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Abstract
The urgent environmental challenges we now face, from climate change to biodiversity loss, involve people and the planet, the social,
and the environmental. Teaching students to become effective socio-environmental problem-solvers requires clarity about concepts
and competencies needed to understand and tackle these challenges. Here, we propose an educational framework that describes what
students should learn and how they should apply this knowledge to address socio-environmental problems. This framework empha-
sizes the process of problem-solving and is based on socio-environmental (S-E) synthesis, an integrative, transdisciplinary approach to
understanding and tackling complex socio-environmental problems. In addition to identifying the knowledge, skills, dispositions, and
practices necessary for S-E problem-solving at the undergraduate and graduate levels, we clarify how one draws on such competencies
to inquire about problems and generate solutions for them. Our primary goal is to provide a useful tool to help guide development of
curricula, teaching materials, and pedagogies for S-E synthesis and interdisciplinary environmental education more broadly.
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Introduction

Preparing students to understand and address complex and often
global environmental problems is a critical and growing chal-
lenge for higher education. These problems, such as
transboundary pollution, overfishing, and biodiversity loss, con-
found teams of seasoned experts and entire societies. Not sur-
prisingly, interdisciplinary environmental and sustainability
(IES) programs, whose common goal is to train students to be-
come “sustainability-oriented scientists, leaders, problem

solvers, and decision makers” (Vincent and Focht 2010), have
struggled to articulate coherent and effective ways to meet this
challenge (Vincent and Focht 2010; Clark et al. 2011). This
difficulty lies, in part, in the complex, interdisciplinary, and often
contested nature ofmost environmental and sustainability issues.
Such problems are often described as socio-environmental (S-E)
in recognition of the intertwined nature of their natural and social
dimensions. Given the interdisciplinary nature of S-E problems,
developing solutions usually require integrating insights from
the natural and social sciences, engineering, and other fields
(NAS 2005; Turner II et al. 2016). Such integration is itself
challenging because epistemological differences, including the
discussion of what constitutes valid knowledge and evidence,
can be substantial (Eigenbrode et al. 2007). Furthermore, the
societal context of S-E problems, along with the need to develop
solutions that are embraced by stakeholders with often compet-
ing agendas, necessitates a transdisciplinary approach (Mobjörk
2010), transcending disciplinary boundaries and engaging per-
spectives and actors beyond academia. Transdisciplinary work
requires individual and team competencies that can be compli-
cated and difficult to articulate. Yet, a clear understanding of
how such work is done and the needed competencies associated
with it are necessary prerequisites to prepare students to be ef-
fective S-E researchers and problem-solvers.

In this paper, our goal is to provide a generalized description of
the process of S-E problem-solving and the competencies re-
quired for this. We describe them as part of an integrated
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problem-solving framework to guide pedagogical and curriculum
development, which we hope can be of use to the many disci-
plines and traditions engaged in S-E problem-solving, from natu-
ral resources management to sustainability science. This frame-
work leverages S-E synthesis, an integrative, transdisciplinary ap-
proach to studying and addressing S-E problems (Turner II et al.
2016; Palmer et al. 2016; Palmer 2012).

Although the skills and knowledge researchers and practi-
tioners employ in S-E synthesis are broad and varied, our frame-
work incorporates three core ideas. First, S-E synthesis is funda-
mentally system oriented, focusing on the human-nature interface
and the holistic perspective advocated by interdisciplinary envi-
ronmental (IE) program leaders, (Vincent and Focht 2011).
Practitioners of S-E synthesis assume that environmental prob-
lems emerge from an underlying system and that how that system
“works” is the key to understanding how these problems form and
persist over time (e.g., Meadows 2008). Second, S-E synthesis
involves integrating existing knowledge, data, andmethods across
disciplinary boundaries to advance understanding of S-E systems
(Pennington et al. 2016). For example, researchers have used
novel computational methods to combine data on industrial toxic
pollution with socio-demographic data to empirically study soci-
etal power dynamics in relation to environmental degradation
(Collins et al. 2016). Third, S-E synthesis emphasizes the produc-
tion of knowledge that can inform decision-making or “actionable
science,” and thus favors transdisciplinary research (as defined in
Mobjörk 2010) that engages participants beyond academia in co-
defining research questions and desired end products (Palmer
2012; Lynch et al. 2015). While the core ideas that comprise the
approach are not new, we focus on S-E synthesis in building an
educational framework, because our main goal is to provide a
critical perspective for designing curricula to prepare students to
effectively implement S-E problem-solving.

S-E synthesis provides a powerful foundation for an education
framework because it offers several benefits: First, the integrated
study of social and environmental systems provides a more holis-
tic picture of the complexity that underlies socio-environmental
problems and systems than would be apparent through social or
natural science studies alone (Liu et al. 2007). Second, the use of
existing data, methods, and ideas in synthesis research facilitates
the development of new approaches and expands opportunities
for novel analyses (Carpenter et al. 2009). Third, by bringing
together people and disciplines usually distinct, it has the potential
to promote unforeseen insights and collaborations and to inform
practical solutions (Lynch et al. 2015). Like systems themselves, it
can catalyze emergent outcomes.

The need for a unified educational framework
for S-E problem-solving

Many fields have focused on identifying core competencies
students should develop (biology: AAAS 2011; physics:

AAPT 2014) as prerequisites to developing disciplinary iden-
tity and as guidance for the development of programs, curric-
ula, and classroom materials. In the environment and sustain-
ability fields, there have also been many efforts to articulate
requisite competencies (reviewed in Wiek et al. 2011, Lozano
et al. 2017, Sterling et al. 2017, and Evans 2019). These ef-
forts share the common trait of emphasizing competencies that
prepare students to work with complex systems (e.g., Frisk
and Larson 2011). Yet, few of these efforts have provided a
coherent picture of what students should learn, instead offer-
ing bulleted lists of competencies to learn (as noted by Wiek
et al. 2011). In contrast to disciplinary training, where there is
relatively good agreement on foundational theories, concepts,
and skills, the arena of IES education lacks such clarity
(Vincent and Focht 2011, but see Wiek et al. 2011 and
Segalas et al. 2009). Within IES programs, students “… see
their basic educational task as acquiring disciplinary knowl-
edge and skills … They trust that a mix of these disciplines
and methods will provide them with a sufficient tool kit”
(Clark andWallace 2015, p. 248). However, such an approach
is insufficient: What is also needed is guidance on how and
when to apply and integrate the knowledge and skills in their
“toolkit”; a framework can help provide and visualize that
guidance (Clark and Wallace 2015; Wiek et al. 2011).

Toward a unified educational framework
for S-E problem-solving

Here, we propose an educational framework that summarizes
and articulates the knowledge, skills, dispositions, and prac-
tices necessary for undergraduate and graduate students to
engage in socio-environmental research and problem-solving.
It explains the relationships among these elements to help
clarify how one approaches problems, conducts inquiry, and
generates solutions. We hope that it will serve as a coherent
vision that avoids the problems identified by Clark et al.
(2011) and others for IES programs. At the undergraduate
level, we hope that it provides both guidance on the founda-
tional competencies students should be developing and a
clearer understanding of why these competencies are critical
to learn. Moreover, we hope that the framework provides in-
spiration for the design of pedagogical approaches, such as
problem-based learning or case study methods that enable
students to practice these competencies to assess and solve
socio-environmental problems. At the graduate level, this
framework can guide the development of opportunities for
more-advanced practice and integration of competencies in
the context of socio-environmental problem-solving.

The genesis of this framework began in a workshop on
Teaching about Socio-Environmental Synthesis: Moving
Towards Best Practices convened at the National Socio-
Environmental Synthesis Center (SESYNC) on June 21-24,
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2016.. Participants represented a broad range of disciplinary
expertise (ecology, evolutionary biology, sustainability, anthro-
pology, philosophy, education, systems science, policy, and
environmental science) and experience in S-E synthesis re-
search and had developed S-E synthesis case studies that had
been used in the classroom. During the workshop, this group
sought to identify the full set of competencies and practices
needed for students to undertake S-E synthesis research and
problem-solving and ultimately identified four competency do-
mains: systems thinking, boundary crossing, sociocultural
awareness, and integrative research. These domains, described
below, collectively encompass the diverse skills and practices
involved in S-E synthesis and provide guidance for developing
student-focused learning outcomes for S-E synthesis.

However, taken in isolation, the four competency domains do
not provide sufficient guidance for how to use these competencies
in the process of actually doing S-E synthesis work. They can
quickly be treated as another more highly aggregated bullet list of
skills and knowledge. They need to be placed within a problem-
solving framework in order to promote the interdisciplinary inte-
gration practices that characterize S-E problem-solving. Drawing
on Ostrom (2009), such a framework should provide (a) a broad
goal-oriented process of inquiry and problem-solving within
which individual competencies are applied, (b) a holistic
approach for gathering and creating synthesized knowledge
across multiple domains (Clark and Wallace 2015), and (c) clear
connections between individual competencies and the greater S-E
problem-solving effort.

Recognizing the need for these criteria, the authors of this
paper, who comprise a subset of the original workshop partic-
ipants, continued discussions following the workshop to de-
velop a framework emphasizing the process of socio-
environmental problem-solving and the role of various com-
petencies in that process. These conversations and the related
literature selection process built on our collective experiences
as educators, researchers, and practitioners in the environmen-
tal arena and our expertise in socio-environmental synthesis,
systems science, sustainability science, policy, and environ-
mental education and pedagogy.

The framework we have developed contains four compo-
nents, all of which should be addressed when designing edu-
cational experiences aimed at developing these skills: 1) the
desired outcomes from S-E synthesis, 2) the process of inquiry
for achieving them, 3) the competencies required, and 4) the
interrelationships between all of these. These building blocks
and their relationships are shown in Figs. 1, 2, and 3 and
described in detail in the accompanying discussion below.

The desired outcomes from S-E synthesis

Beginning with the end in mind, Fig. 1 shows five outcomes
of S-E synthesis and problem-solving (Fig. 1). The outcomes

we suggest are insights that reflect and therefore mirror char-
acteristics of S-E challenges. For example, to tackle a chal-
lenge in its systemic reality, one must understand the system’s
role in the problem. Comparable toMarzano’s (2009) learning
goals that encompass both declarative (i.e., what) and proce-
dural (i.e., how to) knowledge, one can think of these out-
comes as being the kinds of insights or knowledge that should
be the result of any S-E synthesis effort. We briefly describe
these outcomes and illustrate them with a case study of the
rock lobster fishery in Western Australia.

In the early twentieth century, commercial fishing operations
in the Western Australian rock lobster fishery reaped a bountiful
harvest of lobster and correspondingly bountiful economic re-
turn. This stimulated further growth of commercial fishing and
an even greater total harvest—a self-reinforcing cycle of growth.
Following WWII, the annual harvest grew from less than 500
metric tons to over 8000metric tons in the 1950s. Moreover, this
growth brought with it more sophisticated and efficient fishing
technologies that enabled fishing fleets to continue reaping a
profitable harvest. This effectively masked the decline in the
lobster population, and by the mid-twentieth century when the
lobster population had reached critically low levels, it was almost
too late to take action (Phillips et al. 2007). We consider the
implications below.

Outcome #1: identification of the system actors,
dynamics, and boundaries

S-E problems emerge and are sustained by systems involving
interactions among both human (social) and natural
(biophysical) actors and forces. Understanding S-E problems
and finding sustainable solutions require an analysis of the
structures, boundaries, and behavior of those systems. Doing
so minimizes the potential for misinformed or naïve analyses
that fail to account for factors that are geographically or tem-
porally distant from the obvious symptoms of the problem. In
addition, this allows stakeholders to see their own goals and
actions in light of their broader impact. For example, in the
case of the western rock lobster fishery, overexploitation was
a natural outcome created by interactions between economic
forces, natural ecosystem dynamics, lobster fishermen, and
consumers. Sustainable solutions for such a problem require
that analyses consider the roles of those actors, economic re-
alities, and the ecosystem.

Outcome #2: illuminating the role of the system
in the problem

Once the scope and boundaries of the underlying system(s)
are identified, an analysis of system structure will lead to
insights about how certain characteristics of the system may
actually contribute to creating the problem and making it re-
sistant to change. Learning how to identify and evaluate the
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roles of structural features such as feedback dynamics, delays
from cause to effect, emergent behavior, and sources of mo-
mentum is critical.

In the rock lobster example, the near collapse of the fishery
was not the intent or goal of the actors in the system. It was
instead an emergent outcome—created by the feedback dy-
namics and information delays in the system. By accounting
for the role of these system features and by finding ways to
subvert them, managers eventually identified and implement-
ed viable interventions.

Outcome #3: transdisciplinary alignment
toward shared understanding of problem

Progress toward a sustainable solution is not possible un-
less relevant decision-makers and stakeholders reach a
common understanding of the roots of the problem—
how the interactions of the actors (human and otherwise)
collectively contribute to the problem. Achieving such
transdisciplinary alignment requires close collaboration

between disciplinary experts, stakeholders, and decision-
makers—each bringing critical knowledge from distinct
and complementary vantage points. Without consistent
effort to facilitate this collaboration, the entire endeavor
can regress into a conflict-ridden state in which scientific,
social, and political realities clash. A shared understand-
ing of the problem will be impossible, and progress to-
ward sustainable solutions will be unlikely.

In 1965, in response to the developing crisis in the Western
Australian rock lobster fishery, the Australian government
passed the Fish Resources Management Act, which created
the Rock Lobster Industry Advisory Committee, comprised of
fishery researchers, fishermen, and fishery managers from the
Australian government. This group was charged with devel-
oping an approach that would enable a sustainable, economi-
cally profitable, and ecologically sound western rock lobster
fishery. The diverse makeup of this transdisciplinary group
enabled a holistic analysis of the problem that drew on the
critical expertise of stakeholders, scientists, and policymakers.
This body continues to operate today.
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Fig. 2 The circular schematic at
the bottom of this figure illustrates
the key components of the S-E
synthesis process of inquiry that
leads to the desired outcomes de-
scribed at the top (and in Fig. 1).
Arrows indicate the directionality
of the process and highlight the
point that the process is iterative
and can be entered at any point
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tions. The goals are described as
enhanced insights toward each of
the five outcomes identified by
the dashed arrows
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Outcome #4: identification of effective modes
of intervention

Given a common understanding of the systemic roots of the
problem, the S-E synthesis effort should identify options for
effectively and ethically intervening to solve the problem.
Rather than simplistic prescriptions based on naïve cause-
effect explanations or unfounded sociocultural assumptions,
these interventions are instead informed by the transdisciplin-
ary, system-level understanding of the problem, correspond-
ing to the other outcomes.

The efforts of the Rock Lobster Industry Advisory
Committee eventually led to a series of principles that have
guided the management of the fishery since at least the 1970s
(Phillips et al. 2007). These principles exemplify an approach
that is founded on solid science and that value the input and
considerations of the commercial fishing industry and have
proven to be a highly successful guide since their adoption.
In the past two decades, the western rock lobster fishery has
consistently been recognized as one of the best managed fish-
eries in the world (Phillips et al. 2007).

Outcome #5: identification of tradeoffs
and uncertainties associated with proposed
interventions

S-E problems are characterized by tradeoffs between compet-
ing goals among stakeholders and often between what stake-
holders require to pursue their own goals and what is required
for the long-term sustainability of natural resources.

Moreover, the nature and intensity of these tradeoffs are often
not clear, and many of the factors involved are not easily
measured. In addition, because S-E systems adapt to change,
any intervention can lead to unintended consequences
(Sterman 2000). Hence, an S-E synthesis effort should explore
these tradeoffs and uncertainties by identifying and evaluating
assumptions that could have a significant bearing on the ve-
racity of the analysis.

For example, the principles guiding management of the
western rock lobster fishery require an annual reevaluation
of the size of the fishing fleet and allowable harvest. This is
informed by ongoing research, monitoring of environmental
conditions, and predictions of fishery recruitment rates. These
policies inevitably impose short-term hardships on those
whose livelihoods depend on the annual harvest, and have
fueled illegal fishing activity. Through the cooperative efforts
of the members of the Rock Lobster Industry Advisory
Committee, adaptive inspection and enforcement activities
have proven highly effective in combating such illegal
activity.

The process of inquiry for achieving these
outcomes

How are these outcomes achieved? The process by which S-E
synthesis leads to them is described in Fig. 2 and draws from
Burnside et al. (2015 presentation at the Association for
Environmental Studies and Sciences) and Palmer (2017),
who describe the phases of S-E synthesis research, as well
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as Bammer (2013) and Clark and Wallace (2015), who de-
scribe the kinds of activities involved in interdisciplinary or
transdisciplinary work. The order in which the process activ-
ities are presented should be interpreted as a logical ordering,
but not as a rigid step-wise procedure. In fact, many of these
activities are concurrent and recursive; findings from one ac-
tivity might lead to a revisiting of work done in earlier stages.

Process activity #1: refine focus and scope

One of the great challenges in S-E problem-solving is
clarifying both the problem and the goals of the analysis.
The variety of actors involved; their complex interactions
with their natural setting; and the potentially broad tempo-
ral, governance, and geographic scales of the problem can
readily lead to an amorphous set of responses devoid of
much-needed consistency. Thus, an important part of the
S-E problem-solving process is the refinement of the re-
search questions in response to new insights gained. As
new knowledge is gained or as collaborators provide dif-
ferent perspectives, the focus, scope, and desired outcomes
of the research may evolve over time.

Process activity #2: assemble expertise

A key task is to identify and assemble the expertise and
knowledge required to address a given S-E problem, and the
required expertise depends on the focus and scope of the
problem and the desired outcomes of the effort. The nature
of S-E problems typically necessitates the inclusion of diverse
disciplinary expertise, as well as contextual, “on the ground”
expertise of decision-makers and stakeholders. When possi-
ble, the team makeup should be fluid, evolving as the project
progresses and incorporating needed expertise as the nature of
problems evolves.

Process activity #3: acquire and integrate information

Given the diversity in expertise and knowledge required to
address a particular S-E problem, the types of information that
must be considered are similarly diverse and heterogeneous. A
hallmark of S-E synthesis is the integration of disparate data
and knowledge, which is a significant challenge because data
may be of differing types (quantitative and qualitative), may
span differing spatial and temporal scales, may be located
across many sources, or may not exist in the format necessary
for analysis. Additionally, this important phase of the S-E
synthesis process often requires a recognition and accommo-
dation of differing views of what constitutes reliable data and
valid evidence.

Process activity #4: analyze and reflect

An important part of the S-E synthesis process is identifying
or developing appropriate analytical methods and
implementing them to draw meaningful conclusions; this of-
ten requires sophisticated data analytic methods (Palmer
2017). It is also important to continually reflect on how the
results of analysis support or contradict the prevailing under-
standing of the likely causes—and consequences—of a given
problem. This activity involves metacognitive processes
through which assumptions are checked, mental models eval-
uated and revised, and sociocultural biases identified and
addressed.

Process activity #5: revise current understanding

Throughout the process, the current understanding of both the
nature and extent of the problem as well as its systemic causes
is continually updated as insights emerge and hypotheses are
formed and tested. This in turn can lead to a further refinement
of the project scope and focus, and so on, as indicated in the
circular nature of the process.

Competencies for S-E synthesis

The foregoing discussion implies that successful S-E synthe-
sis efforts depend on the proficient application of a sophisti-
cated and integrated portfolio of competencies. Identifying
competencies associated with the S-E synthesis process pro-
vides a substantive basis for teaching, ideally marrying an
understanding of the architecture of S-E synthesis with the
tools and habits of mind that support its application. In the
framework, these competencies are categorized into four com-
petency domains described below (Fig. 3).

Congruent with Klieme et al. (2008), we use “competency”
to encompass the interrelated skills, dispositions, practices,
and habits of mind that shape how S-E synthesis work is
conducted. These competencies are woven throughout the ef-
fort, informing the process and enabling progress toward the
desired outcomes. The competency domains define the need-
ed collective capabilities of the team working on S-E synthe-
sis, rather than those of one individual. However, some famil-
iarity with all of the competencies may be fundamental for all
who engage in S-E problem-solving. These domains are not
exhaustive nor are they mutually exclusive. In addition, their
relative importance will vary from one project to the next.

Competency domain #1: systems thinking

“Systems thinking” refers to the capacity of an individual or
team to recognize and analyze a problem as emerging from an
underlying system of dynamic and interdependent forces. By
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“system” we mean “… a set of things – people, cells, mole-
cules, or whatever – interconnected in such a way that they
produce their own behavior over time” (Meadows 2008). An
important feature of a system is that though it may be affected
by outside forces, its response to those forces is determined by
the structure of the system. Hence, by understanding the struc-
ture of the system, we can understand and anticipate its be-
havior. By emphasizing systems thinking throughout an S-E
synthesis effort, the team keeps the big picture in mind and
continually evaluates the boundaries of potential factors to
consider. In addition, systems thinking methods are often in-
strumental in building a common understanding of the prob-
lem across stakeholders and disciplinary experts (Gray et al.
2015).

Systems thinking can employ a wide range of methodolo-
gies for describing and analyzing the systems that underlie a
given S-E problem. These methodologies range from purely
qualitative approaches to highly sophisticated computer
modeling. Practitioners might employ combinations of ap-
proaches such as soft systems analysis (Checkland and
Poulter 2007), system dynamics (Morecroft 2015), network
analysis (Caldarelli 2013), fuzzy cognitive mapping (Gray
et al. 2015), and others. Whatever approach is used, the sys-
tems thinking competency domain can be organized into three
sub-categories related to 1) describing system structure, 2)
relating system structure to emergent behavior, and 3) simu-
lating alternative futures.

First, in order to employ systems thinking, practitioners
and students must be able to see beyond simple cause-effect
explanations to conceptualize a given S-E problem in terms of
the underlying system out of which that problem emerges.
Second, simply describing a system is not sufficient for prog-
ress toward sustainable solutions. The structure of the system
must be explored in order to generate hypotheses about how
the system might create and sustain the problem of interest.
This requires familiarity and awareness of the role of nonlin-
earities, feedback, and delays. Finally, simulation methods are
often employed to test hypotheses about the extent to which
system models can account for current system behaviors, as
well as to explore short-term and long-term consequences of
options for impacting future system behaviors.

In Nyaki et al. (2014), participatory systems modeling was
used with local stakeholders and national-level policymakers
to identify the dynamics driving an illegal bushmeat market in
Tanzania. The participatory modeling effort revealed signifi-
cant disconnects between the assumptions of policymakers
and the dynamics that actually influence the actions of local
actors in the bushmeat market. In addition, the modeling effort
demonstrated that these dynamics vary from one village to the
next. This variation, along with the misplaced assumptions,
had rendered ineffective the top-down policies used up to that
time. By adapting those policies to address these issues, more
sustainable corrective policies were possible.

Competency domain #2: integrative research

S-E synthesis draws upon a wide array of research methodol-
ogies, data sources, and theoretical frameworks to study S-E
systems (www.sesync.org). Given the interdisciplinary nature
of S-E problems, such research requires the integration of
disparate and heterogeneous datasets from multiple disci-
plines and sources, including both qualitative and quantitative
data. Thus, practitioners and students should learn a suite of
“integrative research” competencies that will prepare them for
interdisciplinary, data-intensive research.

These “integrative research” competencies can be orga-
nized into two sub-categories: 1) interdisciplinary re-
search practice and design and 2) data analysis and syn-
thesis. Interdisciplinary research practice and design com-
petencies help student learn how to find, read, and syn-
thesize relevant literature (e.g., Wagner 2014); locate and
manage both quantitative and qualitative data; and con-
duct research in an ethical manner (e.g., National
Academy of Sciences 2017). Concomitantly, the design
of S-E synthesis research projects often requires co-
developing research questions that involve navigating
across epistemological and methodological traditions of
various disciplines. The second sub-category, data analy-
sis and synthesis, encompasses a constellation of data sci-
ence skills necessary for working with disparate sources
of data and dealing with inherent challenges such as scale
mismatches, data availability, and differing standards of
evidence. Such competencies include computational skills
for data distillation or integration (including visualiza-
tion), and quantitative and qualitative data analysis.

Integrative research is essential to S-E synthesis work,
including formulating data-based hypotheses, generating
and evaluating simulations, and conducting risk analysis.
Oftentimes, abilities to logically critique natural resource
management policies or legal regulations are ultimately
dependent on proficient integrative research competen-
cies. For example, in order to reform national policy and
institute legally enforced regulations about freshwater pol-
lution, the government of New Zealand drew upon region-
al research that compared two approaches for establishing
catchment loads for diffuse nutrient pollution. One ap-
proach was based on a river’s “in-stream” nutrient con-
centration, while the other was based on computer-based
predictive modeling (Duncan 2017). A suite of data sci-
ence skills was necessary to fully understand and cogently
interpret the findings of each research approach. Thus
integrative research competencies underpinned the ability
to compare strengths and weaknesses of each approach, to
evaluate implications for compliance and enforcement
mechanisms, and ultimately, to critique or propose policy
responsive to the complexities involved in measuring and
regulating diffuse water pollution.
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Competency domain #3: boundary crossing

S-E problem-solving typically requires crossing a wide variety
of boundaries between academic disciplines, civil and govern-
mental sectors, and organizations and institutions, as well as
research methodologies, epistemological traditions, and even
ontological paradigms (Spelt et al. 2009). Thus, students as-
piring to become S-E problem-solvers need to develop a par-
ticularly sophisticated orientation to boundary crossing (Clark
et al. 2011; Reich and Reich 2006).

This domain includes at least two broad categories: 1) skills
for facilitating inter- or transdisciplinary collaboration and 2)
professional habits of mind conducive to boundary crossing.
First, S-E synthesis work often requires collaborative work in
cross-disciplinary teams. This brings a unique set of research
challenges related to negotiating boundaries between team
members and achieving the kind of knowledge integration
paramount to S-E synthesis. There is a growing emphasis on
developing and promoting effective methods and tools that
can facilitate successful collaborative research, particularly
for transdisciplinary teams addressing S-E problems
(Bammer 2013; Bammer 2017).

S-E synthesis work also requires that differences in per-
spective are proactively sought and embraced as an opportu-
nity for deeper understanding. Active listening, empathetic
patience, and mutual respect may generate novel and innova-
tive ideas that might never have emerged from a single disci-
plinary perspective. A decidedly solution-driven pragmatism
is necessary for practicing these skills in the presence of the
inevitable challenges posed by interdisciplinary work.
Furthermore, boundary crossing requires a high tolerance for
uncertainty, ambiguity, and contradiction.

The importance of the boundary crossing domain can be
aptly illustrated by a case study about Minnesota’s wolf hunt
(Wallace et al. 2014). Hunter and trappers, indigenous groups,
farmers and ranchers, and wildlife advocates are among the
stakeholder groups impacted by wolf hunting regulations.
Because of the wide range of human values associated with
wolves, perspectives within and between various stakeholder
groups can be highly diverse and sometimes sharply contra-
dictory. Yet, input from multiple stakeholder groups is para-
mount to the development of pragmatic solutions and work-
able regulations. Though the design ofMinnesota’s wolf man-
agement plan was based on a “wealth of biological, sociolog-
ical, cultural, and economic data, reports, and experiences”
(Minnesota Department of Natural Resources 2001), its im-
plementation fueled controversy and resulted in extensive
court battles. Without sophisticated boundary crossing com-
petencies, it would be difficult to make defensible recommen-
dations about statewide wolf management regulations or to
appreciate the complexity of myriad factors that make consen-
sus about wolf hunting regulations so vexingly difficult to
achieve.

Competency domain #4: sociocultural awareness

Because every S-E system includes social components, di-
mensions of human societies such as cultural, political, eco-
nomic, philosophical, historical, and religious influences must
be considered. Hence, robust practice of S-E synthesis re-
quires a deep understanding of those influences
(Martusewicz et al. 2011). These sociocultural factors involve
more than the context within which an S-E problem occurs:
They are in fact key elements of the S-E system itself. Their
role in that systemmust be recognized and understood in order
to achieve the desired outcomes of S-E synthesis.

The sociocultural competency domain can be organized
into three related sub-categories: 1) sociocultural self-
awareness, 2) sociocultural contextual awareness, and 3) rec-
ognition of the ethical dimensions of decision-making in dif-
fering social contexts. First, students need to develop self-
awareness of their own identities, cultural beliefs, and view-
points, as well as awareness and respect for those of others.
Failing to do so can lead to a disregard for social values and
practices different than one’s own, which in turn can result in
supposed “solutions” that ignore or devalue critical stake-
holders. Achieving sociocultural self-awareness requires fre-
quent self-reflection, tolerance for ambiguity in the presence
of values or practices that are outside of experience, and an
expansive capacity for empathy—the ability to understand the
perspective of others. Second, sociocultural contextual aware-
ness requires knowledge of how social, cultural, political, and
economic structures shape the organization and dynamics of
S-E systems and necessitates an ability to recognize current
and historical inequities in power relationships. Third, under-
standing the ethical dimensions of S-E decision-making re-
quires that one recognize the value-laden character of risk
assessment, along with the invariably unequal distribution of
benefits and burdens that are a fundamental feature of many S-
E problems.

The sociocultural competency domain interacts in pro-
found ways with other competency domains and throughout
S-E synthesis problems. Such competence can enable one to
recognize the cultural and ideological assumptions encoded in
language and to understand why valuations of what consti-
tutes legitimate evidence can differ significantly among stake-
holders. Conversely, a lack of such competencies can lead to
exclusion of marginalized stakeholders or inequitable
decision-making due to projecting one’s own values on others
or failing to recognize the full impacts of tradeoffs associated
with different courses of action.

Though critical to the success of any S-E problem-solving
effort, sociocultural awareness is often at risk of being
overlooked or ignored. For example, when Bali’s traditional
Subak rice paddy irrigation system was replaced by techno-
scientific agricultural practices of the Green Revolution in the
1960s and 1970s, disastrous crop failures ensued. Though
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initially dismissed by scientific experts, the traditional water
management system rooted in social, cultural, and religious
practices was eventually recognized as highly effective at de-
termining optimal planting and irrigation schedules and thus
maximizing rice yields (Lansing 1987; Wei et al. 2014).

Final reflections: using the proposed
framework to guide pedagogy

In a world where environmental issues are increasingly
more confounding, complex, and urgent, preparing stu-
dents to address S-E problems through transdisciplinary
research is increasingly important. Yet, given the broad
scope of disciplines, perspectives, skills, methods, and
knowledge involved in this enterprise, discussions about
what students should learn and how to prepare them to
become S-E problem-solvers have yielded relatively little
clarity. The educational framework proposed here aims to
provide better clarity by articulating the desired outcomes
of S-E problem-solving efforts, the process by which a
transdisciplinary team can achieve these outcomes, the
competencies required, and how these elements are woven
together to maximize chances of success. Our purpose in
developing this holistic framework is to provide guidance
to educators in considering what students should learn
regarding S-E problem-solving and in developing associ-
ated learning goals. The need for such an integrative
framework became apparent to us during our workshop
as we discussed best practices in teaching about socio-
environmental synthesis: we realized that a common
struggle we all had in designing teaching case studies
was reconciling a wide range of both content-based,
skills-related, and affective learning goals with the learn-
ing activities and assessments we were designing for our
cases. This framework helps align these elements of ped-
agogical design by making visible the connections be-
tween the various types of learning goals commonly
highlighted in environmental and sustainability courses
and embedding them in the context of a problem-solving
process. This provides an important starting point for de-
signing the activities and assessments that students will
engage in to achieve the desired learning outcomes.

Beyond its role in identifying what students should learn,
this framework can also provide guidance on how students can
learn to be better S-E problem-solvers. By situating compe-
tencies in relation to an overarching S-E synthesis process, the
framework highlights the importance of exposing students to
these competencies in ways that showcase their interdepen-
dencies and their roles in S-E problem-solving. We have ar-
gued that teaching students a broad range of disciplinary con-
tent and skills and assuming students will come to recognize
the interdisciplinary connections on their own will not suffice

(Clark and Wallace 2015). Rather, those skills must be deeply
embedded in a process of inquiry practiced in a context-rich
way so that students can begin to see how all the pieces “fit
together” into a whole way of thinking. Because our frame-
work emphasizes the integration of content and process, it
provides a unique and complimentary perspective to many
other valuable frameworks for sustainability education
(Wiek et al. 2011; Lozano et al. 2017; Sterling et al. 2017,
and Evans 2019).

As highlighted in articles by Lozano et al. (2017) and
Shephard et al. (2019), there is an important need in sustain-
ability education to move beyond the defining of sustainabil-
ity competencies toward connecting such competencies with
pedagogical approaches. Lozano et al. (2017) have developed
a framework that maps various pedagogical approaches to a
set of commonly defined sustainability competencies to high-
light areas of overlap. One notable pedagogical approach that
addresses eleven of the twelve competencies listed in their
framework is the use of case study methods of teaching
(Herreid 1994). Our own experiences match the spirit of this
analysis, and we believe that the case study approach is a
strong pedagogical approach for teaching students the compe-
tencies necessary for S-E problem-solving (Wei et al. 2015,
Wei et al. 2018). A deeper analysis of this and other promising
pedagogies (e.g., Simon et al. 2013) is beyond the scope of
this paper but merits strong attention. Knowing that different
approaches leverage different strengths, we remain hopeful
that such a comparative analysis will be tackled by scholars
in the near future.

Another insight reflected in the framework is that the de-
velopmental process novices must undergo to achieve profi-
ciency in S-E research and problem-solving is extensive. This
cannot be achieved within the span of a single lesson or course
but rather should be targeted as a long-term learning outcome
of an intentionally designed curriculum. In this regard, the
framework can serve as an evaluative lens that provides
benchmarks for examining how pieces of a given curriculum
fit within a whole programmatic effort to develop in students
the kinds of thinking we describe.

The framework presented here emphasizes the impor-
tance of a holistic, integrative view of what students
should learn by describing key competencies in the con-
text of an S-E problem-solving process. The question of
how students should learn these competencies is still an
area that needs further attention, and we join others in
calling for more educational research on this topic
(Lozano et al. 2017, Sterling et al. 2017). Our hope is
that this framework and the pedagogical conversations it
stimulates will contribute to the ultimate goal of increas-
ing the effectiveness of curricular materials and instruc-
tional experiences designed to prepare students for the
vital work of tackling complex socio-environmental
problems.
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