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ABSTRACT. Similar to research on socia learning among adult participants in natural resources
management, current researchinthefield of education claimsthat learningissituatedinreal-world practice,
and occurs through recursive interactions between individual learners and their social and biophysical
environment. In this article, we present an overview of the social and situated learning literatures from the
fields of natural resources and education, and suggest ways in which educational programs for secondary
and university students might be embedded in and contribute to efforts to enhance resilience of social—
ecological systems at the local scale. We also describe three initiatives in which learning is situated in
adaptive co-management and civic ecology practices: auniversity graduate experiential learning coursein
Sweden, a pre-college environmental education program in the USA, and a university undergraduate
service-learning class in the USA. Through integrating the social learning and adaptive management
literaturewith theliteraturefocusing onyouth learning situated i n authentic practice, we hopeto: (1) suggest
commonalities among systems views of |earning and social—ecological systems perspectiveson resilience,
and (2) expand our thinking about educational practice from being a means to convey content matter to
becoming acritical component of social—ecological systems and resilience.
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INTRODUCTION

Research about social and adaptivelearningfeatures
prominently within the natural resources management
and social—ecol ogical systemsresilienceliteratures,
and focuses primarily on learning among groups of
adult stakeholders involved in decision making
related to watershed, wildlife, fisheries, and other
resources (Gunderson 2001, Schusler et al. 2003,
Berkes 2004, Olsson et a. 2004, Gunderson et al.
2006, Berkes et a. 2007, Blackmore et al. 20074,
Pahl-Wostl et al. 2007, Armitage et al. 2008, Pahl-
Wostl et a. 2008, Plummer and FitzGibbon 2008,
Marschke and Sinclair 2009). In contrast, scant
attention has been paid to the role of education of
younger stakeholders in the adaptive co-
management and resilience literature, perhaps
because our perception of education suggests atop-
down transfer of information for predetermined
outcomes, which in many ways is antithetical to
systemsnotionsof unpredictability, emergence, and
interactions. However, similar to the way in which

resilience scholars have questioned expert-driven
management approaches (Folke 2006), environmental
and science education scholars and practitioners
increasingly are questioning content-driven, top-
down, deterministic educational approaches for at
least four reasons. these approaches may be
ineffective in developing desired critical thinking
and other skills (National Research Council (NRC)
1996); they do not take into account the variety of
learning styles and diverse knowledge of non-
western, female, and other students (Moll et al.
1992); they may incul cate students with behaviors
designedto meet instrumental goal sof theeducators
rather than focus on students realizing their own
goalsand potential (Walset a. 2008); and they may
reinforce predominant power structures (Bowers
2002).

As an alternative to content- and teacher-driven
approaches, environmental and science educators
have called for more participatory educational
practices, including action-competence and similar
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approachesdesignedto build capacity amongyoung
people to make their own informed decisions about
the environment (Jensen and Schnack 1997,
Schusler et al. 2009) and inquiry learning, in which
students conduct investigations focused on
answering authentic scientific questions (NRC
1996). In these and similar participatory
approaches, the outcomes rel ative to decisions that
students make or results of their investigations are
not prescribed in advance, but rather emerge from
the interactions of the participants with their social
and biophysical environment (llleris 2007). In this
sense, participatory education practices share many
of the attributes that Masten and Obradovic (2008)
cite as being common to resilience frameworks
applied to both humans and social—ecological
systems, including an emphasis on individual or
ecosystem resilience and learning emerging from
dynamic interactions and change;, direction as
probabilistic rather than deterministic because of
the inherently dynamic nature of living, open
systems, and the sheer number of interactions
involved; recognition of multiple pathways that an
individual or system may follow; reliance on
flexibility and adaptive capacity for change rather
than stability or equilibrium with return to the same
steady state; and recognition of the role of human
judgment in defining desirable or undesirable
regimes or outcomes. Just as a systems resilience
perspective shiftsthefocusfrom controlling change
in systems assumed to be stable to managing the
capacity of socia—ecological systemsto cope with,
adapt to, and shape change (Folke 2006),
participatory approaches to education seek not so
much to control the direction of student |earning but
rather to create situations where, through ongoing
interactionswith the social and ecological elements
of the larger system, students devel op the capacity
to play ameaningful rolein shaping their ownfuture
and that of their larger community.

Inthispaper, weadd totheexisting natural resources
literatureoninterdisciplinary and hands-onlearning
(e.g., Benbasat and Gass 2001, Galindo-Leal 2001)
by examining university and K-12 education
programs through the lenses of social and situated
learning theory and theresilienceframework. These
theories of learning emphasi ze interactions among
the learner and the social and physical environment
inwhich learning takes place and shed light on how
education at the K—12 and university level might
foster social—ecological resilience at local and
watershed scales. Throughout this paper, although
recognizing various uses of the term resilience in
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the engineering and psychology literatures, we use
resilience to describe the capacity of a social—
ecological system to buffer perturbances and to
renew and reorganize in response to change,
resultinginamoredesirablesystem (Gundersonand
Holling 2002, Folke 2006). The capacity to renew
and reorganize depends in part on the ability to
incorporate diverse forms of knowledge into
management decisions and to learn adaptively
(Folke et al. 2002, Berkes 2004). Importantly, for
the purposes of this paper, we use the word
educationtorefer toaprogramof inquiry, reflection,
stewardship, and action learning activities
embedded in real-life adaptive co-management or
civic ecology practicesthat foster natural and social
capital, and thus contribute to socia—ecological
systemresilience. An education program embedded
in such practices may also serve as a source of
resilience by enhancing human capital and
reinforcing the actual management or civic ecology
practice.

Thus, the goal of this paper is to begin to address
the gap in the literature bridging education at the
university and secondary level with resilience
thinking. Below, we present abrief overview of the
literature on social learning within natural resources
management. We next present a discussion of
situated learning theories, which describe learning
as moving from an inexperienced to skilled
participant in authentic social and environmental
practices, generally outside of the classroom
(Rogoff and Lave 1984, Lave and Wenger 1991,
Roth and Lee 2004, Boyer and Roth 2006).
Although thefocus of thesetheoriesisonindividual
learning asaresult of recursiveinteractionswith the
social, biological, and physical aspects of the
environment (Illeris 2007, Niewolny and Wilson
2009), they share much in common with social
learning theories discussed in the adaptive
management literatures (Blackmore et a. 20073,
Pahl-Wostl at al. 2007, 2008) and also offer insights
into how educational programs might contribute to
social—ecological system resilience. Three examples
of educational programs in which learning is
Situated in adaptive co-management and civic
ecology practices follow. The first example, an
experiential graduate course at the Swedish
University of Agricultural Sciences, amsto prepare
facilitators of stakeholder engagement and social
learning in adaptive co-management of awatershed
involving multiple stakeholders with conflicting
interests. The other two examples describe learning
situated within civic ecology practice, which refers
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to the stewardship actions of community members
who face negative impacts when a patch of habitat
hasfallen into less than optimal status asaresult of
neglect, abandonment, or lack of initiative, who
recognize the potential of the patch of land for
contributing to the social and environmental well-
being of their community, and who take it upon
themselves to restore the patch so that it provides
social, cultural, and ecol ogical services(Krasny and
Tidball 2009). The two examples of learning
situated within civic ecology practice include an
environmental educational project that engages
youth from after-school and summer programs in
urban community gardening in the USA, and an
undergraduate service-learning coursethat includes
experiences sSituated in multiple civic ecology
practices in the USA, including urban community
forestry, wildlife restoration, and community
gardening. After having examined the three
example programs, we close by proposing an
ecology of environmental education (Tidball and
Krasny 2009) that highlights the potentia
interactions among educational programs and other
components of social—ecological systems.

We recognize that the three examples included in
this paper are descriptions from the perspective of
the instructors or program leaders, rather than in-
depth case studies. Further, werecognizethat in the
absenceof rigorouseval uationsof these educational
programs, we are unable to make definitive claims
about their contributionsto building the capacity to
renew or reorganize in the face of ongoing change
or disturbance. Thus, by integrating notions from
social learningin the natural resources management
literature with situated learning in the science and
environmental education literatures and by
presenting the educational examples, we are at an
exploratory stage in uncovering relationships
among education, learning, management, and
resilience. Rather than presenting results, our intent
is to begin a conversation about how education at
the secondary and university levels may be
integrated into ongoing scholarship and management
practice designed to understand and to foster
resilience.

EDUCATION ABOUT, FOR, AND ASPART
OF RESILIENT SOCIAL-ECOLOGICAL
SYSTEMS

In building an understanding of education and
resilience, Fien's (1993) and Sterling’'s (2003)
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distinctions between education about and education
for the environment or sustainability may prove
useful. Whereas education about the environment
Is content driven, education for the environment
trains students to think critically about
environmental issues and to take action to address
such issues (Fien 1993). Similarly, we suggest that
education not only may be about resilience as a
concept, but also may guide students in fostering
resilience within the watershed, neighborhood, or
other social—ecological system in which they work
and live. The critical thinking and action skills
inherent to education for the environment, as well
asskillsthat addressresilience attributes such asthe
ability to incorporate multiple forms of knowledge
and perspectives in management decision making,
would be important in education that is designed to
foster resilience. Several researchers have begun to
investigate the direct impact of education for the
environment on environmental quality (Cline et al.
2002, Duffin et al. 2007, Short 2007). Similarly,
researchers examining education for social—
ecological systems resilience might examine
outcomes related to ecosystem services, socid
capital, socia learning, and other attributes of
resilient systems (Walker et al. 2002, Plummer and
FitzGibbon 2008).

Building on Masten and Obradovic’ s (2008) call for
examining embedded system processesinresilience
scholarship, wea so might consider theinteractions
of the educational programs themselves with
resource management practices and other system
elements. For example, environmental educational
programs may become part of feedback loops
focused on resource management, and may be
viewed as drivers of processes and components
within larger social—ecol ogical systems. We usethe
term ecology of environmental education to
describe scholarship that examines the interactions
of educational programs with other components of
a social—ecological system (Tidball and Krasny
2009).

SOCIAL LEARNING WITHIN NATURAL
RESOURCES MANAGEMENT CONTEXTS

Schudler et a. (2003) defined socia learning as
learning that occurs when people engage one
another, sharing diverse perspectives and
experiences to develop a common framework of
understanding and basis for joint action. These
authors investigated socia learning processes and
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outcomesduringa2-day search conference, through
which diverse, local stakeholders engaged in
collaborative planning focusing on wildlife
management in the Great L akesregion of the USA.
Participants in the conference learned about facts
related to the resource, concerns of other
stakehol ders, and possi ble management actions, but
were unlikely after a single search conference to
take action to address the resource management
issues. Drawing from case studies of management
in 10 Europeanriver basins, Pahl-Wostl et al. (2007)
presented a conceptual framework for social
learning that occurred when stakeholder groups
interacted on an ongoing basis; this framework
emphasized the context for learning, the actual
learning process itself, and the outcomes, each of
which integrated both technical and social aspects
of the management issue. Mostert et al. (2007)
examined participatory processes in the same 10
case studies, and found that processes for
stakeholder involvement varied across cases, and
included stakeholder forums, newsletters, and
participation in steering committees, working
groups, and informational meetings. Similarly,
Plummer and FitzGibbon (2008) used a case-study
approach to examine socia learning among three
watershed stakeholder groups that participated in
meetings to discuss management options, one of
which also took actions, such as hosting community
events to generate interest in the resource and
completing a watershed plan.

In the above examples of social learning as part of
wildlife and watershed co-management, the
primary means of stakeholder involvement was
through planning and informational meetings.
Tidball and Krasny (2007) described examples of
socia learning that occurs within the context of
hands-on stewardship or civic ecology practices,
including community gardening, community
forestry, watershed restoration, and similar
community-based or “ self-organized” management
practices that integrate environmental, social, and
civic values. Whereas the focus of civic ecology
practices is engagement in local resource
stewardship to enhance resilience at the individual
and local social—ecologica system levels,
individuals participating in such activities may also
become involved in planning and advocacy to
protect the resources that they are stewarding, such
as occurs in socia learning within the natural
resources management contexts cited above.

Other means in which volunteers and stakeholders
might engage in socia learning include monitoring
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programs focusing on aquatic resources organized
by watershed networks, and citizen science projects
that involve volunteers across a broad geographic
region in collecting population data on birds,
insects, and other wildlife (Krasny and Bonney
2005). Going a step further, the Canadian
Community Monitoring Network (CCMN 2008)
engaged citizens in both planning and hands-on
monitoring of thephysical resource. Throughafour-
stage process, CCMN participants set management
priorities, assessed and enhanced their own
capacity, monitored the physical resource, and
sharedinformationtoinformlocal decision making.
Similarly, community forestry projects described
by Fernandez-Gimenez et a. (2008) integrated
monitoring with social learning (Silverman 2008).
The ability to use monitoring to respond to
environmental change can tighten feedback loops
and thus contribute to adaptability (Walker et al.
2006).

A number of authors have demonstrated the depth
of learning that occurs through interaction with
other learners (e.g., Hake 2002) and through
engagement in different types of management
experiences. Plummer and FitzGibbon (2008)
found that the extent of social learning, including
developing a systems orientation, exchanging
perspectives, integrating different forms of
knowledge, and reflection leading to a questioning
of assumptions ( multiple- or higher-loop learning;
Marquardt Arévalo et a. 2009), depended largely
on the degree of stakeholder participation.
Gunderson et a. (2006) claimed that incremental
learning occurs in situations when models for
resource management are assumed to be correct and
learning entails collecting data or information to
update those models; thisisthe type of learning one
might expect in projectsin which volunteers collect
monitoring data (e.g., citizen science projects). In
contrast, when stakeholders are involved in
management decison making, severa types of
learning are possible, including episodic learning,
which entails questioning underlying models, and
transformational learning, which involves reframing
the problem domain (Gunderson et al. 2006).

SITUATED THEORIES OF LEARNING

Parallel to social learning that occurs within the
context of watershed management planning
described above (Mostert et al. 2007, Pahl-Wostl et
al. 2007, 2008, Plummer and FitzGibbon 2008), an
action competence approach to environmental
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education focuses on youth developing the skills
needed to make decisions and influence policy
(Jensen and Schnack 1997). Similarly, paralel to
the discussion of social learning within the context
of hands-on monitoring and stewardship or civic
ecology practices(Tidball and Krasny 2007, CCMN
2008), Krasny and Tidball (2009) describe civic
ecology education, which occurs when young
people and other novices become participants in
hands-on resource stewardship activities alongside
more experienced adults. Civic ecology practices
that lend themselves to such “situated learning”
include community gardening, watershed restoration,
urban community forestry, wildlife habitat
enhancement, and similar small-scale volunteer
stewardship activities (Stone and Barlow 2007,
Tidball and Krasny 2007). These action
competence, civic ecology, and related educational
approaches focus not only on individual learning
but also on transforming socia—ecological systems
through participant engagement in authentic
management decisson making and practice
(Emmons 1997, Hart 1997, Jensen and Schnack
1997, McClaren and Hammond 2005, Stone and
Barlow 2007, Krasny and Tidball 2009, Schusler et
al. 2009).

A group of learning theories that emphasize the
interaction dimension of learning within social
contexts, including situated learning (Rogoff and
Lave1984, Illeris2007), activity theory (Engestrom
1987) and ecological views of learning (Barab and
Roth 2006, Sterling 2007), is useful in
understanding how learning occurs in programs
where youth participate in local stewardship and
natural resources management communities of
practice (Wenger 1998, Armitage et al. 2008). In
educational programs sSituated in  watershed
restoration, community forestry, and other civic
ecology practices, adults act as facilitators of
learning and as experienced practitionersin acivic
ecology community of practice rather than as
instructors. Youth in such programs start out as
periphera or novice participants, and through first
observing and then working alongside the more
experienced adults, eventually become full
participants in the community of practice (Rogoff
et al. 2003). Other authors, including Fusco (2001),
Roth (2002), Roth and Lee (2004), Barab and Roth
(2006), and Boyer and Roth (2006), have described
education programs from a sSituated learning
perspective, citing examples of youth engagement
in civic ecology practices such as community
gardening, harvesting seaweed, and habitat
restoration.
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Boyer and Roth (2006) usetheterm * heterogeneous
environments” to draw attention to the messiness of
learning situated in management practicerelativeto
that which occurs in classrooms or museums, in
terms of the participants, time span, environment
within which learning takes place, tools used in
learning, and intended products. Drawing from
activity theory (Engestrom 1987), Roth (2002) uses
the metaphor of fibersand athread to describe such
learning. The six fibers or elements include: the
subjects (participants); objects (e.g., garden,
watershed, or other social—ecological systemthatis
the focus of stewardship practice); community
(participants and the wider community impacted by
their work); tools (e.g., pH meter); rules (eg.,
respect for others and the environment); and
division of labor (roles of participants and other
community members). Thethread isthelearning or
outcome of the activity, and can best be understood
by looking not just at individual fibers, but rather as
a property emerging from multiple interactions
among fibers (Boyer and Roth 2006). For example,
when agroup of youth and adults (subjects) take on
the task of creating a garden (object), the outcome
or what they |earn depends on the subjects and what
tools they use (e.g., younger children may choose
to plant flower seedswhereas ol der youth may want
tomeasuresoil pH). By suggesting the need to adapt
the use of tools depending on participants’ interests
and abilities, activity theory can be helpful in
designing educational programs that integrate
young people into ongoing adult resource
stewardship or co-management initiatives.

Building on interactive learning theories and
systems thinking, Greeno (1998), Barab and Roth
(2006), and Chawla (2008) propose an “ecological
view of learning,” which emphasizestheinteraction
of effectivity sets, or individua participants
behaviors, with affordance networks, defined asthe
collection of facts, concepts, tools, practices, and
peoplethat aredistributed acrosstimeand spaceand
provide the context for learning. Examples of
affordance networks include watershed restoration
and other civic ecology initiatives that provide
opportunities for participation and learning.
Compared with authors describing social learning
among adults, researchers focusing on youth
education include more of an emphasis on
participants behaviors and abilities, and on the
interaction of individual effectivity setswith aspects
of the context in which learning takes place (Barab
and Roth 2006). Furthermore, Chawla(2008) points
out that learning occurs more effectively when the
learner’ s environment changesin responseto hisor
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her action, and claimsthat reciprocity between self-
produced action and environmental events lies at
the heart of development of a sense of competence
or agency, which in turn leads to further action.

Within a learning activity system, an expansive
cycle may emerge from a process that begins with
the novice learning to do the task, moves to small
innovations created as part of thelearning, and then
leads to transformation of the activity system itself
(e.g., new rules or objects; Engestrom 1987). For
example, youth and adultsinvolved in an eel grass
restoration project discovered new ways of
measuring the grass; this innovation was shared
among other participants, leading to more effective
restoration practice (Roth and Lee 2004). A
feedback |oop may be used to describehow learning
that leadstoinnovationsinmonitoring or restoration
practices positively impacts the larger social—
ecological system, which in turn may provide more
opportunities for learning. Similarly, positive
feedback |oops might be used to describe youth and
adult capacity building. For example, adult
gardenerswho mentor younger participants may be
motivated by the young people’s interests in their
gardening and subsequently become more activein
community gardening, mentoring youth, and rel ated
community activities (Krasny and Tidball 2009).
Thus, in addition to building human capacity,
learning among youth may result in changing the
environment (or context) in a manner reminiscent
of the adult social learning feedbacks described by
Pahl-Wostl et a. (2007).

EDUCATION PROGRAM EXAMPLES

We turn next to three program examples, two
involving university studentsand onegeared toward
pre-college youth. Each example suggests
possibilities for students learning about and
fostering social—ecological resilience through
participation in resource management and civic
ecology practices.

University Integrated Water Resource
Management Cour se, Sweden

Inline with the paradigm shift taking place in water
resources management in Europe, particularly with
the recent unfolding of the Water Framework
Directive (Blackmore et a. 2007a, Foundation for
Water Research 2008), the Swedish University of
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Agricultural Sciences adopted Integrated Water
Resource Management (IWRM) as the theme for a
2-year Master’s degree program starting in 2007.
As a management practice, IWRM focuses on
combining technologies, institutional strategies,
and processes needed to facilitate the sustainable
management of watersheds, rivers, and coastal
watersinthefaceof conflicting demands. Thestated
am of the Swedish University of Agricultura
Sciences Master’s program is to prepare students
for the challenge of IWRM in Europe and the
developing world. Below we describe the Stake-
holding and Social Learning course offered in the
first year of the program.

Underpinned by work in the SLIM project (Social
Learning for the Integrated Management and
Sustainable Use of Water at Catchment Scale,
Blackmore et al. 2007a), socia learning for this
course is based on an epistemology that suggests
knowledge is built through active engagement in
defining and seeking improvements to complex
environmental issues, rather than knowledge as
fixed, expert-driven solutions to environmental
problems. Social learning is defined as an
Interactive process for promoting collective and
concerted action by multiple stakeholders to bring
about systemic change (cf. Blackmore et al. 2007b,
Ison et a. 2007).

Through his past work in education of agricultural
and rural development professionals in Australia,
the course instructor gained significant experience
insystemic and experiential learning (Bawden et al.
1984, Wilson and Morren 1990, Sriskandargjah et
al. 1991), which he has applied to his work in the
water resources management program in Sweden.
The course engages students in helping
communities address complex socia—ecological
problems, which are often defined differently by
various stakeholders. Thus, consistent with
Midgely’s (2000) work on systemic intervention,
the course engages students in reflection on the
conceptual boundaries of the system, the practice,
and the problematic situation being studied, and of
the process and research methodologies used to
address the situation. Soft-systems methodology
(Bunch 2003, Checkland and Poulter 2006), which
attempts to foster learning and an understanding of
diverse stakeholder perspectives through generating
“rich pictures’ and conceptual models of the
selected systems, guidesthe approach to the overall
intervention, providing both the methodology and
much of the necessary toolbox.
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The Stakehol ding and Social L earning courseopens
with an introduction to learning theories,
stakeholding and stakeholders, and concepts in
systems thinking and governance as applied to
natural resource management contexts. The course
then moves on to the field component, in which
students are exposed to a real-life situation within
water resource management with multi-stakehol der
interests at play, and must develop a methodol ogy
for systemic intervention relevant to the chosen
situation.

Therestoration of Lake Tamnaren served asthecase
for theexperiential component of thecoursein 2007.
TheL ake Tamnaren Water Council, which had been
entrusted with responsibility for developing an
action plan for local lake restoration incorporating
multiple stakehol der interests, becametheclient for
the students. Following an introductory session by
the Chairman of the Water Council, the students
defined themesfor their inquiry and then undertook
a reconnaissance trip of the Lake District, visiting
the relevant local authorities, and holding over 20
separate meetings with a diverse range of
stakeholders and interest groups. The whole class
engaged in a discussion on the conceptual
boundaries of the lake problem based on the
multiple perspectives collected by different student
groups and then developed severa pictorial
representations of the situation. Relevant themes
and issues chosen at this stage were modeled as
purposeful human activity systems, and comparison
of these models with the rea-world situation
became the basis for debating changes that were
both systemically desirable and culturally feasible.
Because of the short duration of the course, the
opportunity for interaction with theclient group was
limited, and resultedinonly onesignificantiteration
of themethodology cyclebeforethe classfacilitated
aworkshop for the members of the Water Council.
During the workshop, the students employed arole
play, poster presentations, group work by
participants, and afeedback and eval uation session,
and then compiled the study findings into a report
for the clients. Each student al so reflected on hisor
her learning in writing. The students were assessed
on the basis of level of participation, reading
assignments, oral presentations in class, and their
reportsand reflectivewriting. Despitetherelatively
short duration of the project, the clients
acknowledged the usefulness of the students
pictorial representations of the complex water
resource situation and of their recommendationsfor
action.
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Throughout the course, the students learned to
maintai n the bal ance between holding back in order
to make reflective observations and deciding on the
necessary action steps to be experimented with in
collaboration with the clients. An understanding of
Kolb’'s (1984) experiential learning cycle, in which
learning isconsidered astheprocessof transforming
experience into knowledge, and of Checkland and
Poulter’ s (2006) soft-systems methodology helped
the instructor move learners beyond superficial
learning-by-doing toward deeper reflection on the
situation in thefield, on the process used to address
management issues, and on relevant theoretical and
conceptual frameworks.

Garden Mosaics, USA

Garden Mosaics is an environmental science and
civic ecology education program in which learning
issituated in urban community gardening practices
(www.gardenmosaics.org). Youth learn alongside
adult community gardeners, who share with youth
their knowledge of plants and how plants connect
to the gardeners' cultures and traditions. Many of
the gardeners in urban community gardens in the
USA are African-Americans or immigrants from
developing countries who have adapted farming
practices acquired in rural settingsto small gardens
in highly urbanized neighborhoods. As sites where
people reconnect with nature, share stories,
socialize with family and friends, grow food and
flowers, host cultural events such as concerts and
celebrations, and get exercise (Schmelzkopf 1995,
Saldivar and Krasny 2004), these gardens provide
multiple ecosystem services, including the
provisioning service of food, supporting services
such as soil formation, and aesthetic, recreational,
and educational cultural services. These ecosystem
services in turn lead to such constituents of well-
being as nutritious food, personal safety, feeling
well, social cohesion, and ability to help others (cf.
Millennium Ecosystem Assessment (MA) 2005). In
addition to fostering ecosystem services, community
gardening fosters multiple attributes of resilient
systems, through integrating biological and cultural
diversity, practice-based knowledge of gardeners
and scientific knowledge of researchers, participatory
action, flexible socia institutions, and adaptive
learning (Tidball and Krasny 2007, King 2008).

Youth in Garden Mosaics garden aongside
experienced adultswithinacommunity context, and
learn about ecology and agriculture through short-
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term inquiry activities; they conduct investigations
in which they explore questions about social and
ecological components of the garden and
neighborhood and conduct action projects to
enhance the garden and neighborhood (Fig. 1). For
the adult community gardeners, sharing their
experiences and knowledge with youth provides
opportunities for community engagement and
feelings of recognition beyond those provided by
gardening with other adults (Krasny and Tidball
2009).

In addition to learning about urban social—
ecological systems, through their action projects,
youth engagein learning that fosters environmental
quality and community well-being. Given that
maintaining ecosystem services is a critical
dimension of resilience (Walker et al. 2002), if the
youth’s action projects enhance the ability of the
garden or neighborhood to provide such services(e.
g., food or recreational opportunities, MA 2005),
then they contributeto practicesfostering resilience
intheir local community. By working with, learning
from, and respecting the knowledge of immigrant
and other gardeners, the young people may be
engaging in learning that further enhances
resilience, through integrating multiple forms of
knowledge, as well as by building trust, social
connections, associational involvement, volunteerism,
and other dimensions of socia capital (Putnam
1995, Pahl-Wostl et al. 2007).

Urban Environments Service-Learning
Course, USA

The Cornell University Urban Environments
service-learning course is intended to be a broad
survey of urban environmental and natural
resources challenges seen through the lenses of
urban environmental justice, urban sustainability,
and social—ecological systems resilience (http://ww
w.sci-links.com/urbanenvironments.html). The co-
urseincludesaweekly seminar and service-learning
experience in Ithaca, New York throughout the
semester, and al-week service-learning experience
inNew York City. It features five modul es, each of
which integrates civic ecology theoretica
perspectives and practice, including urban
horticulture and community gardening, urban
forestry, urban wildlife, urban fisheries, and green
architecture and landscaping.

Ecology and Society 14(2): 38
http://www.ecol ogyandsociety.org/vol 14/iss2/art38/

According to Eyler and Giles (1999), service-
learning occurs through a cycle of action and
reflection as students work with others to apply
classroom learning to community problems, and
reflect on their experience to achieve deeper
understanding and skills. The Urban Environments
service-learning class incorporates the following
components: (1) classroom discussions about civic
ecology and urban social—ecological systems and
resilience; (2) servicerelated activities in
collaboration with civic ecology partner sites; and
(3) intentional reflections or analysis of service-
related observations and experiences (commonly
called journaling, or in our case blogging). The
service-related activities include community
gardening, tree planting, and wildlife habitat
assessment, and are conducted alongside NGO and
city agency staff, community activists, and
volunteers. The praxis implications of service-
learning are reinforced through the journaling,
wherein learners are encouraged to connect the
theoretical content with their real-world service
activities.

Thecoursephilosophy stemsfromarecognitionthat
whereas cities are critical to regional and global
sustainability and security (Tidball et al. 2008),
discussion among natural resources managers and
researchers too often focuses on the negative
environmental impacts of urbanization. As an
aternative, the course tries to help the
undergraduate students devel op an appreciation for
assetswithinurban communitiesand of thepotential
for urban human, social, financial, and natural
capital to be harnessed as a force for ecological
restoration. Studentsal so discover portalsinto Aldo
Leopold’'s land ethic (Leopold 1949, 2004) for
urban dwellers.

By integrating learning about resilience in complex
urban social—ecological systems with service
learning and reflection, the course exploresthetype
of training that is needed for the next generation of
natural resources professionals and citizen
stakeholders to understand and foster urban
resilience. A diagram depicting the processes and
structures involved in urban resilience is used in
teaching about resilience (Fig. 2). A second
conceptual model is used in the class to depict the
process by which the students’ service-learning
projects might contribute toward resilience of the
urban system (Fig. 3).
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Fig. 1. Garden Mosaics learning activities.
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community gardens.

im-science investigations

their neighborhood.

in urban gardens.

creating new community gardens.

(Krasny et al. 20035, 2006)

Youth activities, including i -m science investigations, Action Projects, and other shorter-term
learning exercises, build on scientific and practice-based knowledge, and civic values in

« Neighborhood Exploration. Youth explore the assets of their community using
spatial imagery, and observations and interviews conducted while walking around

«  (Gardener Story. Youth interview a gardener about the connections between
planting practices and cultural traditions.

o Community Garden Inventory. Participants list the activities and other services
community gardens provide for their neighborhood.

« Weed Watch. Participants collect data about weed problems and control methods

Action Projects. Youth apply what they have learned in their i -m science investigations to
enhancing their neighborhood or local gardens. Example Action Projects include yvouth
conducting a neighborhood garden festival, donating produce to food kitchens, creating a
plant sculpture in a garden, sharing what they have learned with younger children, and

Short-term inquiry and other learning activities ranging from jeopardy games focused on
food crops to blog exchanges with youth overseas.

By embedding learning in multiple civic ecology
practices, and thus helping to maintain the supply
of ecosystem services, creating platforms for
sharing knowledge, and fostering ties among
university student, community, and government
stakeholders, the Urban Environments course may
contribute to social—ecological resilience. Building
on the active service-learning component, the
reflective component of the Urban Environments
course aso attempts to engage students in

questioning how they frame natura resources
problem, or multiple loop learning (Marquardt
Arévalo et al. 2009). In reading the students
journals or blogs, one gets the sense that the
students, many of whom comefrom New Y ork City
and other urban areas, feel conflicted. On the one
hand, they want to be loyal to their cities and
neighborhoods, but on the other hand, they are
aware that cities generally are thought of as “anti-
natural” compared with more pristine environments.
Thistension creates an opportunity for students not
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Fig. 2. Classroom learning about resilience. Urban resilience concepts explored in the Urban
Environments class. Source: Resilience Alliance website. [online] URL: http://www.resalliance.

0rg/1610.php.
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only to learn collaboratively about urban ecology
and resilience, but also to learn about how humans
can be a part of and enhance the resilience of an
urban social—ecological system. As participants
reflect on, question, and transform their
assumptions about urban systems, they engage in
double-loop learning. Were such knowledge
sharing and higher-order learning to continue, it
could in turn lead to tighter feedbacks (Walker et
al. 2002), as students and stakeholders question the
rules of urban resource management, seek to
understand why a particular practice works better
than others, and then act ontheir new understanding.

DISCUSSION

In al three educational examples described above,
learning is situated in adaptive co-management or
civic ecology practices, which by catalyzing
community assetsthat foster environmental quality
and socia well-being may contribute to resilience
of the local watershed or urban neighborhood. By
becoming nested in existing adaptive co-

management and civic ecology feedback loops, the
educational programs themselves aso may
contributeto resilienceintheselocal systems. Thus,
theexamplesofferinsightinto how situated learning
as described in the environmental and science
education literatures (Illeris 2007) may contribute
to social learning addressing complex management
issues in social—ecological systems (Blackmore et
al. 20073, Pahl-Wostl et al. 2007, 2008).

Thethree program examplesal so open up questions
about how younger stakeholders might become
involved in natural resources management and
about the learning outcomes that may transpire
through their involvement. In the Swedish graduate
course, Masters students exhibited social learning
through their engagement in a watershed resource
dilemma(Blackmore 2007, Blackmoreet al. 2007a)
both as participantsand asfacilitators. In thetwo U.
S. examples, the educational experiences were
conceived of first as a learning experience for
individual students situated in and contributing to
ongoing civic ecology practice, rather than as
opportunities to prepare students to facilitate adult
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Fig. 3. Ecological service learning to foster resilience: feedback oops depicting the relationships among
ecological service learning and social and ecosystem resilience. Starting on the right with the smaller
feedback loop (A), ecological or environmental service learning fosters social system health and
resilience; more service learning leads to more social system health and resilience, which in turn leads to
more ecological service learning and so on. The larger feedback 1oop (B) shows how ecological service
learning or civic ecology practice (e.g., community tree planting) enhances the urban forest, which in
turn maintains ecosystem services. These ecosystem services contribute to and enhance socia system
health and resilience, which may spawn additional civic ecology practice and ecological service
learning. (Diagram draws from work of Kuo et al. 1998, Miles et a. 1998, Kuo and Sullivan 2001,
Wells and Evans 2003, Wells and L ekies 2006, and Resilience Alliance 2008).

Ecosystem

Services

Loop B

Social System
Health &
Resilience

Loop A

Ecological Service

Learning
{or Civic Ecology)

stakeholders addressing larger-scale management
issues. However, similar to the Swedish example,
opportunities for social learning among the group
of students aimed at enhancing environmental
quality emerged through the Garden M osaics action
projects and the Urban Environments service-
learning projects. Unlike Garden Mosaics, inwhich
thelearning took placein gardensand out-of-school
youth programs, both the Swedish watershed and
the Urban Environments courses incorporated
classroom and writing components with a specific
focusonreflection, and thus may have had agreater
potential for stimulating higher loop and adaptive

Urban SES

{urban forests.
green spaces, etc,)

learning. The examples also provided opportunities
for studentsto buildindividual knowledgeand skills
related to science and civic participation (Melchior
and Bailis 2003, Roth and Desautel s2004, Roth and
Lee 2004, Schusler and Krasny 2008). Finaly,
consistent with recent literature in environmental
education, all three programs suggest a broadening
in emphasis from individual outcomes such as
environmental behaviors, attitudes, and understandings
(e.g., Hungerford et al. 2001) and academic
achievement (Ernst and Monroe 2004) to
encompassenvironmental quality (Clineetal. 2002,
Duffin et a. 2007, Short 2007; B. Johnson, Antioch
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University, unpublished manuscript) and community
outcomes such associal capital (Jarrett et al. 2005).

In addition to examining the learning processes and
outcomes, we use the Swedish and U.S. education
examples to highlight the interactions of education
with other social and ecological components of the
system, and thus to suggest a systems perspective
or ecology of environmental education (Tidball and
Krasny 2009). Such a perspective recognizes
recursive rather than linear relationships among
educational programs and the socia—ecological
systems in which they are embedded, and suggests
that both education and society are engaged in
ongoing mutual transformations (Sterling 2003).

Building on Sterling’s (2003) work, we propose
future studies to examine how education at the pre-
college and university levels interacts with other
social—ecological system components. These
interactions might be in the form of positive
feedback loops, ascould bethe casewhen education
is situated in and expands on a civic ecology
practice. For example, in Garden Mosaics, young
people not only become community gardeners
themselves, but through their interest in the work of
more experienced gardeners, may also encourage
the adults to get further involved, resulting in an
expansion of the civic ecology practice. Or, as in
the Urban Environments service-learning course,
education may be nested within existing feedbacks
in which civic ecology practices enhance
biophysical aspects of the environment, which in
turn feed back to enhance the health of individuals
and social systems (Figs. 3, 4).

CONCLUSION

Consistent with Masten and Obradovic’ s(2008) call
for research examining resilienceat multiplelevels,
situated learning theory suggests paths for
integrating individual learning in environmental
and scienceeducationwith social learningin natural
resources management. The emphasis of situated
learning theorists is on learning as “an ecological,
not an individualistic, phenomenon that is
distributed and enables the learner to engage in
progressively more adaptive individual—environment
relations’ (Barab and Roth 2006, p. 8). Both the
situated and social learning literatures focus on
learning contexts, participation in communities of
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practice, and feedback | oopsthroughwhichlearning
leads to positiveimpacts on the learner, individuals
with whom he or she interacts, and the context or
social—ecological system in which learning takes
place (Barab and Roth 2006, Chawla 2008, Pahl-
Wostl etal. 2007, Armitageet al. 2008). At thesame
time, differences between the two literatures exist,
with social learning focusing more on the
contribution of learning to adaptive resource
management and to resilient social—ecological
systems, and sSituated views of learning and
education focusing on how to create environments
that foster individual learning and transformation.
These differences are not surprising given that
social learning theory within management contexts
emerges from ecology and natural resources
disciplines, and situated theories of youth learning
often emerge from a starting point of science
education and student achievement. Integrating
these different perspectives can spur innovative
educational practices, such as using situated and
activity learning theories to inform programs that
prepare students to facilitate adaptive co-
management, and applying social learning theory to
expand environmental education goas to
encompass adaptive co-management outcomes.
Suchintegrational so offersguidancefor devel oping
educational programsin which students participate
in environmental stewardship activities and social
learning and that lead to personal transformations
and changesin the larger social—ecological system.

Whereas education in school classrooms often is
based on the notion of transmission of information
from the teacher to student, many education
scholars, including those focusing on service
learning, experiential learning, and situated
learning, have suggested ways in which education
can engage students in resource stewardship and
policy and in reflecting on their activities so as to
foster higher-oop learning. Such activities and
reflection can be carried on within an adaptive co-
management or civic ecol ogy context that integrates
environmental and social values, and can be used to
help prepare students to facilitate participatory
forms of management. Thus, thispaper suggeststhe
potential of university and secondary education to
engage younger learnersin social learning and co-
management processes aongside adult civic
ecologists and other resource stakeholders. For
educators, a socia—ecological system resilience
framework challenges us to look beyond content-
driven approaches, to consider outcomesin addition
tothoseat thelevel of theindividual, and to examine
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Fig. 4. Education, civic ecology practice, and social—ecological system resilience. Series of figures
showing how an educational program embedded within civic ecology practice, along with the civic
ecology practice itself, can confer social—ecological system resilience. (a) A traditional view of
education emphasizesits role in producing greater understanding of a predetermined body of
knowledge. (b) Civic ecology practice enhances natural capital (e.g., through planting trees), which in
turn produces ecosystem services (e.g., carbon sequestration, recreation). By community members
working together to restore degraded sites, civic ecology practice also fosters social capital. Feedback
loops exist between natural and socia capital, as when more trees in a community provide sites for
people to gather and socialize, and people who are connected socially plant more trees. Such practices
occur within alarger social—ecological system and have implications for the resilience of that system. (c)
What happensif instead of education being a stand alone system, it becomes embedded within acivic
ecology practice? (d) Together, the educational program and the civic ecology practice foster human,
natural, and social capital. Furthermore, additional feedback 1oops are generated among human, natural,
and social capital. Human capital, now conceived of as adaptive learning, contributes directly to natural
capital (as when youth learn more effective methods for planting trees), and natural capital contributes to
human capital (e.g., by providing opportunities for learning about nature). Similarly, social capital can
provide opportunities to build human capital (as when adults who are working together incorporate
younger peoplein their civic ecology practice), and youth learning from the adult civic ecologists can
build not only human capital but also social capital among the youth and adults. (Not shown in (d)
relationship between natural and social capital depicted in (c) also persists.) (e) Civic ecology practice
provides a setting for educational programs. An educational program situated in a civic ecology practice
produces human capital by helping young people acquire skills and become adaptive learners. Such
human capital enables young people to contribute to the civic ecology practice, forming areinforcing
feedback loop. The civic ecology practice, together with the education program, foster attributes of
resilient systems, and thus become a source of social—ecological system resilience.(Diagram draws from
work of from Folke et al. 2002, Walker and Salt 2006, and Krasny and Tidball 2009).
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interactions between individual |earners, educational
programs, and other components of the broader
social—ecological system. Finally, for resilience
scholars, this paper may represent an initial step in
suggesting commonalities among systems views of
individual learning and education, and systems
perspectivesappliedto social—ecological resilience.

Responsesto this article can be read online at:
http: //mww.ecol ogyandsoci ety.org/vol 14/iss2/art38/

responses/
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