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An ecological framework is often used to describe the context for learning in
educational research and practice. However, there is often a focus on descriptive
aspects that frame the ecosystem as a complicated set of interconnected elements
—but not a true complex problem. Acknowledging connections between ecosystem elements is not enough to affect the systemic change that the wicked problem
of education requires. In this paper, we argue for moving toward a more robust
framework that takes seriously the notion of learning happening via relational
processes between system elements, and looks more deeply at the ways in which
those dynamic elements are interacting in complex, multiscalar ways. We promote
drawing more heavily from ecologists’ understanding of biological systems, particularly the application of concepts drawn from adaptive management strategies
used in the field of restoration ecology. We present an argument to decentre our
field’s typical focus on individual youth, just as ecologists have moved biology
away from an emphasis on individual organisms. We postulate that decentring
youth enables new ways of thinking about learning ecosystem design and management. We then explore three specific concepts used in adaptive management in
ecology: ecotones, keystone and indicator species, and disturbance and resilience.

An ecological framework is often used to describe the context for youth learning
and development in educational research (Akiva, Kehoe, & Schunn, 2016;
Bevan, 2016) and educational practice (Krishnamurthi, 2014; Poon, 2017).
The framework is grounded in an understanding that learning relies on what
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Barron (2006) called ‘critical interdependencies across contexts’ (p. 195). It is
important to recognize the idea that learning experiences are best seen as
connected across place and time, and that education can happen in a range of
contexts in and out of schools. The idea of the ecosystem, which has often been
used as an analogy, has been instrumental in helping to spread and shape these
ideas.
In this paper, we argue for moving toward the use of a more robust
framework that takes seriously the notion of learning happening via relational processes between system elements, and looks more deeply at the
ways in which those dynamic elements are interacting in complex ways.
By relational we mean that these processes reflect interactions between and
among various elements of the learning ecosystem. Specifically, we promote
the use of a learning ecosystem framework that draws more heavily from
ecologists’ understanding of biological systems, particularly the application
of concepts drawn from adaptive management strategies used in the field of
restoration ecology. This expanded framework could help inform the management of learning ecosystems that create interrelated elements that support
overall learning ecosystem health and resilience (Falk et al., 2015). Our goal
in writing this paper is not to unpack every potential concept from restoration ecology that might be used for learning ecosystem management. Instead,
we are focused on a subset of ideas that we think resonate most strongly with
current work on learning ecosystems. We propose enriching the concept of
learning ecosystems by examining the vocabulary we use for elements of the
system, reconsidering how we think about relationships between elements of
the system, and refining approaches for describing and interpreting learning
ecosystem function at different scales.
This paper is divided into two sections. The first section examines how the
learning ecosystem framework is currently applied across a variety of learning
settings, and proposes two conceptual moves to make further use of the framework: viewing learning ecosystems as complex systems rather than merely
complicated and using scalar thinking as a tool for approaching this complexity.
The second section focuses on extending the learning ecosystem framework by
drawing upon ideas of adaptive management from the field of restoration
ecology. We open with an explanation for why using the language and concepts
of adaptive management might be a fruitful approach. We present an argument
to decentre our field’s typical focus on individual youth, just as ecologists have
moved biology away from an emphasis on individual organisms toward a truly
systemic view. We postulate that decentring youth enables new ways of thinking
about learning ecosystem design and management. We then explore three
specific concepts used in adaptive management in ecology:
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● How might attention to ecosystem boundaries and ecotones support learning?
● How might we identify where to monitor and invest resources by considering

“indicator species” and “keystone species” in a learning ecosystem?
● How might we better support resilience of systems by accepting constant

change and preparing for natural disturbance?

LEARNING ECOSYSTEMS AS A LENS
Current Application of the Framework
Efforts to explain the complexity of interactions between home, school, and community have been popularized by Bronfenbrenner’s model of human ecology
(1979). Bronfenbrenner’s work brought about an important shift in psychology,
drawing attention to the idea that individuals do not exist in isolation and instead are
influenced by nearby elements, such as the home, and farther away elements, such
as societal factors. The notion of how human ecology influences learning and
development was refined over subsequent decades to explore learning that occurs
outside of traditional classroom spaces.
Barron (2006) refined this framework by defining a learning ecology as “the set
of contexts found in physical or virtual spaces that provide opportunities for
learning.” (p. 195). The National Research Council (2015) defines a learning
ecosystem as: “the dynamic interaction among individual learners, diverse settings
where learning occurs, and the community and culture in which they are
embedded.” (p. 5). Elements of this learning ecosystem include people (youth,
family, educators, funders, etc.); places (schools, libraries, community centres,
museums, hospitals, etc.); activities/resources (internships, programs, curricula,
books, internet); and intangibles (politics, social services, the history of education
in a community, culture). Note that in this paper, we will use the phrase learning
ecosystem instead of learning ecology in order to emphasize our focus on systems.
The idea of a learning ecosystem helps to frame the multilayered complexity of how
learning occurs across different participants, settings, and times.
The learning ecosystem framework is now used ubiquitously across many
different learning settings. It has been used to frame the impact of the physical
space on learning, including the need for purposeful design (Herzog, 2007) and
the need to consider places other than schools as learning spaces, such as
libraries (Rettig, 2009), museums (Salazar-Porzio, 2015), and other communitybased and informal learning settings (Russell, Knutson, & Crowley, 2013). The
ecosystem framework has also been used to help characterize the kinds of
virtual spaces that learners engage in (Berglund, 2009; Folkestad & Banning,
2010), as well as how those virtual spaces connected with bricks and mortar
classrooms (Herro, 2016; Lin, 2011). Use of an ecological framework can be
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seen in writings about the practice of distance learning (Miller & Husmann,
1996), and the need to be attentive to “digital divides” (Henning, Van der
Westhuizen, & Diseko, 2005). The importance of connecting learning opportunities for youth is also an application of learning ecosystem analogies (Corin,
Jones, Andre, Childers, & Stevens, 2017). The ecosystem framework has been
used to draw connections between traditional classrooms and their communities
in both preK-12 (Cekaite & Evaldsson, 2017) and higher education (Damsa &
Jornet, 2016) settings. Recognizing this connection across the formal/informal
educational sectors can surface issues of equity and justice in education by
highlighting the ways in which home and community culture offer unique
perspectives that can support learning (Gutiérrez, Bien, Selland, & Pierce,
2011), but may also reveal contextual challenges facing some youth as they
engage in academic pursuits (Lee, 2017).
However, even when there is a strong emphasis on the complexity of learning
environments, as in Barron’s foundational work and myriad other pieces that use an
ecosystem lens—including those focused on equity, such as Carol D. Lee’s powerful call in her AERA 2010 address to look at interdependence across contexts
(2010)—many authors, including ourselves, have often reverted to a less complex
focus on individual learning experiences within the ecosystem, rather than exploring systemic, relational patterns. The current use of learning ecosystems is often by
analogy and often portrayed in static, simple terms, rather than with the dynamic,
complexity of biological systems (Falk & Dierking, 2018).

Not Just Complicated, but Complex
Educational improvement is a “wicked problem”—it is chronic, complex, unlikely to be solved via linear solutions, and may benefit from collaborative and
iterative refinement (Gomez, Russell, Bryk, Lemahieu, & Mejia, 2016). Recognizing this complexity means that we must accept that simple causal explanations for challenges in the educational system will not suffice (Jacobson, Levin,
& Kapur, 2019). Problems like this require attention to the “collective impact”
of multiple players within the learning ecosystem (Kania & Kramer, 2011).
Lemke and Sabelli (2008) called for educational research that draws on models
of complex dynamic systems. The field of restoration ecology, which uses
adaptive management approaches, can provide one such model.
Currently, the descriptive aspects of the learning ecosystem framework often
point to a view of the ecosystem as a complicated set of interconnected elements
—but not a true complex system. However, if educational systems were merely
complicated then surely policymakers, researchers, and practitioners would have
been able to identify replicable approaches to solving educational challenges. The
reason these challenges persist is because learning ecosystems are complex—by
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which we mean they are dynamic, non-linear, and unpredictable (Yoon, 2011);
they are continually undergoing changes that amount to more than the sum of
their parts (Johnson, 2008). Therefore, we cannot expect, as we might with
a complicated problem, to come up with a set of instructions to solve educational
problems and expect them to remain solved, nor can we easily replicate these
efforts across space and time effectively (Snyder, 2013). The complexity of
learning ecosystems is why merely acknowledging connections between ecosystem elements is not enough to affect the kind of systemic change that the wicked
problem of education requires. Given this complexity, we do not believe the
ecosystem framework is doing all the work that it could do for the field.
By taking a deeper look and exploring the dynamic processes of learning
ecosystems, we may be better able to manage systems that offer more equitable
lifelong and lifewide learning opportunities (Falk & Dierking, 2018). In particular,
we propose using dynamic relational processes as the unit of analysis. By relational
processes, we mean interactions between and among elements of the learning
ecosystem including but not limited to youth, educators, families, and the material
elements they engage with, such as classroom spaces or nonhuman nature. These
relational processes can be observed as robust episodes of interaction, such as the
verbal exchange of ideas between students in a classroom or a learner’s connection
to scientific content through the physical manifestation of phenomena, such as
stormwater flow in a rainstorm. The ecosystem actor that we call “learner” or
“student” necessarily exists only in relation to these other elements of the system;
without these elements, there is no nameable entity of “learner”. Therefore, we
propose focusing on those relational processes and shifting the unit of analysis from
learning as an individual outcome to learning as a process that exists because of the
interactions between learning ecosystem actors.
The concept of relational processes is used in a number of fields. They are the
focus of new materialist philosophy which draws upon physics to illustrate how even
at the atomic and subatomic levels, relational processes inform action and agency
(Barad, 2007; Fox & Alldred, 2018). A rejection of the distinction between subject
and object in favor of an emphasis on relational processes between entities is also
used in practice theory (Spaargaren, Weenink, & Lamers, 2016) and network theory,
where the concept of relationality is described as one where “entities have no essence
in themselves, but their properties and boundaries are formed and shaped through
their relations to other elements” (Vicsek, Király, & Kónya, 2016, p. 79).
Applying the lens of relational processes to learning ecosystems requires
moving away from thinking of the ecosystem as a complicated set of interconnected pieces and toward thinking of the ecosystem as a complex with
elements that exist through their relationship with each other. This way of
thinking is at the essence of ecology, which moved the biological sciences
away from a focus on individual organisms and toward exploration of the
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interactions of living and nonliving components within systems (Horton, 2018).
Applying this conceptual lens to learning mirrors how sociocultural theories
acknowledge the importance of culture on individual learning (Gutiérrez &
Rogoff, 2003). It extends this frame by considering the relational processes
between a greater range of elements in the system, including nonhuman nature
and place (McKenzie & Tuck, 2015). Using ecological thinking changes the
way we see the ecosystem itself: it is no longer a collection of participants and
learning places with separate essences that need to be connected for individual
children. Instead, the learning ecosystem emerges as a constellation of intertwined and entangled elements, where learning happens through dynamic relational processes among the people, places, and stuff we find across/within/
between school and out-of-school places.

Not Just Scaling Up, but Thinking across Scales
In an article examining the intersection of educational research and design,
Penuel, Fishman, Haugan Cheng, and Sabelli (2011) reflect that: “An enduring
goal of research in education has been to identify programs that can reliably
work in a wide variety of settings so that such programs can be scaled up to
improve system-level outcomes.” (p. 331). Often, when we talk about scale in
the field of education, scale is raised in reference to improvement—to take what
we see working in one program, one classroom, and bring it to scale. However,
we know from policy analysis, that scaling up educational interventions is often
less effective than the original application of the idea. Part of what is missing
from the notion of scaling is that the focus can be on the unidimensional aspect
of simply increasing numbers, when in fact a multidimensional approach would
be more effective given the complex nature of the system (Coburn, 2003).
Scaling up in educational systems gets even more troubled when we
acknowledge that only a small portion of our days are spent within formal,
school-based learning environments. Even during the years of formal schooling,
children have something like 80% of their potential learning time outside of
classroom settings (Banks et al., 2007). This expansion of the scale of learning
opportunities across an individual’s life makes replication more complicated. Is
success in a maker program at a library tied to the place “library”? Or is the
success due to the relationship between educator and youth, which might allow
the program to be replicated at a faith-based institution where equally strong
relationships are fostered? The franchise model for replication, which struggles
to be effective in schools, completely falls apart within the complexity of out-ofschool learning and a broader learning ecosystem. Cohen and Garcia (2014)
write, “Nearly all interventions that affect important outcomes are faced with the
question ‘How can it be disseminated on a wide scale?’ … Instead one should
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ask ‘Who can it help, and when and where can it help them?’” (p. 17).
Reframing dissemination in this way recognizes the complex nature of educational interventions and the need for more localized and adaptive approaches.
Here is where applying ecological thinking to the notion of scaling can help.
Ecology is a science of case studies—and the complexity of systems means that
no two cases will ever be the same (Code, 2006). Therefore, the notion of
replication with high fidelity to the original must be put to the side. Instead, we
ought to accept local variation and pursue adaptive strategies, which are commonly used in restoration ecology and rely on ongoing monitoring and iterative
changes (Society for Ecological Restoration, 2016). This type of approach can
be seen in some educational work. For example, some Networked Improvement
Communities have begun looking at the adaptive integration of ideas from one
setting to another (Bryk, 2015; Cannata, Cohen-Vogel, & Sorum, 2017). Moving
these approaches beyond school systems to learning ecosystems that include the
full range of learning settings is an important next step toward building equity.
However, even with adaptive approaches, we can be lured into thinking of scale
as trying to make things bigger. But the scale is about a shift in perspective,
rather than just a shift in size.
We know from biology that form, function, and size are inextricably linked. The
early evolutionary biologist and scientist, JBS Haldane, addressed the challenge of
scalar shifts in his essay “On Being the Right Size”. In the essay, Haldane (1926)
contends that an animal’s size proffers different specific forms that allow for
different functions. This structural scale variance, or the difference in functionality
across scales (Roberts, 2016), is important to attend to. Biological ecosystems exist
at multiple scales—from microscopic systems in the soil to forests that extend for
hundreds of miles. They are also nested, with smaller ecosystems situated “inside”
of larger ecosystems. The analog of this is when we consider a school classroom or
an out-of-school program as a learning ecosystem unto itself that is nested within
a larger regional learning ecosystem. The youth we are hoping to reach move across
these nested ecosystems—from their classroom to their community to the regional
network of learning opportunities. At each scale, there are elements that interact,
supporting the flow of energy and ideas and opportunities for learning.
What does this mean for applying a learning ecosystem framework to
education? Importantly, the relative sizes of nested systems do not require
subordination of the smaller to the larger. While each system interacts with
other systems, the smaller system may actually influence the larger system as
much as the reverse occurrence1 For example, a microbial soil ecosystem is not

1
Here we use smaller and larger to designate the perceived spatial relationship between say
a classroom and a school. However, we also recognize that these relative terms serve to conceptually
obscure the scalar differences of these different components of a system..
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subordinate to a massive forest ecosystem. In fact, in many ways soil drives the
health of the forest system that it is nested within. We might also find that each
system operates independently of systems that it is nested within or that are
nested within it (Simon, 1996).
When we view a classroom or program in this light, perhaps that changes
how we approach educational management. We might open up ways to consider
multilateral interactions across scales and how these influence management
techniques at the systems' level, instead of focusing on how larger systems
impact individuals within the system. While researchers must draw system
boundaries to aid in understanding, these boundaries are naturally porous and
relational process and interactions work across scales in ways that can be
difficult to parse out (Horton, 2018). To understand learning ecosystems, then,
we need to push ourselves to think in multiscalar ways because the very nature
of ecosystems is that they exist at both micro and macro scales in nested, but
nonhierarchical, structures.

FROM ANALOGY TO FRAMEWORK
Drawing on Adaptive Management
Barron (2006) has suggested the potential for using the learning ecosystem
framework as a design tool. The intentional design and management of robust
learning ecosystems, in partnership with communities and both formal and
informal educational institutions, is critical for fostering connected in- and outof-school learning experiences. These experiences are too often only possible
for more affluent members of our society because they often require fees or
transportation that may be barriers for some (Falk & Dierking, 2018; Penuel,
Lee, & Bevan, 2014). A next step in extending the learning ecosystem framework is to look beyond mere identification of elements of the system and toward
the analysis of both structure and function of learning ecosystems (Falk &
Dierking, 2018; Falk et al., 2015).
We argue that to effectively use this ecological framework for design and
management, we might look more closely at the ways that ecologists have
attempted to exert influence on biological ecosystems through the adaptive
management strategies used in the field of restoration ecology. Ecologists use
their ever-developing understanding of ecosystem forms and functions as tools
for ecological management, from urban green spaces to national parks. We have
chosen to focus on these overtly human-influenced ecosystems rather than on
so-called “wild” ecosystems because we recognize that humans are constituent
parts of all ecosystems—whether biological or learning. We therefore inevitably
influence ecosystem health, sometimes purposefully, oftentimes inadvertently.

UNPACKING THE LEARNING ECOSYSTEMS FRAMEWORK

9

What might we learn from adaptive management strategies in restoration ecology that could be applied to the management of learning ecosystems in ways that
could support healthier and more equitable ecosystem function? First, we begin by
considering a fundamental element of ecosystems: they are defined by interrelationships between elements rather than individual actions. We then turn to the potential
application of three concepts drawn from the adaptive management of landscapes:
first we explore the role of boundaries and ecotones; then we consider measures of
ecosystem health and suggest the use of keystone and indicator species; and finally,
we consider the significance of disturbance and resilience.

Decentring Individual Learners
From Bronfenbrenner on, models of human ecology and learning ecosystems
have often been represented visually with an individual at the center of the
system, where impacts from the environmental context exert force on the
individual, often depicted as a child (see Figure 1). This representation of
learning ecosystems can be found in educational literature that connects school

FIGURE 1 Images, clockwise, taken from websites for Afterschool Alliance (2014), U.S.
Department of Education (2015), STEM Ecosystems (n.d.), and National Research Council of the
National Academies (2015).
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systems with informal, out-of-school learning (Bevan, 2016), and has also been
used to describe domain-specific learning, such as STEM education (National
Research Council of the National Academies, 2015). These diagrams work in
the sense that they convey that no single influence accounts for learning and
development. However, this persistent focus on youth as the center of the
learning ecosystem undermines the potency of the ecosystem framework. It
perpetuates the idea that learning happens at the individual level and that
systemic inequity can be addressed by supporting opportunities for individuals.
Unlike in these diagrams, an ecosystem has no center. All elements of
a system are influencers of and are influenced by their context; elements of an
ecosystem can never be fully teased apart. For example, it is widely accepted in
ecology that trees have important functional relationships with fungi, called
mycorrhizae, which grow on tree roots. These fungi have been used to help
characterize the expansive nature of complex systems (Engeström, 2007). In
forest ecology, the relationship between mycorrhizae and trees is thought to
support more than just the individual tree, and instead supports ecosystem
function across multiple plants and mycorrhizal species (Ferlian et al., 2018).
In fact, the very existence of individual organisms and “essential identity”
has been called into question by ecofeminist theorists such as Haraway (2016)
and by biologists, some of whom are using the term “holobiont” to describe the
complex and persistent interrelationships between species (Gilbert, Sapp, &
Tauber, 2012). This integration occurs across kingdoms, where bacteria and
eukaryotes, including plants and animals, exist together in functional units. This
has been shown to occur in humans, wherein bacteria inform critical functions
and are part of an ecosystem housed within the human body. This emerging
understanding suggests that we not only currently coexist with bacteria but have
actually evolved in response to our connection with them (McFall-Ngai et al.,
2013). We and the hundreds of species of bacteria in our gut are long-term
partners; we are holobionts (Gilbert et al., 2012).
Similarly, individual children are not only influenced by elements of the
learning ecosystem—they are inextricably connected to and part of those elements in ways that we are only beginning to understand. What might
a decentring of the individual—a rejection of the notion of an individual learner
as a unit of analysis—open up in terms of learning ecosystem management
strategies? Sociocultural views on human learning and behavior have long
argued that an exclusive focus on individuals, or even groups of individuals,
fail to recognize and account for larger cultural practices that co-evolve with and
co-create learning and development (Gutiérrez & Rogoff, 2003). The learning
ecosystem framework, when tied more closely to ecological concepts, supports
this approach to thinking about educational experiences in the context of
a complex, integrated system. The functional unit for learning could, therefore,
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be made up of the relational processes between youth, parents, and educators in
both schools and out-of-school settings, as well as the material elements of these
spaces, ranging from pencils in classrooms to trees in landscapes. These forces
do not revolve around an individual child as a learner—they are part of the child
and the child is part of them because the child as a “learner” can only exist in
relation to other learning ecosystem elements.

Attending to Boundary Crossings and Ecotones
Recognizing that functional units of learning ecosystems operate within and
across scales pushes us to consider how the boundaries between scales are
crossed by energy, ideas, etc. For example, interest in science may be initiated
in an out-of-school learning experience at a museum, be supported by a family
member’s parallel interest in the subject, and then get deepened through exposure to content in a school classroom (Crowley & Jacobs, 2002). Each of these
learning moments is linked through the individual youth that is experiencing
them, but they are typically depicted as distinct from one another in the learning
ecosystem itself, with specific boundaries that are crossed by the youth.
However, we know from biological ecosystems that boundaries between different elements of the system can be fluid transition spaces, called ecotones, that have
their own form and function. Transition spaces like this can be important spaces to
monitor and manage because of the role they can play in supporting the health of
adjacent systems. For example, the ecotone between a woodland and a river is
a transition space that is called a riparian zone. The riparian zone provides an
important buffer during rain events, filtering excess nutrients and pollution from
water that is draining down and across the land; riparian areas also absorb rising
waters from the river itself (Ricklefs & Miller, 2000). This ecotone’s position
between the two systems helps to support them both—it helps regulate water
quality and quantity in the river and it reduces erosion and degradation on the
land. Therefore, the riparian zone can become a tool for ecosystem management
that can help to improve other systems that are adjacent to it.
What do transitional boundary zones in a learning ecosystem look like? One
example of an ecotone at the scale of a school or program is the space just outside of
a school or program building. Although youth may not be engaged in a formal
learning activity in this space, the space still serves as both the introduction and
coda for learning during the school day or program experience. How does passage
through this ecotone inform a learner’s engagement with education once they enter
the building? How might it reinforce what has already been learned?
An ecotone like this also interacts with the social geographies that youth
move through. For example, a youth may be interested in participating in
a museum summer program. Even if transportation or cost are eliminated as
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barriers to participation, there may still be sociocultural factors, such as
a museum’s location in a neighborhood that may be unwelcoming for youth
or a youth’s perception that the museum itself is not welcoming (Dawson,
2014). This kind of transition—from one cultural space to another—is also an
ecotone that should be considered in learning ecosystems.
Attending to ecotones could help promote successful learning pathways,
which have been shown to be an important component for long-term interest
and identity development (Azevedo, 2013; Crowley, Barron, Knutson, & Martin, 2015; Hecht, Knutson, & Crowley, 2019). For example, what is the ecotone
between school and out of school? Is it home? Peer groups? Community? All of
these? How might care and attention to ecotones support healthier elements that
enable learning throughout a regional learning ecosystem? Opportunities for
learning moments should not be reserved for the classroom or program. Educators could be trained and supported to encourage ecotone interactions across and
between school/out of school experiences. And deliberate management of ecotone spaces could help support learning goals.

Managing and Monitoring for Ecosystem Health
We propose using the ecological concept of keystone species as a management tool.
Keystone species are identified by their strong impact on the flow of energy and
matter (the trophic cascade) of an ecosystem. They are drivers of ecosystem health,
potentially impacting many other species across the system. Examples of keystone
species in biological systems vary in size, but top predators such as wolves in
Yellowstone are often used as common examples. By reintroducing this keystone
species into the ecosystem, the wolf helps to stabilize the system overall by hunting
and eating grazers, which thereby reduces pressure on plant material. Of course, the
keystone also relies on other ecosystem elements, but overall, their presence has
a strong influence on improving habitat and health for species throughout the
system, sometimes directly and sometimes indirectly (Ripple & Beschta, 2004).
We hypothesize that, at the program scale, well-trained, caring, knowledgeable,
and connected educators can function as a keystone. When we invest in the
development and professionalization of educators and educational leaders, benefits
for youth learning radiate through the system. Here, we mean more than just
teachers; we mean the full range of adults, in and out of school, who interact with
youth as part of the larger system. While school-based teachers may struggle to
receive fair compensation and meaningful professional development, out of school
educators are even less professionalized and have fewer training opportunities
(Yohalem & Pittman, 2006). To support a healthy ecosystem, we must make
investments in educators working throughout the system.
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By using the concept of keystones as the focus for resource allocation, we
ought to be able to attend to the elements are that are driving the flow of energy
and matter through the learning ecosystem. At the regional scale, we might think
of intermediary organizations as the keystones of the learning ecosystem. When
these organizations are well supported, they are key to building capacity in
learning ecosystems (Penuel et al., 2011). This kind of “trophic cascade” of
energy from the intermediaries to the program providers to the youth means that
we can make focused investments of time and energy in intermediaries and
should see benefits at relatively distal points.
So where does that leave youth? Maybe we consider youth as indicators
which tell us something about the health of an ecosystem. For example, in
biological ecosystems, some species, such as the mayfly, are only found when
there is little pollution. Therefore, the presence or absence of mayflies in small
streams can be used by ecologists as indicators of healthy water quality
(Hodkinson & Jackson, 2005). However, an ecologist who is working to
achieve healthy water quality is more likely to focus on preventing pollution
at the watershed scale than on specific micro-interventions for improving
mayfly habitat. They understand that the reduction of pollution is an indirect
but effective tool for habitat improvement overall and will look to the mayfly
as a sign that their intervention upstream is working.
Just like with the mayfly in a small stream, when youth are thriving, interested,
and learning in a classroom, neighborhood, or informal learning program, we
know the system is healthy. When they are struggling, we know the system is not
healthy. Seeing learners as indicators could allow educational researchers to focus
on youth as critical barometers of ecosystem health, while shifting energy away
from creating interventions that target youth outcomes. The reorientation could
promote more “upstream” approaches to improving a learning ecosystem, such as
creating more opportunities for young children to develop interest during informal
learning activities, stronger brokering of opportunities by educators and parents,
and greater alignment between in and out of school experiences.
The idea of indicator species can be applied at a larger scale as well. At
a regional scale, we might view educational organizations, e.g., schools, community groups, museums, as indicator species. The presence of well-functioning
educational organizations can provide a good measure of the health of the regional
learning ecosystem overall. However, overemphasis on investing in individual
organizational success can undermine resource allocation across the system.
Instead, we could look upstream for other points of intervention that allow for
strategic resource allocation—of human, social, and financial capital—that can
effectively support the health of the ecosystem overall. In a learning ecosystem,
therefore, we might use keystones to guide resource allocation and indicators to
help measure impacts.
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Disturbance and Resilience
Ecosystems are constantly changing and shifting, whether they are biological
ecosystems or learning ecosystems. As with other complex management endeavors, we must avoid prescriptive outcomes that do not account for the system’s
dynamic nature (Simon, 1996). Instead, when working with learning ecosystems, we could adhere to the notion of adaptive management, which is both
flexible and responsive (Groom, Meffe, & Carroll, 2006; Society for Ecological
Restoration, 2016). Adaptive management recognizes that there while there may
be constant elements within the system (e.g., students go to school from
kindergarten through 12th grade) there is also abundant and constant change
within the system that cannot be controlled (Spillane, Gomez, & Mesler, 2009).
One of the forces for dynamic change in a biological ecosystem is natural
disturbance. While these disturbances seem destructive on the surface, they also
serve to open up opportunities. Natural disturbances may be relatively small,
such as a mature tree that falls and thereby opens up space in the forest canopy
letting in light and allowing new plants to grow and thrive. There are also large
natural disturbances, such as a hurricane or wildfire, that may do extensive
damage to a system, completely reshaping major landscape features such as
landforms and river pathways. Whether large or small, a biological ecosystem’s
ability to rebound from natural disturbance and maintain overall health is often
a measure of what is called its resilience (Society for Ecological Restoration,
2016). So, what do we know about natural disturbance and resilience in biological ecosystems that we might apply to learning ecosystems?
For one—disturbance is not bad. In fact, it is a necessary force in dynamic
systems, allowing for new species to find space for growth. In a learning
ecosystem, we might see new ideas flourishing after the natural disturbance of
a leadership change. A natural disturbance like this might also reveal weaknesses in the system. If the school or organization does not rebound, or is not
resilient, what is fundamentally problematic in the system? Using an ecological
frame forces us to look beyond the individual leader—again, we are decentring
individuals here—and toward systemic reasons why the natural disturbance may
have been problematic. In the case of leadership change, the challenge for
resilience maybe that support staff within the organization werenot empowered
to make decisions and therefore are not able to function when the leader shifts.
An organization that has spread responsibility and control to actors throughout is
more likely to be resilient when leadership changes (Hargreaves & Fink, 2004).
Secondly, local distinctions matter. Each type of biological ecosystem has its
own type of natural disturbance. For example, fire is a primary natural disturbance
in forests in the Western US, whereas wind burst might be more typical for
a forest in the Appalachian region. Species and ecosystems adapt to these specific
disturbances. When ecologists recognize what the natural disturbance is, they can
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use that to inform management decisions that can support resilience in the system
when the disturbance inevitably comes. For example, if a hurricane is a likely
disturbance, an ecologist might recommend building up and supporting dunes that
help to protect the land from storm surges. Similarly, we might define different
types of learning ecosystems, such as a STEM ecosystem or an out-of-school arts
ecosystem. These different systems are also likely to have different potential
disturbances. For example, a STEM ecosystem is likely to include schools,
which are affected by the disturbance of governmental policy changes. In contrast,
an out-of-school arts ecosystem may be more likely to need to weather a change
in philanthropic funding as a disturbance.
Understanding local conditions, and the likely coincident natural disturbance,
is critical for supporting the resilience of learning ecosystems. Learning ecosystems are shaped by the capacity of local actors, sociocultural history of the
community, and more. Therefore, management of local learning ecosystems
must take local conditions into account. This can help education leaders to
better anticipate the specific types of natural disturbance that may occur and
support efforts for planning and responsiveness. If you know that a hurricane is
coming, you might choose to evacuate. If you know that you have a shortage of
well-trained out-of-school educators, you might work to improve systems for
recruitment, training, and retention. Defining what a thriving, resilient learning
ecosystem looks like holds implications for adaptive management of that system. Two key components for supporting resilient learning ecosystems, therefore, are (1) accepting that natural disturbance will occur and (2) being attuned
to the ways that these disturbances are locally contingent.

CONCLUSION
When we recently asked a program officer from a large regional foundation
about their goals for educational funding in the coming years, they responded
that they wanted to support a “more networked ecosystem” for learning. This
vision of a high functioning ecosystem that supports and connects learning
across formal and informal spaces has become a kind of holy grail for what it
will take to manage more effective and equitable educational experiences for
youth. In fact, the phrase learning ecosystem has become so embedded in talk
amongst educational funders, providers, and researchers that the program officer
provided no explanation of what they meant by a “more networked ecosystem”,
and we nodded in assent—of course, this should be a goal.
However, unpacking the learning ecosystem framework reveals ever-deepening
layers of complexity. In this article, we began by arguing for the importance of
considering learning ecosystems as complex and multiscalar. We also called for
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decentring and recasting youth from lead actors to players in an interactive system.
We believe this shift could help us manage learning ecosystems in ways that move
beyond creating opportunities for individuals and toward supporting the relational
process that supports overall learning ecosystem health and resilience. By emphasizing these relational processes, the learning ecosystem framework can support
efforts to shift away from policies and practices that rely on the myth of individual
meritocracy and toward those policies and practices that can begin to address more
systemic causes of inequity and injustice.
For practitioners and policymakers, the decentring of individual learners opens up
a dialogue about how learners are interconnected with the people, places, and stuff
that they interact with in learning ecosystems. Moving our focus away from individual learners (currently treated like individual organisms) to learners as groups
(analogous to a species) connected with other ecosystem elements (as holobionts)
gives us tools to think about how to undertake educational management as a systems
problem and how to use an adaptive management approach. A richer use of the
learning ecosystem framework might help us achieve a deeper understanding of
system structures and interrelationships between entities (Falk et al., 2015). It may
lead to more nuanced attention to scalar shifts between different levels of learning
ecosystems and force us to accept recurring and sometimes dramatic disturbances to
local systems. If we accept disturbance as a fundamental and necessary part of
learning ecosystems, how might policymakers and funders support the management
of systems that can be more resilient to these changes? And how might practitioners
rethink how to support connected learning pathways, how to train educators, and,
importantly, how communities and stakeholders can collectively work toward and
invest in healthy regional ecosystems that are equitable, accessible, and effective?
For educational researchers, using the learning ecosystem framework more
robustly with a focus on relational processes is a potential tool to support calls to
decolonize educational research and embrace what Patel (2015) has called “a
research stance that used holistic ecologies as the default form.” (p. 36). This is
not to say that research should never attend to how people learn at the individual
level, but rather that for the larger goal of sustainable, just, and equitable educational improvements, our approaches need to be sensitive to systems that are more
complex and multiscalar than we have been thinking about. One difficulty will be
how to home in on what tools can be used for conceiving of and monitoring
relational processes within complex systems. For example, how might relational
processes be observed and measured both qualitatively and quantitatively? How
might the field understand the limits and potential of natural disturbances? In
Barron’s (2006) foundational piece on learning ecologies, she rightly points out
that designing studies that are able to address this complexity is a key challenge. If
we want to assess the health of learning ecosystems, we still have some work to do
to develop the appropriate research tools for this.
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We also recognize the potential pitfalls of leaning too heavily on an ecosystem framework. One reflective reviewer perceptively asked if relying too greatly
on concepts from biological systems might actually undermine our goal of
attending to equity, since biological systems do not have inequities the way
cultural systems do. But both biological and learning ecosystems can be healthy
or unhealthy, highly functional or less so. In our view, an unjust and inequitable
learning ecosystem is an unhealthy one. An ecological frame offers the benefit
of purposeful and adaptive intervention to address those inequities.
Finally, we ought not to believe that we can control this setting, any more than we
ought to believe we can control a biological ecosystem. In fact, intervention as
a design approach may not make sense when we are thinking about learning ecosystems. Perhaps we need to recast how we think about learning ecosystem design
altogether, focusing instead on adaptive response to chaos. As the early ecologist,
Egler (1977), noted: “nature is not more complex than we think, it is more complex
than we can think.” (p. 2) The complexity of learning is what makes the ecosystem
framework so powerful; both biological and learning ecosystems are equally more
complex that we can think. Consider the layers of human experience, emotion,
capacity, the natural and built environment that we learn in, the cultural and personal
histories that impact every learning experience. Given this complexity, letting go of
control and being responsive to chaos and emergent phenomena is key. While this
prospect may feel difficult and humbling, we believe that using an expanded learning
ecosystem framework can help us make better use of the tools at our disposal.
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