2023/08.

Conflict of Interest Information: The author declares that there is no conflict of interest with any
institution or person within the scope of the study.

Statement of Contribution Rate: The study has one author and the author conducted the study
alone.

References

Abell, S.K. (2008). Twenty years later: Does pedagogical content knowledge remain a useful idea?
International Journal of Science Education, 30(10), 1405-1416.

Akerson, V. L., Morrison, J. A., & McDuffie, A. R. (2006). One course is not enough: Preservice
elementary teachers’ retention of improved views of nature of science. Journal of Research
in Science Teaching, 43(2), 194-213.

Appleton, K. & Kindt, 1. (March, 1999). How to beginning elementary teachers cope with science:
the development of pedagogical content knowledge in science. National Association for
Research in Science Teaching, Boston.

Appleton, K. (2003). How do beginning primary school teachers cope with science? Toward an
understanding of science teaching practice. Research in Science Education, 33(1), 1-25.

Arzi, H. J., & White, R. T. (2007). Change in teachers’ knowledge of subject matter: A 17-year
longitudinal study. Science Education, 92(2), 221- 251.

Avraamidou, L. (2013). Prospective elementary teachers' science teaching orientations and
experiences that impacted their development. International Journal of Science Education,
35(10), 1698-1724.

This study is licensed under Creative Commons Attribution-NonCommercial-NonDerivative (CC BY NC ND) 444



Van Yiiziincii Yil Universitesi Egitim Falkiiltesi Dergisi, 2024; 21(2), 5.425-449.

Van Yiiziincii Yil University Journal of Education, 2024; 21(2), p.425-449. DOI:10.33711/yyuefd. 1413428

Aydin, S., & Boz, Y. (2013). The nature of integration among PCK components: A case study of
two experienced chemistry teachers. Chemistry Education Research and Practice, 14(4),
615-624.

Aydm, S., Demirdogen, B., Akin, F. N., Uzuntiryaki-Kondakei, E. & Tarkin, A. (2015). The nature
and development of interaction among components of pedagogical content knowledge in
practicum. Teaching and Teacher Education, 46, 37-50.

Aydm, S., Friedrichsen, P. M., Boz, Y., & Hanuscin, D. L. (2014). Examination of the topic-
specific nature of pedagogical content knowledge in teaching electrochemical cells and
nuclear reactions. Chemistry Education Research and Practice, 15(4), 658-674.

Bakanay, C. D., & Cakir, M. (2022). In-service science teachers’ purposes for integrating the
history of science: the role of their science teaching orientation. International Journal of
Science Education, 44(6), 939-961.

Brown, P., Friedrichsen, P., & Abell, S. (2013). The development of prospective secondary biology
teachers pck. Journal of Science Teacher Education, 24(1), 133-155.

Cansiz, N., & Cansiz, M. (2022). Profiling preservice science teachers’ early experiences, beliefs
about teaching, and teaching practices. Research in Science & Technological
Education, 40(2), 149-167.

Chan, K.K.H., & Hume, A. (2019). Towards a consensus model: Literature review of how science
teachers’ pedagogical content knowledge is investigated in empirical studies. In: Hume, A.,
Cooper, R., & Borowski, A. (Eds.), Repositioning pedagogical content knowledge in
teachers’ knowledge for teaching science. singapore: Springer. pp. 3-76.

Cohen, R., & Yarden, A. (2009). Experienced junior-high-school teachers’ PCK in light of a
curriculum change:“The cell is to be studied longitudinally”. Research in Science
Education, 39, 131-155.

Cutter-Mackenzie, A. & Smith, R. (2003). Ecological literacy: the ‘missing paradigm’ in
environmental education (part one). Environmental Education Research, 9:4, 497-524.

Demirddgen, B. (2016). Interaction between science teaching orientation and pedagogical content
knowledge components. Journal of Science Teacher Education, 27, 495-532.

Demirdégen, B., Hanuscin, D. L., Uzuntiryaki-Kondakci, E., & Koseoglu, F. (2016). Development
and nature of preservice chemistry teachers’ pedagogical content knowledge for nature of
science. Research in Science Education, 46, 575-612.

Demirddégen, B., & Uzuntiryaki-Kondakgi, E. (2016). Closing the gap between beliefs and practice:
Change of pre-service chemistry teachers' orientations during a PCK-based NOS
course. Chemistry Education Research and Practice, 17(4), 818-841.

Friedrichsen, P. J., Abell, S. K., Pareja, E. M., Brown, P. L., Lankford, D. M. & Volkman, M. J.
(2009). Does teaching experience matter? Examining biology teachers’ prior knowledge
for teaching in an alternative certification program. Journal of Research in Science
Teaching, 46:4, 357-383.

Friedrichsen, P. M., & Dana, T. M. (2003). Using a card-sorting task to elicit and clarify science
teaching orientations. Journal of Science Teacher Education, 14(4), 291-309.

Friedrichsen, P., van Driel, J.H., & Abell, S.K. (2011). Taking a closer look at science teaching
orientations. Science Education, 95, 358-376.

Garcia-Carmona, A. (2022). Improving preservice primary teachers’ understanding of the nature
of methods of science through reflective reading of news articles. Science & Education,
31:3, 685-711.

This study is licensed under Creative Commons Attribution-NonCommercial-NonDerivative (CC BY NC ND) 445



Van Yiiziincii Yil Universitesi Egitim Fakiiltesi Dergisi, 2024, 21(2), 5.425-449.

Van Yiiziincii Yil University Journal of Education, 2024, 21(2), p.425-449. DOI:10.33711/yyuefd. 1413428

Garcia-Carmona, A., & Acevedo-Diaz, J. A. (2016a). Concepciones de estudiantes de profesorado
de Educacion Primaria sobre la naturaleza de la ciencia: Una evaluacion diagndstica a partir
de reflexiones en equipo [Preservice elementary teachers’ conceptions of the nature of
science: A diagnostic evaluation based on team reflections]. Revista Mexicana de
Investigacion Educativa, 21(69), 583-610.

Grossman, P.L. (1990). The Making of a Teacher: Teacher Knowledge and Teacher Education.
New York: Teachers College Press.

Henze, 1., van Driel, J. H. & Verloop, N. (2008). Development of experienced science teachers’
pedagogical content knowledge of models of the solar system and the universe.
International Journal of Science Education, 30:10, 1321-1342.

Jiittner, M., Boone, W., Park, S., & Neuhaus, B. J. (2013). Development and use of a test instrument
to measure biology teachers’ content knowledge (CK) and pedagogical content knowledge
(PCK). Educational Assessment, Evaluation and Accountability, 25, 45-67.

Kapyla, M., Heikkenen, J., & Asunta, T. (2009). The influence of content knowledge on
pedagogical content knowledge a case of teaching photosynthesis and plant growth.
International Journal of Science Education, 31(10), 1395-1415.

Lankford, D. M. (2010). Examining the pedagogical content knowledge and practice of
experienced secondary biology teachers for teaching diffusion and osmosis. Unpublished
Doctoral Dissertation, University of Missouri, Missouri.

Lederman, N. G., Abd-El-Khalick, F., Bell, R. L., & Schwartz, R. S. (2002). Views of the nature
of science questionnaire: Toward valid and meaningful assessment of learners’
conceptions of the nature of science. Journal of Research in Science Teaching, 39, 497—
521.

Lee, E. & Luft, J. A. (2008). Experienced secondary science teachers’ representations of
pedagogical content knowledge. International Journal of Science Education, 30:10, 1343-
1363.

Luft, J. A., & Roehrig, G. H. (2007). Capturing science teachers’ epistemological beliefs: The
development of the teacher beliefs interview. Electronic Journal of Science Education,
11(2). Retrieved from
http://www.scholarlyexchange.org/ojs/index.php/EJSE/article/download/7794/5561

Magnusson, S., Krajcik, J., & Borko, H. (1999). Nature, sources and development of pedagogical
content knowledge for science teaching. In J. Gess-Newsome & N. G. Lederman (Eds.),
Examining pedagogical content knowledge: The construct and its implications for science
education (pp. 95-132). Boston, MA: Kluwer.

Ozden, M., (2008). The effect of content knowledge on pedagogical content knowledge: The case
of teaching phases of matters. Educational Sciences: Theory and Practice, 8(2), 633-645.

Padilla, K., & Van Driel, J. (2011). The relationships between PCK components: the case of
quantum chemistry professors. Chemistry Education Research and Practice, 12(3), 367-
378.

Park, S., & Chen, Y. C. (2012). Mapping out the integration of the components of pedagogical
content knowledge (PCK): Examples from high school biology classrooms. Journal of
Research in Science Teaching, 49(7), 922-941.

Roberts, D. A. (1988). What counts as science education? In P. Fensham (Ed.), Development and
dilemma in science education (pp. 27-54). Barcecome: Falmer Press.

This study is licensed under Creative Commons Attribution-NonCommercial-NonDerivative (CC BY NC ND) 446



Van Yiiziincii Yil Universitesi Egitim Fakiiltesi Dergisi, 2024, 21(2), 5.425-449.

Van Yiiziincii Yil University Journal of Education, 2024, 21(2), p.425-449. DOI:10.33711/yyuefd. 1413428

Roberts, D. A. (2007). Scientific literacy/science literacy. In S. K. Abell & N. Lederman (Eds.),
Handbook of research in science education (pp. 729-780). Mahwah, NJ: Lawrence
Erlbaum.

Sickel, A. J. (2012). Examining beginning biology teachers’ knowledge, beliefs, and practice for
teaching natural selection [Unpublished doctoral dissertation]. University of Missouri.

Summers, M. (1994). Science in the primary school: the problem of teachers' curricular
expertise. The Curriculum Journal, 5(2), 179-193.

Traianou, A. (2006). Teachers’ adequacy of subject knowledge in primary science: Assessing
constructivist approaches from a sociocultural perspective. International Journal of Science
Education, 28:8, 827-842.

Williams, J., Eames, C., Hume, A., & Lockley, J. (2012). Promoting pedagogical content
knowledge development for early career secondary teachers in science and technology
using content represantions. Research in Science and Technological Education, 30(3), 327-
343.

Genis Ozet

Problem Durumu

Fen 0gretimi yonelimi 6gretimin kalitesini belirleyen temel etmenlerden birisidir (Chan &
Hume, 2019). Bu ¢alismada fen 6gretimi yonelimi Friedrichsen vd. (2011) ile uyumlu bir sekilde
3 boyutta tanimlanmistir. Buna gore 6gretmenlerin fen 6gretim yonelimi fen dgretimi amaglarina
yonelik inaniglar, fen 6grenme ve Ogretimine yonelik inaniglar ve bilimin dogasina yonelik
inaniglardan olusmaktadir.

Alan yazinda yapilan caligmalar fen 6gretimi yonelimi ile ilgili olarak su ¢ikarimlar
yapmamizi saglamaktadir: fen 6gretimi yonelimi yapan ¢aligmalar dgretimin kalitesi ile ilgili
bizlere bilgi vermektedir (Abell, 2008), dnceki fen dgretimi yonelimi ¢aligmalar1 genel olarak fen
ogretimine yonelik amaglarla ilgili inanislara odaklanmistir (Demirddgen, 2016), fen 6gretimi
yonelimini degistirmek zor olsa da bu yonelimler degistirilebilmektedir (Demirdégen vd., 2016),
fen 6gretimi yonelimi baglama karsi hassastir ve olumsuz yonde etkilenebilir (Aydin vd., 2014),
son olarak fen 6gretimi yonelimi disiplinden disipline degisebilmektedir (Kapyla vd., 2009).

Bu ¢alismay1 6nemli kilan birkac nokta bulunmaktadir. Buna gore fen 6gretimi yonelimini
3 boyutta ele alan ¢aligma sayis1 azdir ve sdz konusu g¢alisma her 3 boyut hakkinda da bilgi
vermektedir. Benzer sekilde, siif 6gretmenligi 6gretmen adaylari ile yapilan fen 6gretimi yonelimi
calisma sayis1 yok denecek kadar azdir. Mevcut ¢aligma gelecekte fen 6gretiminin temellerini
atacak olan 6gretmen adaylarinin fen yonelimleri hakkinda bilgi verecektir.

Calismanin kavramsal cercevesinin fen O0gretimi amaclar ile ilgili inaniglar1 Roberts
(1988)’1n 6gretim programi vurgularindan, fen 6gretimi 6grenme ve Ogretimi ile ilgili inaniglar
Luft ve Roehrig (2007)’in 6gretmen inanislarindan ve bilimin dogasina yonelik inanislar Lederman
vd. (2002)’den alinmistir. Bu ¢alismada 4 temel soruya cevap aranmistir. Bu sorular su sekildedir;
siif Ggretmenligi Ogretmen adaylarinin fen 6gretimine yonelik inanislari nedir, smif 6gretmenligi
Ogretmen adaylarimin fen Ogretimi ve Ogrenimine yonelik inanmiglart nedir, sinif 6gretmenligi
Ogretmen adaylarmin bilimin dogasina yonelik inanislari nedir ve bu inanislar arasinda nasil bir
etkilesim vardir?
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Yontem

Bu caligma temel nitel bir arastirmadir. Calismaya Ankara ilinde 6zel bir tiniversitede
Ogretim goren 7 sinif 6gretmenligi boliimii 6gretmen adayi katilmistir. Veriler yar1 yapilandirilmig
goriisme sorulart araciligi ile toplanmis ve toplam 17 soru katilimeilara sorulmustur. Elde edilen
veriler daha sonra transkript edilmis, timdengelimsel ve timevarimsal kodlarla kodlanmistir. Bu
sekilde ilk 3 arastirma sorusuna cevap aranmis ve elde edilen bulgularin karsilastiriimasi ile ilgili
inaniglar arasindaki etkilesimler arastirilarak dordiincii arastirma sorusuna cevap aranmustir.

Bulgular

Calismadan elde edilen sonuglara gore, katilimcilarin fen 6gretimi amagclarina yonelik
inaniglart  katilimcilarin  duyugsal amaglara sahip oldugunu gostermektedir. Katilimcilarin
amacladig1 diger iki amag ise 0grencilerinin elde ettigi bilgileri giinliik hayatta kullanmalar1 ve
beceri gelisimidir.

Fen 6gretimi ve 6grenimi ile ilgili olarak ise katilimcilar genel olarak 6gretmen merkezli
ve geleneksel oOgretim yaklasimini benimsemislerdir. Ayrica c¢aligmaya katilan 6gretmen
adaylarindan hicbiri hem 6gretmen merkezli hem de 6grenci merkezli yaklagima sahip degildir.

Bilimin dogasina yonelik inanislarda ise katilimcilarin bilimin dogast boyutlar ile ilgili
genel olarak gelismemis inanislara sahip oldugu soylenebilir. Katilimcilarin gelismis olan
inanislari ise bilimsel bilginin degisebilir yapis1 ve bilimde tek bir dogru yontemin olmamasidir.

Farkli inaniglarin etkilesimi ile ilgili olarak ise Ogretmen merkezli inanisa sahip
Ogretmenlerin fen 6gretimi amaci olarak 68renciyi sonraki yillara hazirlamak, konuyu 6gretmek ve
bilimsel siire¢ becerilerine odaklanmak gibi amaglara sahip oldugu goriilmiistiir. Ogrenci merkezli
O0gretmenin ise bilimsel bilginin 6zelliklerini 6gretmeyi amagladigi gozlemlenmistir. Bilimsel
bilginin 6zellikleri amacinin ayrica gelismis bilimin dogasi inanislar1 ile de uyumlu oldugu
gorilmiistiir. Fene yonelik 6grenme ve 6gretme inaniglar1 ile bilimsel bilgiye yonelik inaniglar
arasinda ise dogrudan bir etkilesim gézlemlenmemistir.

Sonu¢ ve Tartisma

Sonug olarak, Cutter-Mackenzie ve Smith (2003)’in de bahsettigi gibi simf 6gretmenligi
O0gretmen adaylar1 ilkokul diizeyinde list diizey bir fen bilgisine sahip olmadiklar i¢in duyugsal
amaclara sahip olmus olabilirler. Ayrica, katilimcilar fen ile ilgili fenin 6zellikleri, fen toplum cevre
gibi amaglar ¢ok fazla amaclamamislardir. Bu durumda katilimcilarin fen 6gretimine ¢ok asina
olmadiklarin1 gostermektedir. Calismada yer alan 68retmen adaylar1 ayrica genel olarak 6gretmen
merkezli yaklasima sahiptir. Bu durum o6gretmen adaylarinin gelismemis fen bilgisi ile ilgili
olabilir. Buna gore, 6gretmen adaylarinin fen bilgisi diisiik oldugundan 6z yeterliligi de diisiik
olabilir ve kendilerini tehlikeye atmamak i¢in 6gretmen merkezli goriislere sahip olup otoriter bir
sekilde kendilerinin sorgulanmasinin 6niine gegmek istemis olabilirler (Appleton ve Kindt, 1999).
Benzer sekilde, fen gecmisi olmayan dgretmen adaylarinin bilimin dogasina yonelik inanislarinin
gelismemis oldugu sdylenebilir ve bu bulgu dnceki ¢aligmalarla uyumludur (6r; Akerson vd.,
2006). Calismadan elde edilen bir amacin digerlerinin 6niine gegtigi gdzlemlenmistir. Buna gore
bilimsel bilginin 6zellikleri amacina sahip 6gretmen aday1 hem 6grenci merkezli yaklagima sahiptir
hem de bilimin dogasina yonelik inamglart yliksektir. Bu istendik bir durum oldugu i¢in
arastirmacilar oncelikli olarak katilimcilarin bu inanisa sahip olup olmadigina bakabilirler bu
sekilde ilgili katilimcilarin inaniglar1 hakkinda genel bir fikir sahibi olunabilir.
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Bu calismada fene yonelik amaclar (6r; bilim toplum iliskisi) vurgulanmadig i¢in simif
dgretmenligi programlarinda bu amaclara yer verilmesi 6nerilmektedir. Ornegin, fen toplum gevre
dersleri segmeli olarak verilebilir. Daha fazla fen dersi verilerek 6gretmen adaylarinin fen bilgisi
artirllabilir. Bu sayede Ogrenci merkezli Ogretim yapmak isteyen Ogretmen adaylari eksik
bilgilerinden dolayr 0gretmen merkezli 6gretime gegmek zorunda kalmazlar. Benzer sekilde
arastirma ve sorgulama tabanli 68renme yOntemleri ile 6gretmen adaylarinin bilimin dogasina
yonelik inaniglar1 gelistirilebilir. Son olarak bu ¢alisma nitel bir calisma oldugu i¢in ¢alisma sonucu
genellenemez fakat calisma baglamina benzer durumda olan Ogretmen adaylari calismadan
faydalanabilir.
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