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Designing Small Urban School Grounds for Nature-Based Learning: A Framework for Fostering Children's
Connectedness with Nature

Abstract

Nature-based learning is increasingly recognised as a means of strengthening children’s connectedness
with nature and supporting environmental stewardship. However, limited guidance exists on how small
urban primary school grounds can be intentionally designed to support curriculum-based outdoor
learning where space is highly constrained. This paper presents a theoretically informed design
framework that translates research on connectedness with nature, developmental psychology,
ecological systems, affordance theory, and environmental design into practical principles for creating
nature-based learning environments in urban schools. The framework was developed through a theory-
led synthesis of interdisciplinary literature and refined through pilot application in three Maltese
primary schools representing different spatial and ecological contexts. Discussions with children,
educators, school leaders, and interdisciplinary experts were used to evaluate the framework's clarity,
feasibility, and educational relevance, leading to further refinement. Findings indicate that meaningful
nature-based learning in small urban schools depends on more than increasing green space. Effective
design requires ecologically purposeful planting, opportunities for repeated and sensory-rich encounters
with nature, age-responsive learning affordances, and spatial organisation that supports curriculum
integration while remaining manageable within school maintenance constraints. Stakeholder feedback
also highlighted the importance of teacher confidence, leadership support, and ecological intentionality
in translating designed spaces into meaningful learning experiences. The framework demonstrates that
even highly constrained urban school grounds can be transformed into educational landscapes that
promote connectedness with nature and ecological literacy. By integrating educational, ecological, and
spatial perspectives, it provides evidence-informed guidance for educators, school leaders, designers,

and policymakers seeking to embed nature-based learning within everyday school practice.
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Designing Small Urban School Grounds for Nature-Based Learning: A Framework for
Fostering Children's Connectedness with Nature

Escalating environmental change and biodiversity loss underscore the urgency of fostering
environmentally responsible behaviour (ERB). Understanding the drivers of ERB is critical to inform
intervention strategies. Numerous studies have examined connectedness with nature (CWN) as a
relevant construct, with consistent evidence linking CWN to pro-environmental attitudes and behaviour
(Lengieza et al., 2023; Barragan-Jason et al., 2022). In this paper, CWN is understood as a
multidimensional human—nature relationship that positions the individual as an integral part of
ecological systems, encompassing affective affinity, cognitive inclusion, and experiential familiarity with
the natural world. CWN has been shown to foster motivation to engage in ERB by creating emotional
(Mayer et al., 2009) and cognitive (Schultz & Tabanico, 2007) bonds with nature, such that harm to
nature may be perceived as harm to the self (Sulfa et al., 2024). Childhood represents a particularly
critical developmental period for the formation of environmental identity and moral orientation.
Developmental psychology situates early and middle childhood as foundational for cognitive growth,
identity formation, and value construction (Bruner, 1990). Empirical evidence indicates that experiences
in nature during childhood are strongly associated with later pro-environmental attitudes (Evans et al.,
2018; Lieflander et al., 2013). Accordingly, early intervention through repeated, meaningful nature
engagement is likely to have durable behavioural implications. However, contemporary patterns of
urbanisation, globalisation, and technologically mediated lifestyles have contributed to a decline in
direct interaction with natural environments, particularly among children (Beery et al., 2023; Ortega-
Garcia et al., 2024), and consequently to a decline in opportunities for developing CWN. This
phenomenon, described by Pyle (2003) as the “extinction of experience,” refers to diminishing everyday

contact with biodiversity, resulting in weakened emotional attachment and ecological knowledge.
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This decline may be especially pronounced in dense urban environments with limited access to
natural spaces, exacerbated by the predominance of screen-based entertainment and structured indoor
schedules that limit unmediated encounters with living systems (Larson et al., 2019; Soga & Gaston,
2016). Urban areas are not uniformly defined across the globe, with countries employing non-
standardised criteria (Ritchie et al., 2024), which frequently reflect national priorities or capacities rather
than global comparability. To address challenges in comparing urban areas across countries, the
European Commission, in partnership with the OECD and UN-Habitat and endorsed by the United
Nations Statistical Commission in 2020, developed the Degree of Urbanisation (DEGURBA) methodology
(OECD, 2021). This harmonised, grid-based system uses population density and spatial contiguity to
classify and compare territories in terms of their degree of urbanisation. This paper adopts the
DEGURBA classification of urban centres as contiguous 1 km? grid cells with at least 1,500 inhabitants
per km? and a minimum total population of 50,000, and urban clusters as contiguous cells with at least
300 inhabitants per km? and a minimum population of 5,000.

In urban settings, schools potentially offer a structured and widely available context for
facilitating engagement with nature for all children. Nature-based learning (NBL), broadly defined as
learning that occurs in, about, and through nature (Jordan & Chawla, 2019), provides a pedagogical
vehicle for embedding nature experiences within formal curricula. The Nature Based Learning Research
Network further conceptualises NBL as learning through exposure to natural settings or nature-based
elements incorporated into built environments (Jordan & Chawla, 2019). Integrating NBL within primary
schools offers a means of mitigating inequities in access to natural spaces and ensuring regular contact
with living systems for children in dense cities (Mann et al., 2022; Stevenson et al., 2020). However,
despite increasing advocacy for NBL and urban greening, there remains limited evidence-based guidance
regarding the physical design of small, urban primary school grounds to support curriculum-integrated

NBL. Much of the literature focuses on programme outcomes, socio-economic factors, or broader urban
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greening strategies (Flax et al., 2020; Berman et al., 2018), while spatial design considerations specific to
school grounds remain underdeveloped. In contexts characterised by land scarcity, heavy footfall,
pollution exposure, and ecological simplification, the quality and intentionality of spatial design may be
decisive in enabling or constraining meaningful nature engagement.

A recent systematic review of the evidence identified an absence of evidence-based guidance
for designing nature-based learning spaces in small, urban primary schools, despite increasing
recognition of the educational value of nature-based learning (Falzon & Conrad, 2024). Building on these
findings, this study develops and iteratively refines a theoretically grounded framework for designing
nature-based learning spaces for children aged five to eleven. The framework integrates environmental
psychology, developmental theory, ecology, and landscape design principles, and was explored through
pilot applications in three urban primary schools in the small island state of Malta. The research seeks to
answer: (1) which theoretical constructs are most relevant to informing the design of small, urban
school grounds to foster CWN; (2) how these constructs can be translated into spatial and vegetative
design principles; and (3) how stakeholder appraisal of pilot applications informs refinement of the
framework under conditions of spatial constraint.

Methodology: Framework Development and Interpretive Validation

This research develops a design framework for NBL spaces in small, urban primary schools,
grounded in theories of CWN, developmental psychology, ecological systems, and environmental design.
The study translates constructs associated with ERB into spatial variables capable of operating within
constrained urban school grounds. The framework emerges from the interplay between constructs of
nature connectedness, knowledge and ecological relationships, affordances theory and the
restorativeness of nature on attention within a context of urban stressors. These are presented not as

discrete stages but as mutually constitutive dimensions.
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The framework was derived through a top-down, theory-led process guided by three organising
questions: (i) what is the aim of the framework? (ii) who are its primary users? and (iii) under what
contextual conditions must it function?

Development proceeded through parallel and hierarchical inquiry (Gwizdka & Lopatovska,
2009). Parallel inquiry surveyed constructs across environmental psychology, ecology, developmental
science, and landscape theory associated with CWN. Hierarchical inquiry interrogated how these
constructs could be expressed spatially within small, high-density school grounds. The result is not a
prescriptive design template but an integrated set of spatial principles through which ecological,
sensory, developmental, and pedagogical dimensions converge.

Following theoretical derivation, the framework was interpreted within three pilot urban
primary schools in Malta, with schools representing diverse typologies of size, population density, and
soft landscape provision. Stakeholder consultations with pupils, teachers, administrators, and
interdisciplinary experts then assessed interpretive clarity and contextual feasibility. These discussions
functioned as conceptual stress-tests, refining zoning logic, maintenance realism, and pedagogical
alignment without altering the theoretical core.

Eliciting Elements Connected to the Framework Aim

The central aim of the framework is the cultivation of CWN during early and middle childhood
(ages 5-11), a developmental stage widely recognised as formative for identity, moral orientation, and
worldview formation (Bruner, 1990; Evans et al., 2018). Given evidence linking CWN with pro-
environmental behaviour (Lengieza et al., 2023; Barragan-Jason et al., 2022), the framework seeks to
specify the material conditions under which such connectedness may be fostered within institutional
settings. Fostering ERB through CWN in schools requires green spaces that lend themselves to
curriculum-based NBL. Despite growing interest in human—nature interactions, much scholarship

remains situated within the social sciences, with comparatively limited ecological integration (Keniger et
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al., 2013). This gap constrains clarity regarding which environmental characteristics most effectively

support CWN.

The first step towards eliciting elements for the design framework involved identifying what

constitute meaningful CWN experiences in early and middle childhood. Theoretical literature on

children’s connectedness was reviewed to extract recurring themes. These were clustered under

broader categories including knowledge, affect, stewardship, contact, and experiential recurrence (Table

1).

Table 1

Broad Themes and Key Descriptive Phrases in Literature on CWN Through NBL

Broad theme

Key descriptive phrases

Source

Knowledge about environment
and ecological systems

Environmental literacy

(Erdogan, 2011)

Environmental awareness

(Erdogan & Ozsoy, 2007)

Ecology-based nature
education; environmental
knowledge about flora, fauna
and the ecosystem through
real contact with nature

(Erdogan, 2011; Otto &
Pensini, 2017)

Environmental knowledge

(Erdogan, 2011; Otto &
Pensini, 2017; Theimer &
Ernst, 2012)

Subjective environmental
knowledge: deep
understanding of causal
connections; the workings of
natural processes

(Carmi et al., 2015; Coyle,
2005; Roczen et al., 2014)

Awareness of human-nature
ecological relationship

Understanding the
relationship between man and
natural environment

(Chawla, 2018; Erdogan, 2011;
International Union for the
Conservation of Nature and
atural Resources, 1971; Ross,
2020; A. Taylor, 2017)

Observation of cause — effect
relationships in the natural
environment

(Erdogan, 2011; Otto &
Pensini, 2017)
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Broad theme

Key descriptive phrases

Source

Thinking collectively about
commonalities between
human — nature

(Elliott & Davis, 2020; Ross,
2020; A. Taylor, 2017)

Direct experience and
involvement

Immersion in natural
environment

(Louv, 2005)

Involvement in activities in
nature

(Giusti et al., 2018a; Yue &
Chen, 2023)

Direct contact with the
environment

(Chawla, 2018)

Experience of patterns of
change at various temporal
and spatial dimensions

(Dennis Jr et al., 2014)

Engagement of the senses

(Giusti et al., 2018)

Integration of NBL to ensure
regularity of direct experience

Immersion in natural
environment

(Louv, 2008)

Involvement in activities in
nature

(Giusti et al., 2018; Yue &
Chen, 2023)

Direct contact with the
environment

(Chawla, 2018)

Experience of patterns of
change at various temporal
and spatial dimensions

(Dennis et al., 2014)

Engagement of the senses

(Giusti et al., 2018)

Extended periods in natural
areas

(Barrable, 2019; Chawla, 2018)

Curricular connections

(Dennis et al., 2014; Erdogan,
2011)

Creating, engaging and
broadening space for nature
connection

(Grimwood et al., 2018)

Nature connectedness and
affect

Feeling connected to nature
together with acquiring
environmental knowledge

(Otto & Pensini, 2017)

Connectedness to nature as a
motivational component

(Chawla, 2018; Giusti et al.,
2018; Green et al., 2016; Kals
et al,, 1999b; Otto & Pensini,
2017)

Reflection on the relationship
between people and nature

(Hgyem, 2020)
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Broad theme

Key descriptive phrases

Source

Affect; pleasant experiences
while in direct contact with
nature

(Erdogan & Ozsoy, 2007; Giusti
et al., 2018; Lumber et al.,
2017; Rosa et al., 2018)

Engaging with the inner world
of emotions and identities

(Barbaro & Pickett, 2016;
Barrable, 2019)

Mindfulness (heightened
awareness and attention to
the present moment)

(Barbaro & Picket, 2016)

Environmental emotions
mediate the translation of
knowledge acquired about
environmental issues into
environmentally responsible
behaviour

(Carmi et al., 2015)

Attractiveness of natural
environment impacts
attitudes, motivation, and
behaviour

(Carson, 1956; Ballantyne &
Pecker, 2020; Barrable, 2019;)

Comfort in nature

(Giusti et al., 2018; C. Green et
al., 2016)

Engagement with nature’s
beauty; aesthetic experience
triggered by nature

(Barrable, 2019; Giusti et al.,
2018b; Ng et al., 2023; P.-C.
Wang & Yu, 2018a)

Stewardship

Involvement in biodiversity
conservation

(Chawla, 2018)

Understanding and caring for
the natural world

(Chawla, 2018; Jordan &
Chawla, 2019)

Environmental stewardship

(Taylor, 2017)

The theme of knowledge extended beyond recognition of individual species to encompass

ecological systems and causal relationships (Barakat et al., 2019). Accordingly, the framework

emphasises visible ecological processes. This means more than exposure to green space; it requires

encounters that reveal ecological relationships and processes in ways that are cognitively and

emotionally meaningful. The literature on CWN consistently emphasises that affective engagement and

experiential contact mediate the relationship between environmental knowledge and behaviour (e.g.,
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Roczen et al., 2013; Chawla, 2018). Knowledge alone rarely produces sustained behavioural change
(Erdogan, 2011; Frick et al., 2004). Rather, ecological understanding becomes behaviourally significant
when it is embedded in lived experience and linked to emotional resonance.

Accordingly, the framework emphasises visible ecological processes. Children should be able to
witness pollination, decomposition, seasonal variation, habitat formation and stewardship practices in
action. Within primary school contexts, this implies that NBL spaces must foreground ecological cause-
and-effect relationships and create opportunities for repeated observation. Designing school grounds to
reveal such relationships requires intentional selection of vegetation, habitat features, and spatial
organisation. This creates conditions under which ecological literacy can emerge through direct
engagement with living systems rather than through abstract instruction alone.

Curriculum integration is essential to ensure frequency and continuity of experience. Review of
curriculum-linked NBL programmes indicates a predominance of life-science content (Falzon & Conrad,
2024). Consequently, the planting scheme becomes central to pedagogy due to plants’ foundational role
in food webs and ecosystem functioning (Dobson et al., 2023). Ensuring the presence of native plants
and associated fauna increases opportunities for sustained inquiry across year groups. While school
grounds are inherently constructed environments, the use of native flora and fauna enhances
authenticity of ecological experience, strengthens place-based learning, and aligns with ecological
research demonstrating their contribution to local biodiversity and ecosystem functioning (Berthon et
al., 2023). In small urban sites, diversity and structural layering may compensate for limited area,
enabling children to encounter a range of organisms and ecological processes within constrained spatial
boundaries.

However, knowledge alone rarely shifts behaviour (Erdogan, 2011; Frick et al., 2004). The
framework therefore integrates affective dimensions, recognising that emotional engagement mediates

the knowledge—behaviour relationship (Roczen et al., 2013). Spatial design must invite curiosity, delight,
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and care through tactile involvement, sensory richness, and opportunities for stewardship. These
processes transform abstract curricular content into lived ecological experience where nature mediates
learning through direct experience of nature in settings where urbanisation has thwarted our
competence and confidence towards the natural world (Barrette et al., 2022). Designing NBL spaces for
children’s direct engagement with nature can be achieved through variety, where plant diversity
foregrounds ecological relationships through the potential faunistic diversity associated with such flora,
allowing children to experience cause and effect relationships. Footpaths maximise the potential of such
opportunities by allowing regular student access to different areas while restricting trampling. Designing
winding rather than straight footpaths increases nature contact where spatial limitations reduce
opportunities for direct experience.

Effective stewardship education also requires skilled educators, carefully planned hands-on
experiences, and opportunities for reflection that help children understand the significance of their
actions. The implications for design are that NBL spaces should approximate authentic ecological
experiences, even in urban settings. A diversity of indigenous plants, habitats, seasonal cycles, and
learning zones can increase biodiversity, reveal ecological dynamics, and provide varied affordances for
learning. Such variety enriches educational experiences, deepens children's connection with nature, and
strengthens their capacity for stewardship and ecological understanding (Dobson et al., 2023; Sharma-
Brymer et al., 2018).

Integrating NBL within the curriculum is essential for fostering meaningful and sustained
connections with nature. Because nature-based activities are inherently interdisciplinary, they help
learners connect theory and practice while building relationships across subject areas (Erdogan, 2011).
Such integration enables experiential recurrence. Regular, repeated engagement with natural
environments has been shown to strengthen children’s connection with nature over time (Barrable,

2019). When accompanied by reflection and linked to curriculum goals, these recurring experiences



Designing Small Urban School Grounds for Nature-Based Learning: A Framework for Fostering 12
Children's Connectedness with Nature

become particularly powerful educational opportunities. Consequently, NBL spaces should incorporate
diverse vegetation, pathways, and learning zones that support repeated use for a range of curricular
purposes.

Figure 1 outlines the broad themes and key findings related to the aim section of the
framework.
Figure 1

Outline of Broad Themes and Key Findings Informing Elements Relevant to Aim
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Eliciting Elements Connected to Users of the NBL Space

The second guiding question (Who are the users?) required engagement with developmental
and pedagogical theory. While school grounds are used by a broad range of stakeholders, including
administration, ancillary staff, parents, and visitors, the primary users of the NBL space targeted by this
framework are children aged five to eleven and the educators who facilitate their learning. This section
of the framework is thus anchored in ecological psychology, which examines organism—environment
relationships (Gibson & Rader, 1979). Because pathways from NBL to behavioural outcomes are not fully
understood (Jordan et al., 2017), the framework draws on established theories of how children relate to
place and how learning unfolds through interaction. Froebel’s early advocacy for hands-on engagement
with the natural world positioned exploration and care as central pedagogical principles (Froebel,
1826/1887). This emphasis resonates with Chawla’s (1999) account of “significant life experiences,” in
which memorable encounters with nature, often mediated by mentors, shape identity and values.
Erikson’s psychosocial theory further suggests that children build industry and competence through
active, real-world tasks (Erikson, 1950). Within a NBL context, such tasks may involve planting,
monitoring habitats, or observing ecological change. Cognitive development theory situates children as
active constructors of knowledge (Saracho, 2021). Piaget’s account of stage-like operational structures
(Piaget, 1952) suggests that cognitive capacities evolve through interaction, maturation, and social
mediation. Vygotsky (1934/1962) foregrounded the sociocultural mediation of cognition, arguing that
learning occurs through participation in culturally structured activities scaffolded by more capable
others. These perspectives converge in highlighting the importance of interaction, guided participation,
and meaningful context. Affordance theory (Gibson, 1979) provides a conceptual bridge between
developmental theory and environmental design. Affordances are relational action possibilities arising
from the complementarity between environmental properties and the capabilities of the organism. In

the context of NBL, affordances represent the opportunities for action, exploration, and learning that
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school grounds offer to children at different developmental stages. Although critics note that affordance
theory can underplay social and cultural mediation (Norman, 2004; Heft, 2010), affordances are not
static properties; they are perceived through ongoing interaction and shaped by social practices. As
children mature, their perception of affordances evolves, reflecting cognitive growth and changing
competencies (Saracho, 2023). In spatial terms, this implies that affordances must be legible and
responsive to children’s developmental capacities. Young children preferentially attend to proximal
stimuli (Khan & Kellert, 2002), and early primary years are characterised by strong sensory integration
(Ayres & Robbins, 2005). NBL spaces should therefore privilege manipulable soils, visible water flow,
textured surfaces, and immediate perceptual feedback. In middle childhood, cognitive capacities for
classification, explanation, and abstraction expand (Mah & Ford-Jones, 2012). Affordances can therefore
evolve toward structured ecological inquiry, including monitoring species diversity, tracking seasonal
change, and participating in stewardship practices. Social mediation remains central; teachers shape
perception of affordances by directing attention and legitimising certain forms of engagement (Chawla
et al.,, 2014; Reed, 1996). The framework thus integrates cognitive development with affordance theory
by specifying how environmental features can scaffold perception—action loops across age groups.
School grounds are therefore conceived not as passive settings but as active participants in learning
processes, where affordances are intentionally calibrated to support the development of connectedness
with nature. Figure 2 outlines the broad themes and key findings informing the users section of the
framework.

Figure 2

Themes and Key Discussions Leading to Elements of Design Framework Related to Users
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Eliciting Elements Connected to Context

The third guiding question, relating to context, situates the framework within small, urban

primary schools characterised by high density, limited outdoor area, and exposure to environmental

stressors.

Urban populations are increasing globally (Zhang, 2016), placing pressure on school

infrastructure. Many urban schools operate within constrained footprints and experience elevated air

pollution levels due to vehicular traffic (Taylor & Wright, 2020). Children are particularly vulnerable to

pollution due to physiological and developmental factors (Johnson et al., 2021; Lin et al., 2023). Urban

noise further affects cognitive functioning and wellbeing (Clark & Soérqvist, 2012; Terzakis et al., 2022).

The framework treats these conditions not simply as constraints but as design conditions requiring
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intensified intentionality. Urban primary schools often operate within spatial and ecological limitations,
including limited land availability, high enrolment density, heavy footfall, and reduced biodiversity.
Rather than viewing these factors as barriers, the framework conceptualises them as conditions that
shape design responses. In small sites, zoning becomes critical to protect ecological cores from excessive
disturbance. Circulation pathways can channel movement and reduce soil compaction, while distinct
zones for active exploration and quiet reflection enable diverse educational affordances to coexist
within limited space.

Vegetation plays a central role in responding to urban stressors. Vegetation can mitigate certain
pollutants and improve perceived environmental quality (Nowak et al., 2019; Sicard et al., 2018).
Layered shrub buffers can attenuate noise and create separation between activity zones (Ferrini et al.,
2020; Ow & Ghosh, 2017). Although small sites cannot replicate large urban forests, strategic planting
and zoning can reduce exposure to environmental stressors while enhancing sensory experience and
ecological function.

Urban stressors are also associated with elevated anxiety and mental health challenges among
children and adults (Pykett et al., 2020; Xu et al., 2023). Exposure to nature is consistently linked with
stress reduction and restoration (Capaldi et al., 2014; Hunter et al., 2019). Attention Restoration Theory
(Kaplan, 1992) provides a framework for designing environments that replenish directed attention
through being away, extent, fascination, and compatibility. In small urban school grounds, restoration
must therefore be designed intentionally. Layered vegetation can create visual depth and a sense of
immersion even within limited boundaries. Fascination may be evoked through natural patterns,
seasonal change, and movement in foliage, while compatibility requires alignment between
environmental features and pedagogical goals. Table 2 outlines the framework guidelines on zones,
together with layout suggestions, based on the space aims, and common elements of urban schools as

defined in this paper.
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Table 2

Zones, description, and layout suggestions

Zone Description Layout suggestion

Ecological Zones of highest e Sense modalities: plants for variety of
biodiversity for curriculum- smell and texture and visual stimulation
linked activity. Comprises in fauna variety attracted (e.g. insect-
variety of flora, habitats, pollinated plants), for multisensory
and features that attract affordances; to be laid out in sensory
fauna stations, or along sections of footpath,

or bordering classrooms with
overlooking, close views

e Habitat biodiversity to be planned in
spaces according to function, namely: (a)
in least disturbed areas away from noisy
school activity such as foot traffic or
playground areas, (b) areas with views
from classroomes, (c) in habitat zones, (d)
bordering footpath, and to include:
variety of indigenous flora matching
habitat type; flora selection related to
local ecosystem and fauna diversity;
flora selection related to desired
curriculum outputs (e.g. butterfly food
plant); physical elements habitats, (e.g.
water bodies, dry stone wall), animal
homes (e.g. hibernaculum, stone piles),
or features attracting animals (e.g. bird
table, bat boxes); water bodies to be
located in areas that flood, or in areas
with partial shade (due to evaporation);
vegetation selection to take advantage
of physical features (e.g. slopes,
microclimatic factors and contours) and
characteristics of the land (e.g.
sunny/shady areas)

Gathering Seating areas for sedentary e Whole class seating with or without
activity such as reading, writing table in central location
meditation, art, writing and

18
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fieldwork follow-up, or
discussion

Quiet single benches under atmospheric
trees, or at viewpoint

Experimental

Areas that allow for
flexibility in student
projects that enhance
ownership, not necessarily
high in biodiversity

Zone size proportional to ecological spaces, but

also to number of classes undertaking

experimental projects with soil; to be located

away from ecological and quiet zones; to

accommodate student artefacts or lesson

activity products (e.g. changeable art displays,

nature notices, weather station)

Active Zones for early years nature | Zone size proportional to whole-school use of
play, low in biodiversity space to be located furthest from ecological
and quiet zones, and close to early years
classrooms for easy, regular access
Borders e Mitigation effect: noise and pollution

hedge barrier for spaces abutting roads;
hedge barrier enclosing different zones
e.g. gathering spaces for visual privacy,
noise control, or wind attenuation;
evergreen trees for shade to be planted
where this is desired, e.g. in gathering
spaces; deciduous trees for light
penetration during winter, e.g close to
classrooms

Sequence effect along pathway borders;
vegetation transitions to reflect
movement from one zone to another;
perimeter plants attractive for viewing
by school visitors; orientation effects of
stretches of similar shrubs/trees defining
pathway sections; landmark effects of
character shrub or trees at zone
entrances, or pathway forks

Access: breaks in borders allow children
to access habitat, active, and
experimental zones; low borders allow
sightlines onto habitats or habitat
features; high borders screen views
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Environmental perception is also shaped by cultural and institutional norms (Soper, 1995;
Latour, 1999; Descola, 2012). In urban contexts, children’s engagement with soil, insects, or mess may
be mediated by cleanliness norms, parental attitudes, and school policies (Sugiyama et al., 2021;
Kandemir & Sevimli-Celik, 2023). Severe weather and safety concerns further influence feasibility (Largo-
Wight et al., 2020). The framework therefore does not prescribe universal spatial solutions but
acknowledges that design must be locally adapted. Shelter, drainage, and maintenance capacity must be
considered alongside ecological ambition.

Figure 3 outlines the broad themes and key findings related to the context section of the
framework.

Figure 3

Themes and key discussions leading to elements of design framework related to context
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Context Broad themes

Key discussions

Design implications

Physical
r— -
Environment

School — School

characteristics

Regional
characteristics

— Size

— Population

= Locations

— Ecology

Noise mitigation

Atmospheric pollution
mitigation

Mental well-being
- soundscapes

Mental stimulation —
olfactory mitigation
and stimulation

Visual aesthetics

— Hedges for noise buffers

—— Medium and tall shrubs

+

AE
_f

| I

Trees for urban birds

Bird tables

Deciduous and evergreen trees for leaf
sound effects

Water features

Wildflower meadow for insect sounds

Rough-leaved, dense hedge as smell barrier
Insect-pollinated plants for asthma mitigation
Landmark plants / zones for flowers, fruit,
leaves scent affordance

Light and shade effect on vegetation

1

N

w

~N oo

~n

'S

Winding pathways to increase distance, provide
sequence and affordances opportunities, and
enhance naturalness

Vegetation placement as visual barriers
Landmark (natural/man-made) features for
orientation

Pathways for flow as zone connectors

Nature play affordances

Zones to minimise ecological impact and
allow simultaneous use

Quiet zones with plant barriers

Siting of zones dependent on noise and
disturbance patterns

Ecological zones for biadiversity with variety of
flora, habitats and features that attract fauna
Zones with seating—gathering spaces or
individual, quiet seats

Experimental zones for student projects
Active zones for early years

Borders for sequence, mitigation and access
Weather elements for placing of plants as
mitigators, and creating effects

Native plant species for urban biodiversity and
ecosystem awareness

Plant selection to favour faunistic relationships
Coordinating planning with the community to
improve the landscape matrix

Vegetation adapted to local climate

Vegetation for creating different habitats and
microclimates

Water feature to increase biodiversity
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Collectively, the framework treats the vegetation plan as the structural backbone for ecological

literacy and specifies sensory design (soundscapes, olfaction, light and visual coherence), as core

affordances, supported by age-appropriate zoning, paths, and gathering spaces. In contexts where

outdoor areas are constrained and nature exposure is unequal; these principles translate the CWN
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literature into actionable guidance for everyday school practice. An expansion of design aspects to
consider in relation to key design elements (trees, shrubs, herbaceous plants, paths, zones, affordances,
and additional features) is provided in supplementary material S1-S6.
Pilot Testing

Three schools were selected to test the framework, based on diversity (school type, population
size, footprint, landscape profile), accessibility to the researchers, and willingness to participate in the
study (Table 2). The schools were located in Malta as a representative research context due to its high
population density and predominantly urbanised landscape. With an estimated population of 574,250
(National Statistics Office, 2024), Malta’s urbanisation rate stands at 95% (The World Bank, 2022).
Culturally, Malta presents a distinctive context for the integration of NBL within school grounds due to a
system that has historically emphasised classroom-based, teacher-directed instruction (Peresso, 2016),
and where policy attempts towards learner-centred or cross-curricular teaching often remains limited
due to prescriptive materials, strict timetables, and resource constraints (Xerri Hili & Schembri, 2022).

The three selected schools represent a spectrum of institutional, spatial, and ecological
conditions typical of Maltese primary schools (Table 3).

Table 3

Profiles of the three pilot schools engaged in desgin framework testing. School localities were
manually cross-referenced with 1 km? population density grids from the Global Human Settlement Layer
(GHSL) (Carioli et al., 2023). DEGURBA classifications were inferred by visually assessing contiguity and
population thresholds across grid cells surrounding each school. Areas meeting the criteria for urban

clusters or centres were classified accordingly.
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Characteristic School A School B School C

Type Church State Church

Population 600 (primary school 150 320
only)

Classes per year 4 1 2

group

Year groups Years1-6 kindergarten 1 and 2! Years1-6

Years1-6

Gender Boys Mixed Girls

School footprint 21,849 m? 5,418 m? 2,278 m?

Soft landscape 4,445 m? 1,290 m? 0 m?

Percentage soft 14.6% 23.8% 0%

landscape

Proposed NBL area | 3,700 m? 970 m? 70 m?

DEGURBA
classification

Urban centre

Urban centre

Borderline between
urban centre and
urban cluster

Their differences in footprint size, soft landscape availability, surrounding landscape matrices,
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and openness to pedagogical innovation offer a valuable opportunity to explore how the proposed NBL

framework can be contextually applied. Each design was developed through a structured sequence of

steps that involved repeated visits to the schools between November 2020 and January 2022 (Table 4).

Table 4

Methology for development of pilot school designs

1 Kindergarten ages: 3 — 5 years; Years 1 — 6 ages: 5 — 11 years
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Step General Details of procedure and links to guiding rationale School
description
1 School visits Two to three meetings with each schools to discuss: A B, C
to discuss e concept and advocacy for NBL as part of the
with senior curriculum
management. e identification of a suitable area
e information-gathering on current use (if any) of
the area and any wishes for the area
e accommodation of these uses in the NBL space
and possible relocation of conflicting uses
e final decision on area, its aim, and users
e funding options
2 Remote: e Qutline drawn using graphics pad, based on A B,C
created satellite images of the area from Google Earth
outline plan (https://earth.google.com/) and Mapserver
of proposed (https://pamapserver.pa.org.mt/)
NBL area. e Hard copies produced, for in situ annotation
3 Site visit 1: Boundaries visually confirmed and adjustments made A,B,C
populating where necessary.
the outline Notes made on current vegetation, noting species and A&B
plan with placement, using a tape measure to calculate plant
current positions. A key for plant names was created and used
information to avoid notes-cluttering.
Where plants were unknown, photos were taken and
identified through plant identification apps (e.g.
PlantNet), later confirmed from field guides.
e shrubs
® trees
e annuals
For annuals, note was made of the general area where
these were growing.
Notes made on wildlife (birds, reptiles, insects) and A&B
locations noted. For unidentified species, photos were
taken for later identification, or a general note made
where photography was not possible.
Notes made on date, time of day and sun/shade A,B,C

pattern, marking areas on a separate copy of the plan.

24



Designing Small Urban School Grounds for Nature-Based Learning: A Framework for Fostering
Children's Connectedness with Nature

Notes made on soundscape, distinguishing between
keynote sounds, soundmarks and signal sounds.

A B, C

Notes made on perceived soil depth and composition
(abundance of stones, underlying bedrock, areas with
leaf litter, humus).

A&B

Notes made on any teacher/student use of the area.

A B C

Site visit 2—-4:
further
detailing
current site
information

Over a number of visits during different seasons and at
different times of the scholastic day, note made of
changes/new information, or notes confirming
previous observations about:

e annual plants

e soundscape
o wildlife
e sun/shade pattern

e student movement in relation to footfall

A&B,

C (where
relevant)

Remote: using
A Designer’s
Perspective
(Chapter 4)
Tables 4.3—
4.9, to
interpret site
observations

Vegetation plan — trees: site characteristics pertaining
to size, light pattern, and soil characteristics were
matched with native trees for location suitability. For
each school, suitable species were further selected
according to aesthetic effect, faunistic associations and
variety of characteristics for ecological, environmental,
and curricular outputs, like flowering season, leaf,
smell, shape, texture, light & sound effects and others
in Table 4.3. Finally, preference was given to insect
pollinated plants.

A&B

Vegetation plan — shrubs: site characteristics pertaining
to zoning, sound and pollution mitigation needs were
matched with native shrubs. For each school, suitable
species were further selected according to
characteristics for sensory stimulation, flowering
season variety, visual effects and others as in Table 4.4.
Plant suitability for the given location was matched
with soil and light requirements and desired habitat
effect.

A B, C

Vegetation plan — herbaceous plants: location of native
annual plants chosen according to site characteristics
pertaining to zoning, size and orientation for maximum

A B, C
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faunistic associations, as listed in Table 4.5. Location
also based on light requirements of herbaceous plants.

Pathways: designed to respect the zoning plan, create A B, C
connection between these areas and to maximise
distance and provide flow with respect to site shape
and size (Table 4.6).

Zones: conceptualised under four types (ecological, A& B,
gathering, experimental, active) as illustrated in Figures C (where
6.5, 6.7, and 6.9 to accommodate affordances (Tables relevant)
4.7 and 4.8). Choice of zone inclusion was matched
with school population needs. Placing of zones was
based on flow logic, function compatibilities in tems of
noise or accessibility to wildlife and to students, and
access vis-a -vis classrooms and flow through the
garden.

Affordances: during consideration of all other elements | A, B, C
care was taken to ensure that all affordances listed in
Table 4.8 were included. These included ensuring
variety of sensory stimulations, visual effects, NBL
subject opportunies and maximisation of ecological
relationships through vegetation variety.

Features: once other aspects were considered, A B,C
locations within zones were considered for suitability of
different features (Table 4.9) to create more
affordances for wildlife and for subject-based links.

6 Refinement Final designs: personal sketches made during Steps3-4 | A, B, C
and final were used to create a preliminary design during Step 5.
designs These were discussed with and subsequently rendered

into final designs by the researcher and an educator
colleague and artist, practised in landscape design for
ecological purposes. This process required several
iterations during which Tables 4.3—4.9 were used as a
ticklist to ensure alignment with the design framework.

The Designs
Three pilot designs, one for each school, are presented below to illustrate how the framework

can be applied in different urban school contexts. Informed by site visits, ecological observations, and
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existing site conditions, the designs demonstrate one possible interpretation of the framework and are
intended as adaptable rather than fixed solutions, capable of evolving through stakeholder input,
ecological processes, and changing school needs.

The design for School A (Fig. 4) demonstrates how the full framework can be implemented when
spatial conditions are favourable. With its relatively large footprint and existing vegetation, this site
offered an opportunity to explore how the complete range of NBL affordances can be spatially
configured while responding to the specific ecological and curricular characteristics of a boys-only,
upper-primary-focused school.

Figure 4
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Pilot school A green space design based on the framework showing existing vegetation in lighter green

and proposed vegetation in darker green, and notes and annotations.

Basic layout R
biodiversity, life cycles, contrasting
aesthetic effects and bridging space
between tall cypresses and ground

(1#203¢40508010011)

Gathering area (in orange

isti Winding paths increase learning R
grove) ideal for quiet activity wn:‘:'{"ﬁfﬂ‘:;’& ot ootu il hrough fasiman Row of mixed tall mostly evergreen trees
e reading, inatmosphere i8S EAE S view/contact with nature (holm oak, Italian cypress, etc) to screen off
created by tall cypress trees (698 + 15+ 18) residential blocks across street
(13+19) (1920304012014018+19)
Quiet benches for
reflection, individual Winding row of deciduous
student needs white poplars contrasts Gattieilng avea for
(9913 18) with evergreen cypressand  stationary lesson activity
o provides seasonal variety and (8+13)
irdwatching leaf litter
Q eaf litter ’ ”
¢ screen (& » 16) (1203040100 18) Large lentisk shrubs for buffer Area with existing mature trees
ffect and biodiversity ideal for shady gathering area,
(103e4+10011514) with ‘picnic tables’ for stationary
learning activity; screened by
- Rocky mound simulates garrigue dense lentisk hedge to minimise
Pond for aquatic life cycles habitat for added biodiversity noise disturbance
sited between paths to allow (8e11+16) (14 + 16+ 17 + 18)

interaction from two sides
(8+10+11) Sensory stations with deciduous
mulberry tree surrounded by
aromatic small shrubs, e.g.
germanders, thyme
(1#2¢30406070809)

\ . Ideal site for

\ . weather station
R . o (8+11+16)

Wildflower meadow with minimum

\
tree cover to allow maximum light H
""" for pollinators, life cycles 3
(1+2+3+40810+11013018) /
\ " ad - - ‘Random’ deciduous Judas trees
i 'ompacted-earth footpath gives for appreciation of seasonal Aggregate sand-and-
Existing orange grove access to quiet area for atmosphere changes, biodiversity, leaf litter, ‘:,asel path allows
and nature sounds for reflection and etc. and for aesthetic effect student access
awe. Also allows wintering habitat for Row of large evergreen oleander (1¢2+3+8+ 10+ 11+ 16) without soil sealing
invertebrates, e.g. beetles, ants shrubs with long flowering season (9 »15) Tool shed (16)
(8+11¢15¢18) to colour garden approach

(1+3018)

Low (e.g. great sage, golden samphire) to
medium (e.g. myrtle, lentisk) hedge screens path
Legend to minimise exposure and disturbance while
approaching quiet area; also provides flowers for
pollinators and berries for birds across seasons

Proposed site
for sundial (16)

. Active zone for early-years nature
Existing trees and shrubs (192+394+8+10014+18+19) Experimental zone for play, loose parts play
free creativity and nature (7+17)
.. Proposed trees and shrubs projects
Sanse bustiiiom hedse & (849410011413 17)
- ense buckthorn hedge for
WE Proposed features (screens, seating areas, etc.) biodiversity, noise buffer and /
protection from boundary wall N
A Main entrance to garden and road

(1#3¢4+8¢10¢1418¢19)
—_—

/\  Entrance from classrooms 5 metres

1 Indigenous flora 6 Differentiated learning 11 Ecological knowledge and awareness 16 Placement of features

2 Species variety 7 Early years 12 Human impact knowledge and awareness 17 Balance of requirements
3 Variety of physical characteristics 8 Subject-based 13 Zones for different functions 18 Size, shape and location
4 Shelter and food for fauna 9 Special/individual needs 14 Buffers/screens 19 Surrounding landscape
5 Landscape and climate adaptations 10 Flora/fauna knowledge and awareness 15 Pathways 20 Climate and local ecology

The design rationale for School B (Fig. 5) illustrates how the framework was interpreted to
reflect a stronger emphasis on ecological diversity and year-round usability, in line with the school’s

emergent curriculum potential and recent leadership support for outdoor learning. The plan highlights
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how zones were tailored to serve younger learners while preserving ecological richness and functional

variety.

Figure 5

Pilot school B green space design based on the framework, with existing vegetation shown in lighter

green, proposed vegetation in darker green, and notes and annotations. Greyed out annotations refer to

elements not included in School B.

Basic layout

Dense lentisk hedge to screen I
and buffer gathering area and

provide shelter and food

(192942810112 16+18)

Sensory area with
aromatic species, e.g.
rosemary, thyme,
fennel, fringed rue
(1e223¢7)

litter, etc. and
for aesthetic value
(1#3+8+10°11216)

Gathering area in the shade
of large Phytolacca tree,
with ‘picnic table’ seating for
outdoor lessons, follow-up to
fieldwork activity, etc.

Line of deciduous Judas I
trees, for appreciation of
seasonal changes, leaf

Legend

Existing trees and shrubs

Dense hedge of tall evergreen shrubs

(buckthorn, myrtle, wolfbane]
natural border and provide

Low flowering shrubs
(great sage, spurges,
germanders, etc.) for

(16 + 18)
biodiversity, life cycles

2203040 . 8+ 16
(1024304080100 11) ( ( ) 8+ 16)

|

and food for birds and invertebrates
(1424344480100 14018)

Birdwatching

) to form
shelter
Bug hotel as winter shelter
for wasps, etc. and nesting
habitat for solitary bees
(8210+11+16) Twig pile refuge
for reptiles,

screen
Bird table
(8+16)

A
Tool shed
(16 # 18)
Mud kitchen
(16+18)

Loose-parts and
nature play area
(13+16+ 18)

o/
! maximum light for pollinatol
' and for annual flora to
L4 proliferate; ideal for
Allotmentistyle area ™, %, obsarution of lfe cydas

for growing plantsfrom Y
seed/cuttings collected I
from the garden flora; .
growing of agri-related s

produce, etc. v
. (6+8+9011+13) (,"

Display area for
creative projects

7 Wildflower meadow with
minimum tree cover to allow

®(1.2030408010011018)

Dense mixed hedge of low
native flowering shrub species
(golden samphire, Maltese rock-
centaury, etc.) along path, for
pollinators and biodiversity
(1#2¢3¢4¢8¢10+11)

(16 # 18)

invertebrates, etc.

Freshwater wildlife pond
planted with native aquatic
vegetation to attract pondlife
(810+11¢16)

‘Quiet’ bench
(9+13¢18)

Log pile as microhabitat for
‘minibeasts’ and bracket fungi
(810 +16)

Rocky mound to simulate garrigue
habitat, planted with typical
vegetation (squill, asphodel, etc.) for
added biodiversity
(1#2¢408¢10011013¢16+18)

Existing limestone paved
path gives access to most
parts of the garden (15)

Subsidiary sand-and-gravel
aggregate access paths to
stock bird tables, check bug
hotels, etc. (15)

Nest boxes sited in quiet,
least visited corner
(16 +18)

Border with creeper-climber plants (e.g. plumbago)
provide foliage against stone wall and wire-fence,
providing flowers and shelter for wildlife, and also buffers
and screens off adjacent playground
(1#2+3¢4+810¢14¢18)

.. Proposed trees and shrubs N
o Low hedge of lantana shrub,
W Proposed features (screens, seating areas, etc.) a naturalised non-invasive 82
species highly attractive to bees,
A Entrance to garden butterflies and hover-flies. 1 metre
(20394+80100+11)

1 Indigenous flora
2 Species variety
3 Variety of physical characteristics
4 Shelter and food for fauna
| andscape and climate adap!ai;ons

6 Differentiated learning
7 Early years

8 Subject-based

9 Specialfindividual needs

10 Flora/fauna knowledge and awareness

11 Ecological knowledge and awareness

12 Human impact knowledge and awareness
13 Zones for different functions

14 Buffers/screens

15 Pathways

16 Placement of features
Balance of requirements
18 Size, shape and location
19 Surrounding landscape
20 Climate and local ecology
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The design for School C (Fig. 6) foregrounds the adaptability of the framework under highly
constrained conditions. With no existing soft landscaping and a minimal site area, the challenge was to
explore whether even the most spatially restricted schools can host meaningful NBL interventions.
Boundary planting, vertical structures, and modular biodiversity features were used to embed
educational potential and ecological value into a site previously dismissed as too small for outdoor
learning. The design reflects both feasibility and fidelity to NBL practices within an urbanised, high-
density context. This school presents the most challenging conditions, in terms of both size and shape.
Since the school has no kindergarten, it was decided not to include a nature play area, which is more
suited to early years, and which would have occupied most or all the available space. This was not an
ideal omission, but it represented a necessary trade-off to prioritise a nature-based learning space for
whole-school curriculum integration.

Figure 6

Pilot school C green space design based on the framework, with notes and annotations
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Basic layout

Basic sand-and-gravel aggregate path with
several entrances provides access to all
parts for maintenance, watering, etc. (15)

Low shrubby flowering plants along verge form
dense hedge enclosing garden while still allowing
view from outside; increases biodiversity by
attracting pollinators and food chains
(1920304080104 18)

Trellis around gathering area,
planted with climber/clamberer
plant, e.g. plumbago
(34448410134 16+18)

Medium berry-bearing shrubs (lentisk,
Gathering area with basic seating myrtle, ete.) increase biodiversity by
(timber, stone or combination) for providing food and shelter for birds.
outdoor lessons or relaxation (16) and invertebrates
(1+2+344+8410014+18)

Legend

.. Proposed trees and shrubs

. . Use of vertical space with border
Nest bores sited alon * :
HEW  Proposed features (screens, seating areas, etc.) Ietbassmidaing dlimber plant (0.3, W) to cover.
‘wall, giving shelter to birds and
A Multiple entrances reptiles, and food (flowers, berries)

for pollinators and birds
/\  Otherentrances (1e3ede8e10e11+18)

1 Indigenous flora 6 Differentiated learning 11 Ecological knowledge and awareness 16 Placement of features
2 Species variety 7 Early years 12 Human impact knowledge and awareness

3 Variety of physical characteristics 8 Subject-based 13 Zones for different functions 18 Size, shape and location
4 Shelter and food for fauna 9 Specialfindividual needs 14 Buffers/screens

5 Landscape and climate adaptations 10 Flora/fauna knowledge and awareness 15 Pathways 20

Stakeholder discussions

17 Balance of requirements

Climate and local ecology
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Discussions were held with different categories of stakeholders to obtain their perspectives on

the pilot designs and on the design framework. Group discussions were conducted with children,

educators and senior management teams in the three pilot schools, using child-friendly versions of the

designs with students and full plans with educators. Common discussion prompts were used to ensure

consistency across schools while allowing participants to raise issues relevant to their context. In all,
discussions were held with 487 children and 89 teaching staff, as primary users of the spaces, while
seven administration members (Heads of School, Assistant Heads) from across the schools were
included as an extension of this category. Ethical approval and the necessary permissions to conduct

research in schools were obtained from the relevant state education and church authorities.
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Information sheets and consent documentation were provided to participating educators and school
administrations, while parents were informed through an opt-out procedure.

To complement in-school stakeholder discussions, semi-structured interviews were conducted
with experts selected through purposive sampling. Participants were chosen to represent the range of
disciplines informing the framework and included individuals with expertise relevant to school design,
education, ecology and related fields. Prior to the interviews, participants received background
information on the project, profiles of the pilot schools, and discussion prompts. Interviews were
conducted online or face-to-face and explored both the conceptual framework and its application within
the pilot school designs.

This process enabled triangulation of perspectives from end users and subject specialists,
providing validation of the framework and providing insights to enable refinements to the designs.
Results

The stakeholder process yielded broadly positive appraisals from children and educators. Pupils
expressed enthusiasm for sensory-rich areas and stewardship opportunities. Pupil feedback added a
crucial layer of validation by showing how the framework is experienced in practice. Children responded
most positively to opportunities for exploration, sensory engagement, and autonomy, suggesting that
less structured activities enhanced curiosity and meaningful interaction with nature. At the same time,
some responses suggested that, without pedagogical guidance, engagement with nature may remain
largely descriptive. For example, children commonly associated bees with flowers, honey, or stings, and
frequently referred to birds in general terms, yet none identified particular species despite the presence
of common and easily observable birds such as robins and sparrows within the school grounds. Again,
children commented about butterfly pupae they saw hatching, but none could tell which type of
butterfly this was, nor did their observations extend to the plants on which they found the butterfly.

Such findings suggest familiarity with broad nature concepts but limited attention to ecological detail.
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Additionally, in several discussions, deeper ecological considerations appeared only after prompting. For
example, when debating the inclusion of a greenhouse, children initially supported both conservation
and greenhouse construction simultaneously, with more nuanced reasoning about habitat accessibility
for wildlife emerging only through facilitated dialogue. Pupils also highlighted practical barriers (e.g.,
limited time, environmental discomfort, or unclear task purpose), which affect engagement and learning
depth.

Teachers similarly demonstrated strong enthusiasm for NBL but variable ecological knowledge.
Discussions frequently revealed curiosity and willingness to learn, yet explanations of ecological
phenomena were often tentative, suggesting that effective implementation may depend on
accompanying professional development that supports ecological interpretation as well as pedagogical
practice. For example, one teacher described observing large numbers of butterflies during a lesson yet
acknowledged being unable to identify the species or explain why they were present ("Did you know
what butterfly it was?" —"No"; "Did you know why you were seeing a lot?" — "Cos of the shrubs, | think. |
don't know. I'm not confident"). In general, teachers supported the framework through their willingness
to apply it in practice, indicating strong alignment with classroom priorities, while emphasising the
importance of gathering spaces and clear supervision lines and sharing feasibility concerns.

Expert feedback was broadly supportive of the framework and its underlying aim of facilitating
connectedness with nature through school grounds design, while simultaneously highlighting important
tensions in its implementation. A recurring theme was the need for stakeholder engagement at multiple
levels, with experts emphasising that the success of NBL spaces depends not only on physical design but
also on leadership support, teacher confidence, and meaningful participation by school communities.
Discussions also revealed disciplinary differences in how the framework was initially interpreted. Experts
with interdisciplinary backgrounds tended to recognise the relationship between ecological and

pedagogical objectives more readily, whereas those working primarily within a single domain often



Designing Small Urban School Grounds for Nature-Based Learning: A Framework for Fostering 34
Children's Connectedness with Nature

required further explanation of the framework's integrative logic. Several experts challenged aspects of
the design, particularly the balance between child-led exploration and ecological protection, raising
concerns that structured spaces might constrain opportunities for free engagement with nature.
However, these critiques frequently evolved into recognition that the ecological limitations of small
urban sites necessitate intentional design strategies capable of generating repeated and meaningful
encounters with living systems while safeguarding ecological function. Another important observation
concerned the risk of providing what one expert described as "sanitised" nature experiences, where
children observe nature without engaging with ecological processes in situ. Collectively, these
discussions reinforced the framework's central premise that effective NBL spaces require more than the
introduction of green elements; they require deliberate integration of ecological, educational, and social
considerations to transform limited urban school grounds into environments capable of supporting both
ecological literacy and long-term stewardship.

These discussions informed refinement of the framework, particularly in clarifying zoning logic,
reinforcing teacher-oriented spatial features, and ensuring planting strategies remained manageable
within school maintenance capacities.

Limitations

The siting of this study within a specific cultural and geographic context constitutes its main
limitation. While the framework is designed for adaptability, its application in other regions will require
calibration to local ecological, climatic, and institutional conditions. Additionally, the validation process
would be enhanced by a longitudinal perspective; further research is thus needed to examine whether
and how sustained exposure to such environments influences CWN and pro-environmental behaviour
over time.

Furthermore, the stakeholder appraisal evaluated the framework's perceived relevance and

feasibility rather than its impact on children's learning or connectedness with nature. Future research



Designing Small Urban School Grounds for Nature-Based Learning: A Framework for Fostering 35
Children's Connectedness with Nature

should therefore focus on empirical testing of behavioural and cognitive outcomes associated with
framework implementation, including longitudinal studies that record changes in children connection
with nature, ecological literacy, and wellbeing. There is also scope to explore integration with emerging
approaches such as citizen science and nature-based solutions, as well as to investigate maintenance
models and policy mechanisms that support widespread adoption in urban school systems.

Conclusion

This study responds to an important gap in outdoor and environmental education by providing
an evidence-informed framework for designing nature-based learning spaces in small, urban primary
schools. Building on research into connectedness with nature, developmental psychology, ecology, and
environmental design, the framework translates interdisciplinary theory into practical guidance for
school-ground planning within the spatial constraints typical of densely urbanised settings.

Rather than viewing limited outdoor space as a barrier to nature-based learning, the framework
demonstrates how thoughtful vegetation planning, age-responsive affordances, ecological processes,
and curriculum-linked spatial organisation can transform even small school grounds into meaningful
learning environments. The pilot applications further suggest that successful implementation depends
not only on physical design but also on teacher confidence, leadership support, ecological knowledge,
and realistic maintenance planning. These findings reinforce the view that school grounds should be
considered integral components of teaching and learning rather than peripheral recreational spaces.

For outdoor and environmental education, the framework offers a practical resource that
bridges theory and practice. It provides educators, school leaders, designers, and policymakers with
guidance for creating learning environments that encourage regular, meaningful engagement with
nature while supporting ecological literacy and the development of children's connectedness with

nature. Although developed within the context of Malta, the framework is intended to be adaptable to
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other urban settings where land availability is limited and schools face similar challenges in providing
everyday opportunities for nature-based learning.

Future research should move beyond framework development to examine its implementation
and long-term educational outcomes, including its influence on children's connectedness with nature,
ecological understanding, environmental stewardship, and wellbeing. Longitudinal evaluation across
diverse educational and cultural contexts would further strengthen the evidence base for designing
school grounds that support high-quality outdoor and environmental education.
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