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1. Nature of Science

Philosophical perspectives on the NOS have evolved over time, and even within the same era,
multiple philosophical viewpoints may compete for dominance. Abimbola (1983) suggested that the
philosophy of science can be categorized into traditional views such as logical empiricism,
rationalism, and positivism; modern views like post-positivism; and transitional views situated
between the modern and traditional, such as falsificationism. Given the complex and multifaceted
nature of the philosophy of science, and the lack of a definitive consensus, it is crucial for science
educators to present a balanced view of the NOS. Overemphasis on any single perspective should be
avoided (Loving, 1997). Science teachers should be knowledgeable about the diverse stances of
different philosophical viewpoints while also seeking a balanced approach that is suitable for the

specific learning level of their students.

From the past to the present, the NOS has been a fundamental cornerstone of science education
(Khishfe, 2023). Project 2061 has emphasized that science education should cultivate scientifically
literate citizens, and one way to achieve this is by enhancing students' understanding of the NOS
(AAAS, 1989). Therefore, the NOS is crucial and essential for both teachers' science instruction and
students' science learning. However, the definition of the NOS is quite diverse and divergent, and
scientists have yet to reach a consensus. Nevertheless, we can still find some clues from the content
of the NOS proposed by some well-known organizations.

The National Science Teaching Association (NSTA) considers NOS to be a part of scientific literacy,
which can strengthen students' understanding of scientific knowledge and enable them to make
informed decisions when faced with science-related issues (NSTA, 2020). It encompasses the
following aspects: the tentativeness of scientific knowledge, the nature of scientific inquiry, the goals
of science, and the relationship between science and society. The American Association for the
Advancement of Science (AAAS) argues that fields like physics, biology, and psychology have a long
history of developing solid, well-tested ideas. These ideas have given us a much better understanding
of the world. To reach these conclusions, scientists rely on a process that involves observing, thinking

critically, experimenting, and verifying results. These methods are the core of the scientific process
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and set science apart from other ways of knowing (AAAS, 1989). The AAAS breaks down the NOS
into three main parts: the scientific worldview (the basic beliefs that guide scientific work), scientific
inquiry (the characteristics of scientific methods), and the scientific enterprise (how science interacts

with individuals, organizations, and society).

As we entered the 21st century, the world has been changing at an accelerated pace. Science has taken
on an increasingly prominent role in our lives, and contemporary society is grappling with a myriad
of science-related issues. Consequently, many organizations have raised questions about whether the
NOS has evolved to address these modern challenges.

In their book, A Framework for K-12 Science Education, the National Research Council highlights
that scientific and engineering practices are crucial for students to understand the NOS (NRC, 2012).
While these practices often emphasize firsthand skills, they also mirror the problem-solving
approaches employed by scientists. Therefore, when students grasp these NOS, they can better
approximate the thinking and behaviors of scientists.

The Organisation for Economic Cooperation and Development (OECD) launched the Future of
Education and Skills 2030 project in 2015 (OECD, 2015), emphasizing the importance of developing
competencies in students. The goal is to equip students with the knowledge, skills, attitudes, and
values needed to become active, responsible, and engaged citizens. Building upon this, the PISA 2025
Science Framework highlights the significance of teaching the NOS to achieve scientific literacy
(Lederman, 2006), particularly through instruction that encompasses both procedural knowledge and
epistemic knowledge (OECD, 2023).

In line with international trends, Taiwan has not been an exception. The Grade 1-9 Curriculum
Guidelines (Ministry of Education, 2003) incorporated learning objectives related to the nature of
science and technology, introducing students as early as the first grade to the fundamental concepts
of scientific knowledge, including scientific methods, laws, and reliability. More recently, the
Curriculum Guidelines of 12-Year Basic Education explicitly stated that students should develop an
understanding of the NOS and recognize the interplay between science and society (Ministry of

Education, 2018).

NOS is a complex and multifaceted concept that has been a subject of philosophical debate for
centuries. While there is no single definition, various perspectives and frameworks have emerged
over time. Key aspects of the NOS include the tentativeness of scientific knowledge, the role of
scientific inquiry, the goals of science, and the relationship between science and society. A balanced

understanding of these aspects is crucial for science education, as it empowers students to become
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scientifically literate citizens capable of making informed decisions in a science-driven world.

2. The Nature of Science as a Multidimensional Construct

The nature of science, encompassing its definition, understanding, and content, is a central issue in
science education. The scope of the nature of science extends beyond scientific outcomes to include
the processes that generate science. Science possesses a unique mode of inquiry that emphasizes
evidence and creativity (Archibald, 1989). Moreover, the nature of science is crucial for cultivating
scientific literacy (Lederman, 2013). In the 21st century, where scientific literacy is highly valued,
integrating the nature of science into science education can help students develop the competitiveness
needed to face future challenges (Turiman et al., 2012) and enhance their learning motivation, interest,
and engagement (Millar, 2006). Investigating the nature of science can also foster scientific
development through reflection on the scientific research process (Shi, 2020) and promote
interdisciplinary collaboration and interaction. Science should not be confined to laboratory
knowledge but should strive to address societal challenges such as pseudoscience and socio-scientific
issues. The foregoing arguments demonstrate that exploring the nature of science is not only
significant for science education and development but also empowers us to become scientifically
literate citizens better equipped to address contemporary societal challenges (Dagher & Erduran,
2016).

However, research by previous scholars has revealed that the nature of science is quite diverse. Many
scholars have attempted to analyze the meaning and structure of the nature of science. For example,
the consensus view proposed by Lederman et al. (2002) has been the dominant framework for the
past few decades. This framework emphasizes the core characteristics of science, such as being
empirical, tentative, theory-laden, creative, and imaginative, socially, and culturally embedded,
involving inference and theoretical entities, and being based on scientific theories and laws. While
this framework seems comprehensive, it has been criticized for its lack of attention to cultural and
social aspects (Erduran & Dagher, 2014). Furthermore, Allchin (2011) argues that Lederman et al.'s
view lacks an exploration of the nature of dynamic scientific practices from the perspective of
historical changes in science. However, earlier, Longino (1990) proposed a conceptual framework
that views science as a form of social knowledge, emphasizing that science is not only an objective
cognition but also a practice that grows out of social and cultural contexts.

In recent years, some scholars have argued that the psychology of science should be incorporated into
the framework of the nature of science (Feist, 2006). This argument stems from the belief that

scientific thinking, as it relates to scientific reasoning, experimental design, inductive and deductive
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reasoning, problem-solving, and even the representations used (Fuchs & Evans, 2012), can vary and
lead to differences in the nature of science itself (Feist, 2008). Furthermore, by incorporating
sociological perspectives into the psychological foundation, we can better understand how scientific
knowledge evolves through the dynamic interactions of groups of scientists (Hull, 1990).

Since the scientific revolution of the 17th century, rapid advancements in science have brought many
conveniences to human life, but they have also led to the problem of institutions and laws struggling
to keep pace with scientific developments, and have given rise to ethical issues (Douglas, 2009).
Examples include human biological experiments during wartime, the collection and analysis of
genetic information, biological cloning technology, and global environmental changes. These all
involve conflicts between science and ethics. If we are to consider human scientific behavior within
the framework of ethics, we must view humans as part of the natural whole, and the protection of
every individual in the natural world (including humans themselves) becomes a responsibility rather
than free will. This reflection was first proposed by Heidegger (1977) and was further developed by
his student Jonas. Jonas (1979) advocated an ethics that opposes anthropocentrism, but also
acknowledged the special place of humans in the natural world and argued that humans must consider
their responsibilities when interacting with nature, especially their responsibilities to future
generations. This perspective aligns with the Sustainable Development Goals issued by UNESCO
(2015).

Previous studies have revealed a consensus among scholars that the nature of science is complex and
multifaceted, requiring an interdisciplinary perspective (Harrison et al., 2015). However, the exact
boundaries of this concept remain elusive, with various disciplines contributing to our understanding.
Given the diverse nature of science, this paper will explore the integration of philosophy, history,
sociology, psychology, and ethics to construct a comprehensive nature of science framework for

science education.

PS

HS ',‘. ES

O
SSK © SP

*PS=philosophy of science; HS=history of science; SSK=sociology of scientific knowledge; SP=scientific psychology;

ES= ethics of science.
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