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Abstract

Nature-based learning within the primary school curriculum offers numerous
potential benefits. However, there is a lack of clarity about how school grounds can
be designed to enable effective nature-based learning. There is also little knowledge
of how specific features within green school grounds contribute to specific desir-
able outcomes, such as improved academic performance or health. To address this
gap, a systematised review of peer-reviewed academic literature was undertaken,
with 173 databases searched from January to December 2021. The search included
studies of nature-based learning on school grounds and literature concerned with
the design of green school grounds for fostering nature connectedness and broader
educational outcomes for primary school children aged 5 to 11. No date or geo-
graphical restrictions were applied. Of a total of 285 articles initially identified,
11 matched the inclusion criteria. Results from these indicate significant research
gaps on the design of green learning spaces in schools. While studies note appar-
ent positive links between nature-based learning in school grounds and improved
subject-specific learning, wellbeing, and nature connectedness, there is very little
empirical evidence of how specific design features are linked to specific outcomes.
Furthermore, the current evidence base is poorly representative of different social,
cultural, and geographical contexts and not fully reflective of all primary school-
ing ages. The challenging contexts of urban schools and schools with small foot-
prints are also inadequately addressed. These findings indicate an urgent need for
increased research to guide the design of school grounds for the implementation of
nature-based learning programmes for primary school learners.
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Introduction

Connecting children with nature has attracted increasing attention in the field of
education due to its multiple benefits to children’s health (McCormick, 2017),
socio-emotional development (Mygind et al., 2021), and educational outcomes
(Mann et al., 2021). Among these benefits are enhanced concentration, improved
academic performance, reduced aggression, and a lower risk of obesity among
children (Faber Taylor & Kuo, 2011). In this context, nature-based learning
(NBL) has emerged as an approach that integrates principles of nature into edu-
cational practice while enhancing the overall learning experience for children.
NBL is defined as “learning through exposure to nature and nature-based activi-
ties, [which] occurs in natural settings and where elements of nature have been
brought into built environments” (Jordan & Chawla, 2019, p. 2). This is distinct
from nature-based play (Miller et al., 2021), which refers to unstructured activity
in nature, where the extent of the nature experience cannot be assumed (Raith,
2017). While we recognise that “nature” is an ambiguous concept, in this paper
we adopt a definition rooted in the practical application of nature as a medium for
learning outside the classroom: “all the animals, plants, and other things in the
world that are not caused by people” (Collins English Dictionary, 2023).

Nature-based learning can be facilitated in multiple ways, including by using
nature for supporting the teaching of curriculum subjects (Chawla, 2018).
Embedding nature in the mainstream educational curriculum has the advantage
of providing opportunities for regular experiences in nature to children in urban
environments, thus mitigating inequity of children’s access to nature (Stevenson
et al., 2020). A NBL approach to the curriculum fosters knowledge and affective
domains simultaneously (Palmberg & Kuru, 2000), both of which are important
to motivate environmental action (Liu et al., 2020). This study makes the assump-
tion that to achieve this combination of elements, NBL must occur in a nature-
based environment outside the classroom where the experience has the potential
to be immersive. This assumption stems from an ecological psychology frame-
work that views the most effective learning in a learning context as that which
emerges from a person-environment relationship and utilizes both the functional
and relational properties of this environment (Sharma-Brymer et al., 2018). This
also relates to Gibson’s theory of affordances and the properties of an environ-
ment that support development (Khan et al., 2020). Since the quality of nature in
the indoors classroom is limited in complexity, unpredictability, multi-sensorial-
ity and multi-dimensionality, it cannot provide the depth of experience necessary
for NBL. At the same time, educators may not easily be able to access immer-
sive nature spaces that are suitable for NBL, and there is evidence of consider-
able inequity in school-based access to nature (Bar6 et al., 2021; Fernandez et al.,
2022; van Velzen & Helbich, 2023), with related social justice implications.

This study focuses on the role that school grounds can play in addressing the dis-
parity children face in their access to nature. Use of school grounds has the potential
to ensure children’s regular access to a natural setting (Collado & Evans, 2019; Wal-
lace, 2019; White et al., 2018), while eliminating costs (financial, environmental, or
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time-related) of trips to and from destinations outside school. In this way NBL on
school grounds directly reflects the concept of nature-based solutions, i.e. solutions
inspired and supported by nature which are cost-effective, provide environmental,
social and economic benefits, and bring more, and more diverse, nature and natural
features and processes into cities (European Commission, n.d.). However, despite
growing interest in green schoolyards and in the NBL approach (Danks, 2010; Jans-
son & Martensson, 2012; Van Dijk-Wesselius et al., 2020), there is a lack of clarity
about how school grounds can be designed to enable effective NBL. Furthermore,
there has been little explicit exploration of the link between specific design features
of nature spaces in school grounds and specific desired outcomes (e.g., cognitive-
academic, physical, emotional benefits). This is important in view of the fact that
implementing changes to school grounds to support NBL requires financial invest-
ment and trade-offs that make it important for school administrators and policy-
makers to know whether particular design features are linked to desired benefits.
This is especially relevant to schools sited in urban areas, which are often built on
small footprints, with limited open spaces. Such schools may be making choices
between different options for the use of limited open spaces, further underlining the
need for a framework to guide design. Indeed, it is of note that while many studies
have highlighted the benefits of greening school grounds (Jansson & Maértensson,
2012; Sedawi et al., 2021; Wells & Lekies, 2006), the natural settings described
in several studies are unlikely to be available to small, urban schools. In this con-
text, there is a need to empirically explore whether and how effective NBL learning
spaces can also be created within urban schools.

The aim of this study was to determine the current state of knowledge with respect
to design of school grounds for NBL. A systematized review of peer-reviewed literature
was carried out to answer the following questions:

1. What evidence-based guidance exists for designing school grounds to achieve
NBL through the primary school curriculum?

2. To what extent is such guidance applicable to schools in urban areas and/or with
space constraints?

3. Are specific design features of green school grounds linked to specific desired
outcomes?

The remainder of this paper is structured as follows. The next section elaborates
on the contribution of NBL to ecological citizenship through nature connectedness.
The following section explains the methods adopted for the systematized review, with
results presented in the subsequent section. This is followed by a discussion of signifi-
cant implications and key conclusions.

Nature-based learning: fostering motivation
towards environmentally-responsible behavior

Chawla, (2018) notes that “teachers today work in a changing climate” (p. 1), rais-
ing the question of how educators will respond to the considerable challenges of
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global environmental change. NBL has emerged as an approach that, in addition to
offering various direct benefits to children (as outlined above), also has the poten-
tial to contribute to “the development of informed and motivated ecological citizen-
ship” (Chawla, 2018, p. 3), particularly through its ability to foster enhanced nature
connectedness. The term connectedness with nature (CN) is used in this paper in a
broad sense to refer to the ways in which people identify themselves with the natural
environment and the relationships they form with nature (Restall & Conrad, 2015).

Nature connectedness has the ability to generate intrinsic motivation to engage in
pro-environment behaviors (Martin & Czellar, 2017; Rosa et al., 2018) by creating
an emotional affinity with nature that allows individuals to view its destruction as
self-destruction (Miiller et al., 2009). In fact, it has been identified by several authors
as a strong predictor of environmentally-responsible behavior, thus aiding a transi-
tion to more eco-friendly and sustainable practices (Alcock et al., 2020; Geng et al.,
2015; Ives et al., 2017; Molinario et al., 2020; Restall & Conrad, 2015; Yang et al.,
2018). The provision of environmental knowledge is also an essential component
of environmentally responsible behavior. However, it alone is not sufficient in trig-
gering positive behavior towards the environment because it lacks the affective ele-
ment that stimulates motivation (Tamashiro et al., 2013). While it would be amiss to
assume that CN is the only factor motivating environment-friendly behavior (Bar-
rable & Booth, 2022), research has demonstrated that it is essential for mitigating
environmental impacts (Otto & Pensini, 2017; Whitburn et al., 2020).

Furthermore, childhood is an important age for developing nature connectedness
(Chawla & Gould, 2020) since early intervention tends to be more effective (Bar-
rable & Booth, 2022) and maximizes the potential for the experience to have life-
long impact (Kollmuss & Agyeman, 2002; Liefldnder et al., 2013). This is also the
developmental period where integration in the social context occurs (Sobel, 1999)
and where the motivation to behave in environmentally friendly ways is likely to be
formed and to have lifelong impact (Evans et al., 2018; Pinder et al., 2020). Connect-
ing children with nature in today’s urbanized societies is increasingly challenging,
even as it becomes more relevant (Chawla & Gould, 2020): there are currently more
people living in urban areas than in rural areas (United Nations, 2018). As experi-
ences in nature decline, children’s interest in nature is likely to diminish (Soga et al.,
2016), with various theories predicting a decline in people’s opportunities to interact
with nature (Soga & Gaston, 2022), increased nature apathy (Kesebir & Kesebir,
2017), a progressive decline in knowledge of nature (Gerl et al., 2021), and a pro-
gressive loss of daily interactions with nature (Pyle, 2002). The loss of such a con-
nection is not inevitable and CN can potentially be fostered through various means,
amongst which are experiential learning approaches such as place-based education
(Smith, 2002; Sobel, 2008), of which NBL is often a component (Anderson, 2017).
However, there does seem to be ample evidence supporting the presumption of a
general decline in human-nature interactions within urbanised environments.

One solution to addressing these challenges in a global setting is for the connection
with nature to be integrated into the schooling experience. This can not only contrib-
ute to enhanced CN but can also foster enhanced ecological literacy, defined in this
context as an enhanced ablity to understand the organizational principles of natural
ecological communities and to apply these to human communities (McBride et al.,
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2013). Primary schooling is a highly appropriate global context for CN intervention
since education is compulsory across regions and in 192 countries (UNESCO Insti-
tute for Statistics, 2004), with most countries having a minimum curriculum of five
or six years of primary schooling (UNESCO Institute for Statistics, 2004). Further-
more, the school environment offers the possibility of frequent and regular contact
with nature, both of which are characteristics that have been shown to affect develop-
ment of CN (Cleary et al., 2020), especially in younger children (Kals et al., 1999).
The emotional affinity towards nature has also been shown to become stronger the
more concrete and specific the contact with nature (Soga et al., 2016). In this context,
facilitation of NBL through the formal school curriculum offers a convenient and reli-
able context for regular and frequent engagement with nature, because it provides a
wide subject range of opportunities for the educator to create such experiences.

Methods
Study scope
This review focused on the following:

e NBL that is curriculum-based, allowing regular and sustained contact with
nature.

e NBL that targets primary schools and their age cohort of children aged 5 — 11.
This age bracket was selected as it most commonly corresponds with years of
compulsory schooling (UNESCO Institute for Statistics, 2004); these are also
the most critical years for developing CN.

e NBL that is facilitated outside the classroom, within school grounds. While
there is interest in integrated school design, which seeks to harmoniously
blend both indoor and outdoor environments (e.g. Grieténa, 2015; Monsur,
2013), empirical research to support such holistic design remains limited and
most NBL programmes presently remain focused on the outdoors.

e NBL that reflects a conceptualisation of nature rooted in the natural sciences,
excluding applications such as agriculture. Agricultural practices often involve
landscape simplification, which may result in the loss of biodiversity through
biotic homogenization, reduced diversity of landcover types, and reduced con-
figurational landscape heterogeneity, all of which have been shown to have
ecological filter effects (Gamez-Virués et al., 2015). These may in turn have a
detrimental impact on the human-nature connection (Sedawi et al., 2021).

Search strategy
Data were gathered through a systematized review (Grant & Booth, 2009). To the

extent possible, PRISMA guidelines on the transparent reporting of systematic
reviews and meta-analyses (Page et al., 2021) were followed (Fig. 1).

@ Springer



Journal of Outdoor and Environmental Education

[ Identification of studies via databases and registers ]
)
s
! Records identified from Records removed before screening:
b= Databases (n = 295) > Duplicate records removed (n = 50)
-
5
=
—/
)
Records excluded:
v e Wrong study (n = 160)
g ¢ Not curriculum-linked (n = 23)
Records screened ___»| ¢ Outside school (n = 27)
g (n = 245) * Wrong participant ages (n = 22)
.
.

Dissertation (n = 1)
Not in Englsih (n = 1)

Studies included in review
(n=11)

[ Included ]

Fig. 1 PRISMA flowchart

A list of search terms was produced in relation to the theme of green school
grounds in the context of nature-based learning and design. In order to ensure that
the review comprehensively captured relevant literature, we first carried out a gen-
eral search for terms associated with i) nature-based learning programs and ii) green
school grounds. It was found that school grounds are also referred to as “school-
yards” and specific programmes can be carried out in “school gardens”. NBL can
be referred to in a variety of ways; however, the scanned literature always contained
the words “nature” and “learning/education”. Most of these terms carry broad
interpretations. For example, while NBL is sometimes classified as “environmen-
tal education”, this term covers a broad field of learning that does not necessarily
include direct experience in nature. Likewise, “school gardens” are created for a
variety of reasons and may be linked with horticulture or healthy eating, or physi-
cal activity, rather than with nature-based learning. Terms were thus adjusted and
Boolean operators employed to obtain more focused coverage. The following terms
were ultimately used for the systematized search: “green schoolyards”, “green*
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LLIT3 LLIY3 LLIY3

school grounds”, “school gardens”, “nature-based learning”, “garden-based learn-

CLINT3

ing”, “nature-based learning” AND (school grounds OR schoolyards), “nature-based
education” AND (school grounds OR schoolyards), “outdoor classroom”. “outdoor
classroom” AND design*, "designing school grounds”. No date restrictions were
applied, i.e. all studies meeting the search criteria were included, regardless of their
date of publication. The search was carried out using a search platform with access
to 173 databases (Appendix 2), including Scopus, ScienceDirect, SpringerLink,

Education Collection (Proquest), and ERIC.
Eligibility criteria
In line with the study scope, the following inclusion criteria were applied:

Scientific papers: only peer reviewed studies involving primary research
English language literature

Studies related to primary school ages (5 — 11 years)

Primary research about NBL programs using green school grounds as part of the
formal curriculum experience (subject-based learning), and/or green spaces in
school grounds in relation to the curriculum (program or outcomes)

v

Details of searches showing numbers of search results, and included/excluded
studies are given in Appendix 1, Tables 1-3.

Selection process

The filters “peer reviewed journals”, “articles” and “children” were applied to reduce
the number of irrelevant studies that focused on community urban greening outside
schools. The first author read titles and abstracts and screened whole articles where
abstracts showed relevance to the inclusion criteria or if relevance was unclear. The
second author independently screened two randomly selected samples of 50 results
each (comprising 41% of all relevant studies). No disagreements were recorded.

Data extraction

Data from the studies that met the inclusion criteria were extracted by the first
author, with results entered manually in Microsoft Excel® 2021 under the following
headings:

Search term

Database

Author/s and source of publication
Included / Excluded (+ reason)

Additional data collected for included studies are indicated in Table 1. Extracted
data were then checked by the second author.
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Table 1 Data collected for included studies

Category heading Description

Location of study Country and region characteristics where research was conducted (e.g.
urban/rural)

Ages Age in years (‘Grade’ translated into age according to the study country’s

educational system)

Philosophy Stated principles underlying the design of the nature-based learning area,
e.g. Attention Restoration Theory (Kaplan, 1980); architecture as peda-
gogy (Orr, 1997); place-based education

Extracted principles of design from study, space or program description,
e.g. deciduous trees have higher educational value due to their changing

states

Design elements included Natural elements described in the nature-based learning space and
supporting man-made elements, e.g. trees, water feature, pathway,
amphitheater

Stated program aims Aims of nature-based learning program specified in the study

Stated study aims Aims of the empirical study

Participant profile Social demography, number of students/schools, use of control group

Study The intervention: the nature-based learning program, or school grounds

use being studied

Research design and features Methodology for producing/testing outcomes: quantitative, qualitative,
mixed, experimental
Features: length, frequency, follow up

Outcomes included Outcomes related to the nature-based learning or design study related to
the inclusion criteria, e.g. improvement in academic subject, increase in
connectedness with nature

Results were imported into Zotero (6.0) and organised under the tag ‘included’
if the studies were relevant, or where excluded, under the relevant exclusion tags
(Appendix 1 — Table 3). Several excluded studies carried multiple tags. As noted
above, in this study we adopted a natural science-based definition of nature; activi-
ties and school grounds spaces that focus exclusively on harvesting crops were there-
fore omitted from the review.

Limitations

While this review adhered to the parameters set by the search protocol, it is pos-
sible that relevant studies might have inadvertently been excluded. In particular, the
empirical focus of this review excludes grey literature, that is, research material not
formally published through traditional academic publishing channels, even though
it is noted that there is a considerable, and growing, practice of NBL in schools ini-
tiated by organisations and the state sector worldwide (e.g., among others: Nature
Friendly Schools, and Learning through Landscapes in the U.K.; Natural Start Alli-
ance, and International School Grounds Alliance in the U.S.; Nature Classrooms,
and Aranyaka Upanishad Forest School in India; Learning through Nature in South
Africa). Additionally, this research excludes literature not in English.
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Results
Included studies

A total of 295 studies were found through the systematized search. Following the
removal of 50 duplicates identified by Zotero, 245 studies remained, of which 11
were found to be relevant or partially-relevant (Fig. 1). Details of the 11 included
studies are presented in Table 2.

Design of school grounds for Nature-based learning

A key aim of this study was to determine whether there is evidence-based guid-
ance for designing school grounds to achieve NBL through the primary school cur-
riculum. None of the 11 studies reviewed include explicit design guidance or made
reference to such, with school grounds seemingly designed on an ad hoc and case-
by-case basis. All studies espouse a philosophy consistent with the view that green
school grounds lead to improved student outcomes. However, only three of the
study aims or programmes are linked with a particular green feature; hence, while
there are random details of school grounds green spaces, none articulate a design
framework. Table 3 thus presents elements of the green spaces described in these
studies, rather than clear design parameters. The most common elements referred
to are: trees, gardens, water features, and plants (n=35). The most indicative insights
as regards specific causal relationships are from Khan et al., (2019), who emphasise
that the outdoor classroom or gathering space must be surrounded by natural ele-
ments for access during lessons, from Sivarajah et al., (2018), who conclude that
diverse tree cover is the most significant vegetation factor contributing to academic
performance, from Puhakka et al., (2019), who focus on exposure to biodiversity
leading to improved physical and mental states, and from Zaballa et al., (2021), who
deliberately introduce plants to increase children’s knowledge and understanding
of them. The age ranges of the sample populations in these studies, however, vary
widely.

This study also seeks to examine what knowledge is available specifically to
guide the implementation of NBL in small, urban schools. However, none of
the included studies is based in school grounds with small footprints, as can be
evidenced by the descriptions of natural spaces provided, though most studies
(n="T) are carried out in urban schools, often in poorer neighborhoods. In fact,
the research aims in several of these studies are related to the effect of school
grounds nature on children in urban schools (Camasso & Jagannathan, 2018;
Khan et al., 2019, 2020; Sivarajah et al., 2018; Tucker & Izadpanahi, 2017;
Zaballa et al., 2021). Two of the included studies’ school grounds appear to have
extensive and diverse spaces with pathways connecting multisensorial destina-
tions (gardens, water themed areas, loose parts, opportunites for active learning
and passive reflection). White et al., (2018) provide no description of the school
grounds; however, by inference from the fact that the program’s key focus is
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birdwatching, the school has natural spaces large enough for urban birds to fre-
quent or may be surrounded by natural areas or gardens.

Outcomes of NBL programmes and links with design features

Three studies mention specific curricular outcomes (Camasso & Jagannathan,
2018; Khan et al., 2019, 2020), i.e., improved student performance in mathemat-
ics and/or science, though this result relates to older primary or even post-pri-
mary children. While the age range of the study by White et al., (2018) is fully
within the inclusion criteria, it is unclear whether the six-week bird-feeding and
monitoring project is related to the curriculum. Sivarajah et al., (2018) report
improved general academic performance, although the age range does not cor-
respond fully with the target age bracket of this research.

Only one of the studies (Khan et al., 2020) provides empirical evidence of
links between green school grounds features and specific outcomes, in that it
describes a design philosophy and how it translated into elements of the out-
doors classroom (Table 3). None of the three studies that record improved out-
comes in mathematics and science provide a description of the design elements
that are potentially linked with these outcomes (Camasso & Jagannathan, 2018;
Khan et al., 2019, 2020). The only descriptors of the green space where these
studies are conducted are vague (e.g. “outdoor environment”, “direct nature
experience”), and general categories of elements (leaves, seeds or sticks from
nature) of the natural areas (Table 3). Sivarajah et al., (2018) note tree cover as
being a better predictor of children’s academic performance than other vegeta-
tion, while Zaballa et al., (2021) describe improved comprehension of plants and
plant diversity in the school with green areas over the control school, though it
is not stated whether this knowledge is part of science lessons. None of these
studies specifically refers to CN outcomes.

Among results that mention CN-related outcomes (Table 3), the study by
Puhakka et al., (2019) is more of a preschool study but has been included in the
review since it includes 5-year-olds and describes a program of learning activi-
ties; however, the activities mentioned are commonly associated with preschool
learning, such as exploration, play, and multisensory experience rather than
primary school traditional curriculum subjects. While Tucker & Izadpanahi’s,
(2017) study includes nature in the school grounds as part of its sustainability
design ethos, the study is not designed to distinguish between the effects of the
physical design aspects and the natural design aspects on the study’s outcomes
related to environment attitudes and behaviors.

Study characteristics
The evidence base produced by this review does not cover all primary school ages

equally. Participant ages across the 11 studies (Table 3) mostly lie within the upper
primary bracket, that is, 7 or 8 years and older (Camasso & Jagannathan, 2018; Green
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& Rayner, 2022; Khan et al., 2019; Sivarajah et al., 2018; Tucker & Izadpanahi,
2017; White et al., 2018), with only three studies focusing on early to middle primary
(Loureiro & Dal-Farra, 2018; Puhakka et al., 2019; Wallace, 2019; Zaballa et al., 2021).

Research methodologies across the 11 studies also vary greatly, with most employ-
ing mixed methods techniques (Camasso et al., 2018; Khan et al., 2019; Green &
Rayner, 2020; Khan et al., 2020; Loureiro & Dal-Farra, 2018; Puhakka et al., 2019),
two studies using quantitative methodology (Sivarajah et al., 2018; Tucker & Izadpan-
ahi, 2017), one qualitative study (Zaballa et al., 2021), and one study applying experi-
mental design (Camasso et al., 2018). Some studies are carried out over an extended
period (Camasso et al., 2018; Green & Rayner, 2020), others hold post-intervention
studies (Puhakka et al., 2019) and two studies are based on pre- and post-intervention
research (Khan et al., 2020; White et al., 2018). The authors of one study base their
main research on images, specifically children’s drawings (Zaballa et al., 2021). Valid-
ity and generalizability of results also vary across the studies, with sample sizes ranging
from one class in one school, to a large number of schools within a city or region.

The 11 studies present a diversity of aims, with dependent variables ranging
from academic performance, to physical activity and wellbeing levels, to interest,
empathy and attitudes towards the environment. Study aims are reflected in program
aims, which either focus on academic subject performance, physical wellbeing, or
knowledge and understanding of nature and the environment, with some studies
more concerned about a phenomenon related to green school grounds than a spe-
cific program. When study aims are matched with results, the outcomes that show
the clearest links with NBL are: improved academic performance, specifically in
mathematics and science; increased physical activity and play; improved well-being;
increased awareness, interest, and understanding of natural elements or the natural
environment; and improved relationships with the environment in terms of attitudes
and behavior (Table 2).

All relevant studies are relatively recent, having been published since 2017. Since
there was no date restriction on the review, the implication is that there is increasing
interest in the subject area. However, the evidence base remains small and studies
are currently too inconsistent to provide a clear framework for the design of such
spaces. Studies also have limited cultural and geographical representativeness.
While countries span quite diverse geographical contexts (Fig. 2), not all continents
are represented and few countries are represented, mostly by single studies.

Discussion

The eleven included studies provide an indication that there are positive benefits of
curricular NBL amongst primary-school children. These results are encouraging and
suggest that investment in NBL may well be worth pursuing. At the same time, it is
amply clear that there is a need for more evidence. The small number of included
studies and the fact that these are representative of a wide variety of geographical
contexts limits generalizability. It is also worth noting that climate and ecology are
key determining factors for green school grounds design but vary widely across the
world. For example, water features (lakes, rivers, fountains) were present in five of
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Fig.2 Studies by geographical region and frequency

the studies in this review, but such features may not be available or sustainable to
maintain in arid or semi-arid climatic contexts. In such contexts, an alternate fea-
ture leading to the same desired outcomes would therefore need to be sought. If for
example, a lake provides an aesthetically pleasing/relaxing effect in one geographi-
cal context, it might be replaced by rows of graceful palm trees in a drier context. In
this review, Sivarajah et al., (2018) suggest that a varied tree cover is a better predic-
tor of children’s academic performance than other vegetation types, raising the ques-
tion of whether there are natural elements that would generate the same outcome in
urban schools that may not have adequate space for a variety of trees, or in climatic
contexts where tree growth may be constrained. A third pertinent example from a
study by Paddle & Gilliland, (2016) reveals that children perceive the restoration
offered by schoolyard trees as being influenced by seasonal changes in foliage, a
result that is only applicable where deciduous trees are native to the geographical
region. While it is possible that NBL applied through different locally-adapted natu-
ral features would have the same effect on children’s CN and other NBL outputs, as
evidenced by the improvements in outcomes of the different variables tested in the
review studies, there nevertheless remains a need for a wider and stronger empiri-
cal evidence base that is better representative of different climatic and ecological
realities.

Context is also important given evidence that NBL practice is mediated by cultural
influences (MacQuarrie, 2018). According to Vygotsky’s zone of proximal develop-
ment theory, a child’s psychosocial transformation is mediated by the social context
and interaction with the adults in it (Gredler, 2012). For instance, a school that employs
a traditional reductionist curriculum (separate subjects) might need a different design
approach than a school that adopts a forest school philosophy, where the environment
is an integrated context that stimulates cross-curricular learning. Adapting an outdoor
education approach necessitates careful cultural consideration, an argument also made
in a critique of forest schools in the UK by Leather, (2018). Culture plays a determining
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role in creating the learning context and in assisting the child in the learning process
that appropriates meaning and enacts competencies found in the learning context (Fer-
reira, 2014). While much of the nature connectedness literature represents Western
perspectives, the human-nature relationship itself is very much a cultural product, and
manifests itself differently among different cultural groups (Krettenauer et al., 2020;
Sedawi et al., 2021). For instance, while cultural and societal beliefs about education
and family backgrounds have been identified as potential barriers to the acceptance of
outdoor education and NBL practice (Dyment, 2005; Oberle et al., 2021; Rickinson
et al., 2004), this may not be the case in countries traditionally associated with forest
schools, such as Denmark. Nevertheless, this review provides little insight into how cul-
tural variables may manifest in different programs and the green school grounds design
that would support them, with cultural influences not explicitly addressed.

Another crucial constraint on greening school grounds is available space. The
studies in this review predominantly illustrate examples of NBL in large areas:
although there is no specific indication of the footprint occupied by different fea-
tures, it is doubtful whether most of the features themselves (except for the kitchen
garden in Wallace, 2019) can be accommodated in small spaces. Based on this
review, there appears to be little guidance on how NBL can be implemented within
schools with small footprints. However, while the included studies do not provide
sufficient design guidelines for different types and footprints of primary schools
worldwide, they nevertheless provide valuable insight into elements for inclusion
in a design framework. This becomes particularly relevant if viewed through the
lens of Gibson’s theory of affordances (Gibson, 2015), where the outdoor space
can become a series of material possibilities and restrictions for the provision of
meaningful experiences (Puhakka et al., 2019). The danger in this case would be to
over-simplify the overall influence of a green space in favour of its individual ele-
ments as affordances: “Affordances exist in relation to the perceiver, but cannot be
constructed subjectively by the perceiver” (Puhakka et al., 2019, pp. 2 — 3). Green
school grounds are as much relational as they are situational. More research is thus
needed on whether elements of green spaces in large schools can be selectively
adapted to schools with a small footprint to achieve the same results. The more fre-
quent features in the studies in this review (Table 3) could provide appropriate sub-
jects for research.

The results of this review also indicate a dearth of research on the middle-to-early
primary years in connection with NBL and outdoor learning. It is suggested that
effective design of NBL spaces on school grounds should be informed by knowl-
edge of the relevant pedagogy and developmental psychology pertaining to the
intervention age besides other participant-related mediating variables (e.g. curricu-
lum, attainment level, desired outcomes). Early years settings, for instance, tend to
focus on free play and on viewing the environment as a third teacher that provides a
multiliterate learning environment, after the Italian Reggio Emilia approach (Cortés
Loyola et al., 2020). Older primary student teaching may tend to follow a subject-
based curriculum based on subject learning outcomes. More progressive forms of
curricular development adopt a cross-curricular approach or broader areas of learn-
ing (Wyse et al., 2018). Such considerations would be of crucial importance to pri-
mary schools that wish to implement whole-school NBL on their school grounds in
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limited spaces, possibly requiring zoning that is pedagogy, or development, sensi-
tive. Again, the review results offer few insights on how this could be implemented
in practice, suggesting avenues for further research.

Conclusion

This study sought to determine the current state of knowledge with respect to the
design of natural spaces on primary school grounds for NBL. Key conclusions with
respect to the three main research questions are as follows:

1. There is very little evidence-based guidance for designing green school grounds
to achieve nature-based learning through the primary school curriculum. Only
11 relevant studies were identified through this review, and these vary widely in
their scope, design and context.

2. Urban schools and/or schools that have small footprints are not well addressed
within the identified 11 studies. There therefore appears to be a dearth of evi-
dence-based guidance on whether and how NBL could be implemented within
such contexts, which face particular challenges in accommodating natural spaces
that can sustain teaching programs.

3. Awvailable literature does not provide clear insights on the link between specific design
features and programme outcomes. Although some design features are reported, these
are often discussed in limited detail and there appear to be few to no studies that specifi-
cally consider the contribution of design elements to desired outcomes.

While recent years have seen an increase in research interest in school grounds
for NBL, the design of school grounds for learning appears to be an under-
addressed research area. The relationship between green school grounds design
and mediating variables is complex, as indicated by this research, and as yet,
there seems to be little to guide educators and school administrators in making
informed choices and decisions when planning the design of available spaces on
their school grounds. The provision of clearer and systematic design guidance
could potentially provide a framework to guide implementation of NBL in prac-
tice, also allowing better comparability of different programs and thus a more
robust basis for assessing NBL’s ability to contribute to specific outcomes. This
therefore emerges as a priority for future NBL research, which also needs to bet-
ter address a wider spectrum of geographical and cultural contexts. In particular,
there is an urgent need for research that addresses the challenges of schools with
small urban footprints, which increasingly represent a more common reality but
that also face considerable challenges in implementing NBL. This is important
not only to foster enhanced ecological literacy for all but also to address social
injustices arising from inequitable nature access. Furthermore, it is important to
recognise that efforts to implement NBL successfully also require parallel efforts
across a variety of related research and practice domains, including teacher train-
ing, curriculum development and sustainable financing, among others.
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Appendix 1
Table 4 Results of preliminary search using different search terms
Search term A B C D E F
Number of hits Relevant Excluded Excluded Excluded Excluded
(partici- (subject)  (theory- (review
pants) based) criteria)
1 “nature based 69 3 8 13 3 3
learning”
2 “green school- 51 0 4 24 2 0
yards”
3 “environmental 166 0 3 21 4 2
education (in
or through)
nature”
4 “environmental 11,969 4 6 18 2 0
education”
AND “con-
nectedness to
nature”
6 “garden based 118 1 1 16 7 5

learning”

Note: Columns B-F are based on a review of the first 30 hits returned per term. Column C shows the
number of studies that were excluded because participants did not meet age or profile requirements (e.g.
teenagers or adults). Column D shows studies excluded for not focusing on NBL (e.g. with a focus on
urban greening, community wildlife gardening, the influence of environmental knowledge on tourism,
designing schools for vegetable growing, among others). Column E shows studies excluded because they
did not present results of empirical research but focused on theoretical discourses on experiential learn-
ing, child development and nature and other related themes. Column F shows studies excluded to ensure
that reviewed publications were published within the period 2010-2020 and that review criteria were
appplied consistently across articles
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Table 6 Reasons for excluded studies

Reason for exclusion

Study focus

Not curriculum-linked

Concerns outside-school environments

Subject not relevant to search subject

Not curriculum linked

Participant age outside category

Gardening activity

Nature activity in primary school grounds but not linked to cur-
riculum subjects/areas

Break-time activity in green school ground spaces
Nature park

Forest

Wildlife park

Community green areas

Out-of-school program nature venue

Both in and out of school with no differentiation between
venues in results

School grounds not mentioned

Not about children

Not about schools

Not empirical

Review

Concerns unstructured play

Theoretical discourse about nature-based learning
Community spaces greening

Effects of greening neighborhoods

Concerns health/wellbeing and nature

Concerns food and nutrition

Concerns physical activity and nature

No relation to the theme (e.g. tourism)

About school grounds but no reference to green spaces

Gardening activity or nature activity in primary school grounds
not linked to curriculum subjects or subject areas

Concerns break-time activity in school grounds natural spaces
Children not 5-11 years old

Families

Youth

University students

Teachers

Other social groups
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Appendix 2: Databases used in Systematized search

PN A WD =

A BB WL LW LWL L L L WIENDNDNDDDNINENDNDDNDDND S = === = = = = =
R e R R e e - R e S e o T N

ABI/INFORM Collection (ProQuest)

Academic Search Ultimate (EBSCO)

Accounting, Tax & Banking Collection (ProQuest)
ACM Digital Library

ACS Publications (American Chemical Society)
African American Biographical Database

AgeLine (EBSCO)

American Periodicals (ProQuest)

Art and Architecture Archive (ProQuest)

Arts & Humanities Database (ProQuest)

Asian American Drama (Alexander Street)

Asian & European Business Collection (ProQuest)
Australia & New Zealand Database (ProQuest)
AWOL—The Ancient World Online

Black Abolitionist Papers

Black Studies Center

Black Thought and Culture (Alexander Street)
Biological Science Database (ProQuest)

BioMed Central

BM]J Journals

BNF (British National Formulary)

British and Irish Women’s Letters and Diaries (Alexander Street)
British Architectural Library Catalogue (RIBA)
British Periodicals (ProQuest)

Business Market Research Collection (ProQuest)
Canadian Business & Current Affairs Database (ProQuest)
Canadian Newsstream (ProQuest)

Career & Technical Education Database (ProQuest)
Cecil Papers (ProQuest)

ChemSpider

CINAHL Complete (EBSCO)

Cochrane Central Register of Controlled Trials (EBSCO)
Cochrane Clinical Answers (EBSCO)

Cochrane Database of Systematic Reviews (EBSCO)
Cochrane Methodology Register (EBSCO)
Communication & Mass Media Complete (EBSCO)
Computer Science Database (ProQuest)
Contemporary World Drama (Alexander Street)
Continental Europe Database (ProQuest)

Consumer Health Database (ProQuest)

Criminology Collection (ProQuest)

Dance Online: Dance Studies Collection (Alexander Street)
Delure
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44.
45.
46.

47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.

Digital Theatre Plus

Directory of Open Access Journals (DOAJ)

Disability in the Modern World: History of a Social Movement (Alexander
Street)

Drama Online

DynaMed Plus

Early Encounters in North America (Alexander Street)
Early English Books Online

Earth, Atmospheric & Aquatic Science Database (ProQuest)
East & South Asia Database (ProQuest)

East Europe, Central Europe Database (ProQuest)
Education Collection (ProQuest)

Education Magazine Archive (ProQuest)

E-Journals (EBSCO)

Emerald Insight

Entertainment Industry Magazine Archive (ProQuest)
Environment Complete (EBSCO)

ERIC (USDE)

Ethnologue: Languages of the World

Europa World Year Book

European Union Legal Database (EUR-Lex)

FIAF International Index to Film Periodicals (ProQuest)
Film & Television Literature Index with Full-Text (EBSCO)
Food Studies Online (Alexander Street)

Frost & Sullivan

GeoRef (ProQuest)

Gerritsen Collection of Aletta H. Jacobs

Global Breaking Newswires (ProQuest)

GreenFILE (EBSCO)

Grove Music Online

Health & Medical Collection (ProQuest)

Healthcare Administration Database (ProQuest)
HeinOnline Academic Core Collection

Historical Abstracts with Full Text (EBSCO)
HistoryMakers

Human Rights Studies Online (Alexander Street)

IBSS: International Bibliography of the Social Sciences
ICE Virtual Library

IEEE Xplore

India Database (ProQuest)

Inspec (EBSCO)

International Encyclopedia of Education (3rd edition)
International Newsstream (ProQuest)

International Pharmaceutical Abstracts (ProQuest)
IOPscience

Journals@OQvid Full Text
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89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.

113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.

JSTOR

Karger

Latin America & Iberia Database (ProQuest)

Lexis 360 (To access Lexis 360, follow these instructions)
Lexis Library

LGBT Thought and Culture (Alexander Street)

Library & Information Science Collection (ProQuest)
Library, Information Science & Technology Abstracts (EBSCO)
Linguistics Collection (ProQuest)

MarketLine (see how to access this database)

MathSciNet (American Mathematical Society)

Max Planck Encyclopedia of Public International Law
MEDLINE (ProQuest)

MEDLINE Complete (EBSCO)

Middle East & Africa Database (ProQuest)

Military Database (ProQuest)

MLA Directory of Periodicals (EBSCO)

MLA International Bibliography (EBSCO)

Music Online: Music Periodicals of the 19th Century (Alexander Street)
National Agricultural Library

National Theatre Collection (Alexander Street)
Nature.com

News, Policy & Politics Magazine Archive (ProQuest)
North American Immigrant Letters Diaries and Oral Histories (Alexander
Street)

North American Women’s Letters and Diaries (Alexander Street)
Nursing & Allied Health Database (ProQuest)

Oxford Academic Journals

Oxford Dictionary of National Biography

Oxford English Dictionary

Oxford History of Western Music

Oxford Research Encyclopedia of Linguistics

Performing Arts Periodicals Database (ProQuest)
Periodicals Archive Online (ProQuest)

Persée

Philosopher’s Index with Full-Text (EBSCO)

PLOS

Politics Collection (ProQuest)

Project Muse

ProQuest Academic Complete

ProQuest Central

ProQuest One Academic

PsycINFO (EBSCO)

Psychology Database (ProQuest)

PTSDpubs (ProQuest)

PubChem
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134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.

171.
172.
173.

Public Health Database (ProQuest)

Publicly Available Content Database (ProQuest)
PubMed

PubMed Central

Reaxys

Rehabilitation Reference Center (EBSCO)

Religion Database (ProQuest)

Research Library (ProQuest)

RILM Abstracts of Music Literature (EBSCO)
Routledge Performance Archive

SAGE Journals

SAGE Knowledge Complete Books and Reference Collection
SAGE Research Methods

Science Database (ProQuest)

ScienceDirect

Scopus

Shanghai Library

Social Science Database (ProQuest)

Social Work Online (Alexander Street)

Sociology Collection (ProQuest)

SpringerLink

SSRN—Social Science Research Network

Taylor & Francis Online

Telecommunications Database (ProQuest)

The Europa World of Learning

Trench Journals and Unit Magazines of the First World War (ProQuest)
Turkey Database (ProQuest)

Twentieth Century North American Drama (Alexander Street)
UK & Ireland Database (ProQuest)

Ulrichsweb: Global Serials Directory

US Newsstream (ProQuest)

Visible Body Human Anatomy Atlas 2020

Vogue Archive (ProQuest)

Web of Science

Westlaw UK (Access to this database requires VPN)
Wiley Online Library

Women and Social Movements, International: 1840 to Present (Alexander
Street)

World Bank Open Knowledge Depository

World’s Who’s Who

Zoological Record (EBSCO)
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