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Outdoor Learning—Why It Should Be )
High up on the Agenda of Every i
Educator

Introduction

Rolf Jucker and Jakob von Au

1 Why is High Quality Education so Crucial Today?

Whether you like Greta Thunberg or not, it is very difficult to argue with her analysis
that we need immediate urgent action to stop, mitigate and adapt to climate change—
that “empty words” are simply not enough (Thunberg, 2020).

Why are we starting a volume on outdoor learning with this provocative statement?
Is this going to be some missionary, ideologically driven, radical environmentalist
manifesto?

We would argue—on the contrary. There are several converging fundamental
insights at play here which we need to focus on so that you, as a reader, can fully
appreciate and critically evaluate what we are trying to do with this book.

A note on terminology: We are fully aware that there is a wide variety of terms used for what
concerns us here: nature-based learning, school-based outdoor learning, real world learning, Edua-
cation Outside the Classroom, DrauBlenschule in German (based on uteskole (Norway) and udeskole
(Denmark)), utomhuspedagogikk (Sweden) etc. Platonet is at present trying to find an internation-
ally accepted term (https://www.outdoorplaycanada.ca/plato-net/). We decided, for this volume,
to use the broader term ‘outdoor learning’, since we believe that the value and benefits of this
approach apply to learning out in the real world generally, not just for schools but also for other
types of formal, non-formal and informal learning. However, we have deliberately not standardised
the terminology because this can obscure the rich, diverse practices which feed what we showcase
here. So it was the chapter author’s choice to use whatever terminology they preferred.

R. Jucker (X)
Stiftung SILVIVA, Jenatschstrasse 1, CH-8002 Ziirich, Switzerland
e-mail: rolf jucker@silviva.ch

J. von Au
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2 R. Jucker and J. von Au

1.1 Complex World with Many Mutually Reinforcing
Challenges

Maybe climate science and the Covid-19 pandemic have managed to help us appre-
ciate a fundamental fact about our world: it mostly consists of complex systems,
which can be defined as follows:

A complex system is a system composed of many components which may interact with
each other. Examples of complex systems are Earth’s global climate, organisms, the human
brain, infrastructure such as power grid, transportation or communication systems, social
and economic organizations (like cities), an ecosystem, a living cell, and ultimately the entire
universe.! Complex systems are systems whose behaviour is intrinsically difficult to model
due to the dependencies, competitions, relationships, or other types of interactions between
their parts or between a given system and its environment. (Wikipedia—Complex system,
2021)

Most serious challenges facing human society today are complex, systemic problems,

often mutually reinforcing each other:
Crises in the natural world have reached a critical level. Inaction now threatens the very
existence of human society: the Intergovernmental Panel on Climate Change (IPCC) warns
that averting the most serious consequences of climate change requires a radical overhaul
of the global economy, while the OECD argues biodiversity loss is among the top global
risks to society. Importantly, the intersection between these crises deepens their effects. For
example, deforestation is a major cause of biodiversity loss while also being the second
largest source of anthropogenic greenhouse gas emissions. Meanwhile, growing inequality,
the changing nature of work, and continued human rights violations are just some of the
major risks facing global society and the financial sector that supports it. (ShareAction,
2020, 4; see also UNESCO, 2020, 6)

We don’t want to bore you with a litany of problems. However, the above discussion
highlights two points which are important for us here:
1. There is no serious disagreement with the scientific consensus that almost anything of
importance to human society is complex (including education and learning).

2. We can therefore not adequately approach such issues with simplistic, Twitter-sized
soundbites, but only with appropriate systemic understanding.

1.2 Humans Are Stretched to Their Limits to Understand
the World They Live in

The above sounds pretty straightforward. So let us just engage in such systemic
learning and understanding, here with a focus on outdoor learning...

Or can we? As Jucker has shown in his book Can We Cope with the Complexity
of Reality? (2020; see also Glasser, 2019), our human perception and cognition—
as it evolved over time—is placing serious limitations on our individual capacity to

1 Even teams in organisations are complex systems which necessitates a high understanding of
systems in order to lead them successfully (Mautsch and Metzger, 2019, 141-160).
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understand the world around us. As Kahneman (2012) amongst others has shown, our
normal, automated mode of interaction with the world—in Kahneman’s terminology
“System 17, others call it “old brain” (Hawkins, 2021)—is efficient for everyday
life, but highly flawed and hampered by a whole host of biases which interfere with
objective, reflective, reasoned attempts to figure out what is going on (i.e. what
Kahneman terms “System 2”).

Or to put it more bluntly: From psychology and brain research we know that our
personal experience, our personal knowledge, our memory, and even what we call our
autonomous, inner ‘I’ or self are highly unreliable, often illusionary constructions of
our brain. All of this is subject to a variety of perceptual distortions, psychological
biases, and unreflected cultural prejudices (Jucker, 2020, 17-53). Only very rarely
can we base reliable solutions on them:

Every-day thinking does not understand itself, is therefore uncritical and, if at all, only
partially able to come to true statements. (...) Without a critical theory of itself and without a
theory of the nervous system, everyday thinking (...) believes that it understands the material
things in the world directly as they are (naive realism). (...) Its implicit meta-theory is equal
to the one in magical and religious world-views and is the source of resistance against the
scientific world-view of adults. (Obrecht, 2009, 56; translation by the authors)

This poses a fundamental philosophical problem: given both that our evolutionary
machinery severely restricts our understanding of the world,? and that we are depen-
dent on a sound understanding of reality, if we want to successfully interact with it,
what do we do?

Recent experiences, such as Covid-19, and a historical reflection on how reliable
knowledge is created show us that we can only generate a meaningful understanding
of the world if we can reliably distinguish between fact and fake news. For this,
we need verification processes that only science can offer: openness, a culture of
error and reversibility in the case of new findings, verification of results by different
methods, reproducibility, verification by others, and evidence.

Humanity’s knowledge about reality, collectively acquired over decades, is there-
fore always more important than our personal, inevitably distorted mental model of
it, which our brain is constantly constructing (Hawkins, 2021). This is the reason why
state-of-the-art solutions to complex problems can never be provided by individuals,
but only collectively, by teams, based on the best available knowledge (see Frith,
2007, 187). As a result, we must learn to take collectively verified knowledge (on
climate change, for example) seriously and to mistrust our fallible pre-concepts, far
too often guided by our personal interests, biases and prejudices. In other words, we
need reasoned, evidence-based approaches:

2 This is the case even on very basic levels. The human ear can perceive a limited range of the
entire sound spectrum (usually from 20-20'000 Hz, while some animals can hear from as low as
7 Hz to as high as 100’000 Hz (Wikipedia — Hearing range, 2021). Moreover, the human eye can
only see what is called visible light, which represents a “very small portion of the electromagnetic
spectrum”. Human vision ranges from 380 to 760 nm, whereas the entire spectrum ranges from
Gamma rays at 1 pm (1 trillionth of a meter) to extremely low frequency radio waves at 100’000 km
(Wikipedia—Electromagnetic spectrum, 2021).
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The deliberate application of reason [is] necessary precisely because our common habits of
thought are not particularly reasonable. (Pinker, 2018, 9)

1.3 Learning and Education is the Basis for Understanding
and Change

If we take the fallibility of human perception and cognition together with the
complexity of our world, then it emerges that understanding this world hinges on
learning. This is the case for two reasons:

First, despite the limitations of human cognition, we are in for a chance: the
way our brain works allows for continuous learning and correction of mistakes. In
constant interaction with the real world, with experiences and things we learn, our
brains correct and adapt the models of the world we base our understanding on
(Hawkins, 2021; Frith, 2007). In other words, our brain is constantly learning, and
there is no upper limit to what and how much we can learn (Bjork et al., 2013; Brown
etal., 2014).

Second, contrary to the widespread opinion that it is enough to just pick one
(however absurd) opinion and assume it is equally valid as any other, humanity has
developed reliable processes since the Enlightenment that allow us to distinguish
opinion from knowledge. When we use reason or System 2-thinking (Kahneman,
2012), and link it to a scientific approach (see Jucker, 2020, 37-43), “we can learn
through criticism of our mistakes and errors, especially through criticism by others,
and eventually also through self-criticism” (Popper, 1999, 84, italics in the original;
see also Hawkins, 2021; Frith, 2007, 183; Rovelli, 2018, 132).

Therefore, it seems clear that we all need the best available, life-long learning, if
we want to be able to both understand the world we live in and to be in the position
to interact with and change it in ways which are meaningful, just and sustainable. To
link back to Greta Thunberg’s provocation at the beginning: we all need to be in a
position to move from (often empty) words to action.

You might think you are in the middle of a highbrow discussion, which has not
much applicability to normal people and particularly school kids. However, for good
reason most foundational texts for education bills or national curricula in democratic
countries state something like the following:

In compulsory education pupils develop fundamental knowledge and skills as well as a
cultural identity which enables them (...) to find their place in society and the workplace.
(Grundlagen fiir den Lehrplan 21, 2010, 8; emphasis added)

The inter-cantonal Commission of Education Ministers of the French- and Italian-speaking
parts of Switzerland affirms that the transmission of fundamental values of communal life
in a democratic society as well as the acquisition of a sound general education is the corner
stone of compulsory education for all. (CIIP, 2003, 1; emphasis added)

So it seems that the core of the enlightenment, as declared by Immanuel Kant, is still
the basis for education:
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Enlightenment is humanity’s emergence from her self-imposed immaturity. (Kant, 1784)

A democracy (and the self-determination of the people in a community) can only
function if the people involved in this process have the skills and competencies to
act maturely in the spirit of Kant. Where people cling to the lips of authoritarian
or religious leaders or (social) media to be told how to understand the world and
what to do, this is certainly not the case. Therefore, the greatest challenge facing our
education systems—it seems to us—is how to accompany children, young people,
and adults into the self-determined maturity referred to by Kant more than 200 years
ago.

2 What is the Importance of Outdoor Learning in This
Context?

2.1 Education Systems Are Complex—A Call for Modesty

Therefore the question arises: What does and does not work in education, if we look
at it scientifically and not through the lenses of our goals, wishes and assumptions?
It is clear that learning and teaching are multi-factorial processes, in other words
highly complex systems. On the one hand, there are a host of underlying conditions
and parameters from the macro to the micro level (see Fig. 1).

In the classroom, this includes things such as cultural and regional context, type
of school, composition of class, school and class climate. With regard to teachers,
we are looking at professional knowledge, technical, diagnostic, didactic and lead-
ership competencies, cross-curricular and subject specific quality of teaching and
teaching materials. With regard to students, these conditions and parameters include
perception and interpretation of the teaching, family context (social class, richness of
language environment, culture, familiarity with education, parenting, socialisation),
the individual learning potential (previous knowledge, languages spoken, intelli-
gence, learning and memory strategies, motivation to learn, willingness to make an
effort, perseverance, self-confidence), and the use of learning time in class and in
extracurricular activities (Hasselhorn & Gold, 2017, 237).

On the other hand, teaching and education are always only offers for learners:
if and how this offer is taken up, is very much dependent on the learners and can
therefore never be fully controlled by the educator:

In addition to the quantity and quality of the learning opportunities offered, the cognitive,
motivational and emotional learning conditions of the pupils determine whether and how
a learning opportunity is actually used. (Hasselhorn & Gold, 2017, 236; translation by the
authors)

We would argue that we have not yet quite managed the ‘evidence-based turn’ in
education. Far too much of our educational practice is still based on tradition, repro-
duction of our own educational experiences, fashionable trends and pseudo-scientific
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Fig. 1 Factors influencing a person at different levels

approaches. However, at least since Hattie (2008) we have a growing base to rely on
if we are looking for broadly evidence-based strategies to make educational inter-
ventions work. Remember: evidence-based very often means counter-intuitive, as
demonstrated by almost all of the history of science. Therefore, you will find quite a
few surprises in Hattie’s 252 influences related to student achievement (Waack, 2019),
compared to your preconceived ideas about what might work. But it is certainly worth
integrating these findings into what we do in any educational intervention.

For our purposes, we can focus on a few which stand out, also supported by other
research. Firstly, the value of a good teacher cannot be overestimated. There has
been a strong tendency, coupled with an oversimplified understanding of construc-
tivism, that you do not really need teachers anymore, because learning happens in
the learner. However, research clearly shows that this is not the case. Having a good
teacher is undeniably central for student achievement, and it is far from trivial. Peda-
gogical and psychological research has highlighted the complex and demanding
social, pedagogical and didactic-professional qualities, which characterise a good
teacher (Weinert, 1996). Research into excellence has also reinforced this under-
standing and thoroughly debunked the myths around talent and genius. In order to
learn and to succeed in any domain with a high level of competence requires a lot
of dedication and years of practice (Brown et al., 2014, 18; Ericsson & Pool, 2016,
96, 207), in other words, “effortful learning”, akin to “System 2”-learning. It also
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requires a good dose of so-called non-cognitive skills (such as “self-discipline, grit,
and persistence” [Brown et al., 2014, 199]) as well as tutors who give feedback in
order to push and stretch learners not too much, but also not too little outside their
comfort zone (Ericsson & Pool, 2016, 108).

In addition, it seems that collective learning is more effective—something every-
body knows who floated his/her own ‘fantastic’ idea in a team, only to witness that
afterwards this idea had matured into something clearly better, more complex and
meaningful through the collaborative process (Rovelli, 2016, 6; Frith, 2007, 175;
Rippon, 2019, 114; Dennett, 2017, 24, 378; Glasser, 2007).

We are left with a clear obligation to modesty and even humility. The insight
that education and learning are complex systems means that we will only master
them reasonably well if we face up to this complexity. Simplifications simply won’t
help and the ‘one-size-fits-all” guru-solution for everything does not exists. We must
develop reliable immune responses to simple answers or black-and-white solutions.
Not just in politics, but also in education and learning, we still largely have to do our
homework and start acting based on evidence, not ideology or mission. Which begs
the question: Are we ready to look at our educational practice with more humility,
openness, willingness to learn and culture of error?

Furthermore, any educational intervention is at the very best only a small puzzle
piece that contributes to human development and learning. Learning offers are only
necessary, never sufficient, elements for the transformation towards a dignified, live-
able future. We need not only in education, but also on all other levels of the system
(politics, cultural values, economic system, incentives and disincentives, media, fami-
lies, identity construction, etc.), manifold, scientifically well supported interventions.
But these interventions, in turn, will not be sustainable if they are not undertaken with
an open, Popperean scientific mindset. They need to be based on a democratic foun-
dation and oriented towards freedom and responsibility. They need to be informed
by the precautionary principle. And finally, they need to be in touch with, as well as
in acceptance of, complex, non-linear, systemic reality (Meadows, 2009, 181).

This clearly also applies to outdoor learning. As with any other educational
approach, we should therefore be very careful not to overestimate its potential impact
and not to raise our expectations too highly.? It is certainly not the magic wand to
solve all educational problems, let alone the rest of humanity’s predicatments.

3 Just two very different examples: a) There is a tendency in outdoor learning circles to overrate
personal experience. However: “The world we perceive is a simulation [by our brain] of the real
world.” (Hawkins, 2021, 175) This has consequences: “If you rely only on your personal experi-
ences, then it is possible to live a fairly normal life and believe that the Earth is flat, that the moon
landings were faked, that human activity is not changing the global climate, that species don’t
evolve, that vaccines cause diseases, and that mass shootings are faked.” (ibid., 180)

b) We need to keep effect sizes in view. Mygind et al. write: “(...), it remains that sociocultural
factors, such as percentage English learners, socioeconomic disadvantage, or presence of creden-
tialed teachers, have a stronger bearing on healthy child development. In other words, within the
socioecological totality of a child’s world, green space may play a role, but sociocultural factors
will be decidedly more important.” (2021, 23)
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2.2 Outdoor Learning—A Sober Assessment

Even though research into outdoor learning can be traced back to at least after World
Warl, its quality is still not anywhere near standards routinely used in other scientific
fields (see chapter How to Raise the Standards of Outdoor Learning and Its Research
in this volume; Mygind et al., 2019), if we understand science as “a social process
that rigorously vets claims” (Oreskes, 2019, 141).

A recent, very thorough meta-study on the effectiveness of outdoor learning
found only 13 studies—among a pool of 7830—that lived up to reasonable (not
even high) methodological research standards (Becker et al., 2017). Studies in this
area frequently suffer from poor study design and lack of methodological rigour in
addition to representing very small numbers of participants. The duration of the inter-
vention studied is often short; they tend to reflect special teaching situations rather
than regular teaching; and they are generally neither randomized nor reproducible.
Importantly, they mostly raise serious questions about the relationship, read influ-
ence, of researchers on the participants. Very often, they have a circular design—in
other words, they tend to validate the initial hypothesis with notoriously unreliable,
subjective self-reporting of the participants. Attempts to triangulate the collected
data (thick description) or even to use objective measuring tools (such as measuring
movement with an accelerometer rather than asking teachers if and how far pupils
moved) are very rare indeed. Finally, the conclusions drawn are often not linked to
the data (on the limited quality of research in the area, see also Mygind et al., 2019,
2021). So far, so bad. We may be forgiven to continue to dream about double-blind
studies in education for a viable, dignified future. Nevertheless, despite these many
challenges, there are bright spots of progress, such as some excellent papers in the
volume The Natural World as a Resource for Learning and Development (Kuo and
Jordan (eds.), 2019; see chapter A Coordinated Research Agenda for Nature-Based
Learning in this volume) and the methodologically sound and very carefully executed
TEACHOUT study in Denmark (Nielsen et al., 2016*; see Udeskole—Pupils’ Phys-
ical Activity and Gender Perspectives and Pupils’ Well-Being, Mental and Social
Health in this volume).

2.3 Outdoor Learning—Its Specific Contributions
to Learning for a Viable Future

Despite these clear limitations in terms of the established scientific quality of outdoor
learning research and practice, there are a number of factors—particularly in the light
of the above discussion about complexity and how learning works in humans—which
seem to indicate that outdoor learning is not just a very important contribution to

4 For a list of the publications of the project see: https://nexs.ku.dk/english/research/sport-ind
ividual-society/research-groups/physical-activities-during-school-and-leisure/gn-projects/gn-pro
jects-completed/teachout-english/ Publications. Retrieved August 16, 2021.


https://nexs.ku.dk/english/research/sport-individual-society/research-groups/physical-activities-during-school-and-leisure/gn-projects/gn-projects-completed/teachout-english/

Outdoor Learning—Why It Should Be High up on the Agenda ... 9

the UN-proclaimed Sustainable Development Goal No. 4 (“Ensure inclusive and
equitable quality education and promote lifelong learning opportunities for all”;
United Nations, n.y.; see Jucker and von Au, 2019), but to high quality education in
general.

If we take a systemic look at today’s society, we are, as we have seen, confronted
with various challenges: Climate and biodiversity crisis, democracy in times of social
media and an increasingly digital world, integration and diversity, social, physical and
mental health of students as well as teachers.> In order to master these challenges, we
need resilient, healthy, mature people who can deal appropriately with the increasing
complexity of the world and who can master the corresponding learning processes
in high quality. We need ‘deepened social maturity’, in accordance with Kant.

If we look at children in this framework and ask ourselves what they need and
what is good for them, then the following becomes apparent: Children have a right to
the best possible development and nourishment of their potential. They have, as Carl
Sagan beautifully said, a right to “wonder and scepticism” Sagan (1995), to diverse
possibilities of perceiving, experiencing and exploring the world, i.e. to a successful
understanding of the world. They have a right to the best possible learning processes,
to experience self-efficacy, and to become competent at social learning.

Taking this social and child-centred view together, what is needed?

e Rich, diverse, dynamic and motivating learning spaces, learning opportunities and
learning encounters,

¢ Enabling contact with the world and nature, understanding of the world and nature,
understanding of the relationship between humans and the world/nature,
Competence building for systemic thinking, understanding and acting,
Experience of self-efficacy and transformation,
Highest possible quality of teaching and learning experiences.

This is where learning in and with nature comes in. Outdoor learning supports
successful learning on a very fundamental level.

First, some central aspects of learning appear in a new light, based on the progress
made in brain and learning research in the last decades. As opposed to a computer
hard drive whose storage capacity becomes exhausted, there seems to be no known
limits to the human capacity for learning (Ericsson & Pool, 2016, 9, 40-41). Rather,
we know now that the more we learn, the more connections we establish among
different learnings, and the more we increase our capacity to advance understanding
and our ability to learn (Ericsson & Pool, 2016, 43; Dirnagl & Miiller, 2016, 260—
261). The more we learn, the better we get at integrating and understanding issues,
complex experiences, and abstract concepts such as Einstein’s General Theory of
Relativity—in other words central concepts about how the world works (Bjork et al.,
2013; Brown et al., 2014, 76, 199).

If we combine this insight with the finding that real, three-dimensional, multi-
sensorial experiences activate a multitude of brain regions and faculties, leading to

5 Teachers in Switzerland, for example, have disproportionately high stress and burn-out levels
(Sidler and Hunziker, 2016; Studer and Quarroz, 2017).
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deepened connections among these regions and consequently to more resilience with
regard to mental processes (Shaw, 2016, 251-252; Frith, 2007, 126-127; Dirnagl and
Miiller, 2016, 260-285; Brown et al., 2014, 167-168, 208-209), it seems inevitable
to draw the following conclusion:

Learning that activates as many senses as possible (seeing, smelling, touching,’
hearing, moving, ...), which takes place in dynamic, real-world learning envi-
ronments, and which demands social interaction and self-guided involvement
of the learners (Shaw, 2016, 139), is likely to be very effective. In addition,
research shows that learning the same content while in motion, as opposed to
being stationary, is more effective and evokes better long-term results (Dirnagl
and Miiller, 2016, 260).” If learners—and this does not only apply to children—
are moving about, can touch things, view them from different perspectives, can
smell, taste, and hear them, learning is more profound, more resilient and yields
better long-term recall.

Second, mounting evidence indicates that real-world learning outside the classroom
contributes to unlocking the full potential of learners. Since learning in and with
nature takes place outside, in real, often unpredictable situations, which require
quick comprehension, reaction, dialogue among each other, reflection and solution
orientation, learning with nature contributes specifically to the competencies that we
humans increasingly need in order to deal with the challenges we face in the twenty-
first century (see chapter Rediscovering the Potential of Outdoor Learning for Devel-
oping 21st Century Competencies and chapter Fostering 21st Century Skills Through
Autonomy Supportive Science Education Outside the Classroom in this volume).
In the context of education for a viable future, learning outside is therefore well
placed to help children and adults connect to all life and nurture the self-confidence
and sense of agency that are necessary to take on the formidable responsibility of
shaping humanity’s common destiny. Learning in nature can also stimulate our innate
desire to understand the world around us, thus increasing both motivation and our
willingness to communicate and share with others.

Third, there is another reason why education—whether inside a classroom, in the
community, at the workplace, in a research lab, or out in nature—is an indispensable
tool for the change we need to an open, fair, just and sustainable future. Education
can open up time and space to engage in “System 2” reasoning (Kahneman, 2012).
It allows us to take the time needed to really understand an issue, with the help
of outside experts, teachers and peers, texts, experiments, projects and much more.

6 “Touch is not optional for human development. We have the longest childhoods of any animal —
there is no other creature whose five-year-old offspring cannot live independently. If our long
childhoods are not filled with touch, particularly loving, interpersonal touch, the consequences are
dramatic.” (Linden, 2016, 4).

7 Bearing in mind that human learning is fundamentally tied to movement (Hawkins, 2021, 34-35).
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Education therefore allows us to run ‘living labs’ in order to try out and find solutions
to the urgent questions mentioned above and to nurture a resilient immune response
to ideological beliefs, religious dogmas, and fake news.

This much we can glean from the available, general research on learning, education
and change. However, if we dig into the specific research on learning in nature—
even when bearing in mind the limitations outlined in 2.2 above—we can summarise:
learning in and with nature is overall effective learning, as it cumulatively promotes
learning processes and health on different levels (see Mann et al., 2021):

® Academic learning success: better recall of learning content, improved language
competence (reading, writing, talking to adults, vocabulary), better solving of
complex, interconnected tasks, better reasoning and analytical skills.

e Social competencies: strengthened social interaction, cohesion and trust between
teachers and students, positive socio-emotional development, bearing in mind
that a functioning learning community between teachers and students is a central
condition for successful learning.

e Self-competencies: Increased intrinsic motivation and willingness to learn,® higher
concentration, fewer disciplinary problems, high self-efficacy experience through
discovery, experience-based and action-oriented learning, building a sense of iden-
tity, develop pro-social behaviour and personal executive functioning through
risk-taking.

e Physical and mental health: Teachers and learners are significantly more in
motion,” which makes learning more successful and makes learning content avail-
able in the long term, training of gross and fine motor skills, easier access to
daylight'® and fresh air than in classrooms, emotional and behavioural problems
as well as hyperactivity are significantly reduced, especially in boys.

® Real-world learning: Rich and meaningful learning in real-world situations,
different learning spaces serve the diverse learning needs of children in a variety
of ways, which is more and more important in increasingly diverse classes.

e twenty-first century skills: Communication, cooperation, conflict resolution,
creativity, critical thinking, resilience, self-regulation, dealing with the unexpected
and complexity thinking are fostered.

e Familiarity with nature: Being close to nature and constructively dealing with the
destruction of nature leads to increased environmental awareness and sustainable

8 A very interesting research result, not specifically linked to outdoor learning, is that teachers with
a high motivation to continuously learn and improve their own professional competencies impact
positively on the motivation of their students (Dresel et al., 2013).

9 The most recent figures: compared to in-door classes, outdoor learning means up to 41.8 min less
sedentary time, up to 36.4 min more light and up to 11.48 min more moderate to vigorous physical
activity per school day (Bglling et al., 2021).

10 A5 discussed in chapter How Daylight Controls the Biological Clock, Organises Sleep, and
Enhances Mood and Performance and chapter Outdoor Learning and Children’s Eyesight, this has
important implication for myopia prevention. A recent review from China stated: “To prevent myopia
at younger ages, measures must be implemented, such as conducting school classes outdoors,
incorporating more outdoor activities into the school curriculum, and providing additional outdoor
programs for children on weekends.” (Zhang and Deng, 2020)
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action (see chapter Childhood Nature Connection and Constructive Hope in this
volume).

As acomparison with Hattie’s list of factors for successful learning shows (see above,
Waack, 2019), learning in and with nature cumulatively promotes many important
foundations that make successful learning possible in the first place. In this way,
learning in nature also supports children whose integration in the classroom is often
a challenge (Fig. 2).

We believe that it is this cumulative, fundamental fostering of learning in multiple
dimensions which is the core contribution of outdoor learning to high quality learning.
Kuo, Barnes and Jordan (see chapter Do Experiences with Nature Promote Learning?
Converging Evidence of a Cause-And-Effect Relationship in this volume) have
summarised this well in Fig. 2:

This cumulative fostering of high-quality learning also qualifies outdoor learning
as an approach to support SDG 4 and Education for Sustainable Development (ESD),
irrespective of theme or topic. The Scottish Curriculum for Excellence through
Outdoor Learning expresses this well:

Curriculum for Excellence offers opportunities for all children and young people to enjoy
first-hand experience outdoors, whether within the school grounds, in urban green spaces,
in Scotland’s countryside or in wilder environments. Such experiences motivate our chil-
dren and young people to become successful learners and to develop as healthy, confident,
enterprising and responsible citizens. Well-constructed and well-planned outdoor learning
helps develop the skills of enquiry, critical thinking and reflection necessary for our chil-
dren and young people to meet the social, economic and environmental challenges of life
in the twenty-first century. Outdoor learning connects children and young people with the
natural world, with our built heritage and our culture and society, (...). (Learning & Teaching
Scotland, 2010, 7)
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In fact, since all change rests on learning and outdoor approaches boost learning, it
can even support the implementation of all the other 16 SDGs. Contrary to the often
very conceptual and abstract discussions and propositions in ESD, outdoor learning is
a very practical, easily implementable tool to enhance high quality learning directly.
Particularly in terms of transforming teaching practice for learners in the best possible
way, we believe that outdoor learning has a lot more direct implications and also
chances of success, particularly since outdoor learning is at best an add-in approach
which requires very little extra resources—a fact which is very important with a view
to teacher acceptance and equitable access to high-quality learning, particularly in
poor communities (see Bentsen et al., 2021).

However, as mentioned above, learning in and with nature is not the panacea for
solving all problems in school. It is one of many useful, evidence-based, effective
ways to support teachers and school teams in their daily work. But since outdoor
learning, as understood here, is an add-in (directly enhancing and supporting high-
quality curriculum-based work) and not an add-on (requiring additional time and
resources beyond curriculum-focused teaching) approach,'! it is not a question of
burdening the school with yet another task beyond the curriculum, but rather of
supporting its core business, namely teaching and learning.

Our understanding of outdoor learning in this volume is the following:

— curriculum-based teaching&learning activities outside the classroom but in school hours
— setting-sensitive, problem-based, experiential education

— pupil-led, teacher-facilitated learning

— inclusion of PA not as a goal but as a means to pedagogical and didactical ends

— regular activities on a weekly or biweekly basis. (Bentsen et al., 2021, 3)

3 Why This Book and Its Very Specific Approach?

We have now provided you with some of the evidence and many substantiated claims
regarding the value and the specific contributions outdoor learning can make in a time
where high-quality learning might never have been more important.

However, you might be quite justified to ask: why yet another volume on this?
We have had the wonderful Frontiers volume, edited by Ming Kuo and Cathy
Jordan (2019), we have all the papers from the TEACHOUT project available (see
Footnote 4 above), we have the excellent books, edited by Sue Waite (2017 and
2019), and then there is The SAGE Handbook of Outdoor Play and Learning (Waller
et al., 2017)—amongst others.

1 Add-in is already good, but maybe we also have to think about subtractive solutions. There
is interesting research which shows that the constant exposure to additive solutions makes them
cognitively far more accessible: “It thus seems that people are prone to apply a ‘what can we add
here?’ heuristic (a default strategy to simplify and speed up decision-making). This heuristic can
be overcome by exerting extra cognitive effort to consider other, less-intuitive solutions.” (Meyvis
and Yoon, 2021, 189) The authors conclude that we need “to guard against the default tendency to
add.” (ibid., 190)
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There are several reasons why we are convinced that this book is unique and
serves a very specific purpose quite unlike any of the others. It should help launch
and sustain discussion, debate and finally implementation of outdoor learning on a
broad scale, on different systemic levels.

Our aim is clearly not to produce a straightforward scientific volume with research
papers never published before. The volume is not directed at specialist researchers—
they know their field inside out, know where to go for new research and have access
to all the papers they need through their institutional access systems. Producing such
a book takes far too long to be of interest to cutting-edge researchers. The volume is
also not aimed at the average teacher who is looking for practical guidance on how
to implement outdoor learning. This market is quite saturated in different countries
(see, as examples, Waite et al., 2020; SILVIVA, 2018 and 2019).

We aim for another audience in that we try to bridge the gap between these
two worlds. We provide you with a reader or compendium, mixing the carefully
selected, best internationally available, highest-quality evidence with new, original
contributions:

e In Part I (chapters A Coordinated Research Agenda for Nature-Based Learning,
Do Experiences with Nature Promote Learning? Converging Evidence of a
Cause-And-Effect Relationship, Refueling Students in Flight: Lessons in Nature
May Boost Subsequent Classroom Engagement, Childhood Nature Connection
and Constructive Hope, and How to Raise the Standards of Outdoor Learning and
Its Research) you find the very best in terms of the scientific case for outdoor
learning. This ranges from a holistic reflection on which research is needed, to the
succinct provision of the evidence, in broad and narrow perspectives, to quality
criteria for this research. It gives you a very good feel for how far the field has
advanced in recent times, despite the limitations mentioned above.

e Part II (chapters Udeskole—Pupils’ Physical Activity and Gender Perspectives
and Pupils” Well-Being, Mental and Social Health) gives you a unique insight into
a high-quality flagship research project: the TEACHOUT study from Denmark,
from which we publish two summary papers.

e Part IIT (chapters Some Impacts on Health and Wellbeing from School-Based
Outdoor Learning, How Daylight Controls the Biological Clock, Organises Sleep,
and Enhances Mood and Performance and Outdoor Learning and Children’s
Eyesight) is specifically focussing on mental, physical and social health. Outdoor
learning has unique contributions to make here (also touched upon already in Part
1), both for pupils and teachers. We approach this both from an inside perspective
from top-outdoor learning specialists in the UK, but also from the outside: we have
asked two internationally recognised specialists who have no connection or vested
interest in outdoor learning, to assess its health potential from their professional
perspective: chronobiology and health in the built environment respectively.

e PartIV (chapters Rediscovering the Potential of Outdoor Learning for Developing
21st Century Competencies and Fostering 21st Century Skills Through Autonomy
Supportive Science Education Outside the Classroom) is providing arguments and
evidence for the claim put forward in this introduction that outdoor learning is
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important for fostering the competencies all of us need to come to terms with the
challenges of the twenty-first century.

e Part V (chapters Research and Documentation of Outdoor-Based Teaching in
Teacher Education—The EOT Project, Bonding with the World: A Pedagogical
Approach and Udeskole—Regular Teaching Outside the Classroom) homes in on
one aspect which is almost religiously mentioned in every single recommenda-
tion on outdoor learning of the last decade: if we don’t nurture and develop the
necessary competencies of teachers (and teacher trainers for that matter) to teach
outdoor learning to a high standard, it will not be embedded across school systems
anytime soon.

e Part VI (chapters International Views on School-Based Outdoor Learning,
Natural Connections: Learning About Outdoor-Based Learning, Outdoor School
in Germany. Theoretical Considerations and Empirical Findings, Investigating
Experiences of Nature: Challenges and Case-Analytical Approaches and Creating
a Forest for Learning) finally both broadens and focusses our perspectives. From
a fascinating international insight into outdoor learning we turn to nation-wide
and individual case-studies, which provide the richness and depth of the territory
which we have mapped out before.

By providing a veritable ‘best-of” of recently published and new articles on the impact
of outdoor learning, offering sound evidence, but also a rich tapestry of limitations
and challenges, of exciting insights and success stories, we give you the learning
tools to make outdoor learning ‘doable’ in your context.

We are not going to walk you through each individual chapter—we have provided
abstracts for this reason. But just as a teaser, and really only pars pro toto, we give you
a distinct flavour of our selection approach. Chapter Refueling Students in Flight:
Lessons in Nature May Boost Subsequent Classroom Engagement, written by Ming
Kuo, Matthew H.E.M. Browning and Milbert L. Penner, is really far too long and a
reprint, you might say. Why do we still include it? In our view this paper is a perfect
example of really carefully carried out, thoughtfully reflected research which can
very well serve as a template for others to either do their own research or model
their practice on it. Chapter How to Raise the Standards of Outdoor Learning and
Its Research is a summary of a rather oldish paper. Again: why include it? Just the
summary gives such a rich diet of why scientific rigour on the part of the researchers,
and conceptual clarity on the part of education providers (i.e. the need for a Theory
of Change) is so crucial, that it might well be declared compulsory reading for every
researcher and every teacher and educator in the field.

Through this unique approach, we are able to present a rich, varied picture of
reasons and insights into outdoor learning which is aimed at those interested readers,
who want to go beyond the merely practical and are not specialists enough to dive
on a daily basis into hard-core science papers. It is for those people who need a more
than superficial understanding of the issues at stake, because they shape education,
as policy makers, civil servants, directors of teacher training universities, teacher
trainers, head teachers, and parents sitting on boards of educational authorities. It
is furthermore aimed at teachers with an interest in developing their professional
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competencies and at professional educators, coaches and multipliers who train staff
of educational NGOs.

In addition, the volume not only focusses on outdoor learning as an educational
approach. It has itself an educational aim. We are very much aware of the fact that the
intended audiences are broad and that this poses problems in terms of style. However,
we were driven by a twofold educational intent. On the one hand, we have encouraged
contributors to have readability in mind. We also aimed to enhance the ‘way into the
texts’ with an abstract (unfortunately only in the online open access version), a bio
statement about the authors, photos of the authors and a short recommended reading
list of their preferred three titles in the field. On the other hand, given the need for an
evidence-based approach, we aim to encourage and ‘push’ our audiences to really
dare and plunge into ‘proper’ scientific texts: in Denmark, for example, continuous
professional development training for outdoor teachers deliberately forces teachers
to read scientific papers as is, with no ‘translation’. If we are serious about the above-
mentioned insight that we cannot understand our world, and act meaningfully in it,
without adequate scientific understanding, than all of us need to develop both the
courage and the competencies to read and understand scientific writing.

This really is the background to our ‘idiosyncratic’ approach: since we want to
enhance the understanding and acceptance of outdoor learning, we need to provide
a variety of approaches. We do know that every single target audience we aim for is
in itself very varied again, from those who really need a simple ‘translation’ to those
who quite happily dig into ‘real science’. We are convinced that we offer a suitable
variety of texts for this ‘natural’ spread of readers—from chapters where the authors
support readers by explaining scientific terms in footnotes to chapters which read
like essays rather than a paper in Science or nature.

If you walk away from reading parts or the whole of this book with a deepened and
broadened understanding of outdoor learning—i.e. a “System 2” understanding—
then we have achieved our aim.

4 Vision—What is Needed?

Given the systemic approach we pursued and our target audiences, all the recommen-
dations we present here are intended for multiple stakeholders. For example, if we
identify research which is dearly needed, then not just researchers should feel called
upon, but also politicians who can allocate the money and teacher training institu-
tions who might benefit from the results. In fact, if these groups of people were to
cooperate right from the very start, this would in all likelihood not just improve the
validity of the research, but also bridge the science-practice gap and make sure that
up-to-date results and insights are actually taken up by the practitioners in the field—
a notorious problem we are confronted with in all areas of education. We therefore
encourage you to read the following in this spirit, and, if in doubt, feel responsible!
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It is for good reason that we have included Cathy Jordan and Louise Chawla’s A
Coordinated Research Agenda for Nature-Based Learning as the very first chapter
after the introduction. This piece is valuable for a wider audience not just for the very
thorough and systemic perspective it takes (looking at learning outcomes, differ-
ential effects, the mechanisms by which nature and learning are linked, and the
implications for policy and practice, see chapter A Coordinated Research Agenda
for Nature-Based Learning, Table 1). It can also serve as a template for broad and
inclusive processes, involving many different stakeholders, with the aim to arrive at
the best possible result as well as launching a continual, focused process of future
research. Jordan and Chawla have identified three domains for the latter:

1. learning outcomes, including understanding how learning in nature compares
with learning in classrooms, preschools and child care centers, and how
outcomes may vary by age, gender, socioeconomic background, ethnic back-
ground, individual differences, or special needs;

2. the mechanisms that explain relationships between nature and learning; and

3. how to most effectively apply research to policy and practice (chapter A
Coordinated Research Agenda for Nature-Based Learning).

We have also seen above that research in the area in general could benefit from a
serious reflection on research quality, including learning from other fields of research
where standards are much higher—as mentioned, TEACHOUT has here been a
trailblazer (Nielsen et al., 2016 and chapter Udeskole—Pupils’ Physical Activity and
Gender Perspectives and chapter Pupils’ Well-Being, Mental and Social Health but
also see chapter How to Raise the Standards of Outdoor Learning and Its Research).
In the meantime, a number of systematic reviews on the effects of outdoor learning
have been published which have reconfirmed some serious limitations regarding the
quality or diligence of some research in the area (see, for example, Becker et al.,
2017; Mygind et al., 2019, 2021; Dankiw et al., 2020). Be it sample size, mistaking
correlation for causation, overestimating effect size, a narrow focus which excludes a
systemic understanding of the hierarchy of factors influencing learning, understating
the ambiguity of findings, insufficient quality of the models used, etc.—these aspects
found in some research has lead one recent systematic review to conclude for the
area they looked at: “The empirical evidence must currently be considered limited.”
(Mygind et al., 2021, 22) Another systematic review on the impacts of immersive
nature-experiences on mental, physical and social health of children had to state
repeatedly: “The quality of the evidence was considered low owing to risk of bias
and imprecision due to small sample sizes.” (Mygind et al., 2019).

Therefore, there is clearly plenty of room for improvement in the quality and
scope of outdoor learning research. A recently published research protocol, co-
written, amongst others, by four authors represented in this volume (Jeff Mann,
Tonia Gray, Son Truong and Rowena Passy), has pointed out one particular area of
concern, despite the mounting evidence “for developmental and well-being benefits
on children and adolescents” through outdoor learning:

The effect of Outdoor Learning on academic metrics remains under-researched. Indeed, many
outdoor educators lament one of the key factors limiting Outdoor Learning from taking a
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greater role in mainstream education is the paucity of evidence demonstrating its impact on
academic curriculum performance. (Mann et al., 2021, 3)

But let’s not just look at research but a wider perspective. Even if we take all the
limitations mentioned above into account,'? the collected evidence and arguments
in this volume (and much of the wider work it was nourished by) clearly points
to the insight that outdoor learning has an important role to play in an education
system, which wants to be ‘fit4future’. Because of its ‘add-in’ approach, i.e. “direct
integration with curriculum time and aims”, but also due to “extensive teacher accept-
ability, the whole-population application (...) and low associated costs” (Bentsen,
2021, 5), outdoor learning might indeed be one of the keys unlocking the potential
that high-quality learning can offer to our kids. If we look to places where really
game-changing, substantial learning takes place, which makes learners truly grow,
it is almost always focussed, motivated, real-world learning for a purpose (see Eric-
sson & Pool, 2016). Outdoor learning can be a stepping stone for such learning
journeys, because it nourishes important elements of successful learning: it keeps
the motivation high, it nurtures the social bond between teachers and learners, it takes
place in movement and interaction—you can complete your list of favourites while
reading this book.

However, what is needed that this vision of an education which develops not just
at best the potential of all kids, but also secures a viable future for humankind, moves
from “empty words” into action?

One of the most impressive examples of an attempt to systemically integrate
outdoor learning regularly into the compulsory school system has been Denmark. It
is also a particularly interesting case, because the progress of this implementation has
been regularly measured (Barfod et al., 2016, 2021; Bentsen et al., 2010). The latest
survey noted that “the curve is flattened”, i.e. that the percentage of schools practicing
regular outdoor learning, is not increasing by much anymore (it lies at “approximately
one-fifth of general schools in Denmark™ in 2019). But two results are interesting:
within these schools “the number of classes using regular EOtC (Education Outside
the Classroom) increases significantly” and “one third of all special-needs schools
work with regular EOtC” (Barfod et al., 2021, 5). So maybe we should be looking
at saturation and how to deal with it, and at circumstances, where outdoor learning
can provide an even bigger benefit, such as in special-needs schools.

Apart from maybe Scotland it is very rare to find such a systemic, concerted
effort as in Denmark to really transform schooling. The way our Danish colleagues
have simultaneously used national networks, teacher training, peer-to-peer learning,
research, influencing policy and much more, can certainly serve as a role-model for
many other countries. At the height of the Covid-19 pandemic, which had “fostered
the interests in using the outdoors during both school and leisure time” (Barfod
et al., 2021, 5), due to the ease for distancing and lower infection rates, the Danish

12 Let’s be fair: many of the limitations have also to do with the fact that outdoor learning as broadly
understood as it is here is a nascent field and similar limitations plague much more established
educational interventions.
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Prime Minister, on primetime TV, urged all Danish School to teach outdoors when-
ever possible—something other countries can only dream of (except maybe Austria,
where the Education Ministry issued a similar suggestion).

In Switzerland, we have certainly tried hard to emulate the lead of Denmark.
SILVIVA, the Swiss Foundation for Nature-based Learning, has initiated an ambi-
tious national, trilingual project with the aim that every pupil in Switzerland can
profit from the multiple benefits of outdoor learning during their school career—and
their teachers as well. Based on the insights presented in chapter How to Raise the
Standards of Outdoor Learning and Its Research, SILVIVA has drawn up a Theory
of Change to facilitate the transformation into an education system, where resilient,
healthy children, youth and adults unlock their potential and learn to deal compe-
tently with a complex world—individually and collectively. Using an approach that
is systemic, supportive, embedding, cooperative and participatory, using iteration,
ideation, adaption and error tolerance, SILVIVA aims to use all the international
and national knowhow as well as personnel and financial resources of its own and
a broad range of partner organisations to sustainably anchor outdoor learning on
all levels of the Swiss education system. Copying the Danish lead and inspired
by the holistic approach presented in chapter International Views on School-Based
Outdoor Learning (see Fig. 1), SILVIVA is focusing on building up local, regional
and national networks; online platforms providing resources, exchange and support;
encouraging necessary research; embedding outdoor learning in initial and contin-
uous teacher training (a crucial, still very much under-researched and supported
approach, see chapter Research and Documentation of Outdoor-Based Teaching in
Teacher Education—The EOT Project); making it part of head master professional
qualifications and supporting its integration into school culture and school devel-
opment plans. Embedding means a shift and project, to institutional anchoring in
an organisation (be it a school, educational authority, teacher training institution or
a research department). Encouraged by the National Curriculum Outdoors series
(Waite et al., 2020) it has become clear that an important driver for embedding are
teaching materials (which are influencing teaching practice more than curricula) and
increasingly national tests, but also national and international surveys (such as PISA)
and software assessing student achievement. Once again encouraged by best prac-
tice in other countries, SILVIVA is also focussing very much on raising the visibility,
legitimacy and acceptance of outdoor learning on all systemic levels, from national
to regional decision makers, to parents and the general public, using a broad range
of communication, coaching and training tools.

We are not elaborating on this to showcase Switzerland—it is some way behind
other countries in many respects. Nevertheless, we are mentioning it because we are
convinced of the importance of integrated, systemic approaches to fostering outdoor
learning—an activity manual and a few courses for teachers will not do the trick.

There is also another important dimension to consider here. Research on
successful social change, such as peoples’ professional practice, clearly shows that
this happens best in mutually reinforcing learning communities. When people know
each other, can practice new behaviours together, can share and look over each
other’s shoulders, then new things, such as outdoor teaching, are not only recognised
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as good, but are effectively integrated into one’s own professional practice. For other
schools and teachers, this practice is then evidence that this could be useful and an
incentive to try it too. By building up such pockets of good, tried and tested prac-
tice new approaches such as outdoor learning can truly spread and get systemically
embedded. Centola has carefully researched such change mechanisms: “Successful
social change is not about information; it’s about norms.” (Centola, 2021, 11) In
Sociology, it is now accepted that “social networks are the crucial factor for social
change.” (ibid., 30) Centola therefore speaks of the need for “strong ties”, “wide
bridges” and “complex contagions” (i.e. multiple, reinforcing ‘infections’) to change
social norms and established behaviour: you don’t change unless you see people you
know and trust adopt the new practice, multiple times:

None of the major behavioral or social changes that have happened in the last half-century
have spread the way viruses do. They have spread not through reach but through the
phenomenon that, for years, network scientists believed to be the great enemy of effec-
tive contagion: redundancy. (...) Redundancy will not help to spread the measles. You can’t
get infected twice—it takes only one contact to do it. But when it comes to a new idea, the
experience of being exposed to it from two, three, or four people within your network of
strong ties—that changes the idea into a norm. It changes how you think and feel about it.
And that is the overlooked power of redundancy. (Centola, 2021, 49)

You cannot force-feed people to change. You need a “System 2”-approach: slow,
reflected, careful, testing, adapting, changing, improving—precisely the reason for
the broad variety of arguments, approaches, styles and reflection we present in this
volume, to help you adopt a “complex contagion” approach to embedded outdoor
learning. This will help to make sure that words do turn into action.

So far, so good. We have role-models, tried and tested approaches, a growing
body of sound evidence which testifies to the multiple reinforcing benefits of outdoor
learning for academic learning, social interaction, personal development and well-
being, mental, physical and social health, creativity, and much more. So we can get
to work and we truly hope that this book will serve as a toolbox for you to do so.

However, if you think back to the beginning of this chapter there remains one hard
nut to crack. Given what we know about our evolutionary machinery as well as the
limits to our perception and cognition, systemic thinking, understanding, and action
does not come to us easily—on the contrary, because “laziness is built deep into
our nature” (Kahneman, 2012, 35). Systemic understanding is an extreme version
of a “System 2”-task: difficult, effortful, counterintuitive, and strenuous. Speaking
to many experienced educators and experts, it seems to us that there are hardly any
tried and tested, effective educational interventions which help children, youth and
adults to train and competently learn systemic understanding, and then even make
it their preferred path of reflection, whatever the issue at hand. If you know of such
learning interventions, which ideally have been validated by research, by all means
get in touch with us.

The trouble really is that systemic understanding is rich in prerequisites: you need
to understand systems at a profound level, so that you are capable of grasping any
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other system that might be thrown your way in sufficient depth; you need to under-
stand fundamental principles of life (i.e. evolution, physics, chemistry, biology, soci-
ology, economics), so that the most flawed preconceptions about life are cleared up;
you need to understand the evolutionary machinery of human perception and cogni-
tion (including the fundamental principles of how the brain and learning work), so
that a realistic self-assessment is at least possible; you need to have at your disposal
various tools and methods which help you to move from System 1 into System 2, so
that a distanced, self-reflective, self-critical, careful, intersubjective understanding
can be generated, based on the best available evidence; you need a willingness to
learn and change and a fostered culture of error (Carl Sagan’s “wonder and skep-
ticism”); and finally, you need to translate all of the above into concrete, real-life
action. In other words, we all need to become change agents who accomplish the art
of “skilful muddling”, as Harold Glasser aptly calls it (2019, 64). In essence, what
we are talking about is reapplying Kant’s quest for “humanity’s emergence from her
self-imposed immaturity” (Kant, 1784) to today’s challenges.

Given the challenges we face as a species, establishing such systemic learning
interventions should have a very high priority. We have started dreaming of
concocting a cook-book (of whatever format) for complexity learning which fills
this gap. The idea is to collect functioning examples on all levels, presented in such
a way, that everybody can cook them, i.e. replicate them. Please do get in touch if
you would like to be part of a team to find out.

Let us end on this reflective note:

The main message today has to be, with [Svenja] FlaBpohler: differentiation. Unless we all
become a lot more accurate, evidence-based, and work with up-to-date knowledge rather
than System 1 easy answers, assumptions, old mental models, traditions or beliefs, we will
hardly make headways towards the open, just, free and democratic vision I developed at the
beginning [of the book]. (...) We need to encourage System 2 — slow, serious, careful and
systemic analysis, thinking and action — any time over System 1. (...) Maybe this just means
that we as educators have to truly embody, live with every cell in our body, the scientific
approach: always be open to learn. History teaches us that traditional explanations mostly
don’t work, and, in time, get replaced: So, we need to have an open mind and be prepared to
throw them out if evidence comes to the fore to disprove them (even if they are dear to us or
our System 1)! Ericsson and Pool, in their study on excellence (2016), have shown that we
all can do this: there is no genetic predisposition which makes this only available to some;
a democratic message I find heartening and liberating. (Jucker, 2020, 103—106)

Recommended Further Readings

1. Capra, Fritjof, and Pier Luigi Luisi (2014). The Systems View of Life. A Unifying
Vision. Cambridge: Cambridge University Press.

2. Shaw, Julia (2016). The Memory Illusion. Remembering, Forgetting, and the
Science of False Memory. London: Random House Books..

3. Jucker, Rolf (2020). Can We Cope with the Complexity of Reality? Why Craving
Easy Answers Is at the Root of our Problems. Reflections on science, self-
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upon Tyne: Cambridge Scholars Publishing. https://www.cambridgescholars.
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for Nature-Based Learning i

Cathy Jordan and Louise Chawla

Prior to this article and the special issue of Frontiers in Psychology in which it was
embedded (Kuo & Jordan, 2019, now published as an ebook), the term “nature-
based learning” (NBL) occurred occasionally in the general sense of learning in
nature. This chapter describes a collaborative process to define this term in a specific
way that brings together different branches of research: studies in environmental
education that investigate learning about nature in nature; studies of informal learning
through free play and discovery in nature; and studies of the benefits that people gain
by being in nature, no matter what subject or skill they are acquiring there. The
term highlights how being in nature or engaging with other living things or natural
artifacts can benefit learning, development, and wellbeing in multiple ways. Since
the publication of this chapter and the special issue in Frontiers, the term “nature-
based learning” appears frequently in new studies’ titles, keywords, abstracts, and
texts. It has become an organizing term for a current literature review (Mann et al.,
2021) and a research collection (Children & Nature Network, 2020). One means to
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increase opportunities for nature-based learning—green schoolyard development—
has become the focus of a research agenda of its own (Stevenson et al., 2020); and
the term has already become the subject of critical analysis (Ross, 2020). Many new
publications demonstrate active interest in different questions related to nature-based
learning, and the fact that this term has been incorporated into a number of bachelors,
masters, and doctoral level theses shows that it has caught the attention of emerging
scholars.

1 Introduction

Although evidence is accumulating for the impact of nature-based learning (NBL) on
children’s outcomes, there is much we don’t know (Kuo et al., 2019, see Kuo, Barnes
and Jordan: Do Experiences with Nature Promote Learning? Converging Evidence
of a Cause-And-Effect Relationship in this volume). A deeper understanding of how,
why, for whom, and under what circumstances different forms of nature contact
enhance learning and development is needed to guide practice and policy decision-
making. This chapter presents the outcome of an initiative to define NBL and set a
research agenda to advance the pace and rigor of research on its impact.

In 2015 the U.S. National Science Foundation (NSF) provided a three-year grant
to the University of Minnesota, the Children & Nature Network (C&NN), the North
American Association for Environmental Education (NAAEE) and the University
of Illinois Urbana-Champaign to establish the Science of Nature-Based Learning
Collaborative Research Network (NBLR Network). On three occasions, the NBLR
Network convened two dozen academic researchers from diverse disciplines, prac-
titioners, environmental organization representatives, and funders from across the
U.S. The Network aimed to: (1) jointly develop a definition and research agenda to
inform the rigorous development of the science of NBL, (2) disseminate research-
based information, and (3) conduct collaborative research responsive to this agenda
(Jordan et al., 2017). This chapter reports on the first aim of developing a definition
and research agenda. It draws on an integrative literature review to determine and
disseminate the status of our understanding of NBL impacts and explanatory mecha-
nisms (see Kuo et al., 2019, see Kuo, Barnes and Jordan: Do Experiences with Nature
Promote Learning? Converging Evidence of a Cause-And-Effect Relationship in this
volume). Collaborative research that is responsive to agenda questions is currently
underway.

The term “nature-based learning” was introduced in the grant application to NSF
as part of an effort to coordinate research that had been scattered across multiple
disciplines. NBLR Network members were sent a draft definition of this term by this
chapter’s authors, and they responded with suggestions and comments. Successive
revisions were circulated until members of the network agreed on the following
definition and scope for this field.
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NBL, or learning through exposure to nature and nature-based activities, occurs
in natural settings and where elements of nature have been brought into built environ-
ments, such as plants, animals and water. It encompasses the acquisition of knowl-
edge, skills, values, attitudes and behaviors in realms including, but not limited to,
academic achievement, personal development, and environmental stewardship. It
includes learning about the natural world, but extends to engagement in any subject,
skill or interest while in natural surroundings. NBL can occur with varying degrees
of guidance or structure, across the age span, alone or with others, and in urban,
suburban, rural and wilderness settings. NBL occurs in informal, nonformal and
formal settings (La Belle, 1982). I'With respectto children’s NBL, it includes informal
learning during children’s free play or discovery in nature in their yards, near their
homes, in green schoolyards, on the naturalized grounds of child care centers, or
in any other natural area. It includes nonformal learning in nature during out-of-
school programs, camps or family visits to parks or nature centers. And it includes
formal learning when children have contact with nature during structured activities
in schools, preschools, and child care centers, or during outdoor field trips.

The following section of this chapter reviews the methods used to develop an
NBL research agenda. A subsequent section summarizes the agenda’s major ques-
tions grounded in the literature and in the minds of educators, researchers and funders,
as well as recommendations for methods, measures, and designs that will be comple-
mentary and rigorous. The intent of this chapter is to encourage more coordination and
collaboration among researchers, to promote a focus on the most pertinent research
questions and most robust methods in order to advance this field, and to make a case
for the importance of NBL as a field for study as well as practice. We acknowledge the
boundary that participants in this agenda-setting process were drawn from the U.S.
They considered existing studies from around the world and intended their work to
be useful internationally; yet different countries may have different research cultures,
and this agenda might reflect different emphases if it were generated in another part
of the world.

2 Methodology in Developing the Research Agenda

2.1 Assembling Diverse Perspectives on NBL

This section traces the process of setting a research agenda during the three-year
period of the National Science Foundation grant that began in September 2015. The
project’s coordinating team from the grant’s four lead institutions worked together to

!In the U.S., the National Science Foundation distinguishes formal and informal learning, putting
nonformal and informal in one category. The three-part distinction among formal, nonformal and
informal, used here, which is widely used in Europe and the work of UNESCO, better reflects the
diversity of practices in the NBLR Network.
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identify academic researchers, practitioners, representatives of environmental organi-
zations, and funders from across the U.S. whose work related to NBL, with the goal of
assembling a diverse membership for the NBLR Network, based on a variety of disci-
plines, methodological approaches, and stakeholder connections. The 23 members
of the network first convened in November 2015 for a three-day retreat to build rela-
tionships, agree on a common vision and direction for work, and discuss possibilities
for interdisciplinary collaboration. In January 2016, NBLR Network members were
asked to share written answers to the following questions, which guided development
of the research agenda.

1.  What is the status of our knowledge about whether, how, why, under what
circumstances and for whom nature impacts children’s learning?

2. What are the strengths and limitations of the research?

3. What research questions would most effectively advance knowledge relevant to
practice and policy?

4. Are there considerations about the state of the current research that suggest
methodological recommendations for the field?

After members shared their written reflections, they participated in conference calls
to further elaborate and interpret responses.

Several means were used to capture the ideas of funders and practitioners, beyond
representatives of these groups in the NBLR Network. The May 2016 C&NN confer-
ence provided two opportunities for group discussion—the Blue Sky Funders’ Forum
and an open forum for conference attendees. Both provided occasions to tap non-
NBLR Network thinking regarding needs for additional research. The Natural Start
Alliance nature-based preschool conference in August of 2016 and the Research
Symposium associated with the October 2016 NAAEE conference offered oppor-
tunities for small group discussions with other constituencies regarding research
gaps and needs. Finally, a member survey administered by NAAEE highlighted
the work of the NBLR Network and collected additional input. For more details
about NBLR Network strategies, processes for identifying and convening network
members, members’ disciplines and fields of practice, and processes to gather infor-
mation from other groups, see section Network Participants and Processes in http://
doi.org/10.3389/fpsyg.2019.00766 and Jordan et al., (2017).

2.2 Generating a Literature Review to Guide Agenda
Discussions

During the summer of 2016, three members of the network prepared aresearch review
of nature’s impact on academic functioning, personal development and environ-
mental stewardship, as well as explanatory variables related to learners and learning
contexts. This review of existing research was a necessary foundation for identifying
promising directions for future research. Details about the review scope, scale and
procedures, including search keywords and operational definitions of key terms, are
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provided in the review article by Kuo et al., (2019, see Kuo, Barnes and Jordan: Do
Experiences with Nature Promote Learning? Converging Evidence of a Cause-And—
Effect Relationship in this volume). The literature review consisted of three main
phases, which are described here.

Phase 1. The first step was to utilize recent peer-reviewed research summaries relevant
to NBL and identify major themes related to NBL at the time of their publication.
Articles covered in these previous reviews were added to the review database. The
purpose of this phase was to understand the previous state of the literature and the
main themes in the literature at the time of past reviews’ publication.

Phase 2. The second step was to collect peer reviewed journal articles that were
published since the cut-off dates for previous reviews. This research was limited
to articles published in English, although the research may have been conducted
anywhere in the world, and it included work that addressed any aspect of learning
and developmental outcomes associated with any aspect of nature, utilizing a variety
of research methods. At this time, the purpose was to update and expand findings
from the previous review papers, and to present the diversity of the literature as a
whole.

Phase 3. The third and last step to identify relevant research was intended to extend
and deepen results of the preceding steps. It included two processes. Because some
topic areas yielded only a few articles during the initial searches, specific searches
were conducted to determine if these were in fact little studied areas or under-sampled
by the preceding searches. Additionally, foundational papers and reviews were sought
that shed light on potential mechanisms that connect nature and learning, though these
publications may have come from general research on topics such as learning, cogni-
tive science, or developmental outcomes. For example, if existing studies indicated
that learning in nature sparked children’s curiosity, then there was a search for papers
which reviewed the general role of curiosity in learning. The purpose was to create
a cohesive narrative that suggested mechanisms through which nature might affect
learning outcomes.

A link to a spreadsheet of the articles retrieved during these three phases of the
literature review is reproduced here: https://goo.gl/FZ1CA9, as well as in the review
by Kuo et al., (2019, see Kuo, Barnes and Jordan: Do Experiences with Nature
Promote Learning? Converging Evidence of a Cause-And-Effect Relationship in
this volume).

2.3 Identifying Directions for Future Research

A draft of the literature review was presented at the second NBLR Network retreat
in November 2016. Network members considered the review, along with results of
their own written reflections and the input gathered through C&NN and NAAEE.
People worked in small groups to develop focal areas and questions for the research
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agenda. Because their goal was to advance research that can be translated into educa-
tional policy and practice, members proposed the following criteria, in addition to
feasibility, as they deliberated.

Research agenda questions should do one or more of the following:

address major social issues in a compelling way

affect large populations

cross developmental stages

translate into educational policy to help teachers and school administrators

enhance students’ academic success

suggest how institutions can promote stewardship values and behaviors

6. help designers and urban planners create places where children can connect
with nature in meaningful ways

7. achieve valued public goals in cost-effective ways, in some cases even saving

public money.

bl

d

Applying these criteria, retreat attendees voted for questions they considered most
important to advance the field of NBL.

During 2017, a report on the voting results and associated discussions was
distributed to network members. Drawing on this report, reports on the C&NN
conference Funders’ Forum and open forum, and NAAEE survey, the authors of
this chapter condensed and categorized the questions generated, along with method-
ological recommendations, and circulated them to the NBLR Network in early 2018.
Feedback was gathered through email and conference calls. Questions and recom-
mendations developed as a result of this process, vetted by NBLR Network members,
are presented in the sections below (see section Supplemental Material: Agenda
Consensus and Challenges in http://doi.org/10.3389/fpsyg.2019.00766).

3 Priority Research Questions

Table 1 presents the key research areas and questions that emerged through this
agenda setting process, with three areas of emphasis: Learning Outcomes and Differ-
ential Effects, Mechanisms of Influence, and Implications for Policy and Practice.
Where some contributors to the agenda approached a general question from specific
perspectives, these variations on the general question are bulleted. Topics that suggest
the range of areas that a question might explore are indicated in italics.

As authors of this paper, we have observed that the study of NBL reflects the
convergence of two research traditions: one interested in the influence of experi-
ences in nature on learning across the curriculum, personal development, and envi-
ronmental stewardship; and the other concerned with the influence of natural settings
and surroundings on conditions for learning. The first tradition has a long history.
Fieldwork in nature to learn subjects like biology and geology is well established in
environmental education and science education, and the resurgence of school ground
greening and school gardens has created conditions for “fieldwork” immediately
outside school doors (for research reviews of different forms of outdoor learning, see
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Becker et al., 2017; Dillon et al., 2006; Malone & Waite, 2016; Stern et al., 2014;
Williams & Dixon, 2013). The use of the environment as an integrating context to
engage students in math, science, social studies, language arts and other disciplines
as they study the world beyond school walls, including natural areas, is the domain of
place-based education (Chawla & Derr, 2012; Smith & Sobel, 2010). There is also a
long history of observations of children’s informal learning as they play and explore
on natural school grounds and find nature in their local environment (Chawla, 2015).
The questions in Table 1 indicate that many aspects of outdoor learning still need to
be better understood, but work in this area has much to build on as it moves forward.

Table 1 A framework for research to advance the understanding and implementation of Nature-
based Learning (NBL)

A. Learning Outcomes and Differential Effects
Learning Outcomes

How effectively do children learn content and skills through NBL compared with instruction in
classrooms where nature is absent?

@ How do schools or classrooms that practice NBL compare with schools or classrooms without
nature with respect to academic achievement, graduation rates, and student and parental
satisfaction?

® How do nature-based preschools and kindergartens compare with conventional early
childhood programs that emphasize indoor learning in terms of preparing children for school
readiness?

e Are there situations when NBL is more effective and when classroom-based instruction is
more effective?

e How might NBL and classroom-based instruction complement each other?

What is the range of learning outcomes influenced by nature?

motivation to learn / knowledge gain / skill development / creativity / curiosity / cognitive
processes such as attention, encoding, retention, recall / executive skills such as behavior
regulation / social and emotional learning / reduced stress, improved mood and mental health /
physical health / academic performance such as test scores and graduation rates /
environmental stewardship values and behaviors™

Does NBL contribute to stewardship values or conservation behaviors?
Differential Effects Based on Age, Population Group, and Individual Differences

How do age and developmental stage influence the relationship between nature and learning?

e What are key elements of nature experiences important at different ages?

e What different forms of knowledge, skills, values, attitudes, and behaviors develop in nature
at different ages?

o Are there critical windows for the development of different outcomes in nature?

To promote academic achievement, personal development and environmental stewardship, what
types of nature experiences are most appropriate at different ages?

How does NBL affect special populations in terms of learning outcomes?

e How does NBL affect children from socioeconomically disadvantaged families?

® Does the impact of NBL differ based on historic relationships with nature grounded in cultural
or ethnic background?

e Are there gender differences in nature’s impact on children?

® How does nature exposure impact learning for children with special needs such as ADHD,
autism or learning disabilities?

Are there individual differences in response to NBL? What determines why there may be
different outcomes for children involved in the same experience?

(continued)
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Table 1 (continued)

B. Mechanisms of Influence

‘What are the mechanisms that underlie the relationship between nature and learning?

more focused attention / improved behavior regulation / increased creativity / reduced stress /
greater enthusiasm for and engagement in learning / increased physical activity / improved
health and wellbeing / calmer, quieter learning context / more cooperative social context /
opportunities for autonomous discovery and action / self-perception / self-identity / connection
benveen content and the child's locality / enhanced sense of purpose®

e What mediator variables explain the relationship between nature and learning outcomes, and
what is the influence of different variables separately and in combination?

e [s it possible to establish that nature impacts leaming and development in a causal manner?

® What moderator variables influence the strength of the relationship between nature and
learning outcomes?

Do mechanisms vary for different groups, in different contexts? If NBL has such differential
effects, why?

What are key elements of nature experiences that affect children?

type of natural features / type of activities such as unstructured play and exploration, guided
inquiry and adult-led instruction / degree of manipulation of natural elements / duration /
[frequency / individual or group experience / type of people with the child, such as teacher,
parent, naturalist, classmates, friends / degree of teacher preparation and confidence in NBL
approaches*

Does nature bring associated ingredients of learning together in a distinctive way? For example,
does it bring opportunities for unstructured exploration, freedom to manipulate natural materials,
creativity, and social cooperation together in a unique or synergistic way?

How do interpersonal dynamics among children, parents, friends, and teachers influence NBL?

How might power hierarchies or social stereotypes based on race, ethnicity, culture, class,
gender or age influence NBL?

‘What does nature do to the brain?

® What are the channels of nature’s effects?
sight / sound / smell / touch / emotion / movement*
® Does the impact of nature on the brain differ based on age?
¢ Does nature contact influence the development of the brain in terms of structure or
physiology?
‘What is the impact on leaming when access to nature is reduced?
removing recess in spaces with nature / no green views from school windows / more screen
time*

(continued)
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Table 1 (continued)
C. Implications for Policy and Practice

Policy or Practice

‘What nature-based experiences are most appropriate for different developmental stages of
childhood to achieve optimal learning outcomes?

Can NBL play a role in reducing the opportunity gap and achievement gap between children
from more and less advantaged backgrounds?

How does nature compare with other programs and approaches that compete for educational
funding in terms of its effectiveness in enhancing learning?

‘What are the effects on leaming of the cheapest and easiest ways of bringing nature into schools
and day care centers?

‘What are NBL best practices in different educational contexts?

‘What evidence, messages, and strategies encourage increased demand for NBL and the
application of NBL practices by educators, parents and other people who have influence over
opportunities for children?

‘What determines differences in access to nature, green school grounds, and NBL?
Is NBL a social justice issue?
Preparation and Professional Development
‘What are the best strategies for teachers to use to enhance student learning in nature?

‘What are effective practices for preparing and supporting teachers and administrators in the
adoption of NBL in their classrooms and schools?

‘What are barriers to teachers’ and administrators’ adoption?

Technology Augmented Learning
How does technology augment, simulate or mediate NBL? Are there costs as well as benefits?

How does nature mediated or augmented through technology impact learning compared to
experiences of real nature?

Under what conditions is technology effective in enhancing nature’s impact on learmning?
How can we leverage technology to present nature in new ways for learning?

How would new technologies function that do not substitute for nature, or for interaction with
nature, but add additional forms of interaction?

*These lists are suggestive, based on current evidence, but not necessarily complete.
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The second tradition—investigating the influence of nature on conditions for
learning—has emerged recently, demonstrating that vegetation and other elements
of nature in classrooms, on school grounds, and in the proximity of schools are
associated with more effective cognitive functioning, decreased stress, improved
health, and enhanced classroom and social learning environments—all of which can
facilitate learning and higher student achievement (see reviews by Becker et al.,
2017; Chawla, 2015; Gifford & Chen, 2016; Kuo et al., 2019, see Kuo, Barnes and
Jordan: Do Experiences with Nature Promote Learning? Converging Evidence of a
Cause-And-Effect Relationship in this volume). Many studies of this topic suggest
productive directions for further investigation. Whereas the first research tradition
focuses on learning in nature to enhance knowledge, skills and personal develop-
ment, this second tradition involves children’s basic wellbeing and capacity to learn
efficiently. Recently, and partly with the assistance of the NSF grant to promote the
Science of Nature-Based Learning, people from these different backgrounds have
been sharing their work at conferences and other professional meetings.

The questions in Table 1 suggest an ambitious agenda for moving an understanding
of NBL forward. They seek to understand how learning in nature affects what children
learn, how they learn, and how it varies based on age, gender, socioeconomic status,
ethnic background, special needs, and individual differences. They investigate the
relative benefits of learning in nature and through conventional classroom-based
instruction, and learning in settings where there is nature in and around buildings with
learning in predominantly hardscaped, built surroundings. Outcomes of interest cover
academic performance, practical skills, personal development, and environmental
stewardship. Other questions seek to identify mechanisms of action in NBL and
find causal explanations for the outcomes observed. To create effective conditions
for NBL, the research agenda includes a number of practical questions about how
to prepare teachers to work successfully in nature and encourage their adoption
of this approach. Possibilities for using technology to augment learning in nature
also merit exploration (such as approaches identified in Kahn, 2011). Not least, the
research agenda asks whether learning in nature can address major societal issues by
moderating the effect of socioeconomic disadvantage on children’s outcomes, and
how these benefits might be attained at reasonable costs. Although these questions
outline an ambitious agenda for future research, promising results of past studies
suggest that further investment in this field may significantly benefit children and
their societies.

In drafting this research agenda, funders, researchers who focus on school-based
initiatives, and practitioners emphasized the importance of systematically investi-
gating how to most effectively disseminate results of NBL research and encourage
implementation. It is important to match growing evidence of benefits of learning
in nature with outreach to teachers, school administrators, schoolboards, schools of
education, child care center directors and people in other institutions who have oppor-
tunities to apply nature-based approaches. Effective outreach depends on under-
standing barriers to the integration of NBL into teacher preparation and practice,
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how barriers can be lowered, and the types of data and messages that will help prac-
titioners understand the value of NBL. Similar questions need to be asked relative to
reaching the public at large, in order to build public support for NBL.

Though not comprehensive, the questions offered in the research agenda have
the potential to significantly advance our knowledge and ability to inform policy
and practice in an array of areas. Given the wide range of subjects covered by the
questions proposed for this research agenda, it is reasonable to ask where to begin or
what to prioritize. In Table 2 we offer a set of “game-changing” questions—research
questions that are most likely to yield critical information for practice and policy
decision-making.

Table 2 Examples of “Game-Changing” research questions and justifications

Question Justification

Can nature reduce educational opportunity Contact with nature shows an array of benefits
gaps and achievement gaps between children | for children across socioeconomic lines, at the
from different economic backgrounds? same time as research shows that low-income

families are more likely to live in urban
neighborhoods with low levels of vegetation and
smaller, less safe and less maintained parks,
compared to middle- and high-income families
(Chawla, 2015; Jesdale et al., 2013; Rigolon,
2017). Therefore, benefits of bringing children
from disadvantaged backgrounds to nature and
nature to their schools, child care centers and
neighborhoods merits particular attention

If learning in nature can enhance children’s Research is needed that analyzes the economic
achievement and wellbeing, how do its costs | costs of NBL practices relative to other
compare with other approaches that compete | interventions that lack natural elements. Cost
for educational funding? accounting should include the full valuation of
NBL in terms of impact on academic
achievement, physical health, mental health,
behavioral function, engagement in learning, use
of special education services, and interaction
with the criminal justice system. A compelling
case for NBL can be made if educational
outcomes are similar to conventional
approaches but produce cost-savings in
additional arenas, and an even more compelling
case if NBL can narrow gaps in educational
outcomes compared to conventional approaches

(continued)
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Question

Justification

What are the mechanisms that underlie the
relationship between nature and learning?

Understanding how contact with nature
facilitates and improves learning will permit the
effective and efficient delivery of NBL
experiences and the design of natural areas to
best promote learning and development. For
example, if research shows that nature enhances
learning by reducing stress, then programs and
settings should be designed to activate this
pathway: and similarly with other potential
pathways such as more focused attention or
more cooperative and supportive social
dynamics

How does nature impact the learning of
children with special needs as a result of
physical health, mental health, or cognitive
conditions; learning differences; or
educational disadvantages due to low income?

When individuals with special needs or
disadvantages in the educational setting do not
benefit from education as much as they could or
do not find meaningful roles in society, there are
high costs to those individuals, their families,
school districts, and society in terms of
expenses, lost potential and reduced well-being

What teacher characteristics and practices
enhance the association between NBL
approaches and educational outcomes?

How can teachers be prepared and supported
to adopt NBL practices?

The impact of NBL is partially dependent on the
attitudes, skills and practices of teachers
(Mcfarland et al., 2013). Understanding how
teachers learn to value NBL, integrate it into
their school day, and promote positive outcomes
will facilitate effective teacher preparation and
professional development programs. This
information will suggest how programs of
teacher education and school administrators can
best support the adoption and effective
implementation of NBL strategies, in both
pre-service and in-service settings

What knowledge and experiences promote
people’s motivation and competence to
protect the integrity of natural landscapes and
ecosystems? How can these experiences be
integrated into NBL practices?

Information is gathering on many sides that
basic systems of the biosphere that support
human health and wellbeing and the survival of
other species are rapidly deteriorating
(Intergovernmental Panel on Climate Change,
2014; Millenium Ecosystem Assessment, 2005).
An essential dimension of NBL is learning to
understand and care for the natural world

How can technology be most effectively
harnessed to enhance the outcomes of NBL?

Technology is a common feature in current and
future-looking educational programs; yet
technology can be overused, resulting in
reduced engagement in active, enriching
activities (Singer et al., 2009), including those in
nature, and disrupting cognitive functioning and
optimal mental health (Chassiakos et al., 2016).
Therefore, it is important to understand how
technology can be used as a tool to enhance
nature experiences or to present nature while
mitigating risks of overuse
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4 Recommendations for Future Research Approaches

Significant scientific advances are made not only by asking the most relevant and
important questions, but by utilizing approaches that will yield the most useful, valid
and reliable information. What general recommendations can be made to strengthen
future research in this field?

The researchers, practitioners and funders who helped define this research agenda
recommend a more coordinated approach to NBL research in the future. In part, this
will require periodic syntheses of what is already known in relation to the questions
in Tables 1 and 2, to guide further efforts to fill in gaps in understanding. To facilitate
research syntheses, C&NN established an online Research Library that deposits, on
an ongoing basis, lay summaries of new studies related to NBL as well as other
aspects of children’s relationship with nature (https://research.childrenandnature.
org/). C&NN’s monthly Research Digest has begun to curate existing research
on selected themes, such as equitable access to nature’s benefits (https://www.
childrenandnature.org/resources/type/research-digest/). C&NN and NAAEE now
provide a central location to access the combined resources of C&NN’s and NAAEE’s
research libraries (naaee.org/eeresearch) to provide comprehensive coverage of the
two traditions of investigation reflected in this research agenda.

More coordinated research will also require the consistent use of adequate descrip-
tions of study contexts as well as consistent measures of study variables (see also
Kuo et al., 2018, see Kuo, Browning and Penner: Refueling Students in Flight:
Lessons in Nature May Boost Subsequent Classroom Engagement in this volume).
Qualitative and quantitative researchers need to specify learning settings and activi-
ties, including elements of nature in each setting, length of children’s time in nature,
and how children engage with nature—whether it is a passive view or background,
or they use it actively through their own autonomous exploration or encounters facil-
itated by teachers, peers or other people. Complete descriptions are important for
understanding and applying results and identifying potential causal mechanisms that
underlie learning.

Coordinated progress in quantitative research and experimental designs will be
furthered by agreement on valid, reliable measures of nature exposure, mediating
variables and learning outcomes. Many measures already exist, and they need to be
evaluated to understand which are most effective with different age groups and in
different learning contexts. A working group has completed a report for measures
of nature connection (Salazar et al., 2020), but similar evaluations are needed of
other key variables important for this research agenda. It would be helpful to have an
online bank of NBL measures that researchers can draw from, along with examples
of studies where they have been applied and recommendations for their appropriate
use. This would encourage more reliable comparisons across studies.

NBL research needs to move forward through complementary methodological
approaches. Different methods are required to investigate questions of different
kinds, and therefore the field of NBL will be advanced most effectively by different
methods and mixed-method approaches. For example, to understand how NBL and
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classroom-based approaches compare or complement each other, it can be helpful
to begin with observations and interviews with teachers and students, in order to
identify similarities and differences. Qualitative results may suggest how settings
with and without nature afford different opportunities for teaching and learning,
which may lead to different outcomes; and these outcomes can then be tested in
more controlled ways through experimental designs. Experimental designs can also
investigate the mechanisms that underlie results. As experiments and correlational
studies establish with increasing confidence key variables that affect learning, the
case builds for investments in longitudinal research that can track the effect of key
variables over time. Some objectives, such as quantifying the effect of learning in
nature preschools on performance in elementary school, can be addressed with rela-
tively short-term studies; others, such as tracing the effect of childhood learning
in nature on environmental stewardship values and behaviors in adulthood, require
long-term studies.

NBL research will be advanced through collaboration between academic
researchers and practitioners and through multidisciplinary and multiethnic perspec-
tives. In participatory research, practitioners, parents and young people themselves
can help at different stages of research, including defining questions, designing and
implementing studies, interpreting results and disseminating outcomes. The audi-
ences that researchers seek to reach are best qualified to identify the type of infor-
mation that will catch their attention and resonate with their values and practical
considerations. For example, the experiment reported by Kuo et al., (2018, see Kuo,
Browning and Penner: Refueling Students in Flight: Lessons in Nature May Boost
Subsequent Classroom Engagement in this volume) was designed to test the validity
of teachers’ common fear that if they take a class to an outdoor setting in nature,
students will never settle down to concentrate on lessons after they return to the
school building (finding, in contrast, that students concentrated better in their subse-
quent indoor class). In a similar way, researchers can identify NBL outcomes that
matter most to teachers, school administrators, parents and children themselves as
promising directions for research efforts.

5 Conclusion

Existing research suggests that NBL has many positive outcomes for children’s
learning and development. It suggests promising directions for future investigation;
but to move forward, NBL research will benefit from a clear definition and a coor-
dinated agenda. This paper has attempted to provide this framework by presenting
a definition and a list of priority questions that have been drafted and reviewed
by academic researchers from diverse disciplines, practitioners, environmental
organization representatives, and funders.
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Priority questions for future research cluster into three domains:

1. learning outcomes, including understanding how learning in nature compares
with learning in classrooms, preschools and child care centers, and how
outcomes may vary by age, gender, socioeconomic background, ethnic back-
ground, individual differences, or special needs;

2. the mechanisms that explain relationships between nature and learning; and

3. how to most effectively apply research to policy and practice.

This Research Agenda also suggests that a few questions have the potential of uncov-
ering relationships between nature and learning that could have “game changing”
effects on the practices of policy makers, educators, school administrators, urban
planners, designers, staff in nature centers and parks, parents, and other people who
influence children’s access to nature. With the aim of enhancing conditions for chil-
dren’s learning and development, this agenda seeks to accelerate progress on the
science of NBL.
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1 Introduction

The intuition that “nature is good for children” is widely held, and yet historically,
the evidence for this intuition has been uncompelling, with a distressing number of
weak studies and inflated claims. Now, however, an impressive body of work has
accrued and converging lines of evidence paint a convincing picture.

This integrative mini-review summarizes what we know about the role of nature
in learning and development. It draws on a wide array of peer-reviewed scien-
tific evidence, ranging from research in the inner city, to the study of Attention
Deficit/Hyperactivity Disorder, to neurocognitive and physiological explorations.
Our overarching question was, “do experiences in nature promote learning and child
development?”
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Throughout our review, we took care to distinguish between evidence for
cause-and-effect relationships and evidence for associations; causal language (e.g.,
“affects,” “boosts,” “is reduced by”) is used only where justified by experimental
evidence. Where converging, but not experimental, evidence points to a likely
cause-and-effect relationship, our language is qualified accordingly (e.g., “seems to
increase”). Table 1 summarizes recent advances in this area and explains how those
advances contribute to our confidence in a cause-and-effect relationship between
nature and learning and development.

What emerged from this critical review was a coherent narrative (Fig. 1): expe-
riences with nature do promote children’s academic learning and seem to promote
children’s development as persons and as environmental stewards—and at least eight
distinct pathways plausibly contribute to these outcomes. Below, we discuss the
evidence for each of the eight pathways and then the evidence tying nature to learning,
personal development, and the development of stewardship.

Figure 1 summarizes the state of the scientific literature on nature and learning. The
items and pathways here emerged from our review as opposed to guiding our review;
thus each item listed has been empirically associated with one or more other items
in this Figure. Relationships for which there is cause-and-effect evidence are indi-
cated with an asterisk; for example, “more able to concentrate” is asterisked because
experimental research has demonstrated that exposure to nature boosts concentra-
tion. Similarly, “increased retention of subject matter content” is asterisked because
experimental research has demonstrated that exposure to nature in the course of
learning boosts retention of that material. The green box lists forms of nature expo-
sure which have been tied with learning, whether directly (nature -> learning) or indi-
rectly, via one or more of the mechanisms listed (nature -> mechanism -> learning).
In this review, “nature” includes experiences of nature not only in wilderness but
also within largely human-made contexts (e.g., a classroom view of a garden). This
review encompassed experiences of nature regardless of context—whether during
play, relaxation, or educational activities, and in informal, non-formal and formal
settings. The blue boxes show probable mechanisms—intermediary variables which
have been empirically tied to both nature and learning. For example, concentration
is rejuvenated by exposure to nature and plays an important role in learning. Natural
settings may affect learning both by directly fostering a learner’s capacity to learn
and by providing a more supportive context for learning. The purple box lists learning
outcomes that have been tied to contact with nature. In this review, “learning” encom-
passes changes in knowledge, skills, behaviors, attitudes, and values. A database of
articles found in the three phases of the review process (ending in 2018) is available
at: https://goo.gl/FZ1CA9.
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Table 1 Do nature experiences promote learning? Advances in methodology and evidence. In
recent years, the evidence for a cause-and-effect relationship between nature experiences and
learning has advanced considerably. Some advances can be traced to the adoption of more rigorous
research methods in individual studies (first 4 rows), others can be traced to the maturation of the
field (rows 5 & 6), and still others stem from broadening the kinds of evidence considered in reviews

(last two rows)

‘We now know that...

How this advance came about and why it
matters

Nature-based instruction (NBI) is, on average,
more effective than traditional instruction (TI)

Early research often compared outcomes
before and after NBI, showing that students
benefited from nature-based instruction but not
whether there was anything particularly helpful
about NBI as compared to any other
instruction. More recently, studies have begun
comparing outcomes for NBI vs. TI, showing
that incorporating nature adds value to
instruction (e.g., Camasso & Jagannathan,
2018; Ernst & Stanek, 20006)

The advantage of NBI over TI does not simply
reflect a tendency for better teachers, better
schools, or better students to choose NBI

Early research often compared learning in
classrooms offering NBI versus
‘matched’classrooms offering TI, where the
to-be-compared classrooms were selected to
match in, say, grade, or class size, or other
characteristics. But such matching did not
address the likelihood that teachers (or schools)
who choose to offer NBI may be more
innovative, energetic, or well-funded than
teachers (or schools) who do not, even when
they serve similar students or are matched in
other characteristics. Similarly, comparisons of
students who choose extracurricular NBI versus
students who do not will reflect pre-existing
differences in the kinds of students who sign up
for extra instruction. Recently, researchers have
begun using “waitlist controls” — identifying
teachers, schools, or students interested in NBI
and then randomly assigning some of them to
NBI and the rest to TI (e.g., Wells et al., 2015).
Guarding against pre-existing differences
between the teachers, schools, and students
being compared lends greater confidence that
any gains are due to the instruction itself

(continued)
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‘We now know that...

How this advance came about and why it
matters

The effects of NBI on academic learning are
real; they do not simply reflect the rosy
assessments of biased observers

Early research often relied on subjective
assessments of outcomes by persons who
believed in NBI. Advocates, practitioners, and
parents or children who choose NBI may
perceive benefits in the absence of any real
effects, whether consciously or unconsciously.
More recent research guards against such bias
by employing objective measures or
assessments made “blind to
condition”—without knowing which students
were in which condition (NBI or TI) (e.g.,Ernst
& Stanek, 2006). In these studies, an advantage
of NBI over TI cannot be attributed to wishful
thinking

Nature-based learning shows a ‘dose-response
relationship’—as the magnitude of the
treatment (the dose) increases, so does the
outcome

Early research relied on binary comparison; for
example, comparing learning with versus
without nature, or in ‘low’ versus ‘high
nature’conditions. Binary comparisons leave
more room for alternative explanations; for
instance, if students learn more outdoors than
indoors, the difference might be due to either
differences in vegetation or other differences
between the settings. More recent research has
compared multiple levels of nature (e.g.,
schoolyards with 0—40% tree cover, Sivarajah
et al., 2018) or multiple levels of NBI (Wells

et al., 2015). When the response is proportional
to the dose that lends greater confidence that the
effect is attributable to the level of vegetation.
Although a ‘dose—response relationship’ does
not prove causality, it strengthens the case

The nature-learning connection holds up
across topics, learners, instructors, pedagogies,
places, and measures of learning

As researchers have continued to conduct
studies, the body of studies testing the
nature-learning hypothesis has grown larger
and more diverse (e.g., Faber Taylor

et al.,2002; Fremery & Bogner, 2015; Kuo

et al.,2018a; Lekies et al., 2015; Maynard et al.,
2013; McCree et al., 2018; O’Haire et al.,2013;
Ruiz-Gallardo et al., 2013; Sivarajah et al.,
2018; Swank et al., 2017). A robust association
persisting across different contexts lends
greater confidence in a cause-and-effect
relationship (Hill, 1965, 8)

(continued)
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‘We now know that...

How this advance came about and why it
matters

The relationship between nature and learning
holds up across different research designs

Over time, a greater variety of study designs
have been employed, including true
experiments (e.g., Wells et al., 2015),
quasi-experiments (e.g., Benfield et al., 2015;
Faber Taylor & Kuo, 2009), large-scale
correlational studies with statistical controls
(e.g., Kuo & Faber Taylor, 2004), and
longitudinal studies (e.g., McCree et al, 2018).
Findings persisting across diverse study
designs strengthen the case for causality

NBI may be more effective than TI not just
because of a focus on nature, but because of
differences in setting and pedagogy

Previous reviews drew only upon studies
examining the effects of nature-centered
instruction on learning. In this review, we
expanded our reach to include studies on the
pedagogies associated with NBI—even where
nature was not involved; specifically,
educational psychologists working in the
classroom have found that active,
hands-on,student-centered, and collaborative
forms of instruction outperform more
traditional instructional approaches (Freeman
et al., 2014; Granger et al., 2012; Kontra et al.,
2015). Similarly, this review included studies
examining the impacts of learning
environments even when the settings were
incidental to instruction; specifically,
environmental psychologists have found better
learning in ‘greener’ settings—even when the
instruction does not incorporate the nature
(Benfield et al., 2015; Kuo et al., 2018b). These
additional bodies of evidence converge to
reinforce and help explain the advantages of
NBI over TI

Nature experiences may promote learning via
at least eight distinct pathways

Again, previous reviews drew only upon direct
tests of the nature-learning hypothesis—studies
in which nature was the independent variable
and learning was the dependent variable. This
review examined indirect tests, as
well—studies examining the relationship
between nature and known precursors to
learning such as the ability to pay attention
(Rowe & Rowe, 1992). Evidence of mechanism
lends greater plausibility to a cause-and-effect
relationship between nature and learning. The
multiple mechanisms identified here may also
help explain the consistency of the
nature-learning relationship. Robust
phenomena are often multiply determined
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NATURE EXPOSURE THE LEARNER LEARNING OUTCOMES

Free play in nature * More able to concentrate®
Nature walks * Less stressed"
Camp experiences * More self-disciplined*
Wilderness adventures * More engaged
Nature center programs * More physically active, fit
Nature-based preschools
Nature-based curricula
QOutdoor classes and schools
Forest schools THE LEARNING » Personal Development
Classroom views CONTEXT Bet ip
Vegetation around early >
childhood institutions, schools = Calmer, quieter, safer social
and homes context
School gardens » Warmer, more cooperative social
Animal-assisted leaming context
* Autonomy and “loose parts”
= Stewardship
S jon to nature
Stronger environmental values
I onmental

Fig. 1 Nature-based learning: Exposures, probable mechanisms, and outcomes

2 Nature May Boost Learning via Direct Effects
on Learners

Five of the eight plausible pathways between nature and learning that we identified
are centered in the learner. Learning is likely to improve when a learner is more
attentive (Mantzicopoulos, 1995; Rowe & Rowe, 1992); less stressed (Grannis, 1992;
Leppink et al., 2016); more self-disciplined (Duckworth & Seligman, 2005; Mischel
et al., 1988); more engaged and interested (Taylor et al., 2014 for review); and more
physically active and fit (for reviews, see Alvarez-Bueno et al., 2017; Santana et al.,
2017). Evidence suggests that contact with nature contributes to each of these states
or conditions in learners.

Nature has rejuvenating effects on attention. The rejuvenating effect of nature on
mentally fatigued adults (e.g., Hartig et al., 1991; Kuo, 2001) and children has been
demonstrated in a large body of studies, including field experiments (Faber Taylor &
Kuo, 2009) and large-scale longitudinal studies (Dadvand et al., 2015). Students
randomly assigned to classrooms with views of greenery perform better on concen-
tration tests than those with views of only human-made structures (Li & Sullivan,
2016). Nature’s rejuvenating effects on attention have been found in students going on
field trips (van den Berg & van den Berg, 2011), Swedish preschoolers (Martensson
etal., 2009), children in Chicago public housing (Faber Taylor et al., 2002), and 5-18-
year-olds with ADHD (e.g., Kuo & Faber Taylor, 2004), using measures of attention
ranging from parent and teacher ratings (O’Haire et al., 2013) to neurocognitive tests
(Schutte et al., 2015).

Nature relieves stress. The stress-reducing effects of nature have been documented
in adults in a large body of controlled experiments (see Kuo, 2015 Supplemental
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Material for review) and the available evidence points to a similar effect in chil-
dren. Nature has been related to lower levels of both self-reported and physiological
measures of stress in children (Bell & Dyment, 2008; Chawla, 2015; Wiens et al.,
2016). Recently, an experimental study showed that a window view of vegetation
from a high school classroom yields systematic decreases in heart rate and self-
reported stress, whereas unvegetated views do not (Li & Sullivan, 2016). Further,
students learning in a forest setting one day a week showed healthier diurnal rhythms
in cortisol in that setting than a comparison group that learned indoors—cortisol rose
and then dropped over the course of the school day when lessons were held in the
forest but not in the classroom—and these effects could not be attributed to the
physical activity associated with learning outdoors (Dettweiler et al., 2017).

Contact with nature boosts self-discipline. In adults, the benefits of viewing scenes
of nature on self-discipline have been demonstrated experimentally, using tests of
impulse control (Berry et al., 2014; Chow & Lau, 2015). In children, nature contact
has been tied to greater self-discipline from inner city Chicago (Faber Taylor et al.,
2002) to residential Barcelona (Amoly et al., 2014); in experimental (Sahoo & Sena-
pati, 2014), longitudinal (Ulset et al., 2017), and large-scale cross-sectional studies
(Amoly et al., 2014). These benefits have been shown for neurotypical children, as
well as for children with ADHD (Sahoo & Senapati, 2014) and learning difficulties
(Ho et al., 2017). The types of self-discipline assessed include delay of gratification
(Faber Taylor et al., 2002) and parent ratings of hyperactivity (Flouri et al., 2014). The
types of “nature” include not just “greenness’ but also animals, for example, contact
with horses in animal-assisted learning (Ho et al., 2017). Note that impulse control
effects are not always statistically significant (e.g., Amoly et al., 2014; Schutte et al.,
2015). Nonetheless, in general, impulse control is better during or after children’s
contact with nature.

Student motivation, enjoyment, and engagement are better in natural settings,
perhaps because of nature’s reliably positive effects on mood (e.g., Takayama et al.,
2014). In previous reviews (Becker et al., 2017; Blair, 2009) and recent studies (e.g.,
Alon & Tal, 2015; Lekies et al., 2015; Skinner & Chi, 2014), students and teachers
report strikingly high levels of student engagement and motivation, not only for
student-selected activities in nature but also for school-mandated ones. Importantly,
learning in and around nature is associated with intrinsic motivation (Fagerstam &
Blom, 2012; Hobbs, 2015), which, unlike extrinsic motivation, is crucial for student
engagement and longevity of interest in learning. The positive effects of learning in
nature seem to ripple outward to learners’ engagement in subsequent, indoor lessons
(Kuo et al., 2018a, see Ming, Browning & Penner: Refueling Students in Flight:
Lessons in Nature May Boost Subsequent Classroom Engagement in this volume);
ratings of course curriculum, materials, and resources (Benfield et al., 2015); interest
in school in general (Becker et al., 2017; Blair, 2009); and lower levels of chronic
absenteeism (MacNaughton et al., 2017). Encouragingly, learning in nature may
improve motivation most in those students who are least motivated in traditional
classrooms (Dettweiler et al., 2015).
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Time outdoors is tied to higher levels of physical activity and fitness. While the
evidence tying green space to physical activity is extremely mixed (see Lachowycz &
Jones, 2011 for review), children’s time outdoors is consistently tied to both higher
levels of physical activity and physical fitness: the more time children spend outdoors,
the greater their physical activity, the lesser their sedentary behavior, and the better
their cardiorespiratory fitness (Gray et al., 2015). Importantly, cardiorespiratory
fitness is the component of physical fitness most clearly tied to academic performance
(Santana et al., 2017). Further, there is some indication greener school grounds can
counter children’s trend toward decreasing physical activity as they approach adoles-
cence: in one study, girls with access to more green space and woodlands, and boys
with access to ball fields, were more likely to remain physically active as they got
older (Pagels et al., 2014). This pattern is echoed in later life: in older adults, phys-
ical activity declines with age—but among those living in greener neighborhoods
the decline is smaller (Dalton et al., 2016).

3 Nature May Boost Learning by Providing a More
Supportive Context for Learning

In addition to its effects on learners, natural settings and features may work to provide
a more supportive context for learning in at least three ways. Greener environments
may foster learning because they are calmer and quieter, because they foster warmer
relationships, and because the combination of “loose parts” and relative autonomy
elicits particularly beneficial forms of play.

Vegetated settings tend to provide calmer, quieter, safer contexts for learning.
Both formal and informal learning are associated with a greater sense of calmness or
peace when conducted in greener settings (Chawla et al., 2014; Maynard et al., 2013;
Nedovic & Morrissey, 2013). Problematic and disruptive behaviors such as talking
out of turn or pushing among children are less frequent in natural settings than in
the classroom (Bassette & Taber-Doughty, 2013; Chawla et al., 2014; Nedovic &
Morrissey, 2013; O’Haire et al., 2013). Further, in greener learning environments,
students who previously experienced social difficulties in traditional classrooms are
better able to remove themselves from conflicts and demonstrate better self-control
(Maynard et al., 2013; Ruiz-Gallardo et al., 2013; Swank et al., 2017). The social
environment of the classroom has long been recognized as important for learning
(Rutter, 2000). Calmer environments have been tied to greater student engagement
and academic success (McCormick et al, 2015; Wessler, 2003).

Natural settings seem to foster warmer, more cooperative relations. Images of
nature have prosocial effects in adults (e.g., Weinstein et al., 2009), and greener
settings are tied to the development of meaningful and trusting friendships between
peers (Chawlaetal.,2014; Warberetal., 2015; White, 2012). Maynard and colleagues
(2013) theorize that natural settings provide a less restrictive context for learning than



Do Experiences with Nature Promote Learning? ... 55

the traditional classroom, giving children more freedom to engage with one another
and form ties. Indeed, learning in greener settings has been consistently tied to the
bridging of both socio-cultural differences and interpersonal barriers (e.g. personality
conflicts) that can interfere with group functioning in the classroom (Cooley et al.,
2014; Warber et al., 2015; White, 2012). Finally, learning in nature facilitates cooper-
ation and comfort between students and teachers, perhaps by providing a more level
playing-field wherein the teacher is seen as a partner in learning (Scott & Colquhoun,
2013). More cooperative learning environments promote student engagement and
academic performance (McCormick et al., 2015; Patrick et al., 2007).

Natural settings may afford ‘“loose parts,” autonomy, and distinctly beneficial
forms of play. In his “theory of loose parts,” Nicholson (1972) posited that the
“stuff” of nature—sticks, stones, bugs, dirt, water—could promote child develop-
ment by encouraging creative, self-directed play. Indeed, teachers’ and principals’
observations suggest children’s play becomes strikingly more creative, physically
active, and more social, in the presence of loose parts (e.g., Bundy et al., 2008,
2009). Interestingly, it appears that nature, loose parts, and autonomy can each inde-
pendently contribute to outcomes (see Bundy et al., 2009; Niemiec & Ryan, 2009;
Studente et al., 2016, respectively), raising the possibility of synergy among these
factors. Although the effects of loose parts play on child development have yet to be
quantitatively demonstrated (Gibson et al., 2017), the potential contributions of more
creative, more social, more physically active play to cognitive, social and physical
development seem clear.

4 Outcomes for Learning and Development

In school settings, incorporating nature in instruction improves academic
achievement over traditional instruction. In a randomized controlled trial of school
garden-based instruction involving over 3,000 students, students receiving garden-
based instruction gained more knowledge than waitlist control peers taking tradi-
tional classes; moreover, the more garden-based instruction students received, the
larger the gains (Wells et al., 2015). Further, among the over 200 other tests of nature-
based instruction’s academic outcomes, the vast majority of findings are positive (for
reviews, see Becker et al., 2017; Williams & Dixon, 2013)—and here, too, the most
impressive findings come from studies employing the largest doses of nature-based
instruction (e.g., Ernst & Stanek, 2006). Findings have been consistently positive
across diverse student populations, academic subjects, instructors and instructional
approaches, educational settings, and research designs.

Interestingly, both the pedagogy and setting of nature-based instruction may
contribute to its effects. Hands-on, student-centered, activity- and discussion-based
instruction are often, although not necessarily, used in nature-based instruction—
and each of these pedagogical approaches has been found to outperform traditional
instruction even when conducted indoors (Freeman et al., 2014; Granger et al., 2012;
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Kontra et al., 2015). And simply conducting traditional instruction in a more natural
setting may boost outcomes. In multiple studies, the greener a school’s surround-
ings, the better its standardized test performance—even after accounting for poverty
and other factors (e.g., Sivarajah et al., 2018) and classrooms with green views yield
similar findings (Benfield etal., 2015, although c.f. Doxey et al., 2009). The frequency
of positive findings on nature-based instruction likely reflects the combination of a
better pedagogy and a better educational setting.

Inside and outside the context of formal instruction, experiences of nature seem to
contribute to additional outcomes. First, not only do experiences of nature enhance
academic learning, but they seem to foster personal development—the acquisition
of intrapersonal and interpersonal assets such as perseverance, critical thinking, lead-
ership, and communication skills. While quantitative research on these outcomes is
rare, the qualitative work is voluminous, striking, and near-unanimous (for reviews,
see Becker et al., 2017; Cason & Gillis, 1994; Williams & Dixon, 2013). Teachers,
parents, and students consistently report that wilderness and other nature experiences
boost self-confidence, critical thinking, and problem-solving (e.g., Kochanowski &
Carr, 2014; Troung et al., 2016) as well as leadership and communication skills such
as making important decisions, listening to others, and voicing opinions in a group
(e.g., Cooley et al., 2014; Jostad et al., 2012). Students emerge more resilient, with a
greater capacity to meet challenges and thrive in adverse situations (Beightol et al.,
2012; Cooley et al., 2014; Harun & Salamuddin, 2014; Richmond et al., 2017; Warber
etal., 2015). Interestingly, greener everyday settings may also boost positive coping
(Kuo, 2001) and buffer children from the impacts of stressful life events (Wells &
Evans, 2003).

And second, spending time in nature appears to grow environmental stew-
ards. Adults who care strongly for nature commonly attribute their caring to time,
and particularly play, in nature as children—and a diverse body of studies backs
them up (for review, see Chawla & Derr, 2012). Interestingly, the key ingredient in
childhood nature experiences that leads to adult stewardship behavior does not seem
to be conservation knowledge. Although knowledge of how and why to conserve,
which could presumably be taught in a classroom setting, has typically been assumed
to drive stewardship behavior, it is relatively unimportant in predicting conservation
behavior (Otto & Pensini, 2017). By contrast, an emotional connection to nature,
which may be more difficult to acquire in a classroom, is a powerful predictor of
children’s conservation behavior, explaining 69% of the variance (Otto & Pensini,
2017). Indeed, pro-environmental attitudes may foster the acquisition of environ-
mental knowledge (Fremery & Bogner, 2014) rather than vice versa. As spending
time in nature fosters an emotional connection to nature, and, in turn, conservation
attitudes and behavior, direct contact with nature may be the most effective way to
grow environmental stewards (Lekies et al., 2015).
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5 Conclusions and Implications

Do experiences with nature really promote learning? A scientist sampling some of the
studies in this area might well be dismayed initially—as we were—at the frequency of
weak research designs and overly optimistic claims. But a thorough review reveals an
evidence base stronger, deeper, and broader than this first impression might suggest:
weak research designs are supplemented with strong ones; striking findings are repli-
cated in multiple contexts; the research on nature and learning now includes evidence
of mechanisms; and findings from entirely outside the study of nature and learning
point to the same conclusions.

Robust phenomena are often robust because they are multiply determined. The
eight likely pathways between exposure to nature and learning identified here may
account for the consistency of the nature-learning connection. Certainly it seems
likely that increasing a student’s ability to concentrate, interest in the material,
and self-discipline simultaneously would enhance their learning more than any of
these effects alone. Moreover, in a group setting, effects on individual learners
improve the learning context; when Danika fidgets less, her seatmates Jamal and
JiaYing experience fewer disruptions and concentrate better; when Danika, Jamal,
and JiaYing are less disruptive, the whole class learns better. These synergies—
within and between students—may help explain how relatively small differences
in schoolyard green cover predict significant differences in end-of-year academic
achievement performance (e.g. Kuo et al., 2018b; Matsuoka, 2010).

Animportant question arose in the course of our review: is nature-based instruction
effective for students for whom traditional instruction is ineffective? Although this
review was not structured to systematically assess this question, the benefits of nature-
based learning for disadvantaged students was a striking leitmotif in our reading.
Not only can nature-based learning work better for disadvantaged students (McCree
et al., 2018; Sivarajah et al., 2018), but it appears to boost interest in uninterested
students (Dettweiler et al., 2015; Truong et al., 2016), improve some grades in low-
achieving students (Camasso & Jagannathan, 2018), and reduce disruptive episodes
and dropouts among ‘at risk’ students (Ruiz-Gallardo et al., 2013). Nature-based
learning may sometimes even erase race- and income-related gaps (e.g., Taylor et al.,
1998). Further, anecdotes abound in which students who ordinarily struggle in the
classroom emerge as leaders in natural settings. If nature is ‘equigenic’—equality-
producing—then documenting this capacity is pressing, particularly in the U.S.,
where sixth graders in the richest school districts are four grade levels ahead of their
counterparts in the poorest districts (Reardon et al., 2017).

Fully assessing and making use of the benefits of nature-based instruction can
serve all children. The available evidence suggests that experiences of nature help
children acquire some of the skills, attitudes, and behaviors most needed in the
twenty-first century. “Noncognitive factors” such as perseverance, self-efficacy,
resilience, social skills, leadership, and communication skills—so important in life
beyond school (National Research Council, 2012)—are increasingly recognized
by the business community and policy makers as essential in a rapidly changing
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world. And for generations growing up as the impacts of climate change accelerate,
environmental stewardship may be as important as any academic content knowledge.

We conclude it is time to take nature seriously as a resource for learning and devel-
opment. It is time to bring nature and nature-based pedagogy into formal education—
to expand existing, isolated efforts into increasingly mainstream practices. Action
research should assess the benefits of school gardens, green schoolyards and green
walls in classrooms. Principals and school boards should support, not discourage,
teachers’ efforts to hold classes outdoors, take regular field trips, and partner with
nearby nature centers, farms, and forest preserves. Teachers who have pioneered
nature-based instruction should serve as models, helping others address its challenges
and take full advantage of its benefits.
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1 Introduction

When teachers offer lessons in relatively natural settings, students may benefit in a
number of important ways. Academically, some evidence suggests students retain
more after lessons in nature in biology and math (Fagerstam & Blom, 2012), language
arts, social studies, and science more generally (Lieberman & Hoody, 1998) than after
similar lessons indoors. Lessons in nature may also offer other benefits associated
with exposure to trees, gardens, parks, and wildlife, including physical activity, stress
relief, and the rejuvenation of attention (for reviews see Chawla, 2015; Kuo, 2015;
see also Ming, Banres & Jordan: Do Experiences with Nature Promote Learning?
Converging Evidence of a Cause-And-Effect Relationship and Chawla: Childhood
Nature Connection and Constructive Hope in this volume). Furthermore, as anthro-
pogenic climate change becomes an increasingly pressing issue, lessons in nature
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may help build the next generation of environmental stewards; positive childhood
nature experiences appear to play a key role in fostering pro-environmental behavior
in adulthood (Monroe, 2003). Perhaps in response to these important potential bene-
fits, many European countries are incorporating lessons in nature in their formal
schooling (Bentsen & Jensen, 2012).

In the U.S. by contrast, there has been relatively little embrace of outdoor formal
instruction beyond the preschool setting (Ernst & Tornabene, 2012). One reason
lessons in nature have not caught on in the U.S. may be a concern on the part of
teachers that outdoor lessons will leave students keyed up and unable to concentrate.
In the pressure to meet achievement standards, instructors may view even temporary
losses in classroom engagement as unacceptable. Classroom engagement—the extent
to which students are on-task and paying attention to the material or activity at
hand—is a major driver of learning and academic success (Godwin et al., 2016) and
is easily disrupted. If lessons in nature do leave students ‘keyed up’ and unable to
focus afterwards, then the benefits of that time might be outweighed by the costs.

Do lessons in nature impair subsequent classroom engagement? Our review of
the environmental psychology literature suggests quite the opposite. Although we
found no studies directly addressing this question, the indirect evidence suggests that
classroom engagement will be enhanced, not impaired, immediately after lessons
in nature. Specifically, spending time in relatively natural outdoor settings has a
number of positive, immediate aftereffects on individuals, each of which is likely to
enhance classroom engagement. Moreover, multiple studies have found that schools
with greener, more vegetated surroundings perform better academically—even when
socioeconomic factors are accounted for (Browning & Locke, 2020; Kuo et al.,
2018, 2020). Here we review the evidence on acute doses of contact with nature and
their effects on cognitive functioning, interest in learning, and stress, as well as the
literature tying greener schools to greater academic achievement.

The capacity to pay attention is an important resource in student engagement
(Pekrun & Linnenbrink-Garcia, 2012). Acute doses of nature, whether through a
window view of a tree-lined street or a walk in a park, have positive aftereffects
on attention and working memory. Attention restoration theory suggests that natural
landscapes are gently engaging, inducing a state of “soft fascination” that allows the
mental muscle underlying our ability to deliberately direct attention to rest. After-
wards, our capacity to direct attention is thereby refreshed (Kaplan, 1995; for reviews
of empirical work on attention restoration theory, see Ohly et al., 2016; Stevenson
et al., 2018). Experimental work has demonstrated these aftereffects for classroom
window views of greenery vs. barren schoolyards (Li & Sullivan, 2016), and for
walks in both forested (van den Berg et al., 2017) and relatively green urban settings
(Faber Taylor et al., 2001) as compared to walks in less green urban settings. Thus,
both a lesson in a relatively green spot in a schoolyard and the walks between that
spot and the classroom might rejuvenate students’ attention, enhancing their ability
to concentrate on the next, indoor lesson.

Motivation is another important factor in student engagement (Deci et al., 2011),
and nature-based learning has been tied to high levels of engagement and enjoyment
in several studies. Although we found no studies examining aftereffects of acute doses
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of nature, children prefer and enjoy lessons outdoors over lessons indoors (Mygind,
2009; Wistoft, 2013), and there is some indication that outdoor nature-based learning
fosters greater interest in school and learning generally (e.g., Ernst & Stanek, 2006).
Importantly, these effects may be largest in precisely the students whose motivation
in ‘normal’ classes is most lacking (Dettweiler et al., 2015). Nature-based learning
appears to foster students’ intrinsic motivation (Bglling et al., 2018; Figerstam &
Blom, 2012; Skinner et al., 2012). Collectively, this body of work suggests nature-
based instruction makes learning more interesting and enjoyable. Might the interest
and positive affect from a lesson in nature carry over to the next, indoor lesson,
resulting in greater classroom engagement?

Stress is likely to be an important, negative, factor in student engagement; high
levels of stress consistently predict lower levels of academic achievement (e.g.,
Grannis, 1992; Leppink et al., 2016). Experimental work in adults with physiolog-
ical indicators shows that contact with nature offers quick and powerful reductions in
stress biomarkers (e.g., Park et al., 2010; for review, see Kuo, 2015; Supplementary
Materials), and this effect appears to extend to children as well. Contact with nature
has been tied to lower levels of both self-reported and physiological measures of stress
in multiple studies with children (Bell & Dyment, 2008; Chawla, 2015; Wiens et al.,
2016). Recently an experimental study involving high school students showed that
even a mere window view of vegetation from a classroom yields systematic decreases
in both heart rate and self-reported stress, whereas a classroom without such views
does not (Li & Sullivan, 2016). Further, students learning in a forest setting one day a
week showed healthier diurnal rhythms in the stress hormone cortisol in that setting
than a comparison group that did not receive outdoor learning—and these effects
could not be attributed to the physical activity associated with learning outdoors
(Dettweiler et al., 2017).

Not only is contact with nature tied to important factors in classroom engagement,
but greener schools and classrooms have been tied to better academic achievement.
Multi-year assessments of greenness around Massachusetts public schools found
positive correlations between greenness and standardized test scores, even after
adjusting for income and other confounding factors, although not for all seasons
of the year (Wu et al., 2014). Similarly, standardized test performance of 3rd through
9th graders was higher in District of Columbia public schoolyards with higher levels
of tree cover, again after adjusting for income and other factors (Kweon et al., 2017),
and high school graduation rates and test scores were better for public high schools
across Michigan with classroom and cafeteria views of greenspace (Matsuoka, 2010).
More recently, standardized test scores have been tied to schoolyard tree cover in over
300 public schools in Chicago, again controlling for socioeconomic and other factors
(Kuo et al., 2018). While these studies do not directly connect nature exposure with
increased classroom engagement, they are consistent with this possibility. Indeed, it
is difficult to imagine how contact with nature could boost academic achievement
while reducing classroom engagement.
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Thus, exposure to nature has been tied to both the antecedents and consequences of
classroom engagement—the factors contributing to, and outcomes of, greater class-
room engagement. Additional converging evidence comes from research in educa-
tional psychology not focused specifically on greenness. Generally speaking, time
spent out of the classroom and in relatively natural outdoor settings is positive. Studies
document (a) the rejuvenating effects of recess (e.g., Jarrett et al., 1998; Pellegrini &
Davis, 1993; Pellegrini et al., 1995), (b) the positive impacts of students’ physical
activity—often in schoolyards—on on-task behavior and executive functioning in
the classroom (Kvalg et al., 2017; Mahar, 2011), and (c) the motivational benefits
of teacher-led education outside the classroom (EOtC)—in schoolyards, museums,
and other cultural institutions (Dettweiler et al., 2015; for review see Becker et al.,
2017) and of garden-based learning (Skinner et al., 2012). All these lines of investi-
gation lend indirect support for the hypothesis that lessons in nature might enhance
subsequent classroom engagement.

At the same time, it must be acknowledged that the question here differs impor-
tantly from those lines of investigation. This study differs from the research on the
benefits of recess and physical activity in that the intervention involves formal instruc-
tion—teacher-led, formal lessons, delivered as part of a larger curriculum, with all the
rules against student socializing and autonomous activity typical of classroom-based
lessons. Similarly, unlike most education outside the classroom (EOtC) studies and
the study of garden-based learning, this study holds pedagogical approach constant
in comparing lessons in nature vs. in the classroom. That is, in most EOtC studies,
the instruction outside the classroom is designed to take advantage of the setting; as
a consequence, the experimental condition differs from the control in two ways—in
setting (outside vs. in the classroom) and in pedagogical approach. In this study,
pedagogical approach was held constant across conditions; the lessons inside and
outside the classroom differed in setting but not instructional approach.

In sum, although it appears no study has directly examined the aftereffects of
lessons in nature on classroom engagement, considerable evidence in both environ-
mental psychology and education research points to time spent in natural outdoor
settings as having positive impacts. In this study, we hypothesize that lessons in
nature have positive, immediate aftereffects on classroom engagement—that is, we
expect that when children learn outdoors, their classroom engagement after returning
indoors is better than it would have been had they stayed inside the entire time. To test
this hypothesis, we compared classroom engagement after a teacher gave her students
a lesson in nature vs. after the same teacher gave her students a lesson on the same
topic in the classroom (e.g., leaves) in the same week, replicating this comparison
across 10 different topics (one topic per week), two classrooms (‘“‘classroom a,” with
its own teacher, students, and room; and “classroom b,” with another teacher, set of
students, and room), and five different measures of classroom engagement.
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2 Methods

2.1 Setting and Instructors

The effects of lessons in nature on subsequent classroom engagement were exam-
ined in the context of a 300-student environmental magnet school in the Midwestern
United States serving a predominantly disadvantaged population, with 87% quali-
fying for free or reduced lunch, 82% African American, 7% Hispanic, 5% White,
and 6% Multi-racial. Written consent from parents of involved students was obtained
prior to the study.

The indoor condition in this study comprised two typical classrooms (Fig. 1;
although they are not shown in the photo, both classrooms had windows). The outdoor

Fig. 1 The two classrooms
(a, b) used for indoor
instruction in this study.
Written permission for the
publication of this figure was
obtained from students’
parents
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condition comprised a small grassy area just outside the school (Fig. 2). This instruc-
tional area was adjacent to a stream and woodlands, neither of which were used in
the lesson. While the teacher was setting up the outdoor lesson, students occasion-
ally visited the stream bank briefly. The post-treatment (and post-control) observation
period was always conducted indoors, in each class’ and teacher’s regular classroom.

The two teachers in this study were highly experienced and state-certified in
elementary education, with Masters in Education degrees and in-service training in
outdoor and environmental education. These teachers had teamed together in lesson
planning over a period of 5 years prior to this study, facilitating their coordination of
lessons during this study.

The students in the classrooms were in third grade. Their age range was 9-10 years
old.

Fig. 2 The site of the
lessons in nature (a) and the
route students took between
their classroom and the
outdoor lessons (b). The
road in the pictures was used
exclusively for pedestrian
traffic and (infrequently) for
maintenance vehicles

Lessons in ) ¢
nature site
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2.2 Design and Procedure

At base, this study involved a mini-experiment replicated 20 times. In each mini-
experiment, we examined classroom engagement after a lesson in nature vs. after
a matched lesson in the classroom on the same topic, with the same teacher and
students. Thus, in week 1 of our study, teacher “a” gave her students both a lesson
on, say, leaf identification, outdoors, and another lesson on leaf identification in the
classroom, and we compared indoor classroom engagement for that set of students
after each of those two lessons. This mini-experiment was repeated across 10 different
lesson topics and weeks (one topic per week), in each of the two classrooms.

Figure 3 schematically depicts a mini-experiment—the fundamental unit of
comparison in this study. Both the experimental condition (the lesson in nature)
and the control condition (the lesson in the classroom) were 40 min long, and the
observation period for both conditions was 20 min long. Observation periods took
place in the teacher’s regular classroom, and included an introductory 5-min presen-
tation by the teacher on math or language arts using a dry erase board, overhead
projector, or chalkboard and 15 min of assigned individual student work completed
at their desks. Before the observation period there was a water and bathroom break
in both conditions.

Figure 4 shows how we replicated our fundamental unit of comparison across
different instructional content, times in the school year, students, classrooms, and
instructors. Each pair of lessons (one in nature, one in the classroom) was delivered
in a single week. For each pair, the two teachers worked together to adapt a different
theme from the Project Learning Tree (https://www.plt.org/, accessed 28/07/2021)
environmental education lesson guide, with lessons on leaf, tree, and seed identifi-
cation; organic matter decomposition; lifecycles; and pollution. These two instruc-
tors each delivered 10 pairs of lessons over 10 different weeks in the semester from

Treatment

[ Lesson in Nature ] » Break » [ Observation Period ]
Control

[ Lesson Indoors ] » Break * { Observation Period ]
1 | L | | |
I I I 1 1 1

40 minutes 5 minutes 20 minutes
Key

S QOutdoor activities S Indoor activities.

Fig. 3 Schematic diagram of a single mini-experiment. Each mini-experiment included a treat-
ment (lesson in nature and with walks to lesson site before and after) or a control (classroom
lesson indoors), followed by a 5-min indoor break and 20-min indoor observation period. Order of
conditions was counterbalanced
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Fig. 4 Schematic diagram of all 20 mini-experiments in this study. Mini-experiments were repli-
cated over 10 different topics and weeks, for each of two classrooms (and each of five measures).
Order of conditions was counterbalanced

September—November, under a range of weather conditions.! Before the study began,
both instructors were open-minded as to what we might find, although one tended to
think the positive effects of lessons in nature might outweigh the negative, whereas
the other tended to think the opposite—that lessons in nature might leave students
“too wired” afterward to engage in classroom material.

Lessons were matched along the following dimensions: teacher, students and class
size, topic, teaching style, week of the semester, and time of day. That is, for any given
pair of lessons, both the treatment lesson (in nature) and its indoor counterpart were
delivered by the same teacher to the same students, on the same topic, in the same
week of the semester. Both lessons involved hands-on, experiential learning; lessons
that required natural materials from the outdoor instructional site (e.g., different
types of leaves) were adapted for classroom instruction by bringing these materials
indoors prior to the lesson. While the pairs of lessons were offered in afternoons
(n = 12) slightly more often than in mornings (n = 8), the two conditions did not
differ in how often they were taught in the morning vs. the afternoon—an important
consideration, given that cognitive performance generally drops over the course of
the day (Sievertsen et al., 2016).

We counterbalanced the order in which conditions were delivered each week over
the course of the study. It is impossible to offer both a lesson in nature and its matched
classroom lesson simultaneously; thus one lesson would have to precede the other and
the second lesson would always be an extension of the first. So that neither condition
would have an advantage over the other, we encouraged teachers to put the lesson
in nature first roughly as often as they put it second. The scheduling of lessons was
constrained by the scheduling of other curriculum (e.g., physical education, art, and
music) as well as weather. In the end, the lesson in nature came before its classroom
counterpart four times and after it six times for each teacher.

It is important to note that there was one consistent difference between the exper-
imental and control lessons other than setting. The 40-min lesson in nature was not
purely instructional time; it required the class to walk a few minutes to and from a

! On one occasion, a planned lesson was not given as scheduled; that lesson was made up in April
instead. Analyses with and without the makeup lesson and its paired classroom lesson show the
same effects of lessons in nature on subsequent classroom engagement. Findings reported here were
based on the full sample.
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grassy area (see Setting above) to reach the instructional site—a distance of about
200 m. Thus, the lesson delivered in nature was roughly 30 min long whereas the
matched indoor lesson was 40 min long.

2.3 Measures of Classroom Engagement

We developed a battery of four measures to assess classroom engagement: (1) teacher
ratings; (2) student ratings; (3) ‘redirects’—the number of times instructors had to
interrupt instruction to redirect a student’s attention to the task at-hand; and (4)
independent photo ratings—ratings of classroom engagement by an independent
observer based on photographs of the observation period. These four measures were
then combined into a Composite Index of Classroom Engagement.

2.3.1 Teacher Ratings

At the end of each 20-min observation period, teachers rated classroom engagement
on a —2 to +2 scale (from —2 much worse than usual to 2 much better than usual,
with 0 same as usual). Classroom engagement was defined for teachers as students
listening to instructions, looking at assigned material, and raising their hands for
assistance. Teachers were asked to rate the engagement not of individual students,
but of the classroom as a whole, during the observation period.

2.3.2 Student Ratings

Students also rated classroom engagement after each 20-min observation period.
Unlike the teacher ratings, the student ratings consisted of three components. Each
student rated their own engagement, the engagement of the students sitting close to
them, and the engagement of the class as a whole on a 5-point scale indicating the
period of engagement (from 1 no time to 5 the whole time).

Of the three types of engagement ratings—self, peer, and whole class—one turned
out to be relatively uninformative and was not further analyzed: students consis-
tently rated their own engagement at ceiling—>5 out of 5 possible points, with little
variance; perhaps as a consequence, this rating correlated relatively weakly with
other measures. Students’ ratings of the engagement of their seatmates and the
class as a whole were somewhat informative in that they were not at ceiling and
showed some variance; students’ peer and whole class ratings were therefore used as
another measure of classroom engagement. For each classroom after a given lesson,
students’ peer engagement ratings and whole class engagement ratings were aver-
aged to produce a student-based measure of classroom engagement. This measure
of classroom engagement demonstrated high internal reliability (Cronbach’s alpha
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= 0.869 for indoor lessons, 0.807 for outdoor lessons?); that is, different students
rated engagement during a given observation period similarly.

2.3.3 ‘Redirects’

Each time a teacher needed to stop instruction to redirect or correct student
behavior—e.g., “sitdown,” “you need to be working,” or “I will wait”—one ‘redirect’
was tallied. ‘Redirects’ reflect the number of instances tallied for a 20-min observa-
tion period. Redirects are a concrete and important indicator of how well instruction
is going. High levels of redirects indicate students are not attentive to instruction or
tasks assigned. Further, redirects themselves are likely to impact learning outcomes
by reducing the coherence and flow of lectures and distracting students as they work
on assigned tasks.

MP, an investigator on this project and the social worker for the school where this
study was conducted, was stationed at the back of the classroom during observation
periods torecord ‘redirects.” Because MP was the school social worker, the instructors
and students in this study were familiar with him and comfortable with his presence
in the classroom. Pilot testing confirmed that he was able to observe the class from the
back of the room without influencing class dynamics. Redirects were tallied “blind
to condition”—that is, the observer assessed redirects without knowing whether the
preceding lesson had been given indoors or outdoors.

2.3.4 Independent Photo Ratings

While teacher ratings and student ratings each provide a valuable window onto class
engagement, both are inevitably subject to observer expectancy effects. That is, both
teacher and student ratings of classroom engagement during a given observation
period might be influenced by their knowledge of which condition (lesson in nature
or lesson in the classroom) preceded that observation period and their expectations
for the effects of lessons in nature on classroom engagement. Redirects were blind
to condition, but we included a second “blind to condition” measure of classroom
engagement, in which an independent observer rated photographs of each observation
period without knowing what kind of lesson had preceded it.

Photographs were captured with a wide-angled camera (Nikon P90) positioned on
a tripod in front of the classroom and programmed to automatically capture images
of the class at even, pre-set time intervals throughout the 20-min observation period.
Each observation period was represented by 10 photos; hence the complete collection
of photos rated by our independent observer consisted of 400 photos, with each set
of 10 photos corresponding to one of the 40 observation periods in this study (one
observation period per week after the lesson in nature, another observation period

2 Cronbach’s alpha is a measure of scale reliability. It measures how closely related a set of items
are as a group. It can take values between 0 and 1, and 0.7 or higher is considered ‘acceptable’.
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per week after its classroom-based counterpart, for each of two teachers, for a total
of 10 weeks).

Our independent observer—an undergraduate student at the University of Illinois
at Urbana-Champaign—began by acquainting herself with the entire collection of
400 photos, without knowing which observation periods belonged to which condi-
tion. This allowed her to calibrate her ratings of classroom engagement relative to
both the typical levels of engagement seen in the observation periods as well as the
extremes. She then rated classroom engagement for each observation period on the
same —2 to +2 scale as the teachers (from —2 much worse than usual to 2 much
better than usual, with 0 same as usual). The rater assessed classroom engagement
blind to condition; that is, she made her ratings without knowing where the preceding
lesson had taken place (in nature vs. the classroom).

2.3.5 Constructing a Composite Index of Classroom Engagement
(CICE)

Each of the component measures in our battery is valuable in its own right. Teacher
ratings and student ratings offer important lenses on classroom engagement. Redi-
rects, as counted by an independent observer, provide external validation for teacher
and student-ratings as well as a concrete measure of classroom engagement. Both
redirects and the independent photo ratings provide measures of classroom engage-
ment uncontaminated by knowledge of condition. Table 1 illustrates how each of

Table 1 Measures and criteria for assessing classroom engagement

Measure CRITERIA FOR ASSESSING CLASSROOM
ENGAGEMENT

Incorporates Incorporates Provides Is blind to
teacher student external condition
perceptions perceptions validation

Teacher ratings Yes - - -
Student ratings - Yes - =
Redirects - - Yes Yes

Independent - - - Yes

photo ratings

Composite index  Yes Yes Yes Moderately?
of classroom

engagement

Two of four components of Index are blind to condition.
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the measures in our battery address different methodological criteria for assessing
classroom engagement. Together, the measures in this battery provide a multifaceted
assessment of classroom engagement, with the limitations of each measure countered
by the strengths of another.

To create a single, summary measure that draws on each of these different method-
ological strengths, we combined the component measures into a single Composite
Index of Classroom Engagement (CICE)—the average of teacher ratings, student
ratings, independent photo ratings, and redirects. Because these measures are on
different scales (e.g., from —2 to +2 for teacher and photo-based ratings, from 0 to
100 for student ratings), data from each measure were standardized before averaging.
Thus, for example, a teacher’s rating of classroom engagement for a given observa-
tion period would be expressed in terms of how that period’s rating differed from
the mean rating for that teacher across all observation periods, in units of standard
deviations. Redirects were reverse-coded (multiplied by —1.0) so that higher values
would correspond to better classroom engagement, in line with the other components
of the Composite Index.

3 Results

3.1 Descriptive Statistics and Bivariate Correlations

Descriptive statistics and bivariate correlations across all observation periods (that is,
regardless of whether they occurred after an indoor or outdoor lesson) are presented
in Tables 2 and 3. Teacher ratings of class engagement tended toward the positive,
with average ratings falling between O usual and 1 better than usual. Student ratings
of class engagement were quite positive, averaging roughly 80% on a 0-100% scale,

Table 2 Means of classroom engagement measures by classroom

Classroom A Classroom B
Range M SD M SD

Teacher ratings (—2-+2) -2-2 0.70 1.34 0.55 1.23
Student ratings (0-100) 62-93 81.29 8.09 79.00 755
Redirects (tallied) 0-8 3.70 2.62 5.10 1.86
Independent photo ratings -2-2 0.35 1.42 0.65 0.99
(—2-+2)
Composite index of -1.60-1.17 0.00 0.81 0.00 0.77

classroom engagement
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Table 3 Bivariate correlations between measures of classroom engagement across 40 observation
periods

1 2 3 4 5
Teacher ratings (1) - 0.48* 0.54* 087" 0.92*
Student ratings (2) - 0.25 0.32° 0.63**
Redirect (3) - 0.51* 0.70**
Independent photo ratings (4) - 0.86*

Composite index of classroom -
engagement (5)

‘P <05, ""p <0.01.

with little variance. Redirects occurred with some frequency, averaging 3.7 and 5.1
in the two classrooms, respectively, in the 20-min observation window. And photo-
based ratings of class engagement also tended toward the positive, with average
ratings falling between 0 usual and 1 better than usual. As the CICE (Composite
Index of Classroom Engagement) is based on the average of standardized scores
across the four component measures for each classroom, its means for each classroom
were zero by definition. In two-sided #-tests for group differences with an alpha
of 0.05, the two classrooms did not significantly differ from each other on any of
the measures of classroom engagement; thus data from the two classrooms were
combined for further analysis except where otherwise noted.

As Table 3 shows, our measures of classroom engagement were generally highly
correlated. The individual components of the CICE show high concurrent validity.
Teacher ratings and independent photo-based ratings were particularly highly corre-
lated with both each other (r = 0.87) and with our summary measure (r =
0.92). Student ratings of classroom engagement were significantly correlated with
teacher ratings (r = 0.48) and independent photo-based ratings (r = 0.32), but not
significantly related to the number of redirects in a given observation period.

3.2 Opverall Condition Differences in Classroom Engagement

Is classroom engagement higher after a lesson in nature than after a matched lesson
in the classroom? Table 4 presents the results of paired, two-tailed #-tests comparing
classroom engagement after lessons in nature versus matched classroom lessons
across the 10 different topics/weeks and two instructors. Lessons in nature show an
advantage in subsequent classroom engagement over classroom lessons for four of
the five measures. Teacher ratings of classroom engagement are roughly a standard
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deviation higher, on average, after a lesson in nature than its matched, classroom-
based counterpart. Consistent with this, redirects were less frequent after a lesson
in nature—in fact, the number of redirects after a lesson in nature was roughly half
(54%) that of redirects after a classroom lesson. If we calculate the rate of redirects by
dividing the duration of our observation period (20 min) by the number of redirects,
the nature condition yielded a redirect rate of roughly one redirect per 6.5 min as
compared to a rate of one interruption of instruction every 3.5 min in the classroom
condition. The independent, photo-based ratings of classroom engagement echo the
teacher ratings. And Composite Index of Classroom Engagement scores are 4/5ths of
a standard deviation higher after lessons in nature than after matched control lessons.
Effect sizes for all measures except the student ratings are substantial, indicating that
the magnitude of the difference between classroom-based lessons and nature-based
lessons is not only statistically significant but practically meaningful.

Bayesian statistical analyses yield similar results. The Bayes factor is a ratio of
the likelihood of two hypotheses being correct given a set of data. In this case, we
compared the likelihood that classroom engagement was better after outdoor lessons
than after indoor lessons (H;) with the likelihood that it was not better (Hg). There
was very strong evidence that the Composite Index of Classroom Engagement was
better after outdoor lessons than after indoor lessons—so much so that H; was 33
times more likely to occur than Hy. In regard to individual measures, redirects showed
extreme evidence for H; occurring, indicating increased classroom engagement after
outdoor lessons (BFy; = 0.009, error percent 8.07¢~7), while independent photo-
based ratings of classroom engagement displayed strong evidence (BFy; = 0.091,
error percent = 5.12e™*) and teacher ratings of classroom engagement presented
moderate evidence (BFy, = 0.18, error percent = 0.002) for this outdoor lesson
advantage. In contrast, student ratings of classroom engagement showed no evidence
of nature lessons improving classroom engagement afterward compared with indoor
lessons (BFy; = 2.33, error percent = 0.014).

3.3 Condition Differences in Classroom Engagement
Jor Different Classrooms, Weeks, and Measures

Our research design involved 100 paired comparisons between lessons in nature
versus their matched, classroom-based counterparts across two different instructors,
10 different topics and weeks, and five different measures of classroom engagement.
To give a more fine-grained view of our results, Fig. 5 schematically depicts the
results for each of the 100 pairs of comparisons.

Figure 5 thus illustrates the consistency and size of the nature advantage over the
entire series of mini-experiments. Of the 100 nature versus classroom comparisons,
the majority of comparisons (61) show an advantage for the lesson in nature (i.e.,
check marks in the Figure), 25 show small or no difference (less than half a standard
deviation in either direction, i.e., no symbol in the Figure), and only 14 show an
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Fig. 5 Differences in classroom engagement after lessons in nature for different classrooms, weeks,
and measures. Condition differences in classroom engagement are depicted with symbols. The
color and shape denotes the condition which yielded better classroom engagement, for a particular
measure, classroom, and week; when the lesson in nature outperformed its paired classroom lesson,
there are checkmark(s); when the lesson in the classroom outperformed its paired nature lesson,
there are circle(s). The number of symbols (checkmark or circle) represents the extent to which
one condition outperformed the other, with one symbol corresponding to a difference between half
a standard deviation and a full standard deviation (>0.5 to 1), two symbols corresponding to a
difference between one and two standard deviations (>1 to 2), and three symbols corresponding to
a difference of over two standard deviations. When the difference between a lesson in nature vs.
the classroom did not exceed half a standard deviation, no symbols are depicted

advantage for the classroom-based lesson (circles in the Figure). Further, the size of
the nature advantage is considerable: in 48 comparisons, the lesson in nature yielded
classroom engagement scores a full standard deviation larger than its classroom-
based counterpart; in 20 of these 48, the nature advantage was more than two standard
deviations.

When we compare the results for different measures in Fig. 5, we see that four
of the component classroom engagement measures—teacher ratings, redirects, and
independent (photo-based) ratings—show more, and larger condition differences
(more symbols), suggesting that these measures may be more sensitive to varia-
tions in classroom engagement. By contrast, student ratings appear to be a relatively
insensitive measure, showing fewer and smaller condition differences than the other
measures.

Similarly, visual inspection reveals no obvious trends in the size of the nature
advantage over the course of the semester. Consistent with this, a post-hoc, two-
tailed independent #-test comparing the difference between CICE scores for the
first 5 weeks of the semester with CICE scores for the next 5 weeks showed no
significant difference, #(13y = — 0.26, p = 0.80 (M = 0.86, SD = 1.00 for the first
5 weeks; M = 0.74, SD = 0.91 for the next 5 weeks). Interestingly, although one of
the two instructors entered with some skepticism regarding the effects of lessons in



Refueling Students in Flight: Lessons in Nature May Boost ... 83

nature on subsequent classroom engagement, the nature advantage is visible in both
instructors’ classes. Paired, two-tailed #-tests for each classroom show a significant
effect of condition on classroom engagement for each instructor [ty = 2.27, p =
0.049, for classroom a; tgy = 3.07, p = 0.01, for classroom b]. Bayesian statistical
analyses confirmed there was no evidence for the first 5 weeks being different than
the next 5 weeks (BFg; = 2.41, error percent = 2.31e™>). Also, Bayes factors showed
moderate evidence for classroom a (BFy; = 0.20, error percent = 3.41e *)and ‘anec-
dotal’ evidence for classroom b showing an outdoor lesson advantage (BFy; = 0.56,
error percent = 0.002).

4 Discussion

What is the effect of lessons in nature on subsequent classroom engagement? Do
they leave pupils too keyed up to focus—as some teachers worry—or do they
enhance a class’ engagement—as indirect evidence has suggested they could? In
this study, classroom engagement was significantly better after lessons in nature
than after matched, classroom-based lessons. This nature advantage held for four
of five measures of classroom engagement: teacher ratings; redirects; independent,
photo-based ratings; and our summary index of classroom engagement all showed
a substantial advantage for the nature condition; student ratings did not. Further, the
nature advantage held across different teachers and held equally over the initial and
final 5 weeks of lessons.

The nature advantage was substantial. Common language effect size calculations
(McGraw & Wong, 1992) indicate a strong advantage for lessons in nature—the
likelihood that Composite Index of Classroom Engagement scores are higher after a
lesson outdoors in nature than after a lesson in the classroom, in a class that receives
both, is 81%. And the nature advantage is large. Out of 100 paired comparisons, class-
room engagement was over a full standard deviation better in the nature condition
in 48 pairs; in 20 of those 48, the nature condition bested its classroom counterpart
by over two standard deviations. The rate of ‘redirects,” or instances where a teacher
interrupted the flow of instruction to redirect students’ attention, was cut almost in
half after a lesson in nature. Normally, these redirects occur roughly once every
3.5 min of instruction; after a lesson in nature, classroom engagement is such that
teachers are able to teach for 6.5 min, on average, without interruption.

4.1 Accounting for the Advantage of Lessons in Nature:
Alternative Explanations

To what might we attribute the advantage of the lessons in nature here? Any number
of factors may affect classroom engagement: different teachers might be more skilled
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at eliciting student engagement; some topics are more engaging than others; hands-
on lessons might be more engaging than lecture-based lessons; one set of students
might be more attentive than another; a smaller class might be more engaged than
one with more students; one classroom might be exposed to more distractions than
another; engagement might peak at the beginning of the school year and flag as the
year wears on; and students might find it easier to focus on schoolwork in the morning
than the afternoon. If our nature lessons differed from our classroom lessons in any of
these respects, those differences could have conceivably accounted for our findings.
But because we only compared pairs of lessons matched on all those factors—same
teacher, same topic, same instructional approach, etc.—none of those factors can
account for the findings here.

Nor could positive expectations have entirely driven the nature advantage here.
It is true that one of the two teachers expected the lesson in nature might have a
positive effect on subsequent classroom engagement. Those positive expectations
might have led her to view classroom engagement after the outdoor lesson more
positively (which might have boosted teacher ratings of engagement but would not
have affected our independent photo-based ratings), or might even, in a variant of
the Pygmalion effect, have inspired her to teach more effectively afterwards (which
would have boosted both teacher ratings and independent photo-based ratings). At
the same time, the other teacher expected the opposite pattern; on the whole, she
thought that the lesson in nature might leave students too keyed up to concentrate.
If the nature advantage was due entirely to teacher expectations, it is not clear why
both teachers showed the nature advantage.

The novelty of outdoor lessons cannot account for the nature advantage, either. If
the nature advantage in subsequent classroom engagement were due to the novelty of
the setting, we would expect it to decrease over the course of the semester as students
habituated to having lessons outdoors. But the nature advantage was relatively stable
over the course of the study.

Along similar lines, novelty of topic might theoretically account for differences
in classroom engagement; each week in the study corresponded to a new topic,
and if the nature lesson on a topic had generally preceded its classroom counterpart,
students might have found the nature lesson more stimulating and been more engaged
afterwards because of the change in topic and not because of the setting. But the
order of indoor and outdoor lessons was counterbalanced such that the lesson in
nature came before its classroom counterpart four times and after it six times for
each teacher. Indeed, if a change in topic boosts subsequent classroom engagement,
we would have expected that to result in a classroom advantage—the opposite of
what we found.

In the absence of other viable explanations for the systematic pattern of superior
classroom engagement after lessons in nature, it would appear that lessons in nature
boost subsequent classroom engagement.
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4.2 Accounting for the Advantage of Lessons in Nature:
Active Ingredients

If lessons in nature boost subsequent classroom engagement, this raises another
question: what about those lessons might account for this effect? That is, what is
(or are) the active ingredient(s) in a lesson in nature? Previous research suggests a
number of possibilities; each of these factors might contribute.

First, the relatively natural setting of the outdoor lessons may contribute to subse-
quent classroom engagement. Exposure to nature has immediate, beneficial afteref-
fects on both attention and stress, and is likely to enhance motivation as well. Further,
contact with nature has also been shown to improve self-discipline and impulse
control (e.g., Faber Taylor et al., 2002; van den Berg & van den Berg, 2011)—
thus a lesson in nature might conceivably yield a quieter, less disruptive classroom
afterwards. Note that the large effect sizes here were obtained even though both
classrooms had window views; clearly, just providing visual access to the outdoors
is not enough (see Faber Taylor et al., 2001, for findings showing better attention
after being outdoors than after time indoors with a view).

Second, the sheer break from classroom activity involved in the walks to and from
the classroom, and the change in scenery involved in the lesson in nature probably
contribute to students’ subsequent rejuvenation. Again, although this study involved
formal instruction, not recess, Pellegrini and Davis (1993) and Pellegrini et al. (1995)
found that elementary school children are progressively inattentive as a function of
the amount of time since their last break. Another experimental study (Jarrett et al.,
1998) found that fourth-graders were more on-task and less fidgety in the classroom
on days when they had had recess, with hyperactive children among those who
benefited the most. Thus, providing a lesson in nature may provide many of the same
benefits normally accrued through recess.

Third, physical activity might also play a part: 10-min physical activity breaks
during the school day have been shown to boost classroom engagement (Mahar,
2011), and the lesson in nature here included two 5 min (or less) walks between the
classroom and the outdoor teaching setting, raising the possibility that the boost in
classroom engagement here was due entirely to those walks. But most studies in the
physical activity-classroom engagement literature have examined either brief bouts
of intense physical activity (e.g., Mahar, 2011), or frequent, longer bouts of moderate
physical activity—for example, one study examined the effects of adding roughly
190 min per week of moderate to vigorous physical activity—running, jump rope,
hopping on one foot—over the course of 10 months (e.g., Kvalg et al., 2017). The
dose of physical activity here was brief, light in intensity, and infrequent (two, 5 min
walks per week) possibly too small a dose to improve classroom engagement.

Fourth and finally, another contributing factor may have been impacts on teachers.
Teachers, just as much as students, might benefit from all these aspects of lessons
in nature—perhaps teachers are able to teach in a more engaging way when their
capacity to pay attention and interest are refreshed and their stress levels are lowered.



86 M. Kuo et al.

If so, simply giving teachers a break, a walk, and a dose of nature may have contributed
to the boosts in classroom engagement seen here.

4.3 Generalizability

The lessons in nature here involved a particular ‘dose’ (duration, intensity, and
frequency) of nature, administered in a particular way, to a particular population
of students, by a particular set of teachers. Specifically, the lessons in nature in this
study involved a 5-min walk from the classroom out to a grassy outdoor area with
some nearby trees (Fig. 2) for a 30-min instructional period, followed by a walk
back to the classroom, followed by a 5-min break—the classroom lesson involved
no walking, and a 40-min instructional period followed by a 5-min break. Here, we
consider reasons why the nature advantage might or might not generalize to other
conditions, students, and teachers.

In combination with the study design, the findings here suggest the nature advan-
tage could apply in a variety of conditions. The nature advantage persisted across 10
different topics and weeks in the school year; across different times of day; across
two different teachers, including one who was predisposed to expect the opposite;
and across two different groups of students, each with their own dynamics.

The levels of vegetation here (Fig. 2) do not seem entirely out of keeping with other
schools; schools with grassy areas within walking distance might reasonably expect
similar effects to those here. In schools with considerably greener surroundings,
lessons in nature might have even larger impacts on classroom engagement; in one of
the few studies including a wide variety of levels of nearby nature, the more natural
a students’ dormitory view, the better their cognitive performance (Tennessen &
Cimprich, 1995). But many urban schools might have more barren schoolyards and
surroundings—in those schools, we might expect outdoor lessons to have smaller
impacts. Note, however, that we might still expect an advantage—some evidence
suggests children’s attention is better after time outdoors than indoors, even when
the outdoor setting lacks vegetations (Kuo & Faber Taylor, 2004).

The students in this study were predominantly low-income, students of color;
might lessons in nature boost subsequent classroom engagement in more well-off,
predominantly White populations? Previous evidence in more privileged populations
suggests they could: for example, greener school surroundings are tied to higher
standardized test scores in predominantly White, relatively well-off areas, even after
accounting for income (e.g., Matsuoka, 2010; Wu et al., 2014).

The teachers in the study were both highly experienced, had in-service training in
outdoor and environmental education, and were open-minded as to what the study
might reveal. Their relevant in-service training is likely to have given them more
confidence in offering lessons in nature—and, as highly experienced instructors,
they may have been more adept at recognizing the need for adjustments and making
them. It seems plausible that teachers without such training, and teachers adamantly
opposed to lessons in nature, might show smaller effects or even none at all.
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4.4 Contributions to the Science of Nature-Based Learning

The findings here fill a gap in the previous literature on the impacts of nature on human
functioning. Previous experimental work has shown immediate aftereffects of contact
with nature on a variety of factors in classroom engagement—the ability to pay
attention, intrinsic interest in learning, impulse control, and stress. Simultaneously,
large-scale correlational work has tied greener near-school landscapes with better
school-level performance on standardized academic achievement tests—even after
controlling for socioeconomic and other factors. These two lines of investigation
examine different kinds of functioning, scales of analysis, and units of time. The
work here bridges the two lines of investigation, pointing to a potential pathway
between the two.

Boosts in classroom engagement might be a steppingstone by which nature’s
immediate effects on an individual student might ultimately translate into long-term
improvements in academic outcomes at the school level. Boosting attention, intrinsic
motivation, and discipline in a student while simultaneously reducing their stress
seems likely to have synergistic effects on their engagement in the classroom. Simi-
larly, boosting engagement in multiple students in the same class is likely to result
in synergies; when many of the students in a class are quieter, more focused and
less disruptive, overall classroom engagement is likely to be much fuller and more
sustained. These two synergies—between different psychological processes within
individual students, and between students within a class—may explain the size of the
nature advantage seen here at the classroom level. Furthermore, because classroom
engagement is an important contributor to long-term academic achievement (Godwin
etal., 2016; Skinner & Belmont, 1993), small but consistent improvements in class-
room engagement over the course of a school year might have a surprisingly large
cumulative effect on learning. Theoretically, this may help explain how relatively
small differences in near-school green cover have been tied to significant differences
in end-of-year standardized test performance (e.g., Matsuoka, 2010; Kweon et al.,
2017; Sivarajah et al., 2018; Hodson & Sander, 2021; Kuo et al., 2018, 2020).

4.5 Implications for Educational Practice

The findings here provide some support and guidance for including more lessons
in nature in formal education. For teachers who have been intrigued by the poten-
tial of lessons in nature but have been concerned about negative aftereffects on
classroom engagement, the findings here directly address that concern. For environ-
mental educators who have been shunted aside in favor of spending instructional
time on drill and practice for standardized achievement tests, the findings here may
offer a valuable argument for outdoor environmental lessons. The findings here also
offer some encouragement for teachers interested in trying to adopt experiential
approaches to education, which are particularly well-suited for lessons in nature.
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Such approaches allow students to actively use the outdoors to apply theoretical
knowledge ‘in the field’ and undertake problem-solving and decision-making in real
world scenarios. These processes may be more effective at instilling and scaffolding
long-term knowledge acquisition than other instructional strategies (Ballantyne &
Packer, 2002). Curriculum that could benefit from learning styles beyond auditory
and visual are also particularly well-suited for lessons in nature because the diversity
of topography and vegetation in natural landscapes also provide unique kinesthetic
learning opportunities (Auer, 2008; Fjgrtoft & Sageie, 2000).

In students facing challenges associated with poverty, minority status, or both,
academic achievement is a pressing concern. In a comparison of rich and poor school
districts, sixth graders in the richest school districts were four grade levels ahead of
children in the poorest districts (Reardon et al., 2016). In this population, then, the
finding of an inexpensive educational practice with a consistent, large, positive effect
on classroom engagement raises exciting possibilities.

While we do not know to what situations and populations the effects here will
generalize, the consistency and size of the effects suggest that lessons in nature are
worth trying in a broad range of settings. It is worth noting that the nature advantage,
while consistent, did not occur in every pair of lessons; notably, for one teacher the
first classroom lesson outperformed its outdoor counterpart. Thus, we encourage
teachers to try at least two or three lessons in nature before assessing their value.

More broadly, the findings here underscore the growing view that classroom
engagement is at least as limited and valuable a resource as instructional time. With
the advent of No Child Left Behind legislation, the vast majority of U.S. school
administrators reduced or completely cut recess time and other breaks during the
school day, with the primary motivation of providing more instructional time for
standardized test preparation (Robert Wood Johnson Foundation, 2010). Instruc-
tional time has been viewed by many administrators as the key, limited resource for
improving academic achievement; consequently, the de facto approach to increasing
student learning has been to free up instructional time by cutting school activities
seen to be unhelpful to standardized test preparation—recess, physical education,
art, music, theater, etc. Yet increasing the number of hours in the classroom does
not translate to increasing the number of hours of student are attentively learning
(Gettinger & Seibert, 2002). Estimates suggest students spend 10-50% of their time
at school unengaged and off-task (Hollowood et al., 1994). Like pouring tea into an
already full teapot, giving teachers more time to deliver standardized test content is
of little value if the vessels are unable to receive. Thus, classroom engagement may
in fact be the key, limited resource in academic achievement.

5 Conclusion

This study is the first to our knowledge to directly examine the effects of lessons in
nature on subsequent classroom engagement. We found higher levels of classroom
engagement after lessons in nature than after carefully matched classroom-based
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counterparts; these differences could not be explained by differences in teacher,
instructional approach, class (students, classroom, and class size), time of year, or
time of day, nor the order of the indoor and outdoor lessons on a given topic. It would
seem that lessons in nature boost subsequent classroom engagement, and boost it a
great deal; after a lesson in nature, teachers were able to teach for almost twice
as long without having to interrupt instruction to redirect students’ attention. This
nature advantage persisted across 10 different weeks and lesson topics, and held not
only for a teacher with positive expectations for nature-based lessons but also for a
teacher who anticipated negative effects of such lessons. The findings here suggest
that lessons in nature allow students to simultaneously learn classroom curriculum
while rejuvenating their capacity for learning, “refueling them in flight.” Because
providing children with more contact with nature in the course of the school day
is likely to yield a whole host of additional dividends as well, including improved
physical and mental health (see Chawla, 2015 for review), the findings here argue
for including more lessons in nature in formal education.
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1 Introduction

This chapter presents an abridged version of the article in People and Nature that is
referenced in footnote 1. Given the original article’s length, this introduction summa-
rizes its opening sections. The original article includes an overview of the topic of
nature connection, details about how the paper’s literature reviews were conducted,
tables that describe different measures of nature connection for children aged 217,
and fuller versions of the sections covered by this introduction. For a detailed devel-
opment of these topics, see the original article. Following this summary, this chapter
dives into the second half of the paper, which integrates evaluations of programs
designed to connect children to nature with studies to understand and address young
people’s worries and alarm when they recognize the threats that the natural world
currently faces from climate chaos and biodiversity loss.

The article in People and Nature synthesizes two research literatures. It is the
first review of the topic of nature connection in children and adolescents, and it
also reviews approaches to help young people cope with difficult emotions as the
global environment changes. These have been independent streams of research, each
developing without reference to the other. Yet as I delved into both quantitative and
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Fig. 1 Indicators of children’s connection with nature (blue and green lists), children’s awareness
and emotions associated with environmental concern (green and yellow lists), and where these
experiences overlap (green)

qualitative evaluations of young people’s connection to nature, I noticed that many
indicators used to define nature connection echo what young people express when
they are asked about their environmental concerns and they express fears about the
planet’s future: feeling part of nature, empathy for other living things, understanding
human reliance on nature and our capacity to harm it, and a sense of responsibility
to protect the natural world. (See Fig. 1 for indicators of children’s connection with
nature, children’s awareness and feelings associated with environmental concern,
and overlapping experiences.)

I found that people studying nature connection in children and adolescents treat
the understanding of human reliance on nature and feelings of belonging to nature,
responsibility, and empathy for nature as if they are always positive experiences. Like
enjoyment, comfort and solace in nature, surveys to assess children’s levels of nature
connection assume that the more children have these experiences, the better. Yet
research on young people’s environmental concerns and fears about the future shows
that these perspectives may arouse difficult emotions. Therefore this paper explores
how people who seek to connect children and teens with nature—teachers, parents,
and staff at nature centers and environmental promote connection and constructive
coping with environmental organizations—may simultaneously risks and losses.
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1.1 Understanding Nature Connection in Childhood

When Ives et al. (2017) surveyed peer-reviewed articles on the human connection
with nature published from 1984 through 2015, they found a steep increase from
the year 2010 onward. This pattern characterizes research with children and teens
as well as adults. Ives and his colleagues attributed this rise to surging evidence of
health and well-being benefits when humans engage with nature, as well as concern
that humans need to feel connected with nature in order to commit to its protection.
This concern is related to recognition that connection commonly forms during time
in nature, but an “extinction of experience” is currently underway (Pyle, 1978).

Around the world, more and more people are living in urban areas, which are
becoming more densely developed, eroding opportunities for people to experience
nature and feel kinship with the larger community of life. According to Soga and
Gaston (2016), this sets up feedback loops that are troubling for the future of conser-
vation. They note that as people’s experience of nature declines, their interest in
nature is likely to diminish. This reduces motivation to seek out natural areas. As
parents, people are likely to pass their disengagement from nature to their children,
and over time this can become a generational shift, with the public understanding
and valuing the natural world less and feeling less investment in its protection.

Concerns about declining access to nature and children’s loss of freedom outdoors
have spurred efforts to define and measure nature connection in childhood, identify
key experiences that contribute to its development, evaluate interventions designed
to increase connection, and determine how nature connection relates to other aspects
of young people’s lives, such as wellbeing and care for the environment. This intro-
duction briefly summarizes this work. It looks at nature connection through the lens
of both quantitative and qualitative methods and considers evidence that connec-
tion with nature matters for children’s wellbeing as well as the future of conserva-
tion. Consistent with the United Nations definition of childhood as the period from
birth through age 17 (UNICEF, 1989), this chapter refers to this span of years as
“childhood,” populated by “children” and “young people.”

1.2 Evaluating Childhood Nature Connection

The longer review for People and Nature discussed 10 quantitative measures of
nature connection for children and adolescents that were tested for reliability and
validity and published in peer-reviewed journals. Together, they cover ages 2 through
19. In developing assessment tools, researchers commonly began by reviewing and
adapting measures designed for adults, with the result that characteristics of adult
measures have been carried over into assessments with children. Just as there is no
single consensus definition of nature connection in research with adults, a variety
of definitions and terms have been used in studies with children and adolescents,
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including connection with nature, nature connectedness, biophilia, and emotional
affinity with nature. (See original article, pp. 622-625.)

Like measures of nature connection in adults (Restall & Conrad, 2015; Tam, 2013;
Zylstra et al., 2014), assessments of childhood nature connection are multidimen-
sional. They include emotional attraction and affiliation with nature, cognitive under-
standing of human-nature interdependence and curiosity about natural phenomena,
positive experiences in nature such as enjoyment and comfort, and motivation to
protect nature. (See Fig. 1.) Enjoyment in being in nature runs across most of the
childhood measures (Cheng & Monroe, 2012; Elliot, Ten Eycke, Chan & Miiller,
2014; Ernst & Theimer, 2011; Giusti et al., 2014; Miiller et al., 2009; Rice & Torquati,
2013; Richardson et al., 2019; Sobko et al., 2018). Some studies treat awareness of
human reliance on nature and nature’s vulnerability to harm as a dimension of nature
connection (Ernst & Theimer, 2011; Giusti et al., 2014; Larson et al., 2011); but
general knowledge about nature and environmental issues, as well as proenviron-
mental behavior, are treated as separate but related variables. Three studies treat
empathy for nature as a dimension of connection (Cheng & Monroe, 2012; Giusti
et al., 2014; Sobko et al., 2018).

1.3 Variables Associated with Nature Connection

A number of quantitative studies explore how levels of nature connection relate to
access to green space, time in nature, age, gender, and family relations. A frequent
finding is that young people with more access and experience in nature express higher
levels of connection. Low levels of connection, in contrast, relate to more time spent
inside and more hours watching television, playing digital games and following social
media. The legacy of childhood time in nature reaches into adulthood. Among adults,
greater connection with nature is associated with more access and interaction with
nature during childhood. (See original article, pp. 624—-625.)

In their assessment of biophilia, Rice and Torquati (2013) found that scores for
their preschool sample of 2- to 5-year-olds increased with age. Aside from these
increasing scores in very young children, a reverse pattern appears: scores for nature
connection fall as young people move from early and middle childhood into adoles-
cence. When study samples cover children, adolescents and adults, levels of nature
connection are highest among 7- to 12-year-olds, falling to their lowest level in the
teen years, and then gradually rising in adulthood (Hughes et al., 2019; Richardson
etal., 2019).

Research related to gender differences in childhood nature connection has
produced inconsistent results. The majority of studies that consider gender find that
females report significantly higher levels of connection than males (see references
in original article, p. 625.) Children’s levels of connection are higher when parents
believe it is important for their children to experience nature outdoors (Ahmetoglu,
2019) and report greater nature connection themselves (Barrable & Booth, 2020a),
when children report more pro-environmental values in their family (Cheng &
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Monroe, 2012), and when they talk with their parents about nature on a regular
basis (Larson et al., 2011).

1.4 Qualitative Descriptions of Children’s Developing
Connections with Nature

The term “nature connection” rarely appears in observations of children in nature,
interviews, and analyses of children’s drawings and narratives about their engagement
with the natural world. Nevertheless, this interdisciplinary literature that includes
the fields of geography, anthropology, psychology and environmental design brings
to life what dimensions of connection like enjoyment, care, curiosity, awareness
of interdependence, and a sense of oneness mean in actual places. It illuminates
the opportunities for action and experience that different types of natural settings
afford, and it reveals omissions in quantitative assessments. (See original article,
pp. 625-628.)

Descriptions of toddlers and children in nature preschools and kindergartens show
their fascination with sensory details of plants, animals, and other elements of nature,
as well as their empathy for other living things. These studies also show the social
context of children’s experience and the importance of a sense of safety: subjects
on which quantitative assessments are largely silent. In her book Children’s Envi-
ronmental Identity Development, Green (2018) used the term “natural world social-
ization” for these dimensions of connection, when adults and peers encourage a
positive connection with nature by keeping a child safe, while allowing independent
exploration and appropriate risk taking, appreciating the child’s accomplishments
and discoveries, and promoting care for the environment (see also Chawla, 2007,
2021).

Qualitative studies show how other people serve as companions in connecting with
nature, from the earliest years of childhood through adolescence. Twentieth century
studies of children’s use of local territories, based on observations and children’s
mapping and interviews, show that the middle years from about 6 through 11 were
a period when parks, woods, overgrown lots and ditches, and other natural features
were favorite places. Children sought out wild and semi-wild places for quiet reverie
and for play with friends, constructing fort cultures, and acting out adventure stories
across the landscape (Chawla, 1992; Goodenough, 2003; Hart, 1979; Moore, 1986;
Sobel, 2002). As noted above, the study of children’s connection with nature has
been impelled partly by concern that these opportunities for adventure in nature have
eroded.

In the teen years, young people value nature as a place for good times with
family and friends in parks and other green gathering places, physical challenges,
and quiet retreats where they can find calm and relax (Hatala, Njeze, Morton, Pear, &
Bird-Naytowhow, 2020; Owens & McKinnon, 2009; Schwab et al., 2020; Ward
Thompson, Travlou & Roe, 2006). Kaplan and Kaplan (2002) noted, however, that
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for many young people the teen years become a “time out” from nature, when they
are more strongly drawn to shops and built recreational attractions like athletic fields
and sports events. Social relationships and social media take center stage for many
(Eames et al., 2018). These findings are consistent with quantitative studies that show
a drop in nature connection in adolescence.

Also missing from quantitative assessments, but evident in qualitative research,
is the value of mastering challenges in nature and the potential to bond with nature
through work as well as recreation. Whether it is a toddler wading into a creek’s
edge, preschoolers clambering over a log, older children constructing a fort in the
woods, or teenagers surfing or rock climbing, opportunities to build a sense of agency
and self-confidence are an important part of natural areas’ attraction (Chawla, 2021).
In rural regions, children and teens often learn to know the land intimately through
a combination of work and free exploration, and value it deeply as home (Gold &
Gujar, 2007; MacDonald et al., 2015; Nabhan & Trimble, 1994).

1.5 Why Does Connecting with Nature Matter for Children
and Nature Conservation?

Large and steadily growing bodies of research show that connecting with nature is
associated with multiple benefits for young people’s health and development, and that
young people who express higher levels of nature connection are more likely to say
that they are taking action to protect the natural world. When parents of preschoolers
rated their young children’s social and emotional health as well as their connection
with nature, children who showed awareness and enjoyment of nature, empathy for
plants and animals, and responsibility to take care of nature were also more likely
to show prosocial behavior and less likely to display hyperactivity/inattention, peer
problems, and emotional problems (Sobko et al., 2018). Among 11- to 14-year-
olds, higher measures of nature connection were positively associated with higher
self-reported levels of competence, connection with other people, confidence, caring
behaviors, and character in the sense of living by positive principles and values
(Bowers, Larson & Parry, 2021). These youth were also more likely to believe in
a hopeful future when they expressed greater connection with nature. A number of
studies show that young people in the age range from 7 to 17 are more likely to
report good health and wellbeing when their nature connection scores are high. (See
original article, pp. 628—629 for references.) Among teenagers, greater connection
with nature is associated with more holistic and creative thinking (Leong, Fischer &
McClure, 2014).

When young people connect with nature, it is beneficial for the natural world
as well as their own development. Children and adolescents with higher levels of
nature connection report more pro-environmental behaviors like putting food out for
birds and joining a nature club, more conservation behaviors like energy saving and
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recycling, and more environmental citizenship behaviors like environmental volun-
teering and talking with others about the importance of environmental protection.
They also show greater environmental knowledge and they are more likely to say
that they are willing to commit to conserving nature. (See original article, p. 629 for
references.)

Figure 2 provides a synthesis of the material in this introduction. Drawing on
both quantitative and qualitative research, it summarizes experiences that increase
or diminish nature connection, and shows that childhood experiences can influence
adulthood. It itemizes benefits of connecting with nature for young people’s develop-
ment, as well as benefits for conservation, as young people with greater connection
demonstrate greater environmental knowledge and commitment to protect the natural
world.

2 Connecting to Nature in an Age of Global Environmental
Change

2.1 Coping with Environmental Fears

Up to this point, this review has associated nature connection with positive experi-
ences like free play and exploration and positive emotions like enjoyment, interest,
comfort, calm, and kinship with all living things. Yet as processes of global envi-
ronmental change accelerate, there is a dark side to feeling kin to creatures that are
disappearing. To loving wild places that are lost. To feeling connected to a world
whose life systems are unraveling. Since the 1990s, surveys and interviews that ask
young people about their hopes and fears for the future reveal high levels of alarm
about environmental changes (Barraza, 1999; Hicks & Holden, 2007; Hutchinson,
1997; Ojala, 2016; Strife, 2012). Some young people deny that climate change is
happening or de-emphasize the seriousness of environmental problems; but many
voice concern (Lawson et al., 2019; Ojala, 2012a). More often than worry about
consequences for themselves, children express concern about impacts on animals
(Jonsson et al., 2012; Ojala, 2016; Wilson & Snell, 2010). Although this research
primarily involves young people in elementary school through high school, even
children as young as 5 worry about “the Earth getting too hot” (Davis, 2010). In
research with adults, painful feelings like these have been termed “ecological grief”
(Cunsolo & Ellis, 2018), and when distress is due to degradation of one’s own home
landscape, “solastagia” (Galway, Beery, Jones-Casey & Tasala, 2019).

Research on environmental fears has not been assimilated into research on nature
connection. Yet worry and fear are arguably expressions of connection. Children
who voice these emotions acknowledge their interdependence with the natural world,
recognize the shared vulnerability of people and nature, and feel empathy for other
living things: all experiences included in assessments of nature connection (Fig. 1).
This paper argues that a comprehensive view of connectedness with nature needs
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to encompass this full range of emotions. Environmental educators recommend that
activities with young children should emphasize learning to love nature and feel
comfort, interest and enjoyment in nature, leaving disturbing information about envi-
ronmental problems for later years (Sobel, 1996; Wilson, 2018). Yet in media-soaked
societies, as environments rapidly change, it is impossible to control everything that
children see and hear. Therefore it is important to understand how young people cope
with disturbing environmental information, and how to help them integrate positive
and negative experiences.

Worry, sadness, frustration and anger about the environment are difficult emotions
to carry. Working with middle school and high school students in Sweden, Ojala
(2016) investigated how young people cope with feelings about climate change,
biodiversity loss and other complex environmental issues—problems that cannot be
solved by individual action alone. She explored how different forms of coping affect
young people’s willingness to acknowledge threatening information and take action
to protect the environment, how their responses affect their emotional wellbeing,
and how other people can help them cope in ways that are healthy for themselves
and proactive for the environment. She builds on the work of Lazarus and Folkman
(1984) and Folkman (2008) in health psychology, who identified three ways of coping
with difficult emotions: emotion-focused, which seeks to escape painful feelings;
problem-focused, which addresses problems that cause these feelings; and meaning-
focused, which finds positive value in confronting problems.

Ojala (2012a) found emotion-focused coping common among young people
who say they are highly worried about climate change. Most often, they tried to
manage this emotion through distraction—deliberately thinking about something
else, doing something else, or avoiding disturbing information. An alternative was
to seek support from others like family members or friends; but Ojala (2012a, 2016)
found that this was uncommon, perhaps because young people in Sweden consider
it “uncool” to reveal their worries. A small group focused on feelings of hopeless-
ness and helplessness, which she saw as a form of avoidance, because in this case
they could conclude that action was pointless. Some young people deny that climate
change and its consequences exist or believe that it will only affect future generations
or distant places (Lawson et al., 2019; Ojala, 2012a, 2012b). All of these strategies
are negatively associated with environmental action (Ojala, 2012b, 2012c, 2013;
Stevenson & Peterson, 2016; Stevenson et al., 2019).

Young people who report problem-focused strategies express a sense of envi-
ronmental efficacy and take action for the environment, but many also express low
subjective wellbeing (Ojala, 2012b, 2013). Studies in Sweden (Ojala, 2016) and
the United States (Stevenson & Peterson, 2016) found that young people almost
always report individualized actions in the private sphere, such as household energy
conservation, rather than collective engagement. Ojala (2016) noted that an associ-
ation between individual environmental action and low subjective wellbeing among
young people who worry about environmental change is consistent with general
research on coping in childhood and adolescence, which shows that when a problem
is more than a young person can solve alone, individual strategies can lead to feelings
of futility and reduce wellbeing (Clarke, 2006).
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A third form of coping is meaning-focused, and it is especially important when a
problem cannot be solved quickly but requires active engagement over a long period
of time (Folkman, 2008). It involves positive reappraisal, or reframing a problem to
find positive meaning in the struggle to address it. For example, Ojala (2012a, 2013)
found that some young people reasoned that climate change is an urgent problem, but
societies know more about it now and people with influence are taking it seriously,
like scientists, politicians and environmental activists. When young people use a high
degree of meaning-focused coping, they are more likely to express positive feelings
and life satisfaction (Ojala, 2012b, 2012c, 2013). Ojala (2016, 14) calls this ability to
face environmental risks and uncertainty, believe one’s own actions and the actions
of others can make a difference, and find positive meaning in action, “constructive
hope.”

These three forms of coping can be observed in Inuit youth aged 15-25 who
are already witnessing environmental changes that are disrupting their communities’
traditional way of life (MacDonald et al., 2015). In interviews, they said that staying
busy took their mind off these troubles (emotion-focused coping); but unlike young
Swedes, they often found solace in getting out on the land, connecting with their
culture and community, and seeking support from family and friends. They learned
to adapt when and how they did land-based activities (problem-focused coping), and
they prided themselves that adaptability to change is part of Inuit culture (meaning-
focused coping).

2.2 Cultivating Hope

The study of environmental coping strategies has inspired other researchers to explore
the role of hope in young people. Li and Monroe (2017) created a measure of climate
change hope for adolescents, based on the psychology of hope developed by Snyder
(2000), who defines a positive sense of hope as a force for action. According to
Snyder, hope requires a vision of a possible future, along with awareness of pathways
to reach the goal and belief in agency to achieve it. Monroe and Oxarart (2015)
integrated this theory into a curriculum for high school students in the United States
who studied how regional forests respond to climate change. The curriculum included
activities for students to learn “things I can do” and “things we can do,” as well as
activities that demonstrated that “others care” and “others are doing things”—in this
case scientists and landowners sharing practices to sequester carbon and promote
forest resilience. Students also studied ecosystem connections that support forest
resilience, and learned how decisions that people make today have the potential
for positive impacts tomorrow. With this curriculum that featured possibilities for a
positive future, pathways and agency, as students’ knowledge increased, their hope
increased (Li & Monroe, 2019; Li, Monroe & Ritchie, 2018).

Li and Monroe (2019) found that when young people feel concern about environ-
mental problems and believe that they and others can address problems effectively,
they are more likely to feel hope. Both hope and concern motivate action, whereas
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despair and feelings of helplessness are negatively related to action (Ojala, 2012b,
2013; Stevenson & Peterson, 2016; Stevenson et al., 2019). In reflecting on her own
work and the work of others, Ojala (2017) observed that young people’s responses to
global environmental problems are socially embedded and social trust is vital. Young
people notice how others react to these problems, and how others respond to their
emotions. Ojala (2017) noted that even though the young people in her samples were
much more likely to report individual rather than collective actions to address prob-
lems, they felt encouraged when they believed that others could do similar small
things and together they could make a difference. In this sense, social trust gave
meaning to individual actions.

Collective projects often include direct experiences of social support. Trott
followed 10- to 12-year-olds in a 15-week program to study climate change and
plan and implement actions at a family and community level. In focus groups, young
people repeatedly expressed the value of this social dimension. As a girl noted, after
her team gave a speech about local impacts of climate change to their city council
and got permission to move ahead with a tree planting campaign, they felt that “you
can actually do something instead of ignore the stuff around us” (2019, 53).

Reflections by researchers, environmental activists and educators produce
converging lists of practices to help young people cope with difficult environmental
emotions and conceive hope (Brown, 2016; Chawla, 2020; Hicks, 2014; Monroe
et al., 2017; Ojala, 2017; Sobel, 2008; Trott, 2020; Winograd, 2016). A first step
is discussions that allow young people to share their feelings without judgment.
Adolescents are more likely to express constructive hope regarding climate change
when they expect their teachers to respect their emotions and offer support, rather
than being dismissive and making fun of their feelings (Ojala, 2015). They are more
likely to show both problem-focused and meaning-focused coping when parents and
friends respond in solution-oriented and supportive ways, rather than being dismis-
sive or voices of doom-and-gloom (Ojala & Bengtsson, 2018). Other key steps are
making information personally relevant by relating it to local issues, connecting
young people with scientists and activists who can share their work and stories,
supporting them in projects to care for nature in their schools and communities,
and engaging them through experiential, inquiry-based, and arts-based methods (see
review by Chawla, 2020). For a summary of recommended practices, see Table 1.

3 Integrating Research on Nature Connection and Coping
with Environmental Change

This paper argues that distress as the natural world degrades is a dimension of connec-
tion. Working with adults in Australia, Dean et al. (2018) also suggested that future
research needs to explore this complexity. They found that when relatedness with
nature was measured through enjoyment and comfort in nature, it was associated with
good health; but when it was measured through self-identification with nature and
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Table 1 Strategies to help young people cope with environmental change

Strategy

Application of the strategy in practice

v/ Combine the science of environmental
change with information about how to make a
difference

Young people need to understand physical and
social causes of environmental changes in
order to identify effective solutions. It is
equally important for them to know what they
can do to address problems, what others are
doing, and how decisions made today have the
potential for positive impacts tomorrow

v Create a receptive space where young
people can share emotions

Let young people know that they can safely
share their feelings about the environment.
Take time to listen receptively. Be supportive
and solutions oriented

v Encourage the positive reappraisal of
problems

Help young people find meaning in addressing
environmental challenges and see positive
possibilities in the changes societies need to
make to preserve the natural world

v Engage in visioning

With a focus on local areas, engage young
people in visioning futures they would like to
see unfold and identifying realistic steps to
move in the desired direction

v Provide young people with opportunities to
experience agency

Enable young people to investigate
environmental problems that concern them,
determine personally meaningful actions to
address the problems, and implement practical
ideas that they can accomplish individually or
in partnership with others

v Foster social trust

Bring young people together with others who
are working to protect and restore the natural
world, enabling them to see that they are not
alone but allied with others who are working on
nature’s behalf

v/ Show that voluntary simplicity can be a
fulfilling way of life

Introduce young people to examples of
individuals and groups who find happiness in
community, creativity, service and nature,
instead of the accumulation of more and more
material things

v Connect young people with nature

Give young people time in nature to become
comfortable and competent in nature and feel
kinship with other living things

Adapted from Chawla (2020)

interest in conserving nature, it was associated with depression, anxiety and stress.
They speculated that people were reacting to environmental degradation, including
recent local floods. If some experiences that define connection with nature make
people vulnerable to distress, then the idea of nature connection becomes more
accurately developed, theoretically, by recognizing that it includes both positive and
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painful facets. With a focus on young people, this section suggests that there are
also practical reasons to integrate research on nature connection and coping with
environmental loss.

Studies of children’s connection with nature and environmental coping have the
shared aims of supporting young people’s wellbeing and their agency to protect the
natural world. As the opening of this paper noted, interest in children’s connection
with nature has been spurred by concern that children are losing opportunities for
free-ranging encounters with nature, with negative consequences for their health as
well as their motivation to protect the environment. On the side of research into
how children cope with difficult environmental information, some children respond
with levels of worry that diminish their wellbeing; and when young people fall into
despair and helplessness, it cripples their capacity to act. Bringing together research
and practice related to both positive connection with nature and concern may create
a stronger framework for fostering children’s wellbeing and environmental agency.

The preceding section showed that researchers and practitioners in education and
environmental protection have been exploring ways to support young people socially
and emotionally as they face environmental change, by building their sense of agency,
enabling them to see that they are not alone in taking action to address challenges, and
encouraging hope (Table 1). The following section looks at evaluations of programs
designed to increase children’s connection with nature. Together, these sections open
the way to ask the questions: How do strategies to support constructive coping with
environmental change compare with strategies to promote nature connection? What
can these two bodies of research contribute to each other? Together, what are their
implications for research and practice?

3.1 Increasing Connectedness with Nature

When Britto dos Santos and Gould (2018) and Barrable and Booth (2020b) reviewed
evaluations of environmental education interventions to increase young people’s
connection with nature, they found encouraging evidence that this is a practical
goal. Based on evaluation research published since 2008 in peer-reviewed journals
and environmental organizations’ reports, this section covers 16 papers included
in these previous reviews along with 11 additional papers, which reinforce this
conclusion. Most evaluations of program outcomes use quantitative pre- and post-
assessments, but some gather qualitative reflection through interviews, focus groups,
journaling and open-ended narratives. Programs that successfully increase feelings
of connection with nature tend to share common features.

Four quantitative studies that looked at the effect of age found better program
outcomes with younger participants. Comparing younger children in the age range
from 7-10 versus 11-18, Braun and Dierkes (2017), Ernst and Theimer (2011) and
Lieflander et al. (2013) found larger gains in nature connection in the younger
groups. When Crawford et al. (2017) evaluated the effect of nature tours on 9-to
14-year-olds, younger children had higher nature connection scores both entering
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and leaving activities. In the study by Lieflinder et al. (2013), only 9-to 10-year-
olds maintained significant gains in a four-week follow-up assessment, compared to
11-to 13-year-olds. This chapter previously cited studies that found a greater sense
of nature connection in school-age children compared to adolescents (Hughes et al.,
2019; Richardson et al., 2019). These evaluations of program interventions suggest
that younger children may also be more receptive to initiatives designed to cultivate
connection.

Most programs that produce significant quantitative gains in nature connection
last several days. In different studies, extended time meant 3—5 days of immersion in
residential field sites (Braun & Dierkes, 2017; Hinds & O’Malley, 2019; Lieflinder
etal., 2013; Mullenbach, Andrejewski & Mowen, 2019; Stern et al., 2008; Talebpour
etal.,2020), 4 days to two weeks in nature-based camps or on wilderness expeditions
(Barton et al., 2016; Collado et al., 2013; Ernst & Theimer, 2011; San Jose & Nelson,
2017), 4 weeks of nature play and learning in a preschool (Yilmaz, Cig & Yilmaz-
Bolat, 2020), repeated field trips to natural areas (Ernst & Theimer, 2011), and
school curricula that lasted several weeks and included hands-on nature experiences
(Cho & Lee, 2018; Harvey et al., 2020; Sheldrake et al., 2019). But even programs
that involved only a day of classroom lessons about forests combined with activities
in a forest (Kossack & Bogner, 2012), a few hours of forest exploration (Dopko
et al., 2019; Schneider & Schaal, 2018), or trips to natural areas or a natural history
museum (Bruni et al., 2018; Crawford et al., 2017; Sheldrake et al., 2019) resulted
in immediate significant gains in nature connection scores.

After a 2-h tour of local heathlands in Flanders, only students with low pre-scores
expressed a greater sense of inclusion with nature (Boeve-de Pauw et al., 2019). This
result is consistent with assessments by Braun and Dierkes (2017), Schneider and
Schaal (2018), Bruni et al. (2018) and Harvey et al. (2020), who found that students
with low initial scores made the greatest gains in nature connection. Programs to
teach about climate change (Sellmann & Bogner, 2013) or surfing skills (Hignett
et al., 2018) failed to increase teens’ sense of inclusion with nature.

Nine of these 24 quantitative and mixed-methods studies include a follow-up
assessment to determine whether young people retain their immediate gains in nature
connectedness after a program ends. Retention tests show that significant gains last
3-8 weeks; but when Stern et al. (2008) conducted a three-month follow-up after
residential programs in a national park, students’ original gains in nature connection
were lost. This result indicates the importance of long-term follow-up, and suggests
that children may need repeated nature-based experiences to maintain connection.

Bruni et al. (2017) concluded that children are most likely to express connection
with nature when they are encouraged to focus on nature in their own way, at their
own pace. They compared three activities that, together, involved 6-to 16-year- olds.
One involved an online hike through a national forest. A second sent children on
an adult-led mountain hike to find metal plaques of plant and animal species and
collect rubbings. A third invited children to spend time in a place of their choice
outdoors in nature or in a zoo or aquarium and express their experiences through
any artistic medium. Only the free choice activity resulted in significant gains in
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nature connection, compared to activities that directed participants to focus on metal
plaques or a digital screen.

Three studies used qualitative measures to understand experiences associated with
nature connection, including observation, interviews and focus groups. In an eval-
uation of three U.S. Fish and Wildlife programs, Theimer and Ernst (2012) found
that students in a field-based middle school adjacent to prairie wetlands expressed
relatedness with nature most consistently. In this program, they participated in daily
natural history activities, outdoor pursuits like hiking and snowshoeing, long distance
expeditions through the natural areas of the site, quiet contemplation and observa-
tion in nature, and service learning like water sampling, duck banding and prairie
restoration.

Barthel et al. (2018) conducted a longitudinal evaluation of a school program
that involved 10-year-olds in Stockholm in protecting salamanders during their
spring migration from a local woodland to a pond near school where they laid their
eggs. Students studied salamanders, searched for salamanders who needed assis-
tance to reach the pond, and recorded numbers and species for a national monitoring
program. Some described pivotal moments when they overcame fear and discomfort
attouching salamanders, and most said that their understanding and empathy for these
creatures increased, along with feeling more friendly to nature. Two years after partic-
ipation, students still expressed these emotions, along with a sense of importance,
pride and responsibility at participating in an adult conservation program.

Participants in three nature-based programs in Colorado evaluated by Colvin
Williams and Chawla (2016) echoed these findings. They vividly recalled hands-on
experiences outdoors, overcame fears of snakes and insects, and developed growing
respect for nature. They felt empowered as they learned responsible roles like bird
banding, water quality monitoring, and caring for wolves at a wolf refuge. They
talked about the inspiring commitment to nature demonstrated by program staff,
as well as pride and excitement at being part of a network of people who worked
together across distances to study and protect the natural world.

Two mixed methods studies highlighted two factors that can affect program
outcomes: group identity and weather. In another facet of the salamander program
evaluation, Giusti (2019) compared results from the qualitative interviews with quan-
titative measures of nature connection, and found no significant change in scores
before and after participation. In pretests, students in the program school expressed
significantly greater empathy for salamanders than students at two control schools,
even before beginning the program. The salamander program was a proud part of the
school’s identity, and just belonging to this school appeared to increase students’ iden-
tification with salamanders. When Talebpour et al. (2020) evaluated three residential
field trips in a wilderness area of California using both pre/post nature connection
surveys and student journals, they found that journal entries about the weather helped
explain score results. Nature connection scores fell for classes that visited the area
during cold torrential rain, rose moderately during a period of mixed rain, sun and
wind, and rose highest during warm sunny weather.

Successful practices described in the quantitative and qualitative evaluations are
summarized in Table 2. As a whole, these studies indicate that it is possible to
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Table 2 Program practices associated with gains in young people’s connection with nature

* Provide time for direct engagement with nature and immersion in natural areas

» Focus on experiences that define nature connection:
— affiliation, a sense of belonging, a sense of oneness
— enjoyment
— confidence in nature
— curiosity, interest, exploration
— challenge and achievement
— understanding human interdependence with nature
— empathy and concern for other living things
— caring for wildlife and natural habitats

Give young people time to encounter nature at their own pace, following their own interests

Let them know that there are many ways to be a “nature person,” including play and recreation
in nature, working the land sustainably, gardening, studying natural history, caring for
animals, making art in nature

Make young people partners in collective efforts to study and protect the natural world

Ground experiences in the local culture and ecology

Share examples of people’s enthusiasm and care for nature

Make sure young people see others who look like them engaged with nature

Enable young people to record their observations and experiences through writing, scientific
record keeping, and the arts

Start young, but provide access to nature for all ages

Aim for extended engagement, but even short-term experiences in nature can lead to gains in
nature connection

Allow young people to overcome fears in nature or fears of particular species through gradual
interactions at their level of comfort

Based on Barthel et al. (2018), Barton et al. (2016), Braun and Dierkes (2017), Bruni et al.
(2017), Bruni et al. (2018), Cho and Lee (2018), Collado et al. (2013), Colvin Williams and
Chawla (2015), Dopko et al. (2019), Ernst and Theimer (2011), Kossack and Bogner (2012),
Liefldnder et al. (2013), Sheldrake et al. (2019), Stern et al. (2008), Theimer and Ernst (2012),
Yilmaz et al. (2020)

design experiences that increase a sense of connection with nature. The importance
of time in nature, hands-on experiences, natural history, and service learning emerge
in most studies. Qualitative evaluations also reveal feelings of pride and solidarity
from working with others to protect natural habitats and wildlife: a social dimension
that is missing from the quantitative measures.

3.2 Building Connection and Hope

When Table 1 on helping young people cope with environmental change and build
hope is compared with Table 2 on increasing young people’s connection with nature,
where do effective practices overlap? Are there practices only listed for one purpose
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that might be useful for the other? This section compares these tables to suggest how
programs for young people might simultaneously support connection with nature,
action for nature, hope and wellbeing. In the process, it identifies questions for further
research.

Several practices appear in both tables: providing young people with time outdoors
in natural areas, enabling them to feel comfortable and competent in nature, the
study of ecology and natural science, activities that enable young people to see that
they can make a positive difference for the environment, and examples of other
people who are making a difference. Up to this point, these practices have been
recommended for one purpose or the other: to increase connection with nature, or
to support hope and healthy coping with environmental change. The fact that they
form a common core, recommended for both purposes, invites research to determine
whether these practices can simultaneously help young people connect with nature
and develop constructive responses to environmental threats. For success, are all of
these program elements needed, in combination or cumulatively over time? Or are
some most formative? (See Fig. 3 for a summary of experiences associated with both
connecting with nature and coping with environmental change, as well as experiences
primarily aligned with one outcome or the other.)

Table 1 on healthy coping includes a number of recommendations that are missing
from Table 2 on promoting connection. It notes that the study of ecology and natural
history needs to be combined with learning how to protect the natural world. It
highlights the importance of social trust, of believing that one is not alone in taking
action for nature because individual actions are amplified by the contributions of
other people. It also emphasizes providing time for young people to share their
emotions about environmental change and helping them find positive meaning in
facing challenges. It points to the importance of developing concrete, achievable
visions of a desirable future, and finding value in voluntary simplicity. Some young
people in programs to increase connection with nature may struggle with fears about
environmental changes, and as change accelerates, their numbers are likely to grow.
Without taking time to listen, people who implement these programs will never
know if young people carry these burdens. As Brown (2016) notes, silence about
environmental issues communicates implicit messages. It can convey fatalism about
a problem, or indifference. By including these practices, programs to connect young
people with nature may support constructive coping.

Providing young people with time in nature appears in both tables, but only Table 2
identifies specific experiences associated with feelings of connection: comfort, confi-
dence, enjoyment, exploration, challenge, achievement, freedom to follow interests
at one’s own pace, overcoming fears outdoors, and empathy and care for other living
things. When programs want to build young people’s bond with nature, they need to
provide conditions for these experiences. Table 2 also includes collective activities
to study nature, care for wildlife, and restore and protect natural habitats, and the
importance of seeing role models who look like oneself.

Research on environmental coping and behavior shows that most young people
report individual actions to address environmental problems, such as conserving
energy and resources (Ojala, 2012a; Stevenson & Peterson, 2016). More research
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is needed to understand what happens when young people have opportunities to
engage in collective action. As one of the 10-to 12-year-olds who developed climate
action projects for their community said, “I don’t know, there’s something about it
.... Getting together, creating projects, knowing each other, working together” (Trott,
2019, 53). What opportunities enable young people to feel empowered rather than
discouraged by the challenges they face? How does virtual organizing compare with
coming together in person? Does working in alliance with nature’s own powers of
growth and resilience during gardening, tree planting and ecological restoration add
distinctive dimensions of meaning? Table 2 also notes the importance of programs
for very young children. Environmental educators emphasize positive experiences
in nature for young children (Sobel, 1996; Wilson, 2018); but when young children
notice upsetting environmental changes, are they better prepared to express hope if
they participate with others in protecting and regenerating the natural world?

This paper’s title can be revisited as a question. Can connecting with nature in
childhood form a foundation for constructive hope, in the sense that it prepares
children for lives of action to care for the natural world even in the face of envi-
ronmental threats? As this paper has noted, adults and children who express higher
levels of connection with nature are more likely to report taking action for the envi-
ronment. But research has not yet tested whether this relationship between connection
and action holds even when young people feel acutely threatened by environmental
losses. When young people fear climate change and biodiversity loss, research shows,
what matters is social trust—feeling others’ support and knowing that other people
are also acting to protect the natural world—and the capacity to find meaning in
addressing challenges. Can connection with nature, commitment to action, and hope
develop together? What experiences are necessary for this to happen? This section has
proposed practices that may achieve this purpose; but there may be other approaches,
waiting to be discovered through careful listening to young people and those who
work beside them to engage with the challenges and possibilities of a changing planet.
These are open questions that invite both qualitative and quantitative investigation.

4 Concluding Observations on Research and Practice

4.1 Developing Theory-Based Explanatory Models

In addition to the questions above, this review has raised other questions. When
children are out in nature, what are the formative experiences that contribute to
their sense of connection with the natural world? What are formative experiences in
families? Why do levels of connection decrease in adolescence? Why does gender
often make a difference? What are the developmental pathways that link child health
and wellbeing to connecting with nature? What experiences simultaneously build
connection and care for nature? By looking at qualitative as well as quantitative
research, along with programs and practices that are intended to build connection and
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help young people cope constructively with a world at risk, this paper has suggested
where some answers may be found. Future research needs to link children’s relations
with the natural world to theory grounded in basic processes of child development,
and weave back and forth between qualitative and quantitative methods.

There are promising steps in this direction. For example, after creating the Connec-
tion to Nature Index, Cheng and Monroe (2012) conducted two path analyses to
explain initial survey results: one showing factors that predict children’s interest in
participating in nature-based activities, which have been associated with health and
wellbeing; and one showing factors that predict children’s interest in environmentally
friendly practices. Roczen et al. (2014) also built a model to explain young people’s
pro-environmental behavior, which is similar in key respects. In both models, connec-
tion to nature makes a strong contribution to pro-environmental practices, along with
knowledge about the environment. In addition, Cheng and Monroe’s model includes
access to nature, experiences in nature, a sense of self-efficacy, and family values
toward nature. All of these factors are evident in descriptions of developmental
processes when children engage with nature (Chawla, 2021).

The research covered in this paper suggests that connecting with nature and acting
to protect nature can be mutually reinforcing. Children with higher measures of
nature connection report more pro-environmental behaviors of many kinds... while
programs that successfully increase connection with nature often involve nature
conservation activities. Future research needs to look more closely at pathways
between connection and action, as well as relations between knowledge about nature
and empathy for other living things. Ethnographic accounts show that when children
are outdoors in nature, they are simultaneously connecting with nature and learning
about the natural world; and when people around them encourage empathy and care
for plants, animals and their habitats, children exhibit these emotions and behaviors
(Elliot et al., 2014; Green, 2018). In the unity of children’s lived experience in nature,
connection, knowledge, empathy and responsible action may co-develop. More qual-
itative studies are needed to examine how this happens, as well as quantitative studies
that measure these constructs and how they are related.

4.2 Contexts of Connection

Here and in the original article published in People and Nature, “nature” meant
everything from a city bird or pet, to fragments of nature in dense urban districts,
to wilder areas in forest schools, nature centers and large parks. In all of the studies
covered, it meant nature in or near inhabited areas. Kahn and Weiss (2017) recom-
mend experiences of “big nature” in the sense of untamed landscapes that people
can trek through for weeks, but studies of nature connection have been located in
neighborhoods, schools and nature programs, where most children are found. How
deep wilderness experiences affect young people’s connection with nature deserves
a review of its own, which will need to find accounts of children who have this rare
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experience. Kahn and Weiss note, however, that “big nature” can be relative, and for
a child in a city, it can mean a squirrel or a jump in a fountain.

What the quantitative and qualitative research covered here makes clear is the
importance of direct experience as a foundation for connection, wherever children
find nature. This conclusion suggests that every practice to increase children’s access
to nature is important, from naturalizing private yards and multifamily housing sites,
to mosaics of parks and gardens, to greening the grounds of schools and child care
centers, to making nature centers, camping and field trips to natural areas available for
all children. Finding ways to bring nature to children, even in densely populated and
low resourced parts of the world, appears essential to foster connection. Doing this
can simultaneously create networks of green spaces for biodiversity and offer many
opportunities for children to become involved in nature protection and restoration.

As it moves forward, research on nature connection needs to extend beyond popu-
lations in Western cultures. Only a few studies in the research covered here and in
the People and Nature article originated in Asia, Africa, Latin America and indige-
nous communities. Most population growth is happening in Asia, Africa and Latin
America, and these continents are where most of the world’s children live (United
Nations, 2018). They also contain hotspots for biodiversity protection (Myers et al.,
2000). Research on young people’s connection with nature, action for nature, and
constructive hope needs to include diverse countries and cultures. The protection of
the natural world requires committed work by people of all cultures, in agricultural
and remote regions as well as cities and suburbs. Therefore it is critical to understand
cultures of connection in all contexts, beginning with their development in childhood.

Recommended Further Reading
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How to Raise the Standards of Outdoor m
Learning and Its Research i

Summary of ‘The Existing Evidence-Base About the
Effectiveness of Outdoor Learning’, by Fiennes et al.

Rolf Jucker

In partnership with the Institute of Outdoor Learning, the Blagrave Trust commis-
sioned Giving Evidence and The Evidence for Policy and Practice Information
and Co-ordinating Centre (EPPI-Centre) at UCL Institute of Education to produce
a systematic review of the existing literature about outdoor learning (Www.giv
ing-evidence.com/outdoor-learning, accessed 12/02/2021). The Institute of Outdoor
Learning (a membership body of practitioners) and the Blagrave Trust (a funder)
wanted to understand the following in order to improve their co-ordination of
activities and their funding in this area:

1. Categorise the various outdoor learning (OL) activities being run in the UK, in
order to provide a coherent sense of the sector as a whole;

2. Identify the various outcomes which organisations running outdoor learning
activities are measuring, i.e., identify the outcomes which providers seem to be
seeking to achieve; and

3. Assessthe designs of individual evaluations (while aware that study designs vary
in their openness to bias and hence inaccuracy) and the standard of evidence
generally available for different types of outdoor learning. (Fiennes et al., 2015,
5)

From 3,536 titles and abstracts found, the authors finally included 4 UK surveys,
16 systematic reviews and 57 primary UK studies in their review (ibid., 48). I am
attempting here a concise summary of their review, in particular the third part which

This summary has been submitted to the authors of the original systematic review of 2015 for
correctness. It has been approved on 9th February 2021. The original review can be found here:
www.giving-evidence.com/outdoor-learning. We are very grateful indeed for the support of the
original authors and also for granting us the copyright to reproduce 3 boxes from the original
review.
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was concerned with assessing the quality of the research designs and the available
evidence.

However, the authors point out in the previous two sections that there is “no
comprehensive or regular (repeated) survey of the scale of outdoor learning in the
UK”. Disturbingly, they cite research which shows that, at least for the 30 years up to
2010, fieldwork and residential study have declined, not risen, in the UK (ibid., 11—
12), at least in Biology. The factors cited for this decline are time and cost pressure,
changes in curriculum and its assessment, as well as fears around health and safety
and a decline in teachers’ enthusiasm and expertise (ibid., 12).

With regard to the quality of research in the field, the authors found that the then-
current research base (the research was done in 2015) in the UK raised issues of
research ethics, the quality of systemic reviews available, and confusion between
interventions and outcomes in studies. In addition, the primary studies they found in
the UK are limited by the following factors:

e The studies are thinly spread across a wide variety of populations, age groups,
interventions, settings and outcomes, so “few topics have been researched more
than a handful of times.” (ibid., 6)

e Types of activities and participants are limited mostly to adventure or residential
activity; 11-14 year olds; and the general population.

e “The outcomes measured are mainly around °‘character development-type’
outcomes (communication skills, teamwork, self-confidence etc.). Very few
studies addressed interventions with strong links to core curriculum subjects.
(...) Looking internationally, only six of the 15 systematic reviews looked at
educational attainment, and only one addressed employability.” (ibid.)

e “Safety is little covered in the systematic reviews and was not measured as an
outcome in any of the primary studies. Safety is obviously a major issue in outdoor
learning since it can be dangerous.” (ibid.)

e In terms of the methodological quality of the designs of the studies, the review,
using a scale developed by Project Oracle,' found that many UK studies did not
even reach Level One of this scale. This means that they did not have an explicit
theory of change (“also known as a logic model: an articulation of the inputs,
the intended outcomes, how the inputs are meant to produce those outcomes, and

! The five levels are: “Project Oracle’s scale ‘rates’ what we know about interventions on whether
there are: (1) detailed project descriptions and logic models; (2) before and after studies; (3) eval-
uations with a control group, which one would expect for interventions beyond the pilot stage;
(4) replicated evaluations of impact; and (5) multiple independent evaluations in different settings,
which may imply that further evaluations are less useful.” (Fiennes et al., 2015, 9) More on the
Project: “Project Oracle is a children and youth evidence hub that aims to improve outcomes for
young people in London. We do this by building the capacity of providers and funders to develop
and commission evidence-based projects, creating an ecosystem in which evidence is widely gath-
ered, used and shared. We also work with specific ‘cohorts’ or sub-sets of the sector to embed
good practice, and at a national and international level to promote the wider use of evaluation and
evidence. Project Oracle is funded by the Greater London Authority (GLA), the Mayor’s Office for
Police and Crime (MOPAC) and the Economic and Social Research Council (ESRC).” (ibid., 9, FN
2).
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assumptions about context, participants or other conditions”, ibid., 7). This might
mean that the practitioners had a poor understanding of their intervention, and
more seriously, it impedes other practitioners in assessing whether the intervention
might achieve the same outcomes in their context. “No UK study, or set of studies,
featured the more demanding attributes of Levels Four or Five”. This means that
no intervention had been replicated and studied in multiple contexts (ibid., 7).

The authors make a very effective plea for research quality (see Box 3, ibid., 28-29;
reprinted as Box 1 below):

Box 1: Why we evaluate research methods

(i) Because different research methods give different answers

“Two men say they re Jesus: One of them must be wrong” (Dire Straits lyric!)

Table 1 shows the effect of a reading programme in India measured using
several research methods (Innovations for Poverty Action). These methods all
used the same outcome measures, but the experimental designs were different.

The answers vary widely: some suggest that it works well, others show it
to be detrimental. Clearly there can only be one correct answer! All the other
answers are incorrect: and could mislead donors or practitioners to implement
this programme at the expense of another which might be better.

Table 1 Different methods and impacts

Method Impact estimate
(1) Pre-post 26.422

(2) Simple difference —5.05%

(3) Difference-in-difference 6.824

(4) Regression 1.92

(5) Randomized experiment 5.872

4 Statistically significant at the 5% level

The answers vary because research methods vary in how open they are to biases
(i-e., systematic errors). For instance, suppose that a medical trial involves
giving patients a drug for two years. Suppose that that drug has horrible side-
effects such that during the two years, some patients can’t stand taking it so
they drop out of the trial (or worse, perhaps the drug kills some of them). If the
trial only collects data on patients who are still in the trial after two years, it
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will systematically miss the important insights about those side-effects. This
‘survivor bias’ will make the drug look more effective than it really is.

Somebody reading the trial results without knowing that detail wouldn’t
be able to distinguish the actual effect of the drug from that of this survivor
bias. Similarly, if a study only looks at the outcome (in the example above,
it’s reading level) before the programme and then afterwards (i.e., is a pre-post
study), it won’t be possible to distinguish whether any improvement in reading
levels was due to the programme or just to the fact that children learn over time
anyway.

{As an aside, contrary to popular myth, it is not invariably the case that
robust research is more expensive than unreliable research, nor that randomised
controlled trials (the most reliable design for a single primary study) are
invariably terribly expensive: many are cheap or free. See Appendix 12, ibid.,
73}.

(i)  Because weaker research methods allow for more positive findings

The UK National Audit Office searched for literally every published evaluation
of a UK government programme (National Audit Office, 2013: Evaluation in
Government). Of those, it chose a sample, and ranked on one hand, the quality
of the research method (‘robustness’ on the x axis, i.e., how insulated the study
is from bias), and on the other, the positive-ness of the programme (‘claimed
impact’).

The trend line on the resulting graph below would slope diagonally down-
wards. It shows that more robust research only allows for modest impact claims
whereas weak research allows much stronger claims.

Bad research can be persuaded to say almost anything, and won’t allow
researchers to distinguish the effects of a programme from other factors (e.g.,
the passage of time, the mindset of participants, other programmes) nor from
chance.

Most social interventions have a small effect and a reliable research method
will show what that is: bad research is likely to overstate it. The highest estimate
for the reading programme above is from the pre-post study which is a weak
study design (Fig. 1).
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effectiveness
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1 Robustness assessed on Maryland Scale. Assessed effectiveness, rated low to high.
Low = Small orinsignificant effects.

Mixed effects, positive for some, negative or insignificant for others.

Positive effects, with some caveats or uncertainties noted.

Significant positive impacts, no or only minor caveats or uncertainties noted.

Source: National Audit Office analysis of axternal assessment by London School of Economics

Relationship between robustness and claimed impacts in evaluations

High

Fig.1 Robustresearch allows for modestimpact claims, weak research allows much stronger

claims

This relationship between weak research methods and positive findings has
been shown also in medical research. We found it in the studies of outdoor

learning too.
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It is therefore very important, and should certainly be a future aspiration both
for practitioners and for researchers to adhere to robust and rigorous research
designs. The authors note: “We were unable to find replicated studies that took
into account differing contexts and that were sufficiently well documented for wider
implementation.” (Fiennes et al., 2015, 30)

Box 5 (reprinted as Box 2 below) shares guidelines for describing interventions
from medical research which might help the outdoor learning sector to improve
replicability of good practice (ibid., 33).

Box 2: Describing an intervention

Medical research has guidelines for describing interventions such that some-
body else can replicate them accurately. They have a 12-point checklist for
describing interventions, the Template for Intervention Description and Repli-
cation (TIDieR) (Hoffman et al., 2014), which is helpful and could easily be
adapted for outdoor learning. It has been adapted elsewhere, e.g., by mental

health charities (Kent County Council, 2014):
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The name of the intervention (brief name or phrase)

The way it works (rationale, theory, or goal of the essential elements)

What materials and procedures were used (physical or informational)

What (each procedure, activity, and/or process)

Who provided the intervention (e.g., nurse, psychologist, and give their

expertise and background)

e How was it delivered (e.g., face to face, online, by phone, and whether it
was provided individually or in a group)

e Where it took place

e When and how much (the number of sessions, schedule, dosage and
duration)

e Tailoring (what if anything could be adapted to the individual, why and by
how much)

e Modifications which happened after the study started
How well was adherence to the plan assessed (i.e., the process for assessing
adherence)

e The extent to which implementation adhered to the plan.

Given these limitations, it seems fair to suggest that the findings, implications and
recommendations of the review about the effectiveness of interventions should be
treated with caution. They might qualify as indications and trends, rather than
established truth. The most solid findings were:

e “[The systematic reviews] almost all report that the various outdoor learning
activities have positive effects on all their various outcomes, e.g., attitudes, beliefs,
interpersonal and social skills, academic skills, positive behaviour, re-offending
rates and self-image.” (Fiennes et al., 2015, 17)

e “The effect attenuates over time: the effect as measured immediately after the
intervention is stronger than in follow-up measures after a few months. This is
common for social interventions. However, one meta-analysis found that effects
relating to self-control were high and were normally maintained over time.” (ibid.)

e “Longer programmes tend to be more effective than shorter ones. This fits with
practice-based knowledge that length can allow for a more intensive and integrated
experience and is obviously important given the pressure to cut length in order to
reduce costs.” (ibid.)

e “Strong benefits are also associated with well-designed preparatory work, and
follow-up work.” (ibid.)

For the following types of intervention, there was less or mixed evidence, consider-
able variation in effect sizes or only evidence for certain findings:

e Positive benefits on academic learning
e (Creative development, emotional development and social skills. (ibid.)
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For some interventions, such as mountaineering or rock climbing, evidence was
weak, absent or there even was evidence of harmful impacts (ibid.).

In our context it is worth noting that the review found only “very few studies (...)
of interventions with strong links to core curriculum subjects” (ibid., 21). In addition,
there seemed far fewer studies looking at outdoor-based learning in a regular school
day setting, compared to residential experiences (ibid., 22). In terms of age of the
pupils researched, most concern 11-18 year olds.

“Strikingly few studies looked at educational attainment” (ibid., 23), whereas
“non-educational outcomes”, such as curiosity, relationship with nature, self-
awareness, self-esteem, self-responsibility, communication or teamwork, health and
well-being, healthy lifestyles, employability, youth leadership, community inte-
gration or community leadership, “have received much more research interest”
(ibid., 24). The authors sanguinely state: “We take no view here on whether non-
educational outcomes are important, but rather notice the mismatch between research
topics and the pressure schools face to achieve those educational outcomes.” (ibid.,
26)

Given that effect sizes of 0-0.2 are considered small, 0.5 is considered moderate,
0.8 or more is considered large, the average effect sizes in some of the systemic
reviews of between 0.26 and 0.35 have to be considered small to moderate.

Recommendations

In terms of developing a coherent, robust agenda for practitioners and researchers of
the outdoor-learning sector, I would translate the authors’ recommendations into the
following four strategies:

e On the level of practitioners of outdoor-based learning, they need to be enabled
to create and use theories of change, i.e. they need to be clear about their opera-
tional models (see ibid., 32 and Box 4, reprinted as Box 3 below). Practitioner’s
organisations also need to have systems in place to collect relevant data but also
to “support ethical practices for monitoring and research, particularly the storage
and sharing of data from evaluations” (ibid., 8).

e On the level of researchers, they need to “create a system to regularly capture
data on the types and volumes of activity”. Only with a decent set of baseline
data can the sector, funders or government agencies trace (positive or negative)
developments.

e Researchers, practitioners, funders and government bodies need to reflect together
on the important research topics and prioritise them deliberately. This includes

2 “Other outcomes included: creativity, commitment to learning, respect for self / others, sense
of social responsibility, sense of belonging, addressing fear, tenacity, confidence, social skills,
motivation, concentration, physical skills, resilience, social behaviour, direction, mindset, enjoy-
ment, inspiration, impact on schools, family and community, critical thinking, self-determination,
competence, relatedness, task approach, task avoidance, ego approach, ego avoidance, Relative
Autonomy Index (RAI), interest effort, value autonomy-support, metacognition, problem-solving
skills, optimism, pedagogical skills.” (Fiennes et al., 2015, 24).
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the need for “creating a more shared language around the categories of activity”
(ibid., 32).

e A new open-access culture needs to be developed which ensures that “both
interventions and research are described clearly, fully and publicly” (ibid., 8).

Box 3: Theories of change
What is a theory of change?

A theory of change (or logic model: we use the terms interchangeably) is what
is meant by Project Oracle’s Level 1’s ‘we know what we want to achieve’ and
‘project model’ (i.e., articulation of how the activities are supposed to create the
intended impact). It lays out the assumptions behind an intervention, and links
between activities and intended impacts (i.e., how the activities are supposed
to produce those impacts, and what is assumed, e.g., parental engagement,
weather...). They allow organisations to find and cite evidence suggesting that
their activities are likely to produce their target outcomes.

A clear theory of change also helps other organisations considering running
the intervention to see whether the assumptions are likely to hold in their
contexts, i.e., whether they’re likely to get similar results. It also helps other
organisations make good decisions about what outcomes to try to achieve by
showing what’s involved in the interventions which ostensibly deliver them.

The diagram below shows the constituent pieces of a logic model (Fig. 2):

Problem statement
A desaription of the problem that the project seeks to solve

=
The intended aim or impact over the lifetime of the project

. witnin
\u'\ﬂg’mne prqﬁd u'gam:ﬂu_qns .
activbes wi communities
produce the The changes or systems
desired results | :\Z"gﬂ; “;‘:j' The actions The tangible, expected to that are the
Shmcireodmrddsole - funds . the project ‘ direct ‘ results from ‘ ultimate
dedonted takes to products of the project — consequence
" :ead achieve the project e.g. benefits of the project
What factors g consum desired results activities to project
necessary for y the project beneficiaries
success are
already in place

External factors
Other influences on project results , drcumstances beyond project control

Fig. 2 Logic model
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Why does having a clear logic model matter?

A clear logic model is important/essential to intelligent programme design
because it enables predictions about whether a type of intervention is likely
to work (for a specific population). An evaluation without a clear logic model
simply shows whether a programme worked and the extent to which it worked:
it gives no indication of why it worked (or not)—why it gets those results.
That is, without a logic model, the intervention is like a black box: we gain no
insight into whether it’s likely to achieve those results again, nor elsewhere. It
adds nothing to the ‘science’ (i.e., understanding) of these interventions. By
contrast, if a provider starts with a clear logic model, they can use the existing
research to see which parts are likely to be true, which are not evidenced, and
therefore can:

(a) make an educated estimate of whether, when and for whom the
intervention is likely to work,

(b) identify major risks and unsupported assumptions,

(c) change the design to make it more likely to succeed. It may transpire that
the proposed logic model is totally fanciful and implausible, and hence
this work will prevent them running a pointless intervention, or even a
harmful intervention. And

(d) identify what needs testing. Maybe very little needs testing and so the
practitioner is spared all the cost and hassle of evaluating.

In short, it enables practitioners to use existing research, rather than solely to
produce research. Clearly this is more efficient. The focus on impact has led
many organisations (particularly charities) to often produce research of bad
quality), when (i) they are not set up nor incentivised to be researchers, and
(i1) it might be more useful for them to leverage the (better quality) research
which already exists.

Even though the review is a few years old, I think it is very useful indeed to sharpen
our focus on what we need to do to improve the quality of outdoor-based learning
provision as well as the quality of the research assessing its impact,’ and thereby
guiding future practice and policy development.

3 Interestingly enough, this review reaches similar conclusions as the systematic review by Becker,
C., Lauterbach, G., Spengler, S., Dettweiler, U., & Mess, F. (2017). Effects of regular classes in
outdoor education settings: A systematic review on students’ learning, social and health dimensions.
International Journal of Environmental Research and Public Health, 14(5), 1-20. http://doi.org/10.
3390/ijerph14050485).
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Udeskole—Pupils’ Physical Activity )
and Gender Perspectives L

Erik Mygind

1 Introduction and Background

Inactivity and obesity pose is a general and increasing health problem in many western
countries. There is an ongoing debate how and with which initiatives this problematic
development can be counteracted. As children aged 6—16 spend many hours a day in
school, it can be argued that the school system can and should play an important role
in promoting daily physical activity (PA), health and well-being (Janssen & LeBlanc,
2010). In Denmark the Ministry of Education (2014) introduced a school reform in
2013, trying to compensate for the lack of PA through a longer school day which
included an additional 45 min daily PA on top of the usual few hours of physical
education (PE) per week and recess—unfortunately with limited success.
Depending on the chosen teaching activities, two well organised PE lessons per.
week might give pupils a certain amount of moderate to vigorous activity (MVPA).
There might be additional PA during the more unstructured recess school periods,
which take place in a continuum from sedentary to very high activity levels. There-
fore, the weekly amount of PA can be of questionable value in terms of health promo-
tion in a school context. Some pupils are completely inactive and others very active.
In general, regular PA and resulting health effects are important factors that can
prevent lifestyle diseases later in adulthood, but they can also create important links
between PA and learning (Sibley & Etnier, 2003; Aberg et al., 2009). The question is
to what extent the school system can contribute to increase PA. A consensus confer-
ence conducted by the Arts Council in 2011 and later expanded in 2016 (Consensus,
2016) concluded an important connection between PA and learning, regardless of
age. In other words, PA holds many potentials from health and learning perspectives.
A number of studies have reported that boys are generally more physically active
during a day compared to girls. For example, a study across five European countries
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found significantly lower levels of light, moderate and high PA among 10-12 year
old girls compared to boys (Verloigne et al., 2012). Similarly, reported significant
differences between boys and girls (mean 52 &+ 14 min/day MVPA for boys and 37 +
14 min/day for girls). A study by Nielsen et al. (2011) showed that gender differences
of daily PA were due to girls’ lighter levels of PA during disorganised play in the
institutional and school context. Further, it became clear that 30% of girls and 17%
of boys did not achieve the recommended daily amount of PA. This emphasizes the
need for initiatives that can support and increase PA. This applies in particular to
girls, children from ethnic minority backgrounds, children with obesity problems
and children with disadvantaged socio-economic backgrounds.

It is not on the political agenda in Denmark to increase the number of PE lessons
every week and a number of teachers have difficulties to create situations during the
school day where they can introduce 45 min of daily PA. This raises the question
whether there are other ways to increase physical activity. In this context, udeskole,
i.e. regular weekly curriculum-based teaching outside the classroom, might be an
important tool to increase PA and at the same time create important links to learning,
motivation and well-being (see Barfod & Mygind “Udeskole—Regular Teaching
Outside the Classroom” in this volume). This teaching method offers a more varied
education outside the school buildings in nature and / or cultural settings. Case
studies conducted in Denmark, Norway and Germany, where objective measurement
methods were used (accelerometers and heart rate monitors), have shown increased
PA levels (Mygind, 2007; Grgnningseter et al., 2007; Becker et al., 2017).

Very little is known concerning children’s PA or mental health, but use of natural
environments appears to stimulate PA (Fjgrtoft, 2004; Wood et al., 2014). A system-
atic review by Becker et al. (2017) recommended that more quasi-experimental
design and longitudinal studies with a greater number of participants are conducted,
and a high methodological quality is applied to further investigate these preliminary
observations. Further, there is a limited knowledge about the connection between PA
and udeskole and to what extent this teaching method has an impact on girls’ and
boys’ PA. The purpose of this chapter is therefore to present the results of two larger
Danish udeskole research projects, which investigated how a weekly udeskole day
in primary school had an impact on pupils PA compared to other school days and
specific domains.

2 The Sondermark School Study in Copenhagen

The purpose of the Sgndermark School study in Frederiksberg, Copenhagen, was
primarily to measure PA among girls and boys in grades 3-6 during a week,
comparing one udeskole day with (1) the average of three standard school days
without PE lessons and (2) one standard school day with two PE lessons (Mygind,
2016). Further, the study aimed to compare the impact of PA when pupils are taught
in nature, in a green area or in cultural institutions. An additional aim was to examine
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the PA levels during two PE lessons, after school time, and on weekends (for example
in neighbourhoods).

The school management, teachers and parents received written and oral informa-
tion about the project. Four teachers and one fourth, one fifth and two sixth grade
classes accepted to participate in the study. All the data collection took place in
four randomly selected weeks seven days in a row in each of the four participating
classes. Each teacher and class got used to teach regularly outside the classroom for
three months before data collection. The pupils completed regular self-assessment
(log/diary) during the data collection period. They were instructed to record keywords
and the kind of activity they have been involved in on an hourly basis. Diary notes
were used in addition to the objective measurements.

Method

Students in grades 4-6 had a matchbox large accelerometer mounted in an
elastic belt over the right hip (ActiGraph GT3x). The activity meter was worn
for a week, but was taken off during water activities and while the student
slept at night to avoid discomfort. The data collection was performed using
raw acceleration with a sampling frequency of 30 Hz and data exported for
10 second epochs. At least 10 hours of recorded activity constituted a valid
monitored day. A total of 96 students participated in the study. Illness and
absence resulted in a reduction in the overall student population. In the end,
data from 44 girls and 40 boys were accepted for comparison of different school
contexts with a specific focus on days with udeskole, standard school days and
school days with PE (Mygind, 2016).

Results

PA in different educational contexts

Results from 84 girls and boys showed that udeskole days (23.1%; p < 0.001) and
school days with PE (46.1%; p < 0.001) had significantly higher PA levels (counts
per minute) compared to standard school days without PE lessons (Mygind, 2016).
These results showed that on udeskole days (3.4%) and days with PE lessons (4.2%)
MVPA was significantly higher compared to standard school days. Expressed in
another way, MVPA was 6.7 min on standard school days, 8.5 min on udeskole days
and 11.0 min for standard the school days with PE lessons. Although the MVPA
levels might seem modest, udeskole did contribute to raise the level of high intensity
PA in a school context. However, boys seem to cause the generally higher PA levels in
all settings except for standard school days with PE lessons. This issue is addressed
in the following section of the TEACHOUT udeskole study, where data include both
light PA (LPA) and MVPA (Schneller, Duncan, et al., 2017).
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Gender differences

The average PA measured in counts per minute including all 84 pupils showed a
significant difference between boys and girls measured in the three different educa-
tional contexts, i.e. days with udeskole, average of three standard school days and one
standard school day with two PE lessons (Fig. 1, Mygind, 2016). Udeskole days had
a significantly higher level of activity than standard school days without PE. Breaks
and after school activity showed that the boys were significantly more physically
active compared to girls except on standard school days with PE. Unorganised play,
which typically took place during breaks and after school time, showed a higher level
of PA for boys. Free play in connection with the breaks in udeskole may also explain
the gender difference found in this setting, although our expectation would be that
organised education outside would stimulate both sexes equally. No difference was
recorded on weekends, but only a tendency that the boys were more physically active
in this context too (Fig. 1).

Udeskole in green areas and cultural institutions

Each of the udeskole days were organised based on ‘a year wheel’. The site for
teaching outside the school buildings was chosen based on whether the individual
teacher found it appropriate in relation to the academic content and time of the year.
An interesting question, which arose, was to investigate to what degree udeskole days
in nature /green areas or visits to culture institutions contributed to PA. A further
question was which outdoor educational setting the four teachers had decided to use
in the week the data collection took place.

The teachers were informed about the data collection week a few days before
and at this point, the teachers had planned where to do udeskole; i.e. green areas or
culture institutions. One teacher decided to walk and teach a class (4e) in green areas
(Sgndermarken/Carlsberg’s garden), while the other three classes visited cultural
institutions at Frederiksberg City Hall (6d), Central Station (6a) and an art gallery
(5d) (Fig. 2, Mygind, 2016). The results showed no significant difference in PA
(counts per minute) on udeskole days in the three classes visiting cultural institutions
compared to standard school days without PE (p = 0, 12) (Fig. 2). The class being
taught in green areas had significantly higher PA levels compared to standard school
days (p < 0.001), but also compared with a standard school days with PE (25.9%,
p < 0.01) (Fig. 2). No differences were found between the four classes in leisure
time after school. However, the variation between classes was very large on udeskole
days, standard days with PE, weekends and specific domains like recess and PE
lessons (see Fig. 2). For example, the activity in PE lessons and leisure in class 6d
was between 21 and 32% lower, compared to the other three classes.

Discussion

The structure of the discussion is broken down into three sections. First, a discussion
of how different udeskole settings influence PA among the four participating classes
is conducted, including differences of gender. Next, the teachers’ choice of udeskole
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setting and the importance of transport to the chosen destination is considered and
finally, the last section contains a summary and critical look at the study. The teachers’
goals, program or choice of outdoor setting (nature / green area or cultural institution)
were not known in advance. The weeks, where the measurement took place after
three months preliminary udeskole experience in the four classes, were randomly
chosen. On average, the udeskole days provided a significantly higher level of PA,
adding 12-13 min of MVPA compared to standard school days without PE. The
picture is more nuanced if one compares the three classes that were taught in urban
culture institutions with the one class taught in urban green areas. The latter had a
significantly higher average PA level compared to the three classes visiting cultural
institutions (Frederiksberg Town Hall (6d), Central Station (6a) and the National
Gallery of Art (5d) (Fig. 2). All four classes included PA through walking to and
from the destination, but judging from the teachers’ notes, the more modest PA
during visits to cultural institutions might be due to the lower PA taking place during
hours spent inside. In the three cultural institutions, there is an expectation not to
run around—in fact, to keep calm and move only when necessary or instructed. A
visit to nature and green areas often invite to be physical active—both through the
teacher planned learning activities and not the least during breaks. Walking to and
from the destinations on udeskole days added some PA compared to standard school
days, but in particular, class 4e who visited green areas caused a significant increase
of PA in the study (Fig. 2).

The very high PA activity level in this class is in line with the results of the
case study with 12 girls and 7 boys from Rgdkilde school project, where several
accelerometer measurements in a forest summer and winter udeskole were compared
to standard school days. Further, the level of PA corresponded to a standard school day
including two lessons with PE (Mygind, 2007). This is also supported by a Norwegian
udeskole case study with heart rate measurements in nature settings (Grgnningseter
et al., 2009). The mean percentage of time with heart rate >= 160 beats/minute was
5% for a standard school day and 18% for a day in the forest (p < 0.001). In other
words, visiting cultural institutions does not appear conducive to PA to the same
extent, as does the use of green areas.

The results showed that girls’ average PA was significantly lower compared to
boys in all measured school contexts, except for standard school days with PE lessons
(Fig. 2). This was a bit surprising because it was expected that the teacher-managed
and organised learning activities during udeskole days and transport to the destination
would have an equal impact on girls and boys PA patterns as during PE lessons. This
was not the case. One explanation might be that also in udeskole boys use recess and
free time more to be physically active.

The importance of how unorganised and non-teacher supervised situations affect
PA among girls and boys in school is underlined in a Spanish study of play in
recreational areas (Martinez-Goémez et al., 2014). It was concluded that more effort
should be undertaken to increase girls’ activity levels. A Danish study by Nielsen
et al. (2011) also showed similar gender differences. Girls were lower in everyday
institutional contexts during disorganised play, school free time, and day care after
school. More worryingly, about 30% of girls and 17% of boys did not live up to
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the recommended daily amount of PA. The results of the Sgndermark School study
are in line with a study by Verloigne et al. (2012), which found that objectively
assessed levels of moderate and vigorous PA among 10-12 year old girls were lighter,
compared to boys across five European countries. Similarly, the study by Van der
Niet et al. (2015) showed significant daily differences between boys and girls (mean
52 + 14 min MVPA for boys and 37 % 14 min for girls).

In conclusion, schools and teachers in general should consider how to conduct
organised play in recess that especially motivates girls. Udeskole teachers might
reflect on how to combine PA and learning activities to a higher degree. Udeskole
might be an important tool for children who do not usually participate in organised
recreational activities; especially girls with ethnic minority backgrounds and children
with obesity problems as well as children from disadvantaged socio-economic back-
grounds. There is a need for more research to shed light on how teachers in primary
schools, for example, can balance academic learning and PA through udeskole for
the benefit of both sexes.

Udeskole—the setting and PA

The teacher’s choice of place (natural or cultural) is obviously crucial for how phys-
ically active the pupils are. In organizing udeskole the teacher can put more or less
emphasis on PA, e.g. how transport to and from the destination is organised. The
weeks in which the measurements took place were randomly selected, because a
structured design with equal amount of classes visiting both cultural institutions and
green areas was not possible at the time being. The four teachers focused on academic
learning and not specifically on integrating PA in udeskole, but according to their
notes, they preferred to walk with their class to and from the chosen destination
(Mygind, 2016).

The teachers’ notes from the udeskole days were very important to understand
the quite significant variations between classes (see Mygind, 2016). Of course, the
teachers’ choice of teaching methods affects the general PA level in each class, i.e.
location, academic content and tasks, travel (walking, biking, taking a bus or train),
distance to the destination, safety considerations, and the pupils’ free time to play
during the day. Cultural visits (based on the teachers notes) offer some explanations
on why the fifth and two sixth classes had relatively similar levels of activity, while
the fourth grade (4e) average PA level was twice as high. This class walked from
school through a nature / park area (Sgndermarken), visited the Carlsberg family
garden and walked back again. In this way, they reached a PA amount 25, 9% higher
than on a school day with PE lesson (Fig. 2). The PE activity in this specific week
was high. One explanation for the very high level in 4e could be the many active
hours, characterised by a lot of walking and running travelling back and forth, during
teaching in the Carlsberg family garden and not least that the pupils had two periods
of free play on green playgrounds. Further, it is well known that younger children are
more physically active compared to older children / adolescents, and here a fourth
grade class was compared to a fifth grade and the two sixth grade classes (Fig. 2).
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Summary and critical remarks

The Sgndermark School study provides support for other case studies, which found
that combining academic learning and PA in nature and green settings yields positive
results. However, it is questionable whether visits to cultural institutions contribute
positively to PA, when length and type of journey to and from the destination seem
to be the dominating PA factor. Unorganised leisure and recess during udeskole seem
to benefit boys, but not to the same degree girls.

The strength of the Sgndermark School study were the teachers’ notes and the
knowledge of how each udeskole day and academic program took place, making
it possible to understand and explain the PA results. A weakness was the few and
randomly chosen four weeks from a whole udeskole year, but time and financial
constraints as well as limitations on additional support by the school did not allow
more data collection. Only a single week was analysed in each class and a stronger
picture would have appeared if, for example the four classes could have been analysed
in four green as well as four cultural settings—winter and summer. Measurements
carried out in other weeks may well have resulted in higher or lower PA values
in the same classes depending on the udeskole teachers’ choice of transport and
academic content at the destination. Finally, a weakness is the lack of information
about sedentary time and LPA. This raises an important question whether use of
green areas and cultural institutions in urban settings contribute to a decrease in
sedentary schoolwork and to an increase in LPA. The latter is taken into account in
the TEACHOUT study, with the inclusion of significantly more classes and pupils.

3 The TEACHOUT Udeskole Project

The purpose of the TEACHOUT study' was to investigate the importance of regular
weekly education outside the classroom (EOtC) or udeskole during a year (2014—
2015) and included a high number of pupils compared to previous case studies
(Nielsen et al., 2016). The study investigated how udeskole had an impact on PA and
health, learning, motivation and well-being. Udeskole can be regarded as movement
integration (MI) in the school context, and has shown to increase children’s PA in
case studies. Increased PA is a potential secondary outcome or perhaps a means to
achieve the teaching aim. The TEACHOUT study design and rationale can be found
in the study protocol paper (Nielsen et al., 2016). More in-depth information on
udeskole activities in Denmark can be found in an inventory of the use of udeskole
practice in schools across Denmark conducted in 2014-15 (Barfod et al., 2016).

! The overall aim of the Danish TEACHOUT research project was to generate knowledge about
the strengths and weaknesses of practicing udeskole compared to mainstream education under the
framework of the new school reform (2013). Udeskole is a broad term referring to curriculum-
based teaching outside the school buildings in natural as well as cultural settings on a regular basis.
TEACHOUT investigated physical activity, learning and social relations.
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In Danish primary and secondary schools, teachers are allowed “freedom of meth-
ods” to achieve the curricula targets decided by the Danish Ministry of Education
within each subject taught (Danish Ministry of Education, 2014). A new public
school reform was implemented across Danish schools in August 2014. This reform
included initiatives such as requiring school staff and children to spend 5.5 to 8.5 h
more in school every week, to provide pupils with an average of 45 min of daily
PA, e.g. for schools to seek more active cooperation with local sports clubs, and for
teachers to empower children to more actively engage in the educational activities.

School demographics in Denmark and control classes

In Denmark, children are randomly assigned to a class within the school district
where they live at enrolment in grade 0. This means that the demographic char-
acteristics of children in two parallel classes can be expected to be comparable
(Danish Ministry of Education, 2017). In the TEACHOUT study, data were
collected from children who were sampled into udeskole intervention classes
and control / parallel classes at the same school and grade level, based on
the willingness of teachers to participate in the study. As such, approximately
half the children from whom data were obtained attended a comparison class
in which udeskole was not supposed to be a regular curriculum-based activity.
All data from participating children were pooled and analysed as the amount of
udeskole varied greatly between participating classes. (Schneller et al., 2017).

The present chapter focus on a subset of the TEACHOUT study, i.e. on gender
perspectives and PA in standard classroom teaching, which seem to be a promising
opportunity for children to increase PA. The aim was to investigate the effects of
udeskole on children’s PA by segmenting weekly activity-related behaviour into a
range of day types, domains and PA levels among girls and boys analysing the extent
of LPA and MVPA as indicators of the importance to health (see Schneller et al.,
2017). Further, the aim was to evaluate how udeskole affects daily PA in a larger
sample of school-aged children, including a control group (parallel class): a research
approach, which has been in short supply up until now. Specifically, the proportion of
time spent in different PA intensities between different day types and within certain
domains specific to both school (i.e. udeskole, classroom activities, PE, and recess)
and leisure time, i.e. after school days and weekend days, differentiated by gender.

Method
Pupils from 3rd to 6th class wore two motion meters (accelerometer model
Axivity AX3) mounted on the front of the thigh and the back of the loin.
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The accelerometer was worn for 9-10 days continuously. The data collec-
tion was performed using raw acceleration at a sampling rate of 50 measure-
ments/second and translated into an estimated energy consumption second by
second. To be included in the analyses, a pupil would have seven consecutive
days of measurements with 24 hours of continuous recording (Schneller et al.,
2017). 637 pupils wore accelerometers, but after drop-offs and absence due
to sickness, holiday, etc. 346 pupils had usable measurements, which formed
the basis for the comparisons at week, day and activity level. The participating
classes were recruited in pairs, i.e. an udeskole and a control/parallel class. For
day- and activity-level analyses, time periods were included in different cate-
gories based on information collected via diaries—completed by each class
(for more detailed information see Schneller et al., 2017).

Results

PA over a whole week

As a basis for comparing udeskole and control classes, pupils from 33 classes were
included. 17 classes had 4 h of udeskole in the measured weeks and 201 pupils’
measurements of PA met the inclusion criteria (see text box). In total, 16 compar-
ison classes attended with an average of 64 min of udeskole in the measured week
including 160 pupils. In other words, the results reflect a comparison of classes with
nearly 5 h of udeskole and control classes who on average did about an hour of
udeskole instead of the expected zero hour of outdoor school. This may be because
the TEACHOUT study was completed at the same time as the start of the new school
reform in 2014 with a requirement for 45 min of physical student activity. Teachers
in the control classes may also have been inspired by udeskole teachers to do some
outdoor learning. The udeskole concept seemed to be an excellent opportunity and a
practice that lay outside our control in this real life research project.

We found a significantly greater amount of weekly MVPA for boys in udeskole
classes compared to boys in their control classes. Quite precisely, this increase was
19 min extra a day. For girls, no difference was found between udeskole and parallel
classes seen over the week as a whole. There was no statistically significant difference
in neither MVPA nor LPA between girls in udeskole and girls in control classes (Table
1). Another significant observation was that boys obtained 47 min more MVPA, but
at the same time, 29 min less LPA per day compared to girls (see Table 1). We also
saw a marked decrease in PA at increasing grade levels, corresponding to 13 min less
MVPA and 18 min LPA per day per progression to a higher class grade.

PA among girls and boys by day type

Figure 3 gives an overall picture of the proportions (%) of MVPA and LPA,
respectively, of all pupils divided into girls and boys and into four day types.
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Table 1 Comparing groups during a week at moderate to high and light intensity PA

E. Mygind

Groups being Moderate to high intensity PA Light intensity PA

compared Minutes/day (95% CI) | p Minutes/day (95% CI) |p

Udeskole/EOtC versus | 76 (71-81) versus 68 0.01 388 (379-397) versus | 0.86

control classes (64-72) 389 (381-398)

Boys vs girls 95 (90-101) versus 48 <0.01 |374(365-383) versus | <0.01
(45-51) 403 (395-411)

Udeskole/EOtC, boys | 105 (96-114) versus 86 | 0.01 369 (355-384) versus | 1.00

versus boys in control | (80-93) 378 (367-389)

classes

Udeskole/EOtC, girls | 47 (43-51) versus 49 1.00 408 (400-417) versus | 1.00

versus girls in control | (45-54) 398 (384-411)

classes

p indicates the statistical probability that the numbers are different and the limit value is set to p <
0.05. 95% confidence intervals (Cls) indicate the values that 95% of the measurements in a group
are statistically expected to be within

Boys had a significantly higher MVPA level in all four types of days, compared
to girls (boys 7.8%; girls 3.8%) and standard school days without PE lessons (boys
6.7%; girls 3.8%). Both genders achieved the most MVPA intensity on days of PE
(boys 8.5%; girls 4.6%) and the least on weekend days (boys 5.4%; girls 3.0%)
(Fig. 3).

Girls generally had a higher proportion of LPA. The proportion was highest on
udeskole days (girls 32.0%; boys 29.8%) and slightly lower on standard school days
(girls 29.5%; boys 27.5%) and days with PE lessons (girls 29.8%; boys 27.5%).
The lowest level of LPA was on weekend days (girls 23.9%; boys 22.1%). Udeskole
days showed the highest level of LPA among both sexes compared to days with and
without PE and weekends.

On school days with PE lessons, MVPA intensity was higher among girls and
boys compared to udeskole days, standard school days without PE and weekends.

PA in six specific school contexts

Figure 4 presents an overall picture of the proportions of MVPA and LPA (%)
obtained by all pupils divided into girls and boys in six specific domains.

In general, the boys in all six specific activity types had a significantly higher
MVPA level compared to girls (Fig. 4—top row of bars). The boys spent a statistically
significant higher proportion of udeskole in MVPA (14.9%) compared to teaching in
the classroom (9.4%).

For girls, it was slightly different, as no statistical difference (albeit a trend) was
found at MVPA intensity in udeskole (6.3%) compared to classroom teaching (4.4%).
In general, girls had a higher LPA level in five of the six domain types (bottom bars
of Fig. 4) Teaching in udeskole triggered a significantly higher LPA compared to
classroom teaching.
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Fig. 3 Percentage of light and moderate / vigorous physical activity among girls and boys by four
day types. Bars represent the differences and similarities between boys and girls and in four day
types and represent the average proportion of moderate to high PA (top bars) and light PA (lower
bars) measured % (& standard deviation express the spread in between measurements). There was
significant difference between girls and boys within the same day type in all cases. Numbers above
standard deviation bars in both a and b denote significant difference (mixed-effects regression with
identity link) in the proportion of time spent in the PA intensity for the sample (all, girls or boys)
(from Schneller et al., 2017)

Not surprisingly, the MVPA level was significantly higher in PE lessons and recess
periods for both genders compared to the other four types of activity. Boys achieved
approximately equal proportions of MVPA after school and in PE (29.9% and 31.0%,
respectively). Moreover, it is worth noting, that girls had a significantly higher level
of activity in PE (22.3%) compared to recess domain (13.9%). So organised and
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Fig. 4 Percentage of MVPA and LPA in six specific domains in the TEACHOUT study. Proportion
of time spent in MVPA and LPA by domain. a shows mean = sd proportion of time spent in MVPA
in specific domains by sample (all, girls and boys). b shows mean =+ sd proportion of time spent
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structured teaching means a lot. Recreational activities after school and on weekends
were low in terms of PA and most of all to be compared to the activity level of
classroom teaching.

In summary, for all pupils udeskole (58.4%) triggered a higher level of LPA
compared to classroom teaching (48.3%). Leisure before and after school as well as
weekends showed a generally lower level of LPA compared to the more specific types
of activity in school settings. A significantly higher MVPA level was found among
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boys having udeskole during a week compared to boys in their parallel control classes
and girls in all day types. On the other hand, girls in udeskole achieved a higher LPA
level compared to boys in this setting and classroom teaching situations (Fig. 4).

4 Summary Discussion and Perspectives

Gender similarities and differences in the TEACHOUT and Sgndermark School
studies

The TEACHOUT study and the Sgndermark School study included arelatively higher
number of pupils compared to previous case studies, which allow a presentation of
results describing the impact of udeskole for both sexes. Previous case studies have
not been able to comment on gender perspectives related to PA due to low number of
participants. Both studies underline that boys in all day types and specific domains
had significantly higher MVPA compared with girls, i.e. days with udeskole, days
with and without PE lessons, recess domain, PE lessons and after school time and
weekends. The only exception was that on days with PE girls were just as active as
the boys in the Sgndermark School study, whereas the TEACHOUT study showed
that the boys were also the most active in this domain.

The TEACHOUT study showed that girls achieved a higher level of LPA in most
types of activity compared with boys and that udeskole caused this increase in PA. It
is characteristic that boys in recess and free time spend more time in MVPA mode,
which again has an important health aspect due to the stimulation of the heart and
vascular system. The increased higher LPA seen among girls in udeskole might have
a positive impact on children with a general and very sedentary life style. In that
sense, through combining academic learning and PA schools can contribute to ‘kill
two birds with one stone’.

The Danish studies are very much in line with the gender differences reported in
European studies (Verloigne et al., 2012; Van der Niet et al., 2015; Nielsen et al.,
2011). The TEACHOUT study showed that girls on udeskole days benefited in terms
of LPA. However, it also showed that gender differences in the total amount of daily
PA could be explained by girls’ low level of physical activity during disorganised
play in institutional and school contexts. Conditions that continue to cause concern
are that approximately 1/3 of girls and almost 1/5 of boys do not reach the recom-
mended daily amount of PA, highlighting the need for alternative approaches that
can support and increase PA. This problem is particularly prominent in children with
an ethnic minority background, children with obesity problems and children from
disadvantaged socio-economic backgrounds. There is much to indicate that udeskole
or regular EOtC can make a positive contribution to increasing PA.

Value of udeskole

Both Danish studies show that udeskole increases the weekly amount of PA for
both sexes—in particular for boys. However, it is more questionable to what degree
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udeskole are beneficial for girls even if the teaching takes place in organised form. The
Sendermark School project showed that the udeskole setting in nature surroundings
did make a difference, while visits to cultural institutions did not contribute to a
big change in PA as compared to a standard school day. Use of green space in
udeskole was also analysed in TEACHOUT. Based on explorative, cross-sectional
data this study showed that school days with an udeskole session in green space
and without a PE lesson was associated with more light physical activity and less
sedentary behaviour compared with school days with an udeskole session in cultural
and societal institutions or companies and without a PE lesson. Green space seems
beneficial to both girls’ and boys’ LPA (Bglling et al., 2021). More research is
needed to assess whether nature and green spaces as well as cultural institutions are
meaningful to the learning process from both academic and health perspectives.

There is still a general need for more research to shed light on how primary
school teachers can balance academic learning and PA, and in particular how they
can motivate girls. Finally, it should be considered how to introduce udeskole courses
in initial and continuous teacher training and how to integrate academic learning and
PA when combining in- and outdoor teaching.
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Udeskole is a broad term for education outside the classroom, which, on the basis of
the teacher’s objectives, is regularly conducted outside the school walls (see Mygind:
Udeskole—Pupils’ Physical Activity and Gender Perspectives in this volume). In
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In some classes, pupils measure the soil temperature in science teaching and math.
Others visit memorials as part of history classes, or draw inspiration in the forest for
written narratives in language classes. Udeskole is practically oriented and concrete.
Case studies indicate that most pupils welcome udeskole as a meaningful variation
to the school day (Hartmeyer & Mygind, 2016; Mygind, 2009). This is supported by
interviews with teachers, conducted as part of the TEACHOUT study (Barfod, 2017;
Mygind et al., 2018, see Barfod & Mygind: Udeskole—Regular Teaching Outside
the Classroom in this volume).
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Although the issue is far more multifaceted than a simple separation of the learning
process into learning and well-being outcomes, the question arises whether udeskole
is a teaching method that yields benefits beyond academic learning. To what extent
can we expect udeskole to have a positive effect on pupils’ mental and social health?
What are the possible causes of a possibly positive effect?

Questions about expected impact and causes are complex. Udeskole practices
are implemented differently from teacher to teacher and pupils’ prerequisites and
desire to attend udeskole will vary. Some pupils prefer to stay at school. Others may
have difficulties concentrating in a classroom—_perhaps especially boys. The effect
of udeskole on pupils’ well-being should not only be seen as an occasional effectin a
teaching situation. The question is whether the sum of the teaching situations during
a school day which comprise udeskole has an impact on pupils’ general well-being
and health in the school context, and ultimately on their overall well-being, mental
and social health (Bglling, 2018).

If a pupil enjoys teaching that is carried out as udeskole, it can be expected
that the pupil will have a generally strengthened well-being in the school context.
This context-specific well-being may entail a generally strengthened well-being that
extends beyond school hours and into everyday life. If a child thrives in everyday
life, this will not only have a retroactive and self-reinforcing effect on well-being in
school, but also a contagious effect on well-being in other contexts, such as at home
in the family and with sports. In other words, a child’s well-being must not only be
understood in a specific situation or context, but in relation to all the possible situ-
ations and contexts in which the child participates and the interplay between them,
including the effect of social contagion on other children and teachers (see Frank,
2020).

Before we address the issue of whether udeskole can have a positive effect on
pupils’ well-being, mental and social health, we step back. Many teachers already
use udeskole as a teaching method for subject specific learning (Barfod et al., 2016),
but can udeskole also be justified as an initiative to promote pupils’ well-being,
mental and social health?

In Denmark, the core business of schools is defined by the purpose of primary
and lower secondary school law to provide pupils with knowledge and skills, educa-
tional readiness and the desire to learn, and to ensure participation in the commu-
nity. Much indicates that health promotion initiatives that are an integral part of the
school’s core business have a greater success rate and that teachers will prefer to
engage in health promotion that does not compromise the core tasks and take into
account a schools’ uniqueness, culture and student base. In other words, an ‘add-in’
approach as opposed to an ‘add-on’ approach, where health promotion is placed on
top of everyday teaching tasks, i.e. lies beyond the core tasks (Bentsen et al., 2020).
However, the other side of the coin of an ‘add-in’ approach to health promotion in
schools, is that the goals of mental and social health are moving out of focus when
the schools’ academic tasks are prioritized.

Udeskole is a good example of an ‘add-in’ approach to health promotion. It is
recommended that teachers use udeskole when it makes sense from a professional
point of view (Barfod, 2017). To teach outside the classroom, within the existing
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number of hours, gives teachers the opportunity to specify a subject and allow pupils
to take an increased active part in their learning process, for example by collecting
empirical data. A teacher’s choice to use udeskole as a teaching method may also
be rooted in the desire, for example, to ‘shake the class together’ and help more
pupils perceive school life and school work as something positive. The goal of using
udeskole and strengthening well-being, mental and social health in the class will
probably never be isolated. In the end, a desire to promote well-being and health
must be justified by the purpose of schooling and the academic goals. Udeskole
might be a solution for promoting well-being and health within the framework of the
school’s core tasks.

Does udeskole have an effect on pupils’ well-being?

Can teaching in the immediate vicinity of schools be a valuable addition to classroom
teaching and contribute to pupils’ academic, mental and social development? This
was one of the questions raised by Professor Arne Nikolaisen Jordet in the years just
before the turn of the millennium, when he attended school classes at Lutvann public
primary school in Oslo (Jordet, 2008). In the classes, weekly teaching took place in
the schools’ local forest. Based on a large number of observations and interviews
with teachers and pupils, Jordet pointed out, among other things, that udeskole could
contribute positively to pupils’ personal and social development.

A Danish research team completed the first Danish udeskole project in the period
2000-2003—the case study of the Rgdkilde project (Mygind, 2005). At that time,
few schools in Denmark were practicing udeskole. Two teachers from the public
Rgdkilde School in Copenhagen agreed to use a forest as a classroom in the subjects
Danish (mother tongue teaching), mathematics, and history every Thursday for three
years. Although the study involved only one class—third grade at the start of the
study—the study distinguished itself by following the class’s development over a
number of years. One of several goals for the research team was to investigate the
impact of a weekly udeskole day in the forest on pupils’ well-being compared to
classroom teaching and learning. Two almost identical questionnaires were used
and adapted for either forest or classroom teaching. The questionnaires included
10 statements about social relations and 14 statements about teaching. The results
showed a positive development in different social relations through the variety and
combination of forest and classroom teaching tasks (Mygind, 2009). In the forest
setting, pupils gained several new play relationships with other classmates. This was
explained by the fact that the pupils worked together in groups in a transition from
academic activities to play during breaks.

There is good reason to believe that udeskole has a number of positive impacts
on mental and social health. With the Rgdkilde project as a benchmark, a series of
interviews and observational studies were initiated evaluating education outside the
classroom. In UK, for example, researchers found that teachers and pupils perceived
udeskole as a teaching method with a positive impact on schoolwork and the social
climate in the classroom (Marchant et al., 2019).
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In Denmark, a follow-up to the Rgdkilde project showed that seven years after
participating in the project, pupils and teachers highlighted that the three years of
udeskole had a positive impact especially on the social climate in the class (Hart-
meyer & Mygind, 2016). In recent years, the Danish Ministry of Education’s project
‘Development of udeskole’ has documented that pupils generally perceive udeskole
as positive, with learning and social potentials (Ejbye-Ernst & Bentsen, 2018; VIVE,
2019).

2 Mental and Social Health in the TEACHOUT Project

Across a number of Danish research institutions and in collaboration with a number
of other researchers, we conducted the TEACHOUT research project in 2014-2018
including pupils from grade 3—6 and their teachers. The project constituted the most
extensive study of udeskole to date, nationally and internationally. One of the aims
of the project was to investigate whether there were positive effects on psychosocial
well-being, school motivation, and social relationships in the class community after
one year with udeskole.

Box 1

From school to school, and from teacher to teacher, it varies how much of a
school year is prioritized for udeskole. Some schools practice udeskole every
week the entire year, others use fall or spring and in a few cases udeskole is
practiced at all grades. In the TEACHOUT project, the effect on well-being,
mental and social health was examined in classes where udeskole was practised
4.7 h per week on average throughout the 2014/15 school year, equivalent to
14.2% of the standard teaching time (33 h per week). Danish, mathematics, and
nature/technology were the most frequently used academic teaching subjects,
with nature and green areas as the main preferred setting.

A total of 28 Danish school classes were accepted to join the TEACHOUT
study and willing to teach udeskole one year at least 5 h per week. The 28
udeskole classes were compared with pupils from 20 parallel control classes,
who were taught sporadically outside the classroom during the school year
(in average 1.6 h per week, in 0.7 sessions). The reason why pupils in the
control classes were also taught partly outside the classroom was mainly due
to political demands of a revised school reform, demanding 45 min of daily
physical activity and use of the surrounding society in pupils’ learning process
(Danish Ministry of Education, 2014).
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Psychosocial well-being

The TEACHOUT project was launched in the autumn 2014. At the start of the school
year and again 180 days later in spring 2015 the instrument ‘Strengths and Difficul-
ties Questionnaire’ (SDQ) was used to measure 621 pupils’ social strengths with a
prosocial scale (Bglling et al., 2019b). In our study, social strengths were an overall
expression of empathy, helpfulness and kindness. The result showed that 503 pupils
in the udeskole group maintained the level in social strength through the school year
compared to a decrease among 118 pupils in the comparison classes (Fig. 1). The
decline in social strengths in the comparison classes can be interpreted as an expres-
sion of a generally reduced commitment to the social and academic school commu-
nity—an expression of school fatigue (Pless, 2009). Both prosocial behaviour and
intrinsic motivation for schoolwork decreased in the comparison classes. Prosocial
behaviour increased slightly in the udeskole classes (Fig. 1). In the study of social
strengths, we also measured pupils’ mental and social problems (emotional symp-
toms, hyperactivity and attention problems, and difficulties with peers) using SDQ.
After following the udeskole and comparison classes throughout the school year,
we were unable to detect a statistically significant difference between the groups
on these parameters. On the other hand, we found that there was a difference in
effect between the pupils who came from resource-poor or resource-strong families,
assessed based on pupils’ parents’ socio-economic position. We found that the pupils
who came from resource-poor families had a greater reduction in hyperactivity and
attention disorders, as well as a greater reduction in problems with peers. Although
this result supports an assumption that udeskole can be particularly good for pupils
from resource-poor families, the result is uncertain as the analyses included fewer
than 20 pupils from resource-poor families.

Our study is not the first to examine the effect of udeskole on psychosocial
well-being of pupils. A Swedish study using SDQ did not find that udeskole had
a general effect on either girls or boys psychosocial well-being (Gustafsson et al.,
2012). However, this study showed a distinctly positive effect for boys. Emotional
and behavioural symptoms, hyperactivity and attention problems, and difficulties
with peers were reduced.

The TEACHOUT and the Swedish studies are the only ones of their kind having
investigated udeskole in a controlled experimental intervention using the SDQ ques-
tionnaire, but reach slightly different conclusions. However, it is worth noting that the
TEACHOUT study was based on a high number of pupils in udeskole and including
control classes (parallel classes) with weekly reports from teachers about where and
how much udeskole was used. Overall, the results of TEACHOUT give quite a valid
picture, but more research on psychosocial well-being and udeskole is needed.

Enjoyable schoolwork and intrinsic motivation

The effect of udeskole was also examined in relation to satisfying schoolwork,
measured by intrinsic motivation for schoolwork (Bglling et al., 2018). Intrinsic
motivation means that one’s behaviour is self-determined by one’s own interest in a
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Fig. 1 Development in social strengths and intrinsic motivation for schoolwork from the start of
the school year (September 2014) to the end of the school year (May 2015) for the udeskole and
the comparison groups. Developments are measured on a scale of +1 to —1. The model indicates
average values and takes into account any difference between pupils at the start of the school year,
therefore the starting point is adjusted to the value 0.0

given activity, e.g. schoolwork. Intrinsic motivation is a psychological stage closely
related to mental well-being (Ryan, 2009).

Box 2

From start to end of the school year 201415 data from 308 pupils in the
udeskole classes had a higher level of intrinsic motivation for schoolwork
compared to 77 pupils in the comparison classes. The level of intrinsic motiva-
tion for udeskole schoolwork was relatively stable from the start of the school
year to the end, whereas we observed a decrease in intrinsic motivation for
schoolwork in the comparison classes, which in practice can be interpreted as
udeskole having a form of buffer-effect (see Fig. 1). In other words, udeskole
seems to offset an expected decline in intrinsic motivation for schoolwork
during the school year. The decline may be due to school fatigue during the
school year, but may also occur during school hours (Pless, 2009).

The effect of udeskole on enjoyable schoolwork is one of the areas that has been
the subject of research interest in recent years. Common to the studies of enjoyable
schoolwork is the use of intrinsic motivation for schoolwork as a measure, but most of
these studies have examined the effect of short-term school science-camps (one week)
for middle-aged pupils (Dettweiler et al., 2015, 2017). Overall, these studies show
that this teaching method can have a positive impact on students’ intrinsic motivation.
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No other studies have examined udeskole lasting one year, as the TEACHOUT study
did. However, one Swedish study has examined udeskole over a 10-week duration,
where two seventh grade classes moved one quarter of mathematics lessons outside
the classroom (Figerstam & Samuelsson, 2014). The two udeskole classes had a
better intrinsic motivation for schoolwork and thus showed the same buffer effect
as we found in the TEACHOUT study. Overall, these studies show evidence of a
positive effect of udeskole for maintaining intrinsic motivation for schoolwork.

Social relationships in the class community

In TEACHOUT, we examined the extent of new friendship relationships in class
communities as a measure of social relationships. 448 pupils from a total of 16
udeskole classes and eight comparison classes were asked which new pupils from
their class they played with in the breaks. When answering the question, it was not
allowed to name yourself or those with whom you were very much in contact. This
question is often used to form a picture of the friendship network in classes and
as a method to measure new friendship relationships among pupils. By gathering
pupils’ responses, we could conclude that udeskole had a small but positive effect on
how many new relationships each pupil had on average during the school year. The
number of new friendships as a result of udeskole showed that after one year, pupils
in the udeskole classes on average had new friendships with 3.7% of other pupils in
their class (see Box 3).

Fig. 2 New friendships after a year with udeskole



160 E. Mygind and M. Bglling

Box 3

In aclass of 22 pupils, it is expected that on average one new friendship (exactly
0.8 pupil) will develop during a school year with udeskole (see Fig. 2). Our
study showed that udeskole has a small effect on the total number of friendships.
It seems that udeskole contributes to a modest increase in the number of new
friendships. In the study on social relationships, we also examined the change
in the size/number of pupils’ friendship groups, but did not find a statistically
significant effect of one year of udeskole.

The TEACHOUT study on social relationships shows that only a minimal effect of
one year of udeskole can be expected with a view to establishing new peer relation-
ships in the class community. This is in line with the first Danish study of udeskole,
the Rgdkilde project. In this case study 14 out of 19 new pupil relationships were
formed based on one weekly udeskole day taking place for three years in a forest,
(Mygind, 2009). Although pupils are likely to form new relationships during an
udeskole session, these relationships do not seem to apply in general school life.
Further research needs to be conducted to clarify how new friendships affects the
classroom environment.

Does udeskole have a bearing on pupils’ well-being?

Udeskole must be understood as a holistic approach in teaching that focuses not only
on learning, academic benefit and education as a goal, but also on a much broader
concept of well-being, including health benefits. Therefore, historically research in
udeskole has been characterized by interdisciplinary approaches drawn on a wide
range of theories (see Box 4). However, a unifying theory for udeskole has not been
developed, which might, among other things, explain a connection between udeskole
and pupils’ well-being, mental and social health and offer arguments for teachers,
school leaders and politicians whether or not udeskole should be an integrated part
of the work of the school.

Box 4

The currently most widely used theory to explain the link between udeskole and
pupils’ well-being, mental and social health is the Self-Determination Theory
(Deci & Ryan, 2000). In addition to TEACHOUT, several other studies on
udeskole and outdoor teaching and learning have had the ambition to use the
Self-Determination Theory as a theory to understand why udeskole can have a
positive influence on pupils’ well-being and health (e.g. Dettweiler et al., 2015).
The theory represents a broad framework for the study of intrinsic and extrinsic
sources of human motivation, devised by American psychologists Edward L.
Deci and Richard M. Ryan. A crucial starting point in the Self-Determination
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Theory is that humans have a fundamental need for development that can be
ensured by meeting individuals’ basic psychological needs, specifically the
feeling of:

e Autonomy—that one’s own perception is based on one’s own values and
interests.

e Competence—to experience that you have opportunities to be active, feel
active and be able to develop one’s capabilities.

e Relatedness to others—to feel closely connected to other people and
communities through the care you take for each other.

In relation to strengthening well-being, mental and social health, the theory proposes
that experiencing the feeling of autonomy, competence, and relatedness to others,
separately and as a whole, will lead to intrinsic motivation. Well-being, understood
as achieving one’s full potentials, is closely related to intrinsic motivation (Ryan
et al., 2006) versus psychosocial distrust, e.g., depression, anxiety, or behavioural
problems (Ryan et al., 1995). The interesting thing about Self-Determination Theory
is that it also has a social dimension, i.e. the need to have relationships with others,
such as friendship relationships.

Udeskole is characterized by a variety of didactic approaches, for example, induc-
tive, investigative and problem-based learning styles; tangible, concrete and prac-
tical working methods; student-centred teaching and collaboration. In light of Self-
Determination Theory, it is relevant to ask how different didactic approaches, ideally,
contribute to the fulfilment of the three basic psychological needs (for elaboration,
see Bglling, 2018).

Does udeskole promote the fulfilment of the basic need of autonomy?

In udeskole, pupils are assigned a central role in their own learning processes.
Through inductive, investigative and problem-based learning styles, pupils are invited
to let their personal interests and initiatives guide the learning. Choosing a place
of teaching in an udeskole setting can potentially have a major impact on pupils’
feeling of autonomy. Places in children’s everyday lives that are relevant and mean-
ingful to them can be a source of inspiration and reinforce their interest (Bglling
et al., 2017). Nature is a typically used environment in udeskole, such as seen in
the TEACHOUT study. There are good arguments that natural environments support
self-determination by stimulating investigative behaviour without expectations and
pressures (Weinstein et al., 2009).

Does udeskole promote the fulfilment of the basic need for competence?

In udeskole, the work can be tangible, concrete and practical. These modes of learning
are often contrasted with theoretical and academic methods used in the classroom
at the school. In udeskole, more pupils are ideally given the opportunity to put other
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skills into play. There is a great social dimension to the need for competence through
the feeling of being active, which in turn is linked to one’s interaction with the social
environment. It is essential that the need for developing competence through udeskole
may arise when pupils are given the opportunity to contribute positively to group
work and thereby show others in the class community new sides of themselves and
thereby be recognized in new and different ways (Hartmeyer & Mygind, 2016).

Does udeskole promote the fulfilment of the basic need for relatedness?

Collaboration in groups can be a starting point for forming new relationships. Knowl-
edge of one another, physical closeness, and similarity are three pillars in forming
friendships (Bglling et al., 2019a). In small groups, pupils have physical proximity.
Group work will ideally mean that pupils work towards a common goal and shared
interest. As we described above, there is also the opportunity for pupils, through
udeskole, to experience new sides of one another, to feel understood and appre-
ciated. Through this, similarities that pupils have not been aware of before are
experienced—for example, similarity in interest, values and approaches to learning.

Several studies point out that the special feature of udeskole in relation to social
relationships is not only pupil-pupils relations, but also strengthened teacher-student
relationships. In udeskole, the teacher can potentially experience new sides of their
pupils, and vice versa. There is time and space to talk to each other. It seems that
pupils will feel more closely connected to their teacher (Mygind et al., 2018). The
teacher also plays a significant role in the pupil-to-pupil relationships. Teachers have
the opportunity to put together groups of pupils who do not already interact. The
continued group work from school day to school day allows pupils to get to know
each other better, thereby creating new peer relationships.

Transportation is often a necessity for getting from school to the park, forest, or
library—e.g. by bus, bike or on foot. A teacher must also consider what role transport
time should play, such as group work or informal socialization on the outbound and/or
the return trip? In TEACHOUT, we examined, among other things, the importance of
transport time for establishing new friendship relationships. Transport was of great
importance for maintaining existing friendships (Bglling et al., 2019a, b), which
may be a significant contributing explanation for the fact that new friendships can
be built through udeskole. However, informal transportation time in udeskole is also
paradoxical. Although transport time is expected to help support a basic need for
relatedness between pupils who already know each other, case studies also clarify
the reverse side of transport. Transport time in udeskole can in the extreme case
exclude pupils with weak attachment to others in class communities (Jgrring et al.,
2019). For pupils with a weak attachment, transportation time can mean increased
social dissatisfaction because they do not necessarily socialize with others in class
when on the move. Teacher should pay attention to this finding.
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3 Summary of the TEACHOUT Study and a Critical Look
at udeskole

The TEACHOUT studies have provided us with the most reliable knowledge to
date about the expected effects of udeskole for pupils in general. The pupils who
participated in the studies had, on average, a common level of mental and social
health and came from families with a medium to high socio-economic background,
understood as parents’ position in the labour market and their level of education
(Christensen et al., 2014).

Pupils have different prerequisites for participating in teaching and thus different
starting points for taking advantage of udeskole. For example, teachers’ motivation to
use udeskole may be to give pupils from resource-poor families better opportunities
to participate and learn (Figerstam, 2014). Ideally, practical and tangible work is a
special opportunity in udeskole (Hartmeyer & Mygind, 2016) and gives pupils—in
particular boys—who may have difficulty sitting still in a classroom, a well-being
boost which is also linked to more physical activity (see Mygind: Udeskole—Pupils’
Physical Activity and Gender Perspectives in this volume; Norddahl & Jéhannesson,
2014).

There is much evidence that udeskole can foster well-being and academic learning
through well-designed (outdoor) teaching, a clear teaching framework, and commit-
ment, but it does not seem that all children prefer udeskole as a teaching method,
although the vast majority express joy at udeskole. There are examples that academ-
ically strong pupils prefer teaching in the school classroom, where they find it easier
to concentrate (Jgrring et al., 2019). In continuation of the revised Danish school
reform in 2014, several follow-up evaluations were conducted including the impor-
tance of relocation teaching outside the classroom. It is clear that pupils with special
needs do not always respond as well to the many shifts and instability of the school
day as udeskole can cause. Turmoil and lack of concentration are examples of the
consequences that have been highlighted (Jacobsen et al., 2017). Some of the chal-
lenges registered among pupils with special needs can also be found in pupils in
general.

In the TEACHOUT study, we found that when udeskole is organized with few
hours, it does not appear to be beneficial for reducing hyperactivity and attention.
Furthermore, it seems to have a negative impact on helpfulness and empathy (Bglling
et al., 2019a). Longer- duration, e.g. a whole day with udeskole, seem to be more
beneficial for several reasons mentioned in this chapter and therefore preferred.

The socio-economic starting point for the development of pleasurable schoolwork
is a well-known phenomenon in outdoor teaching and learning (Dettweiler et al.,
2015). In the TEACHOUT study, we found that the effect of udeskole was greatest
for those pupils who already had the highest degree of enjoyment and pleasure
with schoolwork. Future studies of udeskole should have an extra focus on whether
udeskole especially favours pupils with the highest degree of intrinsic motivation
for schoolwork, but also whether udeskole is beneficial for pupils from more or
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less resourceful families. Here, the teacher’s role is crucial (see Barfod & Mygind:
Udeskole—Regular Teaching Outside the Classroom in the volume).

A small but positive effect

The TEACHOUT study of pupils’ well-being, mental and social health shows that
udeskole conducted regularly for a year reinforces pupils’ desire for schoolwork.
These findings are based on the fact that pupils were taught in udeskole equivalent to
just below one sixth of the total weekly teaching time—mainly practiced in nature
and green spaces and across school subjects. Social well-being, in terms of social
network relationship to peers was positively affected—albeit to a modest degree—
while helpfulness and empathy were strengthened.

In other words, udeskole emerges as a strong proposition of a teaching method
that generally strengthens the well-being and health of pupils, but also that pupils
with special needs are challenged when teaching is moved outside the classroom and
school buildings. Some pupils are challenged by the possibility to concentrate. In
order for udeskole to play a role in school life, it is important for teachers to become
acquainted with the mental and social importance of udeskole in teacher education
or through continuing education courses in order to experience how learning and
health can be embodied in well-designed and structured regular outdoor teaching
and learning sessions. In general, parents are very positive about udeskole. However,
udeskole teachers point out that especially support from schools’ management and
colleagues is crucial to maintain commitment to weekly or bi-weekly work outside
the classroom (Mygind et al., 2018).

Research of udeskole does not end with the results from the TEAHCOUT study.
In fact, this is just the beginning of more evidence-based conclusions about udeskole.
Based on the intervention and research design of the TEACHOUT study, the next
large-scale udeskole-study sees the light of day. The Danish Novo Nordisk Founda-
tion have recently granted 1 mil. EURO for the realisation of the MOVEOUT study
(www.moveoutstudy.dk, accessed 31/058/2021) which includes 30 Danish schools.
With an increased attention to pupils’ physical activity in udeskole, the MOVEOUT
study investigates the effect of one year of weekly use of udeskole on pupils’ move-
ment behaviours, academic motivation, well-being, and academic performance. In
addition, it is explored which pedagogical activities cause the effects.
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Some Impacts on Health and Wellbeing )
from School-Based Outdoor Learning L

Sue Waite and Jennie Aronsson

1 Introduction

In this chapter, we explain some contemporary challenges to public health, focusing
on the case for England and similar Western societies. We argue that school-
based outdoor learning represents a medium through which health and wellbeing
promoting initiatives to address these challenges can be distributed more equitably.
We describe three case studies that illustrate how schools might implement and
monitor such initiatives and discuss their implications for making schools a focal
point for developing happier and healthier people.

2 Public Health Challenges

The health of those living in more deprived areas in England is worsening with health
inequalities increasing over the last decade (Marmot et al., 2020). This is reflected in a
range of health and wellbeing outcomes across the life span (Public Health England
(PHE) 2019a). One of Public Health England’s top priorities for 2020-2025 is to
give each child the best start in life and the foundations of good health into adult-
hood (PHE, 2019b), yet children today increasingly face physical and mental health
challenges. For example, about one quarter of children aged 4-5 are overweight or
obese; by the age of 10-11, this number is a third (NHS Digital, 2019). In both age
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groups, children living in the most deprived areas are twice as likely to be obese
as those living in the least deprived areas (ibid). Children and young people nowa-
days spend a lot of time on screens. This is associated with a higher calorific intake
together with missed opportunities to be physically active, socialise and get a good
night’s sleep—activities that promote good health and wellbeing (Royal College of
Paediatrics and Child Health, 2019). In England, one in eight children aged 5-19
suffers from at least one mental disorder; a number that has increased over the last
20 years (NHS Digital, 2018). Mental health problems have been exacerbated by
the COVID-19 pandemic, particularly in children and young people from socioeco-
nomically deprived households, with reports of sleep difficulties, feeling lonely and
worrying about leaving the house (Newlove-Delgado et al., 2021). Spencer (2013)
presents a range of adverse child health outcomes that would be reduced by between
18 and 59% if all children had the same outcomes as those most socially advantaged.
There is an urgent need to address such health inequalities and enable all children and
young people to access health and wellbeing promoting initiatives, such as spending
time in greenspaces (Roberts et al., 2020).

3 What School-Based Outdoor Learning Offers in Terms
of Universal Access

Unfortunately, inequalities in public health challenges are also mirrored, and indeed
intensified, by uneven access to quality natural environments, which can offer so
many benefits for health and wellbeing. Areas of deprivation usually have inferior
quality public greenspace (Schiile et al., 2019). Inadequate access to and use of
good quality greenspace exacerbates poor health outcomes for deprived communi-
ties (Allen & Balfour, 2014), yet these communities can potentially gain most from
such spaces (Lovell et al., 2020). Monitoring of Engagement with the Natural Envi-
ronment (MENE) surveys over a period of years have shown that infrequent users of
greenspace tend to be people who are: female; older; in poor health; of lower socioe-
conomic status; with a physical disability; ethnic minorities; living in deprived areas;
with less local access to greenspace; and living further from the coast (Boyd et al.,
2018). This enormous data set has enabled analyses that show marked disparities
in the amount of time families from low socioeconomic groups and ethnic minori-
ties spend in green spaces. This may be due partly to the quality and amount of
green space in local parks in areas of deprivation, problems in affording additional
costs such as travel and food to go to more distant green spaces as well as cultural
mismatches in current offers supporting engagement (Waite et al., 2021). However,
adults spending just two hours per week in greenspace are more likely to experience
better health and wellbeing than those who do not, regardless of whether they have
one long, or several short visits, who they are and where they live, or what kind of
natural environment they visit (White et al., 2019). The effect on their health was
equivalent to improvements through living in an area of lower deprivation; being
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employed in a higher social grade occupation; and achieving recommended levels
of physical activity (PHE, 2020).

A similar situation has been noted in the US, where access to nature is also
divided along cultural and socioeconomic fault lines (Warren et al., 2014). There
are attempts to redress these inequalities through community-based initiatives' but
these approaches are frequently hampered by ongoing problems in attracting ‘hard-
to reach’ groups (Waite et al., 2021). The fact that most children attend school
irrespective of cultural or socioeconomic background presents a useful entry point
for inclusive access to natural environments and healthy lifestyle programmes (Day
etal., 2019). A further advantage of schools being a principal access point to nature
is that they can embed outdoor learning provision within the curriculum (Waite et al.,
2016), so that extra time and resources are not required to spend time and be active
in nature.

4 Health and Wellbeing Responsibilities of Schools

Schools today are expected to provide a healthy learning environment, which
promotes physical and mental health and wellbeing opportunities in addition to
education. The World Health Organisation (WHO) developed the health promoting
schools (HPS) concept in 1992, with a recent launch of a new initiative to make every
school a health promoting school by developing and promoting global standards for
HPS (WHO, 2020). In England, health and wellbeing is embedded within the Rela-
tionships Education curriculum, compulsory in primary schools since September
2020 (Department for Education, 2019). As part of this curriculum, children learn
about the benefits of time spent outdoors; however, it is up to individual schools how
this is implemented. Schools may choose to re-evaluate their school grounds from
the perspective of providing high-quality outdoor learning environments, installing
school gardens, wildlife zones and areas that can be used in all weathers with open-
ended play materials, such as logs, boxes, tyres. These features can offer greater
awareness of healthy eating, appreciation of and attachment to other species and
enhanced physical mobility and creative play. Schools may offer lessons that enable
children to learn about the natural environment and sustainability; whilst others
engage pupils in curriculum learning outside the classroom across a broad range of
subjects and topics.

Several countries have adopted this integrated approach to outdoor learning,
for example Denmark, where udeskole—regular curriculum outdoor learning—is
becoming more widespread supported by governmental policy (Mygind et al., 2019),
or Finland, where there is a requirement to adopt experiential education in outdoor
environments within the national curriculum (Sjoblom & Svens, 2019).

' WWF: People and Communities. https://www.worldwildlife.org/initiatives/people-and-commun
ities; Children & Nature Network: Cities. https://www.childrenandnature.org/cities/ (both accessed
30/4/2021).
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5 Combining Educational and Health Outcomes

There is growing evidence that spending time outside in natural environments, often
school-based, is associated with improvements in children’s skills and development
(Lovell et al., 2020; PHE, 2020). Green school grounds that include natural features
are associated with better behaviour and attention restoration (Fiennes et al., 2015),
better learning processes and outcomes (Natural England, 2016a), and attainment of
higher levels of achievement than control groups in reading, mathematics, science
and social studies, physical education and drama (Browning & Rigolon, 2019). Waite
et al. (2016) attribute these educational improvements to children’s enjoyment of,
and greater engagement with, their lessons and their experiences of success through
different pedagogies and places, which together raise their self-confidence and moti-
vation to learn. The number and breadth of research reports from multiple perspec-
tives and disciplines have reached a critical mass, strongly indicating that positive
educational and wellbeing outcomes for children derive from increased opportuni-
ties to learn in natural environments (e.g. Natural England, 20164, b). Evidencing
educational benefits is necessary to persuade school leaders to adopt such practices.

Additionally, time in nature and outdoor learning have been shown to increase
physical activity levels and reduce sedentary behaviour (Calogiuri & Chroni, 2014;
Aronsson et al., 2015; see Mygind: Udeskole—Pupils’ Physical Activity and Gender
Perspectives in this volume), and positive associations between access to greenspaces
and mental wellbeing have been observed, including reductions in attention deficit
and hyperactivity (McCormick, 2017; Tillmann et al., 2018). Vanaken and Danck-
aerts (2018) suggest these effects on mental health and wellbeing vary depending on
children’s developmental stages and types of environment. Thus, outdoor learning has
demonstrable potential to combine health and wellbeing outcomes with educational
aims.

In the following sections, we describe three projects that illustrate ways in which
outdoor learning can make a valuable contribution to decreasing sedentary behaviour;
supporting children’s sense of wellbeing and enjoyment of school; and contributing
to teachers’ own wellbeing.

6 Case Study 1: Woodland Health for Youth (WHY):
Where to Maximise Physical Activity

The first case study outlines a small-scale partnership between health, education and
environmental sectors: the Woodland Health for Youth (WHY) project, undertaken
in the spring of 2014 and funded by Plymouth University’s Faculty of Health, Educa-
tion and Society, the BIG Lottery programme Good from Woods and the Plymouth
City Council’s Green Infrastructure Team. A specialist community public health
nurse/school nurse was employed as a practitioner-researcher working collabora-
tively with a local primary school that delivered learning outside the classroom
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in natural environments. This form of outdoor learning was supported through
the Natural Connections Demonstration Project (Waite et al., 2016, see Passy &
Blackwell: Natural Connections: Learning About Outdoor-Based Learning in this
volume).

The aim of the WHY project was to evaluate the physical health benefits of outdoor
learning through an action research approach. Meyer and Cooper (2015) describe
action research as an approach to improve practice through a participatory research
process in a real-world context. Adopting this approach, the practitioner-researcher
participated in outdoor sessions at the primary school, helping the teaching staff
with group management. This facilitated an understanding of the context of outdoor
learning sessions and an insight into the participating children’s views. Observations,
discussions, thoughts and ideas were captured through a reflective log.

The school where the research took place was situated in an area of high depriva-
tion, with many parents reliant on state support. At the time of the research, a year
2 class had weekly outdoor lessons—some within the school grounds and some in
a nearby woodland. Participants were recruited from this class through information
letters sent to all parents/carers of the 25 children in the class; the first ten consent
forms (of equal gender distribution) returned were included in the study. Due to one
girl’s parent withdrawing her from the study, a boy took her place, resulting in six
male and four female participants.

Quantitative data measuring children’s physical activity were collected through
accelerometry. An accelerometer is a device that measures acceleration of movement,
which is subsequently translated into different levels of physical activity. The WHY
study used wrist-worn accelerometers which had been validated on children, with
cut-points developed by Phillips et al. (2011) to translate raw data into physical
activity levels. For five weeks, the ten participants wore their accelerometers on the
day when they had their outdoor learning session. Through statistical data analysis,
activity levels during their morning indoor lessons were compared to the activity
levels during their afternoon outdoor session, to test the hypothesis that children are
more active when they learn outdoors.

Meyer and Cooper (2015) argue that any type of data can be collected in action
research depending on the social situation and the evolving research process. The
reflective evidence collated by the practitioner-researcher during outdoor learning
included comments made by children:

This is fun! (girl looking for insects on a tree)
I love nature. (boy in the woodland)

I can feel the sun in my face and the fresh air. (girl in the woodland)

Correspondingly, children were observed as active during outdoor learning; when
allowed, children would run instead of walk, climb on fallen trees and tree stumps,
throw stones in the stream, jump between rocks, use a stick to dig in the soil and
so on. The children’s body language, together with their comments, reflected the
joy that these activities and the outdoor environment engendered. This is likely due
to a combination of well-documented mental health benefits for children that come
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with accessing the outdoors (McCormick, 2017) and mental health benefits related
to being physically active (Department of Health and Social Care, 2019). Obser-
vational data also highlighted many other skills that developed through outdoor
learning, including gross and fine motor skills; risk-taking behaviour and safe prac-
tice; curricular learning such as literacy and biology; creative activities such as art
and imagination; social skills such as listening, taking turns and working together
on a project; and building confidence and self-efficacy.

The main focus of the accelerometry measurements was to compare moderate-
to-vigorous physical activity (MVPA) between outdoor and indoor lessons, as there
is a national target in England for children aged 5-18 to spend 60 min or more a day
in MVPA (Department of Health and Social Care, 2019). Additionally, the national
recommendation stipulates a need to minimise sedentary behaviour, so we compared
the proportion of time spent in sedentary phase during outdoor compared to indoor
lessons. The results showed that children spent a significantly larger proportion of the
time in MVPA during outdoor learning sessions (17.0% =+ 6.7) than during indoor
lessons (6.2% =+ 4.3), p < 0.001. Since some outdoor sessions were held in the
school grounds and some in the nearby woodland, a sub-analysis was performed to
explore whether there was a difference in physical activity levels between the two;
this showed significantly higher levels of MVPA during woodland outdoor learning
(19.0% = 7.1) than during school grounds outdoor learning (13.7% =+ 4.8), p < 0.05.
Figure 1 shows the difference between the proportion of time children spentin MVPA
depending on if they were engaged in woodland outdoor learning, school grounds
outdoor learning, or an indoor lesson. Furthermore, children spent a significantly
smaller proportion of their time being sedentary during outdoor sessions (44.2% =+
11.6) than during indoor lessons (60.4% =+ 11.0), p < 0.001.

The WHY project indicated through a range of data that children were more active
during outdoor sessions than during indoor lessons, and that this had a positive effect
on their physical health and mental wellbeing. The higher levels of physical activity
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in the woodland compared to the school grounds might be explained by the bigger and
less familiar space that the woodland offered compared to the school grounds. Passy
and Waite (2011) identify several benefits to woodland-based learning, including
greater freedom, wilder and more natural space, child-led learning, negotiated bound-
aries, created activities and managed risk. Our study was undertaken in an area of
high deprivation, which is a known factor in reduced access to, or use of, green
spaces (Boyd et al., 2018). To expose children to natural environments as part of
the curriculum removes these barriers and provides all children, regardless of their
socio-economic background, the same opportunities to learn, explore, and enjoy the
health and wellbeing benefits of being outdoors.

7 Case Study 2: Mapping and Measuring Healthy
Outcomes: Capturing School Progress

In this next case study, we look at how schools can monitor physical activity and
wellbeing to inform school development for pupils’ health and wellbeing.

The Mapping and Measuring Healthy Outcomes (MMHO) research project
was funded by the Naturally Healthy Devon Schools (NHDS) Project partner-
ship of the Campaign to Protect Rural England (Devon), Natural England, Devon
County Council and Plymouth University’s Institute of Health and Community.
The NHDS project was intended to help schools to align outdoor learning and the
promotion of health and wellbeing through reducing sedentary behaviour during
schooling. MMHO was small-scale research that supported the evaluation of NHDS
by exploring school-friendly methods of assessing physical activity levels and
wellbeing.

Accelerometers are commonly used to measure and inform health related research
with both adults and children, but the cost and complicated analysis of accelerom-
eter data are generally prohibitive for regular school-based assessments of phys-
ical activity (PA). While self-report is generally considered appropriate to measure
subjective wellbeing as this concerns how an individual feels about their wellbeing,
it may be biased by social desirability responses in reporting actual physical activity
levels (Robson, 2011). Furthermore, Baquet et al. (2007) warn that children’s PA
patterns are highly variable compared to adults and that they may be less able to
self-report accurately. On the other hand, the competence of children to be actively
involved in research is often underestimated (Alderson, 2000), especially within
medicalised literature (Montreuil & Carnevale, 2016). Our study provided an oppor-
tunity to explore whether children aged over 7 years would be capable of assessing
how physically active they had been in lessons. We also considered it important to
discover the extent to which less expensive technical measures, such as pedome-
ters, might give practically valuable information for schools about pupils’ levels of
PA and sedentary behaviour, given schools’ role in monitoring weight and reducing
risks of obesity through Relationships Education responsibilities. The value of using
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three methods was not only that we could triangulate the results, but that children
might become more aware of their PA through comparisons of their self-report and
objective measures. Children’s involvement in monitoring their PA would give them
agency in making changes in their behaviour, whilst also offering opportunities for
curricular maths, science and Relationships Education.

Over a summer term in 2015, children aged between 7 and 10 years from two
primary schools in Devon, England, were given pedometers or accelerometers and
questionnaires to measure sedentary behaviour and levels of PA. The two schools
were purposively chosen as they were interested in finding out more about the benefits
of outdoor learning. The pedometers measured the number of steps; the accelerome-
ters measured the intensity of the activity levels; and the questionnaires were devised
as a comparative tool using self-report.

For the questionnaire, children and teachers were asked to rate their perceptions
of levels of activity during lessons inside or outside using a four-point scale, linked to
categories of physical activity recorded by the accelerometers—sedentary, low-level,
medium-level and vigorous. By comparing the quantifiable questionnaire responses
from teachers and pupils with quantitative data from the measuring instruments, we
intended to assess the accuracy of pupils’ and teachers’ perceptions of children’s PA
and determine whether perceptions of levels of activity correlate with actual PA.

The results were analysed using SPSS. Cross-tabulations showed that when chil-
dren’s responses were compared to the total counts per hour for sedentary, light to
medium and moderate to vigorous activity levels, they correlated with the objective
measurements to a statistically significant degree (p < 0.05).

The descriptions of activity level that discriminated most successfully in terms of
objective measurement were “I moved and ran around most of the time” and “I mostly
sat down a lot”. These statements are in line with national targets for children aged
5-18 years not only to spend more time in moderate-to-vigorous physical activity but
also to minimize sedentary behaviour (DHSC, 2019). Combining the intermediate
categories (light and moderate physical activity levels) provided the best fit with the
pedometer and accelerometer data, suggesting that children found it more difficult
to distinguish finer grades of activity levels.

Figure 2 illustrates variation in individual interpretations and uptake of opportu-
nities to be more physically active, but that on average, self-report represents PA as
measured by pedometers. Similar individual variation was noted in the WHY study.

Comparisons of pupil responses with teacher reports can help to identify chil-
dren who are outliers, perhaps very active in class or mostly static, even when
outdoors. In the WHY project, there were marked differences between individual
levels of PA in woodland, school grounds and during outdoor learning and play
times. The differences between individual children’s activity levels during outdoor
learning were flatter compared to during free play, possibly because assigned learning
tasks incorporated requirements for more PA by all children.

As Fig. 3 shows, while children and teacher assessments correspond on average,
interesting anomalies may be missed. Taken together, case study 1 and 2 point to the
value of outdoor learning sessions in motivating less-active children to move more,
and the positive contribution that monitoring PA can have in identifying less-mobile
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children. Greater awareness on the part of teachers and children of mismatches
in their assessments, coupled with corroboration through pedometers, could help
address meeting the needs of outliers in terms of appropriate physical activity levels
for different lessons. The WHY project showed that outdoor learning provided a
more equitable and consistent way of increasing physical activity levels for all chil-
dren, compared to breaktime when greater variations were seen between individual
children.
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Our study also used qualitative methods that showed how lessons inside and out
might be differently experienced by children. Most of the children’s drawings of
outdoor learning featured a social scene with two or more people, while inside
activity depicted solitary children sitting still or simply the task without people
included (Fig. 4), providing further evidence of the wider wellbeing benefits of
outdoor learning, such as enhanced social skills.

Our trial of multiple methods of measuring activity levels suggests that schools
do not need to use expensive instruments to provide evidence of reducing sedentary
behaviour. Children’s perceptions appear sufficiently accurate to provide indicative
data and can be fruitfully compared to accepted objective measures, such as pedome-
ters, to raise personal awareness of and engagement with healthy activity levels.
The self-report questionnaire is available to show the levels of PA stimulated
by different outdoor learning lessons and those delivered inside the class-
room in an open access toolkit: Creating Happy and Healthy Schools through
Outdoor Learning  https://www.plymouth.ac.uk/uploads/production/document/
path/10/10803/RFJ27519_Education_folder_and_amends_ CORRECTProof_3A.
pdf (accessed 30/4/2021).

Outdoor learning

Fig. 4 Children’s depiction of outdoor and in-classroom learning
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8 Case Study 3: Doing the Best for Their Pupils: Outdoor
Learning and Teacher Wellbeing

In Case Study 3, we consider how outdoor learning impacts on teacher wellbeing,
based upon data from the Natural Connections Demonstration project (NC) (see
Passy & Blackwell: Natural Connections: Learning About Outdoor-Based Learning
in this volume), and the Naturally Healthy Devon Schools project evaluation,
described above.

Schools are frequently called upon to deal with many societal problems and
teachers can feel overwhelmed by the number of roles they are expected to fulfil,
a situation sharpened during the COVID-19 crisis and its multiple adverse effects
on children and schooling. We were pleased to find that NC teachers experienced
benefits for themselves as well as their pupils in adopting outdoor learning practice.
For example, teachers at one primary school reported enjoying their lessons in the
natural environment as much as the children. They felt staying indoors all day was
oppressive and going outside was important for their mental health (case study notes,
primary school, NC). Overall, in the survey data from our NC evaluation, we found
that seventy-two percent of project schools reported positive impacts on participating
teachers’ own health and wellbeing.

Yet, in interviews with teachers, personal pleasure was less apparent. While some
teachers mentioned their own experiences of childhood spent in nature and their
continuing enjoyment of being outdoors, the most common route to wellbeing seemed
through their professional commitment to doing the best for their pupils.

I get a lot of personal satisfaction from it but I think that is from seeing the engagement,
the enjoyment...just the joy of [children] being outside in the fresh air engaged with nature
watching the seasons change... (outdoor learning lead, primary school, NC)

...one of the key bits of the science curriculum is the wonderment of science. I think it is hard
to bring in the wonderment of science stuck in a science lab for the whole year whereas if you
get outside you can give some people a real...oh my gosh! (teacher, case study, secondary
school, NC)

This interpretation of an indirect route to teacher wellbeing is further supported
by school survey results which showed that teachers saw positive effects on their
teaching practice (79%) and their professional development (69%) which were
accompanied by strong impacts on teachers’ job satisfaction (69%). For some
teachers, support was needed to translate their own passion and enjoyment into
meaningful learning for pupils.

I know what my childhood was like, so I knew the trees and birds and I wanted to pass that to
my class [...] but since then we’ve been on some real good quality training (teacher, primary
school, NC)

Staff also commented on improved relationships with children in an outdoor context.

I feel I can let them go I don’t have to have them within my sight every moment ‘cos I think
they are learning to be responsible in their own right... without an adult present (teacher,
primary school, NC)
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Good staff-pupil relationships are foundational to teacher wellbeing (Roffey, 2012).
Naturally Healthy Devon schools (NHDS) started from a high baseline of pupil
health and wellbeing but still reported gains through curriculum outdoor learning
and other health and wellbeing initiatives, including healthy eating lessons and
participation in the Food for Life scheme during the project.
Positive impacts for teachers’ wellbeing through outdoor teaching were also noted.

Everyone loves teaching outside when they can, and this has been said many times across
the school (survey comment, NHDS)

Teachers’ enjoyment of taking their pupils outside to learn fed through to pupils’
pleasure too.

[Working outdoors] gives teachers more enjoyment and more confidence. And I think that
is the number one thing that is going to help those children; the teachers, the way they are
teaching (headteacher, NHDS)

However, even though this sub-project was focused on health and wellbeing,

The health and wellbeing aspect [...] hasn’t been a big part of what they are doing. (hub
leader, NHDS)

A lack of emphasis on health and wellbeing may stem from recognition that the
principal drivers for schools in England are standards of educational attainment,
evaluated by the Office for Standards in Education (OFSTED). As in the wider NC
data, teachers’ source of satisfaction and wellbeing appeared to derive principally
from their sense that they were improving pupils’ experience of schooling.

It has helped inspire myself, the school and our children to get out of the classroom setting.
‘We hope that OFSTED will see the benefits that this has had on our teaching and the pupils’
learning progress. (survey comment, NHDS)

In effect, teaching outside provided an antidote to the

pressured environment for teachers where they are being told what to do and that they are
not doing it very well and need to do it better. (hub leader, NC)

[Outdoor learning] has helped staff and had a big impact, specifically it has given the staff
the confidence to stand up for what they think is right and do what they think they are doing
well and not go round spinning plates trying to do all these different things. (outdoor learning
team, primary school, NC)

It seems that outdoor learning reconnected some teachers with their personal values
and clarified their priorities (Waite, 2011). The experience may support staff and
pupil wellbeing because it offers learning by the back door, reducing pressure to
cram knowledge into the timetable.

It is generally more relaxing for both staff and children. There’s not that rigidity there of
‘we’re in this learning space to learn’—they re almost sat (sic) there learning and not realising
they’re doing it. (head teacher, NHDS)

Of course, some teachers were less enthusiastic about teaching outdoors for a variety
of reasons, including lack of confidence or personal interest in nature. For these
teachers, team teaching and practical continuing professional development through
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which outdoor learning was fostered in NC, coupled with witnessing the benefits for
pupils first-hand as fellow teachers embraced the opportunities, provided positive
experiences to build their willingness to take part. Experiencing outdoor teaching and
its benefits appeared to be an effective way to influence hearts, minds and practice.

9 Discussion

The three case studies presented here all point to positive health and wellbeing
impacts on children from school-based outdoor learning. Recognition of the impor-
tance of experiences in nature is not new; in 1984, Wilson formed his biophilia
hypothesis, which proposes that humans have an innate love for nature, and in 2005,
Louv argued that depriving children of nature experiences can lead to nature deficit
disorder, with poor physical and mental health outcomes as a result. However, recent
years have seen a significant increase in a robust evidence-base related to health and
wellbeing benefits of being outdoors as we outlined in the introduction to the chapter.

The main finding from the WHY project (case study 1) was that children spent
significantly more time in moderate-to-vigorous physical activity and less time
being sedentary when learning outdoors (particularly woodlands), than in indoor
lessons. This supports findings from a systematic review by Gray et al. (2015), which
found positive effects of outdoor time on physical activity, sedentary behaviour, and
cardiorespiratory fitness in children aged 3-12 (28 studies from nine countries; a
cumulative sample of 13,798 participants). While sport is sometimes championed to
address health challenges, these results indicate there are other school-based routes
to reach children who are reluctant to participate in physical exercise per se.

The second case study charted the development of an evidence-based tool
for schools to assess health outcomes from outdoor teaching without having to
buy expensive equipment. This offers potential to increase schools’ ownership of
their outdoor teaching, through evaluating the outcomes of outdoor sessions, and
evidencing the value that they bring. Participatory action research involving 75
teachers from five primary schools in the Netherlands identified that some of the
barriers to outdoor education were related to a lack of formal status of outdoor
learning, and a need for structure or a framework (van Dijk-Wesselius et al., 2020).
The Creating Happy and Healthy Schools through Outdoor Learning toolkit provides
such a framework and can support teacher confidence in adopting outdoor pedago-
gies. Children’s involvement encourages greater responsibility for their own healthy
lifestyles, whilst providing schools with data to inform effective changes to school
policy and practice. In addition, empirical demonstration of these benefits at a local
level should appeal to schools looking for evidence to share with staff, gover-
nors, parents and pupils that justifies the pedagogical choices they make, underpins
parental and managerial understanding, and grows practitioners’ confidence in taking
children’s learning outdoors.
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The final case study allowed us to consider the impact of outdoor teaching on
staff wellbeing. We found teacher wellbeing was frequently interconnected with
pupil wellbeing; if teachers felt that their pupils enjoyed and benefitted from outdoor
sessions, it gave them job satisfaction. Therefore, since being outdoors is good for
children’s wellbeing (McCormick, 2017), we can infer a knock-on effect for staff
wellbeing. In a similar way, teachers’ professional pride in meeting children’s cogni-
tive and affective needs through alternative teaching approaches and consequent
higher levels of personal wellbeing appeared to contribute to increases in many chil-
dren’s enjoyment of and satisfaction with their learning experiences. Our research
also suggested that for some teachers, the outdoor experience reconnected them to
their own happy childhood or contemporary experiences in nature, reinforcing a
sense of wellbeing. Significant life experience research suggests that adults who
spent time in nature as a child have a greater possibility of working in an environ-
mental field or, at least, have a greater environmental commitment than those who did
not (Wells & Lekies, 2006). This also aligns with the biophilia hypothesis (Wilson,
1984) suggesting a need for humans to connect with nature and other living crea-
tures, which has been reaffirmed by recent studies (Roberts et al., 2020). Positive
teacher-pupil relationships fostered outdoors were also linked to teacher wellbeing
(Roffey, 2012).

However, not all teachers or children will currently experience these opportunities.
Through embedding school-based outdoor learning, it is possible to break cycles of
disconnection from nature and create new generations that regard school time spent
learning outdoors as normal and necessary.

10 Implications for Policy and Practice

A step-by-step approach is recommended for schools wishing to promote health
and wellbeing outcomes through outdoor learning. First, inclusion of principles of
children’s voice and agency in school policy documents makes it clear to all staff,
parents and governors that listening to children’s opinions and providing space for
them to shape how they experience school is important. Outdoor learning provides
an ideal space for that to happen.

Shared steps to outdoor-based healthy outcomes

1. Form a working group with representation of managers, staff and pupils
(parents and governors) for planning and progress monitoring.

2. Get children involved in design, activities, analysis and dissemination
stages. Taking notice of their priorities and what they would like to include
will increase their motivation.



Some Impacts on Health and Wellbeing ...

Use questionnaires to find out the extent and impact on physical activity
of different lessons, how children and teachers feel when learning outside,
how much learning time is spent outside. Devise outdoor lesson plans that
encourage movement necessary to achieve goals.

Use pedometers to quantify steps taken during inside and outside lessons,
incentivise increased physical activity, and provide data for children to
use in maths, science and PSHE lessons back inside. Monitoring personal
activity levels using pedometers may encourage less-active children.
Use creative methods, such as writing, drama and art, to help children
express what learning outside and moving more means to them.

Present the results to class, assembly, parent and governors’ meetings, and
other schools.

Review progress regularly.

Plan next actions.

Shared steps to outdoor-based wellbeing outcomes

1.

Integrate children’s voices into school improvement and curriculum plan-
ning to address how the outdoor learning environment (and indoor!) can
be enhanced and better used for children’s learning and wellbeing.
‘Family groups’ with a teacher and children of mixed ages that report
to School Council and/or the governors of the school can be effective in
ensuring even the youngest children’s voices are heard. It also builds a
sense of community across the school.

Be alert to other times when children express their wishes; these often
emerge during outdoor sessions where relationships between teacher and
children are less formal.

Create action plans from these consultations that include children’s active
contribution. This might be through design input, fundraising, monitoring
progress, for example.

Document and explain how children’s views have shaped the curriculum
and how it is delivered.

Remember to celebrate achievements in meeting expressed wishes, letting
children have a say and role in how these are highlighted.

Keep the cycle going so that all children experience agency throughout
their learning journey at school, and the outdoor learning environment
and curriculum remain a living relevant context.

Check that similar respect is shown for all staff views, modelling
inclusivity.

185
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11 Conclusion

Perhaps the most compelling aspect of our case studies is linked to the stark evidence
that children from lower socioeconomic backgrounds have poorer health and well-
being outcomes (Marmot, 2020). Our case studies were conducted in areas with
high levels of deprivation because we wanted to focus on those children who might
benefit the most. The positive results from our studies suggest that integrating outdoor
learning in the school curriculum represents an equitable and efficient way to promote
positive health and wellbeing for all children attending school. Nature is a resource
that can offer physical and mental space for children and young people to explore
and develop; but as Maller et al. (2006) note, its potential as an upstream health
promoting resource is not always realised. We hope that this chapter will provide
some inspiration to maximise its rich potential.
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How Daylight Controls the Biological )
Clock, Organises Sleep, and Enhances L
Mood and Performance

Anna Wirz-Justice

1 Introduction

Outdoor-based learning: an interesting new concept for a chronobiologist. But imme-
diately I recognised the relevance of the field of biological rhythms to the under-
standing of a basic factor of the outdoor environment, taken for granted yet not
completely analysed: daylight. Here a short biology lesson will show why outdoor
light can be crucial for high quality learning, via neural mechanisms that control
a broad range of behaviour, physiology and endocrine function, and support stable
mood and alertness during the day and consolidated sleep at night.

2 Daylight

Let us begin with detailing the parameter of outdoor daylight availability. Daylight
follows a predictable pattern of light intensity and spectral changes day by day
throughout the year, with twilight transitions of dawn and dusk. The daily and annual
pattern is specific for a given geographic location, and Fig. 1 shows the complexity
of daylight at a latitude of 50°N (e.g. Champagne in France).

It is extraordinary that the human eye can register this enormous range of light
intensity from a starlight minimum of 0.0003 Ix to sun overhead at ca. 100,000 Ix
(Fig. 2). Subjectively, we experience the brightness of skylight compressed on a log
scale, but our physiology tracks the signal in exquisite detail.

Daylight is the primary geophysical signal to which all life on earth has evolved.
Chronobiology is the science of daily (circadian), monthly, tidal, and seasonal
rhythms that are related to the regular and predictable movements of sun and moon
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50° N lat

solstice

Fig. 1 A 3-D representation of daylight intensity (log 1x, y-axis) across the 24-h day (x-axis)
throughout the seasons of the year (z-axis) at a latitude of 50°N (M. Terman, Columbia University)

Fig. 2 Range of
illumination from starlight to
midday sun (log 1x).
Arbitrary cut-offs at
approximate light intensities.
Indoor room light ranges
from ~10 to 300 Ix. Sunrise
and sunset occur around

700 1x, civil twilight ~1 1x,
the full moon ~0.2 Ix
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(Hastings et al., 2008). Internal temporal organisation ensures that the right function
occurs at the right time (and separates incompatible functions)—within individuals,
between people, and between species. The most obvious rhythms are those linked
to the 24-h day-night cycle (Cajochen et al., 2010; Hastings et al., 2008). These
circadian rhythms range from behavioural patterns in the general population (more
accidents in the second half of the night) to the individual (the daily sleep-wake cycle
and core body temperature), as well as metabolic rthythms that occur in each organ
and cell. Circadian rhythms are not merely a response to the environmental time
cues of light and dark, they are endogenous, that is, they are driven by molecular
clock genes that tick at a frequency ~24 h (Hastings et al., 2008). Nearly all living
organisms—from bacteria to plants, insects and mammals—have evolved astonish-
ingly similar molecular timing systems (Dunlap & Loros, 2017): they guide plants to
time photosynthesis, allow monarch butterflies to navigate thousands of miles, cue
hamsters to hibernate, and maintain health status in humans—as long as they live in
sync with their biological clocks.

3 The Human Circadian System

Within the biological clock, which lies in the hypothalamic suprachiasmatic nuclei
(SCN), a clock gene network encodes circadian periodicity of approximately, but not
exactly, 24 h (Hastings et al., 2008). The circadian system in the brain needs to receive
information about the consistent external day-night cycle (Cajochen et al., 2010), and
light is the major synchronising agent (or ‘zeitgeber’). Photic input from the eyes
to the SCN is transduced via specialised circadian photoreceptors called intrinsic
photosensitive retinal ganglion cells (ipRGCs), which contain a blue-wavelength-
sensitive photopigment, melanopsin (Hankins et al., 2008); these transmit the signal
directly from the retina to the brain via the retinohypothalamic tract (Fig. 3).

The classical cone photoreceptors, which mediate daytime vision—color, move-
ment, shape, and edges—and rod photoreceptors, which enable us to see in dim light
and near-darkness, have secondary interactions with the non-visual ipRGC system

retina —> optic —> SCN — neuronal firing — circadian rhythms
nerve

O

Fig. 3 The biological clock in the SCN. Light from the retinal ipRGCs (most sensitive to blue
wavelengths) is transmitted to the SCN (firing patterns from a multiple unit activity record) and
thereby synchronises all downstream rhythmic functions (e.g. core body temperature). Data: S.
Honma, C. Cajochen
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(Hankins et al., 2008). Neuronal firing patterns in the SCN convey the day-night
information to many regions of the brain, driving day-night rhythms in biochemistry,
physiology, and behaviour. The variety of non-visual functions directly influenced
by this pathway ranges from pupil size, pineal hormone melatonin secretion, mood,
vigilance, and cognitive performance, to sleep and learning.

4 Light as Zeitgeber

Of prime importance is the characteristic of light as a zeitgeber to shift circadian
rhythms earlier or later depending on time of day of exposure (Minors et al., 1991;
Roenneberg et al., 2013). Morning light advances the clock earlier; while evening
light delays the clock (Minors et al., 1991). Additionally, regular light exposure
synchronises and stabilises rhythms: all the cellular and organ clocks depend on
daily zeitgeber exposure for good entrainment (Van Someren & Riemersma-Van
Der Lek, 2007).

This critical role of light as zeitgeber for humans was discovered using light
intensity much higher (1000 1x) than indoors (10-300 1x) (Lewy et al., 1980). In
later experiments circadian responses have been observed at lower light intensities,
depending on prior light exposure, duration and spectrum of the light source, and with
large interindividual variability (Boivin et al., 1994; Danilenko et al., 2000; Phillips
et al., 2019). In contrast, clinical applications of light use 10,000 1x (Terman &
Terman, 2010), well within the range of full daylight.

Thus, there is a specific range of light intensities that affects human rhythms. In
order to maintain stable entrainment—which is not only a prerequisite for good night-
time sleep and daytime alertness, but also for mood state, cognition, and neurobe-
havioural function—a minimum of 1000 1x for 30-60 min per day is considered
adequate.

In addition to light, other zeitgebers such as physical exercise (Lewis et al., 2018),
mealtimes (Lewis et al., 2020), and to a lesser extent, sleep itself (Danilenko et al.,
2003), contribute to entrainment. Social signals (such jobs or school, alarm clocks,
social demands) were originally considered the main zeitgebers for humans (Mistl-
berger & Skene, 2004), but they are now understood to act indirectly on the SCN:
they determine the timing and structure of daily habits and thus the pattern and level
of exposure to outdoor and indoor light.

5 Seasonality

With the invention of artificial light, humans were able to choose their sleep-wake
schedules and lifestyle. In today’s 24/7 society, we no longer follow daylight duration
across seasons. Rather, we have come to live under artificially designed constant day
length that might be called, functionally, biological darkness. This is because we
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spend most of the day indoors, where room light—though adequate for vision—is
insufficient to regulate our circadian rhythms.

Does seasonality still exist in humans, and if so, what would that mean? Humans
do retain neurobiological responses to seasonal changes in daylength, though overt
seasonal behaviour is rarely seen (Wirz-Justice, 2018). Reduced exposure to sunlight
during the day with more artificial light at night leads to late circadian and sleep timing
throughout the year. Natural daylight exposure (e.g. camping) in both summer and
winter has been shown to rapidly entrain the biological clock to sunset and sunrise,
with earlier timing compared with urban life (Stothard et al., 2017), demonstrating
that we are still sensitive to these environmental cues.

Seasonal affective disorder, or winter depression, is an example of vulnerability
to shorter daylength in winter. The standard application to treat winter depression
is with a light box providing 10’000 1x white light for half-an-hour every morning
(Terman & Terman, 2010).

6 Chronotype

Each one of us has an inborn preference to go to bed and wake up at a particular
time, when we have the freedom to do so (usually only on holidays). This is called
‘chronotype’ (Horne & Ostberg, 1977), determined primarily by each individual’s
clock genes. The well-known description of extreme chronotypes are the early ‘larks’
and late ‘owls’, whereas the majority can be considered ‘doves’ with ‘normal’ sleep
timing (Fig. 4).

Although our biology determines chronotype, there are shifts over the life span,
probably related to hormonal changes (Roenneberg et al., 2004). Children are mostly
larks until puberty, when their sleep timing shifts later and later until about the age of
20. Thereafter sleep shifts slowly earlier until older persons are larks again, with early

sleep timing

‘normal' doves 23 7 m
more evening
o 20 | 4 early larks ﬁ

more morning

2| | 10 Gight !

late owls

Fig. 4 Chronotypes illustrated. The grey bars represent different sleep patterns. Adolescents tend
to be owls, while children and older individuals tend to be larks. The circadian system of larks can
be shifted a bit later by evening light, that of owls earlier by more morning light
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morning awakening. The discrepancy between internal time and social demands has
been labeled ‘social jet lag’ (Wittmann et al., 2006).

Adolescents suffer the most. They have difficulties waking in the morning—thus
the timing of classes should be later than most schools allow—and they cannot fall
asleep easily (Marx et al., 2017). This leads to alarm-clock-induced shortening of
sleep duration, which becomes chronic. Add to that the habit of late-night-use of
iPhones and computers with bright white screens that contain a strong blue compo-
nent which directly stimulates the blue-sensitive ipRGCs in the retina. Such use shifts
the clock even later, thereby making falling asleep more difficult (Green et al., 2017).
Morning light exposure is therefore extremely important in this age group in order
to reset sleep timing earlier (a challenging exercise, but doable). Studies have looked
at the effects of indoor bright light to increase students’ alertness in the morning
(e.g. Hansen et al., 2005), but of course the simplest solution would be to spend the
first lesson of the day outdoors, where daylight provides the natural and sufficient
stimulus to wake up the clock (Martinez-Nicolas et al., 2011).

7 Out of Sync

There is growing evidence for long-term health consequences of irregular, inade-
quate, and poorly timed light-dark cycles that disrupt sleep (Medic et al., 2017; Van
Someren & Riemersma-Van Der Lek, 2007; Wirz-Justice et al., 2009). With insuf-
ficient daily light exposure—often the case if remaining indoors—our body clocks
may be de-synchronised with the day-night cycle (Van Someren & Riemersma-Van
Der Lek, 2007). This is most clearly experienced with shift work or transmeridian
flight.

No longer being synchronised to the naturalistic dawn—dusk signal can contribute
to vulnerability for mood and sleep disorders, and perpetuate or exacerbate a wide
variety of clinical symptoms (Van Someren & Riemersma-Van Der Lek, 2007). For
example, disrupted and poorly timed sleep has been linked to obesity and devel-
opment of diabetes (Buxton et al., 2012; Potter et al., 2016). Thus students should
learn how to recognise their chronotype (see automated questionnaire on https://chr
onotype-self-test.info, accessed 13/04/2022), be aware that social jet lag can have
profound effects on emotions, performance, and alertness, and use the knowledge
about daylight as a synchronising agent to improve their sleep-wake habits. Teachers
also should recognise their students’ chronotypes and not blame delayed sleep in
adolescents on laziness or rebelliousness—it’s biology! An owl will not perform
well early in the day, whether training in the swimming pool or solving algebraic
equations.
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8 Too Much Light?

Of course, daylight has many effects beyond those related to circadian rhythms,
sleep and mood (Wirz-Justice et al., 2020). It is required for Vitamin D synthesis
via the skin, and for eye development in childhood (preventing myopia). In contrast,
excessive ultraviolet exposure from sunlight is responsible for many skin cancers.
An intelligent balance must be sought.

Blue-enhanced bright light sources in group settings such as classrooms and
offices may not always be preferred given that some individuals are abnormally
light sensitive, and may react with nausea, glare, and headache.

9 Light Outdoors

How then are my observations as a chronobiologist relevant to the advocacy of
outdoor learning? Irregular sleep-wake cycles are associated with poorer academic
performance and learning (Phillips et al., 2017; Wright et al., 2006). Regular and
sufficient daylight exposure has positive effects on the quality and quantity of night-
time sleep. Indoor light lacks the intensity to do this. Conversely, one has to ensure
darkness in the bedroom to support stable and deep sleep.

There is some evidence that higher light exposure improves learning, but most of
the data are indirect, as reflected by increased alertness, performance, faster reaction
time, and memory recall (e.g. Huiberts et al., 2015; Yoshiike et al., 2019). A far larger
body of evidence supports the importance of sleep for learning new skills and motor
performance. The quantity and quality of sleep affect a person’s memory consolida-
tion, since sleep is a period where the brain turns recent experience into long-term
memories (e.g. Ellenbogen et al., 2006; Fattinger et al., 2017; MacDonald & Cote,
2021; Walker, 2009). Finally, sleep plays an important role in brain plasticity as the
young human brain develops (Dang-Vu et al., 2006; Kurth et al., 2012).

10 Conclusion

Many physiological and psychological functions are profoundly affected by daylight
(and artificial indoor surrogates). All efforts to improve entrainment of rhythms
with morning light will also improve alertness and performance during the day and
sleep during the night. Good sleep is crucial in the educational environment since it
impacts memory, motor skills, learning, mood, behaviour, immunological responses,
metabolism, hormone levels, digestive processes, and more.

The growing recognition that sufficient light is important for psychological and
somatic wellbeing is leading toward novel lighting solutions in architecture as well as
more conscious exposure to natural daylight. In short, sufficient daily light exposure
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can support overall health, and the most natural and efficacious source thereof is the
sun.

Recommended Further Reading

1. Center for Environmental Therapeutics www.cet.org

2. The Daylight Academy www.daylight.academy

3.  Society for Light Treatment and Biological Rhythms https://sltbr.org/ (all
accessed 13/04/2022)

Acknowledgements Thanks to Michael Terman, colleague and exigent editor, for much clarifying
input.
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Outdoor Learning and Children’s m
Eyesight L

Richard Hobday

1 Background

In 2015, a news report entitled ‘The Myopia Boom’ appeared in the journal Nature
(Dolgin, 2015). It proved highly influential, being one of the first articles to raise
public awareness among a Western readership of an epidemic of myopia, or short
sight, sweeping through countries in East and Southeast Asia. At the time, about
70-90% of children leaving secondary schooling in Chinese cities, and in Japan,
Singapore, the Republic of Korea, Hong Kong and Taiwan, were becoming myopic.
They required glasses, or other forms of correction, for clear distance viewing. Some
of them—between 10 and 20%—had high levels of myopia which put them at high
risk of losing their sight. A marked increase in myopia was apparent in the United
States and Europe too. Around half of young adults were affected. This was double
the prevalence of half a century earlier (Dolgin, 2015).

In 2016, it was estimated that if the rise of myopia was not stopped, by 2050 half
the world’s population, by then some 5 billion people, would be short-sighted. If
so, about one billion of them will be highly myopic, and so risk losing their sight
(Holdenetal.,2016). High myopia is currently a major cause of blindness worldwide,
especially in East Asia (Ikuno, 2017). There is growing recognition there of the huge
social and economic burden the myopia epidemic will cause in the years ahead. One
public health policy introduced in Taiwan, China, and other East Asian countries,
is to make sure children go outside between lessons and at other times during the
school day. Another is to reduce the amount of close work they undertake (Jan et al.,
2020). Research is confirming what was widely believed over a century ago. Time
spent outdoors in daylight prevents school myopia in children (Wu et al., 2020). Also,
intensive, competitive education increases the risk of the onset and progression of
the condition (Morgan et al., 2018).
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2 What Causes Myopia?

The great German astronomer Johannes Kepler (1571-1630) gave the first accurate
explanation of myopia four hundred years ago. Kepler showed the condition is the
result of abnormal lengthening of the eye. This makes light focus ahead of the retina
at the back of the eye rather than onto it which results in blurred vision. Kepler also
noted that short sight was more common among young people who spend a lot of
time doing close work (Mark, 1971).

During the 19th century, when school attendance became compulsory in many
countries, myopia became a common problem among children. However, the cause
proved difficult to identify. There were many competing theories. Some eye experts
argued that short sight was an entirely inherited condition. For them, there was no
convincing evidence that close work, or any other aspect of school life, damaged
children’s eyesight. Others believed schools, and the way children were taught in
them, were the cause. If so, ‘school myopia’ as it became known, was a preventable
condition. Theirs became the dominant view; and so measures were put in place in
schools to protect children’s eyesight. The pioneer of this preventive approach was
Professor Hermann Cohn (1838-1906), an eye specialist at Breslau University in
Prussia (Hobday, 2016).

3 Daylight and Myopia in the Classroom

Prussia was among the first modern states to require its children to attend school.
In 1867, Cohn published the results of a survey of Prussian children’s vision. He
had measured the eyesight of 10,060 children, and found four times more myopia
among those in elementary schools in towns than those attending in schools in rural
areas. Cohn also discovered that the longer children were in school the more likely
they were to become short-sighted. Also, myopia became more common, and more
severe, as educational levels increased (Cohn, 1867). In Prussia’s high schools, or
‘Gymnasium’, the percentages of myopia went up progressively from the first year
of school attendance to the sixth. More than half of the children he examined in the
final year of their education in these schools were short-sighted (Cohn, 1867).

Cohn also investigated the effects of lighting on myopia. He compared daylight
levels in classrooms with the number of myopic children in them. If buildings
surrounding schools darkened their interiors, rates were high. Cohn paid particular
attention to the height, width, number and orientation of classroom windows. Based
on his findings he proposed a minimum window area for schools of one-fifth the
floor area (Cohn, 1867). Cohn wrote that there could never be too much natural light
in a school; as long as heat and glare from the sun were properly controlled. Based
on his own research, and that of other scientists, he considered some myopia to be
inherited. But, in many cases, heredity was not the cause. It was close work in bad
light (Cohn, 1886).
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His work proved influential. By the beginning of the last century, high levels
of daylight in classrooms and play outdoors were two measures that were widely
believed to prevent myopia. Cohn’s ideas proved popular among British eye special-
ists who introduced his concept of ‘ocular hygiene’ into schools. Some argued that
children should not be taught to read and write, or do close work at a young age;
especially if they were at high risk of myopia or showed the first signs of it. Chief
among them was the ophthalmologist Dr Nathaniel Bishop Harman (1869-1945).
Working with Dr James Kerr (1862—-1941), who was School Medical Officer for
London from 1902 to 1911, Harman began setting up special ‘myope classes’ to try
to educate very short-sighted children in a manner that protected their vision from
further decline. These classes were soon taken up in a number of other countries;
notably in the United States where they became known as ‘sight-saving classes’
(Harman, 1945).

In 1903, Kerr measured the eyesight of 20,000 children attending London schools.
He found higher levels of myopia among girls than boys. His colleague, Dr Harman,
later wrote that the difference may have been due to the way girls lived and were
educated:

This excessive incidence amongst the girls may in part be accounted for by the fact that the
boys played about in the clean, wide streets, sharpening their wits and their physical faculties,
whilst the girls were kept at home to help in domestic duties. That is part of the condition that
tends to produce this difference in visual acuity. The other part is the nature of the work done
in schools: girls do finer work, boys do no needlework; so that in vision-testing boys have
an advantage, for their accommodation muscles are in a better state of tone on account of
their outdoor life, and at the same time they are less fatigued by their school work. (Harman,
1909)

Based on these findings Harman recommended that reading and other close work
in schools, especially needlework, should be reduced to a minimum. He argued that
girls who excelled in fine sewing should have their vision tested in case they were
myopic. Also, if girls were to protect their sight they had to be able to exercise
outdoors, just like boys. At the time, parents objected to their girls playing in the
streets. So Harman called for more playgrounds and open spaces in cities (Harman,
1909). Some of the ideas promoted by leading eye specialists such as Cohn, and then
Harman, were adopted in the decades that followed. For example, by the 1950s, high
levels of natural light had become a statutory requirement in all British schools to
protect children’s sight; even though daylight’s impact on eyesight was still poorly
understood (Hobday, 2016).

4 Changing Attitudes

In the 1960s, there was a marked reversal in medical thinking on myopia. A report
published by the British Medical Research Council concluded that myopia was
almost entirely inherited (Sorsby, 1962). The results of studies of twins seemed
to show that the environment in which children were raised had hardly any effect
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on myopia. This research was later found to be deeply flawed. Nevertheless, it
proved highly influential, and genetic determinism became the prevailing orthodoxy.
It remained so until recently (Morgan & Rose, 2019). Consequently for more than
50 years, myopia has not been considered preventable. The idea that reading in dim
light damages eyesight became a ‘Medical Myth’ (Vreeman & Carroll, 2007). And
there was less emphasis on high daylight levels in classrooms (Hobday, 2016). Also,
attitudes towards myopia changed. A century ago, all forms of myopia, whether
moderate or high, were considered harmful to children by some experts, which is
why measures were put in place to try and prevent it. But over time, myopia has come
to be regarded by both the eye-care professions and the public as an inconvenience
and not a disease. Yet myopia is not a benign condition. It can affect children’s
self-perception, quality of life, and choice of career. It can also cause significant
psychological distress (Wang et al., 2019).

Research now shows that any level of myopia, whether it is severe or mild, signif-
icantly increases the risk of developing sight-threatening conditions such as cataract,
retinal detachment, glaucoma, and macular degeneration. There is no safe threshold
for myopia (Flitcroft, 2012). So the old saying ‘a myopic eye is a diseased eye’ has
some validity (Aylesworth, 1938).

5 Myopia and the Digital Age

As the prevalence of myopia has risen around the world, the age of onset has
fallen. Becoming short sighted in early childhood allows more time for the condi-
tion to progress toward high myopia (Ikuno, 2017). Unfortunately, in recent years
the demands placed on children’s eyesight have increased. More and more younger
children are spending many hours each day indoors online using laptops, e-readers,
tablets, and mobile phones. This digital lifestyle puts them at greater risk of myopia;
and also of vitamin D deficiency, obesity, sleep disorders, anxiety and depression
(Dresp-Langley, 2020). So, in addition to ‘school myopia’ there is now ‘digital
eyestrain’ to contend with (Sheppard & Wolffsohn, 2018). The confinement of chil-
dren indoors during the early months of the COVID-19 pandemic appears to have
made myopia more prevalent in younger children. There is evidence of a significant
increase among those aged 6-8 years (Wang et al., 2021). There are concerns that
‘myopigenic’ habits acquired during this formative period of their lives could become
entrenched and have negative impact on their visual health in the years ahead (Wong
et al., 2020).

6 Myopia and Educational Pressures

The Myopia Boom of the last three decades seems to have started among pre-school
and primary school children (Lin et al., 2004). In urban China, pre-schooling is
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highly competitive and places great emphasis on early academic achievement. The
syllabus in kindergartens and childcare centres is demanding and can include digital
technologies (Pan et al., 2018). By contrast, in some rural areas of China myopia
rates remain comparatively low. The findings of a study from 2018 suggest this is
because children are not under the same educational pressure. Chinese children in
rural schools devote less time to intensive learning and more time in outdoor play
in their early years compared to their peers in cities. Nevertheless, the study found
that students who had completed six years of primary school still had a much higher
prevalence of myopia compared with those in the first year of attendance. One-third
of the increase among the older children was attributed to a reduction in the amount
of time they spent outdoors (Pan et al., 2018).

The results of other research in schools shows that an additional 1-2 h per day
outdoors reduce the incidence of myopia in children by between 25 and 50%. This
is most effective in children under 12 years of age (He et al., 2015; Wu et al., 2013,
2020). Also, there is evidence that time spent outdoors in daylight can slow the
progression of the condition as well as prevent it (Ho et al., 2019). Taiwan and
China now have national programmes which stipulate two hours per day outdoors in
schools. China also has a 1-2-h daily period of outdoor time specified in its national
myopia control programme (Jan et al., 2020). However, there is resistance to this from
parents and teachers because of a belief that giving children more time outdoors will
adversely affect their education (Jan et al., 2020). The Chinese government’s plans
also include a ban on written homework in the first two years of school and further
limits for older children.

7 ‘Myope Classes’—Again?

The measures being introduced to prevent myopia in Asian countries will be familiar
to readers of Dr Harman’s writings on the subject from a century ago. However,
Harman went much further in his approach to ‘ocular hygiene’ and to myopia preven-
tion. In particular, he recognised the harm that early-onset myopia and high myopia
could inflict on children and that their eyesight needed to be protected from further
deterioration. So he developed a form of education for them which was largely based
on oral instruction and practical work. He described this as a return to an ‘almost
prehistoric’ approach. It was, he suggested, similar to that of a wise elder passing on
the skills and traditions of a tribe to children (Harman, 1913). There was no place in
Harman’s syllabus for what he regarded as the modern, inferior substitute for such
personalised education—the book. He did not approve of teachers relying on books
to educate the young. And he was adamant that children should not learn to read
before it was absolutely necessary for them to do so: “Educationally there is no gain
in early reading, rather the reverse. Physically, early reading is a habit to be banned.”
(Harman, 1915).

In support of Harman, it is worth noting that among hunter-gatherer societies,
myopia is rare. The impact of compulsory school attendance on their children’s
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eyesight can be dramatic. Within a single generation, incidence rates for myopia
can reach 60% (Morgan & Rose, 2019). Significantly, there is one country that has
achieved high academic standards in its schools yet has not followed the global
onward trend of myopia. In 2018, a study of 16—19-year-old Norwegians found just
13% of them were affected by myopia (Hagen et al., 2018). Why the prevalence is so
much lower than in East Asia and elsewhere is unclear at the present time. However,
one notable difference between Norway and other countries is that young children are
outdoors for long periods. According to a survey of Norwegian Kindergartens, during
the summer they spend more than two-thirds of their time outside and during winter
semester it is still about a third of the time. Norway’s Kindergartens are designed to
facilitate this (Moser & Martinsen, 2010).

8 Outdoor Learning and Myopia

For reasons that are not understood, the Norwegian education system protects most
children from myopia; even though it is not designed to do so. Norway serves as a
valuable model which other countries who wish to reduce the burden of myopia could
copy. Currently, there are no reports of ‘myope classes’ in East Asia, or elsewhere,
for children who have become myopic at a young age, or those severely affected.
Their education continues as normal. But if the health risks are to be mitigated, this
has to be addressed.

There has been much confusion and disagreement about the cause, or causes,
of myopia for decades. Thankfully, research now confirms that increasing the time
school children spend outdoors in daylight can reduce the incidence of myopia by
half. Outdoor activities can also slow the progression of myopia among those already
affected. Given these findings, greater emphasis should be placed on outdoor learning
and play in schools and rather less on intensive, competitive education at a young
age. The latter clearly harms children’s health and happiness and will affect their
future lives adversely. The cost to society in the years ahead will be significant too.

The available evidence suggests that stopping the Myopia Boom requires a new
approach both to children’s education and to wider public health policy. Raising
awareness of the need for this among parents, educators, government agencies—
and children—is essential. Effective preventive strategies have to be devised and
implemented. Outdoor education could be central to this.
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Outdoor Learning Fosters Twenty-First
Century Competencies



Rediscovering the Potential of Outdoor )
Learning for Developing 21st Century i
Competencies

Jeff Mann, Tonia Gray, and Son Truong

1 What Are 21st Century Competencies and Why Are
They Important Now?

Global changes in technology and demographics are influencing the competencies
people need to thrive in their work and community settings in the 21st century. New
problems and opportunities are emerging from accelerated developments in: climate
change, automation, globalisation, brain and genomic research, mass migration and
mental health issues (Lambert, 2017). We can add to this list the widespread economic
and social ripples emanating from the global COVID-19 pandemic, which are yet to
be fully realised at the time of writing. Technical expertise is becoming progressively
more specific as knowledge and technology advances, requiring collaborative skills
for different experts to work together to creatively solve new and complex problems
(Geisinger, 2016).

Most education jurisdictions around the world recognise that schooling outcomes
need to be much broader than subject knowledge, and should also include higher-
order thinking skills, attitudinal skills and socio-emotional skills (Lamb et al., 2017).
As well as foundational literacy and numeracy skills and job-specific skills, the
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Organisation for Economic Cooperation and Development (OECD) Skills Strategy
identified that individuals need meta-cognitive and social-emotional skills in order
to be competent workers and engaged citizens (OECD, 2019).

Many definitions of 21st century competencies have been proposed, each with
their own list of competencies and frameworks. Some examples include:

e C(Creativity and innovation, critical thinking and problem solving, communication
and collaboration (Trilling, 2009);

e Character education, citizenship, communication, critical thinking and problem
solving, collaboration, creativity and imagination (Fullan & Langworthy, 2013);

e C(Creativity, critical thinking/problem solving, communication, collaboration
(World Economic Forum, 2015);
Creativity, critical thinking, communication, collaboration (Fadel, 2016); and
Creativity, critical thinking, complex problem solving, learning to learn, self-
regulation, conscientiousness, responsibility, empathy, self-efficacy, collaboration
(OECD, 2019).

These competencies form a dense conceptual web with potential overlaps and
complex interactions, and research is yet to confirm whether they are domain-specific
or transferable across learning areas (Lamb et al., 2017). Despite these definitional
issues, there are four common factors across the various lists of 21st century compe-
tencies: the individual cognitive skills of creativity and critical thinking, and the
social skills of communication and collaboration, i.e. what is often referred to as the
4Cs.

These skills are not new to the 21st century, but rather are newly important (Silva,
2009). In fact, personal and social skills have always been important to flourishing
in the workplace and community. However, as the rate of societal change has accel-
erated this century and artificial intelligence allows the automation of more mech-
anistic tasks, the need for uniquely human competencies has gained prominence in
educational planning (Vincent-Lancrin et al., 2019). Traditional didactic classroom
learning is not well suited to develop 2 1st century competencies, and so new learning
contexts need to be explored.

2 Why Learn Outdoors?

Outside learning environments, and the learner-centred pedagogical approaches they
allow, provide a rich platform for developing interpersonal and intrapersonal compe-
tencies. Whilst outdoor learning can include built-environment locations (such as
museums), it is mostly conducted in natural settings. ‘Outdoors’ has been conceived
in concentric circles radiating out from school grounds to the local neighbourhood,
and further afield on day trips through to multi-day residentials and expeditions
(Beames et al., 2012). The drivers for taking learning outside include: enjoyment
and engagement of learning, health and wellbeing, and connection to nature (Passy
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et al., 2019). These benefits have seen outdoor learning grow from ‘grass roots’
movements to widespread practice in a number of countries (Quay, 2005).

There are many terms and definitions around outdoor learning (Becker et al.,
2017), and different forms are often grouped together without appreciation of their
distinctive characteristics (Bentsen et al., 2017). Two traditions are described in this
chapter: outdoor adventure education (OAE), and learning outside the classroom
(LOTC). OAE has typically been distinct from academic learning, and uses chal-
lenging experiences to facilitate personal and social development. These often occur
in the context of multi-day programs, which could be a series of discrete adven-
turous activities based at a ‘hard top’ residential centre or a ‘soft top’ tent-based
expedition through a natural environment (Beames et al., 2012). LOTC is defined as
the teacher-facilitated learning of traditional academic subjects in a natural outdoor
setting, during the normal school day (Bentsen et al., 2021). Having made this distinc-
tion, there is some overlap between the two traditions. For example, outdoor adven-
ture programs may include a field studies curricular component (Lugg & Quay,
2020; McLeod & Allen-Craig, 2007; Nicol & Waite, 2020), and LOTC is sometimes
achieved through a multi-day ‘residential’ experiences (Gray, 1997; Kendall et al.,
2015).

3 Theoretical Underpinnings of Experiential Learning

Outdoor learning relies on students actively learning through direct experience, rather
than a passive model of absorbing knowledge imparted by teachers. It is certainly
slower to facilitate learning through experience when compared to direct instruction,
and the specific learning outcomes are less predictable—so why would teachers
choose this learning approach either inside or outside the classroom?

Learning through experience is a rich personal and relational undertaking. John
Dewey, one of the early theorists of modern education, argued that learners need
direct interaction with the world in order to understand it, and that knowledge is more
easily memorised when it is linked to a related sensory experience (Dewey, 1938).
Subsequent theory explains that all learning is based on sensory inputs, however when
various sensory sources do not match each other the quality of learning is shallow and
is more likely to be filtered out before it penetrates to long term memory, compared
to when sensory inputs complement and reinforce each other (Thorburn & Marshall,
2014). Experiential learning allows students to actively grapple with new concepts
by encountering them in lived experience, rather than by passively listening to their
teacher explaining a concept as an abstract principle (Quay, 2005).

High quality experiential learning is founded on ‘real-world’ experiences which
are relevant to students’ lives outside school (Breunig et al., 2015), and incorpo-
rate relational and affective elements (Gray, 2018). Learning experiences which are
inherently interesting and relevant to curriculum goals, allow students to understand
and internalise their own sense of agency in the learning process (Sibthorp et al.,
2015). A novel experience challenges habitual ways of thinking and acting, and
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this cognitive dissonance affords the learner an opportunity to consider how they
can incorporate new behaviours and attitudes into their normal context (Nicol &
Waite, 2020). Learning through experience can be achieved on school grounds, and
even within the classroom, however outdoor natural environments provide many of
these foundational elements for deeper learning to occur. As with any pedagogy,
experiential learning does not produce deep learning without being well designed
and facilitated, and students quickly forget irrelevant (indoor or outdoor) learning
experiences (Rickinson et al., 2004).

The process of experiential learning is as diverse as the teachers who design and
deliver it, but there are some common elements. Kolb’s (1984) Experiential Learning
Cycle describes an ongoing process of a concrete experience, reflective observation,
abstract conceptualisation and active experimentation. Others have since visualised
the experiential learning process in three dimensions, as a rising spiral of successive
learning cycles (Schenck & Cruickshank, 2015). We all go through experiences of
some sort each day, however intentional reflection on the meaning and implications
of an experience is pivotal to its learning impact (Nicol & Waite, 2020). Early forms
of OAE simply provided an opportunity for personal reflection without guidance,
but progressively more sophisticated models of facilitation include: speaking for
the experience, debriefing or funnelling, frontloading the experience, isomorphic
framing of the experience, and indirect framing (Priest & Gass, 2005).

4 The Value of Connecting with Natural Environments

As well as being a rich platform for experiential learning, outdoor learning results in
direct benefits from exposure to natural environments. The link between our connec-
tion to nature and human flourishing can be traced in literature, science, poetry,
philosophy and indigenous wisdom through the ages (Braus & Milligan-Toffler,
2018). The benefit of contact with nature is not limited to children or education.
A review of empirical studies on contact with natural settings indicated improved
attention, reduced stress, mental restoration, decreased attention deficit, enhanced
self-perceived health and increased longevity (Grinde & Patil, 2009). Even surgical
patients who merely have a view of green space from their bed recover faster than
those facing a brick wall (Ulrich, 1984).

Richard Louv’s lighthouse publication The Last Child in the Woods (Louv, 2005)
warned of the myriad of risks to a generation of children who rarely explore natural
environments, and coined the term ‘nature deficit disorder’. A systematic review of
academic research confirmed that spending time in natural settings promotes chil-
dren’s healthy development and wellbeing (Gill, 2014). Having trees and natural
spaces in the community is not only important for children’s health, but also encour-
ages creative play (Chawla, 2015). For example, a study of two Australian early-
childhood centres compared natural outdoor play spaces with an indoor simulated
natural space, and found that the outdoor setting resulted in more imaginative play and
improved peer relationships (Dowdell et al., 2011). Immersing children in nature has
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anumber of benefits, including: reduced stress, increased social and emotional skills,
higher civic engagement (Hartig et al., 2014), attention restoration, reduced ADHD
symptoms and behaviours, and even higher academic performance (McCormick,
2017). Pertinent to the focus of this chapter on 21st century competencies, a system-
atic review of young people engaging regularly in natural settings indicated that
these experiences develop critical and creative thinking skills (Adams & Savahl,
2017), and lack of exposure to natural environments is suggested to be detrimental to
creativity and innovation (Malone & Waite, 2016). Another recent review showed that
time spent in nature positively influences: perseverance, resilience, critical thinking,
problem solving, leadership and teamwork (Kuo et al., 2019, see Kuo, Barnes and
Jordan: Do Experiences with Nature Promote Learning? Converging Evidence of a
Cause-And-Effect Relationship in this volume).

5 Outdoor Adventure Education (OAE)—An Established
Platform for Developing Personal Competencies

Adventure has been an intrinsic element of human experience since our prehistoric
ancestors, with an innate desire to ‘journey into the unknown’. The origin of struc-
tured OAE is linked to educationalist Kurt Hahn, who started an experientially-based
model of schooling in the early 20th century in the belief that young men needed
to develop a sense of adventure in their schooling (Hahn, 1959). Hahn, along with
his less acknowledged co-founder Marina Ewald (Gray et al., 2017; Mitten et al.,
2018), went on to found the Outward Bound organisation. Both Hahn and Ewald saw
the merit of incorporating challenging outdoor activities to facilitate experiences of
self-discovery, triumph and defeat, self-effacement in the common cause, periods of
silence for reflection, and training of the imagination (Hahn, 1930). By 1994, 40,000
students participated in Outward Bound programs alone (Hattie et al., 1997), not
counting many other school-based and independent OAE providers.

OAE can take many forms, but is characterised by an intentionally challenging
outdoor experience followed by reflection on personal learning. Traditional OAE
programs comprised an extended expedition (Martin & Legg, 2002) through a natural
environment, but OAE can also focus on a single activity such as a high ropes
challenge course (Gillis & Speelman, 2008). Appropriately managed risk is essential
to the paradigm of OAE (Gray & Bailey, 2022), and careful programming aims for
the actual risk to be lower than the subjective risk as perceived by the participants
(Priest & Gass, 2005). This leads to a peak adventure experience without being
overwhelming, and the ensuing cognitive dissonance is a catalyst for new ways of
thinking, acting or relating (Cooley et al., 2015).

Anecdotal evidence indicates that proponents of OAE support its effectiveness for
personal growth, however by the end of the 20th century a significant meta-analysis
of 96 extended adventure education programs (2—4 weeks), showed a moderate effect
size on forty outcomes, such as locus of control, self-concept, and leadership (Hattie
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et al., 1997). Critical thinking competencies were shown in decision making and
problem solving outcomes, which both developed even further in follow-up measure-
ments. Other OAE outcomes aligned to 21st century competencies were communi-
cation and cooperation/relating skills (collaboration), which had small to moderate
effect sizes immediately after the program and modest additional growth at a six
month follow up. Two other meta-analyses (Cason & Gillis, 1994; Hans, 2000) simi-
larly concluded that OAE programs have a small to medium effect on outcomes like
self-concept, self-confidence and locus of control.

OAE research continued to demonstrate developmental outcomes such as char-
acter development, personal growth, enhanced interpersonal skills, and leadership
development (Ewert & Garvey, 2007). A meta-analysis of 44 studies (Gillis &
Speelman, 2008) focusing only on challenge ropes courses (i.e. navigating through
an obstacle course of ropes/cables at height) reported a medium effect size on self-
concept, personality factors and group dynamics (including 21st century collabora-
tive categories of interpersonal skills, group cohesion and group effectiveness), when
compared with groups on a wait list or experiencing alternate programming. A final
meta-analysis of 11 studies examined the benefits of OAE on group work skills,
specifically in higher education students, showing that transferable 21st century
competencies (specifically communication, cooperation, team cohesion, role alloca-
tion, working well with others) are developed during OAE programs and retained on
their return to the higher education environment (Cooley et al., 2015). OAE research
has also shown outcomes in emotional intelligence (Opper et al., 2014) and life-
effectiveness skills, which relate to the 21st century competencies of collaboration
(social competence) and creativity (intellectual flexibility) (Gray, 1997; McLeod &
Allen-Craig, 2007). UK residential adventure programs have reported benefits a
year onwards in self-confidence, independence and 21st century competencies of
communication and collaboration (cooperation and teamwork) (Prince, 2020). These
meta-analyses and other research studies broadly demonstrate that OAE is effective,
but are not fine grained enough to look into the black box of how these outcomes
are achieved. Key process factors still need to be identified, which could include:
participant age and background, voluntary or compulsory participation, length of
program, type of activities, intensity of subjective challenge, quality of facilitation,
frontloading before the program and guided reflection afterward.

Extended OAE programs understandably achieve the most significant outc