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This paper advocates for integrating culture-based approaches in physics education to enhance 
inclusivity and engagement. It critiques traditional didactic methods, proposing a shift towards culturally 
responsive pedagogy. Teachers can create more relevant and engaging learning environments by leveraging 
students' cultural backgrounds, potentially improving educational outcomes. The paper explores various 
frameworks and methodologies for implementing culture-based approaches in physics instruction and 
assessment, emphasizing the need for a holistic and empathetic teaching approach. It discusses the 
challenges in perceptions of objectivity within the STEM community and anticipates resistance to 
transformative approaches. However, it aims to demonstrate empirically that adopting culture-based 
pedagogies can significantly enhance learning outcomes, inspiring a paradigm shift in physics education 
and potentially across other STEM disciplines.
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I. INTRODUCTION

The current state of physics education shows a gap
between teaching methods and engaging diverse student
populations, resulting in unequal educational outcomes [1].
Physics teachers often need help understanding and
empathizing with students from different backgrounds,
leading to a need for more support for these students [2].
This calls for a strategic intervention to make physics
education more inclusive and reach underrepresented
populations. One potential solution is adopting a
culture-based approach, which uses students' cultural
backgrounds to teach physics concepts [2,3]. By
integrating cultural relevance into teaching, physics
teachers can create a more supportive and inclusive
environment for all students [4].

Implementing a culture-based approach in physics
instruction aims to integrate students' diverse cultural
resources into the pedagogical framework, enhancing the
relevance and effectiveness of physics education. Different
approaches to this pedagogy, such as the critical method
[5], fostering cultural competence [3], and addressing
social justice issues [6], are discussed to achieve this goal.
The critical method encourages students to have a critical
lens towards physics concepts. This approach involves
prompting students to consider alternative perspectives,
identify gaps in existing ideas, and contribute to further
developing these concepts. Fostering cultural competence
is identifying and integrating elements from students'
cultures into the physics curriculum. This integration is
intended to help contextualize physics concepts that
resonate with the students' cultural experiences.
Addressing social justice issues within the physics
classroom involves incorporating local or sociopolitical
issues to teach physics concepts, making the subject more
relevant and engaging for students [7].

Physics instruction predominantly oscillates between
didactic methodologies and student-centered approaches,
with the primary being didactic approaches. However,
these pedagogical strategies have limitations. The field of
physics, as currently taught, often needs more variability.
This rigidity shows in several aspects: the monolithic
nature of content delivery, the similarity in the types of
questions posed and their framing, the similarity of tasks
assigned to students, and the narrow spectrum of
knowledge disseminated [8,9].

Unlike traditional methods, culture-based education
advocates for a more expansive and inclusive pedagogical
approach. This approach aligns with the current push
toward more holistic and inclusive learning environments
[6]. It allows for a deeper exploration of the sociocultural
dimensions of scientific knowledge, thereby challenging
the traditional boundaries of physics education and
fostering a more critical and reflective engagement with
the subject [6]. In summary, by adopting culture-based
methodologies, physics education can evolve beyond its

current constraints, offering a more dynamic, inclusive,
and critically engaged form of learning.

This paper delves into a scholarly examination,
advocating for incorporating culture-based methodologies
in physics education. It challenges the prevailing notion of
objectivity in scientific knowledge, deeply embedded in
the culture of physics and science [10]. We claim biases
exist in developing and accepting scientific knowledge
within the physics community. This inherent prejudice
systematically advantages specific demographics while
placing others at a disadvantage.

II. LITERATURE REVIEW

For this literature review, we will examine the aspects
of culture-based approaches to instruction by first
examining the conceptions of culture, followed by a
synthesis of studies that have focused on culture-based
approaches to teaching.

Culture encompasses many practices, beliefs,
behaviors, and material elements. Lev Vygotsky's
sociocultural theory emphasizes how cultural and social
interactions shape human cognition [11,12]. While
Vygotsky's work is foundational, the impact of culture on
physics education needs to be studied more. Research is
necessary to understand how students' cultural
backgrounds influence their engagement and
comprehension in physics classrooms [1-3,13,14]. This
research is essential for developing inclusive pedagogical
strategies that cater to diverse student populations, aligning
to foster a deeper understanding of physics through
culturally responsive teaching practices [4].

In educational psychology, understanding the impact of
cultural backgrounds on learning preferences is essential.
Cultural influences shape learning preferences in various
ways, such as prioritizing rote memorization or
emphasizing critical thinking, problem-solving, and
practical application of knowledge [15]. These preferences
significantly affect individuals' approaches to learning and
information processing. Cultural values are deeply
embedded in educational experiences, influencing learning
approaches [16]. Learning preferences vary based on study
level, exchange student status, and gender. Cultural
dimensions can affect learning style preferences, with
societies valuing in-group collectivism and preferring
reflective learning involving careful consideration and
analysis [17].

Culture significantly influences learning through
language and communication, shaping individuals'
cognitive processes. Instruction in the learner's first
language aligns with established communication patterns
and cultural nuances, leading to deeper understanding and
better comprehension. Teachers should consider learners'
linguistic and cultural backgrounds when designing
educational content to ensure accessibility and relevance.
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Implementing culture-based pedagogical approaches
has been extensively explored in various educational
contexts, focusing on elementary education settings. These
approaches, encompassing culturally relevant [18],
culturally responsive [4], and culturally sustaining
pedagogies [19], have been integral in shaping educational
practices. However, their application has been primarily
concentrated in non-STEM (Science, Technology,
Engineering, and Mathematics) disciplines. In STEM
education, the adoption of culture-based instructional
strategies is relatively limited, with only a select group of
teachers and researchers actively engaging in such
methodologies [1-3, 33]. This scenario is further
accentuated within the field of physics education, where
the pool of practitioners employing culture-based
approaches is notably smaller.

This observed disparity highlights a significant gap in
the academic literature and educational practice concerning
integrating culture-based teaching methods in STEM
fields, particularly physics. The limited application and
study of these pedagogies within these areas indicate an
urgent need for scholarly inquiry and practical exploration.
Addressing this gap is imperative for developing more
inclusive and effective pedagogical strategies that resonate
with students' diverse cultural backgrounds in STEM
subjects, enhancing engagement and learning outcomes in
these critical fields.

III. THEORETICAL FRAMEWORK

A. What are culture-based approaches in instruction?

Culture-based instructional approaches are pedagogical
strategies that leverage students' cultural resources to
engage them with physics concepts [20]. This method
integrates and values students' cultural backgrounds and
experiences as a central element in the learning process.
These approaches are informed by several multicultural
educational frameworks, each contributing unique
perspectives and methodologies.
● Culturally Relevant Pedagogy, as conceptualized by

Ladson-Billings [21], emphasizes the importance of
teachers connecting academic content to students’
cultural contexts. This approach acknowledges and
utilizes students' cultural references in delivering
effective instruction.

● Culturally Responsive Pedagogy, discussed by Gay [4],
advocates for an educational model that recognizes
students' cultural experiences as assets in the learning
environment. It involves teachers understanding
cultural nuances and adapting their teaching styles to be
more inclusive and effective for students from diverse
backgrounds.

● Culturally Sustaining Pedagogy, introduced by Paris
[19], extends the concept of culturally relevant
pedagogy. It acknowledges and actively supports

students' cultural differences and identities, advocating
for sustaining and developing these cultural dynamics
within the educational setting.

● Justice-Centered Science Pedagogy, as Morales-Doyle
[6] proposed, integrates a social justice perspective into
science education. This pedagogy seeks to make
science education more relevant and equitable,
particularly for marginalized student populations, by
connecting scientific concepts to social issues and
students' lived experiences.

Each of these frameworks contributes to the broader
understanding of culture-based approaches in education,
particularly in disciplines like physics, where the
traditional mode of instruction may only sometimes
consider the cultural contexts of learners. By drawing from
these diverse pedagogical perspectives, teachers can create
a more inclusive, engaging, and effective learning
environment that resonates with their students' cultural
backgrounds.

B. Dynamics of physics classroom culture and influence
on learning.

Defining "physics classroom culture" presents a
complex and nuanced challenge within educational
research. Traditionally, physics classroom culture has been
characterized by a didactic approach wherein the teacher
assumes the role of the primary knowledge transmitter,
engaging in a predominantly lecture-based methodology.
This pedagogical style emphasizes the conveyance of
information from teacher to student, expecting that
students assimilate and retain the imparted knowledge [35].

To explore physics classroom culture effectively, it is
essential to comprehend these traditional pedagogical
practices and associated behavioral expectations. This
understanding becomes critical for teachers and researchers
to assess and reshape conventional teaching approaches.
The aim is to cultivate a more inclusive and effective
learning environment.

The concept of learning is multifaceted and challenging
to define, as it encompasses a range of perspectives and
methodologies. Broadly, learning can be viewed as
acquiring information and navigating a dynamic process
filled with challenges that lead to a deeper understanding.
In our research, we claim that students' approaches to
learning are significantly influenced by their social
experiences with others [11, 36]. Past experiences and
exposures to different learning environments shape an
individual's current approach to learning. For instance, a
student with prior knowledge in a subject area may find
less need for collaborative or authoritarian learning
environments. A student with a limited background in a
topic might benefit more from structured or collaborative
settings. Additionally, the student's motivation, such as the
expectation to pass an exam or achieve a particular grade,
can influence their preferred learning approach.
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Expectations can serve as a catalyst, prompting students to
adopt specific learning strategies over others.

In summary, learning is a complex process influenced
by an individual's previous experiences, the context of the
learning environment, and the learner's personal and
academic expectations. Understanding these dynamics is
crucial for teachers and researchers in developing effective
teaching strategies and educational policies catering to
students' diverse needs.

C. What are the benefits of culture-based
approaches to instruction?

Culture-based approaches to instruction offer
numerous advantages, enhancing learning outcomes and
student engagement. First, these approaches lead to a more
inclusive learning environment, acknowledging and
valuing students' diverse backgrounds and experiences. By
incorporating culturally relevant examples, materials, and
perspectives into instruction, teachers can make learning
more meaningful and relatable for students, increasing
motivation and academic success [37]. Research by [4] and
[22] emphasizes the importance of culturally relevant
teaching in improving academic success for marginalized
students. Additionally, culture-based approaches promote
critical thinking and perspective-taking skills, as students
are encouraged to consider different cultural viewpoints
and analyze how culture shapes beliefs and behaviors. This
aligns with the goals of multicultural education, which
aims to prepare students to function effectively in a diverse
society [23]. Overall, culture-based approaches to
instruction can create a more enriching and equitable
learning experience for all students.

D. What is a cultural resource?

A cultural resource encompasses central aspects of a
group's culture, including interests, values, beliefs,
behaviors, and tangible artifacts. Teachers must be familiar
with their students and subject matter to integrate these
resources into their teaching effectively. This skill is
crucial for enhancing learning outcomes, particularly in
disciplines like physics, where traditional emphasis on
objectivity may conflict with cultural norms [24, 25].

Identifying students' cultural resources involves
observing student interactions, listening to their interests,
and engaging in dialogues centered around their hobbies
and passions [2]. Teachers can also research their students'
communities' broader socio-economic and cultural
landscape to enhance their understanding [18].

One challenge teachers face is determining which
cultural resources are pertinent and how to integrate them
effectively into the curriculum. This decision varies based
on the teacher's understanding of their students' cultural
backgrounds and interests [4]. For example, a teacher
might use observations of students visiting a gas station

after school to discuss physics concepts related to gasoline,
energy conversion, or energy efficiency. This approach
makes physics more relatable and demonstrates its
relevance in daily life.

Cultural clashes in classroom settings are inevitable. To
address this, teachers can become more self-reflective by
appreciating the cultural differences between students and
themselves, making the classroom more culturally
competent, and striving constantly to become more
culturally congruent with their students.

In summary, understanding what is essential to students
and how they interact within their culture is crucial in
identifying valuable cultural resources. This understanding
enables teachers to create more engaging and meaningful
physics lessons that resonate with students' lived
experiences, enhancing their comprehension and
appreciation of physics concepts.

E. Process of using cultural resources and
incorporating them into teacher practice

Teachers should follow a multi-phase approach to
integrate students' cultural resources into instruction. They
should start by defining instructional objectives and desired
learning outcomes. Next, they should identify which
learning goals align with students' real-life experiences.
This step involves analyzing how learning objectives
intersect with students' experiences. Teachers should
discover how students' knowledge and daily lived
community experiences relate to the learning goals,
determine which aspects of the lesson matter to students,
and value learners' knowledge while building on their
strengths to improve instruction.

The next phase involves exploring cultural resources
that can be practically used to achieve these goals. While it
may be challenging to directly link students' cultural
resources with learning objectives in some cases, teachers
should develop activities that align with the learning goals
when possible. These activities should connect with
students' familiar experiences or daily contexts.

For example, assignments could include calculating
the average speed of a student's daily commute, exploring
the function of electrical components like power boxes and
fuses, examining the mechanical advantage of wrenches of
different lengths, or investigating the principles behind
radio signal transmission. These contextualized learning
experiences relate academic concepts to students' cultural
environment and make the curriculum more relevant and
applicable, creating a more engaging and effective learning
environment.

Epistemic empathy and caring are pedagogical
strategies that enhance culture-based approaches in
education [26]. Empathy and caring are essential when
considering students' perspectives regarding their
sensemaking of ideas. Teachers employing such strategies
recognize and appreciate that students' interpretations and
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understandings of key ideas may vary significantly across
classroom environments and community contexts.

Another critical aspect of such pedagogical approaches
is facilitating opportunities for students to articulate their
viewpoints and conceptual understandings of physics ideas
in their language [4, 18, 19]. This practice prioritizes
students' comprehension over specific language associated
with academic discourse. By valuing and validating
students' perspectives expressed in their native language,
teachers can create a more inclusive and understanding
learning environment. This approach acknowledges and
leverages students' diverse cultural and linguistic
backgrounds, fostering a more holistic and empathetic
approach to teaching.

F. Developing curricula and assessment

The concept of culture-based pedagogies needs a more
definitive, prescriptive model and requires diverse
approaches tailored to incorporate cultural elements
effectively. These include project-based instruction,
ambitious science teaching [27], inquiry-based learning
[28], and pedagogies centered on social justice and
justice-oriented teaching methodologies [4, 6, 18].

Frameworks and tools exist to assess the efficacy of
culture-based pedagogical implementation. The Culturally
Responsive Interactive Protocol guides educators in
evaluating their methods [29]. Brown-Jeffy and Cooper
[30] offer a framework for implementing culturally
relevant pedagogy through critical race theory. Tharp's [31]
principles provide insight into the effective application of
culture-based approaches.

Integrating cultural responsiveness into assessment
development in physics and other STEM fields is
challenging due to the perceived objectivity of these
disciplines [10]. Current research focuses on creating
assessment methods that utilize students' cultural resources
to enhance their understanding of physics concepts,
including formative and summative assessments and
assessing student engagement in discussions [2, 32]. These
efforts promote a more inclusive and equitable learning
environment by acknowledging and incorporating diverse
cultural identities.

IV. CONCLUSION

Going forward, our research aims to explore and refine
methodologies for teachers to develop and implement

culture-based pedagogical strategies in physics.
Simultaneously, our focus extends to developing optimal
assessment strategies that maximize physics teachers'
ability to help students engage with physics ideas. This will
enhance deeper student engagement with fundamental
concepts in physics. Our ultimate objective is to develop a
systematic framework for implementing culture-based
methodologies in physics education intended to be
accessible and applicable to the broadest possible range of
physics educators.

Given the challenges in perceptions of objectivity
within the STEM community, resistance to such
transformative approaches is anticipated. However, this
initiative's motivation is to empirically demonstrate that
adopting these culture-based pedagogies significantly
enhances learning outcomes for a more diverse cohort of
students engaged in physics. We aim to inspire a paradigm
shift within the field of physics education, inspiring similar
transformations across various disciplines within STEM
education.

Incorporating culture-based approaches into physics
education offers significant benefits, including enhanced
student engagement and improved learning outcomes. By
aligning instruction with students' cultural backgrounds,
teachers can create a more meaningful and immersive
learning experience, bridging the gap between students'
existing knowledge and academic content [2]. This
approach also fosters culturally responsive teaching
practices, recognizing and valuing students' diverse
cultural backgrounds, leading to a more inclusive and
equitable learning environment [4]. Furthermore,
culture-based approaches promote the development of
critical thinking skills by challenging students to consider
different cultural perspectives, enhancing their
understanding of physics concepts [6]. Additionally, these
approaches can help address social justice and equity
issues within the physics classroom, promoting a more just
and inclusive learning environment [19]. Incorporating
culture-based approaches represents a paradigm shift in
physics education, making it more personalized, accessible,
and engaging for all students.
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