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Abstract
The complex, context-dependent, and dynamic nature of human behavior is increasingly recognized as both an important 
cause of sustainability problems and potential leverage for their solution. Human beings are diverse, as are the social, ecologi-
cal, and institutional settings in which they are embedded. Despite this recognition and extensive knowledge about human 
decision-making in the behavioral sciences, empirical analysis, formal models, and decision support for sustainability policy 
in natural resource management often either neglect human behavior or are based on narrow and overly simplistic assump-
tions. Integrating insights from behavioral sciences into sustainability research and policy remains a challenge. This is in 
part due to the abundance and fragmentation of theories across the social sciences and in part the challenges of translating 
research across disciplines. We provide a set of tools to support the integration of knowledge about human behavior into 
empirical and model-based sustainability research. In particular, we (i) develop a process-oriented framework of embed-
ded human cognition (Human Behavior-Cognition in Context or HuB-CC), (ii) select an initial set of 31 theories with the 
potential to illuminate behavior in natural resource contexts and map them onto the framework, and (iii) suggest pathways 
for using the framework and mapping to encourage trans-disciplinary investigations, identify and compare theories, and 
facilitate their integration into empirical research, formal models, and ultimately policy and governance for sustainability. 
Our theory selection, framework, and mapping offer a foundation—a “living” platform—upon which future collaborative 
efforts can build to create a resource for scholars and practitioners working at the intersection of social sciences and natural 
resource management.
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Introduction

The need to account for the complex, context-dependent, 
and dynamic nature of decision making and behavior in col-
lective action problems and governance of social-ecological 
systems (SES) is increasingly recognized (Weber and John-
son 2009; Fulton et al. 2011; Victor 2015; Beckage et al. 
2018; Schill et al. 2019). Human behavior is a key source 
of uncertainty in natural resource use (e.g. in fisheries, Ful-
ton et al. 2011) and an important determinant of both local 
and global sustainability challenges (Beckage et al. 2018). 
Changing human behavior is a critical challenge for sus-
tainability transitions, and in certain contexts may be more 
promising than regulatory pathways (Weber 2015; Nyborg 
et al. 2016). Despite this awareness, and a growing body 
of knowledge on human decision-making in the behavioral 
sciences, nuanced views of human behavior remain rela-
tively under-explored in SES research. Instead, tools (such 
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as cost–benefit analysis) used for decision support in natu-
ral resource management are still largely based on assump-
tions associated with rational choice theory (Groeneveld 
et al. 2017). The lack of more realistic conceptualizations 
of human behavior is in part due to translational hurdles 
between disciplines, which can pose challenges for the iden-
tification and incorporation of complex human motivations 
and behaviors into SES investigations. Even in the behavio-
ral sciences, knowledge about human behavior is fragmented 
across subfields and often specific to particular behaviors or 
contexts (Schlüter et al. 2017). Here, we (1) provide a frame-
work of embedded decision-making that describes and inte-
grates key concepts from major themes studied in cognitive 
psychology, (2) select a relevant and illustrative initial set 
of theories from the social and behavioral sciences and map 
them onto the framework and (3) suggest different pathways 
through which the framework in combination with the map-
ping of theories can help inform theory selection, analysis of 
human behavior in empirical contexts and the development 
of social-ecological models. This work is intended as an 
organizing and synthesizing tool and platform for further 
cross-disciplinary research, and as such is a “living” project.

Cognition and behavior in social‑ecological systems

To account for natural resource use behaviors, which vary 
across individuals and contexts, requires theories of how 
behavior depends on structural features of a particular situ-
ation, including the social, physical, institutional and eco-
nomic context (Weber and Johnson 2009). Sustainability 
challenges are generally characterized by high uncertainty 
about future outcomes, long time horizons, and deferred 
and diffuse costs and benefits (Weber 2015). They are also 
often social dilemmas that require collective action and have 
pronounced intergenerational implications. In these uncer-
tain and changing environments, decisions are often made 
with limited information and require continual learning and 
adaptation. In such settings, humans look to their surround-
ings, from social norms to existing power dynamics (Peat-
tie 2010) and to regulatory frameworks, to resolve uncer-
tainty and conflicting interpretations (March 1994). Here, 
we focus primarily on natural resource use decisions and 
human behavior in SES. Specifically, we consider individu-
als to be embedded in a system of social, institutional, and 
ecological relations. Cognition and behavior emerge from 
these complex interactions, and thus must be understood in 
context—the framework and theories that we discuss below 
go some way towards accounting for unexpected responses 
to rules, regulations, and regime shifts (see Supplementary 
Material SM-A for a list of observed behavioral patterns 
in natural resource use contexts solicited from an informal 
survey of SES researchers).

A pattern that is often observed in fisheries and agricul-
ture is ‘non-optimal’ time-allocation decisions. Fishers or 
farmers continue extracting resources even when they are 
no longer profitable (delayed exit) or quit resource extrac-
tion while profits could still be made (premature exit, or 
satisficing) (Constantino and Daw 2015). Individuals more 
generally tend to prioritize present over future outcomes at 
very high rates (Laibson 1997). These resource-use deci-
sions can be rationalized by taking the full scope of cogni-
tive and contextual constraints into account. For example, 
financial or institutional constraints can result in behavior 
that appears myopic. Families buy firewood for cooking on 
a daily basis, despite having access to a gas cooker with 
less expensive fuel, because filling the gas bottle requires 
an upfront monthly purchase (Bansal et al. 2013). However, 
they may also be driven by goals other than profit-maximi-
zation. They may approach the problem emotionally, and 
with imperfect information. Their decisions may also depend 
on social, institutional, economic, and ecological relations. 
Indeed, in most natural resource use contexts, individuals are 
embedded in a system of social and institutional relations, 
and the position of an individual in a network or community 
can play an important role, leading at times to the prioritiza-
tion of behaviors that strengthen social relations rather than 
increasing profits. For example, a fisher may take risks that 
seem unnecessary from the perspective of resource exploita-
tion, but that increase their reputation or status in the com-
munity; or, they may decide to sell fish at a particular price 
to a particular buyer to maintain social relations, even at an 
economic cost.

In fact, social norms and conventions as well as structural 
conditions can determine an individual’s position in a social 
hierarchy through constructs such as age, gender, race, or 
ethnicity, which may limit or amplify agency and dictate 
power relations. For example, women from the Swahili coast 
have, for generations, fished octopus—an activity that aligns 
with culturally sanctioned gender roles. This also means 
that in general they stay close to shore and do not learn to 
swim or to operate boats (indeed, their presence on boats is 
thought to bring bad luck) (O’Neill 2017). Cultural beliefs 
and practices thus define their operating space in society 
and limit the type of work they can do. Informal institutions 
or social norms can create expectations about how different 
types of people should behave. These expectations are in 
turn reinforced and spread through social networks. Social 
networks, which describe how different actors are connected 
to each other, are an important source of information and 
opportunities—they create social capital. While some com-
munities and individuals are linked to many others, some 
are relatively isolated, which may, in turn, limit their access 
to resources. For example, women in the Ghanaian tuna 
industry occupy a unique and important niche in a male-
dominated industry—they work as intermediaries, financing 
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fishing expeditions, which gives them access to a large share 
of the catch (O’Neill et al. 2018). The position of an indi-
vidual in a network can have widespread repercussions for 
individual and collective behavior. The personal history of 
interactions with peers can also influence perceptions and 
behaviors, and this history of interactions can spillover to 
novel situations with different individuals. For example, if a 
group of fishers has successfully cooperated to build a well, 
they are more likely to become a successful fishing coopera-
tive (Basurto et al. 2013), suggesting positive spillovers and 
path dependencies in cooperative behaviors. These examples 
highlight the institutional, cultural, and social contexts in 
which actors are embedded.

Individuals are also embedded in systems of ecological 
relations. The ecological context poses additional constraints 
and opportunities, shapes emotions, values, and practices, 
and is in turn shaped by them through a process of coevolu-
tion (von Heland and Folke 2014; Schill et al. 2019). Eco-
logical contexts are characterized by different risk profiles 
and visibility or fidelity of signals about the state of natural 
resources. Uncertainty about the state of natural resources 
can contribute to overharvesting or other unsustainable natu-
ral resource use decisions. Feedback from the environment 
can be lagged or can mask the underlying reality, obscuring 
information about changing resource availability. For exam-
ple, a consumer may not notice the precarity of a fish species 
due to its availability, or the availability of similar species, in 
stores at constant prices (Crona et al. 2015). Ecological con-
texts also shape people’s emotions, goals, and values, e.g. 
what people care about and what motivates them to engage 
in solving sustainability issues (Masterson et al. 2017), and 
afford certain behaviors over others (Kaaronen 2017). The 
ecological context may thus also shape prepotent or habitual 
responses by cueing certain affective states.

These observations from the field illustrate several 
themes: people face imperfect knowledge and learn dynami-
cally from noisy and changing environments; they use mul-
tiple decision-making processes and have diverse goals and 
incentives; their decisions are intertwined and co-evolve with 
features of the broader social-ecological context; specific 
features of the biophysical and social context can activate a 
small relevant subset of goals, values, emotions, and norms 
(from among a larger latent set of such characteristics), 
which guide and influence actions. Despite the fact that case-
based knowledge in SES research takes into account contex-
tual factors in individual and collective action and considers 
people to be embedded in social and biophysical environ-
ments (Reyers et al. 2018), it rarely makes explicit how this 
interdependence affects human decision making and behav-
ior (Masterson et al. 2017). Recent efforts in this direction 
draw on theories such as sense of place (Masterson et al. 
2017), affordance theory (Raymond et al. 2018), or embod-
ied cognition (Hukkinen 2014). Economic theory, which is 

pervasive across many disciplines, including sustainability 
science, tends to model decision-making as independent of 
context. This simplifying assumption greatly enhances gen-
eralizability but requires substantial abstraction, and in the 
case of natural resource use decisions may miss nuances that 
are important for describing behavior and predicting policy 
outcomes. Across other social sciences, analyses of human 
behavior fall along a spectrum from highly contextualized 
to abstract. The diversity of approaches and foci of existing 
theories creates challenges for their integration into SES and 
policy design considerations.

Human behavior‑cognition in context

To make this exercise manageable, we limit our examples 
and applications to decision-making about natural resource 
use, though we believe our tools will be applicable beyond 
such circumscribed behaviors. This includes decisions 
such as whether, when, where, and how to extract a natural 
resource such as fish or plan for a specific crop. The HuB-
CC (Human Behavior—Cognition in Context) framework 
was informed by the MoHuB framework (Modelling Human 
Behaviour, Schlüter et al. 2017) but presents a significant 
departure from this initial effort. HuB-CC is aimed not only 
at modelers but also researchers and practitioners doing 
empirical and applied work. It was developed with psycholo-
gists and captures fundamental features and processes under-
lying perception, judgment, and decision-making. The addi-
tion of “Cognition in Context” emphasizes the framework’s 
attempt to describe cognitive processes situated in a broader 
social and biophysical environment—and is an important 
step in creating the bridge between cognitive psychology and 
SES research. Process-based accounts of behavior allow for 
a more nuanced appreciation of heterogeneity across context 
and individuals and more accurate predictions of decisions 
in response to changes in the environment. They also point 
to a broader range of entry points for policy interventions.

Overview of the paper

In “Historical perspective: human cognition and behav-
ior research,” we thus begin with a broad overview of 
some trends and themes that have emerged from behavioral 
science research. In “Methods” and “HuB-CC framework 
and theory selection,” we introduce a set of tools for organ-
izing and contrasting relevant theories from across the social 
and behavioral sciences—a framework of embedded cog-
nition and behavior and an initial selection of prominent 
theories of individual decision-making, which may offer 
insights into some of the behavioral patterns identified by 
SES research. In “Using the framework and theory map,” 
we demonstrate two use cases for these tools in applied 
SES research, though one of their primary functions is in 
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stimulating cross- and trans-disciplinary conversations and 
collaborations. This paper provides a scaffolding for inte-
grating more diverse and realistic conceptions of human 
behavior in theoretical, modeling, and empirical work in 
SES, with the ultimate aim of enriching policy analysis and 
development.

Historical perspective: human cognition 
and behavior research

Over the past 50 years, there has been a proliferation of 
often piecemeal theories of human behavior from psychol-
ogy, behavioral economics, sociology, political science, 
anthropology, and ecology, that run the gamut from vague 
to specific, informal to formal, descriptive to normative, and 
qualitative to quantitative. The sheer quantity of theories can 
make them difficult to identify and evaluate. In this section, 
we try to impose some helpful order and guidance by iden-
tifying four classes of theories that depart from traditional 
rational choice in particular ways. This is not intended as a 
comprehensive account of all social science theories, but 
rather an overview of important trends and themes that have 
emerged from various disciplines. In general, these theories 
extend classic models of utility-maximization, which tend 
to assume that people are self-interested, have full informa-
tion about the world, and have infinite time and capacity to 
decide on the best action. Below we provide a brief descrip-
tion of four types of departures or extensions of these mod-
els: (i) cognitive and emotional constraints (Simon 1957), 
(ii) multiple goals and processes (Maslow 1943; Hilgard 
1987), (iii) preference and decision dynamics or learning 
(Rescorla et al. 1972) and (iv) cognition in broader con-
texts (e.g. social, political, ecological) (Ostrom 1990; March 
1997).

Cognitive and emotional constraints

Early research on human perception identified that percep-
tion and decision-making are relative, i.e., they depend on 
previous experience, baselines, and context. The Weber-
Fechner law (1860) describes how perception depends on 
context. For example, when an initial sound is low, a small 
increase is registered by a human listener as “noticeably 
louder,” whereas a much larger increment is needed when 
the baseline tone is loud to begin with. More recently, Weber 
(2003) described the importance of reference points for a 
broad set of judgments, including those related to perceived 
risk. The relative encoding of value (i.e. reference-depend-
ence) is a central feature of prospect theory (Kahneman and 
Tversky 1979), an empirically-driven extension of expected 
utility theory that won the authors the Nobel Memorial Prize 

in Economic Sciences, and which we describe in more detail 
below.

Such reference or context-dependence can be seen as 
the consequence of cognitive and emotional constraints 
(Simon 1957). Homo economicus may be omniscient, but 
homo sapiens do not have access to full information about 
choice options and their consequences and so must often 
learn through experience and act with only partial informa-
tion. Even when full information is available in principle, 
finite attention and information processing capacity and 
limited time resources have to be allocated judiciously and 
necessitate a tradeoff between desired accuracy and effort or 
other choice objectives (Payne et al. 1992). Some economic 
approaches address these limitations with constrained opti-
mization models, including models of rational inattention 
(Sims 2006). These models however do not fully explain 
the ever-growing ways in which human information process-
ing is content and context-specific (see, e.g. Camerer, 1998; 
Weber and Johnson, 2009).

Two prominent psychological theories—prospect theory 
and query theory—directly describe the relative encoding 
and sequential processing of choice options, respectively. 
Prospect theory (Kahneman and Tversky 1979), which 
gained traction in the 1980s, retains the basic features of 
expected utility theory but introduces the notion of a ref-
erence point relative to which new events are evaluated, 
evoking Weber’s law (1834). Query theory employs atten-
tional and memory processes to account for the behavioral 
patterns that Prospect Theory describes through functional 
regularities, e.g., a value function that is split into loss and 
a gain domain relative to a reference point (Johnson et al. 
2007; Weber et al. 2007).

Multiplicity of goals and processes

Outside of traditional economics or evolutionary theory, 
behavior is thought to be motivated by a multiplicity of 
goals, which may be aligned or in conflict but are not exclu-
sively aimed at material gains or fitness maximization (in the 
narrow sense). Taxonomies of human needs—in sociology 
(Weber 1919), philosophy (Habermas 1987), and psychol-
ogy (Maslow 1943; Hilgard 1987)—include individual goals 
(related to self-preservation and procreation) but also social, 
spatial or physical desires (feeling connected to a group or 
countryside) and meta-cognitive goals (feeling confident or 
in control).

Multiple goals can, in turn, be achieved through a mul-
tiplicity of processes (Weber et al. 2005; Weber and Lin-
demann 2007). Dual-process theories, which distinguish 
between implicit, automatic, unconscious, affective pro-
cesses and explicit, controlled, conscious, reason-based 
processes (Kahneman et al. 2002), have gained particular 
traction. Other frameworks posit three types of processing 
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modes: calculation-based, emotion- or affect-based, and 
role- or rule-based mode (Weber and Lindemann 2007). The 
use of a specific decision mode can influence the outcome 
of the decision in both the lab (Krosch et al. 2012) and the 
field (Reeck et al. 2018), and the mode that is activated var-
ies with the decision domain and context (Weber et al. 2005; 
Weber and Lindemann 2007). For example, when making 
financial decisions, people are likely to adopt a calculation-
based mode, explicitly trading off costs and benefits (Weber 
and Lindemann 2007), whereas they are likely to adopt a 
role or rule-based mode when deciding on matters related 
to personal identity.

Perception and decision-making often vary for the same 
individual across contexts. Such context-sensitive behavior 
arises when decision-makers use features of the internal and 
external environment to make adequate decisions with less 
processing capacity while managing diverse goals that also 
become more or less salient depending on the context (Bett-
man 1979; Payne et al. 1992; Lieder and Griffiths 2019). As 
a result, behavior may appear inconsistent from one situation 
or time period to the next and may demonstrate path depend-
encies—that is, future decisions may depend on what has 
come before. Accounting for this variation requires a theory 
of how behavior depends on context. The assumption that 
specific physical or social features of a particular situation 
temporarily activate a subset of situational characteristics 
(values, goals, beliefs, etc.) from the much larger set of sta-
ble and latent characteristics is an important component of 
the HuB-CC framework.

Preference and decision dynamics

The acknowledgment of multiple goals and processes leads 
to the questions of when and why certain goals or processes 
take precedence. Actions and preferences are context-spe-
cific—dependent on internal or external states—and are 
often constructed or learned over time. The emphasis on 
learning is particularly relevant in novel or changing envi-
ronments where actors do not have perfect or complete 
information. In these situations, actors make choices while 
simultaneously updating their expectations and their repre-
sentations of the environment as they encounter new data. 
Learning theories describe the process by which a prefer-
ence for one action over another is constructed, depending 
on context, experience or social information. For example, 
reinforcement learning models, an area of machine learning 
and control theory, have been adapted in various ways to 
describe human learning in novel environments (Rescorla 
et al. 1972; Dayan and Daw 2008). In these models, an indi-
vidual with imperfect knowledge of an environment sam-
ples the environment through a balance of exploration (of 
novel information) and exploitation (of current knowledge). 
Reinforcement learning can be model-based or model-free. 

In model-based learning, the actor learns an abstract model 
of the structure of the environment which can facilitate 
planning and rapid responses to changing contingencies 
(Gläscher 2010). In model-free learning, experience is 
used directly and iteratively to shape associations between 
behaviors and outcomes. In a static environment, exploita-
tion allows an individual to use existing knowledge to extract 
resources, while novel information obtained through explo-
ration allows the individual to learn about potentially better 
resources. Both generate a reward prediction error, which 
is used to update the current representation of the environ-
ment and adjust behaviors accordingly. In this sense, desir-
able behaviors are learned over time, constantly adjusting to 
the local context, and dependent on past experiences.

Cognition in broader context

The previous three classes of theories all touch on the 
importance of context or the broader social and biophysical 
environment for decision-making. There is ample evidence 
that humans are social creatures whose decisions are highly 
influenced by the behavior of others and by broader social 
and cultural norms. Social conformity, which is supported 
by reputational concerns, mimicry or the threat of sanc-
tions among other factors, can result in nonlinear processes, 
whereby endogenous social change can accelerate (social 
tipping) or delay (social inertia) collective action (Nyborg 
et al. 2016). This embeddedness of behavior extends beyond 
the social context to the institutional, economic and bio-
physical environment. Context determines what is salient, 
or which values and norms are cued at any given moment. 
This has led psychologists to distinguish between stable or 
slowly evolving characteristics (latent goals, values, prefer-
ences etc.) and situational characteristics that get temporar-
ily activated by different situations or contexts. In psychol-
ogy, the interdependence of the individual with the broader 
environment has been studied under the general theory of 
affordances (Gibson 1979) and more recently under the the-
ory of embodied cognition (Varela et al. 1991). In behavioral 
economics, choice architecture—the intentional organization 
or design of the environment to influence behavior (Johnson 
et al. 2012)—highlights the strategic shaping of the environ-
ment as a policy tool. In sociology and institutional econom-
ics, the focus has tended towards the social and institutional 
structures that shape individual and collective decision mak-
ing, from theories about social networks to social norms to 
organizational behavior (Granovetter 1985, 2005; Ostrom 
1990; March and Olsen 1996; March 1997; Bicchieri 2006).

This four-part classification of recent theoretical devel-
opments in the behavioral and social sciences offers a 
complementary perspective to other syntheses of this lit-
erature (Mellers et al. 1998; Kahneman 2003; Weber and 
Johnson 2009). Whereas most previous summaries of this 
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body of literature have focused on the deficits and cogni-
tive and emotional “constraints” of boundedly-rational 
decision-makers, our summary balances this view with 
a narrative of “abundance,” focusing on the diversity of 
goals and processes underlying decision making, and 
focusing on decision making in dynamic environments 
and in richer social, institutional and ecological contexts. 
These broad trends inform the types of processes, behav-
iors, and theories we had in mind as we developed the 
tools presented in the subsequent sections of this paper.

Methods

In this section, we describe the development of the HuB-
CC framework (Fig. 1), theory selection, and mapping of 
theories onto the framework (Theory Map; Table 1 and 
Supplementary Material SM-B.B1). This was an iterative 
processes, guided by cognitive models of human percep-
tion and decision-making, the historical themes identified 
in “Historical perspective: human cognition and behavior 
research” and behavioral patterns from SES field stud-
ies that are not easily captured by rational choice theory 
(see Supplementary Material SM-A for details). The map-
ping of the theories onto the framework is one method 
of organizing and comparing theories by drawing atten-
tion to the cognitive processes underlying central features 
of these theories. It further situates these theories in a 

framework of embedded cognition—bridging cognition, 
behavioral theories, and SES research. 

Framework

HuB-CC was developed by extending MoHuB (Schlüter 
et al. 2017), an existing framework developed by and for SES 
modelers to facilitate the inclusion of behavioral theories in 
the design of formal social-ecological models (Schlüter et al. 
2017). The elements of the original MoHoB framework were 
selected to be useful for the development of agent-based 
models. The purpose of HuB-CC is broader, serving the 
needs of modelers but also empirical or experimental SES 
researchers and practitioners. The development of HuB-CC 
was grounded in knowledge about perception and decision 
making from cognitive psychology. HuB-CC includes gen-
eral cognitive processes that go some way towards account-
ing for human behavior in diverse settings, as such different 
components can be linked to aspects of theories of human 
behavior, though not all theories specify cognitive processes 
(see “Mapping of theories onto the framework” below). Note 
that Hub-CC is a framework, i.e., a set of concepts that are 
relevant for explaining observed outcomes (McGinnis 2011), 
not itself a theory or a model. In “A process-based frame-
work for behavior in SES,” we describe the elements and 
processes that comprise HuB-CC.

Fig. 1   HuB-CC framework. (Left) A cognitive-social-ecological 
framework reflecting key characteristics (squares) and processes 
(ovals) thought to underlie human behavior and perception. In this 
framework, the actor is situated in an expanded social and biophysical 
environment. (Right) An individual actor is embedded in a network of 

connections (lines) between social (circles) and ecological (squares) 
actors. The network is embedded in a broader social (includes eco-
nomics, politics, institutions, culture, norms) and biophysical envi-
ronment. The context varies for different actors (represented by the 
color gradient)
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Theory selection

The selection of theories was guided by the four broad 
themes described in “Historical perspective: human cogni-
tion and behavior research,” as well as common or puzzling 
behavioral patterns in SES research (described in the “Intro-
duction,” and in SM-A). The selection includes theories 
from behavioral economics, sociology, computer science, 
and human geography, as well theories that are present in 
more than one discipline (e.g. prospect theory, social norms, 
discounting). For each broad theme identified in “Historical 
perspective: human cognition and behavior research,” we 
used our expertise in the behavioral sciences and SES to 
select a small number of well-known and highly-cited theo-
ries, prioritizing those suited to describing the individual 
behaviors commonly observed in empirical studies of SES. 
Our set of theories ranges from very specific (e.g., hyper-
bolic discounting, sunk cost accounting) to broader areas of 
research (e.g., selective attention, social identity theory) that 
represent collections of theories or meta-groupings. This list 
represents our particular expertise and is not intended to be 
comprehensive but rather to create useful points of entry into 
a daunting literature, as well as scaffolding for future efforts. 
We thus consider this paper to be a “living” organism, which 
will need to be regularly updated and refined. To this end, we 
have initiated a crowdsourcing effort to expand the breadth 
of the theories through a mass email solicitation (see SM-D 
for an initial list).

Theory mapping

We mapped our selection of theories onto the HuB-CC 
framework by indicating which of the framework’s ele-
ments and processes they implicate (initial theory map in 
supplementary materials SM-B1, which includes the full 
list of theories and references). Our mapping highlights 
those elements and processes that are central to each theory 
with an ‘x’—and involved independent mapping followed 
by discussion until a consensus was achieved. This exercise 
allows for a heuristic comparison across theories to identify 
those that may have similar underlying processes, as well as 
those that may offer complementary views of human per-
ception and choice. In this way, the framework, which is 
situated between psychology and SES research, can serve as 
an organizing principle for a vast and varied body of cross-
disciplinary knowledge on human decision-making.

To test and validate the level of expert agreement with our 
mapping of theories onto the key elements and processes of 
the framework, we issued a call through the listservs of three 
major US university’s psychology departments in which we 
asked faculty and postdocs to independently map the the-
ory selection onto the framework. These expert raters were 
allowed to allocate up to 3 stars per cell, indicating their 

level of confidence in the mapping, and were given instruc-
tions to select only those cells they considered to be central 
to each theory (i.e., encouraging parsimony). They were also 
asked to skip any theories they had limited familiarity with. 
Table SM-B2 provides a summary of the results of the 12 
independent expert ratings. The results of our crowdsourc-
ing exercise indicate a strong level of agreement with our 
initial mapping. The correlation between the independent 
expert votes and our own ratings (coded as a “1” when we 
rated a cell or “0” otherwise) was a highly significant + 0.65. 
(This correlation would be even higher if we had assigned 
confidence ratings to our own mapping.)

HuB‑CC framework and theory selection

A process‑based framework for behavior in SES

HuB-CC describes the processes and characteristics known 
to underlie different aspects of individual perceptions, judg-
ments and action (Fig. 1, left). These cognitive processes 
are embedded in, and indeed co-constituted with, a broader 
social and biophysical environment (Fig. 1, right). In this 
framework, an actor directly interacts with human and non-
human elements of the environment through permeable 
processes like perception, external information search, and 
behavior. Additionally, other processes and elements may be 
shaped by past and present environmental cues and demands 
through learning and updating, attention and memory. An 
actor is embedded and inseparable from a network of other 
social and ecological actors, including the family and com-
munity but also resource stocks. They are situated in a bio-
physical and social environment, depicted in the framework 
by the color gradient.

The HuB-CC is a framework, not a model, i.e., it provides 
concepts that are useful for describing or explaining human 
behavior, but does not postulate causal relationships between 
the elements, nor does it claim that all elements need to be 
present at the same time. HuB-CC is thus not an integrated 
theory, nor an integrated model, but it may help to identify 
and provide elements that are useful for constructing such a 
model. The elements and processes depicted in the frame-
work are defined in Table 1, which also provides examples 
and canonical references.

HuB-CC differs from the original MoHuB framework in 
the following key ways:

•	 Individuals act based on stable latent characteristics and 
a subset of context-specific situational ones. Current 
states are activated by internal and external factors, thus 
accounting for the influence of social and biophysical 
context. Thus, a situated individual is in a continuous 
cycle of being affected by and affecting the context, and 
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behavior is likely to vary across contexts, time, and indi-
viduals. This addition captures cognition in context.

•	 The addition of emotions and emotional states to the 
set of stable and situational characteristics. Emotions 
have rarely been considered as integral to SES research, 
though there is a large body of literature showing their 
tremendous influence in other domains. This addition 
reflects the multiplicity of goals and processes.

•	 The specification of four additional processes, namely 
‘Memory Search,’ which links the stable and situational 
characteristics; ‘Attention,’ is a process that influences 
how salient characteristics influence perception and that 
captures cognitive and processing constraints; ‘Exter-
nal Information Search’, which links an individual to 
her environment through active information search; and 
‘Updating and Learning’, which captures the process by 
which individuals learn the changing contingencies of 
dynamic environments.

Mapping of theories onto the framework

Guided by the broad themes described in “Historical per-
spective: human cognition and behavior research,” as well 
as common or puzzling behavioral patterns in SES research 
(described in the introduction, and in SM-A), we selected 31 
theories that touch on cognitive and emotional constraints, 
multiplicity of goals and processes, preferences and decision 
dynamics and cognition in a broader context. We mapped 
these onto the elements of the HuB-CC framework, as 
described in “Methods.” This allows for a quick assessment 
of the key cognitive processes and elements that a given 
theory or group of theories addresses and facilitates com-
parison among theories. Short descriptions of each theory 
can be found in the glossary in SM-B2. Here, we will discuss 
how context is incorporated in different theories since this 
is especially central to cognition and behavior in SES, and 
is one of the primary ways in which our framework creates 
a cross-disciplinary bridge.

Theories within a given grouping tend to map onto simi-
lar elements of the framework, e.g. theories that focus on 
“constraints” often enlist attention, while those grouped 
under “context” and “dynamics” depend on situational 
characteristics. All theories grouped under “context” by 
design highlight the social and biophysical environment 
but, perhaps less obviously, theories related to “dynamics” 
and “multiplicity” also include the social and biophysical 
environment.

Theories that address context-dependence and situ-
ational factors in decision making and perception are par-
ticularly important for understanding the co-constitution of 
behavior and context in SES research (Schill et al. 2019). 
In many of the selected theories, decisions are mutually 
determined by the interaction between an individual and 

the context and so can vary depending on time, space, 
and the background against which the decision is made. 
Several theories incorporate a notion of context through 
situational characteristics; what this entails, however, var-
ies substantially across theories, from the explicit consid-
eration of the environment to the simpler conditioning of 
actions and perceptions on contextual cues. For example, 
in theories of selective attention, habitual behavior, or 
decision modes, the external environment is a cue that 
focuses limited attentional resources or triggers certain 
prepotent responses or styles of responding. Similarly, 
affordance theory explains how physical elements of the 
environment shape behavior by influencing perception 
and associations. In embodied cognition, in contrast, the 
body’s sensorimotor capacities (in addition to the brain), 
the external physical and social environment, and assump-
tions about the world play a more active role in the co-
production of cognition. These theories emphasize that 
cognition is conditioned by having a body with a unique 
sensorimotor profile (enaction) and that these capacities 
are themselves embedded in a biophysical, cultural, and 
social context (situatedness).

Finally, social(-ecological) network theories consider 
the social(-ecological) embeddedness of actors and focus 
on the role of the network structure in shaping individ-
ual responses, including roles, obligations, and expecta-
tions (Kadushin 2012; Bodin et al. 2019). These relations 
are represented by the nodes and connections on the right 
side of Fig. 1. For example, social networks, a form of 
social capital, impact economic outcomes by facilitating 
access to jobs and opportunities (Granovetter 2005). A 
person’s position in a network is important for behavioral 
interventions aimed at altering social norms or cultures. 
For example, changes in the behaviors or values of more 
centrally positioned nodes or “popular” individuals may 
be more efficacious for promoting widespread behavioral 
change (e.g. to reduce bullying in schools; Paluck et al. 
2016).

Using the framework and theory map

Our framework and theory map can be used to connect SES 
researchers with social and behavioral science research in 
various ways (Fig. 2). First, they offer an accessible way into 
the behavioral and social sciences, and relevant terminol-
ogy, for SES researchers unfamiliar with this terrain. Both 
the framework of embedded cognition, with its description 
of key processes and elements underpinning perception 
and decision-making, as well as the theory selection and 
glossary, point to canonical texts and more recent research. 
Second, starting from an identified pattern, problem or 
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observation, (1) the processes and elements of the frame-
work can point to the relevant theories through the theory 
map (Case 1), or (2) the theory map and framework can 
allow a researcher to compare and contrast candidate theo-
ries in terms of their impacts on decision making (Case 2). 
Both pathways are relevant for empirical, theoretical, and 
modeling approaches to SES research.

Use case 1: identifying candidate theories

The HuB-CC framework in Fig. 1 can be used as a walk-
through guide for SES researchers to specify those processes 
and elements of decisions that appear most relevant for a 
particular context. Once potentially relevant decision ele-
ments or processes are identified, the SES researcher can 
search for corresponding theories by using the mapping 
from framework element to theories. The paragraph-long 
description of the identified theories in the glossary provides 
information about the potential relevance of each theory for 
explaining the behavior at hand. For theories deemed rel-
evant, the SES researcher can then go to the reference, which 
in most instances also provides a review of the more general 
body of related theories. While this is not a guaranteed way 
to find the most recent and/or most relevant theory or theo-
ries to explain a puzzling pattern of behavior, it is an entry 
point that can guide SES researchers into at least the vicinity 
of relevant behavioral theories in a fairly efficient and less 
intimidating way.

For example,  many social and ecological dilemmas 
require individuals to decide how much of a shared resource 
to harvest (common pool resource problems; e.g. fishing), 
which affects how much is left for others and whether the 
resource stock can regenerate. In these sorts of problems, 
individuals fare better if they cooperate and limit their har-
vest. However, they also have a personal incentive to over-
harvest (Gardner et al. 1990). Often these situations are 
complicated by uncertainty about the state of the resource 
and possible social-ecological tipping points. While uncer-
tainty about ecological thresholds has been shown to erode 
cooperation and the possibility for collective action, even in 
circumstances where communication is possible (Barrett and 
Dannenberg 2014), a recent field study found that Colom-
bian fishers playing a common pool resource game actually 
cooperated more under conditions of uncertainty (Rocha 
et al. 2019). The participants in this game differ from the 
standard experimental subjects: they come from an estab-
lished community and their livelihoods depend on natural 
resources. Developing an explanation for why uncertainty 
promotes cooperation in one social context but erodes it in 
another can be facilitated by consulting the framework.

Perception is an important element here since coopera-
tion depends on whether the properties of the environment 
are known and certain, known and risky or unknown. The 
social and biophysical environment is also central since the 
problem involves group choices that impact the state of the 
natural resource. Individuals must assess whether the group 
is composed of unpredictable and presumably uncooperative 

Fig. 2   Use-cases for framework and theory map. Here, we illustrate 
two potential uses of the theory map and framework. In case 1, a 
researcher starts from a puzzle or an observation for which critical 
elements of the decision process are clear but the theoretical explana-
tion that accounts for the behavior is not. This researcher would turn 
to the framework to identify the processes and look at the theory 
map to identify potentially relevant theories. In case 2, the researcher 

starts instead from candidate theories to explain a phenomenon or 
observation. Here, the researcher would use the theory map to iden-
tify the relevant framework processes for the candidate theories to 
shed light on how the theories differ or relate in terms of their under-
lying decision making process, which might be useful for subsequent 
modeling efforts



1663Sustainability Science (2021) 16:1651–1671	

1 3

strangers or known partners with whom they have long-
term relationships. Valuation is another critical element 
that allows individuals to decide on the likely consequences 
of cooperating (and building good will in the community 
and longer-term survival of the public good) or of fishing 
at capacity (to maximize immediate income). Cooperation 
under the same degree of uncertainty about tipping-points 
in the resource can lead to different decisions depending 
on whether the social context involves strangers or an indi-
vidual’s community. In particular, uncertainty about the 
threshold may induce uncertainty about whether others are 
cooperating, and the assumptions will likely differ between 
the two circumstances. None of the other process elements 
of Fig. 1 seem particularly relevant when considered for this 
task: Attention, Learning, External Information would pre-
sumably not differ in important ways when this decision is 
made in the context of strangers or community members, 
though of course social learning and history of coopera-
tion, which might be recalled through memory search, could 
have impacted the social norms, perceived response options, 
and other situational and stable characteristics. Choice and 
Behavior (which of course do differ) follow naturally from 
the difference in Valuation and thus are not relevant.

When we highlight the three-column elements of ‘Percep-
tion’, ‘Valuation’, and ‘Social and Biophysical Environment’ 
in Table 2, we see that ‘Psychological Risk Dimensions’, 
‘Social Norms’, and ‘Trust and Reciprocity’ have an ‘x’ for 
all three framework elements. Further perusal of the para-
graph-long theory summaries in the Supplementary Material 
or the papers referenced for each one would indicate that 
all three are likely to contribute to the observed behavio-
ral pattern: familiar social environments may reduce feel-
ings of risk. Additionally, operating in a community where 
cooperation may be an implicit social norm, where there 
is a history of experiences that may have established high 
levels of trust, and where maintaining a positive reputation 
may reap future benefits makes cooperation a more highly 
valued option, even with unknown underlying risks. Using 
these theories and the related decision processes to illumi-
nate the results of the experiment, SES researchers can gen-
erate hypotheses for additional studies or use the candidate 
theories and processes to develop formal models of decision-
making in contexts with unknown social-ecological tipping 
points.

Use case 2: comparing and integrating candidate 
theories

The framework and theory map can also be used to help 
an SES researcher compare and possibly integrate several 
candidate theories to explain an observed phenomenon. For 
example, fishers sell their products at a lower price to cer-
tain buyers to maintain social relations. A knowledgeable 

SES researcher may start from two candidate theories: 
social identity theory (Tajfel and Turner 1986; Reicher 
et al. 2010) and conditional cooperation and reciprocity 
(Berg et al. 1995; Gächter 2006). These are both accounts 
of behavior that are dependent on social relations and group 
membership.

Social identity theory differentiates among actors as 
belonging to “us” or “them” groups, placing perceived sim-
ilarities and differences with others at the heart of expla-
nations about group dynamics (Tajfel and Turner 1986; 
Reicher et al. 2010). This approach accounts for price dif-
ferentiation with the existence of multiple social identities. 
Depending on which identity is salient in a given context and 
the prominence of the group with which an individual iden-
tifies, the fisher may price-discriminate depending on the 
group membership of the buyer. Specifically, this application 
of the theory would predict lower prices for ingroup mem-
bers and higher prices for outgroup members. On the other 
hand, conditional cooperation (Berg et al. 1995; Gächter 
2006) describes a decision strategy where one’s willingness 
to cooperate depends on whether the person one is dealing 
with previously cooperated or not. The cheaper price may 
thus reflect a positive feedback mechanism in response to a 
previous favor.

For SES researchers who have these two theories in 
mind as potential alternative explanations, the Theory Map 
and Framework can be used to better understand how the 
theories relate and differ in terms of their underlying pro-
cesses. For example, Social Identity Theory involves ‘Exter-
nal Information Search,’ which allows the decision-maker 
to identify the group membership of others and to assess 
the position of this group in a given social context. ‘Valua-
tion’ accounts for how this information is incorporated into 
estimations about the appropriate price for a given buyer. 
‘Situational Characteristics’ reflect the salience of a certain 
identity and associated social norms. Conditional Coopera-
tion Theory also implicates ‘Situational Characteristics’ and 
the ‘Social and Biophysical Environment,’ suggesting that 
the two theories at a process level share commonalities, but 
it also implicates ‘Choice,’ which highlights the tit-for-tat 
choice strategy rather than a person-specific valuation. These 
differences can be used to compare and contrast the two 
theories, to examine whether they describe common or dis-
tinct processes, and to develop models which can be used to 
capture the observed price differentiation. The combination 
of data and model may start to disentangle which theory and 
processes are most relevant here, or point to the possibility 
that they should be integrated. Furthermore, the framework 
serves as an organizational device to facilitate interdiscipli-
nary conversations about the role of these two theories in 
the embedded decision-making and cognition that is central 
to SES approaches.
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Discussion

A deeper understanding of human decisions in social-
ecological systems and the design and implementation of 
effective policy interventions require accounting for both 
the diversity of actors and their sensitivity to situational 
or contextual factors when making resource use and man-
agement decisions. In this paper, we introduce two tools to 
facilitate the inclusion of social science knowledge into the 
study of human behavior in SES: (1) a framework (HuB-CC) 
of embedded cognition that organizes the elements and pro-
cesses underlying perception and decision-making in SES 
and natural resource use contexts (2) an initial selection and 
mapping of theories from the behavioral and social sciences 
that can advance the accessibility, understanding, and incor-
poration of diverse human behavior in studies of resource 
use and management. Both framework and the set of theories 
are intended as a foundation for future cross-disciplinary 
collaborations—below we indicate some promising future 
avenues for this research.

HuB-CC starts from the premise that individuals are com-
plex cognitive beings embedded in social, institutional, and 
ecological environments. Our initial selection of theories 
thus aimed to include literature that accounts for the rela-
tional dimension between individuals and their surroundings 
and the diversity of factors influencing decision-making. A 
key ingredient of HuB-CC is the distinction between an 
individual’s stable (permanent or slowly evolving) char-
acteristics and the subset of situational (temporarily acti-
vated, quickly evolving) characteristics, which captures the 
situatedness of behavior. This is particularly relevant for 
understanding or modelling how resource users’ behavior 
is influenced by changes in the biophysical environment or 
social influences and follows a large body of literature on 
the temporary priming of values and goals (e.g. Bargh et al. 
2001). We also distinguish between choice and behavior to 
account for theories that make this distinction by consider-
ing agency and behavioral intentions as distinct from choice 
and valuation (e.g. Theory of Planned Behaviour). These 
process-level details support a growing interest in develop-
ing more nuanced theories and models of social-ecologically 
embedded human behavior in SES research.

The HuB-CC structure supports the selection, organiza-
tion, and comparison of theories from the behavioral and 
social sciences. We identified and mapped 31 theories of 
situated decision-making, which we believe have the poten-
tial to explain observed behavioral patterns in SES or natural 
resource use contexts, and for predicting the dynamics by 
which societal adaptations or transitions will unfold. In addi-
tion to policy implications, described in more detail below, 
we hope this organizational device offers a starting point for 

a community effort to collect, map, and evaluate theories 
(see “Future directions” below).

Policy implications

Our framework intends to help move policy design and 
implementation towards more nuanced and realistic assump-
tions about human decision-making, with the goal of mak-
ing natural resource management policies more efficient 
and effective. Examination of the theories we selected, 
described, and put to use in different examples throughout 
the paper can increase awareness of a broader range of moti-
vations and processes driving resource use decisions, and 
with this more avenues for policy to affect behavior. The 
framework and theories can help answer questions about 
policy implementation; for example, deciding whether a 
subsidy for propane should be provided as a cost reduction 
at time of purchase or as a tax refund at a later point in 
time. While this difference in timing should not matter under 
conventional economic analysis, the mental accounting 
described by prospect theory suggests that implementation 
of the cost reduction at time of purchase will significantly 
enhance the uptake of the better fuel option.

To take another example, SES research has also found 
that limiting total harvests on a yearly basis leads fisher to 
catch as much as they can in as little time as possible, driv-
ing them to overinvest in powerful boats and giant nets, and 
to take dangerous risks (“run for fish”; McDermott et al. 
2019). Research in behavioral economics and ecology sug-
gests that many animals, including humans, are hyperbolic 
discounters—we tend to discount the future steeply vis a 
vis the present (Ainslie and Haslam 1992; Laibson 1997). 
Accounting for hyperbolic discounting and related theories 
may help policymakers and researchers anticipate that fish-
ers may favor immediate gains, even when they incur longer 
term financial losses. This knowledge, imported from other 
domains, suggests that policy mechanisms that account 
for these temporal dynamics, by introducing commitment 
devices and carefully considering the time frame over which 
quotas are defined, may be especially important in these con-
texts. In this case, the inclusion of a single parameter (“pre-
sent bias”) to the discount function could go quite some way 
towards accounting for observed behavior (Laibson 1997). 
Other cases might require more extensive reconceptualiza-
tions of behavior, and may generate novel explanations or 
models. While we have focused here on natural resource 
management, we expect that many of the benefits of more 
nuanced considerations of behavior, and its diverse drivers, 
will generalize to other policy domains.
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Human behavior in SES: contributions 
to an emerging research frontier

Our focus on the complexity of human behavior and its 
embeddedness in social and biophysical contexts places our 
framework alongside a recently emerging research frontier 
of human behavior in complex, adaptive SES (Schill et al. 
2019). This research focuses on how biophysical and social 
contexts shape and are in turn shaped by local actions and 
interactions. One strand of this work has focused on devia-
tions from standard rational actor models and largely draws 
on the group of theories we have identified as ‘focused on 
constraints.’ Examples of this approach include descriptions 
of behavior that focus on bounded rationality and satisfic-
ing, imitation and mimicry, or social norms as shortcuts or 
heuristics (Libre et al. 2015; e.g., Dressler et al. 2018; Wijer-
mans et al. 2020). These are largely quantitative, experi-
mental or model-based SES studies that use, for instance, 
prospect theory (e.g. Bert et al. 2011), the Theory of Planned 
Behavior (e.g., Beckage et al. 2018; Muelder and Filatova 
2018; Schwarz and Ernst 2009), or behavioral game theo-
retic approaches (Janssen et al. 2010; Lindahl et al. 2016). 
Another similar strand of research focuses on the role of 
cognitive biases in complex cooperative dilemmas, such as 
adaptive environmental governance (DeCaro et al. 2017). 
This work emphasizes the implications of biases in group 
settings and for sustainability issues (Engler et al. 2017). Yet 
another strand of work has focused on incorporating research 
from cognitive science into complexity-based descriptions of 
individual and collective decision making in SES (Beratan 
2007; Levine et al. 2015). Epstein (2014) offers a general 
framework for agent-based modelling (Agent Zero) based on 
evidence from psychology and neuroscience, which includes 
social, emotional, and rational processing components. 
Finally, theories such as affordance theory, sense of place, 
and some aspects of embodied cognition; (Stedman 2002; 
Masterson et al. 2017; Raymond et al. 2018; Kaaronen and 
Strelkovskii 2020) have been applied within sustainability 
science to facilitate the study of human behavior as embed-
ded within its biophysical surroundings.

Our framework and taxonomy build on and complement 
these nascent efforts but go further by (a) engaging with 
theories that extend beyond the ones previously considered, 
(b) developing a process-based account of how the context 
impacts cognition and behavior, and how behavior, in turn, 
impacts the context, which helps to bridge studies of human 
decision-making and SES approaches, and (c) integrating 
theories into this framework to understand which ones incor-
porate a role for the social and physical contexts, and how 
this influence manifests.

Future directions

The HuB-CC framework and our selection and mapping 
of theories are a step towards incorporating cognitive and 
social science knowledge into empirical and model-based 
research in sustainability science. Both the framework and 
the set of selected theories are intended as the foundation 
for a dynamic and living resource to stimulate further com-
munity efforts. We invite scholars to add theories and map 
them onto the framework, and to suggest extensions to the 
framework, with the aim of increasing the diversity of theo-
ries, contexts, perspectives, and populations. It was beyond 
the scope of this paper, for instance, to include theories that 
explicitly consider politics or culture. These theories, how-
ever, are relevant for understanding the role of the social-
ecological context. We can see these theories emerging in 
our initial efforts to crowdsource relevant theories (SM-D) 
and hope to incorporate these in more detail in future work. 
To this end, we created a website to facilitate these com-
munity efforts.

One drawback of our current selection of theories, which 
is nonetheless symptomatic of the current state of much aca-
demic research, is that many, if not all, of the theories we 
identified were developed in studies conducted by, in, or 
with Western, educated, industrialized, rich and democratic 
(WEIRD) populations. This lack of diversity may limit their 
applicability to non-WEIRD environments, which are often 
the very environments where much SES research is set (Hen-
rich et al. 2010). Several studies on preferences have found 
substantial heterogeneity in discounting, risk, and prosoci-
ality both within and across countries, which is predicted 
in part by biogeographic and cultural variables (Falk et al. 
2018; Tiokhin et al. 2019). While a thorough analysis of 
the cross-cultural relevance of the theories and processes 
was beyond the scope of this paper, we believe that test-
ing their generalizability and expanding this list to include 
emerging theories and perspectives from the Global South 
and non-WEIRD populations is a priority for subsequent 
work. We hope that the foundation we have built provides 
the initial footing for subsequent efforts to extend this “liv-
ing” document. While theories may need to be adapted or 
dropped altogether, we believe the framework offers a flex-
ible platform with its focus on basic cognitive functions, 
their embeddedness in dynamic environments, and the 
heterogeneity this conception invites. However, even here 
there are likely to be important additions that we have over-
looked. In our ongoing outreach to crowdsource theories 
and validate our mapping, we will continue our efforts to 
engage academics and practitioners from the Global South 
and those who work with different types of methodologies 
and communities.

In addition, we envision several next steps regarding fur-
ther development and application of our work. First, many of 
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the highlighted theories focus on particular aspects of deci-
sion making. It might thus be fruitful to integrate across the-
ories to explain broader patterns of behavior and to inform 
data analysis, models or policy. Given the context-depend-
ence of human decision-making, we do not suggest a single 
unified theory, but rather the identification of a set of theo-
ries applicable to different contexts. Second, many theories 
are conceptual and have not been mathematically formal-
ized. To be applicable for modelling and experimental work, 
theories will need to be operationalized, e.g. in an agent-
based model. Ultimately, a “pick and play” actor model 
that can be adapted for various contexts to test whether it 
matches behavioral observations would be a formidable 
tool to understand and anticipate behavior, evaluate policy, 
and develop novel governance approaches. The framework 
and theory mapping may offer an especially promising path 
forward for these efforts by highlighting plausible underly-
ing mechanisms or process-based accounts. The framework 
and theory selection should be extended to incorporate 
exogenous environmental or institutional changes or distur-
bances, in addition to the endogenous change processes we 
have identified, so that they can be used to analyze expected 
responses to new policies or governance approaches. Third, 
we have so far focused on individual decision-making. Given 
that sustainability issues are often collective action prob-
lems, a logical next step is to expand the theory selection 
and framework to include theories of collective and group 
decision making. Fourth, additional work is needed to sys-
tematically survey and classify empirically observed behav-
ioral patterns and match them to theories to anticipate more 
nuanced policy responses and design. Finally, while there is 
increasing attention in SES research to the relations (social 
and social-ecological) that shape SES, many theories do not 
specify the details of these relations. They refer to “context” 
in more general terms or focus on aspects of the context 
that have been internalized by the agent, e.g. a norm or a 
social identity. More attention is needed to the influence of 
different groups, relations within and between groups, and 
the biophysical environment on behavior, and, in turn, of 
behavior and interactions between actors on the production 
of context.

Conclusions

In this paper, we present a framework that facilitates the 
selection, comparison, and integration of theories from 
the social and cognitive sciences with the joint aims of 
improving our understanding of human behavior in social-
ecological contexts and addressing behavioral challenges 
to sustainability. Using the framework, we organize theo-
ries by process-level features of decision-making to assist 
with the integration of cognitive and social science insights 

into sustainability science and governance. We envision 
the HuB-CC framework to be a work in progress, evolving 
to accommodate additional characteristics, processes, and 
theories and more nuanced approaches to SES research, and 
hopefully inspiring the development of new theories in the 
process.
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