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Abstract

The food-energy-water (FEW) nexus framework calls for a systems perspective on address-
ing complex sustainability challenges. As a sustainability science field, nexus research
should in theory bring together transdisciplinary approaches drawing from a range of
stakeholder knowledge and experiences. This approach would align with the competence-
based training for future sustainability leaders advocated for in sustainability education lit-
erature. In practice, the field is dominated by techno-scientific approaches with superficial
or peripheral attention paid to issues of social justice and community engagement. In this
article, we explore how this imbalance in the literature reflects a breakdown between the
ideals of sustainability training and the reality of training at the nexus and describe obsta-
cles that may be contributing to this breakdown, including a prejudice towards the idea of
“objective” science, institutional incentives, and disciplinary culture. To address these con-
cerns, we introduce a research project focused on assessing the training of future research-
ers at the FEW nexus and exploring how these programs train students in particular views
of what is important at the FEW nexus, such as technological solutions, stakeholder collab-
oration, and/or issues of equity and justice. It will also provide recommendations for creat-
ing open learning environments that are competence-based, and that incorporate multiple
methods, acknowledgments of limitations, and alternate ways of knowing.

1 Introduction
The food-energy-water (FEW) nexus, which has grown from a niche sustainability con-

cept to an expansive research field in recent decades, is a globally recognized strategy
for addressing “wicked” problems. Wicked problems are those known for their complex
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interdependencies that span disciplines and scales and that have no simple solutions (Balint
et al., 2011). Scholars researching the FEW nexus have oriented their work toward fore-
casting the ongoing functionality of food, energy, and water systems in the face of world-
wide challenges (e.g., climate change and overconsumption) and developing new methods
for ensuring resource security (Allouche et al., 2015). While research focusing on food,
energy, and water systems has occurred in silos for decades, only recently has a field
encompassing the intersections and cascading interactions of all three been taken up as a
governance tool and preeminent research agenda.

The term “food-energy-water nexus” (also referred to as the “water-energy-food” nexus)
came to prominence in international policy circles in the aftermath of the 2008 financial
crisis (Cairns & Krzywoszynska, 2016; Schmidt & Matthews, 2018). During the 2008
World Economic Forum, conversations on limited water resources and potential limits on
economic growth launched the FEW nexus as a systems approach to water scarcity that
considered the interconnectedness of food, energy, and water systems (Allouche et al.,
2014). The Bonn2011 Nexus Conference indicated continued attention and advancement
for the nexus approach, jumpstarting nearly a decade of the concept’s use in global political
forums, international development, and conservation organizations, and justifying signifi-
cant amounts of funding for research and training (Belmont Forum & Joint Programming
Initiative Urban Europe, 2016; Economic Social Research Council, 2015; National Sci-
ence Foundation, 2020; Opejin et al., 2020). Since 2016, in the USA alone, the National
Science Foundation has invested over $100 million in funds for graduate research training
programs focused on the FEW nexus, a telling commitment to the future of this work (USA
Spending, 2022). As sustainability science has expanded as a field in response to the com-
plex challenges of climate change, poverty, and pandemics as well as FEW nexus issues,
the university has taken on a larger role in addressing these challenges. However, this role
is not a solitary one but rather a collaborative undertaking. Co-creating knowledge and
solutions between university researchers, including graduate students, and other partners
such as government, industry, and civil society is necessary to work towards sustainable
transformations (Trencher et al., 2014, 2017).

As graduate student fellows within a National Science Foundation-funded Research
Traineeship, the University of Maryland Global STEWARDS (STEM Training at the
Nexus of Energy, WAter Reuse and FooD Systems), we propose that graduate student
training functions to shape how future scholars think about and approach the FEW nexus
and solutions to nexus challenges. Graduate students trained in these areas are expected to
be future change agents and sustainability leaders capable of addressing challenges such
as climate change, biodiversity loss, and resource insecurity, requiring them to undertake
transformational projects and embody transformational characteristics that move beyond
the status quo (Redman & Wiek, 2021). Graduate programs provide the setting where many
students begin to link together the systems that underpin the FEW nexus, and are trained
in the practices, customs, and requirements of academic knowledge production. Transfor-
mational education for graduate students at the FEW nexus, itself a boundary-spanning
field, presents an opportunity to provide future leaders with the kind of transdisciplinary,
value-laden, and competence-based training required to face these challenges (Wiek et al.,
2016). Furthermore, it is an opportunity to participate in the kind of cross-sector stake-
holder engagement that is understood to be necessary to successfully advance sustainable
transformation, and to fulfill the goals of transdisciplinarity.

Yet despite these expectations for what future sustainability scholars should be able
to do, much of the FEW nexus literature does not reflect a similar perspective, indicating
a breakdown between the ideals of sustainability training, the materials and scholarship
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that graduate students are familiarized with, and how particular kinds of scholarship are
rewarded in graduate school and beyond. In this article, we explore the dissonance between
the emphasis on transdisciplinary approaches in educating future sustainability leaders and
the content of FEW nexus literature, drawing also upon sustainability education literature
and our own experience in receiving training at the FEW nexus. We propose that this dis-
sonance provides the impetus for further research on how graduate students in sustainabil-
ity fields are trained, from the perspective of graduate students themselves. We introduce
such a research project that aims to examine how particular graduate fellowship programs
train students in particular views of what is important at the FEW nexus, such as tech-
nological solutions, stakeholder collaboration, and/or issues of equity and justice, and to
make recommendations to improve the scope and breadth of this training.

2 Student Competencies and Transdisciplinarity in Sustainability
Education

Within sustainability science, several ideas have developed on what future sustainability
leaders, today’s students, should be able to do to address complex challenges. These are
referred to as competencies, defined as the “functionally linked complex[es] of knowledge,
skills, and attitudes that enable successful task performance and problem solving” (Wiek
et al., 2011). Educational literature on competencies in sustainability emphasizes their
boundary-spanning, interdependent, and forward-looking nature. In order to be the leaders
and change agents seen as necessary to address sustainability challenges, students should
be exposed to education that enables them to acquire these competencies. In this litera-
ture, major competencies in sustainability training includes systems-thinking competence,
futures-thinking competence, values-thinking competence, strategies-thinking competence,
implementation competence, interpersonal competence, and intrapersonal competence
(Redman & Wiek, 2021; cf. Wiek et al., 2011; Wiek et al., 2016). These competencies are
similar to the concept of expertise in sustainability research integration and implementa-
tion that incorporates thinking beyond the status quo, prioritizing collaboration, and cre-
ativity in integrating insights beyond one’s own discipline or lived experience (Bammer
et al., 2020).

Without fully reiterating the content of these competencies here, the skills, knowledge,
and attitudes considered to be critical for future sustainability leaders and researchers
are not only the systems-oriented approach that may be more familiar to environmental
researchers, but simultaneously the people-oriented, social skills that emphasize concerns
around justice, equity, collaboration, and integration of multiple points of view (Brundiers
et al., 2021; Wiek et al., 2011). The values-thinking competence is explicitly normative,
requiring students to think about and take a position on particular sustainability actions
based on concepts of equity and ethics (Wiek et al., 2011). These values-laden positions
connect to other competencies as well; for example, Brundiers and colleagues indicate that
strategic-thinking competency includes a capacity to undertake radical change to “disman-
tle oppressive power structures” (Brundiers et al., 2021: 18).

These ethically oriented competencies extend beyond the student themselves, as the
interpersonal competence requires collaboration and engagement with both teammates
in a university setting, and stakeholders beyond those walls. Stakeholder engagement is
seen as a “‘must have” in sustainability science research (Brundiers et al., 2021), especially
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research that positions itself as transdisciplinary. There is a widespread acknowledge-
ment that wicked problems require an interdisciplinary or transdisciplinary approach to
create sustainable solutions. Frameworks of transdisciplinarity call for the integration of
knowledge from communities affected by interventions to create research questions, gener-
ate new knowledge, and re-integrate findings into policies and solutions (Bammer et al.,
2020). This definition moves past the consideration of breaking down academic silos and
requires researchers to accept and include traditional and other stakeholder knowledge in
all stages of the research process (Trencher et al., 2017). Stakeholder engagement plays a
key role in the transdisciplinary process, as engaging with a diverse group helps to elicit
novel ideas, which contributes to the expansive reach that is necessary to develop solutions
to the world’s wicked problems (Boone et al., 2020). By engaging stakeholders within and
outside of the academic field, the transdisciplinary approach promotes the co-creation of
knowledge between researchers and those who will be directly affected by the solutions
developed in the research process.

3 Identifying Imbalance in FEW Nexus Literature

As a sustainability field, it would be reasonable to think that research at the FEW nexus
would reflect the emphases discussed in the literature on sustainability education. How-
ever, this is not often the case. In our experience receiving training at this nexus, we identi-
fied an imbalance between the goals and expectations of transdisciplinarity laid out in the
sustainability education literature and the context of the research we were exposed to in the
FEW nexus literature. Expanding upon this observation, we conducted a literature review
to further understand the scope of FEW nexus literature and consider the implications of
our own exposure to limited elements of this literature. The literature review is based on
peer-reviewed journal articles, books, and grey literature (reports and white papers). It is
not a comprehensive review of the entire field, but does include several systematic reviews,
bibliometric reviews, and discourse analyses of nexus scholarship (Albrecht et al., 2018;
Newell et al., 2019; Opejin et al., 2020; Wiegleb & Bruns, 2018). The literature search was
conducted in Google Scholar using the keywords “FEW Nexus” and additional sources
were included from the content of systematic and bibliometric reviews. This literature
reviews includes 36 documents that represent several different approaches to FEW nexus
research. After reading, we characterized each reference for inclusion in one of the sections
of the review below. The analysis of the literature was interpretive rather than mechanical,
guided by our experience and with exchange among our group, with fellow trainees, and
with advisors engaged in sustainability research.

3.1 Characterizing FEW Nexus Research

FEW nexus research is dominated by concerns for natural resource security, efficiency, and
sustainable development (Wiegleb & Bruns, 2018). Researchers have tried to address these
concerns from a primarily quantitative, “Science, Technology, Engineering, and Math-
ematics” (STEM) approach to nexus research. In a recent systematic review, Albrecht et al.
(2018) discovered that many of the 245 articles and book chapters reviewed do not address
the linkages between FEW systems. About three quarters of the studies reviewed relied
solely on quantitative methods, and only one quarter incorporated social science methods.
The dominant discourse lacks human-oriented, social science perspectives that are critical

@ Springer



FEW and Far Between

when developing solutions to wicked nexus problems. Alternative ways of thinking, how-
ever, flicker around the edges of this leading approach to nexus research. This alternative
approach challenges the dominant techno-managerial framings of the field, its ambiguous
use as a “buzzword,” and the relative dearth of attention paid to issues of social justice and
inequality, public health, and the energy sector in nexus research (e.g., Allouche et al., 2014,
2015, 2019; Cairns & Krzywoszynska, 2016; Leese & Meisch, 2015; Middleton et al.,
2015). It highlights the tensions produced by the institutional, economics-driven creation of
the FEW nexus research paradigm (Allouche et al., 2014; Schmidt & Matthews, 2018), and
the effects this perspective of the FEW nexus have on local communities. Addressing nexus
challenges without considering the political implications, social-historical context, and eco-
nomic feasibility of potential solutions may lead not only to ineffective recommendations
(Mirker et al., 2018; Schlor et al., 2018), but also to perpetuating longstanding inequities
across lines of race, gender, class, and ethnicity (Leese & Meisch, 2015).

3.2 Techno-Scientific Approaches to the FEW Nexus

The current FEW nexus framework largely focuses on the scarcity of natural resources
which constrain global capacity for the delivery of clean water and the production of food
and energy. Resource scarcity has driven researchers to view nexus challenges through a
lens of risk and security (Wiegleb & Bruns, 2018). This lens highlights how a failure in the
systems that deliver any one of these resources could cause severe disruptions to the oth-
ers, and consequently, to human life. Leese and Meisch (2015) suggest that the threat in the
FEW nexus is imminent and, considering the expected impact of climate change and rapid
population growth, likely to worsen in the future. While risk may be present in the current
moment, these authors suggest that a “security lens” notion in the nexus is not limited to
only taking sweeping action to address a current and dire threat, but also allows for devel-
opment strategies which help to manage and mitigate the threat’s impact on future genera-
tions. Prioritizing resource risk and security leads to research in the FEW nexus field being
largely solutions-oriented. Nexus researchers commonly rely on the concept of ecological
modernization, using economic analysis to assess the effectiveness of sustainable methods
for using and recycling FEW resources (Wiegleb & Bruns, 2018). Theories from STEM
fields and engineering techniques are drawn upon to create technological innovations
which, alongside market instruments, are used by decision makers to maximize resource
efficiency and reduce waste.

The techno-scientific approach that is typical of the leading discourse focuses heavily on
quantitative methods (Albrecht et al., 2018). Many studies in this area have adopted inte-
grated assessment models to represent the interconnected dynamics of food, energy, and
water systems (Larkin et al., 2020). To understand the FEW nexus, researchers use stock-
and-flow models, which assess the outputs of the connected systems (Berardy & Chester,
2017; Daher, Lee, et al., 2019; Markantonis et al., 2019; Mroue et al., 2019; Siddiqi and
Anadon, 2011), and dynamic models that integrate the effect of policy on resource con-
sumption and output (Brouwer et al., 2018; Martinez-Hernandez et al., 2017). As techno-
logical advancements have increased the complexity of the interactions at the FEW nexus
by erasing the geographical boundaries of system interactions, concepts like virtual water
and the supply chain are focuses of nexus researchers. Virtual water is a term developed
to describe the water used to produce commodities (e.g., crops) that are then exported
from their source country and distributed globally (Oki & Kanae, 2004). Researchers are
using the modern supply chain infrastructure to model how distribution of food allows the
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transfer of water resources across traditional geographic boundaries, creates pressure on
systems in vastly different regions, and drives the need for energy-intensive technological
solutions like large-scale desalination and long-distance transportation systems (Scanlon
et al., 2017; Siddiqi and Anadon, 2011; Ramaswami et al., 2017). Research framed around
the supply chain is still largely quantitative in nature, focusing primarily on inputs and out-
puts that are not human-centric.

In sum, the leading approach to nexus research emphasizes a solutions-oriented per-
spective, technological innovation, and quantitative methods including integrated assess-
ment modeling. The dominant approach focuses on the natural food, energy, and water
systems, assessing how they may be better controlled and managed to achieve resource
security and avoid future global crises. The position of FEW nexus research within STEM
fields structures approaches to the nexus in ways that reinforce ongoing inequities in access
by students, researchers, and community stakeholders from underrepresented populations.
Stakeholders are considered when presenting potential technological solutions to issues in
the FEW nexus, but this is largely centered around policy makers, economics or “ability to
pay,” and environmental stewards.

3.3 Alternative Approaches to FEW Nexus Research

While the above framework makes up the bulk of FEW nexus scholarship, alternative
approaches exist, some that even critique the FEW nexus concept itself (Wiegleb & Bruns,
2018). These alternative approaches focus on examining how the nexus concept is simi-
lar to concepts used by indigenous peoples (i.e., traditional ecological knowledge), incor-
porating social theory, community participatory research methods, and practical scalable
solutions.

The conceptual development of the FEW nexus has been criticized for being both uno-
riginal and unattainable. While the nexus concept was introduced at the 2008 World Eco-
nomic Forum as new, go-to vocabulary for policy makers addressing sustainable devel-
opment, critics argue that the connections between food, energy, and water systems have
long been understood as a singular system by communities (Allouche et al., 2015; Benson
et al., 2015; Williams et al., 2019). Governance at local scales in farming, hunting, and
fishing communities has always incorporated all three elements, evident by the traditional
knowledge, stories, and lessons of these groups. Cairns and Krzywoszynska (2016) argue
that the term’s newfound fame as a policy and research buzzword re-appropriates exist-
ing academic, policy, and community approaches to resource management, raising it above
critical engagement and restricting nexus approaches to those that can be easily digested by
funders and policymakers. Taking this even further, Schmidt and Matthews (2018) argue
that the nexus concept is a tool developed and used by global financial giants to financial-
ize environmental resources, turning the challenges of climate change and resource scarcity
into opportunities for capitalization and profit.

The FEW nexus concept emphasizes integration and has been touted as a comprehen-
sive, interconnected approach to (a) solving resource challenges in the face of a grow-
ing global population that consumes evermore resources and (b) balancing the impacts
of global climate change. However, the expansion of nexus research, policy, and practice
has revealed areas that dominant research frameworks and methodological approaches gen-
erally fail to integrate. A central focus on water systems (Beck & Villarroel Walker, 2013:
632; Benson et al., 2015; Opejin et al., 2020), coupled with the emphasis on quantitative,
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STEM fields, has led to limited integration of human health, social science, and critical
theory perspectives in the development of the nexus concept. Along these lines, Allouche
et al. (2019) and Simpson and Jewitt (2019) rebuke the disproportionate emphasis of cur-
rent FEW nexus approaches being placed on STEM fields and highlighting technological
solutions to nexus problems. Indeed, much of the early research on the nexus was void of
social science theory, creating a misconception that technology and innovation will solve
encroaching resource problems and that governance, politics, and local context serve a sec-
ondary role. The dominant nexus approach has been challenged for failing to adequately
address issues of poverty and resource distribution (Foran, 2015; Mdee, 2017). This treat-
ment of human concerns as the motivation for—but not the focus of—nexus research is
reflected in interviews with research funders who recognize that social science is often
understood to be an “add-on” to natural or physical science projects (Cairns & Krzywo-
szynska, 2016).

The emphasis placed on techno-scientific solutions and developing new technologies
and market instruments for solving problems at the FEW nexus overshadows the pri-
macy of integrating stakeholders into sustainability research. A subset of FEW research-
ers has attempted to understand the forces that dictate the decision-making processes of
key stakeholders (e.g., Bonatti et al., 2018; Covarrubias et al., 2019; Larkin et al., 2020;
Rasul, 2014; White et al., 2017). Adding dedicated community- and stakeholder-engaged
research techniques to the current dominant approaches has a multitude of benefits. Ber-
gendahl et al. (2018) state clearly that stakeholders (e.g., individual farmers) make impor-
tant technical, social, and economic decisions, arguing for a transdisciplinary approach to
include these decision-makers in the creation of interventions to promote sustainability at
the nexus. Many of the articles which use a FEW nexus approach to analyze the impact of
scenarios and policies on individual regions have no assessment of feasibility in the eyes
of policymakers or community stakeholders (Berardy & Chester, 2017; Daher, Hannibal,
et al., 2019; Kulat et al., 2019; Markantonis et al., 2019; Mroue et al., 2019). These arti-
cles analyze the resource and economic responses to individual scenarios excellently, but
there is still a need for qualitative research to ensure that social aspects of these regions
are considered when moving forward with sustainability initiatives. Importantly, policy-
makers are not the de facto proxies for the vast range of community needs. While it is
important to engage policymakers when designing multi-scale, interdisciplinary, and trans-
sector solutions, it is critical to recognize that policymakers represent only a calculated
majority of their constituents—at best. In stating this, we stress the need for more substan-
tive inclusion of social justice (particularly distributive and restorative justice) and envi-
ronmental justice frameworks throughout the FEW nexus, relating to the values-thinking
competence described in sustainability education literature. Striving towards this balance
through the inclusion of justice frameworks respects the knowledge, efforts, and actions of
indigenous communities and other communities of color, recognizing that none of these
concerns, ideas, or goals is new. As Allouche and colleagues note, “For many rural com-
munities, however, food, water and energy has never been conceptually separated in the
way that experts have sought to understand them. Indeed, it may be that the water-energy-
food nexus is the (re)discovery by experts working in silos of what practicing farmers and
fishers already know” (Allouche et al., 2014, 23).

Prioritizing and accepting these alternative perspectives and various ways of knowing
re-politicizes scientific research, and reveals the cultural orientation of researchers, which
itself generates more effective science that is reflective of the world and its inhabitants
(Medin & Bang, 2014). In addition to these concerns of justice, stakeholder involvement
throughout the conduct of FEW nexus research accomplishes one of the defining tenets
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of the transdisciplinarity that is so often called for: dissemination of findings and capacity
building beyond the confines of academia (Hoolohan et al., 2018). We note that there is
a relevant difference between community stakeholders (e.g., impacted residents and end-
users) and stakeholders from academia, agency, and industry; each having unique (and
sometimes dueling) motivations and needs (Bielicki et al., 2019). Using transdisciplinarity
as both a goal and a guiding principle, several researchers have used stakeholder involve-
ment to reevaluate the success of quantitative strategies at the FEW nexus. Sperling and
Berke (2017) highlight that stakeholders’ lack of awareness of FEW issues and needs con-
tributes to a reluctance to act on established solutions, leading to an implementation gap
where developed techno-scientific strategies go improperly tested or untested altogether.
Particularly when developing decision-support tools, stakeholder involvement must be
applied early and often throughout modeling processes (Guan et al., 2020). Given the sheer
vastness of FEW problems, governance and policymaking alone cannot fill the implemen-
tation gap (Daher, Hannibal, et al., 2019). Community, and even individual, stakeholder
buy-in is crucial.

4 Implications of Imbalance: Blocks to Transdisciplinarity
and Competence-Based Education

In reviewing literature at the FEW nexus, we found that our primary exposure to certain
quantitative, techno-scientific approaches during our traineeship was reflective of the field
as represented in the literature. The kind of transdisciplinarity that is central to the suc-
cess of sustainability science is not apparent in FEW nexus literature broadly. For example,
while projects using techniques such as integrated assessment models include qualitative
information such as policy concerns or potential societal impacts, they do not necessarily
include stakeholders in the development of the project or proof of concept, or make use of
the knowledge base held by stakeholders through their lived experience. Within the litera-
ture, FEW nexus research projects often do not live up to the standards of interdisciplinar-
ity, let alone transdisciplinarity. The disproportionate dominance given to techno-scientific
approaches in FEW nexus research is fundamentally at odds with the goals of—and poten-
tial for—transdisciplinarity. Many FEW nexus research programs enjoy a kind of “quasi-
interdisciplinarity,” whereby disciplinary silos are less distant from each other but still far
from being integrated. This is not a novel criticism (as Albrecht et al., 2018, Wiegleb and
Bruns, 2019, and many others explain); however, we find it salient. The gap between the
rhetoric of transdisciplinarity and the reality of mismatched collaboration reemphasizes the
problems that emerge from addressing the FEW nexus from a strictly techno-scientific per-
spective, one that fails to theorize and thoroughly describe the on-the-ground situations of
climate change and resource scarcity (Foran, 2015).

Furthermore, some of the competencies described as important for successful sustain-
ability researchers are not reflected in the types of research that make up the bulk of the
field; indeed, a lack of prioritization of interpersonal competence can be seen in the issues
surrounding stakeholder engagement in the literature. While systems-thinking is reflected
in most nexus research, other competencies such as values-thinking or interpersonal com-
petence are not. Critiques of the leading FEW nexus approaches emphasize a lack of crit-
ical perspectives on issues of justice and disparities in resource allocation, as discussed
above. The values-thinking competence is explicitly oriented towards these kinds of con-
cerns. Sustainability education experts have even advocated for treating values-thinking
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as the lead competency in order to provide a normative and applied focus to sustainabil-
ity research that supports justice work, ecosystem integrity, and regenerative economies
(Brundiers et al., 2021).

That there exists an imbalance in the literature such that several articles have been pub-
lished to highlight this disparity indicates the tenacity of blocks to the kind of transdisci-
plinary, competence-based training and research needed for transformational sustainabil-
ity work. These blocks are well documented in sustainability education literature. Perhaps
the most insidious is the positivistic idea that science ought to be value-free and “objec-
tive,” a widely held prejudice that sustainability science must overcome (Brundiers et al.,
2021). Acquiring normative knowledge in order to make value-laden decisions is crucial
for sustainability scientists and trainees in this field, for as Wiek and colleagues (Wiek
et al., 2011: 209) argue, “The concept of sustainability is unavoidably value laden and
normative, since it addresses the question of how social-ecological systems ought to be
developed... This quest is challenged by critical issues of dissent and unbalanced power
relations that jeopardize principles of socio-ecological systems integrity, intra- and inter-
generational equity, and democratic governance.” The idea that scientists should not imbue
their research agendas with specific values such as justice, equity, and ethics in order to be
“objective” blocks the development of the transformational research necessary to address
complex challenges. As Nasir and Vakil (2017: 401) ask in the context of computer sci-
ence, sustainability researchers should be also asking questions like, “Code for what? For
whom? For which purposes? Whose problems are being coded for? Which questions are
being asked?” In some educational settings focused on the FEW nexus, STEM fields and
scientific perspectives, including biological, physical, engineering, and social and behav-
ioral sciences, are framed as the place where answers to these complex problems will be
found (Murray et al., 2021; Rodriguez et al., 2019; Wade et al., 2020). This centering of
STEM fields does not address the documented role of STEM in maintaining disparities
across race and gender that have structured how “objective” scientific solutions are created,
presented, and implemented. This culture of seeing science as value-free simultaneously
permits bias against students from underrepresented groups as a “combination of historical
patterns of scientific racism, academic disciplinary cultural assumptions of meritocracy,
and norms and behaviors that privilege some groups and marginalize others” (Carter et al.,
2019: 87). Integrating a values-laden approach not only improves the quality of transdisci-
plinary research and meets the goals of the competencies described in sustainability educa-
tion research, but also improves the quality of the educational experience itself for margin-
alized students.

While the idea that science is a value-free endeavor is a foundational block to the trans-
disciplinary, competence-based sustainability research we advocate for here, additional
obstacles include traditional incentives for professors and students that discourage trans-
disciplinary work in the pursuit of dissertations, degrees, and tenure (Bammer et al., 2020;
Boone et al., 2020; Brundiers et al., 2021; Trencher et al., 2014, 2017). Traditional disci-
plinary cultures have their own set of approaches, methodologies, and ways of doing work
(Bammer et al., 2020); transdisciplinary research requires what Boone and colleagues
(2020) call a “sharing” attitude that moves beyond the idea of science as an individual pur-
suit. For students, a particular block to the development of transdisciplinary perspectives
is that their mentors, advisors, and professors may not have received competence-based,
transdisciplinary training themselves (Brundiers et al., 2021; Wiek et al., 2016). Redman
and Wiek (2021) argue that while many university programs address sustainability prob-
lems, they do not usually fully prepare graduates for doing the work of sustainability.
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The techno-scientific slant of much FEW nexus research may be related to these blocks,
which impact the state of the literature as researchers write publications and conference
presentations that will support them in graduating, becoming employed, or gaining tenure.
However, the alternative approaches to the FEW nexus described above do provide a path-
way for pursuing the kinds of value-driven, interpersonal, and engaged research called for
in the sustainability education literature. There is an educational challenge inherent in this
imbalance and in current approaches to transdisciplinary training at the FEW nexus—are
new forms of training, such as the NSF NRT INFEWS programs, providing students with
the knowledge, values, skills, and opportunities to overcome these challenges?

5 Assessing Educational Priorities for FEW Nexus Research Training

In the last 5 years, the NSF has spent $115,720,491 through the Innovations at the Nexus of
Food, Energy and Water Systems (INFEWS) program to fund research traineeships (NRTSs)
for graduate students at 17 universities across the USA (USA Spending, 2022; National
Science Foundation, 2020). This is a significant investment in the future of sustainability
research and has created a pool of students trained in different ways to think about sustain-
ability and FEW nexus research. These programs train future generations of FEW nexus
researchers and present them with tools to conceptualize, imagine, and work towards future
solutions to current problems.

Inspired by our observations of the dissonance between the values we hold as social
scientists and public health scholars, those same values that are emphasized in sustain-
ability education literature, and the research we were exposed to during our training pro-
gram, we are currently conducting a mixed-methods assessment of student and faculty par-
ticipation in National Science Foundation (NSF) Research Traineeship (NRT) programs
focused on the FEW nexus. The purpose of our project, funded itself by the NSF, is to
study the experiences of students and faculty of INFEWS NRT programs in an effort to
(1) understand how NRT programs train students in particular views of what is important
at the FEW nexus, such as technological solutions as well as issues of equity and justice,
as they relate to competence-based ideals; and (2) make recommendations to improve the
scope and breadth of this training. Specifically, we examine whether (and if so, how) the
syllabi of courses in NRT programs, the learning techniques presented in these courses,
and the disciplinary diversity of these programs incorporate competence-based training, as
well as whether they foster an emphasis on values of equity and distributional justice. This
will contribute to a better understanding of how the nexus can be used as a tool not only
to develop scientific solutions to sustainability problems but also to ensure distributional
justice in terms of the future benefits of sustainability. This project will make use of semi-
structured interviews with NRT principal investigators, focus groups held with student par-
ticipants from diverse disciplinary backgrounds, and a survey for both student and faculty
members of NRT programs. NRT faculty and students will be surveyed for perceptions
on curriculum development, goals for the students in each program, and understandings
and perceptions of interdisciplinarity and transdisciplinarity. We will include the 12-item
Transdisciplinary Orientation Scale, a measure of readiness to collaborate in transdiscipli-
nary research, in the survey (Misra et al., 2015) to see if this measure correlates with per-
spectives and/or program design. The research will increase understanding of if and how
certain approaches to the FEW nexus continue to be prioritized, why particular visions of
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future FEW functionality are being pursued, and what methods are used to maintain and
reproduce the current priorities of FEW nexus research.

The original idea for this project emerged from our own experiences in the NRT pro-
gram at the University of Maryland. While we had the opportunity to hear from many dif-
ferent practitioners and researchers at the FEW nexus, we were only briefly exposed to
social science methodologies. The notion of justice frameworks and stakeholder engage-
ment was brought into our courses primarily through the work of our student group,
which was formed by the students with previous experience in social science and public
health backgrounds. We were drawn to work together through our shared questioning of
the way that the FEW nexus was presented through our coursework. We asked ourselves
why frameworks such as the OneHealth approach that connects the health of people, ani-
mals, and environment (Center for Disease Control, 2018) or well-established social sci-
ence methodologies such as semi-structured interviewing or participant observation were
not included in our training. We remain extremely grateful to our instructors in the NRT
program, who supported us in our reading, learning, and critiquing of our program and
research at the FEW nexus, and in no way intend for this paper or the research described
here to reflect poorly upon our training. They, alongside the NSF, continue to support us in
pursuing the project described here and have encouraged us to continue to probe into how
fellow students are being trained at the FEW nexus, to better work towards transforma-
tional sustainability solutions.

Our research project assesses the curriculum, disciplinary representation, and skill
development opportunities offered to the students and young researchers who will frame
the next generation of nexus scholarship and direct thinking possibilities for sustainable
futures. Similar to reviews of the literature that aim to assess the various discourses that
orient a field of research, this project will examine the FEW training that is occurring
before journal articles and white papers are published. Understanding the ways that grad-
uate students are being trained will provide a head start for understanding how the next
generation of policymakers, scholars, and funders will conceptualize and tackle the nexus
in the future. Ultimately, the findings may provide opportunities for nexus researchers to
reflect and refocus future research to address the identified gaps in the truest sense of trans-
disciplinary research projects and take a more holistic approach to FEW problem-solving.
Such a refocusing may help to identify practical, people-oriented solutions that are able to
combat the complex challenges at the heart of sustainability research.

6 Conclusion

Throughout this article, we have explored the ways that FEW nexus research is represented
in much of the literature, critiques of these approaches, and highlighted the ways that the
transdisciplinary and competence-based training hailed in sustainability education litera-
ture is not reflected in much of the FEW nexus literature. The research project introduced
here aims to further understand how the imbalance between techno-scientific “quasi-inter-
disciplinary” and truly transdisciplinary research has come to be in the FEW nexus lit-
erature, and the potential for current training programs at the FEW nexus to address these
challenges. While it may be the case that as a relatively new field, we simply need more
time for current researchers, students, and future scholars to be adequately trained in a
transdisciplinary, competence-based approach, the imbalance in the literature identified in
this article presents a hefty obstacle to overcome. Through the study described here, we
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will test whether the blocks to transdisciplinarity and competence-based training in sus-
tainability are sufficiently overcome through training programs such as the NSF NRT and
be able to make more specific recommendations for improving training outcomes. In this
way, it will provide a baseline for ensuring future training of students is further rooted
in transdisciplinarity and the ethically oriented competencies of values-thinking and inter-
personal competence in the form of stakeholder engagement, as well as other key compe-
tencies discussed in the literature. While this training is US-focused, the model used here
could be applied to a more global approach to training assessment.
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