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Abstract

Solutions to global problems such as climate change and biodiversity loss

require educational frameworks and accompanying teaching resources that

are theory-based, interdisciplinary, and accessible to broad undergraduate and

graduate student audiences. Ecological resilience theory (ERT) is a framework

with established interdisciplinary application to complex global problems, but

despite an emphasis on the utility of resilience in national higher education

frameworks, we found that many current ecology textbooks incorporate multi-

ple definitions and highly variable amounts of discussion on core resilience

concepts. To facilitate the use of innovative teaching resources in ERT in uni-

versities, this paper describes four free multimedia tools and templates that

align with national education frameworks and are available for innovation

and development by educators interested in ERT. The products are (1) content

modules on core terms and concepts of ERT, (2) a classroom game and discus-

sion, (3) interactive case studies, and (4) a complementary podcast based on

resilience concepts and interviews with resilience experts to supplement for-

mal classroom education. We contextualize the opportunities of ERT and

thinking for students in university classrooms, as well as the benefits of involv-

ing graduate students and encouraging their initiative with this type of project.

We conclude with a brief discussion of future opportunities for these types of

educational resources. Our intent is that these resources be available for edu-

cators and researchers to facilitate interdisciplinarity, collaboration, and inno-

vation to address complex global problems from a core educational framework

of ERT.

KEYWORD S
case study, classroom game activity, collaboration, ecology, interdisciplinary, lesson plan,
multimedia learning, online education, podcast, science communication, student
organization
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INTRODUCTION

Human-driven alteration of the Earth and uncertainty of
future supporting goods and services is a well-documented
challenge facing current generations (Costanza et al., 2017;
Vitousek et al., 1997). To adapt to these novel challenges,
the field of higher education has a need for innovative
educational resources to help current and future genera-
tions cope with complex problems and increasing global
uncertainty (Bai et al., 2016; Biggs et al., 2012; Krasny
et al., 2009). Resources that incorporate systems thinking,
blend traditional and emerging approaches, and
empower individuals to collaboratively construct their
own knowledge and evaluate solutions may have particu-
lar promise (Ban et al., 2015; Krasny et al., 2009).

Resilience is a key topic for students to understand as
they develop ecological literacy. The Ecological Society
of America produced The Four-Dimensional Ecology
Education (4DEE) Framework outlining core knowledge
and experience in which undergraduates should receive
instruction (Berkowitz et al., 2018), including core eco-
logical concepts, ecology practices, human–environment
interactions, and cross-cutting themes. The 4DEE lists
resilience and steady states as core ecological concepts
that are critical to understanding ecology. Additionally,
the American Association for the Advancement of
Sciences and the National Academies of Sciences (NAS),
Engineering, and Medicine (2018) indicated the need for
an interdisciplinary, system-oriented science content
approach in order for graduate Science, Technology,
Engineering, and Mathematics (STEM) education to
remain relevant and dynamic in the 21st century.
The report emphasizes that interdisciplinarity is critical
in graduate education for addressing 21st-century com-
plex issues across disciplines and organizational scales.

Resources that facilitate active learning and interac-
tive peer-to-peer activities are increasingly important for
science education (Azizan et al., 2018; Benè & Bergus,
2014; Roberts, 2018), additionally so when current events
and uncertainty restrict classical teaching methods. The
COVID-19 pandemic is an example of how global disrup-
tion can increase the importance of teaching activities
that are amenable to remote learning. Due to this and the
need for educational frameworks to train future profes-
sionals to confront complex problems and promote resil-
ient societies (Leshner & Scherer, 2018), tapping into
graduate-level expertise to develop undergraduate resil-
ience education may contribute to enhanced skills in
future professionals of both demographics. Students can be
effective peer teachers across disciplines, documented in soci-
ology (Tsui, 2010), economics (Oates & Quandt, 1970), and
medicine (Benè & Bergus, 2014; Lockspeiser et al., 2008;
Soriano et al., 2010). Additionally, graduate students are

currently becoming scholars at a time when interdisciplinary
work and science communication skills are a high priority
(Ban et al., 2015). Peer education also develops key skills
including teaching, writing, public speaking, leadership,
management, and research design (Feldon et al., 2011;
Kuehne et al., 2014).

Ecological resilience theory

A framework with interdisciplinary applications for the
complex, global issues highlighted in the 4DEE and NAS
reports is ecological resilience theory (ERT) (Angeler &
Allen, 2016; Gunderson, 2000). Ecological resilience was
first formally defined within the field of ecology as “a
measure of the persistence of systems and of their ability
to absorb change and disturbance and still maintain the
same relationships between populations or state vari-
ables” (Holling, 1973, p. 14). Ecologist C.S. Holling ini-
tially developed ERT to clarify the distinction between
the resilience (i.e., predictable behavior) of something
engineered to perform specific tasks within a predictable
environment, and resilience (i.e., continuing function) of
a system affected by environmental changes to the extent
that it has to adapt to the unexpected (Holling, 1973).
The use of ERT, the more generic term “resilience,” and
diverse resilience theories has increased substantially in
academic literature over the last few decades (Baggio
et al., 2015; Xu & Marinova, 2013) and resilience is
now defined in multiple ways depending on the system
and problem to which the theory is applied (Lundholm
& Plummer, 2010), including psychological resilience,
social–ecological systems resilience, engineering resilience,
and community resilience (Dubois & Krasny, 2016).

While this has created a rich body of theoretical and
applied scholarship, many definitions of a generic concept
can lead to confusion, particularly upon the first introduc-
tion to the concepts or when working across disciplines
(Walker, 2020). The resources presented in this paper
focus on foundational ERT concepts (ecological resilience,
alternative states, heterogeneity, and scale) and more
recent conceptual developments of ERT (adaptive cycle
and panarchy) that have been applied to problems in
economics, food systems, law, adaptive land manage-
ment, and other disciplines (Gunderson et al., 2022;
Hogan et al., 2021). While current resilience research
displays an increasing focus on the dynamics of earth
systems interactions that influence what is called
“multisystemic resilience,” the resources in this paper
focus on ERT (Holling, 1973) as an older and more
established arm of resilience theories that addresses key
goals and themes in the 4DEE and NAS reports on
undergraduate and graduate science education.

2 of 11 HOGAN ET AL.
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ERT in current ecology textbooks

To the best of our knowledge, content discussing ERT is
highly variable in the 21st-century ecology and STEM
post-secondary experience. A review of nine recent (last
15 years) commonly used undergraduate ecology text-
books that were readily available (Table 1) for the core
ERT concepts of “resilience” and “alternative states”
revealed widely varying levels of mention, discussion,
and definition of resilience and associated terminology
across textbooks. Two textbooks included chapter-level
discussion of ecological resilience and alternative stable
states, and two textbooks each had brief mentions or
chapter sections on either alternative stable states or
resilience, but not both. Additionally, three ecology text-
books defined resilience as the time required for an eco-
logical system to return to its original state following
disturbance, which is sometimes distinguished as engi-
neering resilience in contrast with ecological resilience
(Pimm, 1984). The subtle difference between these defini-
tions centers around the role of time in ecosystem recov-
ery and mechanisms of resilience and requires careful
consideration when elements of resilience theories are
used in research and education. Defining resilience as
either the time needed for a system to recover from dis-
turbance (engineering resilience) or the capacity of a

system to recover from disturbance (ecological resilience)
without the context and awareness of similar definitions
may create a collective misunderstanding by students
and professionals in training and reduce the applicability
of ERT to complex global problems.

Aside from our review of ecology textbooks, other
research reports that ERT does not often feature in cur-
rent college curricula (Day et al., 2020; ElSabry, 2017).
However, it should be noted that there is active research
and practice applying social–ecological resilience con-
cepts in classrooms (Dubois & Krasny, 2016; Fazey, 2010;
Krasny et al., 2009; Lundholm & Plummer, 2010;
Spellman, 2015), which suggests there are opportunities
to leverage lessons, methods, and insight between both
ERT and social–ecological resilience. For example, Fazey
(2010) describes a teaching module called “Sustainable
Societies” derived from many interrelated frameworks
(including a general form of resilience), which was
designed to teach social–ecological “resilience thinking”
to undergraduates. Other classrooms have incorporated
concept maps, computer modeling, and timeline creation
to teach resilience to younger (seventh grade) students
(Spellman, 2015). Despite these efforts, challenges to
incorporating social–ecological and ecological resilience
into classrooms remain, partly due as highlighted in
the 4DEE and NAS reports to the lack of a guiding

TAB L E 1 Recent (within 15 years) ecology textbooks reviewed for the terms “resilience” and “alternative stable states.”

Textbook Edition Authors Year Pages Terms Depth

Ecology: Concepts and
Applications

Eighth Molles Jr 2019 446 Engineering resilience Brief mention (paragraph)

Ecology: The Economy of
Nature

Eighth Ricklefs and Relyea 2018 436 Alternative stable states Brief mention (several
paragraphs)

Ecology Fourth Bowman, Hacker,
and Cain

2017 392 Alternative stable states Chapter section

Ecology: Evolution,
Application, Integration

First Krohne 2015 366 Ecological resilience Brief mention (paragraph)

Landscape Ecology in
Theory and Practice

Second Turner and
Gardner

2015 364 Ecological resilience Definition and brief
mentions throughout

Essentials of Ecology Fourth Begon, Howarth,
and Townsend

2014 275 Engineering resilience Brief mention (paragraph)

Principles of Terrestrial
Ecosystem Ecology

Second Chapin 2011 20 and 339 Alternative stable states
and ecological
resilience

Chapter sections, chapter

Ecology: Global Insights &
Investigations

First Stiling 2011 387 Engineering resilience Brief mention (paragraph)

The Princeton Guide to
Ecology

First Levin, Carpenter,
Godfray, Kinzig,
Loreau, and
Losos

2009 395 Alternative stable states
and ecological
resilience

Chapter

ECOSPHERE 3 of 11
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framework and materials (Ban & Cox, 2017). We there-
fore suggest that creating classroom materials focusing
on core concepts of ERT as both a standalone body of
ecological theory and as a complement to other fields of
study such as social–ecological resilience will provide
opportunities to develop an interdisciplinary, coherent
framework for addressing complex global problems.

To create innovative opportunities for ERT concept
inclusion in college classrooms, we (a group of graduate
students) began the Council for Resilience Education
(CRE) at the University of Nebraska-Lincoln in 2018,
with a mission of developing educational resources on
core concepts of ERT. We developed four free multimedia
educational resources to facilitate innovation in ERT edu-
cation by leveraging wide public access to modern com-
puter technologies and game-based exercises, two of
which are active learning classroom activities grounded
in constructivist pedagogy (Tam, 2000). The resources,
which are aligned with 4DEE objectives in cross-cutting
themes, human–environment interactions, core ecologi-
cal concepts, and ecology practices (Table 2) are (1) con-
tent modules on core resilience concepts (Table 3); (2) a
classroom game with corresponding discussion questions
that illustrate resilience in policy and management
(Table 4); (3) case study modules for deeper classroom
engagement with ERT concepts through role-playing
activities; and (4) a complementary, informal podcast fea-
turing episodes on ERT concepts and interviews with
resilience experts as an example of how pioneer educa-
tional techniques may assist learning and increase

engagement. We designed these products for classroom
use and as a template for educators (including other grad-
uate students) interested in incorporating ERT into their
classrooms who may not have the time or resources to
develop materials themselves.

MULTIMEDIA RESOURCES FOR
TEACHING ECOLOGICAL
RESILIENCE

Traditional online content modules

We developed traditional online content modules for
educators to teach central ERT concepts (Lundholm &
Plummer, 2010) as a supplement to introductory ecology
textbooks. The overarching module objectives are to
(1) provide students with class-appropriate summaries of
core ERT concepts and (2) provide interdisciplinary
examples to help students apply core ERT concepts
across diverse professions. The material presented in the
individual modules aligns with the 4DEE Framework ele-
ments listed in Table 1. There are currently six modules
written at an undergraduate level that correspond with
the terms defined in Table 3. ERT stems from the field of
ecology, but in light of the interdisciplinary themes in the
4DEE and NAS reports, we wrote the modules to also
have utility for classes in social–ecological resilience,
agronomy, land management, economics, historical stud-
ies, public policy, and city planning. We also designed

TAB L E 2 Alignment of ERT educational resources with 4DEE Framework themes, concepts, and practices.

Resource Cross-cutting themes Human–environment interactions Core ecological concepts Ecology practice

Content

modules

4.1-Scales, 4.2-Stability

and change

3-How humans shape and manage

resources/ecosystems/the

environment, urban ecosystems,

urban ecology, urban–rural
gradient

3.4-Stability–resistance–resilience–
disturbance–steady-state–fluctuate

1.2-Making observations

and connections

Jenga game and

discussion

1-Structure and function,

4.2-Stability and change

1.1-Ecosystem services,

3-How humans shape

and manage resources …

3.4-Stability–resistance–resilience–
disturbance–steady-state–
fluctuate, 4.4-Energy flow-productivity

1.2-Making observations

and connections,

1.5-Working collaboratively,

1.6-Communicating and

applying ecology

Case studies 1-Structure and function,

4.2-Stability and change

1.1-Ecosystem services,

2.2-Environmental toxicology:

biomagnification–bioconcentration,
3-How humans shape and

manage resources …

3.4-Stability–resistance–resilience–
disturbance–steady-state–
fluctuate, 4.4-Energy flow-productivity

1.2-Making observations

and connections,

1.5-Working collaboratively,

1.6-Communicating and

applying ecology

WHRA podcast 1-Structure and function,

2-Pathways and

transformations of matter

and energy, 3-Systems,

4.1-Scales, 4.2-Stability

and change

1.1-Ecosystem services,

2.1-Global climate change,

3-How humans shape and

manage resources …

3-Communities, 4-Ecosystems,

7.2-Global climate change

1.2-Making observations

and connections,

2-Fieldwork, 4-Designing

and critiquing investigations,

6-Communicating and

applying ecology

Abbreviations: 4DEE, Four-Dimensional Ecology Education; ERT, ecological resilience theory; WHRA, What the Heck is Resilience, Anyway?
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these modules for students who may benefit from ERT
knowledge but are unable to take a dedicated resilience
course, a particularly relevant attribute of flexibility as
online learning becomes more common (Mayadas
et al., 2009). As mentioned, these modules can be
assigned as homework, but do not require classroom inte-
gration and may also be useful to resource managers,
policymakers, and the public in the future (Van Gerven
et al., 2003).

We worked with an online educator specialist and
ERT faculty input within our university to develop these
modules as a starting point and not as an exhaustive
review of important concepts. Faculty and education staff
throughout the process provided insight into which mod-
ules to develop, appropriate format and elements for
online delivery, and how to draft learning objectives uti-
lizing Bloom’s Taxonomy. The modules follow the
University of Nebraska lesson framework from the Plant

TAB L E 3 Core concepts of ERT, chosen with advice from multiple expert ERT researchers and with consideration of “key concepts”
listed by the Resilience Alliance, a research organization of seminal ERT scholars founded in 1999 (Resilience Alliance 2015).

Core concept Definition Reference(s)

Ecological resilience The amount of disturbance a system (e.g., an ecosystem, economy,
or government) can absorb without undergoing fundamental
structural change or loss of system processes.

Holling (1973), Gunderson (2000)

Alternative stable states Fundamentally different arrangements of a system’s
characteristics, functions, processes, and interrelationships,
which are maintained through different stabilizing feedbacks
with discontinuous shifts between them, that is, they cannot
operate within the same space or time as one another.

Lewontin (1969)

Scale The spatial or temporal dimension of a given phenomenon, which
can provide context for quantifying aspects of ecological, social,
and political systems.

Turner and Gardner (2015)

Heterogeneity Any measure of variability within a system that takes scale into
account.

Fuhlendorf et al. (2017)

Adaptive cycle A conceptual model of complex system behavior over time that
consists of four phases of growth, conservation, release, and
reorganization.

Holling (1992), Gunderson et al. (1995),
Carpenter et al. (2001)

Panarchy A set of multiple nested adaptive cycles that interact across spatial
and temporal scales.

Gunderson and Holling (2002),
Allen et al. (2014)

Abbreviation: ERT, ecological resilience theory.

TAB L E 4 Description of Jenga classroom activity scenarios and rules.

Scenario Description Rule(s)

Obstructive policy Harvest the most yield, but policy and
management constraints limit your actions to
an area that can make the problem worse—
not better

Players may only pull from bottom four layers of the
tower

Policy with little
knowledge of the
system

Harvest the most yield, but lack of knowledge of
the system resulted in policy constraints that
limit actions to randomly generated resource
harvest

Players are assigned a random number each turn and
must pull blocks with that number written on them

Policy to maximize
harvest

Maximize yield and harvest efficiency Players must pull a block with the highest value
written on it

Policy to maximize
return while
minimizing tradeoffs

Maximize yield and harvest efficiency, while
minimizing loss of tower integrity and collapse

Players must pull a high-valued block while also
considering integrity of the tower

Resilience policy for
working lands

Avoid collapse while harvesting as many blocks
as possible

Players must pull a block that protects the integrity of
the tower. Players may not pull blocks from fewer
than two layers apart from one other unless the
tower becomes too small

ECOSPHERE 5 of 11
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and Soil Science eLibrary (PASSeL, 2020), where the
modules are currently housed. The modules entail learn-
ing objectives, concept introduction and definition, util-
ity, real-world application examples, quiz questions,
summary, references and further reading, and a glossary.
The examples, images, and figures chosen to illustrate
concepts feature their application to different disciplines
(Franco & DeLuca, 2019; Roberts, 2018) and use
inspiration from outside traditional disciplines, including
the video game World of Warcraft that implicitly
includes basic resilience concepts within its gameplay
(Blizzard Entertainment, 2022). After initial develop-
ment, construction, and within-group peer review, each
module received feedback from internationally recog-
nized scholarly experts in ERT and external faculty and
subject experts for additional peer review. We solicited
feedback from experts who (1) had publication or public
service records on the topics or application of the content
modules and (2) collectively represented a range of the
sub-fields in which ERT is applied. Specifically, we asked
them to assess if the modules contained ambiguities or
factual inaccuracies, and if the content of the modules
aligned with the module learning objectives. Feedback
was largely positive and led us to revise elements
such as removing unnecessarily technical terms,
expanding on examples relevant across disciplines, and
improving graphics for clarity. The modules were then
transferred online to PASSeL (https://passel2.unl.edu/
view/community/70ffd07aff59), where they are free to
use and can be updated if necessary.

Classroom game and discussion: Jenga

The use of games or interactive “serious play” in class-
rooms (Madani et al., 2017; Rieber et al., 1998) may
enhance student basic reasoning skills (Ramani et al.,
2012), teamwork (Azizan et al., 2018), and cognitive
resources mobilization to solve complex problems
(Montrezor, 2016). Interactively learning concepts can
help students move from relatively passive memorizing
to actively applying new concepts in and outside the
classroom (Franco & DeLuca, 2019).

The game Jenga (Pokonobe Associates, 2016) can be
viewed as a simple perspective of resilience, that is, how
much disturbance a system (the Jenga tower) can absorb
before it collapses (Holling, 1973) or shifts to another
state (Beisner et al., 2003; Lewontin, 1969). In Jenga,
players construct a tower of 54 rectangular wooden
blocks and take turns pulling single blocks from the
tower until there are no more moves or the tower col-
lapses. While a Jenga tower is obviously not capable of
complex ecosystem behavior and process, it can be a

method for students to learn foundational concepts. We
designed a junior-level undergraduate classroom activity
that utilizes the gameplay of Jenga with the goal of devel-
oping a basic understanding of ecological resilience, how
it relates to natural resource management, and how
resilience-based management compares to traditional
yield-focused management strategies. The content and
learning objectives of this activity align with the elements
of the 4DEE Framework listed in Table 1.

The overarching learning objective of this activity is
to illustrate the concept of resilience by contrasting it
with the productivity of a system, such as crop yield.
Yield in this model Jenga system corresponds to numbers
that the educator is instructed to write on each Jenga
block, and ecological resilience is measured by the num-
ber of blocks that could be removed before the collapse of
the tower. The classroom game and activity packet (avail-
able as a free download at https://cre.unl.edu/our-work)
includes learning goals and objectives, educator instruc-
tions, student instructions and handouts, a scoresheet,
Kahoot! Quiz questions, scoresheet, and take-home essay
questions. A separate preformatted Excel spreadsheet is
also available to input student scores and dynamically
graph results to illustrate lesson concepts.

The activity assigns students to five teams with rules
(student handouts) corresponding to five different
real-life policy and decision-making scenarios (Table 4).
Our in-class testing went smoothly with students in
groups of 3–6, but the activity can accommodate variable
group sizes or the addition of more groups, which would
be given the rules for one of the five available scenarios
to follow. Once the activity begins, students take turns
removing blocks from the tower according to their teams’
preset rules, recording on a sheet how many blocks they
remove and how much of the resource they harvest (the
sum of numbers written on the blocks) before the tower
collapses or is dismantled. After all student groups are
done with their games, the results are compiled and
graphed in the preformatted spreadsheet to visually
graph how systems might behave (i.e., persist or collapse)
under different policy and decision-making scenarios.
The activity concludes with a follow-up discussion, quiz
questions, and take-home essay questions to discuss
real-life applications.

We tested this activity twice in junior-level classrooms
of approximately 30 students each. While student feed-
back on the activity was informal, we used this process to
gauge student engagement, connections made and ver-
balized in wrap-up discussions, and student ability to
comment on system resilience and system productivity.
Multiple students reported that the activity helped them
see how resilience is both understood and misunderstood
in society today, and they were able to have group
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discussions on the challenges of managing for resilience
in a real-world complex system. As a result of this infor-
mal pilot testing, we revised elements such as unclear
points in the student instructions and discussion ques-
tions that seemed to capture student learning experiences
more accurately.

We designed this activity to illustrate how a produc-
tive system is not necessarily resilient (Holling, 1973) and
how different definitions of ecological resilience can lead
to different conclusions about a system (Pimm, 1984;
Walker, 2020). During our classroom testing process, we
asked students to rebuild the tower as quickly as possible
following collapse. Jenga towers are often haphazardly
rebuilt during their haste, illustrating how efforts to
make systems “bounce back” can compromise Holling’s
resilience in the future (i.e., the tower more easily
collapses in the next round).

The goal of this albeit simple exercise is to introduce
beginner students to the concept of ecological resilience
and some ways in which it can be unclear or misunder-
stood. We emphasize this in the teacher and student
instructions, the quiz, and the discussion activities within
the classroom packet. Jenga is simple, nonliving, and
nonadaptive, allowing the complexity associated with
resilience to be a key epiphany for students engaging
with the concept in a tactile, physical way. This use of
active learning in a team environment followed our
review of the literature, reporting that students who build
their own knowledge of introduced concepts are encour-
aged to take ownership in their learning process (Allsop
et al., 2020; Honebein, 1996).

Case studies

The National Center for Case Study Teaching in Science
and the Social-Environmental Synthesis Center use case
studies as an active learning method in higher education
(SESYNC, 2021; Wei et al., 2015). By participating in case
studies, students learn how to engage with concepts
through real-world examples while strengthening
collaboration and critical thinking skills (Boehrer &
Linsky, 1990; Herreid & Schiller, 2012). We formatted
case studies as classroom activities that require approxi-
mately 4–6 h of class time and designed for student
groups of 4–6 individuals each. While the learning objec-
tives vary between individual case studies, they were
developed with the overarching goal of using hypotheti-
cal or real-life situations and events to help students
actively understand, apply, and analyze ERT concepts
(Wei et al., 2015). The content of the case studies aligns
with the elements of the 4DEE Framework listed in
Table 1.

Our first case study focuses on the adaptive cycle con-
cept. We created an ecological challenge for students to
solve in the fictional, rural town of Sandville, Nebraska.
The case study features town residents faced with the
proposition of whether to allow the development of a
wind energy farm outside town. After a brief introduction
covering background concepts like the adaptive cycle and
concept mapping, students are assigned to groups with a
unique stakeholder identity. Each stakeholder has a
detailed biography that highlights their personal values
and attitudes toward the development of the wind farm.
The case study culminates in a community town hall
where stakeholders debate the issue and reorganize their
views on the topic as they hear other stakeholders’ per-
spectives. The case study has four sections that reflect
adaptive cycle’s four phases (Figure 1): (1) growth (accu-
mulation of knowledge), (2) conservation (establishment
of stakeholder perspective), (3) release (community
debate), and (4) reorganization (reconciliation of views
and a decision on wind energy policy).

In this case study, students use the concept of the
adaptive cycle to explain how a small town’s economy
can reorganize over time. The adoption of stakeholder
identities that may be wildly different from students’ per-
sonal realities promotes critical thinking (Franco &
DeLuca, 2019). Acting as stakeholders with different per-
spectives and values helps students consider novel view-
points as they try to reconcile them in a mock town hall
discussion, using this conflict to adapt their own perspec-
tives (Lundholm & Plummer, 2010).

While educators using case studies in science class-
rooms overwhelmingly believe case studies help students
more deeply understand materials (Yadav et al., 2007),

F I GURE 1 The adaptive cycle, consisting of four phases: “r”
(exploitation or growth), “K” (conservation), “Ω” (release), and “α”
(reorganization). The diagram border and gridlines represent the

multidimensional space in which a system could occupy any of the

four phases, and do not correspond to a specific variable or set of

variables. Modified from Garmestani et al. (2009).
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challenges of case studies include potentially developing
narrow solutions to problems based on the structure and
perceived limits of a scenario (Ban et al., 2015).
Case studies such as those developed by the CRE may
then provide opportunities either for enhancing student
learning or for assessing the effectiveness of the method
itself (Fazey, 2010). The completed case studies are avail-
able at https://cre.unl.edu/our-work.

A podcast: What the Heck is Resilience,
Anyway?

In addition to informal personal development, podcasts
are emerging as a tool that can be used in formal educa-
tion in-class or online as an assignment in a flipped class-
room model (Birch & Weitkamp, 2010; Hadjianastasis &
Nightingale, 2016). Educators have been encouraged dur-
ing the ongoing COVID-19 pandemic to create podcasts in
their field of study to disseminate their work to wider
audiences, and publications are increasing on the potential
and documented success of podcasts in higher education
fields such as conservation (Strickland et al., 2021), kinesi-
ology (McNamara et al., 2021), medicine (Rodmand &
Trivedi, 2020), nursing and midwifery (O’Connor et al.,
2020), plant pathology (Lim & Swenson, 2021), and sports
management (Johnston et al., 2021). Podcast interviews
have the potential to introduce equity by providing an
alternative to guest lectures who may be restricted to travel
due to financial, personal, or external barriers (internet
connectivity, time zone differences, and pandemic).
Additionally, this may also potentially expand the interdis-
ciplinarity of fields and expertise that students encounter
during their undergraduate education (Gallant, 2021).

We created a podcast titled “What the Heck is
Resilience, Anyway?” (WHRA) to bridge the gap between
resilience experts, educators, and audiences by teaching
ERT in conversational form so students and the public
can learn ERT concepts and application either indepen-
dently or within a structured course (Hadjianastasis &
Nightingale, 2016). While WHRA was created as an infor-
mal supplement to structured classroom learning, it was
designed as an outlet to (1) more broadly make technical
ERT concepts understandable for a general audience and
(2) interview resilience theory experts and practitioners
about their work.

WHRA is hosted by CRE graduate students and has
two types of episodes, conceptual episodes and interview
episodes. Conceptual episodes introduce a resilience con-
cept such as alternative stable state theory (Episode 2:
Close encounters with alternative stable states) or the adap-
tive cycle (Episode 3: Riding the highs and lows of the
adaptive cycle) and discuss its origins and current

research. Interview episodes involve conversations with
experts in resilience theory and resource managers who
apply resilience concepts in their work practices. Like the
conceptual episodes, interviews are conversational, with
pre-developed questions available. Most questions are
specially prepared for the expertise of each interviewee,
with a couple of consistent introductory questions across
interviews. Interviewees are invited to show how ERT is
applied in different contexts and have included Dr Elena
Bennett (McGill University Professor and Canada
Research Chair in Sustainability Science) and Chris
Helzer (Director of Science for The Nature Conservancy
in Nebraska). Podcast episodes average 56 min long and
conclude with “Resilience in the News,” where the two
hosts give examples of the concept being used in popular
media sources.

The episodes of this podcast can be found online at
https://cre.unl.edu/our-work, https://soundcloud.com/
whra, and are available through Apple Podcasts, Spotify,
and other common podcasting platforms. As of 2022, our
episodes have reached over 1276 downloads in 28 differ-
ent countries.

DISCUSSION

For undergraduate audiences, we intend the dissemina-
tion of these resources to facilitate interdisciplinary
innovation and diverse perspective formation through
exposure to new concepts and encouraging active learn-
ing via personal and group construction of knowledge.
We believe exposure and debate of theories and frame-
works may help future professionals apply ERT to global
complex problems, and hope that diverse experts and
researchers contributing their expertise will increase
application and relevance outside ecology classrooms.
We ask other researchers (including graduate students)
interested in ERT and broader elements of resilience to
consider creating new branches and expand our
student-led CRE to address and share key research ques-
tions and problems within their expertise and culture
(Ban et al., 2015). Graduate students and researchers are
encouraged to use our materials to guide the develop-
ment of their own examples, resources, and lesson plans.
The resources discussed here are intended to help
researchers and graduate students teach ERT concepts;
practice science communication and education skills;
and engage and collaborate with peers. While we encour-
age graduate student initiative and leadership (Frieze &
Blum, 2002), we acknowledge the vital role of mentorship
from experts who study ERT or supervise interested stu-
dents (Kuehne et al., 2014). Their support is critical in
this endeavor.
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Collaborative, constructive learning networks provide
unique opportunities for addressing complex, global
problems of the 21st century. We acknowledge our limi-
tations as a group predominantly from the fields of ecol-
ogy and natural resources, from the United States, and
only producing materials in English. This can potentially
create intellectual homogeneity, a limitation we plan to
remedy through the development of geographically and
topically varying extensions of the CRE (Tapanes
et al., 2009). For example, CRE has Spanish speakers
who have begun translating the content modules to pro-
vide another language for viewers. Additionally, as a
largely student-lead initiative, it is difficult to plan for fur-
ther additions and revisions to the current resources in
the long term. To provide a more central forum through
which to add any new materials, make updates, or accept
feedback, static versions of all resources presented here
(with the exception of the podcast) are available in a public
repository from the corresponding author (Hogan, 2022).
The description of the repository includes contact informa-
tion for the corresponding author and a link to a Google
form through which readers and users can submit anony-
mous feedback about the available resources.

Our materials are intended for a broad undergraduate
student body, but reaching younger audiences may be even
more fruitful for transforming research, decision-making,
and career futures (Cost, 2015). We hope these resources
empower researchers and other graduate students to take
new ownership of their careers and advance resilience edu-
cation in innovative and diverse ways that may benefit
society.
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