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Reimagining Energy: Deconstructing Traditional Engineering Silos using Culturally
Sustaining Pedagogies

Abstract

Energy is a foundational topic across engineering disciplines; however, energy concepts are
typically introduced in a disjointed fashion across multiple courses. Students often have difficulty
making connections across disciplines that leverage their own personal funds of knowledge. For
example, many students often fail to connect their personal experience with technology (e.g.
home appliances) with the engineering concepts (e.g. 1st law of thermodynamics) introduced in
class. We are exploring a reconceived approach for introducing students to these important
concepts. The authors, with expertise in four different engineering disciplines, recognize that
many discourses in engineering exist in tension with each other. The context in which we teach
energy is too often narrowly defined and framed by both hegemonic disciplinary literacies (i.e.,
mechanical engineers tend to focus heavily on steam tables) and dominant cultural perspectives
(i.e., White, male, colonial, and heteronormative). Our objective is to redefine the teaching and
learning of energy in engineering to recognize the broad diversity that exists within the world
around energy. This paper, submitted as a work in progress, describes our vision for a new course
that brings together energy concepts from traditional middle year courses such as
thermodynamics and circuits. We propose to use culturally sustaining pedagogies (CSPs) to
provide all students with a stronger foundation and a broader perspective. CSPs seek to value
and cultivate the cultural and social pluralism that creates a democratic educational experience
and have been shown to increase student engagement and improve student outcomes in K-12
education. We hypothesize that the use of CSPs will help with breaking down the false dichotomy
of engineering problems as strictly “social” or “technical.” In this paper, we briefly review
approaches taken to teach energy in engineering. We then examine CSPs and make the case for
how they might be used within engineering. We discuss our preliminary ideas for the course itself.
The goal of this paper is to stimulate discussion within the ASEE community to improve course
effectiveness in enhancing student learning. This project is part of a larger overall effort at the
University of San Diego to integrate social justice themes across the curriculum of a new general
engineering department. This paper will present our progress towards instantiating in the
classroom the broader vision laid out for our program.



Introduction

There is an unquestioned assumption that certain ways of knowing -- explicitly dominant
epistemologies that involve specific mathematical procedures and scientific processes -- are
race-, gender-, and culture-free. In reality, education inherently prioritizes and privileges certain
bodies of knowledge while marginalizing and excluding others. Within engineering, colonial,
White, heterosexual, and male knowledge has historically been privileged over other ways of
knowing. Little recognition appears to exist that the ethnocentricity and masculinity of the
engineering curricula affects problem definition and accepted methods of problem solving,
teaching, and assessment [1]. This dominant approach undervalues and ignores the lived
realities, perspectives, and epistemologies of those students who do not fit into this dominant
category.

One approach that has been shown to disrupt this dominant discourse is the use of culturally-
sustaining pedagogies (CSPs) [2]-[6]. CSPs seek to value and cultivate the cultural and social
pluralism that creates a democratic educational experience and have been shown to increase
student engagement and improve student outcomes in K-12 education. CSPs (and related
approaches, including culturally relevant pedagogy (CRP)) have emerged in recent years as
pedagogical approaches that focus on enhancing inclusivity — yielding positive results with
women and retention of underrepresented minorities in K-12 education [7]-[9], improving
mathematics [10] and computer science achievement [11], and developing science
communication [12]. For instance, Grimberg and Gummer analyzed how science test scores
increased after teachers adopted CSPs into their curriculum. The study described students’
achievement gains in science as they made “connections between science and topics relevant
to their life and community” [9].

Although there have been great strides in improving achievement in science and mathematics
through CSP methods, the incorporation of CSP into engineering has not been explicitly
explored in higher education. There is a need for engineering educators to continue to
implement and adopt new pedagogies that position engineering graduates to be responsive to
the needs of an increasingly complex and diverse saociety.

At the University of San Diego, we are committed to broadening the definition of engineering.
Instead of perpetuating a false division between technical and social aspects of problems, we
seek to explicitly recognize engineering as a socio-technical discipline. As Erin Cech writes,
“Prioritizing certain ‘technical’ features (faster, smaller, cheaper vs. quality or sustainability) over
others is a social and political choice at its core. Thus, the notion that engineering work can
somehow be separated from the social world is itself a cultural frame for understanding what
engineering is [13].” We envision an innovative engineering culture that is inherently
interdisciplinary, engaging faculty across engineering departments and across campus to
provide students with an engineering education that is explicitly socio-technical in nature.

We plan to develop a transformative, inclusive approach to teaching energy as a model for how
to adopt culturally-sustaining pedagogies within engineering. We have selected energy, as it is a
foundational topic across multiple engineering disciplines, relevant to students’ lived



experiences, and has important social ramifications. We are targeting a class in the second year
to provide students with a grounding in CSP early in their engineering education so that they
might use these mindsets moving forward. Many students often first see energy concepts in
“Introduction to Thermodynamics.” With its grounding in 18th century power cycles and steam
engines, this class often epitomizes the colonial, White, and male frameworks that can be so
problematic. We aim to take the example set by Riley with her companion textbook Engineering
Thermodynamics and 21st Century Energy Problems [14] to the next level by designing a
course from the ground up to include the social and technical in an integrated student
experience.

What is Energy and how is it taught?

The word “energy” brings with it a series of broad associations that vary greatly based on
audience. The Oxford English Dictionary first defines energy as “force or vigour of expression
[15].” Only at the sixth definition of the word is the scientific connotation of the word introduced:

The power of ‘doing work’ possessed at any instant by a body or system of
bodies. First used by Young... to denote what is now called actual, kinetic, or
motive energy, i.e. the power of doing work possessed by a moving body by
virtue of its motion. (Young expressed the quantity of ‘energy’ in a particle as the
product of the mass into the square of the velocity; it is now found more
convenient to express it as the half of this product.) Now extended (first by
Rankine) to include potential, static, or latent energy, or energy of position, i.e.
the power of doing work possessed by a body in virtue of the stresses which
result from its position relatively to other bodies. Also with [adjectives],
mechanical energy, molecular energy, chemical energy, electrical energy, etc.;

This definition nicely captures the complexity of the term. Usage of the word

“energy” began in the 1800s during the industrial revolution, however as time passed more and
more concepts found a home under the broad category of energy. Today, energy is found
across the sciences and engineering to cover concepts ranging from nuclear fission to protein
folding. In this section, we briefly review several approaches engineering educators take to
teaching energy. This section is not meant to be an exhaustive review, but instead provides
some context in which to situate our proposed energy course. The authors, each from a
different engineering discipline, report briefly on how energy is taught within their field. This is
followed by a brief review of some existing approaches for teaching energy in an
interdisciplinary fashion.

Engineering Approaches to Teaching Energy

Within Mechanical Engineering, students typically first see energy concepts in thermodynamics
in their second year of engineering study- a course taught by author GH. This course is heavily
influenced by discoveries and examples from the Industrial Revolution. Students learn to read
steam tables as they develop an understanding of steam engines and power cycles. Energy is
divided into two categories - heat and work - and the course examines how useful work can be



derived from heat gradients. Emphasis is placed on the fundamental laws of thermodynamics -
the Oth Law (temperature), first law (conservation of energy), and the second law (entropy). It
has been documented that students come to a thermodynamics course with the expectation of
being exposed to real world content but traditional textbook and course format have not been
able to meet those expectations [16]. Most introductory texts reserve topics of renewable
energies as a final bonus chapter [17], [18].

Within Electrical Engineering, where author SL teaches, energy topics are introduced in the
introductory circuits course in the second year. The focus is typically on “power”, energy per unit
time, rather than energy. Concepts such as conservation of power and maximum power transfer
are important. Sinusoidal steady-state and three-phase power calculations are typically covered
in the end of the first circuits course [19]. The application or context for these topics is usually
household power distribution with an underlying assumption of a fossil fuel powered plant as the
source. Topics relating to renewable energy such as light emitting diodes or solar power are
usually found in upper division elective courses.

Materials scientists, author JM’s disciplinary background, use concepts of energy to primarily
teach how reactions behave in materials. These courses include the description,
characterization, and prediction of the properties and behaviors of materials [20]. Students are
introduced to different principles used to understand equilibrium, phase diagrams, solutions,
heterogeneous reactions, interfaces, and entropy and enthalpy among others. These concepts
are sometimes too intangible for students, and very little context is provided that relates those
concepts to everyday life experiences [21].

Within Civil Engineering, author DC’s disciplinary background, the human consumption of
energy is addressed more so than the concept of energy itself, and often only in curricula that
have an explicit focus on sustainability. Sustainability courses are seen at any level in the
undergraduate curriculum, but many traditional programs leave these as upper-level electives or
graduate courses. Topics covered often include civil infrastructure’s greenhouse gas footprint,
life cycle analyses and embodied energy of construction materials, environmentally-informed
design of transportation and building systems, energy efficiency (e.g., LEED ratings), and the
business case for sustainability through energy cost savings [22]. As civil infrastructure has one
of the slowest rates of change within science and engineering disciplines, educational progress
in sustainability -- and by proxy, energy -- appears to still be in its initial stages of establishing
legitimacy in a long-established discipline.

Interdisciplinary Approaches to Teaching Energy

While energy concepts are typically taught using siloed approaches, there have been attempts
to take a more interdisciplinary approach. Several universities, including Penn State [23],
Indiana University - Purdue University Indianapolis [24], and UC Berkeley [25], offer a B.S. in
Energy Engineering. While these programs do expose students to energy concepts from across
the curriculum, they usually require students to take standard foundational courses such as
thermodynamics and circuits. It is not until the third or fourth year that they introduce courses to
synthesize information across disciplines.



At the course level, several faculty members have developed textbooks that take a more
interdisciplinary approach. We have found physicists Hinrichs and Kleinbach’s Energy: Its Use
and the Environment to be a particularly useful reference [26]. This text introduces students to
energy in the context of the environment and begins with foundational concepts relating to
energy mechanics, heat and work, and conservation of energy. This foundation is used to
explore more complex topics of home energy conservation, solar energy, and fossil fuel power
plants. While this text (and others) succeed in deconstructing disciplinary silos, they do not
attempt to deconstruct the dominant cultural perspectives. By combining an interdisciplinary
approach with CSP methods, we hope to deconstruct a broad range of engineering silos.

Using CSP to Deconstruct Silos

One of the challenges we see with engineering education is that it reinforces a variety of silos in
students’ learning. One of the most obvious examples is the use of disciplinary silos as a crutch
to avoid engaging in unfamiliar material. For example, this past fall a group of senior mechanical
engineering students at our institution faced with making a basic electrical measurement
declared “I don’t know how to do that, I'm not an electrical engineer,” even though Circuits is a
required second year course for all of our engineering students. Disciplinary silos are
problematic, but there are several interdisciplinary models to teaching energy we can employ to
help break down these silos [23]-[26].

Unfortunately we see an even more problematic set of silos: the division between society, lived
experiences, and engineering. Engineering (broadly), as mentioned above, is traditionally taught
as a purely technical discipline. Given a narrowly defined problem, there are a set of “rigorous”
equations that can be used to create a model of reality that in turn can be used to identify a
solution. Engineering educators tend to treat “society” as a distinctly separate silo from
engineering itself. This is not to say that society isn’t discussed within the engineering
classroom, but it is often framed as a linear progression -- something is engineered, then it has
an impact on society. This is reflected in the 2016-2017 ABET outcome H: “the broad education
necessary to understand the impact of engineering solutions in a global, economic,
environmental, and societal context.” The very language of this statement indicates societal
context is seen as relevant, but distinctly separate, from engineering solutions.

Similarly, students’ lived experiences are typically contained in a separate silo. Students bring
with them to university a rich diversity of experiences that may have piqued their interest in
engineering. This lived experience, however, is rarely recognized within the classroom. In a
longitudinal study of why students choose engineering, Matusovich, Streveler, and Miller
conclude “to increase persistence rates we must focus on values, especially by helping students
connect their personal identities to engineering identities [27].” They conclude that the divide
between students’ personal identities (in our language, “lived experiences”) and what is
recognized as engineering is a major factor in discouraging students from continuing in
engineering programs.
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Figure 1. Engineering education tends to create silos between students’ lived experiences, society, and
engineering itself. We see culturally sustaining pedagogies (CSPs) as a curricular approach that helps
students see the interplay between these three areas.

We hypothesize that CSPs can help move engineering education away from a pedagogy that
reinforces separation between lived experience, society, and engineering and towards one that
brings the three together (Figure 1). We believe CSPs can have substantial benefits across the
curriculum and will help educators to achieve the recently released 2019-2020 ABET outcomes.
We hypothesize CSPs will help students to:
e make clear connections between engineering, science, and math concepts learned in
class with real world engineering problems (Aligning with ABET Outcome 1)
e apply engineering design to create solutions that consider the global, cultural, social, and
environmental factors (Aligning with ABET Outcome 2)
e communicate across disciplinary boundaries using appropriate language (Aligning with
ABET Outcome 3)
e describe engineering as a socio-technical discipline and recognize the implications this
has on the ethical and professional responsibility of engineers (Aligning with ABET
Outcome 4)

What are culturally sustaining pedagogies?

Culturally sustaining pedagogies (CSPs) is a term that represents a compilation of student-
centered approaches to teaching with the intent of connecting the life experiences of students
with classroom instruction. CSPs seek to perpetuate and foster (or sustain) the linguistic,
literate, and cultural pluralism that is necessary for transformation of schooling [28]. According
to Paris (2012), CSPs exist wherever it sustains the everyday life experiences, lifeways, and
embodied knowledge of the communities that have been and continue to be damaged and
erased from formal education spaces. Thus, CSPs seek to “sustain” -- rather than eradicate --
the cultural ways of thinking, doing and being of communities of color [28]. CSPs are grounded
in the following tenets from culturally relevant education [29] which include the ability to:

1. create an environment where students are provided with the tools to achieve academic
success,



2. foster cultural competence, and
3. develop a socio-political and critical consciousness in students.

CSPs enhance faculty-student relationships with structured exchanging of ideas [28]. CSPs rely
on students bringing into the classroom their bodies of knowledge, skills, and practices while the
instructor emphasizes, validates, acknowledges, and incorporates such wealth of knowledge to
the curriculum. A rejection by an instructor of an individual student’s own ways of knowing and
doing can form a ‘virtual barrier’ by which students may feel excluded from gaining entry into the
engineering discipline [30]. CSP as a framework encourages instructors to facilitate students
sharing and connecting their experiences with technical content in the classroom [28]. Quite
simply, an instructor prompting students for real-world examples in lecture can sufficiently
validate students’ self-efficacy [29], [31], [32]. This validation not only engages students and
promotes the retention of students, but it also enhances the quality of education as the
instructor gains insights into their students [33].

As an example where CSPs were used for a science lesson on the different parts of a plant,
students were asked to gather information from their families and share their favorite home
salads [34]. This activity allowed students to actively participate in class, share something they
were familiar with, and contribute to the classroom science discourse. Home interactions, such
as learning from parents about healthy foods, created a sense of nutritional awareness
developed through home funds of knowledge and learning from those experiences. Discussing
the home salad recipes with family members provided students with the rationale to engage in
scientific discourse in the classroom regarding the good nutritional value of salads [34]. Barton
and Tan argued that this instructional approach “fostered new opportunities to engage the
subject matter that promoted both academic achievement and inclusion” [34]. It is through these
types of teacher and student interactions that culturally sustaining pedagogies become possible
in the science classroom.

CSP builds on research dedicated to emphasize asset-based approaches to education that
counter the deficit models that have persisted in education [35]-[37]. CSP includes work on
funds of knowledge [38], hybrid spaces [39], culturally responsive pedagogy [40], and culturally
relevant pedagogy [29]. The CSP model recognizes that students bring a wealth of knowledge
to the classroom and focuses on the learning strengths of the students while fostering their
linguistic, literate, and cultural practices [28]. CSPs also build on other strategies to address the
needs of changing and dynamic systems [29]. This is in keeping with recent work in engineering
education which adopts an asset-based rather than deficit-based approach to research on
underrepresented populations.

How can CSP be used in engineering?

While there is some research on teaching engineering in K-12 settings using CSP [41]-[47], and
there are a few examples of CSP in higher education focusing on teacher preparation [6], [48],
[49], there is little work on implementing these strategies with college students. One exception is
Miller's investigation of the impact of culturally-responsive teaching on retention of women and
men of color in introductory computer science classes [50]. In part, there exist misconceptions



regarding what CSPs are, a lack of research connecting its effectiveness to engineering student
achievement, and a fear of loss of influence of majority-male norms and practices [51]. In the
face of an evolving demographic in engineering education, where cultural and social needs are
sometimes overlooked [52], a different approach must be used to adapt to these new changes.
CSPs tap into the idea that the engineering way of knowing, doing, and being [1] involve
epistemologies that emerge from social and cultural practices in people’s everyday lives and are
used under different contexts and domains. CSPs also challenge the conflicted view of what
counts as engineering knowledge and what kind of knowledge is valued. In a study of
engineering culture, Godfrey and Parker indicated that “no recognition appeared to exist that the
ethnocentricity and masculinity of engineering knowledge and procedures might affect problem
definition and accepted methods of problem solution, teaching, and assessment” [1]. Thus,
CSPs create a hybrid space where students develop and construct an engineering identity that
acknowledges long-neglected epistemologies.

Although CSPs have typically been used to support traditionally marginalized students, we
assert that CSPs can be beneficial for all students. CSP’s encouragement of all students to
share their ideas helps individuals acknowledge the differing values and perspectives that
others hold. Thus, CSP helps connect all students’ lived experience to engineering education. In
engineering in particular, given the lack of diversity of the student population, CSP offer a
valuable tool for enhancing student learning. For example, if the instructor introduces examples
from non-dominant cultures or paradigms, this emphasizes that engineering knowledge comes
from many sources expanding the definition of what “counts” as engineering and who is
involved in the endeavor. This helps all engineering students to develop their abilities to function
as culturally competent and engaged engineering professionals who are better equipped to
navigate socio-scientific and socio-political challenges in the workforce. Thus we believe that
this use of CSP in a traditional engineering classroom connects students’ lived experiences to
engineering education and to society (see Figure 1). As Paris and Alim pointed out, CSP
highlights the evolving nature of youth identity while allowing them to maintain “a clear-eyed
critique of the ways in which youth culture can also reproduce systemic inequalities” [53].

Our Course Vision

To successfully develop a reimagined energy course, our first task is to identify non-canonical
energy examples that can be used as a CSP approach for teaching engineering. Our goal is to
identify examples that are explicitly not colonial, White, heterosexual, and male. We have
already identified one such example: the Lorena stove. The following vignette is used to
describe how examples of collective knowledge that are grounded in historical, cultural, and
linguistic experiences learned by practice and/or observation can be used to situate engineering
in different sociocultural contexts. This vignette was developed from dissertation work of JM
related to funds of knowledge [54] to highlight the embodied knowledge of groups that remain
on the margins of society, and how this wealth of knowledge relates to engineering practices,
habits of mind and dispositions [35].



Laura did not have the resources to buy a new stove. Her family owned a restaurant in
Mexico and they needed the stove as soon as possible. To solve this problem, Laura
and her family designed a stove made out of inexpensive raw materials, including
adobe, empty coffee and soup cans, barro (a mixture of clay materials), and a pipe.
They also repurposed an antigue washing machine, called chaca-chaca (as it is
commonly known in Mexico for the sound it makes during the washing cycle), by
disassembling it and using the tub as the skeleton for the fuel chamber. They placed the
steel tub of the chaca-chaca and the biggest empty soup can in a wooden form and filled
the form with barro. The steel tub served as the fuel chamber while the empty soup cans
served as the heat chamber. As they were filling up the form with barro, they made sure
to connect the different chambers created with smaller empty soup cans, which
eventually became the chimney pipe. They carefully added adobe around the bucket,
cans, and pipes to prevent collapse. Laura knew that excessive amounts of barro
caused the stove to crack when heated, so she made sure to add just enough barro to
prevent collapse but also maintain high temperatures to cook the food.

We propose to develop a project-based learning module around this vignette where students
must design and build their own Lorena stoves. This module can provide students ample
exploration of topics related to insulation, thermal mass, conduction, convection, and efficiency
when heating under specific constraints and within cultural, social, and historical contexts. It
also exposes students to an inventive method used for many years by indigenous communities
to heat their homes.

To create a truly transformative course, we anticipate needing 2-3 additional examples to the
Lorena stove. While we have not yet fully defined the criteria for these examples, they will need
to be topically relevant to the technical subject matter, culturally relevant to multiple
stakeholders, and originate from outside the engineering canon. To develop such examples, we
plan to speak with experts outside of traditional engineering circles as well as conduct our own
field research. One area of interest is Native Science, a field pioneered by Cajete. He defines
Native Science as a “wide range of tribal processes of perceiving, thinking, acting, and ‘coming
to know’ that have evolved through human experience with the natural world [55].”

Once we have identified these examples, we will then use them to develop an energy course
based in culturally sustaining pedagogies. Targeted at second year engineering students, this
will be a required course for all students in General Engineering and open to students across
the School of Engineering. Rather than teaching a slightly revised version of Circuits or
Thermodynamics, we envision a complete redesign of the course. Our approach will provide a
modern look at energy and emphasize concepts relevant to students regardless of their
eventual career path. Our development will be guided by the question “What does the engineer
of 2040 need to understand about energy?” Following best pedagogical practices, we will start
by identifying learning objectives for the course. Our current draft of learning objectives includes
the following:

Students should be able to:



1. Solve engineering problems using energy concepts (e.g. heat, work, conservation of

energy)
Discuss energy using multiple engineering disciplinary discourses (e.g., ME, EE)

2.

3. Provide and explain how two examples of energy concepts discussed in this course relate
to their everyday life

4. Describe to a peer what it means for engineering to be a socio-technical profession

In developing a schedule and specific lessons around these objectives, we will focus on
connecting engineering, lived experiences, and societal context (see Figure 1). We hope that
integrating CSP into our course development will help students grasp the complexity of
engineering practice. We plan to co-develop the materials during multiple daylong workshop
sessions rather than taking a divide and conquer approach. In this way we will take advantage
of the interdisciplinary experience of the authors and avoid creating silos within different
sections of the course.

Future Work

We argue that CSPs are a promising area for enhancing engineering education and we look
forward to investigating these methods. Future work will focus on identifying appropriate
examples for teaching energy concepts through CSP, developing and offering the course, and
measuring the impact of CSP on student learning. One of our major challenges will be
determining how the examples identified in this research can best be integrated to achieve our
desired learning outcomes. We anticipate that we will need to overcome our own biases about
what counts as engineering and that by working as a group we can collectively broaden our own
definitions of engineering.
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