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Sustainability and Sociotechnical Thinking: A Narrative Literature Review
Abstract:

Sustainability is an important goal across disciplines within the university and within
society, but its definition often varies greatly. This is not necessarily a bad thing—there is
not an agreed-upon definition of sustainability, and it has been argued that a universal
definition of the term does not make sense, due to its deeply contextual nature (Ramsey,
2015). In the context of engineering education, the definition and operationalization of
sustainability is often reduced to quantifiable domains, which aligns with engineers’
traditionally accepted roles in society (Allenby et al., 2009). Two relevant literature reviews
(a scoping and a systematic review, respectively) have been conducted to assess the
landscape of sustainability within engineering education (Gutierrez-Bucheli et al., 2022;
Sundman et al., 2025). Both found that experiential and project-based learning are
common approaches to this initiative. However, each review also found that these
attempts at integration often come up short, lacking broad interdisciplinarity or failing to
inspire deep and transformative learning within students.

A key piece that may help produce transformative learning in students and a deeper
understanding of sustainability beyond that which is quantifiable is an integration of
sociotechnical systems within the engineering classroom. This paper reviews three
sociotechnical lenses that can be used to strengthen sustainability engineering education:
the social construction of technology (Pinch and Bijker, 1984), the sociotechnical
transitions theory (Geels and Schot, 2007; Geels, 2019), and actor-network theory (Latour,
2005). It also reviews examples of sociotechnical integration within existing engineering
classrooms. Finally, it provides an argument that sociotechnical thinking can improve
sustainability-focused engineering education. By more explicitly tying the strands of
sustainability research and sociotechnical integration together, the goal of this paperis to
identify where sociotechnical lenses can be used to create deeper understandings of
sustainability within engineering students, even, and perhaps especially, in the absence of
a single, quantitatively measurable definition of sustainability.

Introduction:

Sustainability is an increasingly important goal within engineering education (Allenby,
2009). However, “engineering sustainability” is difficult (impossible?) to define, and thus,
can be difficult to implement in a meaningful way (Ramsey, 2015). Understanding the
history and context behind terms like “sustainability” and “sustainable development” can
help engineers to understand their role within these movements.



This narrative literature review argues for the application of a sociotechnical lens to the
notion of engineering sustainability to achieve a stronger, more holistic view of
sustainability and to improve student learning. | will begin by providing a brief history of the
terms: sustainability, sustainable development, and engineering sustainability. The terms
are distinct, but related, and thus, | will provide a small overview of each. | will then show
how engineering sustainability is implemented within the classroom, focusing especially
on the teaching of Life Cycle Assessments. After that, | will briefly introduce sociotechnical
thinking by detailing three prominent theories: Pinch and Bijker’s Social Construction of
Technology, Frank Geels and Johan Schot’s sociotechnical transitions theory, and Bruno
Latour’s Actor-Network theory. | will provide some examples of sociotechnical integration
within the engineering classroom. Finally, | will argue how and why a sociotechnical lens
can strengthen engineering sustainability, focusing first on the ideological and value-based
overlaps, and then moving into practical applicability.

I will conclude by providing an example of how sociotechnical integration has been
implemented within sustainability curriculum, and then by providing a future direction for
applying a sociotechnical lens to an existing engineering sustainability practice.

Origins of Engineering Sustainability:

When working to understand engineering sustainability, it helps to first take a step back
and understand the history of sustainability as a whole. The use of the word “sustainability”
in Google Books took off rapidly in around 1975, shown by Google Books Ngram viewer
(Michel et al., 2010). While the use of the term “sustainability” is relatively recent, the
concept has existed for far longer and developed separately within different disciplines.
Some of the roots of sustainability come from ecology, technological skepticism, resource
management, and ecodevelopment (Kidd, 1992). Due to these different roots,
“sustainability” does not have a single definition. This lack of definition should not
undermine the value of the word, but rather, encourage people to be specific when

operationalizing the term (Ramsey, 2015).

An important related term is “sustainable development”. Like sustainability, sustainable
development lacks a strict universal definition, and some scholars argue that the concept
itself is contradictory (Redclift, 2005; Spaiser et al., 2017). However, the most common
definition of sustainable development comes from Our Common Future, also known as the
Brundtland report. While the entire report is nearly 400 pages long, and includes an array of
social, ethical, and environmental considerations, the definition of sustainable
development that has traveled farthest is “development which meets the needs of the
present without compromising the ability of future generations to meet their own needs”
(Brundtland, 1987, p. 24). The Brundtland Report has more than 13,000 citations on Google



Scholar, demonstrating its widespread use. The Brundtland definition of sustainable
development has been applied in an array of contexts, and often, the applications may be
mutually exclusive or contradictory (Redclift, 2005). Without an understanding of the
history of sustainability, or the context of the remainder of the report, this definition alone
does not account for normative values or environmental protection. To classify some of the
broad interpretations of sustainability and sustainable development, some scholars
outline differences between weak and strong sustainability (Baker, 2006, Neumayer, 2025).
Weak sustainability is typically associated with a lack of ethical values or considerations of
equity. Crucially, weak sustainability upholds principles of substitutability—the idea that
services or capital provided by the natural environment can be replaced with human-made
services and resources. However, some natural capital cannot be replaced with human-
made capital, and conserving natural capital for future generations is an important
consideration of intergenerational justice (Reijnders, 2021, Neumayer, 2025).

The principle of substitutability is often included within engineering sustainability. For
example, one group of researchers propose the concept of desalination through solar
energy as a step towards sustainability (Gude et al, 2011). While novel, in this conception
of sustainability, a natural resource (freshwater) is being substituted with man-made
capital (desalination technology to utilize saline water). While engineering sustainability
does exhibit some range in definition, it is often associated with weak sustainability. The
tenets of weak sustainability tend to be in line with the traditional roles of engineers within
society—practical and pragmatic technical experts whose professional training may be
void of holistic ethical and equity concerns (Allenby et al., 2009). For example, one paper
titled Engineering Sustainability: A Technical Approach to Sustainability by Marc Rosen
attempts to define “engineering sustainability”. The author cites the Brundtland report for
the basic definition of sustainability and built on it to propose a definition for engineering
sustainability. Rosen’s proposed tenets of engineering sustainability focus largely on what
is deemed “technical”, with “fulfillment of other aspects of sustainability” (Rosen, 2012, p.
2274) as a goal that addressing technical problems is likely to achieve. These “technical”
issues include sustainable resources, sustainable processes, increased efficiency, and
reduced environmental impact (Rosen, 2012). Importantly, Rosen does not intend to
diminish the value of the “social” aspects of sustainability—rather, he asserts that solving
the “technical” problems will make solving the other problems easier. He also identifies a
Life Cycle Assessment (LCA) as a tool which can help to promote engineering
sustainability.

Current Implementations of Engineering Sustainability:



Teaching students about LCA is a common technique for implementing sustainability
initiatives within the engineering classroom. LCA quantifies the environmental impact of a
product over its lifetime, considering impacts related to raw materials, transportation,
manufacturing processes, and disposal. Its general methodology includes goal

and scope definition, inventory analysis, impact assessment, and interpretation. LCA is
typically performed using a software, which may be created by the user or commercially
available. It is a practice commonly used by practitioners and has become a prominent
sustainability exercise within the classroom. For example, one group of researchers
designed and introduced an LCA platform to a postgraduate interdisciplinary class. While
the students found the software helpful in comparing environmental outcomes of different
waste disposal design options, some students were cautious to report results of the model
without knowing where all the data came from (Burnley et al., 2019). In another example,
students are instructed to use a commercially available LCA software (GaBi) to analyze the
environmental impacts of a steel door hanger, considering potential impacts from the raw
material phase to the disposal phase (Tseng et al., 2021).

While LCA holds merit to compare environmental impacts of different alternatives, there
are several concerns associated with LCA, including its lack of attention to social factors,
which often cannot be reduced to quantifiable domains (Guinée et al., 2011). Another
major concern with LCA as a practice was raised by a student in Burnley’s study,
exemplified by the following quote: “I’ve got answers, but | can’t defend them” (Burnley et
al., 2019, p. 74). This student’s discomfort with reporting environmental impacts based on
data they cannot see is rooted in an important limitation of LCA—there are underlying
assumptions and decisions made, which are often abstracted and invisible to the user.

One study found that different LCA software produced different environmental impact
values for the same process, executed by the same users (Lopes Silva et al., 2019). The
outputs from LCA software may seem to be straightforward, quantitative, and indisputable
based on the way they portray results. Different software yielding different results confirms
the existence of methodological differences due to human-made decisions. The data was
collected and input by people. The outputs of the software will be used and interpreted by
people. Even with processes that appear straightforward and technical like LCA, assessing
the sustainability of a process or product is a human-centered, socially constructed
process.

Outside of LCA, other methods of teaching sustainability in engineering classrooms have
been found to fall short. Two literature reviews (a scoping and a systematic review,
respectively) have been conducted to assess the landscape of sustainability within
engineering education (Gutierrez-Bucheli et al., 2022; Sundman et al., 2025). Both found



that experiential and project-based learning are common approaches to this initiative.
However, these attempts are often lacking in broad interdisciplinarity, are elective courses,
or do not inspire deep transformative learning in students.

For the sake of embracing strong sustainability and encouraging transformative student
experiences, | argue that the engineering discipline must adopt a broader understanding of
sustainability. While engineers often do not intend to diminish the value of the “social”
aspects of sustainability, they may assert that solving the “technical” problems will make
solving the other problems easier. The idea that technology is separate from society—or
that social values are extricable from technological development—is sometimes called a
social-technical dualism (Faulkner, 2000). The rejection of social-technical dualisms is a
core tenet of sociotechnical thinking. | will begin by explaining what | mean by
sociotechnical thinking, and then | will explain how and why | believe this lens can
strengthen engineering sustainability.

Sociotechnical Systems:

When referring to sociotechnical systems, scholars may either be referring to an
intellectual space without strict boundaries, or to the more constrained disciplinary field of
Science and Technology Studies, or STS. Within STS and engineering education research, a
sociotechnical lens can be defined as “the study of the processes by which scientific
knowledge and technological artifacts are constructed (developed, maintained, and
changed) and also the study of the changes in the broader social and material worlds that
occur as part of the mutual shaping, co-constitution, or coproduction of science and
technology with society and the natural environment” (Hess and Sovacool, 2020, p.1). A
sociotechnical lens encompasses a broad set of theories which share a common goal to
explain “the adoption, use, acceptance, diffusion or rejection of new technology”
(Sovacool and Hess, 2017, p. 704). Several important theories which assume
sociotechnical lenses include the Social Construction of Technology (Pinch and Bijker,
1984), the theory of sociotechnical transitions (Geels, 2019), and Actor-Network theory
(Latour, 2005).

The Social Construction of Technology (SCOT) is a theory proposed by Pinch and Bijker
which positions society as a driver of technology, as opposed to more deterministic
viewpoints (Pinch and Bijker, 1984; Winner, 1985). A distinguishing factor of this theory is its
attention various social groups involved in the development of new technologies. As
relevant social groups define problems, the proposed solutions will shift, which alters the
development of the artifact. A hallmark of SCOT is its expanding “web” of artifact
development, showing how the evolution of a technology can shift depending on the needs
and desires of different social groups. This web challenges the idea that technology



develops linearly. However, as social negotiations, uses, meanings, and designs of
technologies begin to stabilize, aspects of a technology can begin to seem “natural”.
Mechanisms of closure can be achieved through real or perceived solutions to proposed
problems, or through problem redefinition (Pinch and Bijker, 1984).

The sociotechnical transitions theory is an expansion of the “multi-level perspective”,
which is a sociotechnical approach focused on systems, proposed by Frank Geels and
Johan Schot (Geels and Schot, 2007; Geels et al., 2017a). This theory defines
sociotechnical regimes as entrenched shared rules and institutions. While acknowledging
and emphasizing the importance of “radical innovations”, the sociotechnical transitions
theory is also rooted in the idea that sociotechnical changes happen as social groups
engage in activities in unique contexts. Geels also identifies different “lock-in
mechanisms” (2019, p. 189) which impact the development, evolution, and adoption of
new technologies. These include technoeconomic, social and cognitive, and institutional
and political lock-in mechanisms. In other words, a technology may fail to be adopted for
several reasons, which are not limited to its mere technological merits (Geels, 2019).

Another way scholars have theorized sociotechnical systems is through actor-networks,
specifically actor-network theory (ANT). ANT is a theory, first proposed by Bruno Latour,
which positions humans and non-humans alike as actors who interact within a network
(2005). This framing allows for a broader consideration of stakeholders, which includes
non-human actors. An important feature of this theory is that it can help to provide a better
understanding of the “black box” of technological development. By examining actors
equally as they interact within systems, one can start to understand whose values are
ultimately implemented and in what way. ANT has travelled widely as a theory and has
been used in numerous engineering (Rodrigues et al., 2022; Irish and Romkey, 2021) and
sustainability (Bell, 2022) contexts.

A common feature of the above (and most) sociotechnical theories is the rejection of
social-technical dualisms (Faulkner, 2000) and technological determinism (Winner, 1985).
Some common values of a sociotechnical lens include embracing broader
interdisciplinarity and challenging traditional notions of rigor (Riley, 2017). While
challenging social-technical dualisms and embracing interdisciplinarity in engineering
spaces can be difficult, several scholars have worked to promote sociotechnical
integration within the classroom. Sociotechnical integration is an increasingly important
goal for both students and educators (Romkey, 2023; Ozkan & Andrews, 2022).

Sociotechnical Integration:


https://scholar.google.com/citations?user=BFOYO9wAAAAJ&hl=en

Sociotechnical integration is a crucial piece of creating socially conscious and ethically
responsible engineers. In a multi-university study with 326 participants, Erin Cech found
that traditional engineering programs may foster cultures of disengagement. Cech found
that engineering students entered their degree emphasizing “technical” aspects (e.g. math
and science, invention, etc.) over engagement-related aspects such as ethical or social
issues. She also found that these disparities increased over the course of the student’s
enrollment in an engineering program (Cech, 2014). Her findings suggest that
sociotechnical integration within the classroom may produce more socially conscious
engineers. Furthermore, it has been found that sociotechnical integration within the
classroom can help to foster a culture of engagement by helping students to identify and
grapple with the social aspects and real-world implications of complex problems (Ozkan,
2026). However, students often lack these sociotechnical experiences if they are not
intentionally embedded within the curriculum. For example, one study found that
engineering students showed similar levels of technical competency to practitioners but
lacked the sociotechnical skills that professional engineers have. While engineering
practitioners were found to engage with human-centered issues and broad contextual
factors, engineering students lacked these competencies (Mazzurco, 2020).

Sociotechnical integration can be a challenge in engineering, in part due to the heavy
courseload associated with the degree. One group of researchers at Lafayette college
challenged traditional disciplinary boundaries by integrating liberal arts and engineering.
Part of the way that they were able to do this was by reducing the number of credits
required by engineering students, as well as the number of math and science courses. The
researchers also attempted to combine STS scholarship with engineering education by
offering an Introduction to Engineering course that encourages first-year engineering
students to think deeply about engineering as a sociotechnical practice (Cohen & Sanford,
2014). Another method which has been used to integrate sociotechnical thinking within the
curriculum is the implementation of a “design spine”, which vertically integrates
sociotechnical thinking across all four years of engineering curriculum. To achieve
sociotechnical integration within the hard science classes, Salinas and Nieusma propose
the use of techniques such as open-ended problem solving and evaluating boundary
conditions of engineering problems (Salinas and Nieusma, 2024). Some educators address
sociotechnical integration within intro courses. For example, one group of researchers
encouraged undergraduate students to engage with social and political aspects of energy
issues by participating in debates with classmates (DeWaters et al., 2021). Evidently,
sociotechnical integration has become an increasingly important and common goal within
engineering education. | propose that sociotechnical integration within sustainability
focused-engineering education would promote a stronger version of engineering



sustainability. While current engineering sustainability may lack attention to normative or
social values, sociotechnical integration has been found to foster more socially conscious
engineers.

Sociotechnical Thinking and Sustainability Values:

Sociotechnical thinking and sustainability education are highly compatible initiatives, both
ideologically and practically. From an ideological standpoint, many sociotechnical
theories, including SCOT, sociotechnical transitions theory, and ANT can be readily applied
within sustainability contexts. Furthermore, key overlaps in values allow for the two
disciplines to work together harmoniously, such as embracing interdisciplinarity and
rejecting social-technical dualisms and traditional notions of rigor (Riley, 2017).

The SCOT framework is a sociotechnical theory one can use when looking at the
development of sustainable technology. For instance, one group of researchers used an
extension of the SCOT framework to understand community opposition to a wind project in
Sandbridge Beach, Virginia (Friday & Ozkan, 2025). Because the initial SCOT framework
proposed by Pinch and Bijker was mainly intended to analyze the development of an
artifact after stabilization has been reached, the authors also relied on an extension of the
theory which allowed for interpretation of artifacts that were still being constructed (Pinch
& Bijker, 1984; Humphreys, 2005). The researchers found that Kitty Hawk North, a wind
project with technological merit was heavily contested by residents of the area. Using the
SCOT framework allowed the researchers to identify the problems posed by the different
social groups. Ultimately, they found a gap between the problems being identified by the
users of the artifact (lack of trust in the developer, threats to tourism and economy, and
contextual environmental impacts) and the solutions proposed by the developer (providing
additional facts about the specific merits of the project). Evidently, the SCOT framework
can be applied at a smaller scale, to individual projects, and its application can help to
account for some of the social and cultural aspects of sustainability that engineers or
developers may miss.

On a more macro-level scale, society-wide sustainable processes such as the energy
transition can be analyzed using the sociotechnical transitions theory. In his article, The
cultural barriers to renewable energy and energy efficiency in the United States, Benjamin
Sovacool outlines barriers to renewable energy. Sovacool identifies these barriers as public
apathy and misunderstanding, conceptions about abundance and consumption, and
psychological factors (2009). Public apathy and misunderstanding stems from people’s
distance from power plants, which is often by design, and removes people from the
negative impacts of electricity generation. Additionally, people don’t tend to view electricity
as a “technology”; they tend to view it as a fact of life (Sovacool, 2009). This is an example



of how beliefs and values can be embedded within seemingly apolitical technologies
(Latour et al., 1992). Sovacool identifies conceptions about consumption as America’s
overall beliefs about nature as something that man has dominion over (2009). Finally,
psychological factors such as freedom of choice, control, the human desire to uphold the
status quo, and trust, are barriers to renewable energy initiatives. In essence, Sovacool
argues that cultural barriers play a much greater role in the energy transition than we often
consider, and even a greater role than technical barriers. The barriers outlined by Sovacool
show considerable overlap with the idea or technoeconomic, social and cognitive, and
institutional and political lock-in mechanisms proposed by Frank Geels (Geels, 2019).
Sovacool and Geels have also published together, writing about the sociotechnical
transitions and dynamics required to achieve a low carbon energy transition (Geels et al.,
2017b). Arguably, a sustainable energy transition must assume a sociotechnical lens, as
technical innovation alone is not enough to overcome the current system which is
culturally “locked in” to place (Geels, 2019, p. 189).

Finally, Sarah Bell suggests ANT provides a framework which can help to promote the
agency of natural resources (2022). By blurring the line between human and non-human
and thinking in terms of networks, ANT can help to promote a strong conceptualization of
sustainability that recognizes the intrinsic value of nature, rather than just its utility to
humans (Bell, 2022). One group of professors implemented these principles within their
engineering curriculum, by having students apply ANT to a gas pipeline and a coal plant as
case studies (Irish and Romkey, 2021). Irish and Romkey found that ANT can help students
think deeply about sociotechnical aspects of sustainability, and that students continued to
implement ANT beyond where it was required for course credit (2021).

Integrating Sociotechnical Sustainability:

Practically, sociotechnical integration can be applied to the sustainability landscape in
several ways—one of which is by using energy systems as an entry point. Energy systems
are an important part of engineering sustainability, and already commonly at the forefront
of sustainability conversations. Energy systems are also a powerful example to expose
students to sociotechnical systems (Ozkan et al., 2026). The idea that energy systems have
values embedded can become quickly apparent to students as they consider the ease of
flipping a light switch and the relative distance that most societies are situated from power
plants (Sovacool, 2009). Additionally, energy systems can provide an important set of
problems in which boundary conditions can be explored in engineering science courses
(Salinas and Nieusma, 2024). Importantly, sociotechnical theories can be applied to both
renewable energy technologies and to the larger scale energy transition.



One example of a paper that applies a sociotechnical lens to engineering sustainability is
titled Insights and implications from a sociotechnical case study approach in sustainability
education by Koopman, et al. (2025). This article describes an instance of implementing a
sociotechnical case study in an engineering classroom. The case study explores a wind
project that failed to be built in Hawai’i. In this case study, students were informed of the
community opposition to the project and subsequently roleplayed as different
stakeholders. This helped students to understand some of the complexities of
technologies. Following the role-playing activity, students had to answer the following
questions (Koopman, et al. 2025, p. 173):

Q1. When looking at real-world complex situations with specific technical and social
circumstances like in the Big Wind case, whose perspective do you think should be
prioritized? Why?

Q2. Do you think the failure of the Big Wind project was the morally right outcome? Do you
think the failure of the Big Wind project was an engineering failure or success? Explain your
answetr.

Q3. What do you think the case brought to the class? How did the case solidify, change, or
expand your understanding of sustainable energy solutions?

These questions prompted an array of answers, with many, but not all, students showing an
understanding of social dimensions in engineering problems. The authors concluded that
case studies can be an effective method to teach engineers about the social and technical
dimensions in engineering. This case study, and especially the set of follow-up questions,
is unigue because of its focus on the moral considerations of the project. It is also unique
because it examines renewable energy, an initiative that is usually thought of as
sustainable from an engineering standpoint.

Similarly, | propose that a sociotechnical lens can be applied to existing sustainability
initiatives such as an LCA. A sociotechnical lens may help students to interrogate what
values are “baked in” to an engineering process that seems technical and concrete.
Students can begin to view the development of LCA as socially constructed, identifying
which problems LCA initially sought to solve, and by which social groups these problems
were initially raised by. From there, students can evaluate whether LCA truly addresses
these problems, or if there is a mismatch between the solution and the problem. | believe
that applying a sociotechnical lens to an existing engineering sustainability process can
help students to move beyond narrow conceptions of sustainability and towards more
holistic understandings. Furthermore, | believe that this would provide a transformative



learning experience for students, as it builds upon their current knowledge and experience,
and unsettles some of their existing beliefs.

Conclusions:

While sustainable engineering is an important goal for students, engineering instructors,
and broader society, it is often hard to define and implement. “Sustainability” has a rich
multidisciplinary history, which often proves challenging for engineers, who may adhere to
rigid disciplinary boundaries (Riley, 2017). Thus, conceptions of engineering sustainability
have at times come up short, often falling in line with “weak sustainability” (Baker, 2006
and Neumayer, 2025), and failing to inspire transformative learning in students (Gutierrez-
Bucheli et al., 2022; Sundman et al., 2025). One common initiative for promoting
sustainable engineering education is by having students conduct Life Cycle Assessments
(LCA). However, LCA assumes a narrow view of sustainability, and can promote
misconceptions of a value-neutral sustainability metric.

A potential antidote to the shortcomings of engineering sustainability is assuming a
sociotechnical lens and prioritizing sociotechnical integration within engineering
sustainability initiatives. Sociotechnical theories can be applied within sustainability
contexts, from project-scale to society-wide initiatives. Furthermore, energy systems can
serve as a useful entry point for both sociotechnical integration and sustainability
education.

Finally, | propose that a sociotechnical lens can be applied to current engineering
sustainability initiatives, such as LCA, to build off students’ existing knowledge, and allow
them to question some of their existing beliefs. | believe that this exercise would provide a
transformative learning process for students, allowing them to gain a better understanding
of both sociotechnical thinking and strong sustainability.
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