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Love and Its Attributes as a Foundation for Student Learning in
Engineering Education

Mark J. Povinelli, College of Arts and Sciences, Syracuse University

Introduction

Engineering plays a critical role in shaping ecosystems, human behavior, communities, societies,
and patterns of power through the design and deployment of structures, technologies, and
complex systems. While contemporary corporate-driven Western engineering is often framed as
solving problems and enhancing quality of life, the forces driving technological development—
economic interests, techno-evolutionary pressures, political agendas, technological path
dependencies, national security concerns, individual ambitions, and considerations of ethics and
ecological sustainability—often conflict, ultimately undermining these aims. These systemic and
psychological dynamics are frequently obscured in engineering discourse and education.
Recognizing them is essential to understanding how individual mental states and behaviors both
shape and are shaped by broader social, economic, and governance structures. Within this
interplay, human capacities for love and compassion influence our priorities, inform how we
define and frame problems, and guide our approaches to interpersonal relationships and
engineering challenges—including those that extend beyond purely human interests.

As a result, engineering outcomes—contingent on period, context, and scale—can sometimes
address immediate problems while deepening environmental and social challenges. This paradox
is especially evident in contemporary, profit-driven models that prioritize technical and economic
goals, often under the banner of human-centered design, while marginalizing ethical and
relational concerns [1]-[6]. These models constrain inquiry by privileging narrow design logics
over broader, holistic concerns—a narrowing that extends into engineering education, where
students’ engagement with the humanities, arts, and social sciences is limited, restricting more
diverse perspectives.

Against this backdrop, love and its attributes—empathy, compassion, care, and action—are
proposed as foundational to students' ethical engagement, learning, and design practices. This
paper introduces a framework that places love at the heart of engineering education, challenging
conventional paradigms and expanding the purpose and possibilities of engineering.

Historically, humans have engaged in design and toolmaking driven by diverse needs, values,
and relationships. The emergence of love, empathy, compassion, and care likely contributed to
the formation of social structures and early technologies, particularly during pivotal periods in
human history beginning around 50000 years ago [7]. These values continue to inform the design
ethics of many Indigenous cultures—from North America to the Brazilian Amazon to
Australia—whose communities have long practiced sustainable living through technologies
grounded in reciprocity, relationality, and respect for the natural world [8], [9].



While this paper focuses on Western engineering education in the United States (U.S.), it
acknowledges these longstanding design traditions and recognizes U.S. engineering programs
that incorporate humanitarian or human-centered approaches. Building on these diverse legacies,
it suggests a shift away from capitalist design paradigms toward frameworks grounded in
relational awareness and holistic responsibility.

This paper constructs a conceptual and applied framework for engineering education that begins
with students’ engagement in the study and practice of love. Drawing on holistic and
transdisciplinary perspectives, which bridge students’ technical abilities with neuroscientific,
psychological, and socio-ecological knowledge, this paper explores how love is interwoven with
empathy, compassion, and care—as well as with ethics, design, and technology—offering
students a way of knowing and practicing engineering that moves beyond technological
determinism and human-centered thinking. The framework is then applied in educational
contexts to examine its implementation and effects.

Despite its potential, the teaching of love and its attributes remains largely absent from U.S.
engineering curricula. The dominant emphasis on technical mastery often sidelines students'
emotional and relational development, as well as their deeper understanding and engagement
with the social, historical, and ethical contexts of technological development—Ilimiting their
capacity for ethical reasoning and critical reflection on technological impacts [10], [11].

This absence raises a central question: can the compassionate and caring dimensions of love be
taught and conceptualized through a transdisciplinary and holistic design thinking methodology,
and serve as a foundation for engineering education? Addressing this question involves exploring
how students’ broader understanding of love might support its emergence as a way of knowing,
relating, and designing.

Philosophically, love is often regarded as a foundational condition for empathy, as it fosters an
emotional openness that enables understanding and connection [12], [13]. This openness can, in
turn, cultivate compassion, which may lead to caring actions [14]. However, empathy does not
always stem from love alone; it can also arise from curiosity, shared experience, or ethical
reasoning [15]. Similarly, while compassion is often associated with love, it can also be driven
by moral principles or a commitment to justice [16]. Across cultures and relationships, love is
expressed through thoughts, emotions, desires, language, and actions, shaping how individuals
engage with one another, the environment, and respond to needs.

Building on this philosophical grounding, this paper argues that rooting empathy, compassion,
care, and ethical action in a conceptual and practiced understanding of love can enable students
and designers to shift design paradigms more profoundly than empathy or compassion alone.
Love, in this context, can transcend romantic attachment alone; it is not merely an emotional
state or personal affection but an active, sustained commitment to the growth, care, and
collective well-being of others [17], [18]. Moreover, this paper extends the concept of love
beyond human relationships to encompass non-human entities, emphasizing humanity’s
profound entwinement with the more-than-human world [19]. It advocates for a wider ecological
responsibility, fostering the relational and systemic flourishing of all aspects of nature. While
empathy may help students understand others’ experiences, love carries that understanding



further—into sustained ethical action [20]. It moves beyond momentary identification, prompting
student designers to engage more deeply with how their actions shape relationships,
environments, and systems—beyond mere reflection or considerations of efficiency or
satisfaction.

This expanded view of love also encompasses self-awareness, the ability for students to
recognize their values and biases, as well as compassion, understood as a deliberate practice
aimed at reducing harm and promoting holistic well-being. Teaching love in engineering,
therefore, demands that its biological, philosophical, psychological, and neuroscientific
foundations, alongside its cultural expressions in literature and art, and its historical connection
to technology, be at the core of students’ understanding.

In education, practices of love, care, and trust have long empowered students to become active
participants in knowledge creation, particularly through reflective dialogue [21]. Evidence from
other fields reinforces the transformative potential of love-informed practices: in healthcare,
compassionate models improve patient outcomes through trust-building [22]; in education,
relational pedagogy enhances learning by fostering emotional engagement and connection [23]—
[25]. While empathy and care have been emphasized in some engineering design courses [26]—
[28], this paper argues that engaging students directly with the principles and practices of love
can deepen these qualities by cultivating stronger connections among emotional intelligence,
ethical reasoning, creativity, and design thinking, understood as form of cognition [29], [30].
These insights suggest that love, as a foundational principle in engineering education, could
foster more ethical, reflective, and responsible design practices. While love-informed pedagogy
typically shapes how educators relate to students, this paper offers a distinct approach: teaching
students about love as an epistemic and design-oriented practice—positioning love itself as a
subject of study, reflection, and application. Rather than drawing solely on pedagogies informed
by love, this research proposes an approach that centers students’ learning of and engagement
with love and its attributes.

This paper proposes a conceptual framework of love that can guide both curricular content and
daily practice in engineering education. By centering love as a mode of knowing and relating,
this model supports the development of self-awareness, relational sensitivity, compassion, and
actionable care—qualities essential in an era of technological complexity that calls for deeper
attunement to interdependence and ethical responsibility.

Love, as a central focus in engineering curricula, could cultivate a mindset that balances
technical expertise, historical perspectives on human values and technological advancement, and
emotional connections of care [30]. Applying this perspective to emerging technologies such as
artificial intelligence (Al) could prompt students to broaden their ethical frameworks, moving
beyond instrumental or anthropocentric theories of technology [31]-[34]. This shift invites
student reflection on which aspects of being human we seek to preserve—and which
relationships, both human and ecological, remain independent of technology—as it becomes
increasingly integrated into our lives and ecosystems. By fostering an awareness of the
interconnectedness between technological systems, ecosystems, and diverse species, students
may become more attuned to unintended consequences and better equipped for ethical design. As



an active force, love could also shape communication and collaboration in design, fostering care
and a more expansive vision for diverse forms of engagement.

This research examines the theoretical foundations and classroom applications of love as a core
topic of knowledge in secondary and postsecondary engineering education. It explores how love,
both as a subject of study and conceptual lens, shapes students’ self-reflection, ethical
understanding, and relational dynamics in life and design contexts. The paper presents a
transdisciplinary framework for love, applies it to holistic design thinking, and outlines the
research methodology, classroom insights, and potential for future educational pedagogies.

It positions love and ethics as central to the human condition, emphasizing that ethical
development can evolve in concert with the natural world and non-human entities. By integrating
love from a human perspective with ethics that encompass both human and more-than-human
considerations, this approach could provide a stronger foundation for addressing the ethical
challenges posed by technological growth. This approach, if adopted in engineering education,
could fundamentally shift students’ perspectives—expanding their emotional, relational,
communicative, and ethical reasoning beyond anthropocentric technological frameworks.
Engineering education, in this view, becomes a site for cultivating students who embrace love as
both a lived experience and an actionable commitment—encouraging designers to question the
trajectory of technological development while seeking to preserve what it means to be human
and to promote holistic care, responsibility, and long-term flourishing across all communities,
both human and more-than-human.

Love at the Heart of an Engineering Education: A Philosophical and Conceptual
Framework

Engineering education should emphasize the deep connections between love, ethics, design, and
technology, offering students a comprehensive understanding of how these forces shape human
behavior and drive change. Love, as a multifaceted human experience, is not only an emotional
and psychological state but also a relational and cultural dynamic influencing thoughts, beliefs,
emotions, and actions [35]. Throughout history, it has shaped human societies, the environment,
and technological development, guiding both personal and collective decision-making [36].
Understanding love in this broader sense enables students to recognize how emotional and
relational dynamics have shaped both who they are and how technologies are designed—not
only to solve problems, but to cultivate connection, meaning, and well-being.

Similarly, design—central to engineering—has always engaged both emotional and cognitive
faculties to solve problems and create new possibilities, even when these dimensions are not
explicitly recognized [37], [38]. Love, as a relational force, has profoundly shaped the
development of design, particularly in the context of survival and cooperation during the Upper
Paleolithic and Mesolithic periods [39], [40]. Humans possess a unique capacity to alter their
surroundings, creating objects and systems imbued with meanings beyond their natural
functions. Early hominins may have conceptualized relational frameworks and folk notions of
time, space, and force through observing nature, contributing—through embodied activity—to
the development of symbolic systems such as storytelling and to causal reasoning about the
properties and functions of materials like sticks, stones, fire, and water [41]. Here, storytelling is



seen as an early technology—an object—of emotional and communal survival. These early
insights may have laid the cognitive groundwork for psychological understanding and causal
reasoning, as illustrated in Figure 1.
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Figure 1. Conceptualization of early human causal cycles from observation and experience

By examining how early objects might have been created and why, students can postulate causal
chains of knowledge and culture, gaining insights into the foundational connections between
design, emotional motivations, and cultural evolution. This approach encourages students to
view technology not only as a series of technical advancements but as deeply intertwined with
human development, nature, emotional dynamics, and cultural values.

As humans began making tools and simple technologies for survival, both evolutionary biology
and the emotional and cognitive dimensions of love—rooted in empathy, compassion, and care—
played integral roles in shaping early design practices in relation to nature [42]. These relational
dynamics likely emerged through evolutionary processes that favored offspring survival and the
nurturing of social bonds [43], [44]. Archaeological and anthropological evidence shows that
early humans formed cooperative groups, which developed technologies such as stone tools,
basketry, farming techniques, and shelters [7], [41], [45]. In reinforcing group cooperation and
communal well-being, these dynamics contributed to the development of tools and systems that
addressed both individual and collective needs [41], [43]. Humans also display reciprocal
altruism, extending cooperation beyond kinship to larger social groups [46], [47], with gratitude
likely playing a key role in fostering cooperative emotions and behaviors [48]. In this way, love
became central to both survival and technological development. Some early human societies
practiced cyclical habitation patterns—settling to farm, hunt, and gather before moving on to let



the land regenerate—demonstrating a design approach deeply attuned to regenerative rhythms of
nature [7]. While technical reasoning guided function, emotional intentions shaped form,
infusing early technologies with meaning beyond mere utility [49]. Over time, these dynamics
have continued to shape human interactions and our relationship with the more-than-human
world. What began as practices rooted in care and reciprocity toward nature has, however, often
shifted toward control and extraction, contributing to ecological imbalance. Figure 2 illustrates a
conceptual knowledge chain linking love and its attributes to design through experience.
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Figure 2. Conceptual knowledge chain between love’s attributes and design

This conceptual framework offers valuable insight for engineering students by illustrating how
love, empathy, compassion, and care might have manifested in action, influencing human
development and technological practices across time. It also aids students in recognizing how
these dynamics have evolved through various historical and cultural contexts.

These early human activities engaged psychological processes such as planning, motor control,
and observation, illustrating how cognitive and emotional capacities jointly shaped early design
and technological innovation. As human cognition evolved, creative expression—seen in cave
paintings and animal sculptures—reflected the emotional motivations underlying both
technological and cultural development [50]. Over time, traits such as empathy, sympathy,
aesthetics, and the use of tools to extend human capability became embedded in human behavior.
This convergence of emotional insight, practical reasoning, and imagination forms the
foundation of how humans engage in design, where creativity and intuition collaborate to
identify needs and generate innovative solutions [51].

Figure 3 conceptually illustrates this cognitive dynamic, showing how sensing, reasoning, and
imagination give rise to perception. Through a feedback loop, perceptual expectations are
updated in an active process of attention, experience, and memory, leading to causal inferences



about the world. Imagination and reasoning—fundamental aspects of human cognition—may
have contributed to the evolution of traits such as empathy, sympathy, and moral reasoning,
which form the basis of ethical understanding [52], [53].
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Figure 3. Conceptual interplay between reason and imagination giving rise to causality

This figure helps students understand how cognitive processes relate to empathy and ethics and
how they might serve as a foundation for creative processes—highlighting their role in shaping
causal understanding and informing design thinking.

While the influence of love on design and technology has fluctuated throughout human history,
its potential relational and motivational power could be deeply relevant for engineering
education today. Design is not only a technical process but also a social practice—one that
shapes how people collaborate, adapt, and engage with their environments. Educators can
support students in exploring how values such love and its attributes might influence
technological choices and broader social outcomes. Drawing from the humanities and cultural
studies may further challenge dominant design paradigms, prompting students to view
technology as an expression of ethical commitments and relational values.

The humanities, arts, and social sciences offer valuable insights into how humans experience
love, illuminating its complexities, cultural expressions, and ethical dimensions. Across time,
love has been recognized as a transformative force—shaping not only personal relationships but
also social values and creative practices [54]. Ancient Western philosophers such as Empedocles,
Plato, Lucretius, Seneca, and Plotinus examined love in its many forms—familial, fraternal, and
self-love—emphasizing its role in fostering harmony, unity, and reflective thought [55]-[57].
These ideas resonate with engineering concerns around teamwork, ethical awareness, and
collective responsibility in design. Similarly, Shakespeare’s sonnets and plays portray love as a
dynamic force that fuels connection, imagination, and moral questioning [58]. His work reveals
how love can inspire empathy, challenge convention, and expand human understanding.



In parallel, sacred texts such as the Bhagavad Gita explore love through the lenses of bhakti
(devotional love) and karma yoga (selfless action), emphasizing love and care as guiding
principles for ethical conduct, ecological harmony, and alignment with a greater whole [59].
Likewise, the Tao Te Ching frames love not as sentiment or control but as attunement to the
natural flow of life [60]. Its principle of wu wei—acting in harmony with nature rather than
against it—offers a powerful metaphor for relational design, ethical restraint, and ecological
balance in engineering practice. These philosophical and literary traditions offer students critical
insights into love as a relational force that extends beyond individualism, encouraging them to
view design and technology not merely as tools for solving problems, but as a medium for
shaping relationships, responsibilities, and ways of being.

Cultural records from early civilizations further illuminate love’s formative role in social life,
values grounded in the natural world, and communicative and creative practices. Ancient writing
systems such as cuneiform and hieroglyphics documented expressions of love in both romantic
and communal contexts. For instance, the “Love Song for Shu-Sin” (c. 2000 BCE) from
Mesopotamia ties love to fertility rituals and collective survival [61], while Egyptian love poetry
(c. 3000 BCE) links affection to nature and the flourishing of community life [62]. These sources
reflect how love historically motivated actions that sustained both human and environmental
systems—an understanding that resonates with contemporary calls for ethical and holistic
approaches to design [30].

Building on these historical foundations, the cognitive dimensions of love further illustrate its
role in shaping ethical and design-oriented actions. Figure 4 conceptually illustrates how, in
cognition, love—imbued with empathy, where empathy emerges through perceptual expectations
and causal inferences—gives rise to compassion, care, action, and design.
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This visualization distills key ideas about love’s role in empowering empathy and compassion,
and through caring action, its influence on design. It helps students reflect on how relational and
emotional cognitive dynamics shape processes of creative synthesis and ethical judgment. Love,
acting as a cognitive guide, can inspire a moral compass that encourages students to prioritize
compassion and ethical solutions, fostering a deeper emotional resonance that leads to actions
grounded in empathy and care, rather than purely rational or utilitarian logic, and cultivating a
profound sense of duty and responsibility.

Psychological research underscores how love shapes human relationships by promoting
cooperation, ethical decision-making, and emotional regulation [63]. Love's emotional,
cognitive, and behavioral dimensions highlight the diverse ways it is experienced and expressed,
offering a deeper understanding of its role in human development. A key factor in this process is
compassion, which integrates sympathy, empathy, concern, and a desire to alleviate suffering
[64]-[66]. Unlike empathy, which involves either emotionally sharing or cognitively
understanding another’s feelings, compassion includes a motivational drive to act, prompting
individuals to provide care and support [67]-[73]. Compassion can emerge from this empathetic
understanding, as it nurtures emotional bonds and fosters the relational dynamics characteristic
of love [64], [65]. Additionally, attachment plays a central role, incorporating attraction,
intimacy, affirmation, and support, as well as relational elements like commitment and
communication [74], [75]. These qualities work in tandem with emotional regulation, beliefs,
expectations, reciprocity, altruism, and self-esteem to sustain and deepen relationships [72], [73].
Together, they form a complex network that underpins love's profound influence on human
development. These insights align with foundational theories of motivation and growth, where
love and compassion are not merely relational forces but essential components of self-
actualization and social responsibility [76]-[79].

In The Art of Loving, Erich Fromm (1956) describes love as an orientation of character that
shapes how individuals relate to the world [80]. He argues that self-love—alongside care and
respect for others—is essential for both personal and professional growth. Students come to
better understand and more deeply appreciate self-love by learning about the role of parents and
caregivers in early childhood development—particularly in shaping self-love, object
permanence, and healthy boundaries through the accurate mirroring of emotions [81]-[85]. They
also explore how the functions of love are expressed in distinctly human ways. Students examine
how deep understanding can emerge through the experience and practice of compassionate love
[86]. Similarly, Abraham Maslow’s hierarchy of needs positions self-esteem as a key driver of
motivation and achievement, with self-love serving as its foundation [78]. Self-love fosters
introspection and self-reflection, supporting the discovery of one’s talents, the pursuit of goals,
psychological well-being, and the capacity to build meaningful connections.

For students, understanding the inner dimensions of love—defined as the absence of
indifference—is closely tied to developing compassion and care. Building on this foundation,
students scaffold new insights about love and care onto their existing conceptual frameworks,
integrating this knowledge into valued structures of understanding. This process enables them to
reflect on and reorganize their assumptions, aligning emotional insight with a holistic design
methodology grounded in love and ethics.



The psychological aspects of love—sympathy, empathy, compassion, and care—are essential not
only for sustaining human relationships and societies but also for driving acts of creation,
problem-solving, and innovation. These emotional dynamics extend beyond human relationships
to encompass non-human entities, such as animals, ecosystems, and the environment. The
intrinsic desire to alleviate suffering, foster emotional security, and promote well-being can
manifest in practical actions, such as designing tools, technologies, and systems that serve not
only functional purposes but also ethical and compassionate goals [87].

In Awakening Loving-Kindness, Pema Chddron explores love from a Tibetan Buddhist
perspective, emphasizing how love motivates ethical action and reveals our interconnectedness
with all beings [88]. This view aligns with Buddhist teachings, such as those found in the
Dhammapada, which describe love through metta (loving-kindness) and karuna (compassion)
[89]. These teachings frame love as an active practice grounded in non-harming,
interdependence, and mindful awareness—principles that resonate with ecological thinking and
relational ethics in design. They provide students with a lens to view engineering not merely as
technical work, but as an opportunity to cultivate compassion, relational awareness, and systems
thinking that support both environmental harmony and more-than-human flourishing.

This interplay between emotion and action also aligns with findings in evolutionary biology and
the psychology of social behavior [90]. While natural selection has favored competition, it has
equally supported cooperation, generosity, and prosocial tendencies [91]. In How the Mind
Works, Steven Pinker frames this balance as a “difficult engineering problem”—a complex
negotiation between competitive and collaborative impulses shaped by neural design and
evolutionary pressures [92]. For engineering students, understanding these evolutionary tensions
offers valuable frameworks for exploring the ethical dimensions of their work, particularly in
relation to collaboration, interdependence, and responsibility.

Engineering as a profession embodies this duality: it creates technologies and systems designed
to address both human and ecological challenges, while simultaneously giving rise to new
ethical, environmental, and societal dilemmas. This is particularly evident in the ways
technology is employed—on the one hand, to support economic sovereignty and national
security; on the other, to advance global cooperation, educational access, public health, and
environmentally neutral energy systems. This dual role mirrors the evolutionary tension between
competition and cooperation—what Pinker refers to as a “difficult engineering problem.” In this
context, engineering is not only influenced by such tensions but must actively engage in
resolving them. These contradictions are also mirrored in the way engineering is taught, where
an emphasis on rigor, precision, and analytical thinking often frames solutions as singular and
objective, leaving little room for ambiguity, empathy, or negotiation.

By examining these historical evolutionary aspects, students can gain insight into how design has
consistently been shaped by emotional and relational dynamics. Understanding this history
reveals how these forces can inspire innovative approaches to addressing contemporary
challenges with care and ecological consciousness. Viewed through the framework of love, its
attributes, and technology, this history provides valuable perspectives on how the psychological
dimensions of love can transform current design practices and relational dynamics.



Compassion’s Extension to Nature in Engineering Education

Extending students’ compassion to nature—both living and non-living—remains a challenge
within complex, technology-driven systems and dominant models of engineering education [11].
As engineering affects the environment at every stage—from resource extraction to long-term
degradation—integrating ecological principles across engineering curricula is essential for
fostering systemic change [93].

Humans' ability to adapt is rooted in visual thinking, abstraction, and goal-directed reasoning—
transforming matter for practical purposes that began with a deep relationship with nature [94].
Yet technological advancement has distanced us from nature, rendering it an abstraction
encountered through digital screens rather than through direct, embodied experience [95].

This disconnection raises a critical question: While we may empathize with ecological crises, do
we feel a moral imperative to act on that empathy? Students would benefit from a curriculum
that not only examines the profession’s role in ecological loss but also encourages compassionate
reflection on their personal impacts. As historian James Burke [96], [97], suggests, technological
interconnectedness accelerates innovation, but when this acceleration outpaces human
adaptability, what are the consequences for agency, liberty, and privacy?

This paper suggests that as technological systems hasten change, they instigate instability in
social structures and ecosystems, fostering a profound disconnection from nature. As people
devote more time and attention to technology, their focus shifts away from environmental health,
exacerbating the Anthropocene. This shift from the physical, grounded world to a digitally
mediated way of being further accelerates ecological decline.

To foster a more meaningful connection to nature, engineering education could incorporate
emotionally resonant, historically informed, and culturally diverse perspectives that foreground
ethical and sustainable design. In The Spell of the Sensuous, David Abram argues that modern
societies have become increasingly disconnected from their sensorial and embodied relationships
with the more-than-human world [19]. He maintains that this reciprocal relationship with nature
is vital to our perceptual vitality—suggesting that it is through this connection that human beings
remain fully sentient, grounded, and responsive to the living world.

This paper proposes that although humans emerge from the non-human-made world of nature,
engineering has expanded the domain of the more-than-human to include technological
systems—entities that now operate alongside natural processes, sometimes intensifying,
disrupting, or abstracting from them, often without adequate consideration of their ecological or
ethical implications [98]. The usage of the term more-than-human has been extended to include
complex technological systems, such as Al-driven infrastructures [99]. This raises a critical
question: How might the ethical framework of holistic design—with its emphasis on love and the
extension of moral value to the natural world—apply to machines? While this paper does not
focus on that extension, it remains an essential issue for engineering students to consider,
particularly in light of postnatural conceptions of nature, where human-made systems are viewed
as part of, rather than separate from, the natural world. Such perspectives invite important ethical



reflection on agency, responsibility, and the potential extension of moral consideration to
technological entities [100], [101].

Engineering students could also gain deeper insight by examining the extent to which
contemporary practices distance the human mind from its historically embedded relationship
with the natural world. The consequences of this disconnection are increasingly observable,
particularly among children, who have fewer opportunities and diminishing inclinations to
engage with nature—due in part to the competing presence and allure of digital technologies
[95], [102]. Students could be further supported by engaging with works that articulate a deep
reverence for nature, including the contributions of artists such as Monet and Audubon,
naturalists like Muir and Thoreau, poets including Wordsworth, Dickinson, and Whitman, and
scientists such as Carson and Wilson. These perspectives suggest that love for nature transcends
disciplinary boundaries and provide compelling models for holistic environmental understanding
[103]-[111].

Advanced systems technologies, often framed as universal solutions, can obscure risks—such as
social inequality, addiction, and detachment from the natural world [112], [113]. Communication
technologies that enable connection are also embedded in Al systems that foster dependency and
constrain choice. To counter these effects, students should learn to practice love-based,
empathetic, and compassionate thinking in both classroom practices and applied design. This
would encourage them not only to critically and holistically examine the consequences of the
technologies engineers create but also to periodically disconnect from digital systems and
reconnect with nature, cultivating care that extends beyond human concerns and supports
ecological balance and environmental stewardship.

Reclaiming Design Through Love, Compassion, and Care

Critical scholars have argued that as emotional and relational dynamics evolved alongside
technological development, political and economic power structures co-opted love and care to
reinforce systems of patriarchy and hierarchy [17], [114], [115]. These dynamics have shaped
technologies that prioritize control, efficiency, and profit over collaboration, reciprocity, and
relational well-being [116]—-[118]. Concurrently, insights from neuroscience and psychology have
informed the design of technologies that position humans as commodities within consumer
societies [119], [120]. For example, while phones were originally intended to foster
communication and connection, contemporary mobile devices often serve as tools for data
extraction, surveillance, and behavioral exploitation. Al-driven algorithms now manipulate
attention, desire, and social interaction to serve governmental and corporate interests—often at
the expense of collective well-being.

This shift reveals how emotional needs can be engineered and redirected toward consumption
and control, rather than mutual care or collective empowerment. Within dominant capitalist and
industrial systems, design is frequently driven by profitability, reinforcing extractive models that
marginalize emotional depth, ecological stewardship, and reciprocal relationships. These patterns
reflect broader paradigms—such as neoliberal capitalism, the military-industrial complex,
colonial extractivism, planned obsolescence, and technocratic rationalism—that commodify not
only natural resources and labor but also human emotion and connection [116], [121].



In contrast, diverse traditions—including Indigenous knowledge systems, cooperative
economies, and non-exploitative modes of production—offer alternative approaches grounded in
care and reciprocity. Within these traditions, love—understood as both care and creative desire—
provides a framework for challenging dominant logics of efficiency, control, and
commodification. Across cultures and histories, love has informed design as compassion (the
drive to alleviate suffering) and as creative desire (the impulse to make meaning and foster
belonging). As a generative relational state, love cultivates responsibility and attentiveness,
guiding designers to respond to both human and more-than-human needs.

Here, compassion is not merely an ethical impulse but a character stance—one that resists
dehumanization, environmental degradation, and technological manipulation. It can inform the
design of inclusive public spaces, counteract exploitative behavioral technologies, and support
sustainable products aligned with ecological well-being [64], [91], [93], [122].

While many engineering textbooks frame design around technical specifications, they often
overlook its emotional and ethical dimensions [123]. The phrase Design Thinking as a design
process emerged in the 1950s, emphasizing the unlocking of creativity and empathy in
engineering students [124], while later contributions highlighted the importance of addressing
emotional, intellectual, physical, and sensory needs [125]. In contrast, design thinking refers to a
human cognitive process involving the mental framework used in design problem-solving.

Empathy is now widely recognized as a cornerstone of Design Thinking, enabling designers to
understand users’ experiences [125]. It has become increasingly valued in engineering education
and human-centered methodologies [126]. Yet empathy alone is insufficient; it can be distorted
by unconscious bias or cultural blind spots [73]. Compassion—an action-oriented form of
empathy grounded in love—guides the ethical and ecological dimensions of design by fostering
deeper listening, reflexivity, and accountability. It encourages designers to challenge
assumptions, recognize diverse ways of knowing, and expand the scope of design to embrace
holistic valuing. While human-centered design typically begins with empathy [127], integrating
love, care, and compassion—alongside insights from psychology and neuroscience—could
transform student design thinking into a more relational and holistic practice. Understanding the
interplay between emotional and rational cognition supports richer, more grounded approaches to
engineering design. Where empathy helps designers feel with others, compassion motivates them
to act.

For instance, a designer empathizing with flood-prone communities may understand their fears,
but compassion—rooted in love—can inspire a deeper sense of care, prompting the designer to
embed themselves within and engage directly with both the community and the surrounding
ecological systems to co-create solutions that address the social and environmental dimensions of
climate change.

Love deepens awareness of interdependence, while compassion activates that awareness through
inclusive, ethical action. A love-centered, holistic design relationship can also help students
understand their role as protectors of human dignity—recognizing neurodivergent ways of being
not as problems to be fixed or erased through future technologies like CRISPR or neural
interfaces in pursuit of a perceived norm, but as differences to be respected and supported.



Holistic design thinking reorients design paradigms by centering love and compassion as
relational foundations, advancing a more interconnected understanding of humans, nature, and
technology. By exploring how love can reshape engineering relationships, educators, students,
and practitioners can reimagine design as a practice grounded in care, sustainability, and justice.

Love as a Starting Point in Holistic Design Thinking

Love has been proposed as a starting point for a Holistic Design Thinking (HDT) methodology
[20], [30]. Grounded in a pedagogy of transdisciplinary knowledge and holistic practice [20], this
methodology challenges traditional engineering education by positioning love, its attributes, and
related ethical commitments as both the starting point and the guiding core of the design
methodology taught and practiced by students.

HDT integrates these principles within a continuous, cyclical relationship—acknowledging that
design is not a linear progression, but an ongoing process of reflection, evaluation, and
adaptation based on interaction. Its framework is responsive to both human and ecological needs.
It invites students to engage through iterative cycles of experience, reflection, abstraction,
evaluation, and refinement, ensuring that design practice remains ethically grounded and
emotionally attuned. Figure 4 illustrates this dynamic relationship, highlighting the enduring

centrality of love and ethics in HDT.
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Figure 4. Holistic Design Thinking relationship

HDT is defined by its iterative structure, consisting of three main cycles: (1) understanding, (2)
observing, and (3) resolving needs. Importantly, “resolving” does not mean fulfilling every
human or machine requirement; rather, it involves critically evaluating long-term implications
across ecological and social systems—and, when necessary, choosing not to proceed with a
design. This approach helps ensure that technological development is not treated as value-neutral
but is ethically examined for its holistic impacts. Each cycle informs the next and the previous,
allowing the design to evolve with growing ethical awareness and a commitment to more-than-
human relationships and responsibilities.



The first cycle of HDT centers on love, empathy, and ethics in identifying needs. Figure 5
illustrates the micro-cycle of love that guides this initial stage of ethical understanding and

design engagement.
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Figure 5. Micro-cycle of love in ethical understanding

This micro-cycle examines the relationship between love, empathy, compassion, and care in
recognizing, understanding, and defining needs. HDT emphasizes that love is not merely an
abstract ideal but an actionable force that fosters introspection, ethical reflection, and
collaboration in design resolutions.

The second cycle builds on the first by centering curiosity and research, leading into a third cycle
of ideation, prototyping, and evaluation. Designers move fluidly between analysis, synthesis, and
reflection, enabling continuous refinement and ethical awareness at every stage. Rather than
simply solving problems, the cyclical structure fosters creativity, philosophical inquiry, and
ongoing ethical engagement. This iterative approach reinforces a dynamic relationship between
the designer, human communities, and the more-than-human world. As students move through
each cycle with collaborators, they refine their thinking through reflection, aligning their work
with compassionate and ethical aims. Figure 6 illustrates this progression, with dashed lines
representing the nonlinear interconnectedness across cycles.
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Figure 6. Continual access to cycles of assessment within the nonlinear relationship

The figure illustrates how these cycles interconnect, enabling designers to revisit earlier phases,
respond to emerging insights, and iterate toward loving and ethical resolutions. This nonlinear
approach is essential for navigating complex system design challenges, where solutions must



evolve through ongoing reflection and adaptation rather than being predetermined. HDT
positions design as a relational act—one that acknowledges interdependence and the need to
value human and ecological relationships.

Ultimately, incorporating love- and compassion-informed principles into engineering education
invites students to move beyond problem-solving toward care-driven innovation—tresolving
issues collaboratively with humility, a sense of interconnectedness, and a long-term commitment
to the well-being of all life.

Research Methodologies

This study builds on the previously established conceptual framework that begins engineering
education with the study of love, using this perspective to explore empathy, compassion, care,
ethics, design, and engineering. It focuses on whether treating love not as a supplementary theme
but as a foundational lens can be conceptualized, taught, and implemented within
transdisciplinary knowledge frameworks in secondary and postsecondary engineering courses.
Specifically, it examines how this approach might deepen students’ understanding of love,
empathy, and ethics in relation to technology, design, and engineering practices.

The research investigates how framing love as both a subject of study and a guiding principle in
design influences students' perspectives on design thinking, interpersonal relationships, and
ethical responsibility. It also explores how the qualities associated with love—such as self-love,
communication, and care—can deepen collaboration, trust, introspection, self-reflection, and
ethical reasoning within team-based design thinking.

This part of the study considers how such qualities inform a relational pedagogy in engineering
education and influence students’ holistic understanding of design and professional identity as
engineers. To explore these dimensions, the study addresses the following questions: How do
students engage with, perceive, and respond to the study and practice of love, empathy, and
ethics as central to engineering education, including any challenges or resistance they encounter
[RQ1]? How does this engagement shape their understanding of these concepts and their
relevance to engineering [RQ2]? How do students’ attitudes toward engineering shift when they
engage with relational and emotional content [RQ3]? What are the broader implications of
beginning engineering education with love, empathy, and ethics—for both individual students
and the discipline [RQ4]?

To investigate these questions, a range of qualitative methods were used [128], including
classroom observations, student work artifacts, conferences, interviews, and surveys. Survey data
were collected through the university’s course feedback system, which gathers insights to
improve teaching and learning. Longitudinal secondary data were also gathered post-graduation
through follow-up interviews to explore students’ longer-term reflections on their learning
experiences.

Subjective and qualitative findings were analyzed using comparative and contextual approaches
to examine interactions between relational dynamics and pedagogical strategies. These analyses
were aligned with the research questions and aimed to generate theoretical insights into



transdisciplinary relational teaching and its impact on students' cognitive and emotional
development.

Given the personal nature of love, qualitative methods—particularly interviews and group
dialogues—were essential to capturing participants’ lived experiences, emotional responses, and
motivations. Responses were categorized within transdisciplinary knowledge frameworks, linked
to pedagogical outcomes, and examined for trends and patterns using theory-building
approaches. Causal relationships were considered in the context of observed interactions.

By centering student experience, this methodology supports iterative cycles of reflection and
refinement in engineering pedagogy. The findings offer practical insights into how beginning
with love as a way of knowing and being can enhance student engagement, ethical
understanding, and relational awareness in engineering education.

Application

The transdisciplinary focus on love as a foundational element in student learning, paired with the
use of a Holistic Design Thinking (HDT) methodology rooted in love, has been applied across
various educational levels. These include eight senior-level, year-long secondary courses, seven
single-semester undergraduate courses, and four graduate-level courses. Additional applications
included junior high courses, capstone projects, and independent studies. Elements of pedagogy
and methodology continue to evolve and have been extended into postsecondary
transdisciplinary honors courses.

At the secondary level, students from several different public schools met for half-day sessions at
an off-campus location throughout the entire fourth year of high school. The secondary
experience was based on a holistic and transdisciplinary pedagogy that also fulfilled public
school credits in engineering, English, economics, and civics [20]. Postsecondary courses were
developed through a three-year pilot program available to all engineering majors as electives at a
private university. Undergraduate and graduate interdisciplinary courses typically spanned one
semester (with some design projects extending over two). Class sizes were small (typically fewer
than 10 students), allowing for a focus on emotional and cognitive development, as well as
individualized feedback and mentoring.

The instructor developed the pedagogy and curriculum and taught all courses. They held a Ph.D.
in engineering, with professional experience in research, design, systems, and project
engineering, as well as managerial roles. Their teaching and mentoring experience spanned both
secondary and postsecondary levels, supporting the implementation of transdisciplinary,
reflective, and relational pedagogical practices.

The pedagogical philosophy includes a conceptual framework that positions love as the core of
engineering education. Rooted in holistic education and informed by constructivist and
experiential learning theories, neurobiological models of learning, relational ethics, affect theory,
and more-than-human perspectives, this approach positions love and its attributes as foundational
knowledge—shaping how students engage with ethical reasoning, collaboration, and design [19],
[25], [76], [129]-132].



A host of pedagogical tools were employed, including reflection circles, dialogues, mentoring,
individual conferences, and a digital-free classroom environment that emphasized analog
practices. The consistent use of analog tools across all aspects of student learning helped promote
focus, sustained attention, self-awareness, and intrinsic motivation. Central to the analog practice
is a blank-page notebook, which students use to document experiences both inside and outside
the classroom—including observations, thoughts, reflections, ideas, experiences, notes, sketches,
coursework, ideation, and design concepts. Rooted in holistic education principles, this tool
fosters nonlinear thinking and creativity, engaging both cognitive and emotional processes
[20],[30]. By allowing students to express their thoughts and feelings through a range of
practices, including reflective writing and sketching, the notebook serves as a valuable outlet for
emotional and cognitive expression. This practice aligns with the neurobiological model of
learning, which emphasizes the integration of emotional and cognitive faculties to enhance
learning outcomes. Through this process, students cultivate self-awareness and emotional
intelligence—fundamental components of the holistic approach to education—and deepen their
understanding of design thinking.

Other core practices include cultivating awareness of emotional and cognitive engagement;
participating in daily, instructor-facilitated reflection circles; engaging in analog critical reading
with annotation and marginalia; and practicing reflective, analytical, and critical writing.
Students also develop collaborative communication skills through perspective-taking, active
listening, empathetic listening, dialogue, presenting ideas and work, ethical analysis, and design
projects—complemented by time outdoors.

The first transdisciplinary knowledge domains introduced—Ilove and its attributes, modes of
thinking, communication theory, and ethics—are explored as foundational to the curriculum.
These areas help students build emotional intelligence and cognitive depth, setting the stage for
more complex work with relational dynamics and design thinking. The curriculum then uses this
foundation to provide broader transdisciplinary knowledge before gradually transitioning this
integrated awareness into individual exercises, structured design problems, and eventually, real-
world projects—where insights from these foundational domains support collaborative, context-
sensitive solutions.

Through this pedagogy, students develop fluency in design thinking while engaging flexibly with
critical, causal, visual, scientific, and other modes of thinking and inquiry, learning to recognize
how everyday habits, behaviors, and interactions involve design thinking, shaping both
relationships and social patterns. Early emphasis on self-love, self-awareness, intrinsic
motivation, compassion, and character nurtures personal growth and lays the foundation for
meaningful teamwork. Practices such as empathetic listening and reflective dialogue deepen
emotional awareness and illuminate relational power dynamics, preparing students to engage
design challenges with ethical and compassionate sensibilities. Design is framed as inherently
relational-—rooted in how individuals treat themselves, others, and the environment—where
compassion is emphasized as essential to collaborative problem-solving.

After establishing a foundation in the integration and synthesis of knowledge across multiple
disciplines, students engage in real-world design projects that emphasize relational and causal



principles, as well as collaboration—without relying on computerized or prepackaged
technological tools. The designed outcomes—whether a tangible object or a conceptual idea—
are not the central focus; rather, they serve as a context for building and practicing relational
dynamics. Grounded in a transdisciplinary, constructionist pedagogy, the approach emphasizes
student-centered, active, and cooperative learning. It employs relational methods to explore how
interpersonal dynamics and emotional responses influence engagement. By fostering self-
awareness and empathy, the methodology supports compassionate, team-based learning—
especially as students encounter increasingly ambiguous, complex, and open-ended design
challenges.

All courses brought together students with diverse disciplinary interests—including various
branches of engineering alongside other academic fields—creating a dynamic and integrative
learning environment. Drawing from the humanities, social sciences, physical sciences,
architecture, and engineering, the curriculum supported holistic learning and enabled students to
approach complex design problems from multiple perspectives. This integration and sustained
engagement across transdisciplinary forms of knowledge provide the foundation for student
learning and engagement in HDT, fostering a more relational, reflective, and ethically grounded
approach to engineering education.

Assessment strategies in the courses were designed to cultivate students’ intrinsic motivation and
self-awareness. These included rubrics, periodic checkpoints, self-assessments, and individual
student—instructor conferences, along with formative input from peers and outside professionals.
A central focus was on developing students’ capacities for self-love, introspection, and personal
growth.

Weekly prompted written reflections invited students to evaluate their learning, identify areas for
growth, and develop action plans, which were then discussed during one-on-one conferences.
Students then implemented these action plans, testing them out in practice, which became an
integral part of the ongoing cycle of reflection, feedback, and refinement. This process supported
academic progress while fostering relational and emotional intelligence, ethical reasoning, and a
deeper sense of life purpose.

The courses described in this study were implemented within unique and often fragile
educational ecosystems that may be difficult to replicate due to structural and contextual
constraints. These include economic limitations (e.g., small class sizes), political hesitancy (e.g.,
resistance to framing love as a core subject in engineering education), and institutional factors
such as time constraints typical of single-course offerings and variability in instructor experience.

Results

The pedagogy has been implemented across a range of engineering courses, including
undergraduate, graduate, and secondary-level offerings. While transdisciplinary outcomes for
secondary graduates and postsecondary students have been examined in previous publications
[29], [30], this paper extends the conceptual framework and analysis by focusing specifically on
how students’ study and practice of love—and its attributes—impact their relationship with
design, engineering, and technology.



The results presented here address the research questions [RQ1-RQ4], focusing on how love,
empathy, and ethics are examined and practiced within engineering education, and how these
concepts shape students’ self-awareness, design thinking, and relational dynamics. These results
also contribute to evaluating the conceptual framework underpinning the pedagogy. Given the
interconnected nature of the qualitative findings, strict categorization by individual research
questions is not fully feasible. Instead, a contextual approach is employed to explore patterns in
students’ thinking, language, and expressions—both individually and in group interactions—as
shaped by pedagogical strategies. Visual anchor callouts are used to link specific responses to the
corresponding research questions. A central finding is that concepts such as love, empathy,
ethics, and design often appear entwined in students’ perceptions of engineering.

Longitudinal interview data from graduates of the secondary program reveal that while “love”
was occasionally self-selected as a valued form of transdisciplinary knowledge, “empathy” and
“ethics” were selected far more frequently. The themes most emphasized overall were the
Holistic Design Thinking (HDT) methodology and critical reading. Notably, students’
appreciation for critical reading increased significantly from secondary to postsecondary levels.
Although love, empathy, and ethics are central components of the modes of knowledge taught
and the HDT methodology, the comparatively limited emphasis students place on love as a
standalone concept may suggest that they perceive it as less relevant to engineering practice as
they advance through college. This trend may reflect broader societal norms in which love is
seldom foregrounded in academic or professional contexts.

This perception may begin early in students’ educational experience. Some secondary students
initially expressed discomfort engaging with the theme of love in an engineering setting. One
student remarked, “The first book that we read in the class was called 4 General Theory of Love
[133]. At first, I thought it was a bit of a joke to be reading that in an engineering class when all I
had ever been taught about engineering was that you needed to be creative and have a
mathematical brain.” Such expressions of unease underscore the cultural and disciplinary
challenges of introducing traditionally non-technical values, such as love, into engineering
education. The more frequent selection of empathy and ethics may reflect a stronger perceived
connection between these values and conventional engineering goals. [Relates to RQ1]

In a written reflection on the first chapter of 4 General Theory of Love, another secondary
student commented on the psychological and social consequences of poor relationships, noting,
“in the absence of good relationships, one can become satisfied with bad ones.” They linked this
idea to the quote, “If you aren’t served love on a spoon, you learn to lick it off a knife,”
emphasizing the importance of understanding how attachments form and how self-worth
develops—both from psychological and neurobiological perspectives. The student framed these
insights as foundational to maintaining curiosity, well-being, and the self-reflective capacity
needed to engage meaningfully with complex engineering challenges. Another student framed
learning about “love as necessary for having compassion for yourself, for self-love.* [Relates to
RQI1 and RQ2]

Keyword analysis revealed that “love” appeared approximately half as often as “empathy” and
“ethics” in student discourse. However, qualitative data suggest that when students did reference



love—particularly in conferences and reflective writing—they often did so with a passionate
connection between love, life skills, and engineering practice. These reflections were described
as shaped by their evolving relationship with the curriculum, a deeper and more connected
understanding of concepts, and their peer interactions, especially in terms of how love could
inform their approach to design. In working with the HDT methodology, students said it
“reshaped my understanding of the missing intricacies of my concepts about being an engineer”
and “the better you can interact and connect with others the more of a positive impact you can
have on each other’s lives.” Notably, non-prompted reflective writing produced more frequent
and nuanced references to love compared to non-prompted in-person responses. [Relates to RQ4]

Despite some students’ initial skepticism, many ultimately described their experiences with love
being taught in an engineering course as transformative. One student reflected: “Many new and
important lessons about how to approach problem-solving... considering ethics and love before
making decisions.” Another spoke of a renewed commitment to “making a positive impact on the
world through engineering,” emphasizing that “the design process we learned is based so much
on empathy and ethics because of the responsibility that engineers have when designing and
developing solutions.” Students also reported applying these principles beyond the classroom,
noting efforts to integrate “ethics and love into all aspects of engineering and even everyday
life.” Such responses suggest that students not only internalized key concepts but also
experienced character development through this pedagogical approach. For example, a third-year
postsecondary student wrote in a survey that they continued to deepen their understanding of
how empathy relates to character. [Relates to RQ1 — RQ4]

Through exposure to the curriculum, students began to recognize the unexpected role of love in
engineering, “The first super surprising thing I learned from the class is just how involved love is
in engineering. To be able to help others and fulfill their needs, you need a base of love that then
leads into empathy.” The connection between love and empathy—which can foster compassion
and care in action—was highlighted in several student reflections and supported by observational
data. For instance, after learning and practicing distinctions between dialogue, discussion, and
empathetic listening, secondary students reported using these strategies to resolve conflicts at
home, including with a parent. This demonstrated the interplay between love, empathy,
compassion, and communication. Similarly, a postsecondary student described applying these
skills to navigate conflicts with roommates. [Relates to RQ1, RQ3, and RQ4]

Reflections also indicated a growing awareness of interconnectedness. One student wrote, “We
learned just how connected we are to each other and how connected love is to everything we do,
even engineering.” Another reflected, “[The course provided] a far deeper understanding of what
love actually is and how it can be used when engineering the needs of others.” Others
emphasized the link between personal development and empathy, noting “the importance of
learning to love yourself. Once you trust yourself and can properly self-reflect on mistakes, you
can learn how to love yourself and then empathize with others.” [Relates to RQ1, RQ2, and

RQ3]

This association between self-love and the capacity to understand others appeared frequently,
suggesting that self-awareness may enhance students’ ability to learn and collaborate. A second-



year postsecondary student noted how they recognized their decreased ability to focus and
improved it by recalling their experience with critical reading strategies from the secondary
program. [Relates to RQ4]

By emphasizing love, its attributes, and ethics, the curriculum helped students internalize these
values as central to meaningful design. The approach also appeared to promote intellectual
humility and care, preparing students to engage with the world in emotionally and ethically
attuned ways. In a postsecondary undergraduate adaptive vehicle design project for a
kindergartener with a neurodevelopmental delay, the elementary student, seated in the vehicle,
hugged one of the design students, bringing them to tears. "For me, it was the first time
interacting with children, and to be able to build something for them, to help advance their social
skills, seeing it in action was... unspeakable. I’'m not able to use words at the moment... to see it
all come together, work, and move—it brought tears to our eyes." Similarly, in another instance,
a secondary graduate, during a summer internship, described using self-awareness and empathy
to guide a group of interns during ideation toward a proposed solution, which was ultimately
chosen by management. [Relates to RQ3 and RQ4]

One student reflected, “[ This course] taught me so many valuable skills about empathy, love,
ethics, and creativity that I would not have gained elsewhere.” Interviews revealed that the
pedagogy created a supportive environment where students could reflect on and apply these
values in design contexts. [Relates to RQ4]

Several postsecondary students have continued to mention that the course helped them “figure
out what to do in life,” emphasizing the importance of mentoring and student conferences.
Another student described the course as teaching the “principles of life,” noting that the small
“learning community helped—and was not worried that everything wasn’t a straight path but one
that encouraged exploring thoughts and imagination,” fostering a sense “of belonging.” They
mentioned looking back with gratitude for the reflection circles, where they shared “thoughts and
feelings in a kind and caring, nonjudgmental space,” helping them learn to be more emotionally
self-aware. [Relates to RQ2 and RQ4]

Across written reflections, conferences, and interviews, students expressed a strong sense of
connection, frequently highlighting “the importance of ethics and empathy in design.” They
recognized how ethical design could prevent harm and increase positive impact. One student
explained, “Being able to think about ethics and empathy while designing will get me closer to
my goal of positively impacting people, as it will decrease the chances of creating things that
could harm others.” This insight reflects a key outcome of the course: the ability to adopt a
design paradigm grounded in love, empathy, and ethics. [Relates to RQ2 and RQ3]

These findings suggest that although love may not initially resonate as central to engineering,
sustained engagement with a relational curriculum—and the study and practice of love and its
attributes—cultivates a more ethically aware and emotionally connected approach to design.
Through transdisciplinary and relational methods, students began to explore the evolutionary,
psychological, neuroscientific, and historical connections between love, empathy, compassion,
and care—and between love and its attributes and technology—while recognizing the current
disconnect between technological development and ethical responsibility. [Relates to RQ4]



One secondary student, reflecting on the philosophical implications of cell phone technology’s
impact on being human, wrote, “Questions that have spawned because of this experience mainly
include the psychological effect and ethics surrounding the products we as engineers make.”
Another commented, “It [cell phone technology] has been built on a lack of ethical and
empathetic designs, driving us further into this isolated world. The hope is that in the future... we
can change the way that we deal with designs and create a more empathetic and ethical future of
technology.” [Relates to RQ2 and RQ3]

These broader insights point to the potential of relational pedagogies rooted in learning about
love to promote both intellectual and emotional growth. This approach fosters psychological
safety, supports vulnerability, and enhances peer collaboration. A second-year postsecondary
student described applying these relational skills in team settings, saying they learned to “see
differences as a strength within our group” and to “diffuse potentially hostile discussions when
the group disagreed.” Classroom observations corroborated these outcomes. During a pendulum
clock project, secondary students reported using empathetic listening, writing, sketching, and
dialogue to work through conflicting ideas in physics and design. [Relates to RQ3 and RQ4]

By centering love—and moving through emotional and cognitive empathy toward compassion
and care—the pedagogy enables students to think critically, identify diverse needs, and navigate
complex design challenges. Integrating the humanities, social sciences, and arts within this
transdisciplinary approach supported students in becoming well-rounded and more ethically
attuned. [Relates to RQ4]

For example, one secondary student, reflecting on an Emily Dickinson poem [110] in the context
of 19th-century patriarchy, emphasized the importance of trust and the role of science in
revealing systemic inequities. They described the balance between emotional insight and
scientific reasoning as crucial to engineering, where both social dynamics and technical
knowledge are deeply intertwined.

Another student, responding to Sherry Turkle’s article “The Flight from Conversation” [134],
discussed society’s “overreliance on technology,” noting how digital devices create addictive
“purposes” that distract from being present and from finding meaning and connection. In a
reflection on the Tao Te Ching [60], the student wrote, “Without the hole in [doorway into] the
room, it would lack purpose and would be useless,” using this image to distinguish between
usefulness and benefit in design and highlighting the importance of thoughtfulness in thinking
around absence and restraint in ethical engineering practice and technological development.
[Relates to RQ2 and RQ3]

The theme of trust also emerged in a student's reflection on journalist Maria Ressa’s assertion
that “without facts, there is no truth, and without truth, there is no trust,” as well as her
statements on the impacts of digital media [135]. The student connected this idea to the negative
impacts of social media and the role technology plays in shaping thought and perceptions of
truth. They also emphasized the importance of considering the ethical impacts of what engineers
design, drawing on a chapter from Creativity, Inc. [136], which emphasizes that, while honesty
and candor in creative teams are difficult, they are essential for building trust and fostering
innovation. These student insights underscore the relevance of trust, transparency, and truth in



engineering teams and design outcomes, as well as the ethical issues surrounding the engineering
of technological systems. [Relates to RQ3 and RQ4]

Ultimately, the synthesis and integration of diverse sources and perspectives helped students
form meaningful connections between their personal experiences, societal understanding, and the
ethical responsibilities of engineering. As one student wrote, “Thinking about ethics and empathy
in design helps me aim for a positive impact, reducing the chance of harm in my engineering
outcomes.” Another student summed up the experience by saying, “This class has made me
think about how I can use my career path as not just a fulfillment for me, but for the world
around me.” [Relates to RQ3 and RQ4]

Discussion

The conceptual framework guiding this investigation positions love, empathy, and ethics as
central—rather than peripheral—to the study, practice, and pedagogy of engineering. This
reframing of engineering as a relational, ethical, and emotionally attuned discipline is reflected in
students' varied, and at times unsettled, responses. Across both secondary and postsecondary
reflections, the results suggest that centering love as a conceptual and practical anchor—rather
than treating it as an abstract ideal—can shift students’ perceptions of engineering and its broader
implications. The course activities did not merely present love as a topic for study and dialogue;
they invited students to engage with it as a methodology—prompting reflection on interpersonal
relationships and the application of ethical, empathetic reasoning and compassion in design
work. This pedagogical approach aligns with the framework’s emphasis on engineering as a
space of interconnectedness, care, and shared responsibility.

The resistance and discomfort voiced by some students highlight the challenge of unsettling
dominant narratives of engineering as purely technical or neutral—but also affirm the importance
of this work. By encouraging vulnerability, relational awareness, and ethical engagement, the
pedagogical approach implemented here embodies the conceptual framework in action, offering
a compelling model for transforming engineering education.

This study explored how students in secondary and postsecondary engineering education settings
made sense of love in engineering—including their unprompted associations with the concept, as
well as their responses to activities that invited reflection on its presence, absence, or relevance.
While some students expressed discomfort with the idea of love in engineering, many embraced
it when given the opportunity. This aligns with recent research suggesting that students can
engage with emotional and ethical complexity in engineering when prompted [137]-[139].
Importantly, students’ understandings of love were not superficial. They reflected on its
psychology and on the internal negotiations involved in being in community with others and in
caring. These findings support calls from scholars who argue that a love-informed pedagogy
should be central to engineering education [138], [140]-[142]. While these scholars advocate for
pedagogical approaches informed by love, care, and justice, the present study offers a unique
perspective by examining how students explicitly engage in both the study and practice of love—
as a methodological and reflective process—within their engineering education, influences
multiple aspects of their personal and academic lives.



Qualitative evidence suggests that students conceptualized love through frameworks resonating
with feminist, ecological, Indigenous, decolonial, and philosophical theories [17], [19], [33],
[143], [144]. These insights indicate that students can think about love in ways that extend
beyond romantic, technical, and human-centered understandings. This raises important questions
for further research, such as: What factors facilitate or hinder students’ ability to recognize and
articulate their understanding of love? How might social and cultural contexts shape the way
love is explored in engineering classrooms? How can this understanding extend our moral values
to nature, both individually and societally, through design thinking, fostering respect for and a
deeper connection to the environment and ecology?

The study also notes the influence of upfront transdisciplinary knowledge on interpersonal
relationships and teamwork, though the mechanisms behind these transformations were not fully
analyzed. Additionally, the research relies on coursework, observation, self-reported data,
conferences, interviews, and surveys—each of which carries inherent subjectivity and potential
for bias. This is particularly relevant when exploring how concepts like love, empathy, and ethics
influence interpersonal relationships, teamwork, and conflict resolution in group design projects,
as well as how students perceive their roles within the engineering field. The study does not
definitively conclude whether the holistic pedagogy leads to a deeper understanding of self or
more profound purposes, especially in traditional classroom environments.

The scope of this research—focused on secondary and postsecondary students within specific
pedagogical contexts—Ilimits its generalizability. While it highlights effective strategies, such as
the early introduction of transdisciplinary knowledge, reflective practices, experiential learning,
neurobiological models of learning, and small learning communities, there is limited evidence on
how these approaches might be scaled or adapted across diverse educational settings. This is
especially relevant when considering how students' attitudes toward engineering shift in different
environments and how practices like self-love and relational self-awareness may evolve in more
traditional settings. Addressing these gaps could strengthen the case for integrating relational and
emotional dimensions into engineering curricula.

Pedagogical practices, such as individualized weekly student conferences, show promise but
depend on emotional and cognitive attunement to each student’s needs. Building trust within a
supportive mentoring environment was crucial to students’ success, though individual differences
complicate objective assessment. The impact of a digital-free classroom, with a focus on analog
practices, showed remarkable promise, particularly in reflective practices, self-awareness, and
cognitive and emotional engagement. However, questions remain about the broader applicability
of this pedagogy, including the need for more dedicated design courses, limitations posed by
large class sizes, and the economic feasibility of implementing this holistic, transdisciplinary
approach at scale.

While the primary focus of this study was not to evaluate instructional strategies in isolation, the
findings highlight how the course’s pedagogical design—particularly its emphasis on
relationality, compassion, and emotional engagement—shaped students’ perceptions and
experiences. Activities like reflection and dialogue created space for students to consider love in
relation to the world and engineering practice, even when they initially felt uncertain or resistant.



These practices fostered trust, vulnerability, and curiosity, suggesting that pedagogy plays a
critical role in shaping how students interpret concepts like love, self-love, empathy, and ethics.
These findings contribute to ongoing conversations about justice-oriented, relational learning
environments in engineering education, suggesting that providing students directly with
transdisciplinary educational content on love may deepen their engagement with the social,
ethical, and emotional dimensions of engineering while emphasizing the importance of building
community and fostering openness in teaching practices.

It is also worth noting that students in this study connected love to a range of themes, including
engineering, technology, psychology, neuroscience, attachment, addiction, ethics, empathy,
compassion, care, communication, the environment, justice, teamwork, and relationships. These
associations suggest that love could serve as a generative entry point for students to reflect on
their identities, values, and responsibilities. Future research could explore how this pedagogy
intersects with existing ethics and design curricula or investigate its potential to influence
students' personal growth, professional values, and broader social consciousness, particularly in
relation to ecology as a whole.

Conclusions

This study underscores the potential of focusing student learning on the study and practice of
love and its associated attributes, including ethics, within engineering education. It shifts the
discipline from its traditional emphasis on technical neutrality to one that embraces relational,
emotional, and ethical dimensions. By reconceptualizing engineering as a transdisciplinary
practice rooted in care, interconnectedness, and shared responsibility, the research highlights how
fostering the active practice of love—associated with vulnerability, relational awareness, and
ethical engagement—can transform students' perceptions of the field and its societal role. The
findings suggest that when love is framed as both a conceptual and practical anchor—rather than
an abstract ideal—students engage more meaningfully with the complex challenges of
engineering. These challenges include students contemplating the implications of emerging
technologies—such as Al and robotics—that they may help create, and recognizing that if ethical
consequences are not considered prior to development, the responsibility for managing these
implications often shifts to an unprepared society, particularly regarding questions of moral
agency and operational control.

The impact of emerging technologies that engineering students must confront includes critical
questions about how we preserve our individuality in an increasingly homogenized technological
landscape. What are the implications of these shifts on an individual's sense of purpose and their
capacity to contribute meaningfully to the world? How do complex technological systems
complicate our ability to engage with reality and challenge societal power structures, particularly
as we become increasingly consumed by the need to respond to machines? Moreover, how can
we sustain care and attention for natural ecologies as interconnected technologies, designed to
capture human attention, accelerate the pace of change?

This paper raises broader philosophical questions about the role of education, advocating for the
integration of works and dialogues that examine the ethical, emotional, and relational dimensions
of technology. Drawing from the humanities, social sciences, and arts, students in engineering



can benefit from transdisciplinary knowledge that encourages them to critically reflect on how
the systems they create might prioritize subjective realities over objective ones. As technology
becomes more immersive, it blurs the line between reality and simulation, fostering escapism
and detachment from the immediate, tangible world. As we distance ourselves from empathy and
responsibility for our actions, how does this impact our ethical obligations? What aspects of
humanity might be lost as we merge further with machines? Finally, what role has love played in
technological development, and what can we learn from its historical significance in shaping
human progress?

These issues extend beyond design, prompting deep reflection on creativity, humanity, and our
shared responsibilities. Engineering curricula must confront the ethical dilemma of compelling
children to adapt to technologies that may harm not only their psychology but also their sense of
humanity. While technology undeniably offers significant advantages, its rapid adoption often
leaves vulnerable populations with the stark choice of either adapting or being excluded from the
social order. This paper focuses on education—particularly engineering education—as a key
means of addressing this dilemma. What are we truly teaching the next generation, and how are
we preparing them for a future that is evolving at an unprecedented pace? As technological
advancements consistently outpace ethical reasoning, how can we recalibrate this imbalance?
Could the teaching of love within engineering education serve as a catalyst for this necessary
shift?

Technology seeks to connect us in ways that evoke feelings of affirmation, appreciation, and
care—qualities traditionally associated with love. But is this connection truly genuine? And, if it
is, are we fully aware that through our technologies, we may be redefining what it means to be
human in ways that earlier, less complex technologies did not? How much emotional labor are
we willing to delegate to technology? These are critical questions that engineering students must
grapple with. Understanding neuroscience, psychology, and the historical impact of technology
on culture and power structures is essential. The philosophy of what it means to be human
requires knowledge across multiple disciplines, making it vital to approach these issues from a
transdisciplinary perspective. As technology becomes ubiquitous, its impact on humanity
intensifies, making it increasingly inescapable. Could a holistic view help us extend moral values
to nature, countering the dominant, technology-driven vision of a homogeneous human
existence?

Ongoing exploration of these questions—and the ways in which transdisciplinary knowledge,
particularly love and ethical reasoning, can be placed at the forefront of engineering education—
may open new avenues for shifting design paradigms. What forms of knowledge are necessary to
balance human values with technical solutions? These shifts could help preserve a more holistic
understanding of what it means to be human, in harmony with nature and our broader ecological
systems, while also addressing the complexities of the technological systems we create. By
transcending traditional educational boundaries, we may cultivate an engineering mindset rooted
in relational, ethical, and ecological awareness.
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Appendix A: Author Positionality Statement

As a male author, my identity as a parent, educator, engineer, artist, and poet deeply shapes my
approach to exploring love and its ethical attributes in engineering design education. With a
Ph.D. in Electrical and Computer Engineering and over thirty years of experience across
technical and educational domains, I offer a perspective that bridges scientific rigor and
humanistic insight.

My professional background includes roles in research, design, and management within
aerospace defense companies, as well as collaborations with universities and government
research labs, refining my understanding of engineering’s broader societal impacts. Through my
work as a practicing engineer, [ have come to believe that education should nurture not only
technical expertise and learner self-agency but also social-emotional intelligence—empathy,
ethical reasoning, and a commitment to justice in its social, economic, and environmental
dimensions.

This belief guides my teaching philosophy, which draws on constructivist and experiential
learning theories, neurobiological models of learning, and affect theory to foster holistic,
transdisciplinary pedagogies. My experiences as an educator and researcher at both secondary
and postsecondary levels have enabled me to develop and implement curricula that integrate
these values. Additionally, my work in environmental education, teaching nature skills, and
serving as a nature center director has deepened my appreciation of human entwinement with
ecosystems. Combined with my background in theology and the influence of family and
community, these experiences have reinforced my understanding of the relational and ethical
dimensions of love, compassion, and care—for both humans and the more-than-human world.

My practices as an artist and poet have reinforced my commitment to fostering student
engagement with introspection and self-reflection, essential tools for intentional and embodied
learning. These tools support critical, causal, creative, and visual thinking—often reinforced
through analog methods, as well as critical reading and writing skills.

Drawing on my experiences teaching and mentoring students and early-career engineers, [
support their intellectual, emotional, and ethical growth, advocating for a paradigm shift in
engineering education that centers on transdisciplinary knowledge, holism, and love in design.
This shift places these values at the heart of student learning, particularly in response to urgent
ecological and societal challenges. The methodologies presented in this paper reflect this
perspective, emphasizing the need for an engineering curriculum focused on the exploration and
practice of love—its qualities such as self-love, empathy, compassion, and care—as a foundation
for ethical reasoning and design thinking.






