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Abstract
Training students to be sensitive to the entanglements of technologies and social life has been an
important move for engineering educators interested in advancing generative critiques of
engineering, connecting to student values, and framing new perspectives about what engineering
can be. However, scholarship in Science and Technology Studies (STS) and Environmental
Humanities makes the case that engineering is more than sociotechnical. Environmental
conditions, forces, and agents are critical to consider in relation to technologies, too.
In this paper, we suggest that introducing students to engineering as a social, technical, and
environmental activity has productive implications. Here, we outline two main areas of pertinent
theory. We group these areas into systems theories and material vibrancy and enchantment
theories. For each of these, we 1) offer a synopsis of the insights, key texts, and implications and
2) show the utility of the approach to advance important pedagogical goals specifically related to
socially responsible engineering practices in engineering education.

Introduction
Engineering educators often seek to train students to see engineering as sociotechnical. By this,
we mean that we want them to be sensitive to how technologies and social factors intertwine;
considering how engineering has effects on society as well as how engineering activities are
social themselves, informed by the social and cultural structures in which they occur. This work
is valuable and necessary. However, approaching engineering as a sociotechnical activity can
still center human choices, actions, and effects. Such an anthropocentric approach to the world
may neglect perspectives developing in academic fields and popular culture. Educators and
students alike ask: if engineering is sociotechnical, what about animals that engineers and their
stakeholders love, the bugs that eat up their wires, the storms that destroy their photo voltaic
cells, the hazards that inspire them to action, or all that their traditional homelands mean to
them? These perspectives direct our critical attention to the relationships between humans,
technologies, and the many nonhuman beings, forces, and systems which surround and suffuse
them, allowing us to address such questions explicitly within our pedagogy.
When we teach, we seek to advance generative critiques of engineering, connect to student
values, and frame new perspectives about what engineering can be. This is not a minor project,
as the work of a wide community of scholars in engineering education can attest (see, for
example, [1] [2] [3]). We find that recent scholarship in Environmental Humanities and Science
and Technology Studies (STS) offers conceptual tools to help us develop such curricula. This
scholarship develops paradigms for addressing what we sometimes call “non-humans” in relation

to technologies and social life— paradigms that offer insights that sociotechnical perspectives
alone may not and that conventional treatments of human-environment relations that we find in
work on sustainability neglect. For our students at Colorado School of Mines, many of whom
love the outdoors and see the forces of climate change shaping their daily lives and long-term
technical ambitions, these perspectives can inform how we craft lessons in order to make
concepts related to social and environmental justice more immediate and directly meaningful.
In the fields of STS and Environmental Humanities, approaches that often go by the names of
“post constructivism” and “new materialism” provide some generative ways of acknowledging
and engaging with our broadening understanding of social, technical, and environmental
enmeshment [4]. Research and writing that uses these approaches is not just a matter of attending
to so-called “context,” but instead seeks to pull the places, materials, and creatures around us and
within us out of the periphery of our attention and into the center of action and analysis. While
this move may seem at first glance to be about everything but humans, it actually allows us to
focus on issues of justice and equity within human communities, giving us new ways to
understand how we harm and marginalize each other as well as how we are related to each other.
Indeed, many of these perspectives focus on non-humans in order to help us better understand
what environments mean to us, to seriously engage with non- Eurocentric ways of thinking, or to
really grapple with the material effects that environmental contamination can have for
communities who live in environmental sacrifice zones. Using these concepts in the classroom
can pull students into deep conversations about ethics and responsibility and emphasize the need
for more far-reaching visions of technical communication and community engagement, like
those explored in recent work on Socially Responsible Engineering [5].
In this paper, we focus particularly on what we call systems theories and material vibrancy and
enchantment theories. For each of these, we offer a synopsis of several key insights, texts, and
implications. Then, we show the utility of the approach in question to advance important
pedagogical goals related to ethics and critical humanitarian practice in engineering education.
We show how we are using these theories in the classroom now and describe why.
While deep dives into these topics and implications may be more appropriate for some
classrooms than others, we contend that even considering engineering’s anthropocentrism and
the potential for non-human agency can be—and indeed, has been—productive for lesson
planning. For those professors that have more time and space in their syllabi, more explicit
engagement with topics can frame provocative experiences that students respond to. Regardless,
considering the theoretical orientations which inform our pedagogies facilitates thoughtful modes
of critical participation within engineering projects [6]. We also seek to contribute to developing
nuanced intellectual tools appropriate to a trend of ASEE scholarship identified by Neeley et al.
in which engineering educators engage STS for projects related to “embedded sociotechnical
systems thinking” undertaken by educators and scholars with diverse training [7].We hope that
our work in this paper will help us and other educators and scholars articulate goals for our
classrooms and identify thoughtful strategies to achieve them.
Many engineering educators may already be engaged in working through concepts that we
outline here, but they may not often reflect explicitly on how it includes and exceeds the scope of
what we might understand as “sociotechnical engineering”. With this in mind, this paper is not

so much a critique of engineering education as a consideration of a movement already underway
and encouragement to keep building on it. It is a work in progress inasmuch as we note
sociotechnical engineering’s scope in engineering education, as well as what environmental
perspectives add and their utility, require more extensive research.
More than sociotechnical and not just sustainable
Recent scholarship in STS and Environmental Humanities makes the case that environmental
conditions, forces, and agents are critical to consider in relation to technologies (see, for
example, [8] [9] [10]). These scholars offer a small but meaningful shift in perspective, a turn
away from attention to the choices that humans can make as the be-all and end-all of engineering
and an opportunity to undermine high modernist, technosolutionist ideas about simplified
systems that can be totally controlled by rational engineers (many examples of critiques of this
work exist, but a particularly poignant one can be found in [11]). As historian Sara Pritchard puts
it, social, technical, and environmental are mutually interdependent fields of knowledge and
action, though acknowledging them as such means grappling with “complicated, dialectical
dynamics among all three factors simultaneously” [12]. This perspective troubles the notion that
good engineering depends only on an individual engineer’s calculative skills and that the success
of technology can be assessed by its function, instead asserting the importance of considering the
contribution to and effects of technology within a complex world. As such, above all else, these
theoretical bodies of work offer support for the development of epistemic humility (demonstrated
in work such as [13][14]). If we hope to help engineering students build capacities to be
respectful, responsive, and responsible within their own communities and those that may be
somehow impacted by their choices, than this is a very useful proposition indeed.
One way that some educators teach students to include different actors and effects in their
engineering work is by pairing their sociotechnical approaches to engineering with attention to
sustainability. Sustainability allows them to address a technology’s ongoing impact by
interrogating its production and use in terms of good long-term outcomes. Many approaches to
sustainability use a “triple bottom line” to address the importance of thinking about the effects of
a technology for “people, planet, and profit”—that is, for humans, for non-humans, and for the
economic interests of investors. For all its utility, the concept of sustainability remains extremely
elastic in engineering contexts [15]. While it may have powerful potential, “sustainability” can
also simply indicate a priority for maintaining current levels of comfort with small
environmentally friendly changes to our lives or to stretch out our limited supplies of natural
resources.
Some educators and scholars, including Leydens and Lucena [16], write about teaching
sustainable development in relation to macro-ethics or social justice. In their classes,
sustainability can be a means of challenging status quos, teaching humility, and showcasing
responsible practice. However, this is not explicit in the concept. In fact, Andrade and Tomblin
note that from their perspective, “environmental dimensions of sustainability easily fit into an
engineering program” while issues like macro-ethics are more challenging to integrate [17]. If
sustainability fits so easily within mainstream approaches to engineering, than its utility to
challenge students to rethink engineering might depend more on instructor interests than the

material itself. Sustainability asks us to think about long-term impacts, but does necessarily
trouble our ideas about authorship or our models for “good outcomes”.
Some might well argue that if our orientations toward sustainability drive engineering students to
consider broad environmental consequences that may impact stakeholders’ health and economic
wellbeing in any way, this is a success. We agree that meeting ABET criteria by teaching
students new ways to understand engineering and its effects and new skills for reflecting upon
and enacting their values is a tremendous and important undertaking, however it is achieved
[18].We contend, however, that explicitly drawing on contemporary research on systems theories
and material vibrancies and enchantment theories can offer essential tools for engineering
educators who seek to push their students further. They support ideas about inextricable
connections between humans and non-humans, and, doing so, facilitate incredibly valuable
conversations about what engineering is, what it does, and for whom.
Systems theories can let us teach students about relationships with and effects of nonhumans
Thinking about systems can help us understand how one central human actor or technical
product is informed by many relations and connections to other people, conditions, forces, and
creatures. Systems theories are often used to help students understand the complex conditions of
their engineering work [19] [20] [21], as well as to describe engineering education itself [22]
[23] [24] [25]. Systems theories, as a bare minimum, open up conversations about connection
and relation. They can incorporate more than social and technical elements that are the product
of human life and human design work. As such, they have tremendous potential to decenter
human agency when they challenge us to interrogate what should be considered part of a given
system and how it might influence and be influenced by other system elements.
Systems theories used today in engineering often owe a great deal to cybernetics, developed in
the mid 20th century as a mode for addressing how complex systems regulate themselves and can
be designed so that they produce desirable effects in the process [26] [27] [28]. This mode of
approaching systems was developed as interdisciplinary from the start and, in a move that is
particularly relevant for us here, “removed the human and Homo sapiens from any particularly
privileged position in relation to matters of meaning, information, and cognition” [29]. Though it
has generally come to refer to virtual or computer- related activities, Norbert Wiener, who first
coined the term cybernetics [30], simply used it to refer to systems governance. It offered then,
and still offers today, a powerful set of tools for thinking through interaction, influence, and
order—which made it a way of describing ecological interaction as well as machine action. In
the words of anthropologist Gregory Bateson, who brought cybernetic theory to bear on his
work: "The basic rule of systems theory is that, if you want to understand some phenomenon or
appearance, you must consider that phenomenon within the context of all completed circuits
which are relevant to it" [31].
While cybernetic theories may be directly related to our students’ work in computer science and
robotics, other systems theories are also consequential for them. Actor Network Theory (ANT),
for example, is another way of considering non-human and human elements in systems as active

and agential (see, for example, [32] [33] [34]).Where cybernetics is a good way to consider how
outcomes of complex systems can be controlled, ANT is better applied to interrogating what
might make any outcome under consideration possible. Critics note that ANT may not be the
most productive tool for nuanced analysis related to, for example, social power and inequities
[35] or the different levels of skill that humans (or non-humans) can bring to their endeavors
[36]. Nonetheless, considering the network of actors involved in an undertaking can help us
better understand relationships and effects [37].
Table 1. System Theories in Brief
Qualities of System Theories

Useful Texts

Classroom Activities

Topics Supported

•

Emphasize connection and
relation between diverse
elements of a system

G. Bateson. A Sacred Unity:
Further Steps to an Ecology of
Mind. San Francisco: Harper. 1991

•

•

Unintended
consequences of
engineering

•

A technology is informed by,
and has consequences for,
many different people,
conditions, forces, and
creatures.

B. Latour. 2005. Reassembling the
Social: an Introduction to ActorNetwork-Theory. Oxford: Oxford
University Press

•

Values in
engineering
practices

•

Environmentally
and socially
responsible
engineering

J. Law, “Technology, closure, and
heterogeneous engineering: The
case of Portuguese expansion”. In
W. Bijker, T. Hughes, & T. Pinch
(Eds.), The social construction of
technical systems: New directions
in the sociology and history of
technology Cambridge, MA: MIT
Press, J. 1987, pp. 111–118.

•

Students brainstorm
and draw out elements
of a system that
impact/are impacted
by a technology
Students discuss how
changing an
apparently-minor
element of a system
might change an
outcome.

The authors have, in different classes and in relation to different projects, asked students to
simply list or diagram networks of actors related to topics of interest. These activities have rarely
been framed with little explicit reference to specific systems theories; instead, the authors have
offered these activities as brainstorming or implosion exercises [38]. The systems or networks
that students draw out can incorporate humans, nonhumans, individuals, organizations, forces,
spaces, and more on a single chart.
Similarly, other engineering educators have found asking students who and what is involved in
an engineering problem is found to help students appreciate the social responsibility of engineers
for unintended consequences of their choices [39] [40]. As Rosalyn Berne writes, for her,
teaching with ANT meant that ethics “emerged in the course, not solely as maximizing benefits,
prescriptions for following rules, or adhering to codes and principles, but also as narrative
negotiations between and among a variety of actors, some of who have conflicting interests”
[41]. This system theory challenged students to ask what was truly involved in the technologies
under analysis, and interrogate their components and relations rather than simply considering
“public good”. This kind of careful parsing is what systems theories have to offer us as
educators.

Material vibrancy and enchantment theories let us provoke students to consider what
humans and non-humans are
Unlike system theories, it is not the complexity of networks that approaches to environments and
non-human actors that what we call material vibrancies and enchantment theories serve to
foreground. Instead, acknowledging vibrancy often means focusing on only one material,
creature, or place and its specific significance. This kind of attention works like a microscope to
reveal the complexity and significance of something that might seem simple or distinct, and
undermine our ideas about what comprises the “one” person, force, thing, or being under
investigation [42] [43] [44] [45]. Enchantment, on the other hand, focuses on humans’
perceptions of the so-called “natural” world (which can be more diverse than we assume, see 46.
and encourages the disruption of Euro-centric common sense that, for example, perceives as
“nature” as inert and separate from humanity and devalues meaningful relationships with land
[47] [48]. While sociotechnical approaches to engineering might help us ask how society and
technology inform each other, these theories prompt questions about what exactly a given place
or item is, both physically and conceptually, and whether our assumptions about cause and
effect, nature, and identity are really true to our experiences or to the experiences of others.
Work on this can sensitize us to the wide range of encounters with and reactions to environments
that matter to engineers and the people they work with and for. Stacy Alaimo, for example,
reminds us that “the human is always inter-meshed with the more-than-human world,” and that
this “underlines the extent to which the substance of the human is ultimately inseparable from
‘the environment’” [49]. This is more than a nice turn of phrase. What Alaimo calls
“intermeshing” is a reminder of what our environments mean to us and the tangible situations in
which what we may think of as clear distinctions between “human” and “environment” break
down. Examples include toxins that can have severe health effects that are especially
experienced by marginalized and under-resourced populations. Tracing the traffic in toxins may
be environmental, but it involves understanding environments and people as more than a matter
of the “welfare of wild creatures” [50] (see also [51]).
While some scholars push us to question whether common-sense distinctions we may assume
exist between different actors in our networks are actually meaningful, other thinkers make us
consider the roles that non-humans really play in our lives and choices. This work can
ontologically reorient students while rendering environments and objects as intellectually
captivating and persuasive. When Jane Bennet defines vitality as “the capacity of things... to act
as quasi agents or forces with trajectories, propensities, or tendencies of their own” she reminds
us that our way of conceiving of the world around us is socially constructed and many of the
things we build our assumptions of the world upon could very well be understood otherwise [52].

Table 2. Material Vibrancy and Enchantment Theories in Brief
Qualities of Material Vibrancy

Useful Texts

Classroom activities

Topics Supported
•

Values in engineering
practices

•

Environmentally and
socially responsible
engineering

•

Engineering identities,
inclusions, and
exclusions

•

Environmental
injustices and
environmental justice
movements

and Enchantment Theories
•

Emphasize the complexity and
significance of something that
might seem simple or distinct

M. Mendéz. Climate Change From
the Streets. New Haven: Yale
University Press, 2020.

•

Discuss paradox of
development related
to Roman Empire

•

Undermine assumptions about
what comprises the “one”
person, force, thing, or being
under investigation.

S. Alaimo. Bodily Natures: Science,
Environment, and the Material Self.
Bloomington: Indiana University
Press, 2010

•

Identify and describe
different ways of
seeing nature in
students’ daily life

J. Price Thirteen ways of Seeing
Nature in LA: Part I,” Believer
Magazine, Apr. 01, 2006.

Engaging with these themes in the classroom means helping students think about the impact that
environments can have on people and their choices. In doing so, it also troubles narratives of
human mastery over “nature”. This disruption can have an effect on students’ perception of
professional ethics (for example, an expanded understanding of the precautionary principle) and
understanding of seemingly intractable societal problems (such as disparities in environmental
health).
One approach used by the authors involves exploring material vibrancy in a series of lectures and
discussions in our freshman ethics and composition class, Nature and Human Values. First, in
order to emphasize that engineering decisions can advance human society but can also have
unexpected consequences, students are asked to ruminate on the paradox of development.
Students are exposed to debates about whether or not the lead that may have leached into the
drinking water of Roman elites from their fancy lead-lined plumbing system may have
contributed to the fall of the Roman Empire by altering the neurological states of its most
influential citizenry (although some recent scholarship challenges this narrative) [53]. While
acknowledging this situation as a potential engineering failure, we also gesture toward the idea
that substances can act upon humans in unexpected ways, up to and including their behavior and
cognition. In later modules, students are asked to contemplate how confluences of social and
material factors impact modern society, including in relation to environmental justice, using texts
including [54] [55]. This reconceptualization aims to help students rethink what they engineer
with and upon.
Discussion and conclusion
In this paper we have discussed scholarship in STS and Environmental Humanities, exploring
some implications for engineering education. We have focused on explicitly non-anthropocentric
perspectives, considering two modes of approaching such work which we have called systems
theories and material vibrancy and enchantment theories. The literature review of diverse,
beautiful, and intriguing work that we provide here is far too brief. We hope, however, it

facilitates an introduction for those unfamiliar with the material and provokes consideration of
this work’s implications for engineering education.
Including environment—that is, animals, materials, forces, places, and more—in our approaches
to engineering is slightly different from considering engineering as a sociotechnical activity. It
adds elements to our understanding of how technology is developed and how it works. However,
doing so does not mean neglecting engineers and the communities that inform technologies and
experience their positive and negative impacts. Rather, these perspectives suggest ways of
thinking about engineering that can challenge our students to be more reflective and attend to
responsible practice in new ways. More research on sociotechnical engineering in engineering
education, as well as what the kinds of environmental perspectives we outline here may add,
require more research which we hope to undertake in concert with other interested scholars and
educators.
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