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Synthesis, part of a Special Feature on Pathways of Resilience in a Rapidly Changing Alaska

Educating for resilience in the North: building a toolbox for teachers
Katie V. Spellman 1
ABSTRACT. Communities at far northern latitudes must respond rapidly to the many complex problems that are arising from changing
climate. An emerging body of theoretical and empirical work has explored the role that education plays in enhancing the resilience and
adaptability of social-ecological systems. To foster effective, local, and timely responses of high-latitude communities to climate-driven
social-ecological change, educators need access to successful and efficient teaching tools to foster resilience-promoting feedbacks. The
potential for existing teaching practices to address this need, however, must be investigated and communicated to teachers. Here, I
review the education and sustainability science literature for attributes of resilience to which formal education can contribute, and I
investigate teaching strategies that help to enhance these attributes. Using examples from Alaska, I examine the potential for systems
thinking, metacognition, scenarios thinking, citizen science, and stewardship learning to promote resilience in social-ecological systems.
I begin to develop a toolbox of teaching strategies for resilience education and suggest that policy for formal schools incorporates these
tools into everyday teaching practice.
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INTRODUCTION
Learning is fundamental to resilience (Folke et al. 2009), or the
capacity to respond and shape change in ways that sustain and
develop the fundamental function, structure, identity, and
feedbacks in a social-ecological system (Chapin et al. 2009). Only
recently have education and social-ecological system resilience
scholars begun to look at how the two fields might intersect and
create learning opportunities that effectively target and contribute
to resilience (Tidball and Krasny 2011). A growing body of
literature explores the way that learning in informal education
settings such as youth camps, community groups, and urban
gardens can build attributes of resilient social-ecological systems
such as social capital, improved ecosystem services, sense of place,
and learning through experience (Fazey et al. 2007, Kofinas 2009,
Krasny and Tidball 2009a, Tidball and Krasny 2010, Kudryavtsev
et al. 2012a). Far less has been done to investigate the strategies
or teaching tools available to compulsory school teachers to help
foster these resilience-building outcomes (but see Sriskandarajah
et al. 2010). In a recent special feature of Ecology and Society,
formal schooling attainment was linked in numerous studies to
decreases in disaster vulnerability and enhanced resilience
(reviewed in Muttarak and Lutz 2014). Formal school teachers
around the globe compose a large potential force to shape the
ability of society to navigate the rapid changes that currently
challenge us. Sterling (2010) notes that resilience scholars have
called for radical transformations in the way society thinks and
learns toward a more holistic, systematic, integrative, and
participatory mode, but he argues that this transformation is
unlikely to occur unaided. There is a clear need at the intersection
of resilience and education research to identify, test, and refine
teaching strategies that can best encourage and aide formal school
teachers in building the capacities in their students necessary for
managing rapid global changes.

species, decreasing sea ice extent, increasing human population,
and accumulating human impacts on ecosystems, among other
changes, interact to create challenges that arctic and subarctic
communities must address to sustain themselves (ACIA 2004). In
Alaska, public health, transportation, industry, and public works
are all being affected by the changing conditions (Markon et al.
2012). Environmental changes have also threatened many
indigenous Alaskan villages, forcing migration of communities
due to accelerated erosion, flooding, or permafrost thaw
(Maldonado et al. 2013). Changes in disturbance regimes and
access have also disrupted traditional subsistence food practices
(Kofinas et al. 2010). A rapidly changing climate has hastened
many of these changes (ACIA 2004) and decreased the response
time that northern communities have to tackle the complex
problems that arise. Alaskan teachers are a large systematic force
and asset for helping to create a society able to navigate rapid
climate-driven change and have a heightened need to obtain
teaching tools that most effectively and efficiently foster socialecological resilience.

There is perhaps no place where this need is more urgent than in
high-latitude northern systems, which are in the midst of
unprecedented rates of social and ecological change (Hinzman et
al. 2005, Huntington et al. 2007). Increasing fire frequency,
permafrost degradation, coastal erosion, spread of invasive

RESILIENCE ATTRIBUTES AND EDUCATION
The sustainability of a system is often thought of as the longterm maintenance of or investment in the capital within a system
(Chapin et al. 2009). Forms of capital include natural, built,
human, and social capital (Arrow et al. 2004). The concept of
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My objective here is to identify and discuss teaching strategies for
K–16 classroom teachers in Alaska, and beyond, that target
specific attributes of social-ecological system resilience. I first
review some of the attributes of resilient social-ecological systems
that classroom teaching strategies could support. I then examine
some of the learning tools that have both been proposed within
the resilience literature to enhance the resilience of a socialecological system and been developed and tested within the
education literature. I provide examples of implementing these
learning tools in formal education settings, and where possible,
in Alaska. I conclude with a discussion of potential hurdles and
solutions for incorporating these tools into common teaching
practices.
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capital has provided a way to quantify or assess whether a
management decision or social practice is sustainable (Arrow et
al. 2004). Multiple scholars within the resilience literature have
suggested that communities with higher levels of human and
social capital not only can sustain themselves, but are better able
to respond to and shape changes in the social-ecological system
(i.e., more resilient; Ostrom 2000, Adger 2003, Walker and Salt
2006, Plummer and FitzGibbon 2007, Muttarak and Lutz 2014).
In their conceptual framework on resilience and education,
Tidball and Krasny (2010, 2011) identify social capital, particular
aspects of human capital, and sense of place as key outcomes of
education that generate resilience-supporting feedbacks within a
social-ecological system. Human capital, social capital, and sense
of place are constructs that span multiple disciplines, scales, and
definitions (Kudryavtsev et al. 2012a,b, Krasny et al. 2013). In
this section, I draw upon education and resilience research to
discuss and define these elements within Tidball and Krasny’s
(2010, 2011) framework.
Human capital
In his research on youth education, Coleman (1988) defines
human capital as the skills and capabilities that enable a person
to act in new ways. Within the resilience literature, Arrow et al.
(2004) define human capital as the capacity of people to
accomplish their goals. Both agree that human capital is increased
by learning (Coleman 1988, Arrow et al. 2004). In fact, most social
science studies on the subject use the level of education attained,
or level of education attained by parents in the case of youth, as
the primary indicator of human capital (reviewed in Ferguson
2006).
Both current trends in education policy and practice, and thinking
within resilience theory call for a shift in investment in human
capital from the more traditional investment in knowledge
aquisition to investment in critical and reflective thinking skills
(Duschl et al. 2007, Fazey et al. 2007, Sterling 2010, NRC 2012).
In their U.S. National Research Council education research
review of best practices in science education, Duschl et al. (2007)
advocated that the developers of mandated curricula and science
education standards shift focus from science as a collection of
facts to science as a reflective and iterative process. The U.S.
national Framework for K–12 Science Education (NRC 2012)
responds to this recommendation by emphasizing the crosscutting
concepts and practices of science such as systems modelling,
stability, and change, throughout the newest national science
standards (Next Generation Science Standards). Human capital
investments that have been advocated in the resilience literature
primarily include thinking skills that improve people’s ability to
anticipate, understand, reflect upon, and learn from change
within a complex social-ecological system (Carpenter 2002, MEA
2005, Fazey et al. 2007, Ascher 2009, Chapin et al. 2009, Kofinas
2009, Tschakert and Dietrich 2010, Tidball and Krasny 2011).
Understanding which teaching tools can best help teachers
achieve this shift in human capital investment will clearly aid this
effort. It can be argued that the goal of all education strategies is
to increase human capital. Therefore, I identify only those
teaching strategies that increase the abovementioned specific
aspects of human capital advocated in the resilience literature and
recent education reforms.

Social capital
Coleman (1988) defines social capital as relationships between
people that facilitate action. In a formal education setting, this
includes relationships between students, parents, educators, and
the broader community that promote learning (Coleman 1988).
The concept of social capital has been used widely to help explain
academic success in at-risk youth (Coleman 1988, Furstenberg
and Hughes 1995, Dyk and Wilson 1999) and youth development
outcomes (reviewed in Ferguson 2006). Coleman (1988) argues
that investment in social capital within school systems is as
important as the more traditional investment in human capital in
determining the ability of students and communities to learn
successfully and act in new ways. Within the resilience literature,
Ahn and Ostrom (2008) go beyond the Coleman (1988) definition
of social capital to include the values and relationships that have
been created in the past that can be used to navigate socialecological problems in the present or future.
In a systematic review of education studies using social capital as
a guiding construct, Ferguson (2006) identifies community social
capital as a major contributor to a child’s well-being. Education
researchers, social scientists, and resilience scholars typically
group indicators of community social capital into three
categories: social support networks, civic engagement in local
institutions, and trust and safety (Putnam 1995, Ferguson 2006,
Ahn and Ostrom 2008). In their pioneering literature synthesis
and pilot study, Krasny et al. (2013) developed a conceptual model
that links social capital to attributes of social-ecological resilience
that environmental education can stimulate, including positive
youth development, community well-being, natural capital, and
ecosystem services. Their pilot survey measuring social capital in
inner-city youth found that students involved in communitybased environmental stewardship projects showed increased
informal socialization and diversity of friendships, two indicators
of social support networks in youth, compared to students who
did not participate in similar environmental education programs
(Krasny et al. 2013). They propose that by continuing to engage
students in these types of environmental stewardship projects,
amplifying feedbacks for resilience can be created for a
community at the interface of education and local resource
management (Krasny et al. 2013).
Sense of place
As defined by Stedman (2002:561), sense of place is the “meanings
and attachment to a setting held by an individual or group.” This
definition highlights the two major components of the sense of
place construct: (1) place meaning, or the symbolic meanings that
people assign to places; and (2) place attachment, or the bond
between people and their environment (Stedman 2002). Sense of
place has received increasing attention in the resilience literature
as an attribute within individuals or groups of people that can
foster social-ecological resilience (Kudryavtsev et al. 2012a,b).
Sense of place has also received prominent attention in child
development and education literature as being critical to youth
well-being (Chawla 1992, Wilson 1997, Capra 1999, Louv 2008,
Russell et al. 2013). Several empirical studies have demonstrated
that the meanings and attachments people give to places can
stimulate human capital by increasing pro-environmental
behaviors, concerns, and intentions (Stedman 2002, Walker and
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Chapman 2003, Ryan 2005, Rioux 2011). Other empirical and
theoretical studies suggest that the learning and knowledge about
a place (existing human capital) can change the attachment and
meaning a person gives to the place (Tuan 1977, Semken et al.
2009). When strong sense of place is held by a group, several
authors theorize that social capital can be increased by connecting
people through a common concern and identity, increasing the
capacity for collective action to manage natural resources
(Ostrom 1990, Miller 1992, Ahn and Ostrom 2008). Eisenhauer
et al. (2000) found that social interactions can also be an
important contributor to developing place attachment. These
studies suggest that sense of place has a reciprocal relationship
with human and social capital, with these stocks for resilience
contributing to sense of place and vice versa. This amplifying
feedback may promote resilience by increasing the capacity for
and likelihood of individuals or communities actively managing
changes in social-ecological systems.
REVIEW OF RESILIENCE LEARNING TOOLS
Specific teaching practices have been suggested in the resilience
literature to help enhance human capital, social capital, or sense
of place. These strategies include systems thinking (Sterling 2003,
Kofinas 2009), metacognition (Fazey et al. 2007), scenarios
thinking (MEA 2005, Kofinas 2009), citizen science (Berkes 2002,
Jordan et al. 2012, Tidball and Krasny 2012), and stewardship
learning (Kevany 2007, Krasny and Tidball 2009a,b). I discuss
these five tools in the following section because all have been
thoroughly researched within the education literature and have
the potential to be applied practically in formal classroom settings
to target learning toward the attributes of resilient socialecological systems.
Systems thinking
Systems thinking is a mode of teaching that shifts the focus of
learning beyond isolated facts and concepts to emphasize their
relationships with other concepts in a systems context (Jordan et
al. 2009, Boersma et al. 2011). Students are challenged to consider
some of the fundamental properties of complex systems such as
nonlinear relationships (i.e., amplifying and stabilizing
feedbacks) between system parts, system parts operating at
multiple spatial or temporal scales, or emergent properties of
systems that only occur when the multiple parts interact
(Meadows 2008, Ben-Zvi Assaraf and Orion 2010). Jordan et al.
(2009) propose that systems thinking can aid a student’s
construction of their own knowledge (as in Driver et al. 1994).
This is achieved by giving students practice developing mental
models of abstract social-ecological concepts and fitting their new
learning about a system within the constructs of their prior
knowledge (Crawford and Jordan 2013).
Learners must be taught how to think in systems; systems thinking
is not necessarily an innate skill (Sterman and Sweeny 2007).
Students as young as 8 years old can gain systems thinking skills
and apply them within a social-ecological context (Wylie et al.
1998), and these sorts of learning interventions can have lasting
effects (Ben-Zvi Assaraf and Orion 2010). Placing learning within
a social-ecological systems context may further enhance the effect
this tool has on fostering resilience (Sterling 2003, Kyburz-Graber
et al. 2006, Krasny 2009). This learning strategy has been
employed in resource management planning workshops to help
visualize the effects of climate change on communities (Cone et

al. 2012, 2013, Gray et al. 2012). Cone et al. (2012), for example,
found that by using concept mapping to facilitate systems
thinking, participants were better able to gauge the complex risks
climate change might bring to their community and better able
to plan to reduce those risks. Within youth education settings,
Crawford and Jordan (2013) advocate for greater use of systems
thinking and practice with conceptual modeling in science and
environmental education to build student capacity to think
critically about our changing social-ecological systems.
In Alaska, systems thinking has taken a prominent role as a
learning strategy in the Alaska Seas and Rivers Curriculum
(Alaska Sea Grant 2009). The enduring understandings that the
curriculum uses to frame the learning goals of the lessons include
the following: “watersheds, rivers, wetlands, and the one big ocean
of the world are an interconnected system;” “the ocean and
humans are inextricably linked;” and “connections between
humans and the ocean are important.” Several lessons include
drawing or building models of local or global scale socialecological systems. Table 1 lists practical methods that have been
used in classrooms in places other than Alaska to apply systems
thinking in formal education programs.
Metacognition
Both education and resilience scholars have argued that an
increased emphasis on metacognition, or the knowledge of and
ability to regulate one’s own thinking and learning, is essential to
building adaptive capacity of individuals and societies (Bransford
et al. 2000, Fazey et al. 2007). Metacognition is inherent in the
concept of multiple loop learning, which combines metacognition
with group learning from actions and is commonly cited in
adaptive management and resilience literature (Argyris and Schön
1978, Senge 1990, Kofinas 2009). A broad and diverse body of
education literature has explored the effect of metacognition on
learning (reviewed in Dignath and Büttner 2008) as well as the
many implementation strategies that have been developed for
classroom use (see Table 1 for examples). Metacognitive ability
can increase with age (Flavell et al. 1995) and with practice
throughout our lives (Brown and DeLoache 1978, Doran and
Cameron 1995). Compared to students who learned through
other approaches, students who practiced metacognitive learning
improved their level of discourse on ecological topics and showed
longer term retention of their ecology understanding (Blank
2000). Further, students who practice metacognition showed
greater fluid intelligence, the kind of knowledge that allows for
problem solving when faced with new information or stimuli
(Rosencwajg 2003). These empirical studies suggest that
metacognitive teaching approaches may be useful in enhancing
student ability to apply knowledge flexibly and restructure
knowledge in the face of rapid environmental change.
In a recent study in Alaska, Spellman (2015) conducted an
experiment to test whether explicit metacognitive practice could
improve environmental problem solving skills on a local rapid
social-ecological change issue: non-native plant invasion in the
boreal forest. One-half of 108 seventh grade students had daily
metacognitive practice embedded into their lessons in the form
of metacognitive journaling exercises while the other half of the
students did not (Spellman 2015). Compared to students who did
not complete daily metacognitive journaling, students who
practiced metacognition tended to show greater improvement in
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Table 1. Descriptions of some practical implementation strategies for resilience learning tools in K–16 classrooms.
Learning tool

Implementation strategy

How it works

Systems thinking

Systems drawings

Students draw illustrations of the different system components showing relationships and
processes within the system (Ben-Zvi Assaraf and Orion 2005).
Students are given a set of words representing system components and processes. Students
arrange the words in a diagram and illustrate connections between the words to show their
relationships (Ben-Zvi Assaraf and Orion 2005).
Students conceptualize a system in a user-friendly modeling interface and convert the
relationships (including nonlinear relationships and feedbacks) into numerical formulas
(Hung 2008, Riess and Mischo 2010).
Students reflect on their learning by checking the development or status of their ideas.
Students make sense of their idea, place it in the constructs of their prior knowledge, and
reflect on the fruitfulness of the idea (i.e., does the idea help solve problems or encourage
other ideas; Hennessey 1991, Blank 2000).
Students draw illustrations of themselves and what they are thinking in relation to different
learning tasks (Wall et al., unpublished manuscript: http://www.ncl.ac.uk/cflat/news/
documents/WallPupilviewstemplatespaper.pdf).
Classroom dialog periodically references the phrase “learning is constructing” during
learning activities (Thomas and McRobbie 2001).
Students place a desired future at the end of a timeline and construct the events that could
lead from the desired state back to the present, or vice versa, starting at the present and
creating a timeline of decisions that lead to variety of unknown futures (Jones et al. 2011).
Students use concentric wheels to visualize the effects of events, with a future event placed
in the middle, direct effects of that event in a ring around the future event, and indirect
effects in succeeding rings (Jones et al. 2011).
Students assess positive or negative interactions between possible future events by writing
events horizontally and vertically along a grid (Jones et al. 2011).

Concept maps

Computer-based modeling

Metacognition

Metacognitive journaling

Metacognitive illustration

Constructivist metaphor
Scenarios thinking

Backward and forward
timeline creation
Futures wheels

Cross impact matrices

their critical thinking skills on an environmental problem-solving
assessment (Spellman 2015). This experiment demonstrates that
explicit instruction in metacognition can increase the kinds of
human capital thought to build resilience by creating better
critical thinkers and social-ecological problem solvers.
Scenarios thinking
In general, both adults and youth have a poor ability to think
about the future (Ornauer et al. 1976, Hicks and Holden 1995,
Ascher 2009), but it is a skill that can be taught (Liedtka 1998).
Scenarios thinking is a tool that encourages learners to create
multiple stories about possible futures based on a range of
decisions in complex settings (Mietzner and Reger 2005). By
imagining multiple possible paths for the future, individuals,
communities, or societies can better understand their options,
identify priorities for action, and plan for a positive future
(Mietzner and Reger 2005, Carpenter et al. 2006). The learning
tool is used in natural resource management, including in Alaska,
to help communities faced with resource dilemmas choose paths
that will best help them achieve desired management outcomes
in the future (Chapin et al. 2003, Peterson et al. 2003, Carpenter
et al. 2006, Ernst and van Riemsdijk 2013).
The explicit practice of scenarios thinking in educational settings
could also enhance a person’s willingness to engage in stewardship
activities. Hicks and Holden (1995) found that when people
imagine the future, more often than not, they imagine local and
global problems staying the same or getting worse than they are
now. These pessimistic visions of the future can lead people to
believe that their present actions will not make a difference in the
future and provides them with little motivation for behavior
changes (Hicks and Holden 1995). By incorporating scenarios

thinking into learning experiences (examples in Table 1),
educators could improve the forms of human capital that
contribute to resilience by increasing people’s skills at imagining
a desirable future and believing their actions can make a
contribution toward achieving it (as in Hicks and Holden 1995,
Mietzner and Reger 2005). Further, by practicing scenarios
thinking, learners become better prepared to deal with
uncertainty and surprises (Mietzner and Reger 2005).
Citizen science
Citizen science refers to partnerships between scientists and
nonscientists to conduct authentic scientific research on a topic
of interest or concern (Conrad and Hiltchey 2011, Jordan et al.
2012). It includes a spectrum of learning experiences from citizen
as data collector for scientists, with predefined questions or longterm monitoring goals, to citizen as scientist, collecting and
analyzing data on community-generated questions with the
assistance of experts (Conrad and Hiltchey 2011, Shirk et al.
2012). Citizen science can also take the form of communityscientist partnerships to document change through the collection
of local and traditional ecological knowledge (Bäckstrand 2003).
The usefulness of citizen science as both an ecological
methodology and a learning tool has received increasing attention
in the peer-reviewed literature over the past two decades
(Silvertown 2009, Bonney et al. 2014).
Many of the documented outcomes of citizen science programs
show potential for gradual shifts in the way scientists and
community members think, their skills for solving socialecological problems, and what they value (Turnbull et al. 2000,
Brossard et al 2005, Jordan et al. 2011, Dickinson et al. 2012,
Jordan et al. 2012). Through collaborative action and dialog,
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citizen science has also been suggested as a tool to build elements
of social capital such as social networks and trust between
scientists, land managers, and a diverse public (Bäckstrand 2003,
Jordan et al. 2012, Pandya 2012). Berkes (2002) suggests that
citizen science can be used as an important strategy to create crossscale linkages in resource management. Citizen science gives local
stakeholders the opportunity to contribute to the scientific
knowledge that informs the resource management policies being
created at regional or national scales (Berkes 2002). Building on
this idea, Tidball and Krasny (2012) used examples of citizen
science in post-disaster cases to demonstrate how the learning
tool can be used in adaptive co-management. As suggested by
Berkes (2002), Tidball and Krasny (2012) argue that citizen
science can help tighten the feedback loops between stakeholders
and management actions and build resilience in a socialecological system.
Citizen science has also been associated with a deepened sense of
place (Evans et al. 2005). Evans et al. (2005) analyzed outcomes
from a backyard bird ecology citizen science program using
interviews and surveys and found increases in participants’ sense
of place. They define sense of place as the knowledge and
awareness of and willingness to care for a certain place (Evans et
al. 2005). This definition falls more within the place attachment
side of the sense of place construct defined by Stedman (2002)
than within the place meaning aspect of the construct. Feeling
more connected and aware of the events in their backyards after
spending time collecting data, long-time residents started noticing
and identifying different bird calls. In addition, more than half
the participants had changed a stewardship behavior in
relationship to their yard (Evans et al. 2005).
One citizen science program in Alaska, the Melibee Project, teams
volunteers from across Alaska with ecologists at the University
of Alaska to address the potential for competition between native
berry plants (Vaccinium spp.) and an invasive plant (Melilotus
albus) for pollinators (Spellman 2015). Trained volunteers track
the flowering phenology of the focal species throughout the
growing season. Compared to before they participated in the
project, Melibee Project volunteers increased their scientific
knowledge and process skills through volunteer training and
teacher workshops. They reported increases in their awareness of
invasive plants, awareness of the phenological events around
them, and frequency of engaging in stewardship activities such
as pulling invasive plants, participating in community weed
removal events, or reporting suspicious plants to experts
(Spellman 2015). In addition to these human capital increases,
the Melibee Project facilitated collaboration and networking
among K–16 students, teachers, other volunteers, scientists, land
managers, and tribal leaders for science-based resource
management (Bestelmeyer et al. 2015).
Stewardship learning
Stewardship learning is a strategy whereby learners make an active
contribution to improving their environment while learning about
the processes and issues that they are working toward bettering
(Cramer 2008). It necessitates drawing students into community
life and engaging them in an ecological setting (Kevany 2007).
Stewardship learning can often lead to improvements in
ecosystem structure and functioning, and builds skills and values

such as planning ability, scientific knowledge, sense of place, and
understanding of social-ecological systems (Krasny and Tidball
2009b, Tidball and Krasny 2010). For example, the stewardship
learning in the Cornell Civic Ecology Lab’s urban gardening
program provided participants with skills essential to the adaptive
co-management process such as learning as a group through
experience, experimentation, and innovation (Krasny and Tidball
2009b). In another study comparing students who participated in
environmental and nonenvironmental youth programs in New
York City, Kudryavtsev et al. (2012a) found that students engaged
in environmental stewardship developed stronger place
attachments and place meanings than the students in
nonenvironmental programs. They propose that educational
programs that engage students in meaningful stewardship
activities within their own communities can be a source of
important resilience building feedbacks that immediately improve
ecosystems and build the sense of place necessary to sustain them
(Kudryavtsev et al. 2012a). Similar social and ecological benefits
have been documented in myriad other studies on the effects of
stewardship learning (reviewed in Billig 2000).
The Center for Alaskan Coastal Studies, an environmental
education nonprofit in Homer, Alaska, has been running a
stewardship learning program called Kachemak CoastWalk since
1984 (CACS 2014). Every September, approximately 600
volunteers, including several hundred K–16 students and
teachers, remove marine debris and conduct biodiversity and
human impact surveys of adopted beach zones (CACS 2014). The
program gives students an opportunity to learn about marine
debris and coastal change through an in-classroom curriculum
(Trowbridge et al. 2004) and immerses them in large-scale
community action on these issues. Changes in participant sense
of place, particularly place attachment, have been documented
anecdotally as a result of the stewardship project (Sigman and
Trowbridge 2004), and the community art program that has
become a part of the annual effort has allowed local artists to
visually express the place meanings that they have developed using
the marine debris they remove from the beach (CACS 2014).
Institutional hurdles and policy suggestions
The manner in which human and social capital assets are built
and used depends largely on the institutions that guide these forms
of capital (Arrow et al. 2004). I next discuss curriculum policy,
evaluation, and teacher training as aspects of educational
institutions that present both potential hurdles and avenues for
facilitating the incorporation of the learning tools discussed above
into regular classroom teaching practice.
Resilience learning tools in compulsory curriculum
Mandated curriculum at local, state, and national scales provides
a structure for new trends and best practices in education to be
broadly disseminated and applied. Within compulsory public
education systems, mandated curriculum could help the
resilience-building learning tools discussed here to reach a high
proportion of the school-aged population. Curriculum policies
that promote concepts of sustainability and resilience have been
mandated in some national education agendas, for example,
futures thinking in New Zealand and Australia (Jones et al. 2011)
and sustainability concepts in France (Simonneaux and
Simonneaux 2012). The resilience framework for education
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proposed by Tidball and Krasny (2010, 2011) may serve as an
important tool for curriculum developers and teachers seeking to
align curriculum learning goals with resilience-based outcomes.
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Evaluation of learning within a resilience framework
In their study of the integration of environmental education into
local curriculums in Taiwan, Yueh et al. (2010) found that more
holistic and action-oriented student learning outcomes were more
difficult to measure than in traditional school subjects because
they are hard to capture with the available assessment tools such
as written tests. If the shift toward greater state-mandated
emphasis on process skills in curriculum continues (e.g., NRC
2012), learning tools that support resilience may be increasingly
practical for educators to use and evaluate. Learning progressions,
i.e., models for student learning that take concepts or skills
through increasing levels of complexity and sophistication
(Duschl et al. 2011), could potentially be used to structure, guide,
and measure student progress in resilience thinking skills and to
construct curricula with resilience-based learning outcomes (BenZvi Assaraf and Orion 2005, Lee and Liu 2010, Robertson et al.
2012).

LITERATURE CITED
ACIA. 2004. Impacts of a warming climate: Arctic climate impact
assessment. Cambridge University Press, Cambridge, UK.

Teacher training to support resilience learning
A major institutional hurdle that must be overcome to ensure
learning for resilience within schools is a lack of teacher training
in the pedagogies discussed here. For example, many teachers lack
the skills and knowledge to teach systems thinking or integrated
social-ecological systems (Sterman and Sweeny 2007, Almeida
and Vasconcelos 2011). In Alaska, one of the first steps toward
creating a society that has the capability to respond and adapt to
rapid change should be to provide professional development
workshops and core coursework for current and prospective
teachers on the thinking skills and learning tools discussed here.
CONCLUSIONS
Education and resilience theorists have called for further
investigation of the role education can play in sustaining socialecological systems in the face of changing climate (Fazey et al.
2007, Krasny et al. 2009, Krasny and Tidball 2009a, Tidball and
Krasny 2010, 2011). In response to this call, I investigated
attributes of resilient social-ecological systems to which formal
education can contribute, and I present the beginning of a
resilience teaching toolbox for K–16 educators. The resilience
learning tools suggested here are clearly insufficient in and of
themselves to meet the needs of the scale and rate of climate
change in Alaska or elsewhere. However, this is an initial step
toward thinking about practical applications for resilience theory
in classrooms. Future research on pedagogies that can best build
resilience is needed, particularly within the arctic and subarctic
communities undergoing the most rapid change. Formal school
teachers can play an enormous role in facilitating the
transformations in the way society thinks and learns that are
required for resilience (e.g., Sterling 2010). The intersection
between education and resilience research is ripe for the picking
to aid teachers in this profound task.
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