Towards a Justice-Oriented Physics Education

L. Catalina Arboleda H.

University of Colorado Boulder, School of Education, Boulder, CO, USA

Abstract. Physics Education Research (PER) has significantly advanced student-centered
instruction, yet inequities in identity and participation remain. This paper argues that physics
education can benefit from engaging the sociopolitical and cultural dimensions of learning.
Drawing on Youth Participatory Science (YPS), I examine how an introductory physics course
can be reoriented around social justice issues relevant to students’ lives. Using the case of
household energy burden in the United States, I illustrate how canonical student-centered
energy curricula can be redesigned to reflect the core principles of justice-oriented science
teaching.

Introduction

Physics Education Research (PER) has invested heavily in student-centered reforms that
promote active learning and engagement with scientific practices (Meltzer & Thornton,
2012). Despite this, in the United States, white men continue to earn a disproportionate
number of physics degrees (APS, 2023), and research on science identity shows persistent
gendered and racialized disparities in who comes to see themselves as a “physics person”
(Hazari et al., 2013). Scholars working in critical pedagogy argue that this persistence is
related to PER’s emphasis on equity understood primarily as access and achievement, while
the dimensions of power and identity remain less explicitly addressed (Gutiérrez, 2009; Philip
& Azevedo, 2017). This results in science instruction that focuses primarily on conceptual
understanding and uncritical enculturation into scientific practices, rather than science that is
mobilized in the service of students’ lives (Morales-Doyle, 2017). They argue that when less
attention is given to how science is historically entangled with systems such as colonialism
and racial capitalism, the result is a disembodied science instruction that separates issues of
learning from issues of power (Philip et al., 2018; Brickhouse, 2001). Building on these
critical traditions, this paper examines how an introductory physics class at the University of
Colorado Boulder can be reframed around social justice through an energy activity using the
framework of Youth Participatory Science (YPS).
Designing Physics Curriculum using YPS

This work draws on YPS (Morales-Doyle & Frausto, 2021), a justice-centered
framework that positions students as knowledge producers who use science to investigate and
act upon social justice science issues. YPS centers Freire’s (2001) concept of conscientizagdo:
education as a process through which learners critically read their world and imagine justice
and transformation. To illustrate how justice-oriented physics might look in practice, I
examine the redesign of a canonical energy unit in an introductory physics course. The
canonical student-centered curricula ask students to evaluate how thermal insulation is related
to the energy efficiency of a home. Students think about this in terms of elements of home
design without engaging the political context. In this redesign, the unit is organized around
the issue of household energy burden, defined as the percentage of income spent on energy.
National data show that low-income households, particularly from Black, Indigenous, and
other communities of color, experience significantly higher energy burdens due to inefficient
housing and structural inequities such as consequences of segregation policies (Drehobl et al.,
2020). Using YPS, the curriculum is reframed according to four principles: 1). It centers a
social justice issue: the unit begins with the material reality of energy affordability rather than
only the insulation phenomena. 2). It avoids capitalizing on the suffering of marginalized



communities, presenting it as an opportunity for privileged students to learn or believe they
can save them 3). It explicitly discusses the limits and possibilities of science in addressing
the issue; and 4). It invites students to imagine collective solutions: rather than framing
efficiency as a matter of only better individual choices, such as home upgrades, students are
invited to consider collective action and policy-oriented responses.

Implications for Physics Education

Physics education that addresses learning outcomes without addressing how physics is
implicated in systems of power may leave intact narratives that contribute to exclusion.
Justice-oriented physics instruction asks not only whether students can solve problems
correctly or can engage in the practices of science, but whether they can situate those
problems within broader social realities, critique science, imagine alternative futures, and
move towards collective action. By focusing on energy burden as a concrete example, this
paper offers a model for how student-centered curricula can be redesigned to engage the
sociopolitical and cultural dimensions of learning. It proposes that physics classrooms can
become spaces where students are invited to examine how scientific knowledge circulates
within broader structures of power (Morales-Doyle, 2017), rather than being positioned as

neutral knowers internalizing canonical explanations.
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Current stage of the work

This project is currently developing the intervention and improving the curriculum
design.

Questions for Discussion:

1. How to improve the design of my intervention. I want support form
physics expert in energy to brainstorm ideas on how the physics
component can be strengthened in the activity to achieve the content
standards. Additionally, pathways for meaninful student’s community
engagement during the class energy investigation.

2. What language or theoretical moves best support productive dialogue
across communities that hold different assumptions about the role of
physics in society?
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