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Abstract

A core question of sustainability science asks how and
why human agents learn to deal effectively with complex
problems. “Learning” refers to the process by which actors
assimilate information and update their cognitions and be-
havior accordingly. Successful learning plays a vital role in
our ability to achieve sustainability, and vyet this process is
poorly understood. Commonly-employed perspectives on
learning tend to differentiate along two dimensions: the
mechanism of learning (social versus individual learning)
and the properties of the information being learned (empiri-
cal versus normative knowledge). This yields four ideal types
of learning that correspond to a central challenge of learning
for sustainability. An integrated framework that transcends
all of these perspectives is needed. Such a framework is pro-
posed here, and includes four essential features: the structure
of internal belief systems, the role of social networks in shap-
ing knowledge, the role of knowledge in shaping networks,
and the role of individual experience in the learning process.
This framework is introduced as a prolegomenon (a preface
to more detailed and exhaustive theoretical development) to
facilitate the development of better theories and empirically-
testable models of learning for sustainability.

Keywords:  sustainability, social learning, individual
learning, environmental policy, social networks, cognition

Introduction

Many realms of environmental policy are characterized
by political stalemate despite massive amounts of scientific
evidence that policy change is required. This is often framed
as a problem of learning (Sabatier and Jenkins-Smith 1993,
1999; Social Learning Group 2001): How can decision-mak-
ers assimilate emerging and uncertain information about
complex issues, and come to an agreement on appropriate
strategies to resolve salient problems? The emerging field of
sustainability science provides a fresh perspective on learn-
ing because of its focus on several major learning challenges
in environmental policy and sustainable development (Kates

et al. 2001; Clark 2007). Scholars in this community gener-
ally agree that learning is a critical hinge for sustainability
(Parson and Clark 1995), but how we get there is another
problem. So far there has been no systematic treatment of
learning for sustainability. Despite some attempts to outline
a comprehensive research program (e.g., Parson and Clark
1995; Bennett and Howlett 1992), the development of strate-
gies to promote learning for sustainability remains an elusive
goal.

Many scholars recognize the need for institutions that
promote learning in the face of complex and uncertain prob-
lems. A growing literature on “collaborative policy,” for ex-
ample, argues that networks spanning otherwise fragmented
groups of stakeholders promote an effective exchange of in-
formation and the learning of common worldviews (Schnei-
der et al. 2003). However, there is sparse evidence that col-
laborative institutions and the social networks they produce
actually promote learning and improved outcomes (Lubell
2004). This underscores a central problem with the literature
on institutional design to promote sustainability. The process
of learning is often treated as a black box, and the design of
strategies to promote learning are thus based primarily on
anecdotal evidence rather than lessons from theoretically-
grounded and empirically-based models. A better under-
standing of how and why agents learn, including a detailed
map of the parameters that influence this process, is a pre-
requisite for thinking about the types of institutions that are
needed to promote learning. Understanding which types of
actors are most likely to engage in constructive discussion,
for example, will inform decisions regarding whom to invite
to participate in a shared learning space, such as a scientific
assessment process or a collaborative planning effort. These
decisions must be based on a stronger theoretical and empir-
ical understanding of how and why learning occurs. In order
to accomplish this, however, we need an integrative frame-
work that resolves the confusions and contradictions that
often surround the study of learning.

The purpose of this paper is to make an initial foray into
the development of such a framework. A fundamental prob-
lem, and the first obstacle to be addressed, is that there is no
commonly accepted definition of learning within the sustain-
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ability science community. This is largely a consequence of
the interdisciplinary nature of the field. A diverse set of sis-
ter disciplines inform practical problems of sustainable de-
velopment, but these disciplines tend to focus on comple-
mentary but distinct problems of learning. In economics and
political science, for example, learning is often raised in the
context of strategic interaction—agents are faced with the
problem of “learning” optimal strategies based on experience
and their beliefs about how others will behave (Camerer
2003; Axelrod 1984). The psychology literature focuses
more on the internal mental processes of individual agents,
and has made major advances in understanding how various
types of innate cognitive biases influence the learning
process (Tversky and Kahneman 1974; Kahneman 2003).
This has generated an impressive body of work that has
begun to be applied to explain fundamental questions of so-
cial behavior in a field known as social cognition (Kunda
1999).  Other scholars view learning as an evolutionary
process that involves the adoption (or “learning”) of behavior
and cultural traits across multiple generations (Boyd and
Richerson 1985; Richerson et al. 2002; Richerson and Boyd
2005). The topic of social learning has also been addressed
by philosophers such as Habermas (1996), and has gained at-
tention in the literature on program evaluation since Camp-
bell’s (1969) work on “reforms as experiments” (Dunn 1998).

All of these perspectives are relevant to learning in the
context of environmental policy and sustainable develop-
ment. Their relative importance, however, depends on the
particular problem under consideration. The sustainability
science literature raises at least four key challenges of learn-
ing for sustainability, each of which suggests an idealized de-
finition of learning and a unique set of variables to be con-
sidered. These challenges are discussed below. In order to
develop a common language, it is necessary to transcend
these individual perspectives on learning and create a synthe-
sis that will lead to synergies across several vibrant intellec-
tual communities that rarely build upon one another.

In addition, it should be noted that conflicts of interests
often play a key role in driving political conflict over issues
of sustainability. Policy choices commonly produce actual
winners and losers, and although some of the conflict resolu-
tion literature focuses on social learning (Daniels and Walker
2001), there are scholars who argue that social learning can-
not help to resolve these conflicts of interests (Schnaiberg
and Gould 1994). Nonetheless, a learning perspective is still
useful for those who think primarily in terms of interests.
Understanding such conflicts, for example, depends in part
on understanding how competing parties learn about the in-
centives and potential strategies of their opponents. Learning
about the underlying details and scope of interests may also
facilitate conflict resolution, since an improved understand-

ing of opposing policy positions can serve as a basis for com-
promise or mutually-beneficial policy choices. Finally, inter-
ests most likely have a causal relationship with learned cog-
nitions and behavior, such as values, beliefs, policy prefer-
ences, and norms. Although in some contexts interests may
be difficult or impossible to change through a learning
process, they do often bear a close relationship with valid ob-
jects of learning. Thus, a “conflict of interests” perspective
can be enhanced by thinking about how learning influences
the stability of interests and resultant political conflicts.

The next section addresses the problem of developing a
common definition of learning. I then move to a discussion
of the building blocks of an integrated framework, emphasiz-
ing in particular the role of social networks and the structure
of agents’ internal belief and value systems. I conclude that
models of learning must explicitly address at least four key
questions based on the particular learning phenomenon to be
explained. These questions collectively address the co-evo-
lutionary relationship between networking behavior and
knowledge, the role of internal cognitions and cognitive bias,
and the influence of individual experience in the learning
process.

Defining the Challenge

Given the multiplicity of perspectives on learning, any
serious treatment of this phenomenon must begin with a clear
definition of terms. One of the most important tasks is to
identify the appropriate unit of analysis—should we study
learning at the level of societies (as in the Social Learning
Group 2001), organizations (Levitt and March 1988), coali-
tions of policy advocates (Sabatier and Jenkins-Smith 1999),
or individuals? These are some examples of units of aggre-
gation at which learning occurs, although the sharp differ-
ences in how scholars answer the question “who learns” re-
mains a major source of confusion in the literature (Bennett
and Howlett 1992; Parson and Clark 1995).

This paper emphasizes learning by individual agents.
An agent-based approach allows for some flexibility in lan-
guage, since agents could represent any unit of aggregation
ranging from people to nation-states. The best starting point,
however, is to think of agents as individual people. This is
because models of learning by individuals may be aggregat-
ed to higher levels of analysis, but the converse is not neces-
sarily true. For example, a model of individual learning can
reveal much about societal learning but studies of societal
learning hide much of the richness of learning by individu-
als.2 It is therefore preferable to view learning agents as in-
dividual people, although the general methods discussed here
are applicable to a wide variety of conceptions of “who
learns.”
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What is Learning?

“Learning” is a word that comes in many flavors. The
most common usage refers to the process by which individu-
als come to understand the realities of a complex and uncer-
tain world. Thus, economists may speak of individuals ex-
perimenting with strategies or policies and “learning” those
that yield the most desired outcomes. Although this is a use-
ful definition of learning, it is incomplete because it provides
no guidance for understanding learning under conditions
where there is a fuzzy or unknown reference point for reality.
School children, for example, learn both facts (when was the
First World War fought) as well as cultural interpretations of
facts (why was the First World War fought). These interpre-
tations of facts can be biased, impossible to falsify, or simply
incorrect. But they can be “learned” in the sense that they are
assimilated as truthful knowledge and impact consequent be-
havior. Related to this, consider also the transmission of
ideas or knowledge with no empirical component whatsoev-
er. Values can be powerful drivers of human behavior and
must similarly be learned, whether at church, around the din-
ner table, or on the street.

How does learning relate to sustainability? Problems of
sustainability are generally defined as those that involve con-
flicts between enhancing the well-being of humans, protect-
ing the integrity of ecological systems, and balancing these
often-conflicting goals in the long term (Kates et al. 2001;
Schellnhuber et al. 2004; Clark 2007). Learning takes on
many complementary meanings in the context of sustainabil-
ity (see Andersson et al. 2008 for examples), but the funda-
mental importance of learning derives from two key prob-
lems. First, sustainability means different things to different
people. Thus, engaging in sustainable development requires
the learning of shared goals and appropriate strategies for
achieving these goals. Second, given a shared meaning of
sustainability, it is not always clear how to get there. Prob-
lems of sustainability typically arise from the complex inter-
actions between social and ecological systems (Liu et al.
2007), and we often lack the information necessary to under-
stand how these systems will react to any particular policy
choice. This information must somehow be learned.

In this realm, learning as the accumulation of truthful
knowledge about the world is an overly constraining and nar-
row definition, and leads to a smaller class of models than is
needed to address problems of sustainability. Given a partic-
ular learning problem, it is more important to clearly define
the type of cognition or behavior of interest—for example,
how much an individual is willing to pay to protect endan-
gered wildlife habitat (a value), how much an individual ac-
tually contributes to the purpose of wildlife conservation (a
behavior), or a person’s conviction that the money they spend
on habitat protection will actually result in the desired effect

of protecting biodiversity (a belief). These may be consid-
ered individually or in tandem.

Given one or more cognitions or behaviors of interest,
learning is any change in these cognitions/behaviors as a re-
sult of new information or experience on the part of the focal
agent. This definition does not measure learning in relation
to some objective truth to be discovered. Thus, learning can
be perverse in the sense that it leads an agent away from the
“right” answer or optimal strategy.

This definition is broad by design. When we begin to
consider learning in the context of sustainability, it suddenly
becomes important to consider a wide range of learned be-
haviors and cognitions (some with and some without clear
reference points for “truth”) that have a major impact on sus-
tainability. These are generally articulated as four specific
challenges; while some of the research communities that have
evolved around sustainability explicitly discuss the challenge
in terms of learning, others do not. I argue that the various
perspectives on learning generally differentiate along two
lines: the type of thing being learned, and the mechanism of
learning. I turn first to a brief overview of the relevant learn-
ing challenges.

Challenge 1: Understanding Complexity

Many environmental problems are extremely complex.
Oftentimes, even when there is a commonly accepted policy
goal in mind (e.g., prevent severe anthropogenic interference
in the climate system), the complexity and uncertainty em-
bedded within the systems we are dealing with prevent us
from knowing exactly how to accomplish stated goals. Thus,
a major learning challenge is to understand the systems we
wish to influence through policy choices—this allows for the
intelligent matching of policy options and desired outcomes.
This sense of learning presumes that there is some correct an-
swer that may be uncovered by clever experimentation and
systematic scientific inquiry. Strategies to accomplish this
include policy experimentation (Campbell 1969), adaptive
management and “learning by doing” (Holling 1978), and the
production and sharing of knowledge through a scientific as-
sessment process (Mitchell et al. 2006).

Challenge 2: Attenuating Normative Belief and Value
Conflict

In addition to scientific complexity, environmental is-
sues are often characterized by deeply-rooted ideological
conflict. This implies the importance of another sort of learn-
ing. Competing values and normative beliefs frequently play
a prominent role in driving debates over environmental poli-
cy (Lackey 2006; Sabatier and Jenkins-Smith 1993, 1999),
indicating a need for decision-making processes to foster
learning across competing groups of stakeholders. In this
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sense, the objects of learning often include ideologies, val-
ues, or other types of cognitions with a heavy normative com-
ponent. Learning is thus the process by which actors come to
consensus on shared problems to be addressed and the set of
acceptable strategies to be employed. This sort of learning is
important not only to ensure more “enlightened” policy
choices for sustainability, but also to prevent the emergence
of clear ideological losers. This is critical since ideological
losers are apt to stalemate the system using inside political
strategies such as litigation and venue-shopping, or outside
political strategies such as protests and media.

Challenge 3: Linking Knowledge with Action

Another key challenge of learning is the question of how
to move knowledge from those who produce relevant infor-
mation (agents of knowledge) to those who translate this
knowledge into actual policy choices (agents of action). Al-
though making optimal policy choices in the face of com-
plexity depends on understanding that complexity, the agents
who are on the front lines of meeting this challenge are not
the agents responsible for making commensurate policy deci-
sions.

The general problem of linking knowledge with action is
the subject of a rich literature in its own right (see van Kerk-
hoff and Lebell 2006 for a detailed review). The general
problem is related to the second challenge, although in this
case we are concerned with the diffusion of empirical beliefs
across communities that traditionally have major frictions in
communication or lack opportunities to learn from one an-
other. Much of this literature focuses on strategies to match

the “supply” of scientific information with the “demands” of
decision-makers (see McNie 2007), and understanding how
information can be more effectively transmitted between
these communities (Burns and Dietz 1992). One key finding
is that information must be perceived as salient, timely, and
legitimate (Cash et al. 2003; Mitchell et al. 2000).

Challenge 4: Producing New Values for Sustainability

Perhaps the most daunting challenge comes from the re-
alization by many scholars that the values needed to support
a sustainability transition are not prevalent within contempo-
rary society (Leiserowitz et al. 2006; Dietz et al. 2005).
These values must somehow be learned. This process is sim-
ilar to “producing” knowledge, but in this case there is no
clear reference point for the true value. Otherwise, this is
conceptually similar to the first challenge—that we are in
need of finding and producing values and normative beliefs
that are compatible with sustainability.

An Idealized Typology of Learning

The four challenges discussed above have a strong link-
age to learning processes since they all deal, in some way,
with how to promote changes in environmentally-relevant
cognition and behavior. The problem is that these challenges
tend to focus on distinct aspects of the overall learning
process. Generally speaking, these perspectives differentiate
along two dimensions: the mechanism of learning and the
type of knowledge that is learned. This yields four idealized
types of learning, which are summarized in Figure 1.

MECHANISM OF LEARNING
Where does knowledge originate?

Individual learning

Social learning

Learning by doing; interpreting feedback from the environment
to discover an optimal choice.

Major perspectives: Learning in game theory; policy experi-

Diffusion of empirical knowledge or empirically-observed
behaviors amongst multiple actors.

Major perspectives: Linking knowledge with action; the two

Empirical | mentation and adaptive management; single-loop learning. communities perspective.
SUBJECT OF Associated challenges: What is true today may not be true Associated challenges: Friction exists between scientists
LEARNING tomorrow; individuals have limited cognitive ability to interpret (agents of knowledge) and decision-makers (agents of action).
input and deal with complexity. It is not clear how to effectively link knowledge with action,
What and how to link action with knowledge.
characterizes Production of new values and worldviews. Value and worldview diffusion across agents, over space and
learned time.
knowledge? Major perspectives: Deliberation theory; double-loop
Normative learning. Major perspectives: The advocacy coalition framework;

Associated challenges: Existing values are incompatible with
the needs of a sustainability transition.

cultural evolution.

Associated challenges: Normative beliefs and values are
important drivers of environmental conflicts.

Figure 1. Four Idealized Types of Learning
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The difference between individual and social learning is
perhaps one of the most fundamental dimensions along
which perspectives on learning are differentiated in the liter-
ature. Individual learning captures situations where agents
are primarily concerned with learning through experience
and interpreting payoffs from their environment. Individual
learning processes correspond best with situations that in-
volve the production of knowledge through experimentation
or experience—that is, with Challenges 1 and 4. Although
the production of new knowledge is rarely done individually,
the assumption here is that knowledge is produced through
experience and inquiry, rather than taught through lines of so-
cial interaction.

Social learning is the process by which agents adopt
cognitions and behaviors from their social environment. In
social learning situations, the relevant knowledge and behav-
iors already exist; the question becomes how these objects of
learning are diffused though a social network that provides
opportunities for mutual observation, imitation, information
sharing, and learning. This is often referred to as social in-
fluence, and has been applied empirically in situations as di-
verse as how primates learn to use tools for food gathering
(Whiten 2000) to how political beliefs are diffused through
networks of friends (Johnson and Huckfeldt 2005). One of
the fundamental differences between social and individual
learning is that individual learning is about knowledge pro-
duction, whereas social learning is about copying knowledge
through imitation or persuasion.

Another distinguishing feature of these challenges is the
type of knowledge that is learned. Challenges 1 and 3 focus
on the learning of empirical knowledge, where agents are pri-
marily concerned with reducing uncertainty and increasing
the overall level of knowledge about the parameters of a spe-
cific problem. Empirical knowledge refers to facts or reali-
ties that may ideally be discovered through experimentation
or direct observation. They include, for example, instrumen-
tal beliefs regarding how to achieve a specific goal or avoid
unwanted consequences, such as the belief that touching a hot
stove leads to a burned hand or that the emission of green-
house gases can produce changes in the global climate. Em-
pirical knowledge also includes information about the norms
and beliefs of others in a purely descriptive way, which helps
agents to better predict the likely behaviors and outcomes of
their own strategies or choices. A key feature of most empir-
ical learning models is the existence of an underlying payoff
function that signals agents when they are closer to or further
from the “correct” answer. This payoff function reflects the
existence of an optimal belief or behavior, even if this opti-
mum is difficult to discover due to noisy signals, inadequate
information, or multiple local optimum.

Normative knowledge is the primary object of learning

in Challenges 2 and 4, where there is no clear, intersubjec-
tively reliable reference point for the correct set of beliefs or
behaviors. Normative learning includes changes in values or
behavioral norms as a result of empirical observations of the
surrounding world. This type of knowledge tends to be high-
ly stable and deeply embedded, and it may be that this learn-
ing occurs primarily in youth or when an agent is exposed to
an extreme or horrifying event.# Normative knowledge must
be learned nonetheless, and insofar as normative cognitions
are relevant to sustainable development it is important to in-
clude this sort of knowledge in theories and models of learn-
ing. From a modeling standpoint, one of the key differences
between normative and empirical learning is the role of an
underling payoff function in guiding belief revision. When
the object of learning is normative beliefs, this payoff func-
tion is either non-existent, or it is poorly-behaved in the sense
that agents have highly dissimilar payoff structures that re-
ward changes in their normative beliefs. Since most agents
are likely to have strong accuracy goals (i.e., they seek a cor-
rect answer that is signaled by higher payoffs), these payoff
structures may lead to increased heterogeneity in terms of
normative beliefs and values.

The Need for a Combined Perspective

None of the typologies discussed above are entirely ade-
quate. First, drawing a strict dichotomy between social and
individual learning ignores the important insight that human
behavior is both individually determined and socially embed-
ded (Granovetter 1985). For example, models of “pure” so-
cial learning that focus solely on how knowledge diffuses in
networks of social interaction tend to view agents as mere so-
cial automatons who blindly imitate the cognitions and be-
haviors of those around them. Models of pure individual in-
fluence assume that learning occurs within a social vacuum,
and tend to idealize the ability of individual agents to act in-
dependently of their social environment. Especially in situa-
tions involving extremely complex information, individual
learning models tend to over-emphasize the ability of agents
to interpret raw information on their own.

The bottom line is that an agent’s social network is a
critical element of behavioral and cognitive change, but
agents also rely heavily on accumulated individual experi-
ences and direct observation. Thus, models of learning that
simultaneously account for the role of social networks and
experience can avoid conceptualizations of learning that are
either over-socialized or under-socialized (Parson and Clark
1995). There are some models that take a step in this direc-
tion, such as Camerer’s (2003) model of experience-weight-
ed attraction.

Second, making the distinction between empirical and
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normative objects of learning also is an artificial dichotomy.
Much of our perception is theory-laden, thus we cannot prop-
erly understand the production of scientific knowledge with-
out considering the role that normative theories play in our
interpretation of real-world events (Gould 1986). Consider-
ing how empirical knowledge is learned independently of
normative ideas requires a strict positivist approach that is
unrealistic for most applications within issues of environ-
mental policy (Rosa 1998). Making policy for sustainability,
for example, requires an answer to the question, “What is to
be sustained?” The answer often implies a direct trade-off
between the things to be sustained (such as environmental
protection and economic growth) and implies that normative
values are an inherent component of policy choice.

In order to properly understand learning processes and
move towards addressing these challenges, we are in need of
a general framework of learning that transcends the individ-
ual perspectives discussed above. But how do we get there?
The different perspectives of learning outlined here provide
the building blocks of a general framework, discussed in the
next section.

Towards an Integrated Framework

There are at least four building blocks to a general model
of learning that transcends the idealized views discussed
above. These building blocks, depicted in Figure 2, are the
various processes that tie into explaining how a particular
cognition or behavior is ultimately learned. The building
blocks ultimately revolve around the cognitions and behavior
of an individual agent—in particular, those changing cogni-
tions and/or behaviors that we seek to explain as a result of
learning.

These building blocks include the internal cognitive

SOCIAL NETWORK Social influence

STRUCTURE

INTERNAL BELIEFS
&

Endogenous network formation EXTERNAL BEHAVIOR

PAYOFFS FROM
EXPERIENCE
&
SURROUNDING
ENVIRONMENT

Internal causal effects

Direct observation

Figure 2. A Basic Framework of the Learning Process

structure of agents, their outward networking behavior, the
role of social influence, and the role of individual experience.
These comprise a general framework that may be refined into
more specific models depending on the context in which
learning takes place. Some learning problems, for example,
may necessitate complex models of cognition and behavior
whereas others require relatively simple models. These
building blocks are summarized in the following sections.

How are Cognitions Structured Internally?

In studying how and why agents learn, it is common to
focus only on external factors such as the role of social influ-
ence and direct observation. But agents’ internal cognitions
also have a causal structure, and thus it is important to con-
sider the role of additional “internal” factors that influence
the learning process. There may be a disconnect between the
cognition or behavior that is ultimately changed as a result of
the learning process, and the cognitions or behaviors that are
influenced by the proximate cause of learning—namely,
one’s social network or payoffs from their beliefs or behav-
iors. A key part of learning is to understand the causal links
between the objects of learning and other intermediate cogni-
tive and behavioral factors.

Perhaps the simplest example of this is the problem of
learned behavior. Consider the example of why individuals
are beginning to purchase more fuel efficient vehicles (a be-
havior). There are several general possibilities. The first pos-
sibility is that this behavior is learned through simple imita-
tion. A focal agent buys a hybrid, for example, because both
of her neighbors own hybrid vehicles. A second possibility is
that this behavior is learned indirectly through belief change.
That is, the fact that your neighbors both own fuel efficient
vehicles exposes you to new information about how much
money you might save on gasoline (Denrell 2008). It is this
new realization (a belief) that is learned, and the best way to
act on this learned belief is to purchase a more fuel efficient
vehicle—this behavior is independent from what your neigh-
bors do. This possibility implies the need to consider a more
complex structure of cognition and behavior. In the case of
imitation it is sufficient to consider the relevant behavior
only; in the latter example, however, it is necessary to con-
sider beliefs, behaviors, and a causal link that relates the two
together. Which of these models is correct has profound im-
plications for efforts to promote more sustainable behavior.

This example illustrates the need to be clear about the set
of cognitions and behaviors that are learned, or that somehow
influence the thing to be learned. The simple possibilities
outlined above suggest at least two relevant phenomena: a be-
lief about the money that can be saved from purchasing a hy-
brid car, and the behavior that comes from acting upon this
belief. Other possibilities would include a more diverse set
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of cognitions, such as preferences (beliefs about saving
money causes fuel-efficiency to be activated as a preference,
which activates buying behavior) or values (environmental-
ism spreads across neighbors, which is reflected in learned
behavior). A model of learning must not only outline the
space of cognitions and behaviors that are relevant to the
problem at hand, but it must also posit reasonable hypotheses
concerning the causal structure of these cognitions.

Some problems may necessitate only simple models of
internal cognitive structure. These are most likely to be prob-
lems where agents learn about very simple problems, or there
is some flat, uni-dimensional characteristic to the knowledge
being learned. But models of learning for sustainability
should, at a minimum, address both normative and positive
cognitions—in particular, empirical beliefs about causal rela-
tionships as well as underlying value structures. Frameworks
such as the Advocacy Coalition Framework (Sabatier and
Jenkins-Smith 1993, 1999; Sabatier and Weible 2007) or Val-
ues-Beliefs-Norms theory (Stern et al. 1999) contain hy-
potheses regarding the causal structure of cognitions, and
their relationship to salient behaviors, that are potentially
useful for this purpose. More elaborate models of cognition
may also include an explanation of how interests drive be-
havior, or are in turn influenced by learned cognitions such as
preferences and values.

Just as the appropriate model of internal cognitive struc-
ture depends on the context of the learning problem, the same
model may not apply equally well to all agents within a learn-
ing space. For example, members of the general public are
unlikely to learn about environmental issues in the same way
as members of the policy elite. The engagement and special-
ization of elites within their respective issue area suggests
some unique features of an elite learning model, including a
more deliberate search for accurate information and a well-
defined, highly integrated system of policy-relevant beliefs
(Henry 2007).

What is the Role of Experience?

Some of the most sophisticated perspectives on learning
have been models of individual learning, where the funda-
mental goal is to understand how an agent learns about some
specific aspect of how the world works. The ultimate goal of
this sort of learning is to understand how actions produce out-
comes (or payoffs) as a function of variables describing the
real world. It is therefore important to understand that world.
Models of learning should address the role of individual ex-
perience and active “truth-seeking” in the learning process.

For example, most game theoretic perspectives on learn-
ing fit well within the individual learning tradition (see
Camerer 2003 for examples). Although agents learn in a
strategic game setting in a social environment, the learning

task is for the individual agent to better understand the likely
ways in which opponents will react to strategies. Thus, op-
ponents’ strategies (although they are embedded in the social
environment) comprise the knowledge about which the focal
agent learns.

The literatures that touch on this are immense and can be
overwhelming. The obvious task, which is beyond the scope
of this paper, is to find those theories of learning that are the-
oretically and empirically strongest, and that are most applic-
able to the learning problems faced in the context of sustain-
ability.

What is the Role of Social Influence?

Learning rarely occurs within a social vacuum. This is
especially true in any learning situation dealing with highly
complex information that is too much for a single agent to
master. Legislators, for example, often specialize in particu-
lar issue areas but also rely heavily on information from lob-
byists, constituent groups, and staff. The prominent role of
social influence in most learning situations underscores the
need to include a clear operationalization of an agent’s social
environment within a model of learning. Social networks are
a vital component of learning because they act as a constraint
on information exchange and the pooling of knowledge at
multiple scales. Multiple perspectives on a problem are use-
less, for example, if there is no mechanism for synthesizing
these perspectives. As noted above, networks are crucial be-
cause they are a medium for information sharing, dialogue,
persuasion, negotiation, and any other social process that
leads to belief change or knowledge production.

Social network structure also reflects the institutions in
which learning agents are embedded. In some cases, institu-
tional arrangements directly impose structure on a network—
for example, environmental policies commonly require that
one or more regulatory agencies work together to implement
laws. Other times, institutional arrangements impose struc-
ture indirectly by creating opportunities for linkages to form.
In collective action problems, for example, rules that allow
agents to openly discuss strategies and impose sanctions on
one another can lead to increased levels of cooperation (Os-
trom et al. 1992), thereby supporting the formation of recip-
rocated networks of cooperation. There are many other ways
that institutional rules influence network structure, either by
creating incentives or disincentives for cooperation, or man-
dating the formation of an ideal type of network (for exam-
ple, a network that includes all relevant stakeholders in a de-
cision process). Institutional design therefore has the poten-
tial to influence learning processes, at least in part due to the
relationship between institutional rules and networks (see Os-
trom 2005 for a detailed typology and discussion of institu-
tional rules).
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Social network analysis (Wasserman and Faust 1994;
Scott 2000; Henry 2008) provides the conceptual tools nec-
essary to describe an agent’s opportunities for learning
through the social environment, and suggests some predic-
tions concerning the relationship between network structure,
knowledge, and behavior. From an analytic standpoint,
learning via social influence is essentially the same as diffu-
sion throughout a social network. There has been a great deal
of work in the networks literature focusing on how structure
promotes or hinders diffusion processes (see Newman 2003
for a review). The applied settings of these models are di-
verse, ranging from the spread of disease to the spread of
panic in a social network. Work in this vein that bears a
closer relationship to learning processes investigates how net-
work structure influences the emergence of cooperative be-
havior amongst a population of agents engaged in a prison-
er’s dilemma type of situation (Ohtsuki et al. 2006).

The core insight of this literature is that network struc-
ture strongly influences the outcomes of social interaction,
including social learning. Thus, models of learning must ex-
plicitly address how the position of agents within a network
influences the learning process. The detail with which these
dynamics are specified depends on the needs of the model.
At a minimum, however, models must specify the importance
of social influence processes and (if social influence is con-
sidered to be an important component of learning) models
should include a variable that captures an agent’s proximate
social environment.

How Do Cognitions Influence the Social Environment?

Social networks are a key component of learning, but
they are rarely static over time. Despite the effect of institu-
tions on network structure, it is unlikely that sets of institu-
tional arrangements can ever completely predict network
structure. Rather, networks are in constant flux as agents
move through the spatial environment, and as new relation-
ships are forged or old ones broken based on the predilections
and biases of individual agents. There is a growing literature
that seeks to identify the multiple factors driving the forma-
tion and evolution of social networks (Snijders 2005). Some
of the common results are that actors deliberately embed
themselves within special types of network configurations,
such as closed triads or reciprocated relationships (Robins et
al. 2007).

These factors can potentially be viewed as exogenous
constraints on learning, and therefore fit into the above set
of variables that describe network structure. However, an
agent’s cognitions and behavior (the potential objects of
learning) also influence how she positions herself within net-
works. Thus, networks are also products of learning due to
the inherent co-evolution of individual attributes, such as be-

liefs and values, and larger network structures (Lazer 2001).
While networks act as a constraint on what one agent can
learn, what agents have learned influences how they structure
their social environments. A better understanding of learning
processes depends on considering how knowledge and net-
works interact and change over time.

Models of learning must therefore address one specific
aspect of network change: how the objects of learning (cog-
nitions and behaviors) lead agents to restructure their proxi-
mate social networks. For example, there is a growing body
of empirical evidence that networks are structured by belief
homophily, or the tendency for agents to seek out network
partners that share their underlying belief systems (Weible
and Sabatier 2005; Weible 2005; McPherson et al. 2001). If
agents have the freedom to create or reject relationships on
the basis of belief homophily, then networks will tend to frag-
ment along ideological lines. A simple model of how this oc-
curs (or a convincing explanation of why it will not occur) is
essential to understanding the constraints that agents face in
learning from their social environments.

Conclusion

The preceding discussion sketches a general framework
to guide inquiry into questions of learning for sustainability,
but moving towards a coherent theory of learning requires
formulating models that are precise and empirically testable.
This paper is meant to be a prolegomenon to a theory of
learning—an initial foray into the subject and a starting point
for more extensive theoretical development and empirical
analysis. In particular, future work should begin to formulate
precise models of learning that integrate the multiple cate-
gories of variables that are considered important across a va-
riety of disconnected but complementary literatures.

This paper outlines four key inputs to these models.
However, the relative importance of these inputs will depend
greatly on context. Depending on the particular situation in
which a model of learning is meant to be applied, social in-
fluence, internal belief systems, individual experience, and
endogenous network formation may play very different roles
in shaping the beliefs and behaviors of individual agents. In
some contexts, simpler models of the sort that have already
been developed in the literature will work. For example, a
simple model of how ideas diffuse along a fixed social net-
work is appropriate in cases where agents have a strong in-
centive to adopt the ideas of their network partners and little
or no ability to seek information from alternative sources.

Although simpler models may be justified in certain
contexts, it is important to recognize that the simpler ap-
proach is not the only possible approach. Future work will
need to focus on how different contextual factors require
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models that incorporate more or less detail in the four build-
ing blocks discussed above. One of the more important as-
pects of context will be the question of who learns. At the
level of individual people, for example, different types of
agents (e.g., scientists versus legislators) face very different
learning problems and operate within very different learning
environments. More empirical and conceptual work is need-
ed to uncover these differences and develop an appropriate
set of context-sensitive learning models.

These models should be evaluated according to their the-
oretical and empirical strengths, but they should also be eval-
uated according to the degree to which they resonate with the
types of learning that are needed for sustainability. This
paper outlines two major features of learning for sustainabil-
ity that should be considered. In particular, models should
pay attention to the empirical and normative dimensions of
learned knowledge, and acknowledge both the social and in-
dividual aspects of the learning process. Ultimately, these
models should help us understand how institutions may be
designed to successfully meet the challenges of learning for
sustainability.

Endnotes

1. E-mail: adam_henry @hks.harvard.edu

2. This is because higher units of aggregation collapse an entire social
space into a single metaphorical agent. If agents are firms, for exam-
ple, then the complex social interactions and associated learning with-
in the firm becomes a part of agents’ internal cognitive processes.

3. The possibility of perverse learning is often discounted under the as-
sumption that agents are rational actors focused on optimizing some
set of payoffs, or at least use learning heuristics that lead to better
outcomes (Dietz and Stern 1995).

4. In addition, Habermas (1971, 1991, 1993) argues that deliberative
processes may be a mechanism by which normative learning can
occur later in life or in the absence of extreme events.
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