Copyright © 2010 by the author(s). Published here under license by the Resilience Alliance.
Fazey, I. 2010. Resilience and higher order thinking. Ecology and Society 15(3): 9. [online] URL: http://
www.ecologyandsociety.org/vol15/iss3/art9/

Synthesis

Resilience and Higher Order Thinking
Ioan Fazey 1

ABSTRACT. To appreciate, understand, and tackle chronic global social and environmental problems,
greater appreciation of the importance of higher order thinking is required. Such thinking includes personal
epistemological beliefs (PEBs), i.e., the beliefs people hold about the nature of knowledge and how
something is known. These beliefs have profound implications for the way individuals relate to each other
and the world, such as how people understand complex social-ecological systems. Resilience thinking is
an approach to environmental stewardship that includes a number of interrelated concepts and has strong
foundations in systemic ways of thinking. This paper (1) summarizes a review of educational psychology
literature on PEBs, (2) explains why resilience thinking has potential to facilitate development of more
sophisticated PEBs, (3) describes an example of a module designed to teach resilience thinking to
undergraduate students in ways conducive to influencing PEBs, and (4) discusses a pilot study that evaluates
the module's impact. Theoretical and preliminary evidence from the pilot evaluation suggests that resilience
thinking which is underpinned by systems thinking has considerable potential to influence the development
of more sophisticated PEBs. To be effective, however, careful consideration of how resilience thinking is
taught is required. Finding ways to encourage students to take greater responsibility for their own learning
and ensuring close alignment between assessment and desired learning outcomes are particularly important.
Key Words: education for sustainability; epistemology; higher order thinking; personal epistemological
beliefs (PEBs); resilience; resilience thinking; systems thinking; teaching

INTRODUCTION
There is increasing recognition of the influence of
cognitive and psychological factors on the way
people adapt and respond to the world’s chronic
social and environmental problems (Grothmann and
Patt 2005, Fazey et al. 2007). Adaptive responses
to change are clearly influenced and shaped by the
context, culture, and society in which the
individuals are embedded (Eakin 2005, McLeman
and Smit 2006, Cliggett et al. 2007), but are also
affected by perceptions of the nature of the change
and the associated risks (Grothmann and Patt 2005,
McLeman and Smit 2006, Marshall and Marshall
2007, Shisanya and Khayesi 2007). Learning
interventions that promote the careful analysis of
problems and empower people to play an active part
in their resolution can have significant effects on
responses to social and environmental change
problems (Stave 2002, Hagmann and Chuma 2000,
Fraser et al. 2006, Reed et al. 2006, Ison et al. 2007,
van Aalst et al. 2008). Such interventions, however,
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will be more effective if individuals are already
disposed to thinking critically and have a greater
capacity to learn in complex and dynamic systems
(Fazey et al. 2005, Fazey et al. 2007). Dispositions
for critical thinking and capacity for problem
solving can be both learned and taught (Perkins et
al. 2000, Perkins 2007). This raises questions about
the processes and effective learning environments
that not only contribute to change in understanding
but which also facilitate the development of higher
order thinking. Understanding the kinds of
instructional practices, contexts, and subjects of
focus that create more effective thinkers, and
understanding how these approaches can be
incorporated into development programs is a crucial
aspect of developing more pluralistic, equitable, and
informed global societies (Sterling 1996, UNESCO
2005).
One subject of focus that has potential to help
facilitate the development of higher order cognition
is resilience thinking (see Appendix 1 for definitions
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Table 1. Possible uses of Resilience Thinking as a framework of inter-related concepts (modified from
Fazey 2005).

Uses

Explanation

Prediction

To help make decisions about the likely outcome of a course of action (e.g. using concepts
of adaptive cycles to help understand when to target interventions to transform the
trajectory of a social-ecological system).

Explanation

To help suggest why something occurs (e.g. understanding regime shifts or crossing
thresholds).

Identify key questions

For research and/or practice.

Facilitate design

To help form a plan or scheme to reduce vulnerability of a system to externally induced
change.

Communicate

To convey knowledge and ideas between researchers and/or practitioners.

Motivate/Engage

To increase broad interest in social and ecological issues.

Guide practice

To help develop new policies.

Conceptual change

To help facilitate the way people view social-ecological systems (e.g. through the lens of
resilience that sees social-ecological systems as dynamically complex and where, in
addition to efficiency, innovation and flexibility are important).

Development of higher order Subject of focus for teaching that facilitates development of more sophisticated cognition.
thinking

of resilience thinking and other interrelated terms
used in this paper). This approach to the stewardship
of sustainability includes a range of inter-related
concepts such as social-ecological resilience,
panarchy, adaptive co-management, transformation,
and adaptive governance (Walker and Salt 2006).
The approach arose from recognition of the need for
continuous learning for understanding complex,
dynamic, and interacting human and ecological
systems (Holling and Meffe 1996, Folke 2006).
Resilience thinking has deep roots in systems
thinking which emphasizes the importance of the
dynamic feedback effects between system
components and the overall behavior that emerges
from these processes (Gunderson and Holling 2002,
Walker et al. 2004). Thus resilience thinking,
underpinned by systems thinking, gives credence to
an integrative and holistic approach to research and
practice that bridges many disciplines. Overall, the
resilience framework assists thinking about the
dynamic and often debilitating complexity of social
and environmental problems (Carpenter and Folke

2006), and is increasingly being applied globally to
a wide range of contexts (e.g., Allison and Hobbs
2004, Armitage and Johnson 2006, McDaniels et al.
2008), and has been suggested to be a useful lens
for formulating more effective social and
environmental policies (Ison et al. 2007, Boyd et al.
2008).
Questions remain about the extent to which
resilience thinking is useful as a generalized set of
concepts that can predict and explain real-world
processes (Carpenter et al. 2001, Gallopin 2006,
Walker et al. 2006). Explanation and prediction are,
however, only some of the many potential uses of
a conceptual tool (Table 1). This paper focuses on
one of these uses: the potential value of the teaching
of resilience thinking as a way to influence the
higher order cognition of students. It asks whether
teaching resilience thinking is likely to influence
personal epistemological beliefs (PEBs)—i.e., the
beliefs people hold about the nature of knowledge
and how they come to know something (Hofer and
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Pintrich 1997, Buehl and Alexander 2001)—and
thus whether resilience thinking is likely to be a
useful subject of focus that can contribute to broader
shifts in peoples’ perceptions of and relationships
to complex real-world problems. To do this, the
paper (1) summarizes a review of the educational
psychology literature on PEBs; (2) explains why the
teaching of resilience thinking may have potential
to influence the development pf PEBs; (2) provides
an example of how teaching resilience thinking can
be taught to affect the development of more
sophisticated PEBs; and (3) discusses a pilot study
that evaluated the teaching module's impact on
students. The pilot study did not intend to provide
conclusive evidence for the effects of teaching
resilience thinking, but instead aimed to draw out
additional issues regarding the design of effective
teaching programs to affect the way students
perceive ill-structured problems.
PERSONAL EPISTEMOLOGICAL BELIEFS
AND RESILIENCE THINKING
Personal epistemological beliefs
There are many different ideas about what
constitutes higher order thinking and how greater
ability to analyze and tackle complex problems can
be developed. An important area of educational
psychology that is highly relevant to understanding
effective thinking is the study of personal
epistemological beliefs (PEBs). These are the
beliefs people hold about the nature of knowledge
and how a person comes to know something. Studies
from educational psychology typically aim to
determine how these personal beliefs affect
perception, learning, and behavior (Hofer and
Pintrich 1997, Buehl and Alexander 2001, Hofer
2001). Such beliefs are considered to operate at
higher levels than many other forms of thinking and
have a major impact on how people tackle illstructured problems (Kitchener 1983, Kuhn 2000).
An example of how PEBs operate at higher levels
to impact other levels of cognition are the thinking
processes associated with data analysis and
interpretation. Interpretation and analysis require
cognitive processes for operation and immediate
interpretation of physical actions, e.g., operating a
computer or statistical package, or writing.
Interpretation and analysis also involve higher
levels of thinking, including the strategies and
monitoring involved in analysis. Both of these levels

of cognition are, however, significantly influenced
by an individual’s beliefs about knowledge and
knowing; when knowledge is viewed as being
tentative, evolving, or context dependent, then there
will be greater tendencies to dig deeper into the data,
look for hidden relationships, and consider the
multiple possible interpretations of the results than
if knowledge is considered to be fixed, certain, or
made of concrete facts. Studies have therefore found
strong associations between students’ epistemological
beliefs, how they learn, and academic performance
(Ryan 1984, Schommer 1993, Rukavina and
Daneman 1996, Buehl and Alexander 2001, Hofer
2000, Rodriguez and Cano 2006). Students who
believe learning occurs quickly or not at all tend to
overestimate how much they understand, leading to
oversimplified conclusions (Schommer et al. 1992,
Hofer 2000). Similarly, students who believe
knowledge is “right or wrong” (dualistic thinking)
and consider themselves to have reached
understanding when they can recite “the facts” tend
to have lower grades than students who believe that
knowledge is context dependent (relativistic
thinking) or that real understanding is only achieved
when they can apply that knowledge to another
situation (Hofer and Pintrich 1997, Ryan 1984).
Personal beliefs about the nature of knowledge and
knowing have significant implications for
understanding the ways in which people interact
with and learn about complex social–ecological
systems. They influence use of strategies
(Schommer et al. 1992, Kitchener 1983), thinking
processes (Kardash and Howell 2000), the extent to
which mental models and deeper conceptual change
occurs during learning (Qian and Alvermann 2000),
and abilities to make reasoned judgments (King
1992). These personal beliefs are also highly
relevant to understanding conflict, which often
revolves around different parties making competing
claims about what constitutes knowledge and
differences in how people evaluate new information
(Hofer and Pintrich 1997). For example, the extent
to which people perceive the world as simple, black
or white, right or wrong, affects how a person frames
an issue which in turn affects the outcome of a
situation of conflict (Del-Collins 2005). For those
with dualistic views, encouraging consideration of
multiple perspectives can be difficult. Conversely,
those that have greater tendency towards relativistic
or dynamical systems views are more disposed
towards perceiving multiple ways of approaching
negotiation and resolution because they have greater
flexibility, can encapsulate notions of interconnectedness,
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and can encourage more cooperative ways of
inquiry (Del Collins 2005).
Overall, PEBs have profound impacts on the way
people make fundamental decisions that affect
themselves and the lives of others (Kuhn 1991, King
and Kitchener 1994, Hofer 2001). More
sophisticated PEBs are therefore essential for
achieving broad sustainability goals and a more
pluralistic, involved and politically aware society
(Hofer and Pintrich 1997). Unfortunately, while
PEBs have a major impact on behavior, most
research suggests that a sophisticated view of
knowledge and knowing is relatively rare (Kuhn
1991, King and Kitchener 1994, Hofer and Pintrich
1997), and that higher education contributes much
less to its development than is often claimed (Hofer
and Pintrich 1997, Tsui 1999). Understanding the
nature of epistemological beliefs and how they
change in relation to different learning
environments, subjects of focus, and instructional
practices is therefore an important area of
educational research that has direct relevance to
sustainable development.

A number of different generalized models have
emerged from research on PEBs. These models have
two important similarities (Hofer and Pintrich 1997,
Hofer 2000). First, they suggest a person’s beliefs
can develop over time along a continuum of
increasing sophistication (Perry 1970, Baxter
Magolda 1992, Hofer and Pintrich 1997, Hofer
2001, Schommer-Aikins 2002). For example,
seminal longitudinal studies in the 1950s and 1960s
found that epistemological beliefs of Harvard
students changed in a particular directional pattern
(Perry 1970). Individuals started with a dualistic
belief that knowledge is black or white and could
be known. They then increasingly took relativistic
perspectives, where the existence of multiple and
diverse views and uncertainty were acknowledged
to be possible. This was followed by increasing
recognition that not all perspectives on a problem
were necessarily equal, and that some were better
than others. Finally, individuals developed greater
ability to commit themselves to a particular view
through careful judgment and evaluation of
evidence and arguments (Perry 1970). PEBs are
therefore not static, and educational programs can
be designed to accelerate their development (Hofer
and Pintrich 1997, Miri et al. 2007).

The nature of PEBs
Models of epistemological beliefs
Educational psychology approaches the notion of
epistemology in a different way than it approaches
discussions about cultural interpretations of
knowledge, such as the beliefs held by different
indigenous peoples (Gegeo and Watson-Gegeo
2001) or differences between general epistemological
approaches used in different research disciplines
that pose challenges to the integration of knowledge
(Van Eijck and Roth 2007, Miller et al. 2008). While
these approaches tend to focus on generalized
notions of epistemological views, educational
psychology has studied the beliefs held by
individuals about knowledge and knowing within
particular cultural groupings (e.g., a cohort of
students) and almost entirely in western education
contexts. In these studies PEBs are typically
assessed using qualitative interviews or semiquantitative questionnaires. These often use likert
items using statements like “truth is unchanging in
my subject” or “in my subject, most work has only
one right answer”. Factor analysis (e.g., principle
component analysis) then determines the range and
dimensions of beliefs.

The notion that individuals develop more
sophisticated PEBs as they mature is closely related
to other models of human development. These
include a range of stage models that explain how
individuals and societies develop from less
sophisticated ways of interacting with others and
the world (e.g. being driven by desire) towards more
sophisticated stages of higher consciousness (e.g.,
the transcendent self where there is awareness and
concern for how one's mind, perceptions etc.
influence one's behavior and interactions) (CookGreuter 2000). These stage models relate to
development of higher states of consciousness,
morals, epistemological beliefs, societal and
institutional processes, and governance (CookGreuter 2000, Nidich et al. 2000, Orme-Johnson
2000, West 2004, Commons et al. 2007) and have
been used to understand a range of issues such as
terrorism and environmental leadership (Commons
et al. 2007, Boiral et al. 2009). As with more
sophisticated PEBs, however, attainment of higher
stages of consciousness in individuals is rare (CookGreuter 2000, Boiral et al. 2009) and there are no
societies that have achieved the highest levels of
development (Commons et al. 2007).
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Table 2. Dimensions of epistemological beliefs (Hofer 2000, 2001).

Dimension

Dimensions expressed along a continuum
Less sophisticated view

More sophisticated view

Nature of Knowledge
Certainty of knowledge

Viewing knowledge as fixed Absolute truth and certainty
or fluid
exists

Knowledge is tentative and
evolving

Simplicity of knowledge

Viewing knowledge as
Knowledge consists of
accumulation of facts or as a discrete, concrete, knowable
set of highly interrelated
facts
concepts

Knowledge is relative,
contingent, and context
dependent

Nature or process of knowing
Source of knowledge

Viewing the source of
knowledge as external or
internal

Knowledge originating from Knowledge is constructed by
outside the self (e.g. an
individuals through
expert or external authority) interaction with their
environment and others

Justification for knowing

Justifying what is known
based on loose judgment or
analysis and evaluation

Justification of a view
through observation,
authority, or on the basis of
what feels right

The second key similarity between models of PEBs
is that epistemological beliefs are multidimensional
(Hofer and Pintrich 1997, Hofer 2000, Hofer 2001).
For example, surveys of students, using a wide range
of questions, find that beliefs cluster into two main
areas: (1) the nature of knowledge (beliefs about
what knowledge is); and (2) the nature or process
of knowing (beliefs about how a person comes to
know something). These areas each consist of two
dimensions that can be expressed along a continuum
(Table 2). Some models suggest different
dimensions develop in tandem (e.g., Perry 1970,
Baxter Magolda 1992) but increasingly it is believed
that they can develop independently (SchommerAikins 2002). Again, these dimensions are often
expressed along continua that move towards more
sophisticated beliefs which are relatively consistent
with other models of human development.
PEBs and interdisciplinary research
While PEBs can change over time, people also
appear to flexibly apply epistemological beliefs to

Justification of a view
through active evaluation or
assessment of the evidence,
expertise or authority
involved

different contexts (Elby and Hammer 2001). An
example would be a student who applies different
beliefs to meet assessment requirements of different
instructors. This suggests scope for enhancing skills
for interdisciplinary research and practice which
rely on integration of a wide range of different
epistemological views (Kates et al. 2001, Evely et
al. 2008, Miller et al. 2008). Much of
interdisciplinary research, however, is rarely truly
integrative, and usually involves a particular
epistemological or philosophical perspective that is
given prominence over those which provide a more
secondary supportive role, such as an ecologist
framing the research and later inviting a social
scientist to contribute to “add value” to the work
(Evely et al. 2008, Miller et al. 2008). To achieve
more complete integration, epistemological
pluralism is advocated where researchers work
together to find ways to accommodate each others’
beliefs through a continuous process of negotiation
(Miller et al. 2008, Healy 2003). Those who have
developed greater flexibility in understanding and
applying different PEBs could act as knowledge
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Table 3. Some of the kinds of instructional practices and conditions that are likely to stimulate development
of more sophisticated epistemological beliefs (From: Miri et al. 2007, Macllellan and Soden 2004, King
and Kitchener 2002, Hofer 2001, Southerland et al. 2001, Tsui 1999, Dennick and Exley 1998, Dole and
Sinatra 1998, Brown 1997, Terenzini et al 1995, King and Kitchener 1994).

Actively engage students in higher level thinking
• Raising doubt about the adequacy of understanding about an issue to promote reflective thinking e.g. through analysis of
ill-structured and real-life problems. Problem-based learning also increases relevance of the work to students increasing
motivation, and assists development of skills for dealing with messy real-life issues.
• Explicit requirements for students to think about knowledge, evidence, reliability and validity etc. (e.g. through practicing
and being taught skills of gathering and evaluating data).
• Promote reflection and active examination of assumptions about knowledge through extensive participation of students in
class and requiring students to work collaboratively, especially when they are given opportunities to reflect on how their
knowledge is constructed. Participation and cooperative learning can occur in focused discussions, student-led seminars,
problem based learning, role play etc. Discussion around controversial issues may be particularly useful.
• Students need to be actively engaged in the classroom, not just seen as recipients of transmitted information.
• Discussion of what counts as evidence needs to be a feature of course design.
• Students should be required to give reasons for the content of their work as this can reveal the level of sophistication of
thinking e.g. by requiring students to relate to the evidence or the source of the information they provide.
Provision of an appropriate environment for promoting engagement with higher level thinking.
• Teaching needs to stimulate students to ascertain for themselves what is epistemologically confusing or problematic.
• Instructors need to show respect for student assumptions regardless of developmental level.
• Students require feedback and support, e.g. at both cognitive and emotional levels.
• Individuals need to be motivated to process new information.
• Students need to comprehend information and find it plausible in order to feel some comfort with the task, e.g. use of
generally familiar knowledge.
• Students need to be accountable for their own goal achievements to get beyond surface level engagement e.g. through
provision of appropriate rewards and environments that reinforce student expectations that they need to be accountable for
their own learning.

brokers in interdisciplinary research teams to assist
the negotiation process.
Factors influencing change in PEBs
A key question in educational psychology is how
the development of more sophisticated PEBs can be
accelerated. While there are relatively few studies
of the influence of the teaching of specific
instructional practices on epistemological beliefs

(Valanides and Angeli 2005), there is considerable
understanding about the general kinds of practices
and environments that are most likely to affect them
(Table 3). In general, students must be encouraged
in using appropriate processes, incentives, and
environments to actively engage in reflective and
critical thinking about their work and the work of
others. In particular, teaching needs to stimulate
students to ascertain and resolve for themselves
what is epistemologically confusing or problematic
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(Valanides and Angeli 2005). That is, students need
to be encouraged to engage in thinking about their
thinking, especially regarding their beliefs about
knowledge and knowing (Maclellan and Soden
2004).
The approach taken to teaching is also important.
Traditionally, theories of teaching and learning
assume that knowledge is a sort of commodity
which can be passed from person to person in inert
form. Learning, however, is increasingly being
understood as something where people learn by
being active in the process, often through working
in collaboration, discussion, and deliberation with
others (Maclellan and Soden 2004). Traditional
modes of teaching, where knowledge is "delivered"
or "transmitted" from the instructor to the student
are especially unhelpful because they reinforce
perceptions that instructors are the authority on
correct knowledge and because they reduce
tendencies for students to make sense of ideas,
reflect, and analyze issues for themselves.
Appropriate facilitative styles of teaching, rewards,
and incentives are therefore needed to ensure that
students take ownership and responsibility for their
own learning (Valanides and Angeli 2005).
Instructional practices aimed at facilitating the
development of more sophisticated forms of higher
order thinking are, however, more effective if they
are taught within subject matter, rather than when
the principles of critical thinking are taught
separately (Valanides and Angeli 2005). Differences
have also been observed in the PEBs of students in
different courses, such as science students
compared to psychology students (Hofer 2000), and
between students of theology, pharmacology, and
psychology (Kaartinen-Koutaniemi and LindblomYlanne 2008). While the causes of these differences
are not fully understood, different disciplinary
contexts create certain expectations, espouse
particular beliefs, and employ different types of
assessments and rewards which then influence the
PEBs of students. In addition to instructional
practices, certain subjects of focus, with their
underlying epistemological assumptions, are
therefore likely to influence PEBs.
Resilience thinking and PEBs
The teaching of resilience thinking has considerable
potential as a subject of focus for facilitating change
in PEBs for three main reasons. First, resilience

thinking directly encourages thinking in ways
consistent with more sophisticated views of
knowledge and knowing as they are described in
educational psychology (Table 2). For example, to
think in terms of resilience, knowledge must be
viewed as being tentative and evolving in order to
work appropriately with uncertainty and ignorance
(thereby influencing beliefs about the dimensions
of certainty and simplicity). Much of the potential
influence is due to foundations in complexity
science (Folke 2006), which requires thinking in
terms of non-continuity, uncertainty, inseparability,
and unpredictability (Ackoff 1996) and challenges
traditional ways of mechanistic thinking (Wulun
2007). The process of developing an understanding
of a system's dynamics also encourages inquirers to
assess their own relationship with the system
(Cavana and Mares 2004, Stave 2002, Vaill 1996),
requires active application of critical thinking
(Cavana and Mares 2004), and influences mental
models and behavior (Cavaleri and Sterman 1997).
Compared to those who do not think systemically,
systems thinkers are also more likely to have beliefs
associated with broader entities that have moral
worth, such as ecosystems and living organisms
(Luckett 2004), and they are more likely to be able
to understand and deal with complex problems
(Maani and Maharaj 2004). Resilience thinking also
provides an additional layer to systems thinking, i.
e., that of a broader framework and set of concepts
to help analyze complex social–ecological systems.
This framework requires learners to consider their
own perceptions of where knowledge originates
(“source” dimension) and how they justify their
opinions about knowledge (“justification” dimension),
such as by emphasizing the value of local and
indigenous knowledge (Olsson et al. 2001, Fazey et
al. 2006).
Second, because resilience thinking openly
acknowledges and aims to deal with uncertainty, the
best way to learn about and understand resilience
thinking is by applying it to messy real-world
problems. These are precisely the sorts of case
studies trainee thinkers need to focus on to facilitate
development of more sophisticated PEBs (King and
Kitchener 1994). Practicing the tackling of illstructured problems can expose students to different
perspectives about the issue under investigation. It
can also provide the foundation and relevance for
teaching that explicitly engages students in
discussions about knowledge and knowing (Lattuca
et al. 2004). Further, because teaching around illstructured problems emphasizes limits to
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Table 4. Learning outcomes of the teaching intervention

Learning outcomes
By the end of the module, students were expected to be able to demonstrate competence in:
Evaluating the underlying drivers of, and feedback processes within, changing systems;
Evaluating the likely effects of management and policy interventions on a social or environmental system;
Critically reviewing how human behaviour gives rise to unsustainable activity;
Critically discussing the requirements for societies to be sustainable;
Explaining some of the processes that enhance the sustainability of societies.

knowledge and that there are multiple ways of
looking at a problem, expectations for the teacher
to be the expert or external authority can also be
challenged. This provides greater space for students
to take control of their own learning and make sense
of the problem for themselves, which has significant
potential for facilitating epistemological development
(Maclellan and Soden 2004).
Finally, resilience thinking is sufficiently flexible,
relatively easy to grasp and understand, and relevant
to a wide range of contexts (Allison and Hobbs
2004, Armitage and Johnson 2006, Carpenter and
Folke 2006, Mumby et al. 2007, Boyd et al. 2008,
McDaniels et al. 2008). This enables the epistemicrelated aspects of resilience thinking to be taught to
a wide range of social, political, and environmental
sectors and at different educational levels. This
means it can be taught to people with different
backgrounds simultaneously, thus encouraging
greater exposure to different epistemological
perspectives.

some or all of the components can be replicated
depending on specific requirements.
Aims and design rationale
Resilience thinking was taught through a module
called “Sustainable Societies” which contributed to
one-twelfth of final-year, science-based undergraduate
courses. It was designed for 10 to 30 students from
a wide range of undergraduate courses, including
sustainable rural development, tourism management,
and countryside management (which included some
students focusing on broader human–environment
issues, and others focussing more on ecological
dimensions).

A MODEL FOR THE TEACHING OF
RESILIENCE THINKING

Overall, the module aimed to improve students’
abilities to evaluate the interrelated aspects of
development and sustainability. It set out to teach
students to think in systemic ways through in-depth
evaluation of feedback in case studies using
conceptual modelling as an analytical tool and and
resilience thinking as a theoretical base. Student
performance was assessed in relation to five explicit
learning outcomes (Table 4).

This section provides an example of how resilience
thinking can be taught in ways that specifically aim
to facilitate the development of more sophisticated
PEBs. It describes the rationale behind both the
design and structure of a module taught to final-year
undergraduate students. It is not intended that this
model be adopted by all teachers of resilience, and

The module was also designed to encourage
development of higher level thinking. It was based
on the assumptions that the students’ would be
influenced by both teaching the subject of
resilience/systems thinking and by using appropriate
instructional practices and learning environments.
Further, to enhance the development of analytical
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skills, principles of variable practice and reflection
were also applied. These principles are derived from
the educational psychology literature and suggest
how performance of a skill or ability can be
improved in ways that enable the learner to more
flexibly use these skills in novel situations. In simple
terms, performance can be improved by practice and
reflection. Varying the ways in which these aspects
are conducted, however, also increases adaptability
(see Fazey et al. 2005 and 2007 for details of the
principles and how they relate to sustainability and
adaptive management). The principles of variable
and reflective practice provided a coherent structure
for teaching different cognitive skills while ensuring
that the principles were implemented together with
consideration of appropriate subject matter (see
below).

report included six subsidiary assignment
components (Table 6). Three of the assignment
components required students to apply systems and
resilience thinking to their case studies. In these
components, students reflected on the adequacy of
their own work by completing marksheets which
were handed in with the assignments. The instructor
provided simple comments on this work in two
ways: (1) by working through these marksheets to
indicate where there were discrepancies between
the student’s and instructor’s evaluations of the
quality of the work; and (2) by providing a simple
coded indication of the quality of the work using 34
basic criteria which were then discussed in class.
The other three subsidiary assignments required
students to use the marksheets to assess the work of
one of their peers for each stage in the development
of the report.

Structure of the module

In general, the subsidiary assignments, class
exercises, and workshops varied the ways that
different cognitive skills were practiced. The selfreflection, the feedback from peers, feedback from
the instructor, class discussions, and group activities
varied the way in which students reflected on the
work and the subject of focus (Table 7).

The module was taught in eleven 2-hour lectures
and three 3-hour workshops (Table 5). Throughout
the module, students analyzed one of three case
studies. Case studies consisted of 4-page summaries
of a complex social–ecological system. They
included: The impact of snowmobiles on reindeer
herding communities in northern Scandinavia
(Pelto 1973); the consequences of levees only
policies for flood control in Nyngan, Australia
(Newell and Wasson 2002); and lock-in effects of
mass tourism in Kavos, Greece.
Lectures, which involved considerable active
engagement between the students and the instructor,
were broken up with discussions and short
exercises. Students were regularly required to relate
class material to their case studies during class
exercises, workshop exercises, and their assignments.
They were also encouraged to ask questions and
discuss relevant issues as they arose. Small group
work was a part of all class and workshop exercises.
In most cases the group work was then related to
the class as a whole either through discussion or
presentation of the results, or by students examining
the work of others. That is, wherever possible,
attempts were made to facilitate reflection and the
sharing of ideas and perspectives.
The learning outcomes were assessed through a
3000-word report that each student wrote about the
analysis of the case study and the application of
resilience thinking. The process of practicing the
different steps that led to the completion of the final

Overall, the module enabled students to: (1) develop
extensive understanding of the dynamics of their
case studies; (2) understand how concepts from
resilience thinking helped them to make judgments
about the state of their system of investigation; (3)
view and appreciate differences between systems
and student perspectives; and (4) identify leverage
points in space and time to achieve transformation
of those systems. Thus students were ultimately
required to conduct in-depth investigations of the
uncertainties and complexities inherent in their own
case studies and the case studies of others through
the lens of resilience thinking, potentially exposing
students to different epistemological perspectives,
especially with regards to the uncertainty and
complexity of sustainability related problems. The
use of extensive and structured discussion,
reflection and practice around these topics provided
an appropriate subject of focus, method, and
environment conducive to facilitating the
development of PEBs.
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Table 5. Lecture and workshops in the module. L = lecture and Ws = Workshop. All class exercises were
collaborative with students working in small groups which usually included students working on the same
case studies.
Session

Material and exercises

L1

Viewing the world as a
complex system 1

Students filled in questionnaire on personal epistemological beliefs, were introduced to dynamic
complexity, balancing and reinforcing feedback in systems and causal loop diagrams. Students
required to study for class test in next lecture.

L2

Viewing the world as a
complex system 2

Class test on understanding causal loop diagrams and identifying balancing and reinforcing feedback
in systems. Causes of dynamic complexity and implications explained. Exercise to develop
understanding of how simple system behaviour gives rise to complex emergent processes.

L3

Resilience 1:
Determinants of
ecological resilience

Explanation of resilience, stable states, adaptive systems and ‘ball in the bowl metaphor’ and
ecological determinants of resilience. Exercise for students to build hypothetical ball-in-bowl model
for sustainable tourism. Homework set for identifying reinforcing and balancing feedback in causal
loop diagrams.

Ws1

Building influence
diagrams

Exercise about the sustainability of grazing practices in the Sahel used for practice in identifying
variables and making causal linkages between them. Concepts such as system boundaries and causal
linkages introduced and the use of Vensim software for building influence maps explained. Students
worked in small groups to identify component variables and started making linkages between them.
First component of assignment set.

L4

Resilience 2:
Determinants of social
resilience

Importance of adaptive capacity through individuals, institutions, communities and societies.
Exercise for students to consider different adaptive strategies that people use to deal with flooding of
a housing development on a floodplain.

L5

Adaptive cycles and
Panarchy

Adaptive cycles and Panarchy explained. Students are required to apply the theory to their case study
and identify which phase their case study might be in, what the other phases might have looked like,
the scale and the influence of other scales on their case study. Second component of assignment set.

Ws2

Building causal loop
diagrams

Using Sahel case study, students work collaboratively to build causal loop diagrams of the system.
Third component of assignment set.

L6

Leverage

Short introduction to concept of leverage points in systems. Account by expert on factors influencing
malaria in Africa. Students then required to build a conceptual model of the system and identify the
most appropriate points to influence the system.

L7

Reviewing Theory

Exercise to review 20 concepts covered in lectures (e.g. panarchy, connectance, system, leverage
etc.). Fourth component of assignment set.

Ws3

Application of resilience With small groups, students were required to relate resilience thinking to their case studies. Fifth
thinking
component of assignment set.

L8

Ecological feedback

Explanation of the concept of bringing ecological feedback into sustainable development using case
study from Australia. Local and Traditional ecological knowledge discussed, and exercise used on
how the technological development influences how societies interact with their environment.

L9

Adaptive management

Concept of adaptive management (active and passive explained) using case study on mink
eradication in Scotland. Students required to relate the work to their own case studies. Sixth
component of assignment set.

L10

Stretch goals,
backcasting and
scenario planning

Introduction of some of the tools for transforming systems towards more sustainable trajectories.
Exercise for students to apply them to their own case studies.

L11

Limitations to system’s
and resilience thinking
and module review

Post-test of questionnaire and review of the module, with discussion about the advantages and
limitations of resilience thinking.
Submission of the final assignment.
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Table 6. Summary of the subsidiary assignments that assisted students to develop capacity to analyse
complexity and apply resilience thinking.

Subsidiary Assignment Components

Feedback from
tutor?

1

Building an influence diagram of the components of the system under investigation (set in
Workshop 1)

Yes

2

Providing comments on the work of a colleague from component 1

No

3

Building a causal loop diagram of the system under investigation (set in Workshop 2)

Yes

4

Providing comments on the work of a colleague from component 3

No

5

Application of resilience thinking to help understand the system under investigation (set in
Workshop 3)

Yes

6

Providing comments on the work of a colleague from component 5

No

Effects of the teaching of resilience thinking on
PEBs
Methodology
To evaluate the module described above each
student completed, both before and after delivery of
the module, a 27-statement questionnaire from
Hofer (2000). In the questionnaires, students
indicated on a 1–5 scale the extent to which they
agreed with the statements (see Table 8 for
examples).
Given the low sample size (n = 23), use of factor
analysis to determine the dimensions from the data
collected was not possible. Instead, each statement
was assigned to one of the four dimensions
described by Hofer (2000) (Table 2). Average
scores for the statements relating to each dimension
were calculated and used for analysis, with low
scores being equivalent to more sophisticated PEBs
(as defined by Hofer 2000). As there was very little
difference in the way the teaching intervention was
delivered between years, data from students from
2007 (n = 16) and 2008 (n = 8) were combined.
Multivariate repeated measures was then used to
determine differences between pretest and post-test
PEB scores (within subject tests) and between male
and female students (between subject tests).
Academic performance was obtained by taking the
average of marks for final assignments produced by

each student as assessed by two independent
instructors. Forward stepwise multiple regression
was then used to determine relationships between
the average scores for each dimension from the posttest questionnaire and the academic performance of
students. All error bars are expressed below are
standard error. SPSS 16.0 was used for statistical
analysis.
Results
Overall, there was a significant difference in PEB
scores before and after delivery of the teaching
intervention with a small change towards more
sophisticated PEBs (F18 = 2.938, p = 0.049). There
was no overall difference between males and
females (F18 = 1.879, p = 0.158) and no statistically
significant interaction between pretest and post-test
scores nor between males and females (F18 = 1.695,
p = 0.195). Univariate tests for each dimension
found that the overall difference in pretest and posttest PEB scores was mostly due to a change in how
students perceived the certainty of knowledge
(scores of 2.62 +/- 0.1 and 2.33 +/- 0.09 for pretest
and post-test respectively). That is, students had
increasingly viewed their broad subjects of study
(countryside management, tourism, etc.) as being
characterized by more uncertainty than they had
before the intervention (F21 = 12.066, p = 0.002, Fig.
1a). This difference, however, was largely due to a
change in the perceptions held by male students
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Table 7. Sources of variation in the way elements were practiced and the way the practice was reflected on.

Element

Variable ways in which element
was practiced

Variable ways in which students reflected on their practice:

Identifying
system
components

• In different case studies in class
exercises;
• In different case studies in
workshops;
• During in-depth analysis of
chosen case study.

• Formal self reflection on ability to apply theory in assignment component 1;
• Formal feedback from peers on ability to apply theory in assignment component 2;
• Formal feedback from tutor on ability to apply theory from assignment component
1;
• Reflection in group work in class exercises (e.g. lecture 6) and workshops 1 and 2.

Linking
system
components

• In different case studies in class
exercises;
• In different case studies in
workshops;
• During in-depth analysis of
chosen case study.

• Formal self reflection on ability to apply theory in assignment component 1 and 3;
• Formal feedback from peers on ability to apply theory in assignment component 2
and 4;
• Formal feedback from tutor on ability to apply theory from assignment component
1 and 3.
• Reflection in group work in class exercises (e.g. lectures 1, 2, 6) and workshops 1
and 2.

Building
causal loop
diagrams

• In different case studies in class
exercises;
• In different case studies in
workshops;
• During in-depth analysis of
chosen case study.

• Formal self reflection on ability to apply theory in assignment component 3;
• Formal feedback from peers on ability to apply theory in assignment component 4;
• Formal feedback from tutor on ability to apply theory from assignment component
3.
• Reflection in group work in class exercises (e.g. lectures 1, 2, 8) and workshop 2.

Application
of resilience
thinking

• To different case studies in class
exercises;
• To chosen case study in class
exercises;
• To chosen case study in the fifth
assignment component;
• For the final assignment.

• Formal self reflection on ability to apply theory in assignment component 5;
• Formal feedback from peers on ability to apply theory in assignment component 6;
• Formal feedback from tutor on ability to apply theory from assignment component
5;
• Reflection in class discussions and exercises on different components of theory
with exposure to perspectives from tutor, peers working on same chosen case study,
and peers working on different chosen case study (all lectures and workshops);
• Formal reflection on the process of applying resilience thinking in the final
assignment.

Understanding
feedback and
conceptual
models of
systems and
their
implications

• Through explanations by tutor
and use of a variety of class
exercises and group work;
• Using class tests and homework
tasks using different case studies;
• Presentation of causal loop
models in numerous lectures;
• In different case studies used in
workshops;
• Applying systems thinking in the
subsidiary assignment
components;
• In-depth analysis of student’s
chosen case study.

• Formal self reflection on ability to understand and apply systems models in
assignment components 1, 3 and 5;
• Formal feedback from peers on ability to apply theory in assignment components 2,
4, and 6;
• Formal feedback from tutor on ability to apply theory from assignment components
1, 3, and 6;
• Reflection in class discussions and exercises on different components of theory
with exposure to perspectives from tutor, peers working on same chosen case study,
and peers working on different chosen case study (all lectures and workshops);
• Formal reflection on the process in which students developed understanding in the
final assignment.
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Fig. 1. (a) Average scores for the different dimensions of epistemological beliefs for all students before
and after teaching Resilience Thinking (n = 24); (b) Average scores for the different dimensions for
males and females before and after the teaching intervention (n = 24). Error bars are standard error. Low
scores relate to more sophisticated PEBs as defined by Hofer (2000).

about the certainty of knowledge. That is, the views
held by the male students after the intervention
changed to levels that were similar to those held by
the female students; the perceptions held by the
female students did not change after delivery of the
teaching intervention. This was demonstrated by a
statistically significant interaction between pretest
and post-test scores and gender for the dimension
of certainty (F21 = 6.232, p = 0.021, Fig. 1b, Table
9). There were no other significant differences
between the four dimensions of knowledge and
knowing for the univariate tests (Table 9).
One of the possible explanations for the change in
epistemological beliefs was that students had
formulated a clearer understanding of their own
PEBs or had become more familiar with the
questionnaire. This may have resulted in greater
consistency in the average scores per student for
each dimension in the post-test questionnaire and
thus would have affected statistical results (Fig. 1a).
Multivariate repeated measures tests using
coefficient of variation in scores for each dimension
for each student were, however, not different
(pretest vs. post-test: F18 = 1.100, p = 0.387; sex:
F18 = 0.341, p = 0.847; interaction between test and
gender: F18 = 0.955, p = 0.456), suggesting that the
change in PEBs was genuine rather than being an

artifact of lower variation around PEB scores in the
post-test questionnaire.
Multiple regression found that two of the four
dimensions were statistically related to academic
performance (Table 10, Fig. 2). First, students who
had a greater tendency to view knowledge as being
justified by careful evaluation of evidence (low
scores for the dimension of justification for
knowing) performed better than those who had a
stronger belief that knowing was justified through
what felt right. Second, contrary to expectation,
students who had a greater tendency to perceive the
source of knowledge to be from external, expert
sources performed better than those who had a
greater tendency to see the source of knowledge as
being constructed by interaction with their
environment and others. There was no other
statistically significant relationship between
academic performance and beliefs about the
certainty and simplicity of knowledge (Table 10,
Fig. 2).
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Fig. 2. Relationship between scores for the four dimensions of PEBs of students and academic
performance (expressed as a percentage) (n = 23). Low scores relate to more sophisticated beliefs.

Implications of the results for the teaching of
resilience thinking
Despite the relatively short duration of the teaching
intervention, the results show that there was a small
but statistically significant increase in the
sophistication of students’ PEBs during the period
in which the module was delivered. Other modules
taught at the same time may well have influenced
the results, but this seems unlikely given that many
of the students were studying different modules and
that most of these modules were not directly
designed to influence higher order thinking. Change
in PEBs was mostly due to a change in beliefs about
the certainty of knowledge (Fig. 1). This is not
surprising given that the module focused heavily on
analysis of the inherent uncertainty in complex
systems and the relationships between system
components. Nevertheless, given the small sample
size and lack of robust controls, the results of the
evaluation need to be interpreted with caution.
There are three main reasons that could explain why
the changes in PEBs were relatively small. First,

students had already been exposed to a wide range
of views and perspectives through multidisciplinary
teaching and a variety of practical and theoretically
based assignments. The teaching of resilience
thinking may therefore have been unable to
significantly challenge their existing higher order
thinking. Second, while the module did encourage
students to wrestle with real-world problems, it did
not directly include extended discussions or
exercises that were explicitly designed with the
intention of exposing them to different
epistemological perspectives. More extensive
exercises, such a role-plays where students are
required to actively view an issue from different
epistemological perspectives, may therefore be
required. Finally, the results suggest that students
who believed that knowledge came from external
sources (experts, instructors, etc.) had higher grades
than those who believed that they had to make sense
of something for themselves, such as through
careful evaluation of evidence. This may have been
because students were too constrained by the
assessment method and had a perception that they
needed to work towards the instructor’s ideas of
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Table 8. Examples of statements used in the PEB questionnaire against which students expressed the extent
to which they disagreed or agreed on a 1-5 scale likert scale.

Dimension

Example

Certainty of knowledge

Truth is unchanging in my subject.
What is accepted as knowledge in my subject is based on objective reality.

Simplicity of knowledge

Ideas in my subject are really complex.
All experts in my subject area understand the subject in the same way.

Source of knowledge

The most important part of work in my subject is coming up with original ideas.
If you read something in a textbook for my subject, you can be sure it is true.

Justification for knowing

In my subject, it is good to question the ideas presented.
First-hand experience is the best way of knowing something in my subject area.

what was the “right answer” to get the best grades.
This suggests that the module did not sufficiently
employ facilitative styles of teaching, and in future
the module needs to more carefully align
assessments to the desired epistemologically related
learning outcomes.
VALUE OF TEACHING RESILIENCE
THINKING
This paper has demonstrated a strong theoretical
basis and some preliminary empirical evidence that
the teaching of resilience and systems thinking can
influence the higher order thinking of students. This
raises key issues about how the teaching of
resilience thinking might contribute more generally
to sustainability education. Importantly, the
teaching of resilience thinking may be more useful
for helping some people than it is for other people
in developing analytical skills for dealing with
complex problems. It might, for example, have
greater impact on PEBs if it is taught much earlier
than with final-year undergraduates or at preuniversity levels. Resilience related concepts could,
for example, be taught at a variety of educational
levels (Fazey et al. 2007) in similar ways to the
teaching of other forms of critical thinking (Briggs
1999).

The teaching of resilience thinking may also have
more effect on people from some backgrounds than
others. This relates to the underlying epistemological
assumptions of resilience thinking itself. A system’s
view is only one of many that are necessary for
understanding complex processes (Kline 1995) and
while both quantitative and qualitative methods can
be used to understand systems, systems approaches
still often tend to favor positivist views of the world.
Consequently, resilience thinking does not
necessarily cater for the multiple ways that people
can experience the same event or circumstance,
which is a fundamental premise of a large portion
of social research (Evely et al. 2008). A further
criticism of resilience thinking is that it can
overemphasize the biophysical structure of a system
and underrepresent the dynamic influence of the
humans within it (McLaughlin and Dietz 2008). In
other words, the ecological foundations of resilience
thinking have resulted in a set of conceptual tools
that may have limited capacity to explain the human
social component of social–ecological systems.
These limitations have important implications.
Research relating to resilience is, for example, most
often published in scientific journals and presented
in a language and form that is more accepted by the
scientific community than the many other important
ideas and concepts related to sustainability. Its
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Table 9. Results of univariate tests for differences in PEBs before and after delivery of the teaching
intervention and for interactions between pre- and post-test scores and sex of the students.

Before and after intervention

Interaction Test*Sex

Dimension

df

F

P

Certainty

21

12.07

0.002

Simplicity

21

0.39

0.537

Source

21

2.54

0.126

Justification

21

1.61

0.218

Certainty

21

6.23

0.021

Simplicity

21

1.83

0.190

Source

21

2.24

0.150

Justification

21

0.11

0.741

relative acceptability in the science domains may
be partly because resilience thinking provides a
convenient stepping stone between certain levels of
epistemological thinking that are more in line with
broader transitions in western worldviews of how
humans relate to their environment (Metzner 1994).
That is, in science domains, resilience thinking may
be sufficiently comfortable to be accepted, but
sufficiently challenging to instigate change in the
beliefs about the processes and dynamics of social–
ecological systems. While its use in non-sciencebased fields is increasing, it could be having less
impact either because relativistic thinking may
already be more common or because it is not
accepted due to its limited capacity to cater for
human social processes.
The relationship of resilience thinking to other
models of human development, however, suggests
that resilience thinking may have a particularly
important role to play outside of academia. The
characteristics of a typical resilience thinker are
most similar to those associated with the end of the
"conventional" stages and the beginning of the
"postconventional" stages of the human and societal
development model (Cook-Greuter 2000, Commons
and Goodheart 2007). So, even though there are
many stages that go well beyond the level of
sophistication of a resilience thinker (Cook-Greuter
2000 Nidich et al. 2000, Orme-Johnson 2000,

Commons and Goodheart 2007), resilience thinking
seems particularly well placed for helping facilitate
transition at the current levels of human
development. Thus, the extent to which resilience
thinking will influence higher order thinking will
depend on an individual’s current level of
development.
Finally, the paper highlights that the way in which
resilience thinking is taught probably has at least
the same, if not greater, effect than the teaching of
the subject itself. The teaching of resilience thinking
will therefore have much greater impact if it is taught
through modern, research-led instructional practices
that are also known to promote development of more
sophisticated epistemological beliefs. This paper
has, for example, pointed to the importance of: (1)
exposing students to epistemologically challenging
situations in ways that require them to directly
engage in thinking about their thinking; (2)
developing assessment methods that are constructively
aligned with the intended epistemologically related
learning outcomes; and (3) teaching in ways that
reduce traditional transmission modes of
information delivery to increase students’
ownership and responsibility for learning. This can
be difficult in many higher education settings where
students are already conditioned to be passive
recipients of knowledge, and where facilitative
teaching styles are less common or not valued.
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Table 10. Final model (R2 = 0.673) for forward stepwise multiple regression for the average post-test PEB
scores for different dimensions in relation to academic performance.

Dimension

df

T

P

Justification

Included

21

-3.078

0.006

Source

Included

21

2.473

0.023

Certainty

Excluded

21

-.199

0.588

Simplicity

Excluded

21

-.190

0.759

In conclusion, resilience thinking will not be a
panacea that fully explains how the world works. It
does, however, seem particularly well suited to
being a conceptual tool that can help bridge different
epistemological perspectives, assist people to think
differently about how they view and interact with
social–ecological systems, and influence how they
perceive the world more generally. Provided
resilience thinking is taught appropriately, it could
be a useful tool for contributing to broader
sustainability goals. To make the best use of the
conceptual framework provided by resilience
thinking, greater consideration and exploration of
its impact on PEBs and other forms of higher level
cognition is needed. This will inevitably require
multimethod approaches that follow the principles
of epistemological pluralism.
Responses to this article can be read online at:
http://www.ecologyandsociety.org/vol15/iss3/art9/responses/

Acknowledgments:
I would like to thank the students who took part in
the module Sustainable Societies in Aberystwyth
University in years 2007 and 2008 and who
influenced my thinking about many of the issues
discussed in this paper. D. Armitage, N. Balomenou,
M. Christie, A. Deri, D. Fazey, J. Fazey, J. Fischer,
M. Jones, I. Keirle, and J. Warren provided
comments on previous drafts, contributed to the
ideas through discussion, assessed student
assignments, and/or contributed to development of

case studies for the teaching intervention. The
comments from two anonymous reviewers were
appreciated. The paper was partly the result of study
towards a Postgraduate Certificate in Higher
Education at Aberystwyth University.

LITERATURE CITED
Ackoff, R. L. 1996. From mechanic to social
systemic thinking: a digest of talk. Pegasus
Communications, Waltham, Massachusetts, USA.
Allison, H. E., and R. J. Hobbs. 2004. Resilience,
adaptive capacity, and the "Lock-in trap" of the
Western Australian agricultural region. Ecology
and Society 9:25.
Armitage, D., and D. Johnson. 2006. Can
resilience be reconciled with globalization and the
increasingly complex conditions of resource
degradation in Asian coastal regions? Ecology and
Society 11(1):2.
Baxter Magolda, M. B. 1992. Knowing and
reasoning in college: gender related patterns in
students' intellectual development. Jossey-Bass,
San Francisco, California, USA.
Biggs, J. 1999. Teaching for quality learning at
university. Society for Research into Higher
Education and Open University Press, Buckingham,
UK.

Ecology and Society 15(3): 9
http://www.ecologyandsociety.org/vol15/iss3/art9/

Boiral, O., M. Cayer, and C. M. Baron. 2009. The
action logics of environmental leadership: a
developmental perspective. Journal of Business
Ethics 85:479-499.

Elby, A., and D. Hammer. 2001. On the substance
of a sophisticated epistemology. Science Education
85:554-567.

Boyd, E., H. Osbahr, P. Ericksen, E. Tompkins,
M. C. Lemos, and M. Fiona. 2008. Resilience and
`climatizing' development: examples and policy
implications. Development 51:390-396.

Evely, A. C., I. Fazey, M. Pinard, and X. Lambin.
2008. The influence of philosophical perspectives
in integrative research: a conservation case study in
the Cairngorms National Park. Ecology and Society
13(2): 52. [online] URL: http://www.ecologyandso
ciety.org/vol13/iss2/art52/.

Buehl, M. M., and P. A. Alexander. 2001. Beliefs
about academic knowledge. Educational Psychology
Review 13:385-418.
Carpenter, S.R., and C. Folke. 2006. Ecology for
transformation. Trends in Ecology & Evolution
21:309-315.
Carpenter, S., B. Walker, J. M. Anderies, and N.
Abel. 2001. From metaphor to measurement:
resilience of what to what? Ecosystems 4:765-781.
Cavaleri, S., and J. D. Sterman. 1997. Towards
evaluation of systems thinking interventions: a case
study. System Dynamics Review 13:171-186.

Fazey, I. 2005. Understanding the role and value
of experience for environmental conservation. PhD
Dissertation. Australian National University,
Canberra.
Fazey, I., J. A. Fazey, and D. M. A. Fazey. 2005.
Learning more effectively from experience.
Ecology and Society 10:4.
Fazey, I., J. A. Fazey, J. Fischer, K. Sherren, J.
Warren, R. F. Noss, and S. R. Dovers. 2007.
Adaptive capacity and learning to learn as leverage
for social–ecological resilience. Frontiers in
Ecology and the Environment 5:375-380.

Cavana, R. Y., and E. D. Mares. 2004. Integrating
critical thinking and systems thinking: from
premises to causal loops. System Dynamics Review
20:223-235.

Fazey, I., K. Proust, B. Newell, B. Johnson, and
J. A. Fazey. 2006. Eliciting the implicit knowledge
and perceptions of on-ground conservation
managers of the Macquarie Marshes. Ecology and
Society 11:28.

Cliggett, L., E. Colson, R. Hay, T. Scudder, and
J. Unruh. 2007. Chronic uncertainty and
momentary opportunity: a half century of adaptation
among Zambia's Gwembe Tonga. Human Ecology
35:19-31.

Folke, C. 2006. Resilience: the emergence of a
perspective for social–ecological systems analyses.
Global Environmental Change: Human and Policy
Dimensions 16:253-267.

Commons, M. L., and E. A. Goodheart. 2007.
Consider stages of development in preventing
terrorism: does government building fail and
terrorism result when developmental stages of
governance are skipped? Journal of Adult
Development 14:91-111.

Fraser, E. D. G., A. G. Dougill, W. E. Mabee, M.
Reed, and P. McAlpine. 2006. Bottom up and top
down: analysis of participatory processes for
sustainability indicator identification as a pathway
to community empowerment and sustainable
environmental management. Journal of Environmental
Management 78:114-127.

Cook-Greuter, S. R. 2000. Mature ego
development: a gateway to ego transcendence?
Journal of Adult Development 7:227-240.
Del Collins, M. 2005. Transcending dualistic
thinking in conflict resolution. Negotiation Journal
21:263-280.
Eakin, H. 2005. Institutional change, climate risk,
and rural vulnerability: cases from central Mexico.
World Development 33:1923-1938.

Gallopin, G. C. 2006. Linkages between
vulnerability, resilience, and adaptive capacity.
Global environmental change: human and policy
dimensions 16:293-303.
Gegeo, D. W., and K. A. Watson-Gegeo. 2001.
"How we know": Kwara'ae rural villagers doing
indigenous epistemology. Contemporary Pacific
13:55-88.

Ecology and Society 15(3): 9
http://www.ecologyandsociety.org/vol15/iss3/art9/

Grothmann, T., and A. Patt. 2005. Adaptive
capacity and human cognition: the process of
individual adaptation to climate change. Global
Environmental Change: Human and Policy
Dimensions 15:199-213.
Gunderson, L., and C. S. Holling. 2002. Panarchy.
Island Press, Washington D.C., USA.
Hagmann, J., and E. Chuma. 2000. Enhancing the
adaptive capacity of the resource users in natural
resource management. Pages 23–39 in Workshop on
Deepening the Basis of Rural Resource
Management. Elsevier, The Hague, Netherlands.

Schellnhuber, B. Bolin, N. M. Dickson, S.
Faucheux, G. C. Gallopin, A. Grubler, B.
Huntley, J. Jager, N. S. Jodha, R. E. Kasperson,
A. Mabogunje, P. Matson, H. Mooney, B. Moore,
T. O'Riordan, and U. Svedin. 2001. Environment
and development—sustainability science. Science
292:641-642.
King, P. M. 1992. How do we know? Why do we
believe? Learning to make reflective judgements.
Library Education 78:2-9.

Healy, S. 2003. Epistemological pluralism and the
'politics of choice'. Futures 35:689-701.

King, P. M., and K. S. Kitchener. 1994.
Developing reflective judgement: understanding
and promoting intellectual growth and critical
thinking in adolescents and adults. Jossey-Bass, San
Francisco, California, USA.

Hofer, B. K. 2000. Dimensionality and disciplinary
differences in personal epistemology. Contemporary
Educational Psychology 25:378-405.

Kitchener, K. S. 1983. Cognition, metacognition,
and epistemic cognition—a 3 level model of
cognitive processing. Human Development 26:222-232.

Hofer, B. K. 2001. Personal epistemology research:
implications for learning and teaching. Educational
Psychology Review 13:353-383.

Kline, S. J. 1995. Conceptual foundations for
multidisciplinary thinking. Stanford University
Press, Stanford, California, USA.

Hofer, B. K., and P. R. Pintrich. 1997. The
development of epistemological theories: beliefs
about knowledge and knowing and their relation to
learning. Review of Educational Research
67:88-140.

Kuhn, D. 1991. The skills of argument. Cambridge
University Press, Cambridge, Cambridgeshire, UK.

Holling, C. S., and G. K. Meffe. 1996. Command
and control and the pathology of natural resource
management. Conservation Biology 10:328-337.
Ison, R., Roling, N., and D. Watson. 2007.
Challenges to science and society in the sustainable
management and use of water: investigating the role
of social learning. Environmental Science & Policy
10:499-511.
Kaartinen-Koutaniemi, M., and S. LindblomYlanne. 2008. Personal epistemology of psychology,
theology and pharmacy students: a comparative
study. Studies in Higher Education 33:179-191.
Kardash, C. M., and K. L. Howell. 2000. Effects
of epistemological beliefs and topic-specific beliefs
on undergraduates' cognitive and strategic
processing of dual-positional text. Journal of
Educational Psychology 92:524-535.
Kates, R. W., W. C. Clark, R. Corell, J. M. Hall,
C. C. Jaeger, I. Lowe, J. J. McCarthy, H. J.

Kuhn, D. 2000. Theory of mind, metacognition,
and reasoning: a life-span perspective. Pages 301–
326 in P. Mitchell an K.J. Riggs, editors. Children's
reasoning and the mind. Psychology Press, Hove,
East Sussex, UK.
Lattuca, L. R., L. J. Voight, and K. Q. Fath. 2004.
Does interdisciplinarity promote learning? Theoretical
support and researchable questions. Review of
Higher Education 28:23-48.
Luckett, S. 2004. Environmental paradigms,
biodiversity conservation, and critical systems
thinking. Systemic Practice and Action Research
17:511-534.
Maani, K. E., and V. Maharaj. 2004. Links
between systems thinking and complex decision
making. System Dynamics Review 20:21-48.
Maclellan, E., and R. Soden. 2004. The
importance of epistemic cognition in studentcentred learning. Instructional Science 32:253-268.
Marshall, N. A., and P. A. Marshall. 2007.
Conceptualizing and operationalizing social

Ecology and Society 15(3): 9
http://www.ecologyandsociety.org/vol15/iss3/art9/

resilience within commercial fisheries in northern
Australia. Ecology and Society 12:14.

ecosystem management: a study of Lake Racken
Watershed, Sweden. Ecosystems 4:85-104.

McDaniels, T., S. Chang, D. Cole, J. Mikawoz,
and H. Longstaff. 2008. Fostering resilience to
extreme events within infrastructure systems:
characterizing decision contexts for mitigation and
adaptation. Global Environmental Change: Human
and Policy Dimensions 18:310-318.

Orme-Johnson, D.W. 2000. An overview of
Charles Alexander's contribution to psychology:
developing higher states of consciousness in the
individual and the society. Journal of Adult
Development 7:199-215.

McLaughlin, P., and T. Dietz. 2008. Structure,
agency and environment: toward an integrated
perspective on vulnerability. Global Environmental
Change: Human and Policy Dimensions 18:99-111.
McLeman, R., and B. Smit. 2006. Vulnerability to
climate change hazards and risks: crop and flood
insurance. Canadian Geographer-Geographe Canadien
50:217-226.
Metzner, R. 1994. The emerging ecological
worldview. Pages 1630–172 in M.E. Tucker and J.
A. Grim, editors. Worldviews and ecology: religion,
philosophy, and the environment. Orbis Books, New
York, New York, USA.
Miller, T. R., T. D. Baird, C. M. Littlefield, G. P.
Kofinas, F. S. Chapin, and C. L. Redman. 2008.
Epistemological pluralism: reorganizing interdisciplinary
research. Ecology and Society 13:46.
Miri, B., B. C. David, and Z. Uri. 2007. Purposely
teaching for the promotion of higher-order thinking
skills: a case of critical thinking. Research in
Science Education 37:353-369.
Mumby, P. J., A. Hastings, and H. J. Edwards.
2007. Thresholds and the resilience of Caribbean
coral reefs. Nature 450:98-101.
Newell, B., and R. Wasson. 2002. Social system
vs. solar system: why policy makers need history.
Pages 3–17 in Castelein and A. Otte, editors.
Conflict and cooperation related to international
water resources: historical perspectives. UNESCO,
Grenoble, Switzerland.
Nidich, S. I., R. J. Nidich, and C. N. Alexander.
2000. Moral development and higher states of
consciousness. Journal of Adult Development
7:217-225.
Olsson, P., and C. Folke. 2001. Local ecological
knowledge and institutional dynamics for

Pelto, P. J. 1973. The snowmobile revolution:
technology and social change in the Arctic.
Benjamin/Cummings, Menlo Park, California,
USA.
Perkins, D. 2007. What should our students learn?
Elements 3:101-106.
Perkins, D., S. Tishman, R. Ritchhart, K. Donis,
and A. Andrade. 2000. Intelligence in the wild: a
dispositional view of intellectual traits. Educational
Psychology Review 12:269-293.
Perry, W. G. 1970. Forms of intellectual and ethical
development in the college years: a scheme. Holt,
Rinehart and Winston, New York, New York, USA.
Qian, G., and D. Alvermann. 2000. Relationship
between epistemological beliefs and conceptual
change learning. Reading Writing Q 16.
Reed, M. S., E. D. G. Fraser, and A. J. Dougill.
2006. An adaptive learning process for developing
and applying sustainability indicators with local
communities. Ecological Economics 59:406-418.
Rodriguez, L., and F. Cano. 2006. The
epistemological beliefs, learning approaches and
study orchestrations of university students. Studies
in Higher Education 31:617-636.
Rukavina, I., and M. Daneman. 1996. Integration
and its effect on acquiring knowledge about
competing scientific theories from text. Journal of
Educational Psychology 88:272-287.
Ryan, M. P. 1984. Monitoring text comprehension:
individual differences in epistemological standards.
Journal of Educational Psychology 76:248-258.
Schommer, M. 1993. Epistemological development
and academic performance among secondary
students. Journal of Educational Psychology
85:406-411.

Ecology and Society 15(3): 9
http://www.ecologyandsociety.org/vol15/iss3/art9/

Schommer, M., A. Crouse, and N. Rhodes. 1992.
Epistemological beliefs and mathematical text
comprehension—believing it is simple does not
make it so. Journal of Educational Psychology
84:435-443.
Schommer-Aikins, M. 2002. An evolving
theoretical framework for an epistemological belief
system. Pages 105–120 in B. K. Hofer and P. R.
Pintrich, editors. Personal epistemology: the
psychology of beliefs about knowledge and
knowing. Erlbaum, Mahwah, New Jersey, USA.
Shisanya, C. A., M. Khayesi. 2007. How is climate
change perceived in relation to other socioeconomic
and environmental threats in Nairobi, Kenya?
Climatic Change 85:271-284.
Stave, K. A. 2002. Using system dynamics to
improve public participation in environmental
decisions. System Dynamics Review 18:139-167.
Sterling, S. 1996. Education in change. Pages. 18–
39 in J. Huckle and S. Sterling, editors. Education
for sustainability. Earthscan Publications, London,
UK.
Sterman, J. D. 2000. Business dynamics - systems
thinking and modeling for a complex world.
McGraw Hill, Boston, USA.
Tsui, L. 1999. Courses and instruction affecting
critical thinking. Research in Higher Education
40:185-200.
UNESCO. 2005. United Nations decade of
education for sustainable development 2005–2014:
Draft international implementation scheme. United
Nations Educational, Scientific and Cultural
Ogranisation, Paris, France.
Vaill, P. B. 1996. Learning as a way of being. JosseyBass, San Francisco, California, USA.
Valanides, N., and C. Angeli. 2005. Effects of
instruction on changes in epistemological beliefs.
Contemporary Educational Psychology 30:314-330.
van Aalst, M. K., T. Cannon, and I. Burton. 2008.
Community level adaptation to climate change: the
potential role of participatory community risk
assessment. Global Environmental Change: Human
and Policy Dimensions 18:165-179.

Van Eijck, M., and W. M. Roth. 2007. Keeping
the local local: recalibrating the status of science
and traditional ecological knowledge (TEK) in
education. Science Education 91:926-947.
Walker, B., L. Gunderson, A. Kinzig, C. Folke,
S. Carpenter, and L. Schultz. 2006. A handful of
heuristics and some propositions for understanding
resilience in social–ecological systems. Ecology
and Society 11(1):13.
Walker, B., C. S. Hollin, S. R. Carpenter, and A.
Kinzig. 2004. Resilience, adaptability and
transformability in social–ecological systems.
Ecology and Society 9(2):5.
Walker, B., and D. Salt. 2006. Resilience thinking:
sustaining ecosystems and people in a changing
world. Island Press, Washington, D.C. USA.
West, E. J. 2004. Perry's legacy: models of
epistemological development. Journal of Adult
Development 11:61-70.
Wulun, J. 2007. Understanding complexity,
challenging traditional ways of thinking. Systems
Research and Behavioral Science 24:393-402.

Ecology and Society 15(3): 9
http://www.ecologyandsociety.org/vol15/iss3/art9/

APPENDIX 1. Definitions of terms.

Term

Definition

Resilience

The capacity of a social–ecological system to adapt and reorganize in such a way as to absorb the
effects of a perturbation and maintain essentially the same system functions and processes
(Gallopin 2006).

Resilience thinking

A particular approach that assists understanding, analysis, and practice of environmental
stewardship in complex social and ecological systems. The approach includes a wide range of
interrelated concepts (including resilience) and is underpinned by many principles from systems
thinking (Walker and Salt 2006).

Systems thinking

A suite of approaches that investigates, using various methods, the interactions between different
components within a system. This includes understanding how changes in one component affect
other components, and the emergent behaviour of the system that arises from these interactions
(e.g., Sterman 2000). Note that while it is difficult to separate resilience thinking from systems
thinking, the latter has traditionally not included key concepts that are typically associated with
the former, such as panarchies, adaptive cycles, adaptive co-management, and transformation.
Resilience thinking therefore necessarily includes systems thinking, while systems thinking does
not imply application of the concepts from resilience thinking.

Teaching resilience
thinking

The process by which the approach is taught. This is different from ‘teaching thinking’ which
involves the processes used to assist development of analytical, higher order, and other aspects of
cognition rather than simply the teaching of subject content per se (Perkins 2007, Perkins et al.
2000). Instructional processes and practices can be designed to teach resilience thinking, systems
thinking, or higher order thinking (e.g., critical thinking) separately or in an integrated way.

