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Abstract: The purpose of this study is to determine which features
of the nature of science pre-service primary school teachers refer to
while making a decision on a socioscientific issue at the end of the
explicit reflective nature of science education. For this purpose, an
exploratory qualitative research design was used in the study. The
research group comprised 77 pre-service primary school teachers
in their third year of studies at a public university. The study was
carried out within the scope of the “Science and Technology Teach-
ing” course. As a data collection tool, the socioscientific scenario
“Babies with Three Parents” was used. Content analysis and de-
scriptive analysis were used to analyze the data. According to the
findings of the study, pre-service primary school teachers have a
good level of ability to use the features of the nature of science, the
changeable nature of scientific knowledge, and the fact that it is
based on observation and experimentation when deciding on a
socioscientific issue. Furthermore, pre-service class teachers pri-
marily used the subjectivity and creativity features of scientific
knowledge as well as the features of observation.
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Introduction

standable considering their age. These abilities are considered to have

a significant effect on the development of scientific inquiry abilities
(Gormley & France, 2019). Primary school teachers, who have a significant
impact on the development of this skill, should carry out the learning-
teaching process in science, as well as many other areas of the curriculum,
by knowing where, how, and when to lead the process. Teachers’ content
knowledge, pedagogical competence, beliefs and attitudes toward science, as
well as students’ knowledge and beliefs about science, all influence this
process (Fitzgerald, 2012). Similarly, teachers’ knowledge and perceptions
regarding the nature and features of science, one of the fundamental subjects
of science, have a significant influence on the students’ learning processes.
Teachers who view science as a compilation of absolute truths find it chal-
lenging to incorporate the qualities of scientific knowledge and the nature of
science into their inquiry-based learning methodologies. As a result, science
could be neglected in these classrooms or learning activities that do not in-
clude scientific inquiry might also be presented (Appleton, 2002). These
conditions disrupt and disconnect student learning not only from other cur-
ricular areas, but also from the context of life experience. The application of
socioscientific issues is a highly effective method for observing the imple-
mentation of the features of the nature of science. In this context, it is impor-
tant to determine the skills of teachers, who are an important element in
teaching, to use the features of the nature of science. In addition to being
controversial, it is important to figure out how this information can be used
in the decision-making process of a socioscientific issue that can have a big
impact on our lives in terms of how we learn and teach.

For more than thirty years, the primary goal of scientific education
has been to develop science literacy skills, and it has been highlighted that
with the reforms implemented, science education should be carried out in a
meaningful and practical way (Karisan & Zeidler, 2017). The main objective
of science literacy is to enable individuals to acquire decision-making abili-
ties through the application of scientific information and scientific thinking
in everyday life (Roberts, 2007). In this context, socioscientific issues in-
clude real-life topics that will enable students to gain these skills practically.
As is well known, socioscientific issues are inevitably included in many ar-
eas of our lives, such as health and technology. Incorporating socioscientific
issues into the educational process has been widely used over the last three
decades to facilitate the acquisition and use of 21st century skills such as
critical thinking, analytical thinking, and decision-making. In addition to be-
ing controversial, socioscientific issues are subjects that involve different
social domains, such as political, economic, and ethical, and specifically in-
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volve ethical and moral evaluation and decision-making process (Evagorou,
Jimenez-Aleixandre, & Osborne, 2012). Many contentious subjects, such as
GMGOs, nuclear power plants, vaccine research, and cloning, fall under the
category of socioscientific issues. We have been confronted with these diffi-
culties, which involve moral and ethical issues, particularly in recent years
(Espeja and Lagardn, 2015). It is crucial for students to encounter real-world
challenges in developing their decision-making skills by using the scientific
knowledge they have learned (Osborne, 2008, Gomley et al., 2019). One of
the primary purposes of education is to enable students to apply their con-
ceptual knowledge in different contexts (Khishfe, 2013, De Corte, 2003).
The use of socioscientific issues in the lessons also enables students to de-
velop scientific literacy and positive attitudes towards science (Gomley et al.,
2019; Hodson, 2013; Zeidler, 2014). In socioscientific issues, teachers
should be able to effectively use science and nature of science concepts to
enable students to engage in effective decision-making processes, as well as
to structure and analyze presented arguments (Pezaro et al., 2014).1t is well
known that incorporating socioscientific issues into science education helps
students have a better knowledge of science topics, improve their argumenta-
tion abilities, and comprehend the nature of science (Levinson, 2006; Zeidler
& Sadler, 2008; Zohar & Nemet, 2002; Khishfe & Lederman, 2006).

In general, NOS includes scientific epistemological beliefs and be-
liefs of individuals about NOS knowledge, as well as some assumptions be-
sides the distinctive features of scientific knowledge (Lederman, 2007; Hofer
& Pintrich, 1997). In this regard, it is essential to observe pre-service pri-
mary school teachers’ capacity to apply the nature of science to a socioscien-
tific issue that is both debatable and scientific.

Recently, there have been numerous research studies in the field of
socioscientific issues, which is an effective area that contributes to the
growth of science literate individuals and should be appropriately included in
science education programs (Hofstein et al., 2011; Sadler, 2003; Topqy,
2008; Walker & Zeidler, 2007; Zeidler & Keefer, 2003; Zeidler et al., 2005).
According to studies, socioscientific issues can help students contribute to
decision- making on local and global issues, understand the features of the
nature of science, and gain experience in discussing controversial issues (Lee
et al., 2013). Moreover, solving problems related to a socioscientific issue
will encourage students to use scientific knowledge, and socioscientific is-
sues in science education can be a tool to increase the priority of civic goals
(Lee etal., 2012).

Studies on the relationship between SSI and NOS primarily focus on
how the nature of science is used in the decision-making process of sociosci-
entific issues (Bell & Lederman, 2003; Khishfe, 2012; Sadler, 2009). Over
time, research on teaching the nature of science in an SSI setting has begun
to be conducted from a variety of approaches. The majority of studies on the
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development of understanding of the nature of science using SSI applications
have found that understanding of the nature of science has improved (Walker
& Zeidler, 2007; Zeidler et al., 2011). However, it has been observed that
SSls are insufficient in conveying the features of science into the discussion
and decision-making processes (Han Tosunoglu & irez, 2019).

In order to realize the reasoning and decision-making process, which
Is the most important goal of socioscientific issues, individuals must master
the principles of scientific knowledge and scientific thinking. The signifi-
cance of understanding the nature and features of science emerges, particu-
larly in determining whether the information presented is scientific or not.
Another cognitive condition, students’ views on the nature of science (NOS),
or scientific epistemological beliefs, was highlighted in a literature review on
socioscientific decision-making (Sadler et al., 2004; Schommer-aikins &
Hutter, 2002).

All science education programs that accept scientific literacy as a ba-
sic component emphasize providing students with information on the nature
of science, such as the changeability of scientific knowledge that forms the
basis of scientific studies and the fact that scientific knowledge is based on
observation and experimentation (NGSS, 2013; NRC 1996; ACARA 2014).
In our country, the concept of science literacy, which was first introduced in
the 2005 science curriculum, is now one of the general targets in the curricu-
lum since 2013. Furthermore, the 2018 curriculum included “Developing
reasoning ability, scientific thinking habits, and decision-making skills
through the use of socioscientific issues” (MEB, 2019). At this point, science
literate individuals must gain awareness of current events affecting their so-
ciety and have scientific thinking abilities when expressing their opinions on
potential solutions to society’s problems (Calik & Coll, 2011). Looking at
the main objectives of the 2018 science curriculum, it is seen that emphasis
Is put on individuals having the necessary skills to come up with solutions to
possible problems that they may encounter in their daily lives (MEB, 2018).
The program aims to teach students about NOS and to help them develop
decision-making skills related to SSI throughout the entire science teaching
program, starting from primary school. However, one of the most important
issues that should not be ignored here is that teachers and pre-service pri-
mary school teachers have these knowledge and skills. When we look at the
studies conducted in our country, it is seen that there are no studies involving
primary school teachers, whereas studies involving pre-service primary
school teachers try to determine their level of knowledge and opinions about
both the nature of science (Akgin, 2015; Ates & Oner, 2020; Tasdere et al.,
2014) and socioscientific issues (Kiigiikaydin, 2019; Oztirk et al., 2018).

This research is significant in this context since it attempts to deter-
mine the ability of pre-service primary school teachers to transfer the fea-
tures of the nature of science to socioscientific issues, as well as their ques-
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tioning skills. In this regard, the problem statement of the research is as fol-
lows: “How do pre-service primary school teachers who receive explicit re-
flective nature of science education make use of the features of the nature of
science while making a socioscientific decision?”

Method

In this study, an exploratory qualitative research design was used to address
the research problem. The purpose of this study was to determine whether
NOS education, as well as acquired knowledge and skills, was applied to a
SSI with a randomly selected group of pre-service primary school teachers.
While exploratory qualitative research allows researchers to get more de-
tailed information about the study group (Kathlke, 2014), it also better ex-
plains people’s feelings, thoughts, approaches, or beliefs (Percy et al., 2015).

Participants

The study was conducted with pre-service primary school teachers in their
third year of study at a state university. The study group consisted of stu-
dents enrolled in the two-semester “Science and Technology Teaching”
course. The research group consisted of 77 participants in total, with 63 fe-
male and 14 male pre-service primary school teachers. Participants are be-
tween the ages of 20 and 22. Prior to this academic year, the participants
completed science subject knowledge enhancement courses (basic physics,
basic chemistry, and basic biology), science teaching laboratory applications,
pedagogy courses (education psychology, education philosophy), methodol-
ogy, and assessment and evaluation courses.

Data Collection Tool

In order to determine how pre-service primary school teachers use their
skills on the nature of science in socioscientific issues, debate scenario titled
“Babies with three parents” was presented within the scope of the research.
The scenario includes a study on mothers with defective mitochondria to
have healthy children by receiving healthy mitochondria from another
mother. Although very few studies have included healthy babies, there is no
conclusive result; instead, they provide the views of scientists on the possi-
bility of having unhealthy babies due to the transmission of mitochondria
from the mother. Along with the scenario, several questions are asked to pre-
service teachers in order to elicit their thoughts on the issue. The following
are some examples of questions about the scenario.
* Do you agree with this recommended approach to preventative
medicine?
* Explain the reason for your decision.
SIEF, Vol.14, No.2, 2023 2064
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*  What finding or findings might change your decision?
* Do you think there is disagreement among scientists?

The preceding questions are based on Khishfe’s (2012a) and Zeidler,
et al.” (2002) approach that the nature of science is related to socioscientific
issues, as well as the changeable nature of science, the experimental nature
of science, the creativity and imagination of scientific knowledge, and the
subjectivity of scientific knowledge. As a result, the purpose of this study
was to ascertain pre-service primary school teachers’ application of the fea-
tures of the nature of science described in the given scenario.

Data Collection

The research lasted two semesters and 12 weeks and was conducted within
the framework of “Science and Technology Teaching” (Table 1). At the be-
ginning of the implementation process, the history and importance of science
teaching programs were emphasized. Then, the teaching methods and tech-
niques used in science education were taught practically. After introducing
the constructivist approach that underpins the science curriculum, the 5E in-
structional model was introduced and practiced with pre-service teachers.
The features of the nature of science were figured out in the process through
the activities of the explicit-reflective nature of science. In this context, the
activities prepared by Yalaki (2016) were used. Additionally, the researcher
prepared and implemented the teaching process using the 5E instructional
model to ensure that pre-service primary school teachers could better under-
stand the 5E instructional model. After instructing pre-service teachers on
the nature of science, they were asked to prepare lesson plans according to
the 5E instructional model. While preparing the 5E lesson plan, it was stated
that the pre-service teachers should plan with the features of the nature of
science in mind.

Data Analysis

In the analysis of the answers given by the pre-service primary school teach-
ers about the scenarios presented, criteria were created within the framework
of descriptive analysis. The nature of science, the changeable nature of sci-
entific knowledge, the reliance of scientific knowledge on observation and
experiment, the subjectivity of scientific knowledge and creativity, and the
use of observation and inference differences in the given scenario were all
evaluated using the criteria developed. As shown in Table 2, the perceptions
fell into three categories: sufficient (knowledgeable), inconsistent, and weak.
If a participant did not mention the nature of science while expressing their
opinion, they were evaluated as weak; if they expressed the features of the
nature of science, but they did not provide a sufficient explanation, they were
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Table 1. Teaching Process

Weak Teaching Process

Weak 1  Purpose and importance of science teaching

Weak 2 History of science curriculums

Weak 3 Information about the constructivist approach

X\_/gak What is the 5E instructional model? Which steps are important and why?
Nature of science teaching based on explicit reflective approach integrated into unit outcomes Heat
and temperature: Observation and inference are different things.
How does light travel? Observation and experimentation are the foundations of scientific
Weak knowledgg L . R . N .
6-7-8-9- Let'§ classify living th_mgs: S(_:lentlflc knowledge depends on imagination and‘creatlvny. )
10 Environmental pollution (Which of us is more expert?): Scientific knowledge is affected by social
and cultural structures.
Is the orientation geocentric or heliocentric? Scientific knowledge is changeable.
Footprints: Scientific knowledge is subjective.
- The structure of scientific theories and laws and their interrelationships.
\{\fikz 5E lesson plan writing (pre-service class teachers)

Table 2. Creative and Imaginative Nature of Scientific Knowledge.

Theme Explanation

Sufficient Stating that imagination and creativity can be used at every stage of scientific studies
(Knowledgeable) together with justifications

Stating that imagination and creativity can only be used at certain stages of scientific
studies

Expressing that while imagination and creativity are used in the design and planning stag-
es of scientific studies, they are not used in data collection, analysis, and interpretation

Inconsistent

Weak

Table 3. Pre-service Primary Teachers’ Decisions and Justifications on the

SSI.
Opinions f Justifications f %
. The probability of having a healthy baby 10 66.6

I am in favor 15 19.4 - —
The results obtained are sufficient 5 33.3
Uncertainty/There are no definitive results 19 730
It causes negative consequences 5 19.2

| am against 26 337 There is no legislation 1 3.8
Insufficient explanations 1 3.8
Itis not ethical 1 3.8
Uncertainty/Insufficient evidence/Inconclusive results 25 694
It is risky/ There is no guarantee 8 22.2

I'm undecided 36 46.7 The studies are very new. 1 2.7
It is not ethical 1 2.7
Evaluation from different perspectives 1 2.7
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evaluated as inconsistent; if they made reference to the nature of science
while providing a sufficient and correct explanation, they were evaluated as
sufficient (knowledgeable).

Additionally, the content analysis method was used to examine if re-
spondents approved of the treatment procedure in the particular scenario.
The content analysis method was used to determine the codes based on the
categories generated in this way. Analyses were also carried out by another
field expert besides the researcher. The researchers conducted the analyses
independently at first, and then collaborated to complete the analysis until
consistency between the analyses was achieved. While organizing the data
analysis findings, sample quotations from participants are provided.

Findings

This section contains analysis findings on how pre-service teachers apply
certain features of the nature of science to their decision-making processes
when confronted with specified socioscientific issues. Table 3 shows the
pre-service teachers’ responses to the question of whether they support the
treatment and the rationales they employed in their thinking processes.

As shown in Table 3, the majority of pre-service teachers expressed that they
were undecided (46.7%) about this treatment method. The reason for this
hesitancy is seen to be the inadequacy of the study results (69.4 %), the in-
adequacy of data, and the uncertainty around the likelihood of being ill.
Along with the procedure being risky (22.2%), the fact that the investiga-
tions were still in their infancy was cited as another justification. Below are
sample sentences reflecting the views of pre-service teachers.

“I am undecided because there is no certainty. It is unproven in-
formation, it has good sides and bad sides. And that makes me
indecisive.”

“I’'m indecisive because it’s scary to choose between having or
not having children because of defective mitochondria, and the
fact that defective mitochondria continue to be handed down to
girls even if they recover. .... | can't decide as there is no clear
data. It can also inherit other traits, such as intelligence, physical
characteristics of the parent with healthy mitochondria. This is
also a risk.”

It was also noted that pre-service teachers who were against the
treatment most frequently cited a lack of conclusive results (73%). Addition-
ally, several pre-service teachers expressed concerns about the potential
negative outcomes (19.2%) and the absence of legal regulations (3.8%). Be-
low are sample sentences reflecting the views of pre-service teachers.
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“I disagree because this modification does not provide definitive
data on disease prevention. It can lead to a result that is not en-
sured.”

“Because | think mitochondria damage will occur again in future
generations. Also, two different DNAs seem to affect the whole
cell structure. It may result in worse outcomes. ”

It was determined that the pre-service primary school teachers who
were in favour of the treatment and expressed a positive opinion were in the
minority (19.4%). It is evident that pre-service teachers who agreed empha-
size the likelihood of having healthy babies (66.6%). Additionally, it was
revealed that some pre-service teachers stated that the study’s findings were
sufficient (33.3%). Below are sample sentences reflecting the views of pre-
service teachers.

“Yes, | agree; it can be a dangerous situation. However, the al-
ternative is also dangerous and can result in disorders. As a re-
sult, | propose to give the opportunity to attempt to those who de-
sire.”

“Because the birth of a child with a disorder would have a nega-
tive impact on both the child and the family. The absence of a
disease,so far,was also important when | made my decision”

“If a woman is likely to have a healthy child,even if there is a low
probability,she should give it a try.”

It was observed that only two of the participants evaluated the treat-
ment by addressing the ethical dimension of socioscientific issues as inap-
propriate.

When the use of the experimental nature of scientific knowledge in

socioscientific decision-making processes was examined, it was observed
that most pre-service teachers were at the most knowledgeable level (Table
4). Therefore, it is seen that most of the pre-service teachers consider ex-
periments and observations in their decision-making processes.
As shown in Table 4, the group with inconsistent structure (35 percent) was
ranked second, as pre-service teachers considered experiment and observa-
tion in their decision-making processes but were inadequate in explaining in
depth. It is seen that the weak group, which does not take into account the
experiment and observation in the decision-making processes, constitute the
smallest (27.2%) group.

Table 5 shows the frequencies at various levels and examples of the
responses participants provided about the use of socioscientific issues in the
decision-making process regarding the changeable nature of scientific
knowledge.
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Table 4. Pre-service Primary Teachers’ Use of Experimental Nature of

Scientific Knowledge in Reasoning Processes on Socioscientific Issues.

Theme f % Example sentences

If the researches are completed and reach a definite conclusion, scientifi-
cally proven and data are presented, my decision may change.

If this hypothesis is proven and generalized through experiments and ob-
servations, my decision may change.

As a result of the experiments and observations, if the genetic modification
of the embryos does not cause any incompatibility problems, if it is proven
that they will have characteristics like other children, or if a certain rate is
obtained against the damage, | could be in favor of it.

Knowledgeable 29 37.6

My opinion may change if it is determined that a child born with the mito-

chondria of the two women will be one-hundred percent healthy; however,

this claim must be supported with solid evidence. If there is a certainty that

the children born with the mitochondria of two women will carry the mito-

chondrial disease to the next generation and the findings are robust, my
Inconsistent 27 35 decision may change.

- The fact that (the baby) is genetically related to only one of the two women
can change my opinion or the assurance that the baby will be healthy can
change it. The fact that faulty mitochondria can be found in the ovaries of
all girls and may be transmitted to the next generation may change if new
findings become available.

An increase in miscarriage raters and an increase in mitochondrial disor-
ders in subsequent generations change my decision.

Weak 21 27.2 - Thereis no assurance that children with two different genes, except for the
father’s, will be healthy, and all girls pass on the genes from generation to
generation.

Table 5. Pre-service Primary Teachers’ Use of the Changeability of Scientific

Knowledge in Reasoning Processes on Socioscientific Issues.

Theme f % Example sentences

It can change. If much more research has been done) on this subject and
more precise data is reported, my decision may change.
Knowledgeable 27 355 - Research can be scientifically proven.
- My decision can change if the results of experiments in long-term studies
are mostly positive, that is, if mitochondrial incompatibility does not occur.

If it is proven that the defective mitochondria of the mother are not trans-

ferred to the ovaries of her children when the defective mitochondria are

replaced, and if a method can be developed to ensure that the babies do

not receive genes from two different women, but only the mother's, my de-
Inconsistent 36 47.3 cision may change.

My decision may change if the results show that one has been considera-

bly healed, that it has not been handed down to subsequent generations, or

that the negative qualities of the person whose healthy mitochondria will

be used, will not be passed down to the newborn individual.

| believe there are no findings or findings that can change my mind about
Weak 13 17.1 this since, while it is a disorder that has not occurred previously, it is not
certain that such a circumstance will not develop in the future.
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Table 6. Pre-service Primary Teachers' Use of the Subjectivity of Scientific

Knowledge in Reasoning Processes on Socioscientific Issues.
Theme f % Example sentences

The reason for their difference of opinion is that they look at it from different

angles, each defending what is right in his own view.

But the center of his ideas is the same experiment and results.

The researchers make decisions and produce ideas based on their own
Knowledgeable 25 32.4 knowledge, influenced by their social and cultural context, and based on

their level of expertise on this subject. They generate ideas by adjusting

them to their own subjective judgments based on the results of their exper-

iments and studies. There may also be disagreement because scientific

knowledge is subjective.

Since the two opposing viewpoints are so strong, they cannot be refuted.
Disagreements emerge when scientists advocate for what is more correct
from their own point of view.

One group aims to eliminate chronic disorders from the start, whereas the
other group examines the negative consequences. Both groups approach
the problem from different angles.

Because both sides approach the same method from different perspec-
tives.

Inconsistent 18 233

Because there are still risks. There may not have been any problems in the
two test subjects. However, other experiments may find problems. In addi-
tion, the mitochondrial gene has an increasing importance day by day. Is it
ethical (for an individual) to carry the genes of two different women? | think

Weak 34 441 scientists are divided because of these reasons.
Because it is not stated that they would never develop disorders. There is a
chance, and a human with someone else's genes and the increasing ef-
fects of these genes may have split them in two.
Because they are still unsure, it is also explained in the paragraph.

When the answers of the pre-service primary school teachers were examined,
it was discovered that the majority of them (47.3%) fell into the inconsistent
category, meaning that they considered the changeability of scientific
knowledge in the decision-making processes of the socioscientific issue, but
their explanations were insufficient. It can be seen that pre-service teachers
who could provide appropriate explanations regarding the changeable nature
of scientific knowledge rank second (35.5%).The number of pre-service
teachers who were unable to employ the changeable nature of scientific
knowledge in the decision-making process of the socioscientific issue was
the smallest in the group (17.1%).

When the responses provided by pre-service teachers to issues about
the varying views of scientists while making decisions on socioscientific is-
sues are analyzed, it is discovered that they mostly have a poor level of
knowledge (44.1%) and are unable to explain the subjective nature of scien-
tific knowledge (Table 6).

According to the analysis, some pre-service teachers (55.7%) who
used the subjectivity of scientific knowledge in the decision-making process
of SSIs were in the knowledgeable group (32.4%), and they explained the
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difference between observation and inference (the subjectivity of scientific
knowledge), and imagination and creativity.

Discussion, Conclusions, and Suggestions

According to the research findings, the majority of pre-service primary
school teachers claimed that they were indecisive or against making deci-
sions in the given socioscientific issue. The most significant finding is that
pre-service teachers emphasize the inadequacy of the information or studies
presented in decision-making processes. Therefore, it can be stated that pre-
service teachers have the skills to apply scientific knowledge to everyday
issues.

It is seen that pre-service teachers have generally a good level of
knowledge when it comes to utilizing the nature of science as being based on
observation and experimentation, which are the most basic features of the
nature of science, in the decision-making processes of the socioscientific is-
sue. Considering the results in Table 2 and Table 3, it can be said that the
majority of pre-service teachers use the experimental nature of scientific
knowledge in their decision-making processes regarding socioscientific is-
sues. Similarly, Zeidler et al. (2002) noted that owing to the nature of science
education, provided to pre-service high school and science teachers through
explicit-reflective argumentation education, pre-service teachers were able to
reflect the experimental nature of scientific knowledge in their evaluation
procedures for socioscientific issues. In addition, although some studies have
shown that pre-service class teachers develop views on the nature of science,
there are also research results in which they make judgments about sociosci-
entific issues that are not supported by evidence, rely on irrational thinking,
or are founded on assumptions (Alker & Zeidler, 2007). Another research
involving pre-service primary school teachers discovered that some pre-
service teachers make unscientific claims about socioscientific issues. Addi-
tionally, pre-service class teachers who made scientific claims provided in-
sufficient proof and reasoning (Pezaro et al., 2014). Such results support the
notion that pre-service primary school teachers may influence their future
pupils to assert their claims that are not supported by scientific evidence.

Again, according to the findings, the majority of pre-service teachers
reflect the changeable nature of scientific knowledge to decision-making
processes in the socioscientific scenario, which is consistent with the find-
ings of other studies (Matkins & Bell, 2007; Sadler et al., 2004) in which the
changeable nature of scientific knowledge is used in decision-making proc-
esses on socioscientific issues.

According to the findings of this study on the ability to utilize the
subjective structure of scientific knowledge in the socioscientific issue, pre-
service primary school teachers refer to the subjectivity of scientific knowl-
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edge at the lowest level in the decision-making process of SSls. Considering
the relationship between understanding the nature of scientific knowledge
and reasoning on socioscientific issues, individuals must accept that scien-
tists’ suggestions can be significantly influenced by the fact that science con-
tains correct or incorrect information, especially due to differences in imagi-
nation and creativity. Additionally, while scientists defend their arguments,
they should embrace the debates that result from divergent views as natural
and justify this with the subjectivity of scientific knowledge (observation-
inference difference) as well as imagination and creativity. Studies have
shown that the reasoning quality of the students increased in the analyzes
based on experiment and observation (Wu and Tsai, 2011), and students who
accept the changeable nature of scientific knowledge develop skills such as
understanding complex contexts, approaching issues from different perspec-
tives, and questioning authority (Liu et al., 2011). These results reveal that
the features of the nature of science are important in the development of stu-
dents’ skills such as decision-making, questioning, and evaluation, and that
these skills should be acquired by both students and teachers and pre-service
teachers, who are essential elements of education.

Additionally, when individuals perceive, evaluate, and make deci-
sions on contradictory situations in a socioscientific context, their beliefs,
interests, and social circumstances are influenced by a variety of factors re-
lating to the nature of science (Sadler et al., 2002). In this context, it can be
interpreted as a significant finding that the majority of pre-service primary
school teachers made decisions in socioscientific issue evaluations by con-
sidering the changeable nature of scientific knowledge, which is based on
experiment and observation, creativity and imagination, observation and in-
ference. Furthermore, studies have shown that long-term learning contexts in
which the planning of teaching the nature of science in a clear and reflective
manner, as well as learning environments with rich content in which the na-
ture of science is reflected in a variety of different contexts, could effectively
develop pedagogical content knowledge regarding the nature of science
(Akerson et al., 2017; Wahbeh & Abd-El-Khalick, 2014).

This study indicates that pre-service primary school teachers who re-
ceive explicit reflective nature of science education can effectively apply the
features of science, particularly the changeable and experimental nature of
scientific knowledge, to the evaluation and decision-making processes for a
socioscientific issue. Additionally, approximately half of the sample group
incorporated the creative and imaginative features of scientific knowledge,
as well as the subjectivity of scientific knowledge, into their decision-
making processes. When these findings are compared to the literature, it be-
comes clear that in order to make a greater contribution to science education,
additional research on the effect of explicit reflective NOS practices on pri-
mary school students at different grade levels and on the level of transferring
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this to socioscientific issues should be conducted in the future. Additionally,
the study can be conducted with primary school teachers, to assess their cur-
rent situation and to conduct evaluations on socioscientific issues, as well as
other studies on applications for the advancement of the NOS. Furthermore,
more detailed studies can be designed on how primary school pupils, the
main target group, can be affected by the work to be done with primary
school teachers. Thus, it is possible to ensure that the effect of the teacher
factor on the decision-making processes of primary school pupils on SSls, as
well as the NOS education addressed in the programs, can be monitored.
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