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Abstract

Background and aim: Sciences, especially physics, are among the most significant
achievements of humanity. However, few people are aware of the actual mechanisms of science
and the way scientific activities are conducted. One reason for this lack of awareness is the
insufficient attention to the "nature of science" in the curriculum and science education. This paper
addresses the topic of the nature of science and the appropriate method for presenting and teaching
it, particularly in physics lessons (in Iran).

Data and method: Presenting the nature of science through several components has become a
standard approach known as the consensus approach. However, this approach has faced criticism
and shortcomings. In response, the family resemblance approach has been proposed. Given these
two important approaches, the question arises: What is the appropriate method for teaching the
nature of science in physics? The article discusses the drawbacks and advantages of both the
consensus and family resemblance approaches.

Findings: Despite the comprehensiveness of the family resemblance approach, its complexities
make its implementation in high school challenging.

Conclusion: To achieve better and more coherent teaching of the nature of science in physics,
the component-based approach should still be utilized. Suitable additional components should be
added to address the shortcomings of the consensus approach and insights of the family
resemblance approach. Furthermore, to better integrate these components into the educational
content, a proposal titled "Each Chapter, Several Components" is suggested.

Keywords: Physics Education, Nature of Science, Consensus Approaches, Family Resemblance
Approach, Philosophy of Science, History of Science

Key Message: Emphasizing the nature of science is essential for improving physics education
in high school.
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Extended Abstract

Introduction

Teaching the nature of science (NOS) as a cornerstone of understanding scientific processes faces
significant challenges in Iran’s educational system. The emphasis on rote memorization and the
neglect of dynamic aspects of science-such as reasoning methods, the history of science, and the role
of the scientific community-have led to a fragmented and unrealistic perception of scientific activities
among students. This article aims to identify appropriate approaches and components for teaching
NOS in high school physics by analyzing two prevalent frameworks: the Consensus Approach
(component-based) and the Family Resemblance Approach (FRA). The Consensus Approach
standardizes NOS through fixed components (e.g., the tentativeness of scientific knowledge, theory-
laden observation, and the role of creativity) but faces criticism for overlooking interdisciplinary
differences and the dynamic nature of science. In contrast, the FRA, inspired by Wittgenstein’s
philosophy, emphasizes family resemblances between scientific disciplines and distinguishes
between the cognitive-epistemic (methods, goals, rules, knowledge) and social-institutional
(scientific interactions, ethical norms) dimensions of science. By evaluating the strengths and
weaknesses of both approaches, this study seeks to determine how to effectively integrate NOS into
high school physics curricula (in Iran).

Method

This research employs a library-based analytical method. By reviewing domestic and international
literature on NOS, philosophy of science, and physics education, the Consensus and Family
Resemblance Approaches were critically examined. Content analysis of high school physics
textbooks and prior studies on NOS representation informed the practical evaluation of these
frameworks. The primary goal was to propose actionable revisions for curricular content based on
theoretical insights and implementation constraints.

Findings

In the consensus (or component-based) approach, the nature of science is presented through a set
of components agreed upon by experts, where each component aims to represent an aspect or part of
scientific activity. This approach focuses on the common and stable characteristics of the sciences
and seeks to teach these characteristics through a set of components that are relevant across various
scientific disciplines. To this end, different researchers propose their selected components based on
their priorities. The following list is introduced as components of the nature of science: empirical
basis, tentativeness of scientific knowledge, creativity in science, the myth of the scientific method,
theory-laden observation and scientific knowledge, social and cultural influences, and the distinction
between theories and laws.

A key aspect of the consensus approach is presenting the nature of science through a fixed set of
agreed-upon components, which is recognized as a general and standardized framework known as
the consensus approach. However, this approach has faced criticism. Critiques can generally be
categorized into two types: first, those that reject the component-based approach altogether, and
second, those that target the selection of specific components. The first category critiques the very
foundation of the component-based approach and its underlying assumptions rather than the chosen
components-that is, critics argue that regardless of which components are selected, the component-
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based approach is not suitable for representing the nature of science. The main objections raised here
include: the demarcation problem, ignoring interdisciplinary differences, and overlooking the
dynamic and evolving nature of science.

In response to these criticisms of the consensus approach, the family resemblance approach has
been proposed. The family resemblance approach, inspired by Wittgenstein's views, defines science
not based on a fixed set of essential characteristics but rather on a network of overlapping similarities
among various scientific activities. In this approach, there is no single component shared by all
sciences, but each scientific field shares certain features with others, and these relative similarities
place them within the same "family." This perspective offers a flexible, context-sensitive, and realistic
view of science, better suited to explaining the diversity of disciplines, historical variations in criteria,
and the dynamic nature of scientific structures. The family resemblance approach treats science as
having two equally important dimensions: the cognitive-epistemic and the social-institutional. These
dimensions operate continuously and complementarily, and understanding the nature of science is
impossible without considering both.

While the Family Resemblance Approach emphasizes distinguishing between cognitive and social
aspects of science, in practice, it differs little from the consensus approach, as it ultimately reduces to
teaching specific selected components. This approach carries significant theoretical complexities that
make its implementation in high school classrooms—particularly in physics—highly challenging.
The core issue lies in the impracticality of incorporating all its philosophical nuances into secondary
curricula, which would require exceptional teacher expertise and an overwhelming volume of
instructional content.

Nevertheless, the valuable insights in this approach—such as its attention to interdisciplinary
distinctions and the historical evolution of scientific criteria—cannot be dismissed. A practical
solution is to adapt its framework by separately analyzing the components unique to each discipline
and developing tailored teaching methods. This strategy fosters students’ understanding of science’s
dynamic and diverse nature without burdening them with unnecessary philosophical intricacies.
Examples like the transformation of atomic theory or shifting perspectives on gravitational force
vividly illustrate these historical shifts in scientific thinking.

Conclusion and Discussion

Considering these challenges and insights, we conclude that due to the practical limitations of the
Family Resemblance Approach, we must adopt the Consensus Approach in practice. However, the
insights from the Family Resemblance Approach should not be overlooked.

Now, it is time to address the second category of critiques against the Consensus Approach. The
core argument of this critique is that the selected components have flaws: some components conflict
with one another (e.g., the tension between the theory-laden observation component and the
objectivity component), while other important components have been neglected. To address these
issues, we propose a set of suitable components, focusing on high school physics textbooks. These
components include: Objectified observation, Discourse in science, Idealization, Math, Tools and
technology (e.g., the role of instruments) Scientific community (its gatekeeping and collaborative
functions). In selecting these components, we prioritized their clear and tangible connection to the
physics curriculum, and we have specified which sections of the textbooks they relate to. These
components align with high school physics content and can be embedded through “Each Chapter,
Several Components” strategy.

Implementation Recommendations:

1. Reforming teacher education by incorporating mandatory "History and Philosophy of
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Science" courses (e.g., Philosophy of Physics) in university curricula to enable student-teachers to
develop a deeper understanding of the nature of science.

2. Optimizing limited classroom time by integrating NOS (Nature of Science) topics into
existing course according to my presented strategy

3. Systemic coordination between textbook revisions, university curriculum planning, and
teacher training programs to transform science education into a dynamic and practical learning
process.

Ultimately, transforming NOS education requires synchronizing curricular reforms, teacher
empowerment, and societal engagement. Only through such synergy can students evolve from passive
memorizers to critical thinkers capable of navigating science’s evolving landscape.
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1. Moon Illusion
2. Fallibilism
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