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Abstract
Ambiguity is often recognized as an intrinsic aspect of addressing complex sustainability challenges. Nevertheless, in the 
practice of transdisciplinary sustainability research, ambiguity is often an ‘elephant in the room’ to be either side-stepped 
or reduced rather than explicitly mobilized in pursuit of solutions. These responses threaten the salience and legitimacy of 
sustainability science by masking the pluralism of real-world sustainability challenges and how research renders certain 
frames visible and invisible. Critical systems thinking (CST) emerged from the efforts of operational researchers to address 
theoretical and practical aspects of ambiguity. By adapting key concepts, frameworks, and lessons from CST literature and 
case studies, this paper aims to establish (1) an expansive conceptualization of ambiguity and (2) recommendations for 
operationalizing ambiguity as a valuable means of addressing sustainability challenges. We conceptualize ambiguity as an 
emergent feature of the simultaneous and interacting boundary processes associated with being, knowing, and intervening 
in complex systems, and propose Reflexive Boundary Critique (RBC) as a novel framework to help navigate these boundary 
processes. Our characterization of ambiguity acknowledges the boundary of a researcher’s subjective orientation and its 
influence on how ambiguity is exposed and mediated in research (being), characterizes knowledge as produced through the 
process of making boundary judgments, generating a partial, contextual, and provisional frame (knowing), and situates a 
researcher as part of the complexity they seek to understand, rendering any boundary process as a form of intervention that 
reinforces or marginalizes certain frames and, in turn, influences action (intervening). Our recommendations for sustain-
ability scientists to operationalize ambiguity include (1) nurturing the reflexive capacities of transdisciplinary researchers 
to navigate persistent ambiguity (e.g., using our proposed framework of RBC), and (2) grappling with the potential for and 
consequences of theoretical incommensurability and discordant pluralism. Our findings can help sustainability scientists 
give shape to and embrace ambiguity as a fundamental part of rigorous sustainability science.

Keywords  Transdisciplinarity · Ambiguity · Boundaries · Complexity · Co-production

Introduction

Transformative change is required for humanity to overcome 
the root causes of twenty-first-century environmental crises 
(United Nations 2015; Patterson et al. 2017). There is grow-
ing agreement that for sustainability science to contribute 
to this change, it must bridge the science-society interface 
through action-oriented and integrative knowledge produc-
tion (Cornell et al. 2013; Fazey et al. 2020; Caniglia et al. 
2020). The paradigms of transdisciplinarity and knowledge 
co-production have emerged in response to this call, offer-
ing promising contributions to the future of sustainability 
science (Lang et al. 2012; Brandt et al. 2013; Klenk and 
Meehan 2017; Chambers et al. 2022). Yet, in their effort 
to make sense of and influence contemporary sustainability 
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issues, these paradigms grapple with the persistent ambigu-
ity, broadly understood as the potential for multiple valid 
frames, that is an inherent feature of complex sustainability 
challenges (Preiser et al. 2018; Dewulf et al. 2020). This 
ambiguity surfaces through engagement with the plural val-
ues and perspectives of diverse actors involved in knowledge 
production and persists through knowledge production that 
resists integration via any singular disciplinary frame (Leach 
et al. 2010; Turnhout et al. 2020).

The ambiguity that permeates transdisciplinary research 
creates several challenges. Ambiguity generates misunder-
standing when collaborating across paradigms (Strang 2009; 
Turnhout 2019), and potentially incommensurate frames 
may emerge from diverse theory orientations informed by 
different ontological (ways of being) and epistemological 
(ways of knowing) commitments (Kuhn 1970; Hertz and 
Schlüter 2015). In a common metaphor (i.e., the ‘blind 
observers and the elephant’), researchers and other par-
ticipants in co-production processes are standing too close 
to—or blindly grasping for—part of the elephant (i.e., real-
ity) to embrace the partial, and ambiguous, contributions 
their observations play in relation to a complex whole. 
Amid the need for action- and solutions-oriented sustain-
ability research (Miller et al. 2014; Clark et al. 2016), these 
paradigmatic differences have real-world consequences. For 
example, Hertz and Mancilla Garcia (2021) demonstrate that 
in the case of the 1980s Baltic Sea cod fisheries collapse, 
the underlying worldview informing the science, policy, 
and practice of cod fishing (i.e., of humans as separate from 
nature) contributed to overfishing, which may have been mit-
igated by a shift toward a relational worldview (i.e., humans 
and nature as fundamentally intertwined). Additionally, local 
and Indigenous knowledges are increasingly called upon for 
their unique contribution to more holistic understandings 
of environmental change (Klenk and Meehan 2015; Rath-
well et al. 2015). However, knowledge integration processes 
can be risky as these marginalized frames may be co-opted, 
reduced, or instrumentalized by more dominant scientific 
perspectives (Ocholla 2007; Stein et al. 2020; Goodchild 
2021). Moreover, in the cases of disagreement or incommen-
surability between frames (e.g., between a critical social sci-
ence and natural science perspective), more dominant frames 
are viewed as neutral and objective while marginalized 
frames are cast as political or subjective (Turnhout 2018; 
Turnhout et al. 2020). For example, the development of a 
monitoring and evaluation (M&E) framework for natural 
resource management in Australia aimed to avoid the risks 
of cooption or instrumentalization of Indigenous frames by 
centering Indigenous methodologies. This process enhanced 
the framework’s legitimacy in the eyes of Indigenous rang-
ers, while paradoxically reducing its comprehensibility (and 
thus potentially its legitimacy) for some non-Indigenous sci-
entists, planners, and policy actors (Campion et al. 2023). 

Such real-world implications of ambiguity are discussed by 
Brugnach and Ingram (2012), who posit that failures of more 
integrative natural resource management can be attributed 
to a mishandling of ambiguity.

While the challenges of ambiguity emerge through 
research practice, ambiguity itself is a slippery concept. The 
literature on uncertainty first recognized ambiguity in differ-
ing interpretations of numbers (Funtowicz and Ravetz 1990) 
and the subjectivity of a model’s system boundaries (Walker 
et al. 2003). Dewulf and Biesbroek (2018) broadened this 
definition, defining ambiguity as “conflicts between funda-
mentally different frames about the issue at hand” and dif-
ferentiating ambiguity as distinct from epistemic uncertainty 
(i.e., lack of knowledge) and ontological uncertainty (i.e., 
inherent variability). In sustainability science, ambiguity has 
been discussed through the dominant social-ecological sys-
tems (SES) perspective, which views linked human-natural 
systems as complex adaptive systems (Folke 2016; Reyers 
et al. 2018). From this view, “we cannot know complex 
things completely” (Cilliers 2002), so ambiguity arises from 
complexity because any knowledge excludes pertinent sys-
tem components and relationships (Matthews 2006; Preiser 
et al. 2018, 2021). Further, any claims to be holistic about 
complexity can be considered political, as any expertise 
depends on choices that define a system and how it can be 
improved (Sarewitz 2010). Science and technology studies 
also highlight ambiguity as political and emergent from plu-
ralism, where actors produce divergent framings that interact 
and challenge dominant system structures (Leach et al. 2010; 
Stirling 2014). This interpretation reveals how ambiguity 
involves the inextricability of epistemology and ontology—
i.e., framings are interventions that both emerge from and 
shape future action. Thus, ambiguity appears to be a feature 
of  complexity, emerging from the intersection of the sub-
jectivity and partiality of knowledge and its impact on the 
systems in which this knowledge is produced. However, the 
precise shape and origins of ambiguity, including its onto-
epistemological dimensions, remain unclear. Referring to 
the ‘blind researchers and the elephant’ metaphor: why do 
researchers see, smell, hear, or feel a different part of the 
elephant from others? Or are they seeing different animals 
entirely?

Different literature operationalizes aspects of the chal-
lenges presented by ambiguity. For example, TD research-
ers are embracing the multiple frames produced by diverse 
knowledge systems through limited forms of integration, 
weaving together multiple frames to develop an enriched 
picture while maintaining their individual integrity (e.g., 
Martin 2012; Tengö et al. 2014). Miller et al. (2008) pro-
pose a reorganization of academic research to enable such 
epistemological pluralism, with a particular focus on bridg-
ing across disciplinary or paradigmatic frames (Kuhn 
1970). The STEPS pathways to sustainability approach also 
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grapples with epistemological pluralism via the interaction 
between constructivist perspectives (which produce critical 
reflection between different framings) and positivist perspec-
tives (which present a single objective reality), and how they 
can together inform more holistic and pluralist sustainability 
research (Leach et al. 2007). Most of this literature focuses 
on the epistemological domains of ambiguity, but sustain-
ability researchers are also drawing from seminal work that 
addresses the multiple frames produced by ontological plu-
ralism, thereby completely avoiding integration (Goodman 
1978; Escobar 2018). For example, Vervoort et al. (2015) 
suggest Goodman’s ‘worldmaking’ as an appropriate frame-
work for imaginative transdisciplinary processes that aim to 
contribute to sustainability transformation, because it ena-
bles ‘ontological agency’ (i.e., by building out futures as 
independent worlds rather than different narratives of the 
same world). Emerging literature also takes a more reflexive 
perspective on ambiguity by turning attention back on the 
researchers themselves to explore the role of a researcher’s 
positionality and capacity to navigate the ambiguities of 
transdisciplinary research (e.g., Haider et al. 2018; Cham-
bers et al. 2022).

This existing literature conceptualizes and operational-
izes aspects of ambiguity, offering hints of how it can be 
understood and addressed in sustainability science. Yet, 
much of sustainability science still operates from a middle 
space, neither situated comfortably within a singular frame 
nor explicitly aware of or addressing the elephant in the 
room—i.e., ambiguity. Sustainability scientists operating in 
this middle space may embrace complexity and understand 
the need for pluralism broadly but struggle to overcome their 
tendency to evaluate knowledge against a singular ‘unam-
biguous’ frame. In such cases, ambiguity is not explicit yet 
persists, leaving research vulnerable to the risks and power 
dynamics associated with uncritical knowledge integration 
and transdisciplinary collaboration. Sustainability science 
needs new concepts and tools to operationalize ambiguity in 
an expansive and reflexive way, which can further strengthen 
the legitimacy of transdisciplinarity as a research paradigm 
and make the adaptive and emergent nature of the trans-
disciplinary research journey more explicit and deliberate 
(McGowan et al. 2014). Moreover, doing so can aid sus-
tainability scientists trying to enter—or gesture toward—the 
‘ethical space’ between frames required for truly pluralist 
transdisciplinary research (Goodchild 2021).

Operational research has a multi-decade history grap-
pling with ambiguity, offering an opportunity for sustain-
ability science. Operational research began with the use of 
hard systems models underpinned by expert-driven positiv-
ism, followed by a second wave of soft systems approaches 
underpinned by an interpretivist perspective (Midgley 1989; 
Flood and Jackson 1991; Jackson 2019). Divergence and 
conflict between first and second-wave approaches emerged 

alongside the observation that understandings of a prob-
lem and what constitutes ‘improvement’ may change sig-
nificantly when system boundaries are altered (Churchman 
1970). Thus, Churchman’s pragmatist critique of the systems 
approach launched a third critical-emancipatory wave called 
critical systems thinking (CST) underpinned by tenets of 
critical awareness, emancipation, and pluralism (Flood and 
Ulrich 1990; Gao et al. 2003; Matthews 2006). CST explic-
itly grappled with both the conceptual challenges associ-
ated with ambiguity, including theoretical/methodological 
pluralism and paradigm incommensurability (Midgley 1989, 
1992; Ulrich 2003), and the need for practical frameworks 
that operationalize ambiguity through reflection on system 
boundaries (Ulrich 1983; Midgley 2000).

Emerging research points to the promising lens offered 
by CST for sustainability research (e.g., Helfgott 2018; Rut-
ting et al. 2022), yet the use of CST concepts and tools is 
still marginal. Thus, we were motivated by the opportunity 
to bridge key concepts, frameworks, and lessons from CST 
literature to the challenges presented by ambiguity in sus-
tainability science. The resulting insights aim to (1) establish 
an expansive conceptualization of ambiguity that addresses 
its onto-epistemological dimensions while prioritizing its 
operationalization, and (2) offer recommendations for how 
sustainability scientists can operationalize our conceptual-
ization of ambiguity as a valuable means of addressing sus-
tainability challenges. We first introduce our rationale for 
using system boundaries as the primary lens from which to 
conceptualize and operationalize ambiguity in sustainability 
science. We then introduce and explain our conceptualiza-
tion of ambiguity before offering two overarching recom-
mendations for sustainability scientists to operationalize 
ambiguity.

The importance of system boundaries

Ambiguity, understood broadly as the potential for multiple 
valid frames, is often discussed as a feature of complex sys-
tems. Complexity emerged from the systems approach and 
has been studied from various perspectives (Bateson 1979; 
Prigogine and Stengers 1984; Rosen 1991; Cilliers 1998; 
Levin 1999). Following conflicts between the first and sec-
ond waves of systems thinking (Midgley 1992, 2011), criti-
cal systems theorists emphasized the role of pragmatism in 
operational research, which views all knowledge as partial, 
contextual, and contingent, as it is “impossible to apprehend 
(non-contextually) the whole system” (Churchman 1970; 
Matthews 2006). This view drew attention to the importance 
of system boundaries in defining the limits of any particular 
frame of a system. These boundaries (and the resulting frames) 
are not value-free and fixed entities determined by the structure 
of reality but rather depend on the subjective and value-laden 
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choices of individuals setting and reinforcing them. A recent 
epistemological break moved away from the restricted com-
plexity of this systems approach (i.e., studying specific types 
of systems called “complex”) toward general complexity (i.e., 
the view that any system is complex), drawing attention to the 
relationship between the whole system and its parts (Morin 
2008; Preiser et al. 2018). From this view, boundaries can be 
understood as that which frame yet also constitute the sys-
tem (Cilliers 2002). This view highlights the pervasive and 
persistent nature of ambiguity, where multiple valid frames 
are not only possible, but the entities that produce a frame 
and its validity are also part of the system and thus delineated 
by boundaries. CST gives these boundaries and the resulting 
ambiguity some language and shape by focusing attention on 
the sources of selectivity in the system, i.e., the process of 
making boundary judgments related to motivation, power, 
knowledge, or legitimacy, which generates a dominant view 
of which facts or values are relevant (Ulrich 1983).

The view of ambiguity as emerging from boundary pro-
cesses is compatible with the dominant SES perspective in 
sustainability science, which views linked human and natu-
ral systems as complex adaptive systems (CASs). CASs are 
characterized by unique features, such as dynamic relations 
and complex causality (Levin et al. 2013; Preiser et al. 2018). 
These features further explain the contextual, partial, and pro-
visional nature of boundaries. For example, CASs are radi-
cally open as information, energy, and matter are constantly 
exchanged across a permeable boundary between the system 
and its environment (Preiser et al. 2018, 2021). They are also 
constituted relationally, meaning a system’s behavior is deter-
mined more by the nature of its interactions than individual 
components, and these interactions connect systems in nested 
hierarchies across spatial and temporal scales (Gunderson and 
Holling 2003; Cash et al. 2006; Preiser et al. 2018). These 
features render the external boundary conditions as integral 
to system behavior as the system structure, and make it nearly 
impossible to decide which system components are inside and 
outside the system (Juarrero 1999; Preiser et al. 2018). Thus, 
any representation of the system is dependent on subjective 
boundaries. These chosen boundaries generate one of multiple 
partial frames that includes certain components and exclude 
others. Further, they are dependent on the choices of the 
observer who is also a part of the system they seek to under-
stand (Cilliers 2001; Audouin et al. 2013; Preiser et al. 2018).

Conceptualizing ambiguity in sustainability 
science

An expansive and operational conceptualization 
of ambiguity

Given the importance of system boundaries described in 
"The importance of system boundaries", we offer a con-
ceptualization of ambiguity focused on boundary pro-
cesses. We define ambiguity as an emergent feature of the 
simultaneous and interacting boundary processes asso-
ciated with being, knowing, and intervening in complex 
systems. This definition draws on three considerations as 
depicted in Fig. 1. First, "Processes of being: observer-
dependence" (observer dependence) demonstrates that 
an operational definition of ambiguity must acknowledge 
the boundaries of a researcher’s subjective orientation. 
These boundaries influence their experience of complex-
ity and how multiple frames are exposed, understood, and 
mediated through the research process (Being). Second, 
"Processes of knowing: knowledge as a boundary pro-
cess" (knowledge as a boundary process) demonstrates 
how knowledge about complexity is produced through 
the process of making boundary judgments, generating a 
partial, contextual, and provisional frame (Knowing). This 
frame may be one of multiple valid frames of a complex 
system. Third, "Processes of intervening: boundary mar-
ginalization" (boundaries as intervention) demonstrates 
how a researcher is part of the complexity they seek to 
understand, rendering any boundary process as an inter-
vention that reinforces certain frames and marginalizes 
others, and in turn, influences action (Intervening). These 
three processes interact with one another in complex ways, 
producing emergent ambiguity.

Our conceptualisation of ambiguity departs from con-
ventional definitions (e.g., as the potential for multiple 
valid frames) in important ways. First, we do not offer a 
concrete definition of exactly what ambiguity is, but rather 
describe ambiguity as an emergent feature of complexity, 
always in the process of becoming. This conceptualisation 
deliberately avoids concretizing ambiguity as something 
that can be completely understood and resolved, but rather 
asks of us to navigate it as an ever-present and dynamic 
part of sustainability science. Second, we view ambiguity 
as emergent from diverse epistemological and ontological 
positions, which highlights how multiple frames can be 
equally valid but mutually exclusive. In other words, each 
frame is distinct and may only be intelligible from a par-
ticular ‘horizon of intelligibility’, i.e., a set of individual 
material-discursive practices (Schatzki 2002) or situated 
position (Haraway 1988). This conceptualisation leaves 
open the possibility for discordant frames that generate a 
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deep and persistent form of ambiguity that further defies 
resolution. Finally, our definition of ambiguity centers 
the political and ethical nature of any knowledge claims 
about complexity by highlighting how research involves 
subjective choices that render particular frames visible or 
invisible.

Processes of being: observer‑dependence

Our definition of ambiguity acknowledges the boundaries 
of a researcher’s subjective orientation, which influences 
their experience of complexity and how multiple frames are 
exposed, understood, and mediated through the research pro-
cess (i.e., processes of being). This contribution emerged 
through reflection on the lessons of CST literature regard-
ing the observer-dependence of system boundaries. Here, 
observer-dependence refers to the individual subjectivi-
ties that define the boundaries of a researcher’s subjective 
orientation. Such subjectivities are discussed in literature 
across the social sciences. For example, critical and feminist 
theories emphasize how knowledge is socially situated and 
thus implicates personal positionality related to gender, age, 
race, or geographic context (Haraway 1988; Harding 1995). 
Such literature is relevant to understanding the observer-
dependence of sustainability science (e.g., Rosendahl et al. 
2015; Chambers et al. 2022; Staffa et al. 2022). CST comple-
ments this view by focusing on how theoretical and meth-
odological pluralism contributes to ambiguity by generating 
multiple—and potentially incommensurate—frames among 

researchers, which in turn affects the boundary processes 
that occur within the research process.

Theoretical and methodological pluralism is an episte-
mological principle for CST, which describes and organ-
izes the simultaneous use and integration of various systems 
approaches adopted by researchers, which produce diverse 
frames of a system. This principle emerged from attempts 
to reconcile debates between first- and second-wave system 
approaches by recognizing that methodologies derived from 
different or contradictory paradigms (e.g., positivist versus 
interpretivist frames) offer different sources of selectiv-
ity that generate valid but partial and contextual framings 
of a system (i.e., boundaries). While desirable in theory, 
“atheoretical pragmatism” surfaced in practice as individuals 
picked and chose methodologies without knowledge of their 
theoretical origins (Midgley 1992; Bowers 2019). This was 
perceived as a threat to the field, because the subjectivities 
of the individual systemists could become a primary source 
of selectivity in the choice of theory or method, rather than 
a more coherent set of rules. As a result, critical system 
theorists sought an appropriate meta-theoretical framework 
to guide systemists who were operationalizing pluralism in 
practice (Bowers 2011). Such a framework was meant to 
minimize the influence of an individual’s subjective frame 
(i.e., observer dependence) in selecting a theory or method, 
thereby improving the legitimacy of the boundary processes 
that follow. The system of systems methodology (SOSM) is 
the most prominent of such attempts, guiding which type of 
methodologies are appropriate for the type of system (i.e., 
simple, complex) and the relationship between participants 

Fig. 1   The visual depiction 
of an operational definition of 
ambiguity—an emergent feature 
of the simultaneous and inter-
acting boundary processes of 
being, knowing, and interven-
ing in complex systems. This 
conceptualisation of ambiguity 
modifies the ‘blind observers 
and the elephant’ metaphor 
described in the introduction. 
Rather than different actors 
seeing different parts of the 
elephant, our understanding of 
ambiguity suggests that actors 
might be seeing different ani-
mals altogether
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(i.e., unitary, pluralist, coercive) (Jackson and Keys 1984; 
Jackson 2019).

While useful for orienting the field of CST, the use of 
meta-frameworks like SOSM was criticized for two reasons. 
First, they were too rigid, as how a methodology is used is 
as important as the theoretical context (Bowers 2011; Jack-
son 2019). For example, the same systems approach could 
produce different frames of the same system if different 
stakeholders were included in its application. Thus, some 
focus turned to the capacities of individual systemists as 
they navigated within and across theories and methodologies 
through boundary choices, influenced by the limits of their 
subjective frames and their broader context (Bowers 2019). 
Second, these meta-frameworks were considered problem-
atic as any meta-theoretical framework is itself a frame, 
which is still delineated by subjective boundaries. Thus, the 
assumption that a meta-theory exists at all assumes theo-
retical commensurability, wherein all frames must in some 
sense ‘agree’ to fit within the boundaries of a larger meta-
frame (Gregory 1996). This assumption of theoretical com-
mensurability may appear to reconcile the ambiguity that 
emerges from the diverse theoretical and methodological 
frames, thereby establishing legitimacy despite the subjec-
tivity (i.e., observer dependence) required to navigate such 
pluralism. However, this assumption emphasizes pluralism 
as complementarism focused on consensus and integration, 
which risks masking incommensurate frames (i.e., those that 
do not ‘agree’) through an (inadvertent) form of imperialist 
pluralism (Gregory 1996; Ulrich 2003; Jackson 2019). In 
other words, an assumption of theoretical commensurabil-
ity can mask ambiguity, as discordant frames are discarded 
or rendered invisible through the process of integration 
with other frames. In response, some critical systems theo-
rists encouraged discordant pluralism, which embraces the 
observer dependence of boundary processes by assuming 
that any claims about a system are contingent, local, and 
historically situated, and promotes communication between 
radically different perspectives (Gregory 1996).

A conceptualisation of ambiguity that directly addresses 
observer dependence through the lens of theoretical and 
methodological pluralism is highly relevant to sustainability 
science. Transdisciplinary researchers operate from diverse 
disciplinary and theory orientations that produce differ-
ent frames of sustainability challenges (Miller et al. 2008; 
Hertz and Schlüter 2015). For example, ‘resilience think-
ing’ (Folke et al. 2010; Folke 2016) and the ‘pathways to 
sustainability approach’ (Leach et al. 2010) are prominent 
paradigms in sustainability science. Both apply a systems 
approach but are rooted in divergent ontological and epis-
temological origins and thus call on different theories and 
methods, producing different frames of a system and recom-
mendations for action (West et al. 2014; Haider et al. 2018). 
However, despite widespread acceptance of the benefits of 

such theoretical pluralism, the dominance of certain theory 
orientations (i.e., the SES perspective) can lead researchers 
to adopt their own as a meta-framework that describes real-
ity, rather than offering one partial and contingent frame 
(West et al. 2020). In such cases, the boundaries of the 
researcher’s frame are rendered invisible, as frames that 
are incommensurate with the SES perspective (e.g., due to 
differing onto-epistemological origins) are instrumental-
ized or discarded as they are subsumed under its purview. 
Such concerns deepen the risks of ‘epistemological sover-
eignty’ discussed by Miller et al. (2008) with considera-
tion of ontological pluralism, which highlights the possi-
bilities for incommensurability and discordance between 
frames. Relatedly, best practice frameworks for integrating 
knowledge system s (e.g., scientific, Indigenous, and local 
knowledge) aim to allow each to maintain the integrity of its 
frame (Tengö et al. 2014; Hill et al. 2020). However, these 
frameworks are not mainstream, and epistemological and 
ontological differences between frames can generate poten-
tially discordant perspectives that challenge the integration 
imperative of sustainability science (Klenk and Meehan 
2015; Turnhout 2019; Cockburn 2022).

Processes of knowing: knowledge as a boundary 
process

Our definition of ambiguity characterizes knowledge about 
complexity as produced through the process of making 
boundary judgments, generating a partial, contextual, and 
provisional frame (i.e., processes of knowing). This con-
tribution emerged through reflection on CST’s principle of 
boundary critique and lens of process philosophy and their 
relevance to the system ontology of dominant perspectives 
in sustainability science.

CST deals with observer dependence ("Processes of 
being: observer-dependence") by focusing attention on 
the subjective boundary judgments that are required dur-
ing knowledge production to generate the boundaries of 
any frame of system. According to Churchman, boundaries 
are social and personal constructs that determine the limits 
of knowledge that are considered pertinent for an analysis 
(Churchman 1970). Critical Systems Heuristics (CSH) was 
proposed as a framework to guide boundary critique, i.e., 
critical reflection upon how subjective boundaries are gener-
ated and their consequences (Ulrich 1983; Ulrich and Reyn-
olds 2010). According to CSH, any claim about a system 
depends on a reference system, which is made up of bound-
ary judgments that generate the dominant view of which 
facts and values are relevant (Ulrich 1983). These boundary 
judgments are understood as any sources of empirical or 
normative selectivity that influence the frame of a system, 
extending beyond choices typically regarded as ‘boundary 
choices’ (e.g., spatial scale) to include broad sources of 
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motivation, power, knowledge, and legitimacy. For exam-
ple, the measure for desirable change in a system may be 
a source of motivation, who has a stake in the system may 
be a source of power, and whose knowledge ‘counts’ in the 
system may be a source of knowledge or legitimacy. CSH 
includes a list of questions designed to facilitate boundary 
critique by revealing these sources of boundary judgments, 
and questions are asked in both the ‘is’ mode and the ‘ought’ 
mode to reveal contested and unresolved judgments (Jackson 
2019). CSH thus reveals how any frame of a system emerges 
from a series of implicit and explicit boundary judgments.

Critical systems theorists iterated on the framework of 
CSH to establish a broader philosophy of knowledge focused 
on boundary processes. In particular, Midgley’s (2000) pro-
cess philosophy is a philosophy of knowledge for CST that 
views knowledge as emergent from continuously unfold-
ing boundary processes. Midgley’s process philosophy was 
inspired by the process philosophy pioneered by Whitehead 
(1978). It proposes a shift from the content of knowledge 
(i.e., what we know) to the process of bringing knowledge 
into being (i.e., how we come to know it), in particular the 
process of making boundary judgments. Midgley (2000) 
claims this form of process philosophy is more suitable for 
the use of systems approaches to inform intervention than 
other philosophies of knowledge. This claim is based on its 
deviation from the assumption held by other theories, i.e., 
that independent observation is possible through the separa-
tion of the observer and the observed (e.g., Popper’s critical 
fallibilism, Kelly’s personal construct theory, and Habermas’ 
Three Worlds). Instead, Midgley’s process philosophy views 
both the observed (i.e., boundaries of the system) and the 
observer (i.e., observer dependence; what it is that gives 
rise to these boundaries) through the same lens (i.e., the 
process of making boundary judgments). In doing so, Midg-
ley’s process philosophy situates a systemist as within the 
system, which is compatible with a complexity perspective 
that situates observers as part of the complexity they seek to 
understand. Moreover, it centers the observer dependence of 
knowledge in the analysis, facilitating theoretical and meth-
odological pluralism by allowing different frames emerging 
from different boundary processes reflecting diverse theo-
retical or methodological orientations to co-exist without 
contradiction (Midgley 2000; Jackson 2019).

A conceptualisation of ambiguity that gives shape to the 
boundary processes that produce multiple valid frames is 
currently missing in sustainability science. Discussion on 
boundaries in particular has focused on using ambiguous 
concepts as boundary objects, wherein the potential for 
multiple interpretations of the concept (e.g., resilience, 
stewardship) serves as a tool to facilitate dialog among dif-
ferent perspectives (Brand and Jax 2007; Peçanha Enqvist 
et al. 2018). Similarly, boundary work is the discursive pro-
cess that delineates science from non-science in complex 

sustainability issues (Gieryn 1983; Miller 2013). Perhaps 
most relevant is the work of Audouin et al. (2013), who draw 
on critical complexity (Preiser and Cilliers 2010) to sug-
gest five key questions that can surface the value judgments 
behind any framing of an SES. However, none of these 
domains address the processes by which multiple frames 
are produced, nor deeper onto-epistemological considera-
tions that implicate individuals and their subjectivities in 
these processes (i.e., observer dependence). Interestingly, 
the emerging ‘process-relational turn’ of sustainability sci-
ence advocates for a greater focus on processes and relations 
in research, as a counterpoint to the more mainstream sub-
stantialist view that focuses on structures and objects (Hertz 
et al. 2020; West et al. 2020). The former tends to critique 
the latter for necessitating concrete and strict boundaries 
that render certain frames and solutions invisible. Thus, a 
conceptualization of ambiguity informed by Midgley’s pro-
cess philosophy (i.e., focused on boundary processes) not 
only speaks directly to the system ontology of more estab-
lished domains (e.g., the SES perspective), but may serve 
as a bridge to this emerging strand of sustainability science 
(i.e., process-relationality).

Processes of intervening: boundary marginalization

Finally, our definition of ambiguity situates a researcher 
as part of the complexity they seek to understand, render-
ing any boundary process as an intervention that reinforces 
certain frames and marginalizes others (i.e., processes of 
intervening). This statement emerged through reflection on 
key boundary-related frameworks from CST and their rel-
evance to the political and ethical implications of ambiguity 
in sustainability science.

The imperative for critique in operational research began 
with its orientation toward intervention (Flood and Jackson 
1991; Midgley 2000). This positionality renders the bound-
ary process as a form of intervention because it serves to 
reinforce or marginalize certain framings, which in turn 
reinforces or marginalizes certain actor perspectives, inter-
ests, and assumptions associated with real-world challenges. 
Without critique, dominant assumptions remain unques-
tioned because boundaries are considered objective and 
absolute, resulting in boundary marginalization as depicted 
in Fig. 2 (Midgley et al. 1998; Midgley 2000).

Boundary marginalization characterizes the power 
dynamics between frames derived from different boundary 
judgments. In boundary marginalization, a primary bound-
ary delineates what is included in the analysis, and a sec-
ondary boundary encompasses everything that is known but 
excluded (Midgley 2000; Rajagopalan and Midgley 2015). 
The conceptual region beyond the primary boundary is mar-
ginalized, and anything beyond the secondary boundary is 
unknown. The hardening of boundaries occurs in the absence 
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of critique when specific boundary judgments are stabilized 
and reinforced by social rituals and stereotypes. According 
to Midgley (2000), if the primary boundary is privileged, 
elements in the marginal area can be disparaged and become 
'profane'. If the secondary boundary attracts attention and is 
reinforced, then the marginal elements become the focus of 
attention and are made ‘sacred'. This dynamic justifies the 
need to ‘sweep in’ relevant information and perspectives. 
For example, operational researchers working with Social 
Service Departments in the UK recruited elderly popula-
tions in stakeholder engagement. Doing so was an effort to 
avoid marginalizing their views, which could disparage their 
perspective and justify their exclusion from social support 
(Midgley et al. 1998).

A conceptualisation of ambiguity that directly addresses 
the political and ethical implications of multiple valid frames 
is needed. Like systemists, transdisciplinary sustainability 
researchers are also oriented toward intervention, as they 
and their research are embedded in the systems and prob-
lems they are attempting to understand, motivating efforts 
to more effectively link knowledge to solutions and action 
(Kates et al. 2001; van Kerkhoff and Lebel 2006; Miller 
2014; Miller et al. 2014; Clark et al. 2016; Caniglia et al. 
2017; Preiser et al. 2018). Moreover, the increasingly trans-
formative agenda of sustainability science demands inter-
vention that ‘opens up’ dominant frames (i.e., or ‘sweeps 
in’ marginalized frames, in the language of CST) to embrace 
the novel ideas and practices from which transformation 
emerges (Westley et al. 2011; Moore et al. 2014). Thus, 

boundary marginalization is a relevant means to charac-
terize the power dynamics between frames that influence 
transdisciplinary research and its implications for action. For 
example, a recent review showed that Indigenous and local 
knowledge is currently neglected in transformation research 
(Lam et al. 2020). This marginalization is a reflection of 
historical epistemic injustices that place scientific knowledge 
holders in positions of power and safe from critique (Cundill 
et al. 2005; Cote and Nightingale 2012; Gregory et al. 2020). 
A similar dynamic applies to the privileging of certain per-
spectives over others in seemingly benign forms of knowl-
edge integration, such as when qualitative social sciences 
are translated into quantitative natural sciences frameworks 
or models. In such cases, marginalization is perpetuated 
through political dynamics that render dominant frames 
(i.e., within primary boundaries) as neutral and objective 
and marginalized frames (i.e., within secondary boundaries) 
as political and subjective (Turnhout 2018; Turnhout et al. 
2020). Importantly, these processes of marginalization—and 
conversely the accrual of power—are not only political but 
constitute real-world interventions. For example, overrid-
ing Indigenous knowledges in natural resource management 
forces an ontological disruption in the relationship between 
humans and nature that elevates solutions associated with 
environmental degradation and social harm. Thus, CST pre-
sents an opportunity to link the political nature of efforts to 
develop more holistic knowledge about complexity (Sare-
witz 2010) with broader discussions about how to more 
effectively link knowledge to action (Matson et al. 2016), 

Fig. 2   Boundary marginaliza-
tion (adapted from Midgley 
2000)
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and in particular the extent to which the field can generate 
transformational solution options (Wiek et al. 2012).

Operationalizing ambiguity in sustainability 
science

The discussion about the holistic conceptualization of 
ambiguity in "Conceptualizing ambiguity in sustainability 
science" points to two recommendations for operational-
izing ambiguity in sustainability science. First, "Critique 
our frames: reflexive boundary critique" suggests the need 
to nurture the capacities of transdisciplinary researchers 
to navigate ambiguity as a fundamental part of rigorous 
sustainability science. We offer an operational framework 
of Reflexive Boundary Critique to help do so, which we 
adapted from CSH and refined through four case study 
reflections. Following this discussion, "Broaden our ori-
entation: theoretical incommensurability and discordant 
pluralism" suggests that for researchers to be able to navi-
gate ambiguity through reflexivity, we need to broaden our 
theoretical orientation to grapple with all three boundary 
processes associated with ambiguity (i.e., being, knowing, 
and intervening), allowing for consideration of the potential 
for and consequences of theoretical incommensurability and 
discordant pluralism.

Critique our frames: reflexive boundary critique

Our first recommendation for operationalizing ambiguity is 
to nurture the capacities of transdisciplinary researchers 
to navigate ambiguity as a fundamental part of the research 
process. This suggestion emerged from the recognition of the 
pitfalls of meta-theories and frameworks for directing plural-
ism in CST (see discussion about how any meta-framework 
is itself a frame in "Processes of being: observer-depend-
ence"), which directed more attention to the capacities of 
individual systemists as they navigated through the irreduc-
ible ambiguities inherent to theoretical and methodological 
pluralism in systems practice (Bowers 2019).

The need for reflexivity

Reflexivity is cited as a crucial capacity for navigating ambi-
guity and pluralism in transdisciplinary research (Popa et al. 
2015; Moore et al. 2018). The concept of reflexivity has 
been explored from various perspectives (e.g., Fook 1999; 
Salzman 2002; Johnson and Duberley 2003; Archer 2016), 
broadly involving the process of examining how one’s own 
beliefs, judgments, and practices influence the research. In 
other words, reflexivity can help translate ambiguity from 
a slippery phenomenon ‘out there’ to a process that can be 
embedded in a research process. It may also facilitate more 

effective links between knowledge and action: conservation 
scientists have also called for “knowledge systems analysis”, 
a form of reflexivity that aims to stimulate a better under-
standing of why knowledge may, or may not, effectively 
inform decision-making (Miller et al. 2010). Yet, frame-
works and tools for nurturing reflexivity in sustainability 
science are still under development and do not offer expan-
sive guidance to operationalize the three boundary processes 
(i.e., being, knowing, and intervening) that contribute to 
ambiguity. For example, the ‘undisciplinary compass’ high-
lights key capacities required to navigate the processes of 
being and knowing associated with transdisciplinary sustain-
ability science (Haider et al. 2018). ‘Co-productive agility’ 
addresses processes of being and intervening by detailing 
how a researcher’s role can reinforce or challenge the status 
quo in service of transformation (Chambers et al. 2022). 
Additional literature focuses on a researcher’s power and 
positionality (Williams 2014; Maclean et al. 2022), the 
ethical dilemmas that arise from methodological pluralism 
(West and Schill 2022), and the need for decolonization and 
unlearning for western-trained scientists to be open to the 
legitimacy of other ways of being or knowing (Stein et al. 
2020). Early career researchers increasingly draw from this 
literature to reflect on how their positionality and philosophi-
cal orientation influence research outcomes (e.g., Haider 
2017; Macdonald 2019; González García-Mon 2022). How-
ever, this type of reflexivity lacks guiding frameworks and 
is not currently incentivized within traditional structures of 
academia.

An operational framework

We developed Reflexive Boundary Critique (RBC) as a 
framework that can be embedded into transdisciplinary 
research processes to operationalize ambiguity through 
reflexivity. The framework is underpinned by Midgley’s 
process philosophy ("Processes of knowing: knowledge 
as a boundary process") and adapted from CST’s original 
boundary critique. As discussed in "Processes of know-
ing: knowledge as a boundary process", boundary critique 
or critical systems heuristics includes a series of questions 
that encourage reflection upon the way in which a claim 
depends on its reference system, and this reference system 
is a product of boundary judgments (Ulrich 1983; Ulrich and 
Reynolds 2010). Boundary critique is best applied alongside 
other systems approaches to provide them with legitimacy 
(Jackson 2019; Nicholas et al. 2019).

The questions that guide RBC are presented in Table 1. 
The questions move beyond Ulrich’s original framework, 
which focused on the process of making boundary judg-
ments about the system (knowing), to address the simul-
taneous and interacting boundary processes associated 
with being, knowing, and intervening in complex systems. 
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Questions are asked under these three boundary processes, 
in addition to the four categories of the original bound-
ary critique: sources of motivation, power, knowledge, 
and legitimacy. They are asked in both the ‘is’ and ‘ought’ 
mode, where responses in the ‘ought’ mode clarify the ethi-
cal standpoint from which judgments in the ‘is’ mode are 
evaluated. Differences in response between these two modes, 
or between individuals, point to unresolved boundary issues 
and require greater scrutiny.

Operationalizing the framework requires embedding 
these questions before, during, and after a research process 
as needed, both within the research team and among other 
participants in co-production processes. Doing so aims 
to facilitate a deliberative form of self-reflective critique 
about common sources of selectivity in sustainability sci-
ence, allowing researchers to learn and evolve their practice 
according to otherwise under-acknowledged practical and 
ethical boundary processes. By revisiting questions through-
out the research process, changes in response may point to 
emerging unresolved boundary judgments. Importantly, this 
framework should be considered a starting point for reflec-
tion to be used, adapted, and expanded upon as required. 
Further, it should not be considered a way of directing and 
controlling reflexivity (and thus resolving ambiguity), but 
rather as a navigational tool that helps researchers let go of 
control as they make sense of, proceed through, and learn 
from persistent ambiguity and the ethical–political dimen-
sions of research practice (West and Schill 2022; Caniglia 
et al. 2023).

Case study reflection

Four of the co-authors used the questions from RBC to 
reflect upon their own case study research. These reflec-
tions helped refine the framework and demonstrate the type 
of insights that emerge when using RBC to operationalize 
ambiguity. Key findings from the case studies are summa-
rized in Table 2.

A.	 Paradoxes of power: indigenous-led monitoring and 
evaluation in the Northern Territory, Australia (Simon 
West).

I arrived in Northern Australia as a White, male, cisgen-
dered visiting researcher from a European institution with 
a specific positionality, aim, and motivation (processes of 
being). I was interested in applying theories and methods 
from interpretive policy analysis (developed within West-
ern scholarly traditions) to descriptively explore tensions 
between Western scientists and Indigenous peoples work-
ing together in the field of Indigenous Land and Sea Man-
agement (ILSM). I initially felt that this approach might 

contribute to a greater understanding of the issues in inter-
cultural collaboration, which could contribute to greater 
equity for Indigenous peoples in land management partner-
ships. However, as I embarked on the research, I began to 
question the ethical and practical value of pursuing such 
an approach, which might have benefited my agenda as a 
researcher more than the interests of Indigenous peoples in 
the region. I gradually found myself shifting into a role of 
volunteering and helping to fulfill one of the (Indigenous-
led) projects I had initially come to descriptively study. 
This project—the Intercultural Monitoring and Evalua-
tion Project (IMEP)—aimed to bring together Indigenous 
methodologies and participatory action research to build 
an intercultural monitoring and evaluation system for 
an Indigenous ranger group as part of ongoing efforts to 
develop Indigenous-led approaches to land management in 
the region (processes of knowing; Campion et al. 2023). 
My motivation had therefore changed from seeking to ful-
fill my own methodological interests toward contributing 
to the initiative of the Indigenous rangers and Traditional 
Owners.

The IMEP project engaged both Indigenous and Western 
methodologies through a multiple-evidence-based approach, 
which aimed to retain the integrity of both knowledge sys-
tems within a monitoring and evaluation (M&E) framework 
still recognizable within Western funding and governance 
systems. This strategic approach of ‘sweeping in’ multiple 
perspectives was led by senior Indigenous rangers and had 
already contributed to several tangible beneficial interven-
tions in the region (processes of intervening). However, 
this approach also raised tensions when Indigenous meth-
odologies were positioned in a central role on their terms, 
without being made neatly commensurable with Western 
approaches and findings. For example, while the use of 
Indigenous methodologies arguably enhanced the value 
and legitimacy of the emerging M&E system in the eyes 
of Indigenous rangers, local clans and Traditional Owners, 
it may have reduced the comprehensibility of the system 
for some non-Indigenous scientists, planners, and policy 
actors in the broader ILSM governance network. Therefore, 
by explicitly challenging core assumptions and concepts of 
Western planning frameworks, and explicitly respecting and 
working with ambiguity generated by differences between 
knowledge systems, the risk was that IMEP might paradoxi-
cally reinforce or at least fail to address the marginalization 
of Indigenous interests from dominant processes in ILSM 
(at least in the short term). This highlights the ethical and 
political dimensions of strategically adopting and contesting 
boundary judgments, as well as their unavoidably interven-
tionist character.

B.	 Making meaning of “just enough”: alpine dairy practices 
in Austria (Jamila Haider).
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This study of alpine farming resilience was rooted in a 
strong sense of my subjective frame, mainly a motivation to 
use a process-relational approach to understand what makes 
family dairy farming in the Austrian Alps resilient (pro-
cesses of being). I took an ethnographic approach focusing 
on traditional daily practices of cheese-making. This meant 
‘being’ in the process of summer-pasture cheese production 
and focusing on farming as a practice as opposed to the farm 
as a unit (Darnhofer 2020). Through the fieldwork, I aimed 
to observe practices and elicit verbal knowledge through 
interviews across a number of different farms to synthesis 
characteristics that contribute to farming resilience and that 
could be further theorized and scaled (processes of know-
ing). The initial research design had as a primary objective 
to elicit relevant practices and knowledge and to scale-up 
on-farm knowledge to contribute to more generalized knowl-
edge required for food-systems transformation.

However, through the process of fieldwork, of ‘being’ in 
the farming processes, I realized it might be possible ‘know’ 
multiple farming logics, but it was not possible to ‘be’ multi-
ple farming logics at the same time (processes of being), and 
I therefore decided to focus on just one innovative farmer in 
Gastein valley: Präa Sepp, one of the few remaining farmers 
in the valley who processes milk in the summer pastures and 
who manages his farm enterprise to produce “just enough.” 
The intention of my data collection shifted from eliciting 
characteristics of resilience, to understanding what “just 
enough” is, and making meaning of our dialogs. According 
to Sepp, our engagement was relational, dialogical and he 
felt that my aim was “to really understand him, on his land, 
rather than look for answers that I wanted to hear.”

The research shifted to being co-produced with Präa Sepp 
(processes of knowing). Thus, his own reflexivity, and in 
particular his capacity to embrace novel or marginalized 
boundaries, is crucial to the research. For example, contrary 
to all other farmers in the valley, he only milks his cows 
once a day. This practice emerged from a crisis: a snowstorm 
forced the cows down the mountains from the summer pas-
tures, and it became difficult to milk them more than once 
a day. Since then, the cows produce a bit less milk, but it’s 
“enough” and Sepp has more time for himself, or for other 
work, and the cows “have a bit more for themselves too”. In 
changing the traditional milking pattern, he was able to with-
hold the larger tradition of milk processing on the summer 
pasture. But Sepp does not see this as a tradition. In fact, 
he sees traditions as “unreflective habits.” And in his view, 
summer cheese making is not a tradition, but rather a prac-
tice that enables him to have autonomy over his own time 
and production: “just enough to have a good life” for himself 
and his family. In this sense, the framing of summer cheese-
making shifts from being a tradition to an act of resistance 
against the status-quo of increasing production, and arguably 
a transformative practice for food system transformation. 

My frame, as a sustainability scientist, aims to intervene in 
the food system by elevating and emancipating this perspec-
tive of the farmer, directly challenging its marginalization 
under the more dominant frame of mainstream industrialized 
agriculture, with the aim to contribute to more sustainable 
food systems (processes of intervening). However, at the 
moment of writing, I am living between the ‘is’ and the 
‘ought’ questions of RBC, resulting in unresolved boundary 
judgments and surfacing ambiguity and calls for reflexivity 
on my part. My frame has shifted in that my entanglement 
in the research process has become part of the coproduced 
research and that rather than my research elevating marginal-
ized perspectives, it has become our perspective, which has 
more pragmatic aims of understanding the meaning of being 
present, in place, in a moment of time and how this affects 
the decisions we make for the future.

C.	 Legitimate to whom? Climate resilient futures in the Red 
River Basin (Anita Lazurko).

My initial motivation for this study was a concern that 
the water sector is building ‘resilience’ to climate change 
according to a narrow vision of the future that may reinforce 
unsustainable and unjust systems. I was also motivated by 
the opportunity to test a novel scenario methodology for its 
capacity to systematically open up the future to more diverse 
drivers and perspectives than is typical in the water sector, 
which often privileges empirical and positivist information 
and thus excludes social drivers of change or interactions 
across scales (processes of being). As a transdisciplinary 
researcher familiar with SES theory, I aimed to apply my 
knowledge to the design and implementation of a transdis-
ciplinary scenario modeling process in the Red River Basin 
(a transboundary basin shared by the US and Canada). 
Through discussions with case study partners, the study 
aimed to co-develop exploratory scenarios that characterize 
future change as emergent from interactions between diverse 
efforts to build resilience to climate change and a complex, 
cross-scale SES (Lazurko et al. 2023). I chose critical real-
ism as the philosophical perspective for the scenario pro-
cess, which allowed me to synthesize scientific and local/
practitioner knowledge in one scenario model. This process 
of synthesis surfaced significant ambiguities in the research 
context (including potentially incommensurate frames), 
which I validated with literature and sensitivity analysis to 
generate integrated findings that were robust across diver-
gent assumptions (processes of knowing).

These framing and methodological choices had impli-
cations for how the system was characterized and whose 
interests and perspectives were reinforced or marginalized. 
My partnership with influential actors in the river basin 
lent legitimacy to the study and highlighted the interests 
and knowledge of those who had access to transboundary 
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governance bodies, potentially marginalizing those of oth-
ers. My choice to use a particular scenario method under-
pinned by critical realism provided the appropriate grounds 
to integrate different data sources, effectively broadening the 
scope of the future to include diverse drivers and perspec-
tives beyond that which is typical in the water sector. How-
ever, the inclusion of Indigenous perspectives was isolated 
to Indigenous governance experts, which I assumed was 
required to avoid instrumentalizing or coopting the stories of 
Elders for a western scientific model. This and other issues 
of representation directly influenced the scenario outcomes, 
which were perceived as somewhat claustrophobic to, or 
unrepresentative of, participants who desired more radical 
transformations from the status quo. Moreover, the choice to 
validate incommensurate observations with literature and to 
use scenarios that were ‘robust’ to these divergences helped 
secure the legitimacy of the final scenarios in the eyes of 
dominant actors but may have excluded scenarios that may 
only be considered plausible under marginalized boundaries 
(processes of intervening).

D.	 Causality and fisheries collapse in the Baltic Sea (Til-
man Hertz).

This study (Hertz and Mancilla Garcia 2021) was strongly 
informed by my subjective frame, namely my motivation and 
onto-epistemological perspective (processes of being). My 
motivation was twofold: (1) to show how the constitutive and 
causal dimensions of an analysis intra-act and (2) that there 
is no one “correct” way for this intra-action to realize. In 
debates around causation, a difference is often made between 
the constitutive dimension (what a system is made of) and 
the causal dimension (causal processes connecting elements 
of a system). If we consider the act of defining what a sys-
tem is made of as partly political/ethical (i.e., making some 
aspects of reality matter at the expense of others) and further 
acknowledge that causal and constitutive dimensions intra-
act then we can assume that particular causal processes are 
specific to particular constitutive spaces.

I used the case study of cod collapse in the Baltic Sea 
because of its paradigmatic character and familiarity in 
social-ecological scholarship. My hope was to contribute to 
ongoing work that calls for rethinking the concept of cau-
sality (Barad 2012; Barad and Gandorfer 2021) beyond its 
purely efficient dimension and explore the political/ethical 
aspects of the constitutive-causal intra-action: Why is real-
ity expressed in a particular way? Whose interest does it 
serve? What does it conceal and silence? Answering these 
questions might shift research and practice to consider con-
stitutive spaces inherent in often marginalized perspectives 
and point to novel intervention points for real-world sustain-
ability challenges (processes of intervening). The research 
question and subsequent boundary judgments in the process 

of knowing were formulated in such a way as to articulate 
and make the argument.

This approach was empowered/rendered possible by my 
own onto-epistemological commitments, which enabled a 
critique (from a political/ethical point of view) of the par-
ticular constitutive space of intelligibility that is specific to 
modernity (Latour 2005). The study argues with many oth-
ers that it is a fundamental ethical obligation to keep open 
the possibilities for understanding reality thus attempting 
to highlight boundaries that are often marginalized (pro-
cesses of intervening). In saying that the possibilities for 
understanding reality should be kept open, I took a stance 
in the domain of 'ought'. My criterion for ‘ought’ was not 
‘correspondence with reality’ or ‘coherence with an existing 
body of beliefs’ but was rather inspired by Isabelle Stengers’ 
notion of ‘relevance’.

E.	 Summary.

Key findings from the case study reflections under cat-
egories of processes of being, knowing, and intervening are 
summarized in Table 2. All four case study reflections indi-
cated that the researcher’s motivation and theoretical orien-
tation were influential to the rest of the boundary judgments, 
and in one case a shift in motivation based on emerging 
ethical considerations transformed the research approach. 
Moreover, ambiguity presents unique challenges at different 
stages of the research process. For example, early research 
stages involve navigating the uncomfortable space between 
the “is” and the “ought” modes of critique through tentative 
boundary judgments around which a researcher can iterate 
and learn. This differs to later stages, when judgments may 
become hardened and critical reflection can help researchers 
remain open to emergent ethical considerations.

Broaden our orientation: theoretical 
incommensurability and discordant pluralism

Our second recommendation is that for sustainability science 
to effectively embrace the ‘elephant in the room’, i.e., ambi-
guity and all three boundary processes that contribute to it 
(being, knowing, and intervening), the field must broaden 
its theoretical orientation to grapple with the potential for 
and consequences of theoretical incommensurability and 
discordant pluralism. Theoretical and methodological plu-
ralism is considered an important means for sustainability 
science to address complex sustainability challenges (Jer-
neck and Olsson 2020; Clark and Harley 2020), and offers 
the foundation to expose and grapple with ambiguity in 
sustainability science. Yet, the philosophical stance under-
pinning such pluralism is often unclear (Cockburn 2022), 
leaving researchers in ‘conceptual la-la land’ (Haider et al. 
2018) and reinforcing the myriad risks and power dynamics 
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associated with uncritical knowledge integration. Of particu-
lar relevance is the risk that knowledge integration based on 
consensus and integration denies the potential for discordant 
frames, which risks masking ambiguity as these frames are 
(inadvertently) discarded or rendered invisible (see discus-
sion in "Processes of being: observer-dependence").

As sustainability scientists make efforts to navigate 
through the diverse theoretical and methodological orien-
tations of the field (Hertz and Schlüter 2015; Preiser et al. 
2021), the experience of critical systems theorists grappling 
with pluralism (i.e., "Processes of being: observer-depend-
ence") offers an important and timely lesson: the search 
for any organizing meta-theory or framework for pluralism 
reflects an assumption of theoretical commensurability that 
risks masking ambiguity. For example, critical realism has 
been suggested as an appropriate theoretical orientation for 
knowledge integration in sustainability science (Biggs et al. 
2021; Cockburn 2022). Critical realism is thought to allow 
multiple frames to coexist without contradiction because it 
differentiates between the real (but unknowable) and observ-
able worlds, thereby accepting that all knowledge is incom-
plete (Collier 1994; Bhaskar and Hartwig 2016). This view 
aligns with the partial, provisional, and contingent nature 
of knowledge under critical systems theory and may help 
grapple with the processes of being and knowing ("Processes 
of being: observer-dependence" and "Processes of know-
ing: knowledge as a boundary process") that contribute to 
ambiguity. However, every theoretical orientation or frame-
work, including critical realism, is still delineated by deeper 
ontological boundaries that render certain frames visible or 
invisible. Thus, an assumption that critical realism can be 
operationalized as a ‘meta-framework’ risks masking ambi-
guity, in particular the processes of intervening ("Processes 
of intervening: boundary marginalization") that marginalize 
less dominant frames. For example, while many frameworks 
in sustainability science may be compatible with critical 
realism (e.g., the SES perspective), other less mainstream 
philosophies may not be; for example, philosophies in which 
epistemology and ontology are entwined (e.g., many Indige-
nous philosophies, and posthumanism in Western knowledge 
systems) are not aligned with critical realism’s distinction 
between real and observable worlds.

A discussion about the potential for and consequences of 
theoretical incommensurability and discordant pluralism in 
sustainability science is required for TD research to address 
all three boundary processes (i.e., being, knowing, and inter-
vening) that contribute to ambiguity. Without addressing the 
potential for incommensurate frames through discordant plu-
ralism, disagreement and conflict between the diverse onto-
epistemological orientations of actors involved in knowledge 
production becomes an unacknowledged ‘elephant in the 
room’. These unacknowledged power dynamics marginalize 
important perspectives in sustainability science, including 

the novel ideas and practices from which transformations 
to sustainability might emerge. Questions should arise in 
response to these challenges, such as: under what condi-
tions could or should any specific lens or framework (e.g., 
critical realism, or the SES lens) serve as a meta-theory for 
integration within sustainability science? How do we han-
dle incommensurate observations? How can we draw from 
alternative theories to operationalize discordant pluralism?

Discussion and conclusions

This paper aimed to explore how key concepts and frame-
works from CST may be adapted to conceptualize and opera-
tionalize ambiguity in sustainability science. "Conceptual-
izing ambiguity in sustainability science" offers a definition 
of ambiguity as an emergent feature of the simultaneous 
and interacting boundary processes associated with being, 
knowing, and intervening in complex systems. Our definition 
of ambiguity expands on previous understandings of ambi-
guity by describing it as an emergent and ever-evolving pro-
cess and explicitly foregrounding its onto-epistemological 
and ethical dimensions. Second 4 offers two overarching 
recommendations for operationalizing our conceptualisa-
tion of ambiguity: (1) nurturing the reflexive capacities of 
researchers and (2) broadening the theoretical orientation 
of sustainability science to consider theoretical incommen-
surability and discordant pluralism. These two recommen-
dations offer ways for sustainability scientists to embrace, 
rather than ignore or side-step, this persistent ‘elephant in 
the room’.

Our first recommendation recognizes lessons from CST: 
that amid the pitfalls of directing pluralism via meta-frame-
works (e.g., that how a method is used is as important as 
its theoretical origins), greater emphasis should be placed 
on the capacities and orientations of individual research-
ers navigating across theories and methods. Sustainability 
scientists are beginning to address such capacities, includ-
ing the reflexivity required for transdisciplinary researchers 
to maintain academic rigor despite the lack of disciplinary 
guardrails. CST offered the starting point for developing the 
framework of RBC, which offers a series of questions that 
aim to expose, mediate, and embrace the boundary processes 
contributing to ambiguity. Further reflection on the use of 
RBC as an ex-poste reflection tool (i.e., as was done with our 
case studies) indicates its potential value as an a priori guide 
to nurture reflexivity in research practice. RBC may serve to 
explicitly surface dilemmas that were encountered sublimi-
nally as constant sources of discomfort, allowing researchers 
to adapt their approach. In particular, the continual shifting 
between the ‘is’ and ‘ought’ and explicit focus on processes 
of intervening may give shape to emergent ethical and politi-
cal considerations. For example, RBC may have motivated 
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Lazurko (Case C) to find an additional study partner who 
could help ‘sweep in’ more diverse perspectives or adjust the 
methodology to explore marginalized boundaries. Similarly, 
Haider (Case B) may have been motivated to co-produce the 
research from the beginning. However, the use of RBC as 
an a priori guide may not be quite as linear as the case study 
reflections appear. Rather, it may help researchers remain 
open to and embrace the ambiguity that persists through the 
emergent, entangled, and messy nature of a transdisciplinary 
research process.

Our second recommendation furthers these lessons from 
CST: that to operationalize all three boundary processes con-
tributing to ambiguity (such as through reflexivity), sustain-
ability science must broaden its theoretical orientation to 
grapple with theoretical incommensurability and discordant 
pluralism. This lesson is relevant and timely, as two streams 
of sustainability scientists emerge. On one hand, some are 
advocating for an integrated approach that acknowledges 
complexity but reduces ambiguity through integration within 
an overarching disciplinary paradigm (e.g., Clark et al. 2016; 
Clark and Harley 2020), implicitly viewing ambiguity as 
undesirable and a barrier to practical solutions. In contrast, 
others are trying to remain open to—and embrace—com-
plexity through transdisciplinarity and pluralism (Cornell 
et al. 2013; Turnhout et al. 2019; West et al. 2020; Caniglia 
et al. 2020), viewing ambiguity as intrinsic to interventions 
that meaningfully address complex sustainability challenges. 
The former may serve to legitimize sustainability science 
from dominant disciplinary perspectives, while the latter 
may focus more on fulfilling its transformative agenda, 
which demands an emancipatory approach that exposes and 
elevates often marginalized framings.

Significant future research is required to operationalize 
ambiguity in the ways we describe. To the first recommen-
dation, i.e., nurturing the reflexive capacities of researchers 
(e.g., through RBC), sustainability scientists should embed 
RBC into research and document the insights. This type of 
reflexivity is rare in peer-reviewed literature, save isolated 
examples (McGowan et al. 2014). However, doing so may 
surface theoretical insights regarding how ambiguity influ-
ences research outcomes, in addition to practical insights 
regarding how ambiguity can be operationalized in pursuit 
of more rigorous sustainability science. Alternatively, sus-
tainability scientists can integrate boundary critique into 
the empirical aspects of their study. For example, sensi-
tivity analysis is commonly used to evaluate the influence 
of data uncertainty on research outcomes, but few attempt 
to evaluate the influence of different boundary judgments, 
save isolated examples (Van Asselt and Rotmans 2002). 
Such efforts may offer insights for embedding reflexivity 
in broader organizational systems, such as for sensemak-
ing within social-ecological-technological systems (Chester 
et al. 2023). To the second recommendation (i.e., broadening 

our theoretical orientation), a starting point is a collective 
dialogue among sustainability scientists about how ambigu-
ity can be addressed (including incommensurability and dis-
cordance) while maintaining the solutions-oriented and use-
inspired nature of the field. We suspect that such a dialogue 
may help sustainability science find a balance between calls 
for urgent and effective solutions and the need to “keep it 
complex” (Stirling 2010), for example by establishing more 
plural, conditional, and deliberative ways of translating sci-
ence to practice.

We acknowledge that while our definition of ambigu-
ity and the recommendations that followed aimed to be 
expansive, our efforts to be comprehensive were inevitably 
limited by the same ambiguity we are attempting to define; 
see Sarewitz (2010). In other words, our conceptualisation 
of ambiguity and the RBC framework are underpinned by 
Midgley’s process philosophy because it is compatible with 
open systems (i.e., complexity) and addresses the contextual, 
partial, and provisional nature of knowledge. Yet, by apply-
ing process philosophy to develop the integrated framework 
of RBC, we risk contradicting a core tenet of process phi-
losophy by taking a stance regarding which boundary judg-
ments were most relevant (i.e., process philosophy would 
view any integrated framework as still necessarily limited). 
Thus, our framework attempts to give just enough shape to 
ambiguity to facilitate critical reflection while maintaining 
that any framework (including ours) is necessarily limited 
and must be adapted to reflect the needs of different contexts 
of application.

Readers may find numerous additional aspects of this 
paper to critique. Embracing ambiguity may place a burden 
on the research process: reflection about theoretical incom-
mensurability and system boundaries may involve significant 
time and energy. However, this ‘slowing down’ may be part 
of a bigger-picture shift needed to ensure the ongoing sali-
ence and legitimacy of sustainability science. Others may be 
dissatisfied with the ambiguity that persists through a paper 
that aims to operationalize it. Yet, to claim to delineate the 
boundaries of ambiguity definitively and operationalize it 
objectively would fall into myriad traps that contradict the 
rationale for embracing ambiguity in the first place. Thus, 
we attempted to find a balance that gives ambiguity enough 
shape to nurture reflexivity (i.e., by defining it as a process, 
always becoming), while holding our own definition and 
framework as lightly as possible. We hope this paper pro-
vokes and inspires discussion and tangible shifts that further 
expose and embrace this persistent ‘elephant in the room’.
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