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This article provides a proof of concept for an approach to modeling child–nature
interaction based on the idea of interaction patterns: characterizations of essential
features of interaction between humans and nature, specified abstractly enough such
that countless different instantiations of each one can occur – in more domestic or
wild forms – given different types of nature, people, and purposes. The model draws
from constructivist psychology, ecological psychology, and evolutionary psychology,
and is grounded in observational data collected through a time-sampling methodology
at a nature preschool. Through using a nature language that emphasizes ontogenetic
and phylogenetic significance, seven keystone interaction patterns are described for
this nature preschool: using one’s body vigorously in nature, striking wood on wood,
constructing shelter, being in solitude in nature, lying on earth, cohabiting with a wild
animal, and being outside in weather. These 7 interactions patterns are then brought
together with 13 other patterns published elsewhere to provide a total of 20 keystone
interaction patterns that begin to fill out the model, and to show its promise. Discussion
focuses on what the model aims to be in terms of both product and process, on what
work the model can currently do, and how to further develop the model.

Keywords: nature preschools, interaction, interaction patterns, modeling, wild nature, proof of concept, nature
language, environmental education

INTRODUCTION

Nature preschools and forest kindergartens have been increasing in number: from around 25
programs in 2012 to more than 250 in 2017 in the United States alone (North American Association
for Environmental Education [NAAEE], 2017). Thus questions in research communities have
emerged about these programs, such as how they compare to indoor classrooms on traditional
metrics of language development, physical development, executive function, and academic
preparation for K-5 schooling. While these questions are important, in our view a complementary
line of research is also needed, one that is perhaps even more foundational: to characterize what
exactly goes on in nature schools, especially in terms of how children interact with nature. After all,
nature is the central environmental feature of nature schools.

To date, many such characterizations have focused on different forms of children’s play in
nature (Ginsburg, 2007; Brown and Kaye, 2017; Morrissey et al., 2017). For example, Sobel
(2008) postulated the existence of seven universal play motifs: going on adventures, descending
into fantasies, shaping small worlds, developing friendships with animals, following paths and
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figuring out shortcuts, making forts and special places, and
playing hunting and gathering games. This is valuable work,
and it follows a growing awareness, with roots to Vygotsky
(1978), that children’s play in nature is not only diverse, but that
it provides the mechanism for many important developmental
outcomes.

That said, we believe there is much to be gained by expanding
our understanding of children’s engagement with the natural
world beyond the scope of play. After all, there are many types
of interactions, such as when a child splashes water on her face
from a creek to cool down on a hot summer’s day, or retreats to a
solitary spot in nature and sits under a tree to regain composure
after a conflict, which do not seem well characterized in terms of
a play motif.

Thus in this article we bring forward an approach to modeling
child–nature interaction – based on the idea of interaction
patterns. We first provide a psychological basis for our model,
drawing on psychological constructivism with roots to Jean
Piaget, ecological psychology with roots to James Gibson, and
evolutionary psychology with roots to E. O. Wilson. Next we
discuss what interaction patterns are, how they can be enacted
along a continuum from wild to domestic, and the idea of
keystone interaction patterns. From there we specify the form
of scientific model that we are proposing. Then we move into
the empirical part of this article as we seek to provide a proof
of concept for modeling child–nature interaction. We do so
by analyzing observational data that we have collected in a
nature-based preschool, and provide an account (what we call
a nature language) of 7 keystone interaction patterns at this
preschool. We then synthesize our keystone interaction patterns
with 13 other such patterns (recently published elsewhere)
to show that child–nature interaction can be successfully
modeled in this way, leading to characterizations with prima
facie validity and testable hypotheses for future experimental
research.

To be clear, in this current research we do not test a hypothesis.
Rather, we offer a proof of concept based on qualitative analysis
of original empirical observational data. Thus stylistically we do
not have the traditional “methods/results” sections in this article,
but sections that we believe provide an effective exposition of our
proof of concept.

THE PSYCHOLOGICAL GROUNDING
FOR INTERACTION PATTERNS

Our model is based on the idea of interaction patterns.
Before discussing interaction patterns, it is useful to delineate
briefly the psychological grounding for them, which is based
on constructivist psychology, ecological psychology, and
evolutionary psychology.

Constructivist Psychology
A large body of evidence shows that the child’s developing
conceptual knowledge of the physical and logical world is neither
simply a product of innate biological programming (endogenous
theories) nor simply a product of cultural learning (exogenous

theories); rather it requires the child constructing the knowledge
for herself through repeated interactions with the physical and
social entities of the world (Piaget, 1952/1963; Langer, 1969;
Piaget, 1983; Turiel, 1983).

According to Piaget (1983), the mechanism for the
construction of knowledge involves the coordination of
two complementary cognitive processes: of assimilation and
accommodation. Assimilation is the process that seeks to fit
new information into existing cognitive schemas, perceptions,
and understandings, while accommodation is the process that
adjusts, reorients, and revises those schemas, perceptions, and
understandings to account for aspects of the new information
that is not readily assimilated. This process is motivated by
what is called the mechanism of disequilibration (Kohlberg,
1969, 1971; Piaget, 1983). In other words, through interaction
with the environment the child comes to recognize – in
daily minor and sometimes major ways – that her current
understandings of the world are not able to take into account
her previous understandings, and she becomes unsettled.
The disequilibrated state is not a comfortable state. Thus the
child seeks to construct a more adequate and conceptually
sophisticated understanding that solves the problems at
hand.

Ecological Psychology
Along complementary lines, in the theory of ecological
psychology, Gibson (1979/1986) postulated that the world is
perceived by the individual not only in terms of shapes,
spatial relationships, and logical properties, but also in terms
of possibilities for action. Gibson proposed that it is our
direct perception of information specifying the environment in
relation to ourselves – the affordances of the environment – that
guides our understanding of our surroundings. Affordances are
dependent on a reciprocal relationship between the environment
and the being interacting with it (Turvey, 1992; Stoffregen, 2003).
For example, for an active young child a sapling tree’s thin, close
limbs might afford climbing, but that would not be the case for
an infant who is unable to climb or for an adult who might
break the branches. Thus affordances can guide and constrain
action (Harrington, 2008, unpublished). According to Gibson
(1979/1986, p. 143), “the possibilities of an environment and the
way of life of an animal go together inseparably.”

One of the issues discussed within the field of ecological
psychology is whether an affordance exists as a property of
the environment or as a property of the animal-environment
system (Turvey, 1992; Stoffregen, 2003). In our view, the theory-
driven answer can be different from the pragmatic answer. In
theory, an affordance is a property of the animal-environment
system. After all, the exact same physical attribute in the
environment will often provide an affordance to one type of
person but not another. But having said that, we think it is
often pragmatically useful to hold a specific category of person
as a constant – for example, to hold constant the referent of
a child – and then to talk about affordances of the landscape
itself, as we did for the sapling tree with thin branches. Both
perspectives have merit. We will come back to these ideas
later.
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Evolutionary Psychology
Decades ago, Wilson (1984) coined the term biophilia to refer
the genetic predisposition that humans have to affiliate with
biological life. The mechanism for this nature affiliation is,
according to Wilson (1993), that “a certain genotype makes a
behavioral response more likely, the response enhances survival
and reproductive fitness, the genotype consequently spreads
through the population, and the behavioral response grows more
frequent (p. 33). In other words, genes that lead to behaviors
that enhance survival tend to reproduce themselves (since they
are in bodies that procreate more rather than less), and thus
these genes and correlative behaviors grow more frequent. For
empirical support (see Kahn, 1999, 2011 for summaries), studies
have shown that even minimal connection with nature – such
as looking at it through a window – can increase productivity
and health in the work place, promote healing of patients in
hospitals, and reduce the frequency of sickness in prisons. Other
studies have shown that when given the option humans choose
landscapes that fit patterns laid down deep in human history on
the savannas of East Africa. Direct contact with animals has been
shown to greatly benefit a wide range of clinical patients: from
adults with Alzheimer’s disease to autistic children.

In terms of its theory and empirical support, biophilia
has in recent times largely merged with and provided further
momentum to the field of evolutionary psychology, which seeks
to show that the properties of human social life are the result
of evolved adaptations, and thus deeply rooted in our ancestral
heritage (Barkow et al., 1992). This theory does not propose that
such properties are immutable, or that they are not substantively
shaped by culture. But it does mean that to understand the origins
and significance of properties of human social life one needs to
go back tens of thousands years in our evolutionary history, and
sometimes longer.

In this article, as we articulate our model of child–nature
interaction patterns, we will be seeking to show that the
patterns are ontogenetically and phylogenetically significant.
For ontogenesis, we draw on constructivist psychology
and ecological psychology to speak about developmental
mechanisms, and direct potential outcomes and developmental
endpoints that promote human health, mental wellbeing, and
human flourishing. For phylogenesis, we draw on evolutionary
psychology to show that some of the patterns gain particular
meaning because they go far back in our evolutionary heritage,
and sustain us still.

INTERACTION PATTERNS

Think about an interaction in nature that you have had that
was meaningful. Now characterize it in such a way that you
could imagine many such examples of it happening, and even
though each example would be at least a little different from
the others you would not have a problem recognizing each
one as essentially the same form of interaction. If possible, in
describing your interaction, include a verb of what you are
doing and a noun for the nature that you are doing it with.
At that point you probably have an interaction pattern. For

example, you have likely enjoyed watching the sun set many
times in your life. Each time is at least a little different: the
weather and colors are never identical; one time you might be
on flat land watching the sun set over the hills in the distance,
and another time you might be watching the sun set over the
ocean (Figure 1). But no matter the differences, you know it
when it’s happening. You can say, “yes, I’m watching the sun
set now.” That’s the idea of a “pattern” – not in the sense of
a cookie-cutter pattern where each form (cookie) is identical,
but that of a unified underlying structure of human–nature that
can be enacted in an endless number of unique ways. In brief,
interaction patterns refer to characterizations of essential features
of interaction between humans and nature, specified abstractly
enough such that countless different embodied versions of each
one can be uniquely realized given different types of nature,
people, and purposes. To date, Kahn and his colleagues have
generated over 150 human–nature interaction patterns, with
photos and descriptions for many of them (Kahn et al., 2010,
2012, 2018a,b; Kahn and Weiss, 2017).

Our pattern work draws on the work of Christopher
Alexander and his colleagues (Alexander et al., 1977; Alexander,
1979) who generated 253 patterns in the built environment that
they believe engender meaningful human living. According to
Alexander, a “pattern describes a problem which occurs over and
over again in our environment, and then describes the core of
the solution to that problem, in such a way that you can use this
solution a million times over, without ever doing it the same way
twice” (p. 10). For example, one of their patterns is titled “Light
on two sides of every room.” They write: “The importance of this
pattern lies partly in the social atmosphere it creates in the room”
(Alexander et al., 1977, p. 748). There is now a body of work
that has extended Alexander’s idea of patterns into the fields of
ubiquitous computing (Chung et al., 2004), software engineering
(Gamma et al., 1995; Gabriel, 1996), interaction design (Borchers,
2001), human–computer usability (Graham, 2003), and human–
robot interaction (Kahn et al., 2008).

Granted, there are other ways that researchers have used
the idea of patterns, often with a more experimental or at
least quantitative focus, often involving sequential analysis and
observational methods across different populations, including
infants, married couples, and non-human primates (Sackett,
1978; Bakeman and Gottman, 1987; Magnusson, 2000). But what
we offer here is more along the lines of Alexander in terms of
the robust qualitative nature of the patterns. We emphasize this
point so as to establish that there are different ways that fields
have conceptualized and used the idea of patterns, and explored
interaction, and that one way does not preclude another.

The Continuum of Interaction Patterns:
Wild to Domestic
Wildness refers to that which is untamed, unmanaged, not
encompassed, self-organizing, and unencumbered and
unmediated by technological artifice (Shepard, 1982, 1998;
Rolston, 1989; Foreman, 1991; Kahn and Hasbach, 2013a,b).
We can love the wild. We can fear it. We are strengthened and
nurtured by it (Rolston, 1989; Turner, 1996).
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FIGURE 1 | Interaction pattern: watching the sun set.

One important feature of interaction patterns is that not only
can they be instantiated (enacted) in endlessly unique ways, but
those instantiations are themselves usually along the continuum
of wild to domestic forms of human–nature interaction. For
example, there is the interaction pattern of movement away from
human settlement, and the return. In Paleolithic times, hunters
would leave nomadic campsites and go out in search of animals,
and gatherers would leave in search of roots, tubers, nuts, berries,
and other plant life. The further out they went, the more they left
the safety of the larger group. Both hunters and gatherers would
then return, hopefully (but not always) with their bounty, looking
forward to the re-union with their group, and greater safety.
When a person now hikes for an afternoon into the mountains, it
is a less wild form of this interaction pattern; and more domestic
still when a person hikes for 20 min out on a park trail.

Granted, wildness is a contested construct. One line of
scholarship, for example, has shown how wilderness is largely a
cultural construction (Cronon, 1995). From this perspective, it is
not the case, for example, that when Europeans began to inhabit
North America that they encountered a pristine, untouched
wilderness. Rather, the land was an inhabited landscape by Native
Americans, and a partly managed landscape at that. Or the
Wilderness Act of 1964 in the United States created a legal
definition of wilderness, and then partitioned off 9.1 million
acres of federal land that was then called “wilderness.” This
scholarship has merit; but our position is that there is a good
deal of difference between the idea of wilderness and wildness.
Wildness, as defined above, has properties – such as an entity or
agent being untamed, unmanaged, not encompassed, and self-
organizing – that may often be found in designated wilderness
areas, but is not synonymous with it. For example, all, a weed
growing up through a crack in urban concrete in Tokyo has
an aspect of wildness about it that is not embodied in a bonsai
plant that may be right next to it. Thus in our view, our focus
on wildness (as opposed to wilderness) is not so vulnerable to
cultural critiques of this literature.

Keystone Interaction Patterns
There is no limit to the unique ways that human language can
be spoken. It is endless, infinite. That said, much of what we say
uses common words, and even phrases: “See you there.” “It’s good

to meet you.” “I’ll text you when I leave.” “I’m happy for you.” “I
love you.” “What’s the weather tomorrow?” “Let me check.” Some
of these phrases can be understood as particularly important not
only because they are common but because they play important
roles in facilitating human–human interaction. For example, the
common phrase “Hello, how are you?” initiates an introduction
between two people, and demonstrates an initial (if perfunctory)
concern of the person initiating the contact.

Interaction patterns have a somewhat similar structure. On the
one hand, there is no limit to the number of interaction patterns
that can be characterized. In part, this is because interaction
patterns can be characterized into smaller and more discrete
forms. For example, there is the interaction pattern of walking
into a body of water. You can walk into an ocean, walk into a
lake, walk into a river, and walk into a swimming pool. If you’re
walking into the ocean, you can walk in over one’s ankles, walk in
over one’s knees, walk in over one’s waist, walk in over one’s chest, or
walk in over one’s head. For most people, each of these interaction
patterns lead to different experiences of the human body in the
water. So for most people, it can be useful to use language to make
these distinctions. But anybody can say “well, for me, I notice a
distinction between getting my toes wet and then wading above
my ankles.” Many of us would say, “oh, yes, that makes sense to
me, too.” We could call that interaction pattern, getting toes wet in
the ocean. But at some point the distinctions may get idiosyncratic
to a particular person. If someone says “I notice a distinction
in going into the ocean just at my knee cap and 1/10th of an
inch above my kneecap,” it seems likely that most of us do not
experience that distinction as important. But if someone thinks
the interaction pattern is important to them, then that’s fine. It is
not an issue of right or wrong.

On the other hand, some interaction patterns play more
important roles than others, and that can depend on the people
involved and their sensibilities, vulnerabilities, and goals; and
the nature involved at a specific time. For example, if you are
supervising young children who are playing at the seashore, and
the waves are breaking at around a height of two feet, you might
tell the children “don’t get into the water higher than your knees
unless I’m with you!” The key distinction you are making is
getting into ocean at knee-level, for that is what you believe is the
safety spot for these children with their capabilities with these
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specific waves. Or let us say you are designing a city that seeks
to develop an urban region with a lake within it. You might well
argue that a particularly important interaction pattern is walking
along the edges of water and land, or casting it more narrowly
for this specific context: walking around the edge of a lake. This
might well be the critical interaction pattern that you need to
design for, which means keeping houses and development away
from the edge of the lake itself, and creating a pathway around
the lake, so that people can walk around the lake. Knowing that
this interaction pattern is a particularly important one helps to
provide the language for urban design and urban sustainability
(Hartig and Kahn, 2016; Kahn et al., 2018b). Such interaction
patterns have been referred to as keystone interaction patterns.

A keystone interaction pattern is any interaction pattern that
plays a disproportionately large role in human–nature interaction
because (a) it occurs frequently, (b) it is itself hugely beneficial
or meaningful, (c) it engenders dozens or even hundreds of
complementary, subsidiary, or overlapping interaction patterns,
and/or (d) its loss leads to the subsequent loss of dozens or
even hundreds of complementary, subsidiary, or overlapping
interaction patterns (cf. Kahn et al., 2018b). This use of the term
keystone partly mimics the term keystone species in conservation
biology, which refers to a species (such as a top predator) that
has a disproportionate benefit to its environment relative to
its abundance (Mills et al., 1993; Paine, 1995). For example,
if the wolf (a keystone species) is removed from such areas
as Yellowstone National Park, then elk grow more abundant
and stationary, overgrazing vegetation, which leads to the
loss of habit, increased erosion, and the loss of biodiversity
(Eisenberg, 2013).

On occasion, it is possible that several interaction patterns are
themselves combined and then elevated to the level of a keystone
interaction pattern, or that some other aspect of the interaction
is important enough to append to the core verb/noun structure
of a keystone interaction pattern. An analogy can be made to
the naming of different types of soup. Some soups are named by
their main ingredient, or at least for their distinctive taste. There
is, for example, potato soup, lentil soup, chicken soup, carrot
soup, leek soup, split pea soup, and miso soup. But sometimes
a soup is named based on two of its ingredients. For example,
chicken noodle soup usually has many ingredients other than
chicken and noodles (e.g., carrots, celery, onion, garlic, and olive
oil), but it is not called “chicken celery soup” or “chicken garlic
soup” but chicken noodle soup because the chicken and noodles
structure its main flavor and the experience of eating the soup.
Something similar can occur with interaction patterns. This point
will become clear when we discuss the interaction pattern lying on
earth in solitude.

A Nature Language for Interaction
Patterns
Interaction patterns can be thought of as a little bit like words
in a dictionary. Words can be defined as individual entities, but
they exist in our lives mostly in relation to one another, just as
you are reading the words on this page. Similarly, interaction
patterns can be defined as individual entities, but are experienced

with many other interaction patterns in often overlapping and
sequential ways with semantic coherence. For example, you can
be walking a trail and stepping over a log while seeking to get to
a desired bluff top spot so that you can then look out to the snow-
capped mountains, and while you do so you might be enjoying
the sun shining on your skin, feeling a light wind, and decide to
pick some wild blueberries and then while you’re kneeling on the
ground you might catch a quick look and watch a Cooper’s hawk
chase down a quail, as you swat a mosquito that has landed on your
arm. Human interaction with nature is endlessly varied, endlessly
deep. In such ways, interactions can be combined in human
discourse, and help form a nature language — a way of speaking
about patterns of interactions between humans and nature, their
wide range of instantiations, and the deeply meaningful and often
joyful feelings that they engender (Kahn et al., 2012).

But there is another and perhaps more substantive way that
a nature language can be used. It is to use language to speak
about any specific interaction pattern, especially about a keystone
interaction pattern, in order to help others understand how the
interaction can be enacted, and what it feels like to experience.

This is important because in current times the natural world
is getting destroyed quickly, across generations; and as we lose
nature, we lose the knowledge of how to interact with nature and
how wonderful it feels to do so; in turn, that loss leads to our
loss of language of how to speak about interacting with nature.
The anthropologist Davis (2007) writes that when indigenous
cultures lose their language their indigenous way of life dies;
that language needs to be spoken, it needs to be “lived” in
order for a culture to survive. Similarly, we need to help revive
a diverse and deep nature language if we are to help reverse
the course of environmental destruction. Thus it is important
not only to characterize interaction patterns, but to provide a
rich narrative for many of them, especially keystone interaction
patterns. Such narratives can draw from personal experiences,
accounts of indigenous peoples, the historical record, nature
writing, evolutionary psychology, and empirical studies. Each
narrative helps to make interaction patterns “alive” through
words so as to help others know what is possible. For this reason,
when we – in the latter part of this article – characterize 7
keystone interaction patterns in a nature preschool, we will be
using a nature language to help articulate the patterns themselves.

Modeling Child–Nature Interaction
Through Interaction Patterns
In its basic sense, a model is a simplified description of the
information of a phenomenon in the world with the objective of
making the phenomenon understandable. There are many types
of models, including “probing models, phenomenological
models, computational models, developmental models,
explanatory models. . .theoretical models, scale models, heuristic
models, caricature models, didactic models. . .mathematical
models. . .formal models, analog models and instrumental
models” (Frigg and Hartmann, 2012).

In our work here, we are seeking to model human–
nature interaction through the heuristic of interaction patterns.
Interaction patterns represent a simplification of the world with
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the goal to make the world more understandable. Our model
incorporates attributes of what is called a phenomenological
model insofar as it seeks to represent observable properties of
their targets, while incorporating principles and laws associated
with scientific theories (Frigg and Hartmann, 2012). In our case,
our model incorporates principles, as discussed earlier, from
theories of constructivist psychology, ecological psychology, and
evolutionary psychology.

Validation of the model occurs in several complementary
ways. Given its phenomenological stance, there is face validity
based on one’s own direct experience. One can ask, “does
this interaction pattern make sense to me based on my own
experience in nature?” If it doesn’t, then while it could still be
an interaction pattern, it may not be an important interaction
pattern. Then there is the question: “Is the interaction pattern
within the realm of human possibility?” For example, there is the
possible interaction pattern which has an appropriate linguistic
structure of a relevant verb and nature noun, stepping over an
ocean, which is just not physically possible. Thus stepping over an
ocean is not a valid interaction pattern. Validation of interaction
patterns is further established the more parsimoniously they
correspond with the theories of constructivist psychology,
ecological psychology, and evolutionary psychology. In addition,
the idea of keystone interaction patterns involves an empirical
claim that they occur frequently in a specified population and/or
are particularly important and meaningful to that population,
and/or engender dozens or even hundreds of complementary,
subsidiary, or overlapping interaction patterns, and/or if lost
leads to the subsequent loss of dozens or even hundreds of
complementary, subsidiary, or overlapping interaction patterns.
These are empirical claims that can be used to test the validity of
a keystone interaction pattern. Finally, part of the validity of our
model lies in whether it can lead to testable hypotheses – not for
the model itself (as in a climate change model), but in terms of
leading to predictions of the world using the interaction patterns.

In what follows, we seek to provide a proof of concept that
human–nature interaction can be modeled using the heuristic of
interaction patterns, supported with a nature language. This is
a beginning venture, not an end. We focus on what seem to us
keystone interaction patterns, and begin to validate our model
based on the above epistemological criteria.

THE PROOF OF CONCEPT

Over a period of 7 months, we have been filming children
interacting with nature in a nature preschool in Seattle, WA,
United States. The school is Fiddleheads Forest School, at the
University of Washington Botanic Gardens, directed by one of
us (Harrington). The children (ages 3–5 years old) and teachers
spend all of their time outside, in a matrix of trees, in one of
two classrooms located in the University of Washington Botanic
Gardens. These botanic gardens are open to the public in this fast-
growing city. We divided each of the two outdoor areas into five
different filming zones, and through a randomized time-sampling
methodology are filming children. Our analysis is based almost
entirely on the observed digital video footage; though our videos

did capture diffuse sound, and so occasionally we had faint child
language to work with, too, in interpreting the behavior. One of
the strengths of this method is that it is minimally intrusive in
the children’s interactions with nature, and is highly systematic in
randomly covering all of the landscape. One of the limitations is
that we did not interview the children about how they themselves
understood their interactions (Turiel, 1983; Kahn, 1999), which
itself could become a future study.

As a step forward in characterizing child–nature interaction
in a nature preschool, we offer here seven keystone interaction
patterns that have been emerging from our data.

This study was carried out in accordance with and with the
approval of the Institutional Review Board at the University of
Washington, the Human Subjects Division. The parents of all the
child participants gave written informed consent in accordance
with the Declaration of Helsinki. For those parents who did not
give permission for their child to participate, we then explicitly
kept them out of all of our video footage, either by zooming in
on only the children for whom we had permission (in our time-
sampling methodology), or if that was not possible given their
close proximity to other children we were filming, we stopped
filming all of the children for that duration. Occasionally a parent
gave permission for their child to participate but if the child’s
image was to be used in a publication, such as this one, they
requested the child’s face be blurred, which we did.

Using One’s Body Vigorously in Nature
In the United States, about 75% of children ages 5–10 do not get
enough exercise (Hendrick, 2011), which increases to over 90%
for adolescents (Li et al., 2016). Exercise strengthens the heart,
lungs, and bones, decreases the likelihood of developing obesity,
decreases the risk factors for diseases like type 2 diabetes and
heart disease, can reduce anxiety and depression, and promotes
positive mental health (Youth Physical Activity, 2009).

From an evolutionary perspective, such outcomes are not at
all surprising (Wilson, 1984; Kellert and Wilson, 1993; Kahn,
1999, 2011). For tens and hundreds of thousands of years,
we as a species came of age using our bodies vigorously in
nature. That was a requirement for survival. For example, in
her ethnography based on living with Ju/Wa bushmen in the
Kalahari desert in the early 1950’s – at a time when their way
of life may well have embodied much of the hunter-gatherer life
from 50,000 years earlier – Thomas (2006) documents that the
Ju/Wa women she went foraging with would sometimes carry
home 50–80 pounds of tubers, roots, and nuts. The Ju/Wa women
themselves weighed about ninety pounds. Thomas estimates
that these women walked about 1,500 miles a year. Hunting,
too, was physically strenuous. One method of hunting a bull
eland was especially demanding. The mature bull eland, in
particular, with large amounts of body mass, could be overcome
on especially scorching days by a runner who kept at him mile
after mile. The runner could not match the eland for speed,
for the eland sprints at 35 miles an hour. But eventually, after
many hours of being chased in the heat, the eland overheats
and can run no more. “Then the hunter, with the last of his
strength, can catch up and grab him by the tail, then kill him
with a spear if he brought one, or he can push the eland
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over and lie on his neck to keep him from struggling and
clamp his hands over the eland’s nose and mouth to stop
his laboring breath” (Thomas, 2006, p. 32). Thus from this
evolutionary perspective, our bodies and minds are optimally
programmed to thrive through using our bodies vigorously in
nature, which as modern people we have now reduced to what
we call “exercise.”

Because using one’s body vigorously in nature can be
instantiated in so many different ways, and plays such a critical
role in human health and wellbeing, it is a good keystone
interaction pattern to start with here. The ways this interaction
pattern is enacted in Fiddleheads are not so surprising. For
example, Figure 2 shows children running on uneven ground,
kicking at a wheelbarrow, lifting a stump, and hitting a tree with
a heavy branch.

Our point here is not to describe all of the ways that these
children use their bodies vigorously in their nature preschool
(though that is a worthwhile future goal), but to provide the
keystone interaction pattern by which anyone can then begin
to characterize subsidiary interaction patterns whenever they
see it occur with children. For example, if you see children
dancing on the ground or swinging on a tree limb, tumbling
down a hill, running up a hill, chasing butterflies, or moving
heavy rocks – you can say “ha, within a very broad framing
of child–nature interaction, there’s something common and
important to all of it: they are using their bodies vigorously in
nature.

With this keystone interaction pattern in hand, one can then
generate important hypotheses. For example, it is possible that
children in a nature preschool are more “active” than children
in a traditional preschool with inside classrooms. However, such
differences in children’s activity may or may not show up if it
is measured by a pedometer for steps walked. Rather, a more
specific hypothesis is that children in a nature preschool use
their bodies more vigorously than in a traditional preschool as
measured by the total number and duration of engagement of
the subsidiary interactions patterns of this keystone interaction
pattern.

Striking Wood on Wood
The previous keystone interaction pattern – using one’s bodies
vigorously in nature – is framed at a very broad level in the
sense that it hierarchically encompasses at least hundreds of
more specific forms of interactions that themselves constitute
interaction patterns. We mentioned a few above: running up a
hill, chasing butterflies, and moving heavy rocks. Given a specific
population, landscape, situation one is trying to model, and
audience that one is speaking to, a subset of a keystone interaction
pattern can also constitute a keystone interaction pattern. We
think that is the case for striking wood on wood. It is shown being
enacted at the bottom of Figure 2 where a girl with a club-like
piece of wood is in the process of using it to strike the trunk of
the large tree.

As a more complex instantiation of this interaction pattern,
consider an event we observed where a boy (Figure 3) jumps
off of a stump and with a stick in hand slams his stick
repeatedly into the wood structure. In turn, a girl (also in

FIGURE 2 | Interaction pattern: using one’s body vigorously in nature. Signed
informed consent was obtained from the parents of all the children as shown
in the photos in this manuscript.

Figure 3) initially watches him, and then decides to try out
something similar. She picks up a stick and starts striking it,
with increasing vigor, against other wood. If you were watching
this video data, you would see how the initial affordance of
striking wood on wood appears to lead the girl to new perceptions
of affordances, such that she understands that she can strike
harder. Our impression is that she is not so much trying
to destroy something but trying to figure out the properties
of striking wood on wood: how to strike, and how increased
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FIGURE 3 | Interaction pattern: striking wood on wood.

FIGURE 4 | Interaction pattern: constructing shelter.

force leads to different outcomes. Sometimes when children
enacted this interaction pattern, they struck with a light branch,
heavy branch, or club-like branch. Sometimes they extended this
interaction pattern beyond wood on wood, and struck with a
tool, such as with a garden hoe or shovel. Sometimes what was
being struck was a live tree, live branches, logs, stumps, or the
ground.

Why do children enact this interaction pattern in play?
Perhaps it is because that this form of interaction lies deep within
our evolutionary history. It is primal. It is the woman gatherer
50,000 years ago, kneeling on the African desert sands, using a
hefty digging stick to dig 10 or even 18 inches deep for tubers,
striking the earth again and again (Thomas, 2006) for survival.
It is the hunter striking an animal’s body with a spear, seeking
to pierce the animal’s heart (Marshall, 2002). It is the woodsman
chopping wood, and striking the wood round again and again, to
split it, so as to have the pieces by which to build and sustain a fire.
What we are likely seeing enacted here, then, are the ontogenetic
origins from our phylogenetic past.

Constructing Shelter
This interaction pattern also goes far back in our evolutionary
heritage. As humans, we have constructed shelter for perhaps

as long as we have been a species. During Paleolithic times, the
constructions would have modified natural affordances of the
landscapes, such as caves; or used materials in hand, and led, for
example, to light thatched huts on the savannahs of Africa, easily
constructed and easily left behind in nomadic hunter-gather life
(Thomas, 2006).

This form of children’s interaction overlaps with what is
referred to in the literature as place-making (Sobel, 1993; Nabhan
and Trimble, 1994; Chawla, 2002; Sampson, 2012, 2015). For
example, in Figure 4, the child is modifying the hollow of a tree
by leaning branches up outside the hollow, thereby creating a
little more protection and privacy. Then he engages in another
interaction pattern: leaning against tree, and thereby finds respite.

Being in Solitude in Nature
In Milton’s (1674/1978) epic poem Paradise Lost, he writes “For
solitude sometimes is best society, /And short retirement urges
sweet return” (book IX). He was writing of Adam going off alone
for a while in the Garden of Eden. Others emphasize that being
in solitude in nature leads to deep experience. Muir (1976, p. 314)
put it this way: “Only by going alone in silence, without baggage,
can one truly get into the heart of the wilderness. All other travel
is mere dust and hotels and baggage and chatter.” Of course
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FIGURE 5 | Interaction pattern: being in solitude in nature.

solitude is relative to person and place. For Muir it might mean
hiking a week in the Sierras without meeting another person; for
a child it might mean spending a few minutes alone next to a
favorite tree.

The girl in Figure 5 had just been involved in an altercation,
and went into this enclosed tree area. One of us (Weiss) was
already filming in this general area and continued filming. The
girl noticed the researcher, and could not seem to find the
peace she needed. She fidgeted, for example, with various sticks
and leaves in her hand. After several minutes, she got up and
approached the researcher and politely asked if the filming could
stop so as to give her some alone time. She then went back to
her spot and sat by the large tree. The researcher stopped filming
and moved a little ways away. Children at Fiddleheads often take
advantage of the privacy that more wild or secluded parts of
the landscape affords. As in this instance, it sometimes appears
to be an effective mechanism for self-regulating and regrouping:
processing something difficult that had just occurred with other
people. Other times the solitude seems to afford some of what
Muir was writing about: it allows children to get more into the
heart of nature itself, as when a girl at Fiddleheads went alone
into a more wild part of the landscape and stood still for a
bit and then started to enact the interaction pattern calling the
birds.

Lying on Earth
Modern people are losing direct physical contact with the
earth. That loss is likely due to ignorance and happenstance.
Ignorance in that we have forgotten how good it feels to
have one’s body in contact with the earth. Happenstance in
that the urban world is increasingly paved such that there
is little ability to lie on earth; and even when there is
opportunity, we often design nature areas to prevent this
interaction pattern under the guise of comfort. For example,
it is likely that many times you have arrived at a beautiful
resting spot in a park or nature preserve, perhaps alongside
a creek, or on a bluff top overlooking a beautiful view, and
there is a bench there for you to sit on. So you sit on it.
That is an affordance of the bench. But in doing so you
have passed over the affordance of the earth itself. It is an
enjoyable feeling to place one’s body in contact with the
earth. You feel its contours, its heat or cold. Perhaps you
place your hands in the earth. Or on a hot summer’s day,
perhaps you take your shoes off and place your feet into
the soil. There is emerging scientific literature that shows the
cognitive and health benefits of skin in contact with soil. For
example, a strain of bacterium found in soil, mycobacterium
vaccae, appears to improve cognitive functioning, and triggers
the release of serotonin, which in turn elevates mood and
reduces anxiety (Lowry et al., 2007). There is also emerging
thought that contact with the ground helps to balance the
body’s electrobiochemical system (Adams, 2012). For example,
Chevalier (2014) writes:

The body is a highly intelligent electrobiochemical system
that is strongly influenced by its internal electrical
environment. Countless electrical charges within this
system regulate countless biochemical reactions, including
enzymatic transformations, protein formation, and pH
(acid/alkaline) balance. In this complex arrangement, the
Earth’s surface electric potential serves as the body’s
stabilizing reference point or ground. . .[direct] contact
with the surface of the Earth maintains the body’s electrical
stability and normal functioning of its self-regulating and
self-healing mechanisms. (p. 255)

FIGURE 6 | Interaction pattern: lying on earth.
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Both girls in Figure 6 are enacting this interaction pattern of
lying on earth. In addition, the girl in the first photo is enacting
what could be called a combinatorial keystone interaction pattern
insofar as she is also being in solitude in nature. Specifically, this
girl had just had an altercation with another child and, in our
interpretation, she wanted to regroup. She walked to this area and
seemed a little agitated, and then wandered around a little, almost
as if she was trying to find the right spot where she felt most
comfortable to lie down. And then she did. And then it is as if the
earth helped ground her emotionally. This form of interaction –
lying on ground in solitude – could itself be elevated to a keystone
pattern because it seems to us especially powerful as a form of
communion with nature.

Cohabiting With a Wild Animal
It has been said that one of the overarching problems of the
world today is that we see ourselves as dominating over nature,
rather than cohabitating, coexisting, and affiliating with it (Kahn,
2009, 2011; Kahn and Hasbach, 2013a,b). Perhaps the basis
for cohabitating grew out of necessity in Paleolithic times. For
example, Thomas (2006) recounts an experience one evening
when she was living with the Bushmen of the Kalahari desert
in the early 1950’s when four lions walked into the Bushmen
camp. The Bushmen had no way of killing a lion. One of the
men took a flaming branch from the fire and in a firm tone,
without ever taking his eyes off the lions, talked to the lions,
and then ended by telling the lions respectfully but firmly that
they could not be here, and to go! The lions watched the person,
and “then gracefully they turned and vanished into the night” (p.
151). Of course, for the most part the lions were not interested in
eating or harming people; lions and humans coevolved together
for hundreds of thousands of years in that landscape. There was
enough space for both of their species to live and to thrive. As
our species then evolved, and we gained the ability to control,
use, and destroy more and more of our environment, and created
the technological tools to do so faster, and populated faster, our
wellbeing if not our very existence on the planet now comes under
threat. One solution is to rediscover how to cohabit with the wild
(Kahn and Hasbach, 2013a,b). It becomes a necessity again, no
longer because of our limited ability to control nature but because
of our seeming inability to control ourselves.

A subset of the interaction pattern cohabiting with the wild
that we think speaks powerfully to what occurs at Fiddleheads
Forest School is cohabitating with a wild animal. They are not
wild animals like lions, obviously. But the animals such as birds,
spiders, and worms are wild insofar they are autonomous, self-
regulating, and not depending on the care of humans to live.

Here is an illustrative case in point of this interaction pattern.
A few children were digging and moving earth in a wheelbarrow
when the girl in Figure 7 noticed a worm in the soil. The boy had
come close to running it over as he was moving quickly with the
wheelbarrow in hand. The girl initially displayed aversion to the
worm, but that soon changed to fascination. A teacher noticed
what was going on and then kneeled down and picked up the
worm, placed it in her palm, and showed it first to the girl, who
began to get comfortable being in the presence of the worm. The
boy saw what was happening and, in our interpretation, wanted

FIGURE 7 | Interaction pattern: cohabiting with a wild animal.

to get on with his construction without harming the worm, so
he walked over and without hesitation took the worm out of the
teacher’s hand and placed the worm some feet away, out of the
construction area. He then got back to work. Both children were
cohabitating with this animal: the girl by being in its company,
and learning to appreciate and take delight in it; the boy by being
able to find a way to continue with his life while allowing the
animal the space to continue with its life. Notice, too, how the
teacher was able to foster this interaction by bringing the animal
to the attention of the children, demonstrating that the animal
was not harmful (by having it in the palm of her hand), and then
giving children the space to figure out what would happen next.
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FIGURE 8 | Interaction pattern: being outside in weather.

Being Outside in Weather
Some interaction patterns are so pervasive that they can escape
notice, even if they are important for humans to enact. Breathing
air is an example. We hardly think of it as a form of interaction –
that is, until it becomes hard to breathe. Then we might
emphasize the adjective clean as in breathing clean air. There are
cities in this world where breathing polluted air has equivalent
health impacts of inhaling 2–5 dozen packs of cigarettes a day.

One such pervasive interaction pattern, and a defining
characteristic of nature schools in general, is being outside in
weather. The children at Fiddleheads have no inside space. It rains
a lot in Seattle. Occasionally it sleets or even snows. Sometimes in
late Spring the sun shines and it is hot. Children spend all of their
time being outside in weather. Figure 8 shows a child enacting
this interaction pattern on a January day of heavy rain. She is well
dressed!

Being outside in weather is not only pervasive, but helps make
possible many of the interactions that occur in a nature preschool.
This is worth naming, and keeping in mind, when discussions
occur about whether it is important to balance outside time with
inside time in any specific nature school. It is also the case that
this interaction pattern helps connect children with perhaps the
wildest parts of nature that they have access to if the school is in
an urban environment. For weather by definition is wild insofar
as you do not control it: it is self-organizing, and it is big nature,
some of the biggest, and while it can be nurturing and healing,
it can also be fierce, and if you are not careful it can kill you. In
this sense, children learn to respect nature, and to cohabit with
the wild.

ADDITIONAL KEYSTONE INTERACTION
PATTERNS

We have characterized seven keystone interaction patterns that
have emerged from our observing children at Fiddleheads Forest
School, and provided a nature language about them: using one’s
body vigorously in nature, striking wood on wood, constructing
shelter, being in solitude in nature, lying on earth, cohabiting
with a wild animal, and being outside in weather. In two other
recent venues, we have characterized an additional 14 keystone
interaction patterns (Kahn and Weiss, 2017; Kahn et al., 2018b).

Thus here, in Table 1, we bring together all of the keystone
interaction patterns to date, and describe them briefly, and
note the ontogenetic and/or phylogenetic significance of each
of them. For the reader interested in a fuller explication of
any of the additional interaction patterns, we delineate which
additional pattern is discussed in which venue. Table 1 may
be especially useful for practitioners insofar as it provides a
condensed description of what children are actually doing at this
nature preschool, and potentially other nature preschools with a
similar landscape. For example, if a director of a nature preschool
is trying to explain to parents what their children are actually
doing each day outside, and why it is probably important for
them, the director could draw directly on whatever parts of this
table seem most relevant.

DISCUSSION

The qualitative research presented in this article seeks to make
a compelling case – as a proof of concept – that child–nature
interaction can be modeled in a nature preschool based on
interaction patterns.

In support of our proof of concept, we provided a summary of
the model’s underlying theory which draws from constructivist
psychology, ecological psychology, and evolutionary psychology.
We also provided an account of interaction patterns, and
discussed the phenomenological model we are developing, and
the issue of validation. Then we moved to the substance of our
research. We provided a description of seven keystone interaction
patterns that have emerged from our observational data, along
with an extended nature language to convey their ontogenetic
and phylogenetic significance. Finally, we integrated these 7
interaction patterns with 13 other patterns published elsewhere.
Thus, for the first time, we have in this article presented and
synthesized 20 keystone interaction patterns for this nature
preschool.

These 20 keystone interaction patterns do not complete the
model for two reasons. First, additional qualitative analyses
of more keystone interaction patterns is needed, along with a
quantitative coding (with assessments of intercoder reliability)
of all keystone interaction patterns so as to establish their
relative frequency. We think we have most of the keystone
interaction patterns identified, but not all of them. That work
is currently ongoing, and will be reported at a later date.
Second, our model is constructed to be open-ended, and thus
is responsive to whomever wants to modify it based on their
own sensibilities and goals. For example, it is possible to drill
down with greater and greater specificity to name very specific
interaction patterns, such as sitting on log with left foot in the
air; sitting on log with left foot extended on ground. There are
thousands of interaction patterns of this sort, if not more. Are
they interesting? At this moment, not to us with the lenses that
we bring forward, including that of developmental psychology,
education, environmental education, and parenting. But if we
were specialists in something like “child-sitting ergonomics,” then
such interaction patterns could be of particular interest, and be
elevated to a keystone level. Assuming that the modeling of the
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TABLE 1 | Toward modeling child–nature interaction in a nature preschool: 20 keystone interaction patterns.

Keystone interaction pattern
(Image)

Description Ontogenetic and phylogenetic significance

Using One’s Body Vigorously in
Nature2

Running on uneven ground and kicking at a wheelbarrow,
as shown in this image, represent only two of many
instantiations of this keystone interaction pattern that can
occur in a nature preschool.

As a species, we came of age using our bodies vigorously
in nature. It was a requirement for survival. From this
evolutionary perspective, our bodies and minds are
optimally programmed to thrive through using our bodies in
this way, which as modern people we often reduce to what
we call “exercise.” Nature preschools like Fiddleheads allow
children the space and time to enact this keystone
interaction pattern in many different ways.

Climbing High in Small Tree2 This boy climbs the low-hanging branches of a small tree.
He must take into account the differential load-bearing
capacity of each limb as he makes his way up the tree.

This interaction pattern makes possible many other
interactions that presumably have their origins in our
evolutionary history. For example, looking out from a natural
vantage point (tall tree, knoll, hillside) to be able to see what
lay in a more distant landscape likely conferred an adaptive
advantage.

Striking Wood on Wood The boy holding a stick strikes a woven-stick shelter
surrounding the base of a tree, and at one point jumps from
one of the logs to strike the wood. The girl observes the
boy’s behavior and explores her own ability to strike wood
on wood.

Phylogenetically, this interaction likely came about with early
tool use, and the discovery of how sticks could be used for
human benefit. Developmentally, the enactment of this
pattern can occur with a range of tools in hand (natural and
artifactual), and provides a mechanism by which children
learn the properties and affordances of the materials.

Leaning on and Hanging from
Supple Tree Limbs2

While speaking to a person on the outside edge of the
classroom’s boundary, this boy begins to lean his
bodyweight on the small branches within his grasp. As he
shifts his bodyweight forward and backward, the branches
move and bend accordingly.

This form of interaction with nature illustrates a canonical
principle of ecological psychology whereby interactions with
the affordances of nature quickly create new affordances
which lead to further and often more extensive interactions.
One can almost see here the child’s construction of
knowledge, as he is learning how to balance himself amidst
supple tree limbs. It includes proprioceptive knowledge, as
he gains an understanding of his body in relation to a
dynamic natural system.

Constructing Shelter This child is modifying the hollow of a tree by leaning
branches up outside the hollow, thereby creating a little
more protection and privacy.

The affordances of this nature classroom allow the boy to
engage in place-making. Our Paleolithic ancestors enacted
a similar pattern, often modifying natural areas, such as
caves. Finding or constructing shelter represents a
fundamental feature of ancestral life.

Digging in Ground1 This boy uses a shovel in one of the nature classroom’s
mud pits. Initially, he was awkwardly scrapping the shovel
across the surface of the ground. This photo captures the
moment at which he discovers how to leverage his body
over the shovel to yield the most efficient strategy for
digging.

The use of tools by humans to mediate interaction with
nature stands as one of the key evolutionary turning points
for us as a species. Nature classrooms such as the one
pictured here allow children to discover and construct for
themselves the schema necessary for understanding and
operating various tools most effectively with respect to their
bodies and the environment.

Falling on Ground1 This girl was running through the nature classroom when
she put her right foot on a log that was slippery from the
morning’s rain. As she fell, she extended her right arm and
rolled slightly onto her shoulder as she caught her fall.

Falling on ground safely is a developmental outcome
requiring opportunity. As modern humans come of age in
environments largely devoid of environments allowing for
the learning of how to fall without seriously injuring oneself,
there exists the possibility that children will mature into
adults without the basic physical skills and body awareness
necessary to avoid potential serious physical harm.

Not Falling on Ground1 This boy was carrying a branch above his head and then
tripped on a rock on the ground that he had not seen. He
succeeds in not falling on the ground by dropping the
branch as he regains his footing.

In development, a child learns to increasingly integrate
schemas of action. In this case, it is the child dropping the
branch to regain balance. More generally, this integration
emerges whenever multiple interaction patterns are
simultaneously enacted.

(Continued)
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TABLE 1 | Continued

Keystone interaction pattern
(Image)

Description Ontogenetic and phylogenetic significance

Leaning Against Tree1 The boy with the orange hood sits nestled within the roots
of a cedar tree that he has designated previously to be his
“magic spot,” a place of comfort and self-regulation chosen
in different areas in the nature classroom by each child. The
girl standing offers him a flower as a symbol of their
resolution following their heated quarrel.

In many cultures, trees are understood to have power. To lean
against a tree is to engage in a relationship with it, and to feel its
support physically and emotionally. In turn, the ability of children
to regulate their feelings, especially when there is conflict with
other children, is paramount in development. It is possible that
direct contact with supportive parts of the natural world help
children to self-regulate.

Lying on Earth After an altercation with her friends, this girl chooses to lie
on the ground, in the few rays of sunlight that reach the
floor of the nature classroom. In this particular example, she
also chose to enact this pattern of lying on the earth in
solitude, as a means of re-centering herself emotionally and
physically.

Modern people are losing direct physical contact with the earth.
That loss is likely due to ignorance and happenstance.
Ignorance in that we have forgotten how good it feels to have
one’s body in contact with the earth. Happenstance in that the
urban world is increasingly paved such that there is little ability
to lie on earth; and even when there is opportunity, we often
design nature areas to prevent this interaction pattern under the
guise of comfort.

Being in Solitude in Nature Following an altercation with classmates, the child seeks
solitude in an enclosed and private area surrounding the
base of a tree at the edge of the nature classroom.

Children at Fiddleheads often take advantage of the privacy that
more wild or secluded parts of the landscape affords. It
sometimes appears to be an effective mechanism for
self-regulating and regrouping: processing something difficult
that had just occurred with other people.

Waiting Attentively in Nature2 At an edge of the nature classroom replete with ferns and
foliage, this boy waits patiently for the return of his friend.
Minutes go by, as he stands attentive yet calm, amidst the
chirping of birds and a light breeze ruffling the leaves of the
surrounding plants.

Our urban technological world does not offer many natural
affordances for attentively waiting. Rather, it seems that peering
into technological device while waiting is becoming the norm.
Attention Restoration Theory suggests that mental fatigue can
be improved by time spent in nature. It is possible that waiting
attentively in nature is one form of human–nature interaction
that can restore mental and emotional capacities.

Making Social Boundaries on
Earth2

This boy dragged a long thick branch from another location
into an open space and used it to make a boundary, which
he then buttressed with wood rounds and rock that he also
carried from elsewhere.

The Neolithic period brought forward a shift from nomadic to
agricultural life, and thus the ability to store foods, and to
thereby increase population. With such changes came an
increasing focus on ownership of objects and land, and
territorial boundaries to indicate property lines. Children
enacted this form of interaction by drawing on the many “loose
parts” of nature in the nature preschool, as well as the school’s
open space.

Pushing to the Edges of Social
Boundaries2

While swinging his body to and fro in the supple tree limbs
of this tree bordering the edge of the classroom, the boy
realizes he can nearly swing his head and torso across the
boundary and beyond the classroom edge.

In healthy development, children need to test boundaries,
physically and socially. The two are often intertwined at this
nature preschool insofar as children know the rule (for safety)
about staying inside the physical boundary of the classroom,
but often enjoy going right to the edge (or just slightly over). This
example also illustrates a fundamental component of the theory
of ecological affordances, as one interaction with nature,
leaning on and hanging from supple tree limbs, can engender
the opportunity to engage in other related, but distinct,
interactions, such as pushing to the edges of social boundaries.

Imagining Nature to be
Something Other Than It Is2

A girl who had been playing with another girl saw a long
thin stick. She got on the stick and began to ride it, calling it
a “train” and then a “horse” at different times. After initially
claiming solitary ownership over the stick, the girl eventually
decided to entice a friend of hers to join her for a “trip”
around the center of the classroom.

The young child’s mind undergoes a far-reaching transformation
when it comes to understand that something can be
represented as something other than what it is.
Phylogenetically – tens of thousands of years ago, and perhaps
much longer – this achievement of our species likely occurred
though people interacting with nature, and then imagining
nature to be something other than it is.

Looking at Wild Animals2 This child was jumping over the log and exploring her ability
to propel herself over it. She then notices a spider and
invites a teacher to look at it with her. Looking at animals
can be both an individual and social interaction.

Biophilia refers to the innate propensity for humans to affiliate
with nature, and one of the most salient aspects of nature that
humans affiliate with are animals. In our ancestral history, we
hunted wild animals, and depended on them for our survival.
We became interested and good at looking at them.

(Continued)
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TABLE 1 | Continued

Keystone interaction pattern
(Image)

Description Ontogenetic and phylogenetic significance

Imitating Animals2 The girl imitates the physical actions and vocalizations of a
domestic housecat while making eye-contact with her
classmate.

Imitation of domestic and wild animals can be considered
as a form of reciprocity and communication, highlighting the
vital position animals play in even modern lives.

Calling Birds1 Standing in one of the most wild parts of the nature
classroom, this girl raises and lowers her arms in a wing-like
fashion, and imitates the sounds of the birds overhead.

It has been said that the human species cannot be fully
itself without enacting, dreaming, and thinking about wild
animals. In turn, birds are some of the wildest animals that
people encounter in urban environments insofar as birds,
especially those that migrate, are not hemmed in by human
infrastructures and desires.

Cohabiting with a Wild Animal While digging in the ground in a pretend construction site,
these children came across a worm wriggling in the earth.
Along with the aid of a teacher, the children transitioned
from a state of initial unease to fascination, and ultimately to
respect for the worm’s existence.

It has been said that one of the overarching problems of the
world today is that we see ourselves as dominating over
nature, rather than cohabitating, coexisting, and affiliating
with it. In Paleolithic times, learning to live among the
animals that shared our environment was a necessity for
survival. For children, understanding the notion that one can
live side-by-side with other organisms is an important
lesson in developing a healthy relationship with nature and
those around us.

Being outside in weather The child kneels near the mud pit of one of the nature
classrooms and scoops up some of the rain-soaked earth
with one of her hands.

Children in a nature preschool spend almost all of their time
outside. Being outside in weather exists as an overarching
keystone interaction pattern that can take on many forms
for different environments – such as heavy rain for this
Seattle-based nature preschool. Learning to adapt to the
changing weather allows children the opportunity to
develop skills of self-regulation, and immerses them in
perhaps the wildest forms of nature accessible in an urban
environment.

Interactions with superscript 1 have been described in detail in Kahn and Weiss (2017), and with superscript 2 in Kahn et al. (2018b). The others are described in detail in
this article.

ergonomic child–nature interaction patterns are being done well,
then it is not an issue of the modified model being right or
wrong, but relevant or not relevant to a particular audience. That
is an extreme example, of course. But it is possible that people
even with a shared orientation may want to emphasize certain
interaction patterns over others; and that is fine, and they would
then provide the nature language to help others understand
why that pattern is particularly significant. Thus in our view,
our modeling is both product and process. Both are intellectual
contributions.

Part of the strength of our approach to modeling is that
it can account for forms of interaction that cut across many
if not all nature preschools, while allowing for differences in
the way that the interactions are instantiated, or in terms
of the subsets of interaction patterns that are called forward
to comprise the larger pattern. For example, using one’s body
vigorously may occur in all nature preschools, but in some
schools that may involve running up a hill while also running
on flat land while in other schools, like in the Fiddleheads
main classrooms, there are no hills to speak of, so you would
not see running up a hill. Or climbing high in small tree can
occur in many different regions with many different species
of small trees; though it will not occur in nature preschools
where there are no trees. Thus future studies could employ
our approach to modeling to compare nature preschools in

different geographical locations (e.g., with more or less wild
landscapes), or to compare nature preschools to traditional
inside preschools in the same location. Along the same lines,
our modeling, based on interaction patterns, can account for
what is universal and particularistic based on culture and
subgroups. Thus future studies could also employ our approach
in comparative studies of nature preschools in different cultural
settings.

With a working model in hand, one can also move beyond
comparative studies and generate and test important hypotheses.
For example, one hypothesis that we are currently exploring
is whether more relational forms of interaction with nature
(such as calling birds, leaning against tree, and imitating
animals) occur in landscapes that have affordances that are
more wild. If such a hypothesis bears out, it would speak to
the importance, even in modern times, for children to connect
to more wild forms of nature to develop relational ways of
engagement.
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