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Abstract

In today's world, where science becomes more important day by day and plays an active role in the
development of everything related to life, the content and effectiveness of educational activities
carried out within the scope of science have become very important. While it is aimed to develop
scientifically literate individuals through education, being able to create minds that understand the
foundations of science and look to the future by understanding its nature is one of the most effective
acquisitions that can be gained in science education. This research aims to draw attention to the place
and importance of nature of science in education. Within the scope of the research, ideas and
changing understandings about the nature of science will be touched upon, and the importance of the
nature of science in terms of education and its teaching to students will be emphasized.
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1. Introduction

The nature of science is a concept that explains the changes in the development process of scientific
knowledge and the epistemological and social structures influencing these changes (Lederman, 1992).
In another definition, it refers to an interdisciplinary approach that attempts to understand science by
bringing together its different social aspects such as history, philosophy, sociology, and psychology
(McComas et al., 2000). In the 1950s, the term "nature of science” was used to express the scientific
method, whereas in the 1960s, there were shifts in its meaning, evolving into a concept that refers to
scientific process skills (Abd-El Khalick, 2013). According to Khishfe and Lederman (2007), the
inability to define the nature of science with a single definition is due to its ongoing changes and the

different meanings that have been attached to it over time.

When reviewing the literature on the nature of science and science education, it is observed that there
are different perspectives regarding what scientific knowledge is, how it is explained, and how these
aspects are taught to students. Considering that science is multifaceted, composed of various fields, and
open to change, it is understandable that a clear definition of the nature of science cannot be reached
(K6seoglu, Tiimay, & Budak, 2008). For the past 70 years, the way scientists explain science has been
under discussion. Experimental processes based on observation have started to be criticized. It is not
possible to base science solely on observation and experimentation (T. Kuhn, 1962). With new beliefs,
scientific knowledge is a process that includes not only observation and experimentation, but also
explanation, theory formation, and model building, where the acquired knowledge is developed and
structured. This view holds that the process of observation and experimentation is just the beginning.
The continuation of the process involves high-level thinking skills, including scientific reasoning,

which is based on finding rational solutions (Siegel, 1989).

In Turkey, understanding the nature of science and science education begins in elementary school,
with science lessons. In the Science and Technology curriculum (Grades 3-8), the concept of the nature
of science is defined as understanding what science is, how and for what purpose scientific knowledge
is created, the processes through which knowledge passes, how knowledge can change over time, and
how it is used in new research (MEB, 2013). MEB also emphasizes that, not only students but also
teachers who will provide science education must have the ability to recognize the nature of science
and scientific knowledge and provide students with an understanding of their historical development.
Therefore, it is crucial to equip teachers and pre-service teachers with the understanding of the nature

of science, a key component of scientific literacy (Onen, 2011).
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Today, researchers agree on the importance of understanding science and the nature of science in

learning and teaching science skills. This is because it is believed that students’ understanding of
science will help them make informed decisions in scientific matters and learn the knowledge provided
by science effectively and correctly in their future lives. Therefore, helping students develop an
understanding of the nature of science, raising awareness of the purpose, characteristics, and
limitations of science, and ensuring that they learn how science works and how knowledge is produced
are critical goals for science educators. Ultimately, this aims to spread scientific literacy throughout
society (Abd-El-Khalick et al., 2001; Yiice & Onel, 2015). Teaching the nature of science effectively
will also help students realize the vital importance of knowledge that drives societal change (Wong,
2002).

Students must be able to use knowledge accurately, structure it correctly in making social decisions,
and deeply understand the source and limitations of that knowledge. Therefore, at the core of scientific
literacy is the ability to deeply internalize the nature of science (Lederman, 2004). Despite its
significance, studies on the nature of science show that both in our country and around the world,
students and teachers generally do not possess sufficient knowledge of the nature of science (King,
1991; Lederman, 1992; Pomeroy, 1993). The conceptual explanation of the nature of science and its
reflection in educational curricula is an important issue addressed globally and within our country. In
recent years, research on this topic has been increasing. This study aims to approach the nature of
science from a descriptive perspective within the framework of education. Additionally, it seeks to

contribute to the literature by gathering relevant sources on the subject.
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2. Method
2.1. Data Collection

The research was conducted using the document analysis technique. Document analysis, which is
one of the qualitative research methods, is an analysis technique that reveals the historical
development of a subject by examining relevant sources and taking notes, which are then evaluated
(Bas & Akturan, 2008). In addition, the descriptive survey model was used to depict the situation as
it currently exists. In the descriptive survey model, the subject is researched in detail, and these

investigations are combined to present the data (Erkus, 2005).
2.2. Data Collection Tool

The research data were obtained through a literature review. Literature review is a process consisting
of the stages of collecting data, discussing the significance of the collected data, establishing its
relationship with the problem, and classifying the knowledge. In this technique, the aim is to collect
data by examining existing sources, documents, and other materials (Balci, 2016; Karasar, 2009). In
this study, which was created using the compilation method, printed scientific sources such as theses,

books, journals, and articles were utilized.
2.3. Analysis of Data

Balc1 (2016) stated that one of the most preferred techniques in qualitative research data analysis is
descriptive analysis. In this study, descriptive content analysis was adopted. Descriptive content
analysis is a systematic study aimed at defining the general trends and research results in a specific
research area (Calik & Sozbilir, 2014). A researcher conducting descriptive analysis aims to discover
and uncover the information hidden within the data they have collected from the field (Serin &
Zambak, 2020). For this purpose, works, articles, and research related to the nature of science and

education were scanned, examined, and interpreted.
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3. Findings

The nature of science is a fundamental framework that brings together many areas of study in the
social sciences. The nature of science, which serves as a foundation in fields such as history,
sociology, psychology, and philosophy, also seeks answers to many questions. The questions that are

sought to be answered can be listed as follows:

. What is science?

. How is science shaped and developed?

. How do scientists carry out their work?

. What is the impact of social norms and sociological structures on science?

. To what extent and in what ways is science influenced by psychology, sociology, and
philosophy? (McComas & Olson, 2000).

Although the answers to these questions may vary across societies, researchers working on
science have been able to explain the nature of science and all these questions within a general

framework based on universal values (McComas, Clough, & Almazroa, 1998).

Since the 1960s, philosophers of science have begun to question the claims made about science.
In particular, the fundamental assumption that science is an approach focused on experiments and
observations began to change significantly. It has started to be emphasized that science has a broad
nature that cannot be limited to experiments and observations, encompassing paradigms, observations,
and theories (T. Kuhn, 1962). Based on this perspective, scientists have approached the nature of
science by considering it through several sub-dimensions (Osborne, Collins, Ratcliffe, Millar, &
Duschl, 2003). These seven sub-dimensions, which are also adopted by today's science educators, are

shown in Figure 1.
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Figure 1: Subdimensions of the Nature of Science (Lederman, 2007).

Like science itself, concepts, subdimensions, and beliefs about the nature of science form a
dynamic structure, continuously evolving. As our perception and understanding of science, and
consequently the universe, develops, our perceptions of the nature of science may also change
(Suchting, 1995). The disagreement about the nature of science and its subdimensions can be attributed
to the complex and multifaceted nature of science. This complexity leads to philosophers, historians,
and sociologists of science easily falling into disagreements (Abd-El-Khalick, Bell, & Lederman,

1998). However, when gathered under a general framework, it can be expressed as shown in Figure 1.

Studies on the importance of understanding the nature of science agree on the significance of

understanding and internalizing the subject, explaining it through five concepts (Thomas & Durant,

These arguments are shown in Figure 2.

Usefulness Economy Cultural Democratic
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Figure 2: Concepts Explaining the Benefits of the Nature of Science (Thomas ve Durant, 1987).

The Argument of Usefulness:

Science and technology are fundamental topics present in every area of human life. People may
encounter various problems related to these topics even in their daily lives. Understanding the nature
of science can be beneficial in solving any type of problem encountered. Grasping scientific concepts,

whether in professional life or daily routines, can bring ease to human life (Driver et al., 1996).

The Argument of Economy:

Societies that understand the nature of science and live their lives with this mindset are expected
to be beneficial both individually and socially. The emergence of generations who understand the
nature of science in societies can make those societies scientifically literate. As a result, societies can

become productive, innovative, and economically advanced (Driver et al., 1996).

The Democratic Argument:

Individuals who understand the nature of science are more likely to express their views on
science and technology-related issues that concern society. To be able to speak for one's community
and engage in discussions when necessary, one must understand the nature of science. For example,
societies capable of evaluating controversial socio-scientific issues like nuclear power plants in a

democratic framework and making decisions will likely experience progress (Driver et al., 1996).

The Cultural Argument:

Science is a concept that greatly influences the cultures of contemporary societies. The
assimilation of science into society, without conflicting with cultural values, will have a positive
impact on the community. Thus, societies that understand the nature of science will develop both

scientifically and culturally, while also encouraging young scientists (Shen, 1975).

The Moral Argument:

Understanding the nature of science plays an important role in grasping and internalizing the
moral dimensions embedded in societal foundations. Societies that understand the nature of science

can also consider universal ethical principles in the scientific process (Driver et al., 1996).
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Considering the arguments expressed above, the nature of science plays a crucial role in the

development of countries and societies. Therefore, many countries have been making efforts for years
to develop students' views on the nature of science, and according to documents such as NGSS (2013)
and MEB (2013), these efforts will continue in the future.

The Nature of Science and Education

The importance of understanding science and the nature of science in learning and teaching
science has been recognized by educators since the early 20th century. The first step in this regard was
taken during the 1907 meeting of the Central Association of Science and Mathematics Teachers in the
United States, where a focus was decided on scientific processes and methods (Lederman, 1992).
Since then, improving students' views on science and thus promoting scientific literacy in society has

become an important goal for science educators (Irez, Cakir, & Dogan, 2007).

The most important goal of science education in the context of science education has been to
teach the nature of science to students. Understanding the nature of science is of great importance for
students to become scientifically literate. For this reason, the nature of science is considered the
foundation of scientific literacy. Many educators advocate for including and teaching the nature of

science in science curricula (Hogan, 2000; Solomon, 1991).

"Knowing the nature of science” is an acquisition that should be provided to students from the
elementary school level (Muslu, 2008). The prerequisite for students to acquire this characteristic is for
teachers to have a sufficient back ground in the nature of science and to be able to convey it to students
in effective ways (Ince & Ozgelen, 2015). In a study, Lederman (1992) found that teachers were not
sufficiently familiar with the concepts of the nature of science and, as a result, were unable to convey
them accurately and effectively to students. Therefore, in order for teachers to help develop their
students' views on the nature of science, teachers themselves must first develop their own views on the

nature of science and adapt to activities focused on the nature of science (Ozgelen, 2010).

When examining the literature, it is seen that science education programs implemented from the
past to the present have not been very effective in developing students' views on the nature of science.
To overcome this issue, science curricula need to include specific approaches designed for teaching the
nature of science, in addition to the general teaching approaches used. While the current curriculum
includes the development of students' views on the nature of science as one of its goals, it is evident

that the existing approaches have not sufficiently achieved this objective (Koksal & Ertekin, 2015).
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Approaches Effective in Teaching the Nature of Science

Approaches effective in teaching the nature of science can be grouped under three categories:
historical, indirect, and open-reflective approaches (Abd-El-Khalick & Lederman, 2000; Khishfe &
Abd-ElKhalick, 2002).

Historical Approach:

In this approach, students trace the changes in science from the past to the present, influenced by
historical developments. It is expected that students will form the idea that science, by nature, renews,
evolves, and expands. Solomon et al. (1992) clearly demonstrated the historical approach within the
context of the nature of science. This approach leads students to develop a mental framework in which
scientific ideas are seen as temporary and changeable. It was also revealed that students could not
evaluate past theories in the context of the present. With the teaching of the nature of science, students

are expected to approach the nature of science from a historical perspective.

Indirect Approach:

Proponents of this approach argue that students' understanding of the nature of science will naturally
progress when they engage in scientific activities through inquiry-based and student-centered practices
(Lawson, 1982). This approach, which believes that students will master the nature of science through
implicit learning when actively participating in the process, was widely adopted in the 1960s and
1970s. However, some studies have criticized this approach for not addressing the detailed aspects of

the nature of science, and for being superficial (Moss et al., 1998; Tamir, 1972).

Open-Reflective Approach:

This approach argues that the nature of science is too abstract and complex to be learned implicitly or
indirectly, and therefore must be taught through deep, reflective thinking (Lederman, 2004; Akindehin,
1988). In this approach, the nature of science is considered an important concept in its own right and is
deeply analyzed in the educational setting. The goal is to provide students with opportunities to
question, reach conclusions through experience, establish scientific connections, and make
generalizations about science (Koseoglu, Timay, & Budak, 2008). Studies have found that this
approach significantly improves students' understanding of the nature of science. Therefore, the open-

reflective approach has been emphasized by many science educators in recent years (Akerson et al.,
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2000; Carey et al., 1989). It is believed that all three of these approaches could be useful in developing

students' understanding of the nature of science. However, in recent years, science education has
increasingly focused on scientific argumentation and inquiry-based research using the open-reflective
approach (Koseoglu, Tiimay, & Budak, 2008).
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4. Discussion, Conclusion and Recommendations

Since this study is a review, its findings may serve as a reference for future research on the nature of
science. The content analysis conducted during the study revealed that the field of the nature of
science has become quite popular in recent years. However, the studies conducted so far largely
overlap in terms of scope and content, which could hinder the expansion of the field. Therefore,
researchers should use different methods and approaches to explore the topic further, which may lead

to new research questions (Ince & Sozgelen, 2015).

There has been a considerable amount of research on education and the nature of science. Most of
these studies have reached similar conclusions. One such study, Ozcan (2013), suggests that in order
to improve teachers' proficiency in the nature of science, emphasis should be placed on graduate
education. Teacher candidates should be educated in this area during their training so that they can
become well-prepared teachers for future generations. Additionally, teachers' deficiencies in the
subject should be identified, and in-service training can address these gaps. Studies focusing on
misconceptions about the nature of science among teacher candidates and teachers can also lead to
educational programs targeting teachers (Polat, 2000). Furthermore, researchers can expand the
literature by selecting underexplored or untouched groups for their sample, such as primary school
teachers, preschool teachers, and their respective candidates, along with academics. Research
involving elementary and preschool students can also be included, as the results could help support the

development of new curricula (Ince & Ozgelen, 2015).

A close examination of the literature on the nature of science and education reveals that the nature of
science should be emphasized across all subjects, particularly science education, and that students
should be provided with opportunities for deep reflective thinking. The open-reflective approach,
which is closest to this understanding, can contribute significantly to the success of educational
practices aimed at improving scientific literacy. While using the open-reflective approach, students
should be provided with opportunities to actively engage in scientific activities similar to those of
scientists, thus allowing them to experience the process of structuring scientific knowledge in their
minds (Koseoglu, Tiimay, & Budak, 2008). Some studies have revealed that textbooks lack sufficient
content on the nature of science or provide very little on the topic (Ozden & Cavazoglu, 2015; Ozer et
al., 2017). The lack of understanding of the nature of science among students, teachers, and perhaps
society at large could be due to the shortcomings in the curriculum. Since the 2005 revision, the
science curriculum has somewhat expanded in terms of science history and the nature of science, but
this revision has been insufficient. Integrating the importance of the nature of science more fully into

the curriculum could be beneficial.
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