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ABSTRACT

Nature-based interventions are increasingly gaining attention as complementary approaches to
support children with neurodevelopmental disorders, including Autism Spectrum Disorder (ASD).
This pilot study aimed to evaluate the feasibility and preliminary effectiveness of a structured
nature-based therapeutic program - “Growing in Nature” - designed to target core functional
domains affected in school-aged children with ASD.

A single-group, pre-post quasi-experimental design was employed. Sixteen children aged 6-12
years participated in the intervention, which was implemented in outdoor natural settings and
incorporated activities aimed at enhancing sensory processing, emotional regulation, social
responsiveness, and adaptive functioning. Standardized and psychometrically validated
instruments were administered before and after the intervention: the Sensory Processing Measure
(SPM), the Child Behavior Checklist 6-18 (CBCL 6-18), the Social Responsiveness Scale-2 (SRS-2),
and the Adaptive Behavior Assessment System-II (ABAS-II).

Preliminary analyses revealed statistically and clinically significant improvements across multiple
domains, including sensory reactivity, emotional-behavioral functioning, social communication,
and adaptive skills. Notably, significant associations emerged between changes in sensory
processing and improvements in emotional, social, and adaptive functioning, suggesting potential
cross-domain effects.

Despite methodological limitations—including the small sample size, the lack of a control group,
and the short-term follow-up—this study represents one of the first Italian investigations to
systematically evaluate the impact of a nature-based intervention in children with ASD using a
multidimensional outcome assessment framework. The findings provide initial support for the
feasibility, acceptability, and potential clinical utility of nature-based approaches as

complementary interventions for ASD.

Keywords: Autism Spectrum Disorder, nature-based intervention, sensory processing, emotional

regulation, adaptive functioning, social responsiveness, pilot study.






CHAPTER 1 - GENERAL INTRODUCTION

1.1 Neurodevelopmental Disorders in Early Childhood: A Dimensional Perspective

Neurodevelopmental disorders (NDDs) represent a broad group of early-onset conditions
characterized by atypical development of cognitive, motor, communicative, emotional, and
social functions. These conditions include autism spectrum disorder (ASD), attention-
deficit/hyperactivity disorder (ADHD), communication disorders, intellectual developmental
disorders (ID), specific learning disorder, motor disorders and other unspecified or mixed
presentations (American Psychiatric Association, 2022). Although historically conceptualized as
distinct diagnostic categories, NDDs are now recognized to exhibit substantial overlap in terms
of symptoms, underlying neurobiology, and developmental trajectories (Astle et al., 2022).
Comorbidity is more often the rule than the exception (Bonti et al., 2024), with many children
meeting criteria for multiple disorders simultaneously or transitioning from one diagnostic
category to another as development unfolds (Gillberg, 2010; Thapar et al., 2017).

Such clinical complexity has increasingly challenged both the validity and utility of
traditional categorical classification systems such as the Diagnostic and Statistical Manual of
Mental Disorders (DSM) and the International Classification of Diseases (ICD). Although these
systems provide operational criteria for diagnosis, they often fail to capture the full range of
phenotypic variability nor the dimensional nature of developmental psychopathology (Kotov et
al, 2017; Fusar-Poli et al., 2022). This has prompted a growing shift toward alternative,
empirically grounded frameworks that conceptualize NDDs as continuous, overlapping
dimensions of functioning and dysfunction.

Two prominent examples of this shift are the Hierarchical Taxonomy of Psychopathology
(HiTOP) and the Research Domain Criteria (RDoC). The HiTOP model proposes a dimensional
organization of psychopathology based on large-scale empirical data, emphasizing symptom
clusters and transdiagnostic traits such as internalizing, externalizing, and cognitive
dysfunctions (Kotov et al., 2017; Kotov et al., 2021). In contrast, the RDoC framework, developed
by the National Institute of Mental Health (NIMH), adopts a neuroscience-informed, dimensional
approach that organizes mental disorders according to core functional domains (e.g., negative
valence systems, cognitive systems, social processes) and maps them onto behavioral,
neurobiological, and genetic levels of analysis (Insel et al., 2010; Cuthbert, 2022). Both models
converge in recognizing that key vulnerabilities - such as emotional dysregulation or sensory

hyperreactivity - transcend traditional diagnostic categories.



These frameworks are particularly relevant during the preschool period (ages 2-6), which is
marked by rapid neurodevelopment and heightened plasticity. Early signs of atypical
development often emerge in broad functional domains such as communication, affective
regulation, motor coordination, and sensory responsiveness - domains that are not diagnosis-
specific but represent early expressions of neurodevelopmental divergence (Gotham etal., 2012;
Zwaigenbaum et al., 2015; Astle et al,, 2022). Developmental diagnostic fluidity is common:
children may initially be diagnosed with LD, only to later meet criteria for ASD or ADHD, or may
present with subthreshold symptoms that do not map onto any single category but still require
clinical attention (Gillberg, 2010; Bonti et al., 2024).

In this context, dimensional and person-centered approaches - such as Latent Profile
Analysis (LPA) and Latent Class Analysis (LCA) - are gaining traction. These data-driven
statistical methods identify empirically derived subgroups (or profiles) based on shared
characteristics, allowing researchers and clinicians to capture patterns of functioning that do not
align with conventional diagnoses (Spurk et al., 2020). Such profiles can be constructed using
continuous variables (e.g., sensory reactivity, cognitive level, emotional symptoms) and may
offer amore ecologically valid foundation for personalized interventions. Notably, several recent
studies have applied LPA to preschool samples with NDDs to delineate subtypes based on
sensory processing, emotional regulation, or social functioning (Brandes-Aitken et al., 2024;
Gigliotti et al., under review).

This dimensional view of neurodevelopment invites a reconceptualization of intervention
strategies. Rather than targeting “diagnoses,” clinicians are increasingly called to support
specific functional domains - such as emotional self-regulation, sensory integration, or adaptive
communication - based on a child’s unique neurodevelopmental profile. This approach aligns
with emerging calls for precision developmental psychiatry, emphasizing the need to tailor
assessment and intervention to each child’s neurodevelopmental profile rather than categorical
diagnoses (Fusar-Poli et al., 2022; Gillberg, 2021). It also promotes the design of interventions
that are both individualized and transdiagnostically informed, consistent with neurodiversity-

affirming principles (Pellicano & den Houting, 2022).

1.2 Autism Spectrum Disorder: Core Features and Early Phenotypes

ASD is a heterogeneous and complex neurodevelopmental condition defined by persistent
deficits in social communication and interaction, alongside restricted, repetitive patterns of
behavior, interests, or activities. These core features are frequently accompanied by associated
difficulties, including sensory processing abnormalities, emotional dysregulation, intellectual

variability, and language impairments (American Psychiatric Association, 2022; Lord et al,,
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2018). ASD is typically diagnosed between 2 and 4 years of age, although early signs can often
be retrospectively identified during infancy (Zwaigenbaum et al., 2015). In preschool-aged
children, ASD presents with marked heterogeneity in both symptom severity and developmental
profile, making early detection and diagnosis a persistent clinical challenge. Common early
indicators include delayed or atypical language development, limited eye contact, lack of joint
attention, restricted play, and hypo- or hyper-reactivity to sensory input. However, these
features are not exclusive to ASD and may also appear in children with intellectual
developmental disorders, communication disorders, or ADHD (Thapar et al., 2017; Hudry et al.,
2014). This symptomatic overlap complicates the diagnostic process, particularly in children
with co-occurring conditions or in those presenting with subtle, variable, or fluctuating
presentations.

Recent research has highlighted the importance of going beyond binary diagnostic
categories and instead focusing on neurodevelopmental dimensions - such as social motivation,
executive functioning, or sensory processing - which are often distributed continuously in both
clinical and non-clinical populations (Georgiades et al., 2022). From this perspective, ASD is
increasingly conceptualized not as a unitary disorder, but as a dynamic convergence of multiple
interacting vulnerabilities - genetic, neurobiological, cognitive, and environmental - that
collectively shape the child’s behavioral phenotype over time (Constantino & Charman, 2016).
Some children present with average or above-average nonverbal intelligence and well-
developed expressive language, while others are minimally verbal and have co-occurring
intellectual disability. Emotional and behavioral functioning also varies widely: some children
are emotionally withdrawn, while others exhibit elevated levels of irritability, anxiety, or
impulsivity (Mazefsky et al,, 2013; Stringer et al,, 2020). This heterogeneity underpins the
conceptualization of ASD as a spectrum encompassing not only symptom expression, but also
broader dimensions of neurodevelopmental functioning and self-regulatory capacity.

Among the most consistent early predictors of poorer outcomes in ASD are difficulties in
emotional regulation (Mazefsky et al, 2013) - defined as the ability to modulate affective
responses in accordance with situational demands. Preschoolers with ASD often exhibit intense
negative affect, low frustration tolerance, and delayed recovery following emotional arousal
(Weiss, 2014). These difficulties are not only disruptive in their own right, but may also hinder
social engagement, interfere with learning, and exacerbate other ASD symptoms. Importantly,
emotional dysregulation has been closely associated with sensory processing alterations,
particularly sensory over-responsivity, suggesting that sensory-affective coupling may
constitute a key developmental mechanism in ASD (Carpenter et al., 2019; Green et al., 2015).
Children who are hypersensitive to auditory, tactile, or visual stimuli may experience constant

emotional overload, contributing to chronic stress and maladaptive coping strategies.
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Another core domain in early ASD is sensory processing, now included in DSM-5-TR criteria
(American Psychiatric Association, 2022). Sensory anomalies can involve hyperreactivity (e.g.,
aversive responses to sounds or textures), hyporeactivity (e.g., lack of response to pain), or
sensory seeking (e.g., fascination with lights or movement). These behaviors are not merely
peripheral symptoms but are thought to reflect altered neural processing in multisensory
integration areas such as the insula, cerebellum, and somatosensory cortex (Marco et al., 2011;
Cardon, 2018). Sensory processing differences are not only a diagnostic indicators but also a
clinically meaningful dimension that correlates with anxiety, aggression, social avoidance, and
parent stress (Cardon & Bradley, 2023; van den Boogert et al., 2021; Carpenter et al,, 2019;
Gourley et al., 2013).

Furthermore, many children with ASD exhibit co-occurring developmental disorders,
particularly LD and ADHD. This further blurs the diagnostic boundaries, reinforcing the need for
profiling based on functional domains rather than strict diagnostic silos. For instance, two
children diagnosed with ASD may differ profoundly in terms of sensory sensitivity, verbal skills,
and emotional control, calling for distinct therapeutic approaches.

In this light, emerging models advocate for the identification of phenotypic subtypes within
ASD - such as sensory-emotional, language-impaired, or cognitively high-functioning profiles -
each of which may respond differently to specific interventions (Brandes-Aitken et al., 2024;

Gigliotti et al., under review).

1.3 Sensory Processing and Emotional Regulation in Neurodevelopmental Disorders

Sensory processing refers to the complex neurophysiological ability of the nervous system
to detect, organize, and respond adaptively to sensory input from the environment and the body.
It involves multiple levels of processing - from peripheral receptors to central integration - and
plays a critical role in shaping perception, behavior, and emotional responses (Miller et al.,
2007). Although sensory processing is a foundational component of early development in all
children, it has gained increasing attention in the field of neurodevelopmental disorders (NDDs),
where it is frequently atypical and associated with broad functional impairments (Ben-Sasson
et al.,, 2009; Scheerer et al.,, 2024).

Children with NDDs - including ASD, ADHD, and language or intellectual disabilities - often
present with altered patterns of sensory responsivity. These patterns may include
hyperresponsivity (exaggerated reactions to sensory stimuli), hyporesponsivity (diminished or
delayed reactions), and sensory seeking (craving or repetitive exploration of sensory input).

Such patterns frequently co-occur and vary across modalities (e.g., auditory, tactile, visual,
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vestibular), forming complex sensory profiles that do not necessarily conform to diagnostic
boundaries (Little et al., 2017; Scheerer et al., 2024).

In ASD, atypical sensory processing is now a formal diagnostic criterion (American
Psychiatric Association, 2022), with up to 90% of individuals exhibiting clinically significant
sensory features (Robertson & Baron-Cohen, 2017). However, these features are also prevalent
in other NDDs. For example, children with ADHD may show high rates of sensory seeking and
poor sensory modulation (Cheung & Siu, 2009; Ghanizadeh, 2011), while those with
developmental coordination disorder (DCD) frequently display sensory processing difficulties -
especially in proprioceptive and tactile domains, and in some cases auditory processing - which
interfere with motor planning and daily functioning (Tran et al., 2022). This transdiagnostic
distribution of sensory symptoms supports the view that sensory processing represents a
shared neurobiological dimension across NDDs, rather than a disorder-specific symptom
cluster.

From a neurophysiological standpoint, sensory processing relies on the functional integrity
of cortical and subcortical structures involved in attention, salience detection, affect regulation,
and motor coordination - including the thalamus (sensory gating), insula and anterior cingulate
(salience network), and cerebellum (sensorimotor-affective integration) (Marco et al., 2011;
Cakar et al, 2024). Disruptions in these systems may result in abnormal sensory gating,
heightened arousal responses, and difficulty filtering irrelevant stimuli, which in turn impact the
individual’s capacity for emotional and behavioral regulation in daily contexts.

The relationship between sensory processing and emotional regulation is increasingly
understood as bidirectional and developmentally intertwined. Emotional regulation refers to
the ability to manage and modulate emotional experiences and expressions in accordance with
situational demands and social norms. It involves a dynamic interplay between neurobiological
reactivity and regulatory strategies - both of which may be influenced by the quality and
intensity of sensory input (Beauchaine & Cicchetti, 2019). For instance, a child who is
hypersensitive to auditory input may experience emotional dysregulation in noisy
environments due to chronic overactivation of stress circuits, such as the amygdala-
hypothalamus axis (Green et al,, 2015; Than et al., 2024).

Conversely, a child with hyposensitivity may fail to register internal cues of distress or
fatigue, leading to disorganized or delayed affective responses. Sensory seeking behaviors, often
interpreted as behavioral disturbances, may instead reflect attempts to regulate internal arousal
or emotional state through repetitive or intense sensory stimulation (Schaaf et al., 2011;
Brandes-Aitken et al.,, 2024). These behaviors can thus be reinterpreted within a sensory-

emotional regulation framework, rather than as isolated symptoms of a particular diagnosis.
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Several studies have documented strong associations between atypical sensory responsivity
and internalizing or externalizing symptoms in children with NDDs. Sensory over-responsivity
has been linked to anxiety, irritability, sleep disturbances, and social withdrawal (Carpenter et
al, 2019; Lane et al, 2012), while under-responsivity and poor sensory discrimination have
been associated with inattentiveness, impulsivity, and difficulty with frustration tolerance,
particularly in children with ADHD (Cheung & Siu, 2009; Keating et al. 2022). Importantly, these
associations often remain significant even after controlling for diagnostic status, highlighting the
transdiagnostic relevance of sensory-emotional coupling.

The importance of early identification of sensory-emotional profiles is further underscored
by longitudinal studies. For example, children with early sensory hypersensitivity are at
increased risk for later anxiety disorders (Carpenter et al., 2019; Green & Ben-Sasson, 2010),
while those with poor sensory modulation may show difficulties in social adjustment, executive
functioning, and academic readiness (Brown et al.,, 2021; Dellapiazza et al., 2018). These findings
suggest that sensory profiles are not merely epiphenomena but may function as developmental
pathways or mediators linking early neurobiological vulnerability to later adaptive outcomes.

Recent research has employed person-centered approaches such as Latent Profile Analysis
(LPA) to uncover meaningful subtypes based on sensory and emotional functioning in early
childhood, by identifying latent heterogeneity not captured by categorical diagnoses. For
example, Brandes-Aitken et al. (2024) identified sensory-based phenotypes that differed not
only in sensory reactivity but also in emotional regulation, cognitive performance, and
functional outcomes. Such findings are supported by similar results in European clinical
samples, including the empirical study presented in this thesis (Gigliotti et al., under review),
where distinct profiles emerged that cut across ASD, LD, and other developmental conditions,
revealing clusters of children with multisystemic sensory dysfunction, mixed subclinical
sensitivity, or typical processing patterns.

These subtypes carry significant implications for clinical care. Children with multisystemic
sensory and emotional dysregulation may benefit from low-arousal environments, sensory
integration strategies, and co-regulation supports, while those with more isolated or mild
sensory differences may respond better to targeted behavioral or cognitive interventions. Thus,
profiling sensory-emotional dimensions may serve as a bridge between assessment and
intervention, guiding personalized therapeutic planning.

From a theoretical perspective, this emerging literature calls for a redefinition of how
clinicians and educators conceptualize developmental psychopathology. Rather than relying
solely on static diagnostic labels, an ecological and dimensional view encourages attention to the
interaction between the child and their sensory-affective environment. Such a framework is

particularly valuable in preschool contexts, where traditional diagnoses are often unstable, and
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intervention outcomes hinge on accurate early characterization of the child's

neurodevelopmental profile.

1.4 From Sensory Profiles to Personalized Interventions

The growing recognition of sensory processing differences as a core feature of
neurodevelopmental disorders (NDDs) has significant implications for both assessment and
intervention planning. While traditional therapeutic models often align treatment strategies
with categorical diagnoses, such approaches may obscure meaningful individual variability
within diagnostic groups - particularly in sensory and affective functioning (Astle et al., 2019;
Gotham et al,, 2015). This has prompted a growing body of research to advocate for a shift
toward profile-based or trait-informed intervention frameworks, which prioritize the child’s
unique sensory and emotional profile over their diagnostic label (Astle & Fletcher-Watson,
2020). Personalized approaches of this kind may enhance therapeutic engagement, reduce
maladaptive behaviors, and support more effective outcomes across neurodevelopmental
conditions.

Profiling approaches, particularly those based on cluster analysis, Latent Class or Latent
Profile Analysis (LCA/LPA), allow for the identification of subgroups of individuals who share
similar constellations of traits - such as high sensory hyperreactivity, poor emotional regulation,
or low cognitive flexibility - regardless of diagnostic assignment (Spurk et al., 2020). By moving
beyond one-size-fits-all models, these approaches enable a more nuanced understanding of
developmental risk and resilience, and they provide a framework for precision intervention
design (Insel, 2014; Cuthbert & Kozak, 2013).

Building on this framework, several studies have successfully applied person-centered
analyses to uncover distinct sensory-emotional profiles across diverse neurodevelopmental
populations. One of the earliest and most comprehensive examples is the work by Ausderau et
al. (2014), who conducted a Latent Profile Transition Analysis in a large national sample of
children with ASD (aged 2-12 years). Their analysis revealed four stable sensory subtypes,
ranging from mild to extreme impairment, which remained consistent over time and were
differentially associated with behavioral outcomes. In a community-based cohort including
children both with and without neurodevelopmental conditions (3-14 years), Little et al. (2017)
identified five distinct sensory profiles through LPA, supporting the idea that sensory features
reflect a dimensional continuum rather than being exclusive to clinical populations. Extending
these findings to older age groups, Tillmann et al. (2020) applied factor mixture modeling to a
heterogeneous sample of individuals with ASD aged 6 to 30 years, identifying three subgroups

that differed in sensory severity and associated levels of anxiety, adaptive functioning, and
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attentional problems. More recently, Brandes-Aitken et al. (2024) used LPA to examine sensory
and self-regulation patterns in a mixed clinical group of school-aged children (8-12 years). Their
analysis yielded distinct phenotypes - characterized by over-responsivity, under-responsivity,
and sensory seeking - each with specific emotional-behavioral correlates, particularly in anxiety
levels and dysregulation, highlighting their clinical relevance.

Together, these studies demonstrate that data-driven profiling approaches can reveal
clinically meaningful heterogeneity not captured by categorical diagnoses. They also suggest
that sensory-emotional subtypes may serve as useful phenotypic markers to inform prognosis
and personalize interventions across a broad range of neurodevelopmental conditions and age
groups.

Similar findings have emerged from a recent research by the author and collaborators. This
study applied person-centered profiling methods to a clinical sample of preschool children with
ASD, LD, and other NDDs, revealing distinct sensory-emotional subtypes with differential clinical
presentations. These findings offer preliminary support for the clinical utility of sensory-
emotional profiling in informing personalized intervention planning (Gigliotti et al., under
review). A more detailed description of this study and its empirical results is provided in Chapter
3.

This profile-based logic aligns closely with the principles of occupational therapy and
developmentally-informed mental health care, which emphasize individualized, context-
sensitive approaches. For instance, the Sensory Integration and Praxis Test (SIPT), and more
recently the Sensory Processing Measure (SPM/SPM-P), help clinicians map a child’s sensory
strengths and vulnerabilities and design personalized sensory diets and structured activities
(Schaaf et al, 2014). These practices are further strengthened when integrated with
assessments of emotional and behavioral regulation, as sensory dysfunction and emotional
dysregulation often co-occur as a syndromic phenotype in early childhood (Green et al,, 2012;
Carpenter et al, 2019). Recent reviews. - such as Dell'Osso et al. (2023) - highlight the
neurodevelopmental interconnectedness of these processes and support a transdiagnostic
perspective on early emotional regulation impairments.

Beyond clinical utility, profiling offers a conceptual advantage in understanding the
developmental mechanisms that link sensory experience, emotional regulation, and adaptive
behavior. Developmental neuroscience suggests that sensory input plays a key role in
scaffolding emotion regulation, executive functioning, and even social cognition, through its
impact on neural circuits involving the thalamus, insula, amygdala, and prefrontal cortex (Marco
etal, 2011; Cakar et al., 2024). Dysregulated sensory input can lead to chronic overactivation of
stress-response systems, limit opportunities for social engagement, and disrupt the

development of self-regulatory strategies. Thus, interventions that modulate the sensory
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environment may indirectly support emotional growth, even in the absence of direct emotion-
focused techniques.

This principle underlies several therapeutic models that prioritize structured and
predictable environments to support regulation and engagement - most notably the TEACCH
framework for ASD and the DIR/Floortime model, both of which emphasize individualized,
relational, and developmentally appropriate interventions. Building on these foundations, more
recent approaches have extended the therapeutic setting beyond the clinic or classroom to
incorporate naturalistic, multisensory environments, such as therapeutic gardens, forest
schools, or animal-assisted programs. Often described under the umbrella term green care, these
interventions draw on insights from environmental psychology, ecotherapy, and sensory
integration to propose that nature offers a uniquely supportive context for children with sensory
and emotional vulnerabilities (Bratman et al., 2019; Chawla, 2015).

Natural environments provide rich but low-threat sensory input, promote movement and
embodied interaction, and reduce the sensory overload often encountered in urban or
institutional settings. By offering opportunities for self-directed exploration, rhythmic motor
activity, and affective co-regulation, these settings may enhance emotional resilience and stress
recovery, particularly for children who struggle with traditional therapy formats. Moreover, the
flexibility and responsivity of natural spaces align well with a profile-informed logic, in which
the environment is actively shaped to match the child’s sensory thresholds, affective needs, and
engagement patterns.

In this regard, the transition from sensory profiling to ecological intervention becomes not
only conceptually sound but also clinically strategic. If sensory-emotional profiles are robust
markers of regulatory capacity in early childhood, then interventions should be designed to
match not only the child's cognitive or behavioral level, but also their sensory-affective needs
and capacities. A child with tactile defensiveness and emotional lability, for example, may benefit
more from outdoor sensory exploration in natural environments than from classroom-based
activities that rely on fine motor precision or verbal interaction.

Moreover, the ecological match between child’s sensory-emotional profile and therapeutic
context may critically moderate treatment outcomes. As argued by Schaaf and colleagues
(2014b), effectiveness in sensory processing interventions depends not only on specific
techniques, but also of environmental attunement - whether the setting supports or frustrates
the child’s ability to engage, regulate, and learn. This perspective has been echoed in studies on
sensory-friendly classrooms, animal-assisted interventions, and sensory-integrated outdoor
learning, all of which highlight how context-sensitive modifications can enhance engagement
and reduce distress (Clément et al.,, 2022; Dettweiler et al., 2017).
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Taken together, these findings and theoretical models support a developmentally sensitive,
profile-informed, and ecologically grounded approach to intervention in NDDs. Rather than
assigning children to standardized treatments based solely on diagnostic criteria, clinicians and
educators are encouraged to consider how individual sensory-emotional traits interact with
environmental affordances to shape behavior, learning, and well-being. This shift from
diagnosis to profile, and from intervention to environment, opens the door for innovative
therapeutic pathways that are both personalized and sustainable. Among these, nature-based
interventions represent a promising and timely frontier, which will be explored in depth in the

next sections.

1.5 Nature-Based Therapies: A Theoretical Overview

Over recent decades, a growing body of research has highlighted the therapeutic benefits of
nature exposure for psychological well-being, stress reduction, and cognitive functioning across
both clinical and non-clinical populations. This emerging movement - commonly referred to as
green care, ecotherapy, or nature-based therapy - encompasses a diverse range of interventions
that utilize nature as a medium for therapeutic change, including horticultural therapy, forest
bathing, animal-assisted interventions, and outdoor education programs (Mittly et al., 2023; Lu
et al,, 2023; Chawla, 2015). Although traditionally explored within the contexts of adult mental
health and public health promotion, these interventions are now gaining increasing attention in
child and adolescent developmental psychiatry (Mygind et al., 2019; Fyfe-Johnson et al., 2021).
Particular interest has emerged regarding their application for neurodevelopmental disorders,
including ASD, with recent evidence suggesting their potential as effective complementary
interventions in this population (Fan et al., 2023).

Nature-based therapies are grounded in the premise that human beings are biologically
predisposed to benefit from interactions with natural environments - a concept known as
biophilia (Wilson, 1984). Two key theoretical frameworks underpin this body of work: Attention
Restoration Theory (ART) and Stress Recovery Theory (SRT). According to ART, proposed by
Kaplan and Kaplan (1989), natural settings engage involuntary attention in a soft and non-taxing
manner (referred to as “soft fascination”), allowing the recovery of directed (voluntary)
attention depleted by cognitive overload. Conversely, SRT, developed by Ulrich (1983), posits
that nature facilitates physiological and psychological recovery from stress through its calming
and predictable sensory features - such as natural light, vegetation, and the sounds of water or
birds - thereby reducing sympathetic arousal and promoting parasympathetic activation.

These theoretical models are supported by a robust empirical literature demonstrating the

positive effects of nature exposure on emotional regulation, attentional control, and
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physiological arousal. Meta-analyses indicate that even brief interactions with nature - such as
a walk in the park or viewing greenery through a window - can lower cortisol levels, reduce
rumination, enhance working memory, and boost positive affect (Rios-Rodriguez et al.,, 2024;
Bratman et al.,, 2019; Twohig-Bennett & Jones, 2018). In children, nature contact has been
associated with better self-regulation, increased prosocial behavior, and improved mood and
concentration, particularly in urban or high-stress environments (Ernst & Stelley, 2024; Zare
Sakhvidi et al, 2022; Wells & Evans, 2003).

Crucially, nature-based interventions differ from conventional therapeutic modalities in
their emphasis on sensory immersion, multisensory integration, and embodied experience.
Whereas traditional therapies often rely on verbal or cognitive techniques, nature-based
approaches engage the whole body and multiple sensory systems simultaneously. For example,
walking barefoot on grass, smelling herbs in a garden, or climbing a tree involve proprioceptive,
tactile, vestibular, olfactory, and visual input - all of which contribute to the regulation of arousal
and affective state. These multisensory affordances are particularly relevant for children with
sensory processing differences, who may find traditional indoor settings overstimulating,
unpredictable, or aversive (Fan et al., 2023; Martensson et al., 2009; Dettweiler et al., 2017).

Beyond sensory regulation, nature provides a predictable yet dynamic structure for
exploration and learning. Unlike built environments, natural settings typically foster curiosity
and flexible engagement without imposing rigid demands, supporting a balance between
autonomy and safety. According to affordance theory (Gibson, 1979), environments offer
opportunities for action based on individual capabilities. Nature may thus represent a
particularly rich landscape of affordances for children with neurodevelopmental differences. For
instance, a fallen log may afford climbing for one child, balancing for another, and simple
observation for a third - all equally valid and self-directed modes of engagement.

From a developmental perspective, these characteristics support autonomy, mastery, and
intrinsic motivation - key ingredients in healthy psychological growth. Moreover, nature-based
activities are often socially low-demand and scaffolded by shared attention on objects or tasks
(e.g., collecting leaves, feeding animals), which may reduce performance anxiety and facilitate
parallel or cooperative play. These features may be especially beneficial for children with ASD
or social anxiety, who may struggle with unstructured social interactions in conventional
settings (Friedman et al,, 2024).

Nature-based therapies have also been linked to enhanced executive functioning, including
inhibition, working memory, and cognitive flexibility - domains often compromised in children
with NDDs (Amicone et al.,, 2018; van den Berg & van den Berg, 2011). The restorative and
arousal-regulating properties of natural environments may indirectly support these executive

processes by lowering cognitive load and reducing sensory overstimulation. Several
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experimental studies have shown that children with ADHD, for example, display improved
attentional performance after time spent in natural versus built environments (Kuo et al., 2018;
Kuo & Taylor, 2004; Taylor & Kuo, 2009).

In parallel, animal-assisted interventions (AAls) have shown promising effects on emotional
regulation, anxiety reduction, and social engagement in children with ASD and other
developmental conditions. Interacting with animals—particularly dogs, horses, or small
mammals—can elicit oxytocin release, lower cortisol, and provide consistent nonverbal
feedback, fostering affective attunement and relational safety (Galvany-Lopez et al., 2024;
Gabriels et al., 2015; O’Haire, 2013; Beetz et al., 2012). When delivered in natural settings, AAls
may further enhance the sensory and emotional benefits of nature exposure, creating synergistic
opportunities for co-regulation, play, and therapeutic alliance.

Despite growing interest, research on nature-based interventions for children with NDDs
remains methodologically diverse and relatively limited. Many studies are qualitative or quasi-
experimental, often lacking control groups or standardized outcome measures. Nevertheless,
preliminary evidence suggests that green therapies can improve mood, reduce aggressive
behaviors, enhance emotional regulation, and promote engagement in therapeutic activities
among children with ASD and related conditions (Li et al., 2019).

Importantly, these effects may not be uniform across children but rather moderated by
individual differences in sensory-emotional profiles. For instance, children with high sensory
sensitivity may benefit from the low-arousal, predictable input of natural environments, while
children with under-responsivity may respond more to intense, movement-based exploration
(e.g., climbing, swinging, digging). This suggests that nature-based interventions are most
effective when tailored to the child’s sensory and regulatory needs - a hypothesis that remains
underexplored in empirical research.

Moreover, the environmental accessibility and sustainability of nature-based approaches
make them attractive options for community-based and preventive models of care.

Gardens, parks, schoolyards, and animal sanctuaries are increasingly being recognized as
valuable therapeutic spaces, particularly in low-resource settings or for children who are
difficult to engage in conventional therapy formats. Integrating green care into existing
educational and clinical infrastructures could offer a cost-effective, low-risk complement to
traditional interventions, especially in early childhood populations.

In summary, nature-based interventions are rooted in well-established psychological and
neurobiological theories and show promise as sensory-regulatory, emotionally supportive, and
developmentally enriching therapeutic approaches. Their emphasis on multisensory
engagement, embodied regulation, and contextual adaptability makes them particularly well-

suited to the needs of children with NDDs. However, more research is needed to understand for
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whom, how, and under what conditions these interventions are most effective. The next section
will examine how these principles intersect with the sensory and emotional profiles commonly

observed in ASD, laying the groundwork for tailored, ecologically grounded therapeutic models.

1.6 Nature and Autism Spectrum Disorder: A Sensory-Ecological Match

ASD is characterized by a constellation of behavioral, cognitive, and neurobiological features
that interact in complex and dynamic ways across development. Among the most robust and
clinically salient of these features are atypical sensory responses, now formally included within
the diagnostic criteria for ASD (American Psychiatric Association, 2022). These sensory patterns
- encompassing hyperreactivity, hyporeactivity, and sensory seeking - are observed in over 90%
of autistic individuals (Robertson & Baron-Cohen, 2017) and are strongly associated with
emotional dysregulation, anxiety, aggression, and social withdrawal (Green & Ben-Sasson, 2010;
Carpenter et al., 2019; MacLennan et al.,, 2020). Given the central role of sensory processing in
shaping both the lived experience and behavioral expression of ASD, it is imperative that
therapeutic environments accommodate and address sensory needs in developmentally
informed and individualized ways.

This section examines how natural environments may offer an optimal sensory ecology for
autistic children, potentially enhancing engagement, self-regulation, and therapeutic
responsiveness. Given the multifaceted nature of this topic, the section is organized into
thematic subsections addressing sensory regulation, social engagement, cognitive alignment,
clinical applications, and research implications. The overarching concept of a "sensory-
ecological match" posits that certain environments are inherently more suitable than others for
supporting the regulatory and perceptual needs of neurodivergent individuals. Unlike many
built or clinical settings - often characterized by excessive stimulation, unpredictability, and high
social demands - natural environments provide structured complexity, sensory modulation, and
flexible affordances that may align more closely with the sensory-emotional profiles frequently
observed in ASD (Chawla, 2015; Dettweiler et al.,, 2017; Fan et al., 2023).

1.6.1 Sensory Regulation in Natural Environments

Natural settings offer rich multisensory input that is typically non-invasive, rhythmic, and
self-paced. Elements such as wind, rustling leaves, water sounds, birdsong, and filtered light
constitute forms of “soft” stimulation, which can help modulate autonomic arousal without
overwhelming the sensory system (Kaplan & Kaplan, 1989; Ulrich, 1991). This stands in stark

contrast to typical indoor environments, where artificial lighting, reverberating acoustics,
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unpredictable noise, and tactile clutter often contribute to sensory dysregulation, particularly in
children with sensory hypersensitivity (Ashburner et al., 2008).

From a neurophysiological perspective, exposure to natural environments has been shown
to reduce sympathetic nervous system activation and promote parasympathetic regulation, as
evidenced by reductions in cortisol levels and increases in heart rate variability among both
children and adults (Varadarajan et al., 2025; Zare Sakhvidi et al., 2022; Bratman et al., 2019).
These physiological changes are consistent with enhanced emotion regulation capacity, a
domain frequently compromised in autistic individuals exhibiting sensory hyperreactivity
(Mazefsky et al., 2013).

Furthermore, many autistic children experience a chronic mismatch between their internal
regulatory capacities and the demands of their environment. Educational and clinical settings
often require sustained attention, behavioral inhibition, and verbal processing - skills that may
be underdeveloped in children with ASD. By contrast, natural environments afford movement-
based self-regulation, self-directed exploration, and repetitive engagement with sensory stimuli
(e.g., watching flowing water, touching leaves, listening to birdsong), all of which may serve
adaptive sensory-seeking and self-soothing functions (Koenig & Rudney, 2010; Schaaf et al,,
2012). Such affordances are especially relevant for children with sensory modulation difficulties,
as they provide opportunities for self-regulatory sensory behaviors that help maintain or restore

optimal levels of arousal.

1.6.2 Social Demands and Emotional Safety

Beyond sensory benefits, natural environments offer social contexts characterized by lower
structural rigidity, reduced performance expectations, and greater permissiveness. For children
with ASD - who often experience difficulties with social reciprocity, interpreting social cues, and
initiating interactions - structured indoor settings may evoke heightened social anxiety and
behavioral dysregulation. Nature-based contexts frequently facilitate parallel play, shared
attention on external stimuli, and nonverbal forms of communication, thereby reducing social
demands and enhancing emotional safety (Mygind et al., 2019; Chawla, 2015). These settings
allow children to engage socially on their own terms, at their own pace, and with reduced risk of
social failure or overstimulation (Vanaken & Danckaerts, 2018).

Moreover, when nature-based activities involve co-regulation with an adult (e.g., exploring
a stream, feeding animals, building structures), they can foster relational attunement without
necessitating continuous verbal exchange. This mode of interaction may support affective

engagement and attachment, particularly in children with co-occurring language delays or
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sensory defensiveness. In this respect, nature may serve as a third element within the

therapeutic dyad, facilitating connection through shared sensory and affective experiences.

1.6.3 Cognitive and Motivational Alignment

Natural environments also provide developmentally appropriate challenges and open-
ended problem-solving opportunities that align with the intrinsic interests and cognitive styles
frequently observed in autistic individuals. Children with heightened attention to detail or a
proclivity for pattern recognition may be naturally drawn to activities such as collecting leaves,
observing insects, or arranging natural materials, thereby fostering cognitive engagement and
intrinsic motivation. Predictable routines within a natural rhythm - such as feeding animals or
watering plants - can further provide temporal scaffolding for children with ASD, who often
benefit from consistent sequencing of events (Lord et al., 2020).

Additionally, nature-based activities integrate executive function demands—such as
planning, inhibition, and cognitive flexibility - into embodied, goal-directed tasks that are often
more motivating and less abstract than traditional cognitive exercises. For example, building a
shelter or navigating a nature trail inherently involves sensory-motor coordination, sequencing,
and social negotiation, yet these demands are embedded within real-world activities, making
them more accessible and less anxiety-provoking for children with executive functioning
difficulties (Diamond & Lee, 2011; Becker et al,, 2017; Ernst et al., 2022).

1.6.4 Clinical Applications and Emerging Evidence

Although the evidence base for nature-based interventions in ASD remains emergent,
preliminary studies and pilot programs have reported promising outcomes. Interventions such
as outdoor play therapy, horticultural therapy, and animal-assisted outdoor programs have been
associated with improvements in mood, social initiation, sensory regulation, and emotional
expressiveness in children with ASD (Gabriels et al., 2015; Fan et al., 2023). Caregiver reports
also frequently highlight increased engagement, reduced oppositional behavior, and enhanced
therapeutic receptivity in natural settings compared to indoor clinical environments (Sempik et
al,, 2005; Fan et al,, 2023).

However, the existing literature is characterized by notable methodological limitations,
including small sample sizes, lack of standardized outcome measures, and limited control for
potential confounding variables such as therapist-child rapport or novelty effects (Mygind et al.,

2019). There is therefore a pressing need for rigorously designed randomized controlled trials
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to evaluate the differential effectiveness of green therapies across varying sensory-emotional
profiles, cognitive levels, and developmental stages.

One particularly promising research direction involves profiling children with ASD based on
sensory and affective characteristics—such as sensory over-responsivity, irritability, or
cognitive flexibility—and systematically matching them to intervention formats (e.g., indoor
versus outdoor, structured versus open-ended) that optimize their regulation and engagement.
This precision ecological approach, although still nascent, aligns with the broader
transdiagnostic and developmental paradigms increasingly adopted in contemporary
psychiatry (Fan et al., 2023; Vanaken & Danckaerts, 2018).

1.6.5 Summary and Research Implications

In summary, a growing body of theoretical and empirical literature supports the notion that
natural environments may offer distinctive therapeutic affordances for autistic children,
particularly those with co-occurring sensory and emotional regulation challenges. Nature
provides predictable yet rich multisensory input, fosters nonverbal social engagement, supports
embodied cognition, and mitigates both environmental and interpersonal stressors. These
features closely align with the core needs of many children on the autism spectrum and may

enhance both the accessibility and effectiveness of therapeutic interventions.
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CHAPTER 2 - LITERATURE REVIEW

2.1 Green Therapy in Autism Spectrum Disorder: Current Evidence

Building on the sensory and ecological considerations outlined in the previous chapter, the
past two decades have witnessed growing research attention toward the therapeutic potential
of nature-based interventions - often referred to as green therapy - for children with ASD. These
interventions are grounded in diverse theoretical frameworks, including ecological psychology,
biophilia theory, stress recovery theory, and embodied developmental models. Collectively,
these perspectives suggest that structured interaction with natural environments may enhance
self-regulation, social engagement, and overall well-being in neurodiverse populations
(Bratman et al., 2019; Chawla, 2015; Kaplan & Kaplan, 1989). This section critically reviews the
emerging empirical literature on green therapy in ASD, focusing on intervention formats,
targeted outcomes (e.g., emotional regulation, sensory modulation, social functioning), and key

methodological limitations that characterize the current evidence base.

2.1.1 Modalities of Nature-Based Interventions

Green therapy is an umbrella term that encompasses a broad range of practices. Among

the most commonly applied to children with ASD are:

e Horticultural Therapy (HT), which uses gardening and plant-based activities to
support fine and gross motor development, attention, and emotion regulation
(Sempik et al,, 2005; Flick, 2012; Nevil & Beela, 2023; Karthikeyan, 2023);

e Forest School Programs, which offer exploratory, child-led learning within wooded
settings, aiming to promote autonomy, curiosity, and social participation (Knight,
2013; Friedman et al., 2022);

e Nature-Based Occupational Therapy, integrating sensory-motor activities with
nature-focused tasks (e.g., digging, balancing on logs, collecting leaves) to enhance
emotional regulation and executive functioning (Burke et al., 2024);

¢ Animal-Assisted Interventions (AAI) conducted in natural contexts, which improve
socio-emotional functioning via interaction with animals such as horses, dogs, or
goats (Nieforth et al,, 2023; Gabriels et al.,, 2015; O’Haire, 2013);

e Urban Green Space Play, structured or unstructured play in parks and green
schoolyards, aimed at enhancing socialization and behavioral outcomes (Aghabozorgi
etal,, 2023; Wu et al, 2022).
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Altough these interventions differ in their structure, intensity, and theoretical
background, they share a common emphasis on multisensory integration, autonomy-supportive
scaffolding, and contextual flexibility - elements that are highly relevant to the

neurodevelopmental profiles and regulatory needs frequently observed in ASD.

2.1.2 Sensory and Emotional Outcomes

A key rationale for nature-based approaches lies in their capacity to modulate sensory input
in ways that are rhythmic, predictable, and self-paced, offering a clear alternative to the
overstimulating and unpredictable sensory landscapes typical of many built environments. This
modulation appears particularly beneficial for autistic children with sensory over-responsivity,
a trait closely linked to emotional dysregulation and internalizing symptoms (Ben-Sasson et al.,
2009).

A recent systematic review by Odame-Asante et al. (2025) synthesized the available
evidence on nature-based learning and its effects on emotional and behavioral outcomes in
children with ASD. Across the included studies, participation in outdoor and nature-based
programs was consistently associated with reductions in anxiety, emotional reactivity, and
behavioral dysregulation, as well as improvements in mood, self-regulation, and emotional well-
being. Gabriels et al. (2015) similarly found that equine-assisted therapy conducted in outdoor
contexts reduced irritability and hyperactivity, particularly in children with pronounced sensory
sensitivity.

Supporting these findings, Griffioen et al. (2023) examined the effects of dog-assisted
therapy on physiological stress markers in children with ASD and Down syndrome, observing
significant reductions in salivary cortisol levels within each session, indicative of decreased
physiological stress.

Although not conducted exclusively with children with ASD, Lee et al. (2018) reported that
horticulture-related activities, such as flower arrangement and planting, significantly reduced
salivary cortisol concentrations in elementary school children with behavioral adjustment
difficulties, suggesting that nature-based interventions may broadly support stress regulation in
neurodiverse populations.

Consistent with these physiological and behavioral findings, Martensson et al. (2009)
observed improved frustration tolerance and persistence among preschoolers engaged in
outdoor therapy, further supporting the role of nature in facilitating embodied self-regulation.

Qualitative findings by Friedman et al. (2022) further support this view: in a forest school
setting, autistic children showed increased emotional well-being, self-confidence, and autonomy

over time. These improvements in emotional well-being and self-regulation were especially
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pronounced among children with lower verbal skills or comorbid anxiety, suggesting that
nature-based interventions may offer a particularly supportive context for emotionally

vulnerable subgroups within the autism spectrum.

2.1.3 Social Interaction and Communicative Engagement

Beyond sensory and emotional regulation, nature-based interventions also appear to
facilitate more accessible and spontaneous forms of social interaction for children with ASD.
Animal-assisted interventions conducted in outdoor settings have been associated with
increased emotional expression and social responsiveness in autistic children, as shown in a
systematic review by O’Haire (2013).

The natural context may reduce the cognitive and communicative demands typically
associated with conventional social exchanges, allowing children to engage through shared
attention to external stimuli such as planting, feeding animals, or exploring natural elements.
Such object- and activity-mediated forms of interaction align with the communicative
preferences of many autistic children, especially those with limited verbal skills or heightened
social anxiety.

Qualitative findings by Ang and MacDougall (2023), based on therapist and parent
perspectives, further support this view: their study on animal-assisted therapy for children with
ASD highlighted perceived improvements in social engagement, affective responsiveness, and
behavioral participation, particularly in low-pressure, nature-integrated contexts. More broadly,
Becker et al. (2017), in a systematic review on outdoor education programs, reported positive
effects on peer engagement and social skills development in children with special educational
needs. Although not ASD-specific, these findings further support the idea that nature-based
settings may offer a socially accommodating environment that fosters spontaneous and low-
demand social interactions. Collectively, these findings suggest that natural contexts may lower
social barriers and provide emotionally safe settings where autistic children can engage in

meaningful, self-paced social interactions.

2.1.4 Attention, Executive Functioning, and Adaptive Skills

Nature may also act as a cognitive scaffold, enhancing attentional control, behavioral
flexibility, and adaptive functioning in children, including those with NDDs. Early experimental
studies demonstrated that exposure to green spaces can improve attention in children. For

example, Kuo and Taylor (2004) reported that children showed improved attentional capacity
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following a walk in a green environment, compared to urban or indoor walks. Taylor and Kuo
(2009) later confirmed these effects in a larger sample.

More recently, Fan et al. (2023) conducted a systematic review and meta-analysis focused
specifically on nature-based interventions for autistic children. The analysis revealed significant
short-term improvements in attention, hyperactivity, and irritability, with additional benefits
for sensory processing domains often linked to executive control (e.g., sensory seeking and
sensitivity).

Beyond attention, there is growing evidence that natural settings can support broader
executive functions. Ernst et al. (2022), in a narrative review focused on early childhood
education contexts, highlighted that embodied, goal-directed outdoor tasks - such as navigating
uneven terrain or engaging in group problem-solving - can improve core executive skills like
inhibitory control, cognitive flexibility, and working memory. These domains are frequently
impaired in children with ASD (Demetriou et al.,, 2018).

Complementing these findings, Johnstone et al. (2022), in a mixed-methods systematic
review, emphasized that nature-based early education programs contribute to improved social-
emotional skills and adaptive behavior in young children, while Van den Berg et al. (2016) found
that green schoolyard play was associated with enhanced selective attention and emotional
regulation.

Taken together, these studies suggest that natural environments facilitate executive control
and adaptive functioning through bottom-up sensory and motor engagement, offering
ecologically valid, real-world problem-solving experiences that do not rely solely on abstract
verbal instruction - an important consideration for children with ASD who often experience

challenges in this area. This, in turn, may support more effective adaptive generalization.

2.1.5 Methodological Challenges and Gap

Despite promising outcomes, the current evidence base is characterized by significant
limitations. Many studies rely on small samples, lack control conditions, and use non-
standardized outcome measures. For example, the qualitative richness of Friedman et al. (2022)
and Sempik et al. (2005) provides valuable insight into children’s lived experiences, but their
findings are not readily generalizable. Similarly, Fan et al. (2023), in their systematic review,
identified moderate effects of nature-based interventions on emotional well-being and stress
reduction but also highlighted substantial heterogeneity in intervention protocols, target
outcomes, and measurement tools.

A critical gap is the lack of stratification by sensory, emotional, or behavioral profiles. Very

few studies consider whether intervention effects differ based on individual characteristics such
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as sensory sensitivity, internalizing symptoms, or executive dysfunction. Ernst et al. (2022)
similarly noted that most nature-based research in early childhood fails to incorporate
systematic phenotyping, limiting the ability to tailor interventions to individual needs. As a
result, clinicians and educators are left without clear guidelines on which children are most
likely to benefit from green therapy and under what specific conditions.

Moreover, longitudinal follow-up studies are rare, and few investigations explore the
sustainability of observed gains or their generalization to other settings (e.g., school, home).
Johnstone et al. (2022) underscored the scarcity of long-term evaluations in nature-based early
education programs, limiting understanding of whether initial benefits persist over time. Finally,
contextual variables such as climate, socio-economic status, and access to green spaces are often
underreported, limiting the scalability and real-world applicability of current findings.

These methodological gaps underscore the need for rigorously designed, stratified, and

longitudinal studies.

2.1.6 Summary and Clinical Implications

Overall, the current literature provides compelling preliminary evidence that nature-
based interventions can offer meaningful benefits for autistic children across several domains -
particularly in sensory regulation, emotional modulation, social engagement, and adaptive
functioning. These effects appear most robust in younger children, and in those with co-
occurring sensory and emotional vulnerabilities.

However, the methodological limitations outlined in the previous section underscore the
need for more rigorous, phenotype-sensitive research designs. Future studies should
incorporate standardized profiling tools to identify individual predictors of treatment response

and enhance intervention personalization.

2.2 Nature and Sensory Regulation

Children with neurodevelopmental disorders, particularly those with ASD, often exhibit
atypical sensory processing patterns, which can significantly impact their emotional regulation,
attention maintenance, and adaptive engagement with their environment (Ben-Sasson et al.,
2009; Green et al, 2012). Sensory reactivity - manifesting as hyperresponsivity,
hyporesponsivity, or sensory seeking - is increasingly recognized as a core feature of ASD, often
emerging early in development and predicting both internalizing and externalizing difficulties
(Carpenter etal., 2019; Lane et al., 2012).
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Natural environments may serve as therapeutic contexts that support sensory regulation
in children with ASD. For instance, Martensson et al. (2009) found that preschool children who
engaged in play within large, integrated outdoor areas rich in natural elements such as trees and
varied terrain exhibited fewer inattentive behaviors compared to those in less natural settings.
This suggests that green outdoor environments can have restorative effects on attention in
young children.

Additionally, Dettweiler et al. (2017) reported that outdoor learning experiences are
associated with reduced cortisol levels in children, indicating lower physiological stress. Such
findings imply that nature-based activities can positively influence stress regulation, which is
often intertwined with sensory processing challenges in ASD.

These studies collectively suggest that natural settings, through their multisensory and
less structured nature, may provide beneficial contexts for sensory regulation in children with
ASD. However, further research is needed to delineate the specific mechanisms and to identify

which subgroups of children may benefit the most from such interventions.

2.2.1 Theoretical Foundations of Sensory Modulation

Sensory modulation refers to the neurological and behavioral processes by which
individuals regulate, organize, and respond to incoming sensory information in a graded and
adaptive manner (Miller et al., 2007). This capacity allows individuals to maintain an optimal
level of arousal and engagement in different environmental contexts. Difficulties in sensory
modulation are characterized by an inability to appropriately filter, prioritize, or habituate to
sensory stimuli, resulting in either hyper-responsivity (exaggerated responses to sensory
input), hypo-responsivity (reduced or delayed responses), or sensory seeking behaviors (Dunn,
1997).

According to Dunn’s (1997) model of sensory processing, these patterns reflect
individual differences in neurological thresholds and behavioral self-regulation strategies.
Children with low sensory thresholds may exhibit heightened reactivity and emotional
dysregulation in response to ordinary environmental stimuli such as noise, lights, or tactile
contact. Conversely, children with high thresholds may require more intense sensory input to
achieve an alert state, often engaging in repetitive or high-intensity sensory-seeking behaviors.
Both profiles can contribute to difficulties in emotional regulation, attention, and social
participation.

At the neurobiological level, atypical sensory modulation in ASD has been linked to
altered connectivity across key cortico-subcortical circuits involved in sensory processing and

emotional regulation. Structural and functional imaging studies have identified differences in
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the thalamus, insula, amygdala, and primary somatosensory cortex among individuals with ASD,
suggesting disrupted sensory gating and affective salience processing (Green et al., 2015; Marco
et al., 2011). Furthermore, children with ASD often show reduced habituation to repeated
sensory stimuli, indicating impaired neural mechanisms for filtering redundant information
(Green et al,, 2015).

These neurophysiological abnormalities may undermine the ability of children with ASD
to predict, integrate, and regulate incoming sensory information, contributing to the
development of internalizing symptoms, behavioral dysregulation, and social withdrawal
(Carpenter et al, 2019; Neil et al, 2016). Understanding these mechanisms is critical for
designing interventions - such as nature-based approaches - that leverage environmental

affordances to support sensory regulation and emotional well-being.

2.2.2 The Sensory Ecology of Nature

Natural environments offer a unique sensory ecology that contrasts sharply with the
complexity and intensity often found in urban or indoor contexts. The sensory stimuli
encountered in nature - rustling leaves, birdsong, variations in light, air temperature, and
textures - tend to be rhythmic, graded, and multimodal, fostering bottom-up regulation through
self-directed exploration (Pretty et al, 2005; Bratman et al, 2019). From an ecological
psychology perspective, such settings provide a range of sensory affordances - action
possibilities that emerge from the interaction between the individual and the environment (Heft,
1988). These affordances encourage spontaneous motor activity, multisensory engagement, and
adaptive interaction with the surroundings.

From a sensory integration standpoint, these environmental characteristics may
facilitate more effective arousal modulation, especially for children with sensory over-
responsivity or high sensory seeking tendencies. Unlike artificial environments, which often
bombard the nervous system with unpredictable or socially demanding stimuli, natural settings
provide rich sensory input with low social demand, allowing children to regulate sensory intake
at their own pace (Chawla, 2015).

Neurophysiological studies support these assumptions. Exposure to natural
environments has been associated with enhanced parasympathetic activity, reduced cortisol
levels, and accelerated neurophysiological recovery following stress (Ulrich etal., 1991; Li et al,,
2007). Functional neuroimaging studies have also shown that time spent in nature modulates
activation in the default mode network and insula - brain regions implicated in interoception,

self-referential processing, and emotional regulation (Aspinall et al., 2015; Bratman et al., 2019).
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These findings align with the hypothesis that nature may act as a low-demand sensory context,
supporting self-regulation through modulation of autonomic and cortical activity.

Empirical studies in pediatric populations provide further evidence of these regulatory
effects. Martensson et al. (2009) observed that preschool children engaged in nature-rich play
environments displayed better attentional control and frustration tolerance compared to peers
in urban play settings. Dettweiler et al. (2017) reported reduced cortisol levels among children
participating in outdoor educational programs, suggesting lower physiological stress.
Specifically for children with ASD, Friedman et al. (2022) found that participation in a forest
school program was associated with caregiver-reported improvements in self-regulation and
sensory engagement over time. These effects appeared especially pronounced among children
with heightened sensory sensitivity or comorbid anxiety.

Taken together, these findings suggest that the sensory ecology of natural
environments—characterized by multimodal, predictable, and self-paced sensory inputs—may
support sensory modulation and emotional regulation in children with ASD. By offering real-
world, low-demand sensory experiences, nature-based contexts may act as therapeutic
environments that align with the unique sensory profiles of these children, facilitating adaptive

engagement and stress reduction.

2.2.3 Sensorial Fit and Self-Regulation

The concept of “sensory fit” refers to the degree of compatibility between a child's
sensory processing profile and the demands or affordances of the surrounding environment
(Schaaf & Davies, 2010). According to sensory integration theory, a poor match between
environmental stimuli and an individual's sensory thresholds can exacerbate dysregulation,
emotional reactivity, and behavioral challenges (Miller et al., 2007). Conversely, environments
that are attuned to a child's sensory needs can scaffold more adaptive regulation, engagement,
and learning opportunities.

Natural settings, by virtue of their spatial openness, multisensory richness, and relative
predictability, may provide an optimal context for adaptive sensory-motor engagement,
especially for children with ASD who present with sensory processing challenges. For example:

e Children with proprioceptive and vestibular seeking tendencies may benefit from

activities such as climbing, digging, and running on uneven surfaces, which provide
deep pressure and movement input that supports arousal regulation.

e Children with tactile sensitivity may experience graded and non-threatening

exposure to varied textures (e.g., grass, bark, water), facilitating desensitization and

improved sensory tolerance.
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e Children with auditory filtering difficulties may find natural settings less
overwhelming due to the lower intensity, predictability, and harmonious quality of
environmental sounds.

These affordances not only support physiological arousal modulation but also promote
emotional soothing, attention restoration, and opportunities for reciprocal social engagement -
domains frequently compromised in children with ASD (Kaplan, 1995; Chawla, 2015; Friedman
etal, 2022).

By aligning environmental sensory properties with individual sensory profiles, nature-
based settings may act as ecological scaffolds for self-regulation, providing a strong theoretical
foundation for their use in therapeutic interventions targeting sensory and emotional

regulation.

2.2.4 Clinical Implications

Building on the theoretical and empirical foundations outlined above, interventions
conducted in natural settings can be strategically leveraged to modulate sensory input, reduce
environmental stressors, and foster embodied self-regulation in children with ASD. Nature-
based contexts inherently provide opportunities for multisensory engagement, allowing
children to explore, process, and integrate sensory stimuli in a graded and self-directed manner
(Fan et al., 2023; Burke et al., 2024).

Occupational therapy practices, such as sensory diets - typically designed to provide
targeted sensory input throughout the day - may gain enhanced effectiveness when
implemented within green environments. In such settings, movement-based tasks, tactile
exploration, and visual attention can occur simultaneously and with greater ecological validity,
promoting spontaneous and intrinsically motivated engagement (Burke et al., 2024).

Matching a child’s sensory-emotional profile to specific features of nature-based
interventions may enhance therapeutic impact. For instance, children with high tactile
sensitivity may benefit from slow, repeated, and non-threatening exposure to natural textures
such as water, soil, or leaves, thereby facilitating desensitization through graded sensory
experiences. Conversely, children with low proprioceptive awareness or high sensory-seeking
behaviors may respond better to gross motor challenges involving climbing, digging, or carrying
natural materials- activities commonly embedded within forest school programs or horticultural
therapy (Friedman et al., 2022).

Beyond sensory modulation, these individualized approaches may also enhance
emotional regulation, attention restoration, and social engagement - domains frequently
compromised in children with ASD (Chawla, 2015; Kaplan, 1995).
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These considerations underscore the importance of individualized, profile-informed
intervention design when planning nature-based therapies. Rather than adopting a one-size-fits-
all model, clinicians and educators are encouraged to integrate sensory assessment tools with
contextual analysis of environmental affordances to optimize therapeutic outcomes (Schaaf &
Davies, 2010; Miller et al., 2007).

2.3 Eco-Psychology and Developmental Neuroscience

The intersection between ecological psychology and developmental neuroscience has
generated growing interest in how environmental experiences shape early brain development
and emotional regulation. Eco-psychology emphasizes the reciprocal relationship between
humans and the natural world, viewing nature not simply as a passive backdrop but as an active
co-regulator of psychological states and developmental trajectories (Roszak, 1992; Buzzell &
Chalquist, 2009). In recent years, this perspective has converged with empirical findings in
affective neuroscience, offering a biologically grounded framework for understanding how
nature-based interventions may benefit children with neurodevelopmental disorders (NDDs),
including ASD.

This integrative perspective aligns with emerging models of environmental
neuroscience, emphasizing the role of nature exposure in modulating neural circuits involved in

stress, emotion, and self-regulation.

2.3.1 Developmental Embodiment and Environmental Affordances

Contemporary developmental science increasingly acknowledges the embodied and
situated nature of early development (Thelen & Smith, 1994; Adolph & Hoch, 2019).
Sensorimotor experiences are not isolated inputs but form the foundation for cognitive,
emotional, and social functions through perception-action loops that are constantly modulated
by context.

Natural environments provide rich affordances for exploratory action, offering
opportunities for multisensory integration, dynamic motor adaptation, and relational
attunement. For example, traversing uneven ground, balancing on rocks, or navigating spaces
with varying light and sound conditions requires complex postural control, visuomotor
coordination, and flexible problem-solving—capacities often delayed or impaired in children
with ASD (Bhatetal,, 2011).
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In this sense, green spaces may serve as developmental scaffolds: environments where
core processes such as self-regulation, joint attention, and emotion processing can emerge more

naturally through embodied, context-sensitive interactions.

2.3.2 Stress Regulation, Brain Plasticity, and Nature Exposure

Environmental experiences during early childhood play a critical role in shaping the
development of brain systems involved in stress regulation, emotional control, and executive
functioning (Lupien et al.,, 2009; Tottenham & Galvan, 2016). Prolonged exposure to adverse
sensory, social, or emotional environments can dysregulate the hypothalamic-pituitary-adrenal
(HPA) axis and alter the maturation of brain regions such as the amygdala, hippocampus, and
prefrontal cortex - areas critical for affect regulation and cognitive control (McEwen & Gianaros,
2011). These effects are particularly salient for children with ASD, who frequently exhibit
heightened physiological reactivity, impaired cortisol regulation, and reduced stress-buffering
capacity (Corbett et al., 2006).

Natural environments appear to counteract these developmental risks by promoting
parasympathetic activation, lowering cortisol levels, and modulating neural activity in brain
regions responsible for interoception and affective regulation, including the insula and anterior
cingulate cortex (Ulrich et al., 1991; Li et al,, 2007; Bratman et al.,, 2019).

From a neurofunctional perspective, emerging evidence highlights the role of nature
exposure in modulating brain networks involved in emotion regulation and interoception.
Functional magnetic resonance imaging (fMRI) studies have shown that walking in natural
environments reduces activation in the amygdala - a key structure in the neural circuitry of fear
and stress - and increases functional connectivity within prefrontal regions associated with
cognitive control and affect regulation (Sudimac et al., 2022). Additionally, exposure to green
spaces has been linked to enhanced activity in the insula and anterior cingulate cortex, regions
involved in interoceptive awareness and emotional salience processing (Dimitrov-Discher et al.,
2022).

Beyond acute stress modulation, there is growing interest in the long-term neuroplastic
effects of repeated exposure to natural settings. Davidson and McEwen (2012) emphasize that
experiences that consistently modulate stress systems can foster durable changes in brain
circuits related to emotional resilience. Similarly, animal studies on environmental enrichment
suggest that exposure to complex, multisensory environments can stimulate neurogenesis,
synaptic plasticity, and improved cognitive-emotional functioning (Nithianantharajah &
Hannan, 2006).
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Taken together, these findings suggest that nature exposure may serve as both an
immediate buffer against physiological stress and a long-term facilitator of neurodevelopmental
plasticity - mechanisms that are especially relevant for children with ASD and related

neurodevelopmental disorders.

2.3.3 Eco-psychological Perspectives on Belonging and Connection

Eco-psychology offers a complementary lens to neuroscientific frameworks by
conceptualizing human-nature interactions as relational processes that foster connection,
psychological safety, and emotional regulation. Rather than viewing nature solely as a stress-
reducing backdrop, eco-psychological theories emphasize the active role of the natural world in
co-regulating emotional states and enhancing a sense of belonging and agency (Jordan & Hinds,
2016).

This perspective is particularly relevant for autistic individuals, who often report feeling
more at ease, less judged, and freer to express themselves in natural settings compared to
conventional social environments (Galbraith & Lancaster, 2020; Bystrom et al., 2019). Such
experiences align with the eco-psychological concept of a therapeutic alliance between organism
and habitat, in which the sensory, spatial, and affective qualities of the environment promote
self-regulation, engagement, and emotional well-being.

For children with ASD who experience social anxiety, sensory defensiveness, or
difficulties with peer interaction, nonverbal forms of co-regulation with the natural world—such
as observing animals, listening to rainfall, or engaging in plant care—may offer alternative
pathways to emotional soothing and attentional engagement that bypass conventional social
demands (Bystrom et al., 2019; Scartazza et al., 2020).

Moreover, structured nature-based programs like healing gardens and outdoor
adventure activities have been shown to foster joint attention, social participation, and affective
responsiveness in children with ASD (Scartazza et al., 2020; Galbraith & Lancaster, 2020). These
findings suggest that nature is not merely a calming setting but represents a relational partner
capable of fostering inter-species and inter-environmental attunement—mechanisms that may
be especially valuable for neurodivergent children who perceive the human social world as

overwhelming or unpredictable.

2.3.4 Toward an Integrated Developmental Framework

By integrating insights from ecological psychology, affective neuroscience, and

developmental psychopathology, it becomes possible to conceptualize nature not merely as a

34



passive context for intervention but as an active developmental agent capable of shaping
regulatory capacities and emotional well-being in children with neurodevelopmental disorders
(NDDs), including ASD. This reframing encourages a departure from traditional intervention
models that focus exclusively on symptom reduction, toward approaches that emphasize
environmental fit, contextual responsiveness, and the cultivation of agency and engagement.

For children with ASD and other NDDs, this integrated perspective suggests that nature-
based interventions may yield the greatest benefits when they are:

e Tailored to individual sensory and emotional phenotypes, recognizing the heterogeneity
within ASD and the need for personalized environmental scaffolding;

e Embedded within relational and play-based formats, leveraging the motivational and
regulatory power of naturalistic, child-led interactions;

e Conceptualized as dynamic co-regulatory processes, wherein the child, caregiver, and
environment interact reciprocally to support emotional, attentional, and behavioral
adaptation.

Such a framework aligns closely with person-centered and developmental models of care,
emphasizing the interaction between biological predispositions and environmental affordances.
It also resonates with broader ecological-developmental theories that view children’s
functioning as the product of continuous, bidirectional exchanges between the individual and
their surroundings (Bronfenbrenner & Morris, 2006).

Taken together, these theoretical considerations lay the foundation for the empirical
study presented in the following chapter, which aims to investigate whether and how nature-
based therapeutic contexts can be optimized to support self-regulation and adaptive functioning

in children with ASD, based on their unique sensory-emotional profiles.

35



CHAPTER 3 - EVIDENCE BASE AND RATIONALE FOR THE EMPIRICAL STUDY

3.1 Sensory and Emotional Regulation in Childhood ASD

As detailed in Chapter 1, children with ASD commonly experience persistent difficulties
in sensory processing and emotional regulation, which significantly impact their daily
functioning and quality of life. Sensory processing differences - including hyperresponsivity,
hyporesponsivity, and sensory-seeking behaviors - are now recognized as core features of ASD,
affecting over 90% of individuals diagnosed with the condition (Robertson & Baron-Cohen,
2017). These sensory challenges often co-occur with emotional dysregulation, manifesting as
heightened anxiety, irritability, mood lability, and internalizing symptoms such as withdrawal
and sadness (Green & Ben-Sasson, 2010; Carpenter et al., 2019; MacLennan et al,, 2020). The
interplay between sensory and emotional difficulties can compromise children's ability to
engage in social interactions, participate in educational settings, and perform adaptive daily
living tasks. Notably, these challenges may become more pronounced during middle childhood
and the school-age years, a developmental period marked by increasing social and
environmental demands (Mastorci et al., 2024). As a result, there is a growing clinical interest in
interventions that can simultaneously address both sensory and emotional domains in children
with ASD.

3.2 Sensory-Emotional Phenotypes: A Theoretical Framework

Building on the conceptual foundation introduced in Chapter 1, recent autism research
underscore the importance of considering sensory processing and emotional regulation
difficulties as interrelated dimensions rather than isolated domains that together shape distinct
phenotypic profiles in children with ASD. These sensory-emotional phenotypes reflect
heterogeneous patterns of sensory responsivity (e.g., hyperreactivity, hyporeactivity, sensory
seeking) coupled with varied emotional and behavioral regulation capacities (Marco etal., 2011;
Chen etal., 2024).

Theoretical models suggest that atypical sensory processing may directly influence
emotional responses by modulating arousal levels, stress reactivity, and coping strategies
(Dunn, 2007; Ben-Sasson et al., 2009). For example, heightened sensory sensitivity may increase
vulnerability to anxiety and irritability, whereas sensory hyporesponsivity might contribute to
social withdrawal and reduced emotional engagement. Moreover, these sensory-emotional

patterns are dynamic, fluctuating across contexts and developmental stages, and can fluctuate
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across contexts and developmental stages, thereby supporting the need for a dimensional and
person-centered approach (Robertson & Simmons, 2013).

Understanding sensory-emotional phenotypes is critical for personalized intervention
planning. Tailoring therapeutic strategies to specific profiles may enhance engagement and
efficacy by addressing both the sensory triggers and emotional consequences of dysregulation
(Green & Ben-Sasson, 2010; Schauder & Bennetto, 2016). This theoretical framework provides
a foundation for empirical efforts to classify phenotypic subgroups and informs the development

of integrated treatment models.

3.3 Profiling Sensory-Emotional Phenotypes: Context and Emerging Evidence

As discussed in Chapters 1 and 2, the heterogeneity of sensory and emotional regulation
difficulties in ASD has prompted increasing use of data-driven methods such as LPA to identify
meaningful subgroups based on patterns of sensory responsivity and emotional functioning
(Ausderau et al., 2014; Little et al,, 2017; Tillmann et al., 2020; Brandes-Aitken et al., 2024).
These approaches have deepened understandingof NDDs, including ASD, beyond categorical
diagnosis, uncovering transdiagnostic phenotypic profiles associated with differential clinical
outcomes.

Although the present study does not employ LPA as part of its analytic framework, it is
informed by this growing body of literature. Notably, an article currently under review by the
author applies LPA to a clinical sample of preschool children with NDDs, identifying distinct
sensory-emotional profiles that underscore the clinical relevance of phenotypic stratification for
personalized intervention planning (Gigliotti et al., under review).

The current empirical study adopts a pre-post intervention design to evaluate the
effectiveness of a structured nature-based therapy on sensory processing, emotional regulation,
social responsiveness, and adaptive functioning in children with ASD aged 6 to 12 years. While
not incorporating latent profile methods, the study recognizes the underlying heterogeneity of
sensory-emotional challenges and uses this perspective to justify the exploration of tailored,

ecologically grounded interventions.

3.4 Evidence from Latent Profile Analysis: Sensory-Emotional Phenotypes in
Neurodevelopmental Disorders

Expanding on the theoretical framework, a recent study conducted by the author and
collaborators (Gigliotti et al., under review) applied LPA to parent-report data collected from a

clinical sample of 263 preschool children aged 21 to 71 months, diagnosed with ASD, LD, or other
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NDDs. The assessment battery included standardized measures of sensory processing (Sensory
Processing Measure-Preschool, SPM-P) and emotional-behavioral functioning (Child Behavior
Checklist for ages 1%2-5 years, CBCL 1%2-5).

The LPA identified three distinct sensory-emotional phenotypes:

e Multisystemic Sensory Dysfunction Profile (20.1%): characterized by pervasive
sensory difficulties across multiple domains, coupled with significant emotional
challenges. This profile showed the highest representation among children with ASD.

e Typical Sensory Processing Profile (44.9%): children in this profile exhibited
largely normative sensory processing patterns and relatively preserved emotional
functioning. This profile was predominantly composed of children diagnosed with LD.

e Mixed Subclinical Profile (35%): this group displayed mild and selective sensory
processing impairments alongside moderate emotional dysregulation, often
subthreshold for clinical diagnosis but potentially impacting adaptive functioning.
Children from all diagnostic groups were represented.

Importantly, these phenotypes did not align strictly with diagnostic categories, as
children with ASD, LD, and other NDDs were distributed across all profiles. This finding
highlights the dimensional and transdiagnostic nature of sensory-emotional heterogeneity in
early neurodevelopment.

From a clinical perspective, the profiles differed in key domains:

e Children in the multisystemic profile exhibited the highest levels of emotional and
behavioral dysregulation, including elevated internalizing and externalizing symptoms,
suggesting a need for comprehensive, multimodal interventions targeting both sensory
modulation and emotional regulation.

e Children in the typical profile may benefit from less intensive, targeted support.

e The mixed subclinical group may require monitoring and preventive strategies to
support adaptive functioning and emotional well-being
These results underscore the value of sensory-emotional profiling for individualized

treatment planning, supporting a shift away from categorical diagnoses toward personalized,
profile-informed care. Although the current nature-based intervention study does not
incorporate LPA directly, these findings provide a conceptual and empirical foundation for
understanding heterogeneity in treatment response and for designing ecologically sensitive
interventions.

Furthermore, the phenotypic distinctions emphasize the importance of selecting
intervention contexts that align with individual sensory-emotional needs. For example, children

characterized by multisystemic sensory and emotional challenges may particularly benefit from
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therapeutic settings that provide low-arousal, sensory-rich, and predictable environmental
inputs - features inherently present in nature-based interventions.

Limitations of the study include the relatively small sample size and reliance on parent-
report measures, which may be subject to reporting bias. Future research will benefit from
longitudinal designs, larger cohorts, and integration of biological markers to further elucidate

the developmental trajectories and neurobiological underpinnings of these phenotypes.

3.5 Evidence Supporting Nature-Based Interventions for Sensory and Emotional
Regulation

Building on the theoretical background and empirical overview presented in Chapter 2,
nature-based interventions have garnered increasing attention for their potential to support
sensory modulation and emotional regulation in children with neurodevelopmental disorders,
particularly ASD (Fan et al,, 2023; Odame-Asante et al., 2025). Natural environments provide
multisensory input that is tipically rhythmic, predictable, and non-threatening - qualities that
contrast with the often overwhelming sensory experiences encountered in indoor or urban
settings (Kaplan & Kaplan, 1989; Ulrich, 1991). These sensory affordances may facilitate
autonomic regulation and reduce behavioral dysregulation.

Empirical studies have reported improvements in anxiety, irritability, attention, and
social engagement following participation in green therapies (Martensson et al., 2009; Gabriels
et al,, 2015; Friedman et al., 2022). However, despite promising results, existing studies often
suffer from methodological heterogeneity, small samples, and a lack of standardized outcome
measures, limiting firm conclusions about efficacy and individual moderators of response (Ernst
et al, 2022; Johnstone et al, 2022; Fan et al, 2023). Moreover, the interaction between
individual sensory-emotional profiles and intervention efficacy remains underexplored,

representing a critical gap in the literature.

3.6 Rationale and Aims of the Present Study

In light of the above, the present study aims to evaluate the impact of a structured nature-
based therapeutic intervention on sensory processing, emotional regulation, social
responsiveness, and adaptive functioning in children with ASD aged 6 to 12 years.

Specifically, the objectives are:

e To assess changes in sensory processing, emotional functioning, social abilities, and
adaptive skills pre- and post-intervention using standardized parent-report measures,

including the Sensory Processing Measure (SPM), Child Behavior Checklist (CBCL 6-18),
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Social Responsiveness Scale-2 (SRS-2), and Adaptive Behavior Assessment System-II

(ABAS-II).

e To explore variability in treatment response, considering baseline heterogeneity in
sensory-emotional characteristics.

e To provide preliminary evidence on the feasibility and clinical relevance of nature-based
therapies for children with ASD, laying groundwork for future, more personalized
intervention studies.

Although the present study does not incorporate latent profile analyses within its design,
it acknowledges the importance of sensory-emotional profiling as an underpinning conceptual
framework. The ongoing research conducted by the author and collaborators (Gigliotti et al.,
under review) illustrates how profiling can reveal meaningful subgroups and inform targeted
intervention strategies.

By integrating sensory-emotional dimensions within an ecological and developmental
framework, this work aims to contribute to precision developmental psychiatry, supporting
individualized, context-sensitive treatment approaches that respect the complexity and
heterogeneity of ASD.

This chapter has outlined the theoretical and empirical foundations supporting the
present study, highlighting the relevance of sensory-emotional dimensions and nature-based
interventions in ASD. The following chapter presents the methodological approach, including
participant characteristics, intervention protocol, and outcome measures, followed by a detailed

analysis of the study results evaluating the efficacy of the nature-based therapy.
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CHAPTER 4 - METHOD

4.1 Study Design

Building upon the theoretical framework and aims outlined in the previous chapter, the
present study adopted a single-group, quasi-experimental pre-post design to evaluate the effects
of a structured nature-based therapeutic intervention on core functional domains in children
with ASD. This design was chosen to align with the exploratory and feasibility-oriented nature
of the research, aiming to generate preliminary evidence regarding the clinical relevance and
acceptability of nature-based interventions in this population.

Given the exploratory and pilot nature of the project, no control group was included. The
primary objective was to assess within-subject changes across four key outcome areas: sensory
processing, emotional-behavioral functioning, social responsiveness, and adaptive skills.

Participants underwent two assessment points:

e Apre-intervention assessment (T1) conducted within two weeks prior to the start of the
intervention, and

e A post-intervention assessment (T2) conducted within two weeks following the
conclusion of the program.

For a subset of participants, longitudinal data were also collected at a third time point
(T3), corresponding to the conclusion of a second participation in the intervention during a
subsequent annual cycle. While the primary analyses focused on first-time participation to
ensure data independence, this additional data allowed for an exploratory analysis of potential
cumulative effects of repeated exposure to the nature-based program.

The intervention cycles were conducted between January 2022 and June 2025, as part of
the clinical and therapeutic activities offered by the Child and Adolescent Neuropsychiatry Unit
of the Policlinico Umberto I. The outdoor sessions of the intervention were implemented at the
Societa Agricola Fiore del Deserto, a peri-urban agricultural site, characterized by a combination
of horticultural areas, natural green spaces, and structured sensory pathways.

This methodological approach allowed for the evaluation of pre-post changes associated
with participation in the nature-based therapy, while also providing initial insights into the
feasibility and potential benefits of structured exposure to natural environments for children
with ASD.

Given the absence of a control group, findings should be considered preliminary and

hypothesis-generating, rather than conclusive in terms of causal inference. Nonetheless, this
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pilot study represents an important step toward understanding the potential benefits of

ecologically grounded therapeutic approaches for children with ASD.

4.2 Participants

The final study sample consisted of 16 children with a clinical diagnosis of ASD, aged
between 72 and 129 months (equivalent to 6 years to 10 years and 9 months), including 5
females and 11 males. All participants were recruited between January 2022 and June 2025
through the Day Hospital Service for Neurodevelopmental Disorders at the Child and Adolescent
Neuropsychiatry Unit of the Policlinico Umberto I, as part of routine diagnostic and therapeutic
care pathways. The final intervention cycle concluded in June 2025. Participation in the study
was voluntary, and written informed consent was obtained from all caregivers prior to

enrollment.

4.2.1 Recruitment Procedures

Eligible families were informed about the project during clinical follow-up visits or at the
conclusion of their diagnostic assessment. Detailed information about the study aims,
procedures, and intervention activities was provided by the clinical team.

A total of 18 families initially expressed interest and were screened for eligibility. Two
participants subsequently withdrew after attending some intervention sessions (due to
scheduling conflicts), resulting in a final analyzed sample of 16 children who completed both the

pre- and post-intervention assessments.

4.2.2 Diagnostic Procedures

All participants received an ASD diagnosis according to DSM-5 criteria, established by an
experienced multidisciplinary team. The diagnostic process included:

e Developmental history assessment using the Autism Diagnostic Interview-Revised
(ADI-R);

e Direct behavioral observation with the Autism Diagnostic Observation Schedule,
Second Edition (ADOS-2);

e Comprehensive clinical evaluation, including cognitive testing and adaptive
functioning measures.

Cognitive functioning was assessed using standardized psychometric instruments

appropriate for the child’s developmental level (e.g., Wechsler scales, Leiter-3, or other age-
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appropriate cognitive tests). Participants demonstrated intellectual functioning ranged from
borderline to average levels, with no child scoring below 50 in non-verbal IQ, in accordance with

the exclusion criteria.

4.2.3 Inclusion and Exclusion Criteria

Inclusion Criteria

e C(linical diagnosis of ASD (DSM-5), confirmed via ADOS-2 and ADI-R;

e Agebetween 6 and 12 years (72-144 months) at pre-intervention assessment;

o Sufficient cognitive and behavioral capacities to participate actively in group-based,
outdoor intervention sessions.

Exclusion Criteria

e Severe intellectual disability (non-verbal IQ < 50);

e Major neurological disorders (e.g., uncontrolled epilepsy, cerebral palsy);

e Severe sensory or motor impairments limiting participation in physical outdoor
activities;

¢ Unstable medical conditions potentially interfering with intervention participation;

e Severe psychiatric comorbidities requiring intensive or inpatient psychiatric
treatment (e.g., psychosis, severe mood disorder).

Mild psychiatric comorbidities, such as anxiety or ADHD, were not considered exclusion

criteria, reflecting the typical clinical heterogeneity of children with ASD.

4.2.4 Management of Repeated Participations

Among the 16 participants, 4 children completed the intervention twice, taking part in
two separate annual cycles. To ensure data independence in the primary analyses, only data
from each child’s first participation were included. However, an exploratory longitudinal
analysis was conducted on this subgroup to examine potential cumulative effects of repeated

exposure to the nature-based intervention.

4.3 Intervention

The nature-based therapeutic program implemented in this study was titled “Growing in
Nature”. The intervention was designed to promote sensory integration, emotional regulation,
social engagement, and adaptive functioning in children with autism spectrum disorder (ASD)

through structured, ecologically grounded activities.
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4.3.1 Structure and Duration

The program spanned a total of six months, combining both hospital-based and outdoor
nature-based sessions. Specifically:

e For the first five months, children attended weekly sessions (one per week) held at
the Child and Adolescent Neuropsychiatry Unit of the Policlinico Umberto .

e In addition, during this five-month phase, one outdoor session per month was
conducted at the Societa Agricola Fiore del Deserto.

e In the final month, the frequency of outdoor sessions increased to twice weekly, with
all sessions taking place exclusively at the agricultural site.

Each session lasted approximately two hours.

4.3.2 Intervention Setting

The outdoor sessions were conducted at the Societa Agricola Fiore del Deserto,
characterized by horticultural areas, animal enclosures, open green spaces, and structured
sensory pathways. This setting was selected for its capacity to provide multi-sensory, low-
demand, and ecologically rich environments conducive to therapeutic engagement for children
with ASD.

Although the program followed a semi-structured format, session content and task
demands were flexibly adjusted based on each child's sensory profile, emotional state, and
behavioral regulation needs. This individualization was achieved through ongoing observation
and regular team discussions, allowing facilitators to tailor environmental demands and social
expectations to optimize each child's participation and engagement. Moreover, session content
was modulated across the intervention timeline, with progressive increases in task complexity

and social demands during the final phase.

4.3.3 Content and Activities

The intervention targeted multiple developmental domains through four main thematic
areas, summarized in Table 4.1.

Table 4.1 Thematic Areas and Example Activities of the “Growing in Nature” Program

Thematic Area H Example Activities H Therapeutic Objectives
Horticultural Planting vegetables and flowers; watering and Sensory integration; responsibility;
Therapy harvesting crops fine and gross motor coordination
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Thematic Area H Example Activities H Therapeutic Objectives

Tactile exploration (e.g., soil, leaves, water); olfactory .
Sensory-Based Arousal modulation; sensory

games (e.g., identifying herbs); proprioceptive tasks

\Activities ] ) discrimination; body awareness
(e.g., carrying watering cans)
) Team-based games; turn-taking activities; Social engagement;
Cooperative Play ] ] L oo ) )
collaborative problem-solving tasks (e.g., building communication; peer interaction;
and Group Tasks ] ) ] ]
small structures with natural materials) behavioral regulation

) ) ) ) ) Empathy; routine following;
) Feeding farm animals; grooming and cleaning animal ] ]
\Animal Care emotional regulation; task

enclosures o
responsibility

4.3.4 Facilitation and Professional Team

Sessions were conducted by an interdisciplinary team composed of:

e Primary school teachers with experience in inclusive education;

e Child and adolescent neuropsychiatrists;

e Aclinical psychologist specialized in neurodevelopmental disorders.

All staff worked collaboratively to ensure continuity of care, individualized support, and
therapeutic consistency across hospital and outdoor settings. The team met regularly for session
planning and case discussions, and post-session debriefings, ensuring that each child's needs

were addressed while maintaining group coherence.

4.3.5 Attendance and Adherence

Overall, the program showed high levels of participant adherence. On average, each child
missed approximately two sessions over the entire six-month period, reflecting a good

engagement rate across both hospital-based and outdoor phases of the intervention.

4.3.6 Therapeutic Rationale

The therapeutic rationale underlying the “Growing in Nature” program was grounded in
contemporary models of sensory integration, stress regulation, and developmentally supportive
environments for children with ASD. By leveraging the affordances of natural settings -
characterized by predictability, multi-sensory input, and reduced social demand - the
intervention aimed to facilitate self-regulation, emotional well-being, and social participation.

The structured combination of sensory-motor, relational, and adaptive skill-building activities
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was designed to provide scaffolded opportunities for engagement and functional improvement

across multiple developmental domains.

4.4 Measures

A multi-informant, multi-domain assessment approach was employed to evaluate pre-
post changes in sensory processing, emotional and behavioral functioning, social
responsiveness, and adaptive skills in participating children. All measures were administered at
two time points: pre-intervention (T1) and post-intervention (T2). Assessments were
completed by parents using standardized questionnaires with established psychometric

properties and validated Italian versions where available.

4.4.1 Sensory Processing Measure (SPM)

Sensory processing abilities were assessed using the Sensory Processing Measure (SPM)
(Parham et al, 2007), a standardized caregiver-report questionnaire designed to evaluate
sensory processing difficulties, praxis, and social participation in children aged 5 to 12 years
across home and school environments.

For this study, the Home Form was used, consisting of 75 items rated on a 4-point Likert
scale (Never, Occasionally, Frequently, Always), reflecting the frequency of sensory-related
behaviors observed in daily life. The SPM generates scores across seven sensory domains: Social
Participation (SOC); Vision (VIS); Hearing (HEA); Touch (TOU); Body Awareness (BOD); Balance
and Motion (BAL); Planning and Ideas (PLA). An overall Total Sensory Score can also be
calculated. Higher scores indicate greater levels of sensory dysfunction. The SPM has
demonstrated good internal consistency and test-retest reliability (Parham et al., 2007). For this

study, the Italian adaptation by Del Signore et al. (2020) was used.

4.4.2 Child Behavior Checklist for Ages 6-18 (CBCL 6-18)

Emotional and behavioral functioning was evaluated using the Child Behavior Checklist
for ages 6-18 (CBCL 6-18) (Achenbach & Rescorla, 2001), a widely used parent-report measure
assessing a broad range of emotional and behavioral problems in children and adolescents.

The instrument includes 113 items, each rated on a 3-point Likert scale (0 = Not True, 1
= Somewhat or Sometimes True, 2 = Very True or Often True), covering the child's behavior over
the past six months.

The CBCL 6-18 generates scores for:
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e Eight Syndrome Scales (e.g., Anxious/Depressed, Withdrawn/Depressed, Attention
Problems);

e Two Broadband Scales (Internalizing Problems, Externalizing Problems);

o Total Problems Score.

Scores are converted to T-scores based on normative data. T-scores > 65 fall in the
borderline-clinical range, while scores = 70 indicate the clinical range. The CBCL 6-18 has
demonstrated high internal consistency, test-retest reliability, and construct validity across
multiple international and Italian samples. In this study, we adopted the Italian version of this
parent-report questionnaire (Frigerio et al., 2001), focusing on the T-scores of the Syndrome

scales and the broad-band scales.

4.4.3 Social Responsiveness Scale, Second Edition (SRS-2)

Social responsiveness and autism-related social impairments were measured using the
Social Responsiveness Scale, Second Edition (SRS-2) (Constantino & Gruber, 2012), Italian
adaptation by D’Ardia et al. (2021).

The SRS-2 is a 65-item parent-report, rated on a 4-point Likert scale (from "Not True" to
"Almost Always True"), providing scores across five domains: Social Awareness; Social
Cognition; Social Communication; Social Motivation; Restricted Interests and Repetitive
Behavior. The Total Score offers an overall index of autism symptom severity. T-scores = 60
indicate the presence of significant difficulties in social responsiveness, with higher scores
reflecting greater symptom severity. The SRS-2 has demonstrated excellent internal consistency

and good convergent validity with other autism diagnostic measures.

4.4.4 Adaptive Behavior Assessment System, Second Edition (ABAS-II)

Adaptive functioning was assessed using the Adaptive Behavior Assessment System,
Second Edition (ABAS-II) (Harrison & Oakland, 2003), Italian version by Ferri et al. (2014). This
standardized measure evaluates the practical, social, and conceptual skills required for daily
living. The Parent Form for ages 5-21 years was used in this study. The ABAS-II evaluates
adaptive behavior across three primary domains:

e Conceptual skills (communication, functional academics, self-direction)
e Social skills (leisure, social interaction)
e Practical skills (self-care, home living, community use, health and safety)
The ABAS-II yields a General Adaptive Composite (GAC) score, in addition to domain-

specific standard scores (mean = 100, SD = 15). Higher scores reflect better adaptive functioning.
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The ABAS-II has demonstrated strong internal consistency (Cronbach’s alpha >.90), good test-

retest reliability, and adequate validity in both American and Italian normative samples.

4.5 Procedure

4.5.1 Assessment Timeline

Data collection was conducted at two primary time points for all participants:

e Pre-intervention assessment (T1): Conducted within two weeks prior to the start of the
intervention cycle.

e Post-intervention assessment (T2): Conducted within two weeks following the
conclusion of the intervention.

For the subgroup of children who participated in two consecutive annual cycles, an
additional time point was included:

e Follow-up assessment (T3): Conducted within two weeks after the conclusion of the
second intervention cycle, enabling exploratory longitudinal analyses of potential
cumulative effects.

All assessments were conducted between January 2022 and June 2025, in accordance

with the program timeline.

4.5.2 Recruitment, Ethical Considerations, and Informed Consent

Families were informed about the project during clinical consultations within the Day
Hospital Service for Neurodevelopmental Disorders at the Policlinico Umberto I. Clinicians
introduced the study during diagnostic feedback sessions or routine follow-up appointments,
outlining the study objectives, procedures, and potential benefits. Families were informed about:

e The voluntary nature of participation;

e The right to withdraw at any time without consequences for ongoing clinical care;

e The confidentiality and secure handling of all collected data.

Parents were given the opportunity to ask questions and were allowed a reflection period
before providing consent. Written informed consent was obtained from all parents prior to
enrollment.

The study was conducted in accordance with the principles outlined in the Declaration of
Helsinki (World Medical Association, 2013) regarding ethical conduct in research involving

human participants. Given the low-risk nature of the intervention and its integration within
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standard clinical care pathways, no adverse events or ethical concerns were reported during the

study period.

4.5.3 Assessment Administration

At each assessment point (T1, T2, and where applicable, T3), parents were invited to
complete the full battery of standardized questionnaires (SPM, CBCL 6-18, SRS-2, and ABAS-II).

Data collection was conducted in person at the hospital setting, in a dedicated, quiet room
to minimize distractions. Trained clinical psychologists provided standardized instructions for
each instrument, both orally and in written form.

Parents were encouraged to complete the questionnaires during the scheduled
assessment session. In cases where this was not feasible (e.g., time constraints, family needs), a
take-home version of the questionnaires was provided, with clear instructions and a scheduled
follow-up for data return and verification.

To enhance data quality and completeness:

e Real-time checking for missing responses was conducted by the research team upon

collection.

e When incomplete questionnaires were identified, parents were contacted by phone
and invited to provide the missing information, either verbally or by returning the
corrected forms.

No incentives were provided for participation, in line with ethical standards for non-

interventional clinical research within the hospital setting.

4.5.4 Data Management and Confidentiality

Each participant was assigned a unique alphanumeric identification code to ensure
anonymity. All paper-based materials were stored in locked cabinets within the clinical research
facility.

Electronic data were entered into a password-protected database, accessible only to
authorized research personnel. Double-entry procedures were implemented to minimize data
entry errors, with regular cross-checking between two independent data operators.

Data were stored and analyzed in compliance with the European General Data Protection
Regulation (GDPR 2016/679) and the internal data protection policies of the Sapienza

University of Rome - Policlinico Umberto [ Hospital.
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4.6 Data analysis

4.6.1 Software and Data Preparation

All statistical analyses were conducted using jamovi software (version 2.6.44; The jamovi
project, 2023). Prior to conducting inferential statistics, the dataset was carefully screened for:

e Missing data;

e Outliers;

e Normality of distribution,

o Homogeneity of variance (where applicable).

For each outcome variable, descriptive statistics (means, standard deviations, ranges)
were calculated at both T1 and T2.

Missing data analysis was performed to evaluate the extent and pattern of missingness.
No missing data were observed for the primary outcome measures at either assessment point.
Therefore, all participants with complete pre- and post-intervention data were included in the
analyses.

Each participant was assigned a unique alphanumeric identification code to ensure
anonymity. All paper-based materials were stored in locked cabinets within the clinical research
facility.

4.6.2 Primary Analyses: Pre-Post Comparisons

The primary objective of the data analysis was to examine within-subject changes from
pre- to post-intervention across four key outcome domains:

e Sensory processing (SPM)

e Emotional and behavioral functioning (CBCL 6-18)

e Social responsiveness (SRS-2)

e Adaptive functioning (ABAS-II)

Given the small sample size and potential non-normal distribution of the data, the choice
of statistical tests was guided by a thorough assessment of data distribution characteristics.
Normality was evaluated using the Shapiro-Wilk test, visual inspection of histograms and Q-Q
plots, and by examining skewness and kurtosis values.

For variables that met the assumption of normality, paired-samples t-tests were
conducted to compare pre- and post-intervention scores (T1 vs. TZ2). For non-normally
distributed variables, the Wilcoxon signed-rank test was applied as a non-parametric

alternative.
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For each analysis, effect sizes were calculated to provide an estimate of the magnitude of
change:

e Cohen’s d for parametric tests

e 1 for non-parametric tests

A two-tailed significance level of p < .05 was set for all analyses.

In addition to pre-post comparisons, exploratory Spearman’s rank-order correlation
analyses were conducted to examine associations between pre-post change scores (A) across
the different outcome domains (sensory processing, emotional-behavioral functioning, social
responsiveness, and adaptive functioning). Given the exploratory nature of these analyses, only
statistically significant correlations (p <.05) were reported.

To complement the primary non-parametric analyses, supplementary paired-sample t-
tests were conducted for each outcome measure to calculate standardized effect sizes (Cohen’s
d). This additional analysis was performed to provide standardized metrics commonly used in
intervention research, allowing for clearer interpretation of the magnitude of observed changes.
Given the small sample size and exploratory nature of the study, these parametric results were

considered descriptive and were interpreted with caution.

4.6.3 Exploratory Analyses: Repeated Participation Subgroup

For the subgroup of four participants who completed the intervention twice, an
exploratory longitudinal analysis was conducted across three time points (T1, T2, T3).

Given the very small sample size, these analyses were descriptive and exploratory in
nature. Visual inspection of score trajectories was performed, and individual case profiles were
examined to explore potential cumulative effects of repeated exposure to the nature-based
intervention. No inferential statistics were performed on this subgroup due to insufficient

statistical power.

4.6.4 Handling of Multiple Comparisons

Given the pilot and exploratory nature of the study and following established
recommendations for preliminary intervention research (Bender & Lange, 2001; Leon et al,,
2011; Whitehead et al,, 2016), no formal correction for multiple comparisons was applied. This
decision was made to avoid inflating the risk of Type Il errors, which can occur when applying
stringent corrections in studies with small sample sizes and exploratory aims. This is
particularly relevant given the large number of outcome variables and the additional

exploratory correlation and parametric analyses conducted. However, results were interpreted
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with caution, focusing on effect sizes and the clinical relevance of observed changes, rather than
relying solely on statistical significance. Findings should therefore be considered hypothesis-

generating, with the goal of informing future, larger-scale, controlled studies.
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CHAPTER 5 - RESULTS

This chapter presents the results of the pre-post evaluation of the “Growing in Nature”
intervention for children with ASD. Descriptive statistics, effect sizes, and results from paired
sample analyses are reported for each outcome domain. The focus is on both statistical significance

and clinical relevance, given the pilot and exploratory nature of the study.

5.1 Sample Inclusion and Retention

As detailed in Chapter 4, a total of 18 children with ASD were initially enrolled in the study,
of whom 16 (88.9%) completed both the intervention and the pre- and post-intervention
assessments and were included in the primary analyses. Two participants withdrew after baseline
assessment and were excluded from outcome analyses.

As previously described (Section 4.2.4), four children participated in two separate
intervention cycles. However, only data from their first participation were included in the primary
analyses to preserve data independence. No adverse events or safety concerns were reported
during the intervention period. A summary of enrollment and retention rates is provided in Table
5.1.

Table 5.1 Overview of Sample Inclusion and Retention

Parameter N (%)

Total participants enrolled 18 (100%)
Completed intervention and both assessments 16 (88.9%)
Drop-outs (after baseline assessment) 2 (11.1%)
Participated in two intervention cycles 4 (22.2%)
Included in primary analyses (first participation only) 16 (88.9%)

5.2 Baseline characteristics

Baseline demographic and clinical characteristics are summarized in Table 5.2 The mean
age of participants at the time of pre-intervention assessment was 89.8 months (SD = 16.8).

In terms of clinical profiles, the mean cognitive composite score was 87.8 (SD = 15.8), and
the ADOS-2 Calibrated Severity Score (CSS) averaged 6.25 (SD = 2.14), reflecting a moderate level
of autism symptom severity.
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Regarding sensory processing, the SPM Total Sensory Score was 65.5 (SD = 10.4), indicative
of borderline to clinically significant sensory processing difficulties.

Emotional and behavioral functioning, assessed by the CBCL 6-18, showed a mean Total
Problems T-score of 64.7 (SD = 6.92), within the clinically significant range.

Social responsiveness was also impaired, with a mean SRS-2 Total T-score of 76.7 (SD =
12.1). Finally, adaptive functioning measured by the ABAS-II Global Adaptive Composite (GAC)

yielded a mean score of 76.9 (SD = 12.6), reflecting below-average adaptive skills relative to age-

based norms.

Table 5.2 Baseline characteristics of the sample

Variable Mean (SD) Range
Age (months) 89.8 (16.8) 72-129
Cognitive composite score 87.8 (15.8) 67 -117
ADOS-2 CSS 6.25 (2.14) 1-9
SPM Total Sensory T-score 65.5 (10.4) 52-80
CBCL 6-18 Total Problems T-score 64.7 (6.92) 46 -77
SRS-2 Total T-score 76.7 (12.1) 54-90
ABAS-II GAC score 76.9 (12.6) 54 -95

SD = standard deviation; ADOS-2 = Autism Diagnostic Observation Schedule, 2nd Edition; CSS = Calibrated Severity
Score; SPM = Sensory Processing Measure; CBCL 6-18 = Child Behavior Checklist for Ages 6-18; SRS-2 = Social
Responsiveness Scale; ABAS-II = Adaptive Behavior Assessment System, 2rd Edition; GAC = Global Adaptive Composite.

5.3 Baseline Associations Between Sensory, Emotional, Social, and Adaptive Domains

To explore baseline interrelations between sensory processing, emotional and behavioral
functioning, social responsiveness, and adaptive skills, Spearman’s rank-order correlations were
computed among all outcome measures assessed at pre-intervention (T1). This non-parametric
approach was selected due to the small sample size and the non-normal distribution observed in
several variables. Several statistically significant cross-domain associations (p < .05) emerged,
highlighting the interconnected nature of sensory, emotional, social, and adaptive functioning in
children with ASD.

Higher total sensory processing difficulties (SPM Total Score) were significantly associated
with greater overall social impairment (SRS-2 Total Score). Difficulties in Social Participation
(SPM-SOC) showed strong negative associations with multiple domains of adaptive functioning,
including the ABAS-II Global Adaptive Composite (GAC) and its Conceptual, Social, and Practical
domains. Additionally, SPM Social Participation was positively associated with SRS-2 Social

Awareness, suggesting that children with more difficulties in social participation also exhibited
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more pronounced deficits in social awareness. Further, visual and auditory sensory processing
difficulties were positively associated with internalizing and thought-related problems on the
CBCL 6-18. Specifically, SPM Vision correlated with CBCL 6-18 Internalizing Problems and CBCL 6-
18 Thought Problems, while SPM Hearing was significantly associated with CBCL 6-18 Thought
Problems.

Regarding social and adaptive functioning, higher SRS-2 Total Scores were significantly
associated with lower ABAS GAC scores. Finally, CBCL 6-18 Total Problems were negatively
correlated with SRS-2 Social Awareness.

In summary, significant cross-domain associations were observed between sensory
processing difficulties (particularly in social participation, vision, and hearing domains),
emotional-behavioral symptoms, social responsiveness, and adaptive functioning. A full list of all

significant cross-domain correlations (p <.05) is provided in Appendix Table A1l.

5.4 Changes in Sensory Processing

Significant improvements emerged for the SPM Total Sensory Score (p = 0.037; r = 0.692),
indicating a moderate-to-large effect.

At the subscale level, statistically significant changes were found in Social Participation (p
=0.004; r = 0.901), Vision (p = 0.010; r = 0.846), Hearing (p = 0.019; r = 0.889), Touch (p = 0.013;
r = 0.848), Body Awareness (p = 0.044; r = 0.756), and Balance and Motion (p = 0.027; r = 0.731).
Effect sizes ranged from moderate to large across most domains, with the largest effects observed
in Social Participation, Vision, Hearing, and Touch.

A marginally non-significant trend was observed for Taste and Smell (p = 0.079; r = 0.606),
whereas no significant change emerged for Planning and Ideas (p = 0.235; r = 0.436). Full statistical
details are reported in Table 5.3.

Table 5.3 Pre-Post Changes in SPM Total and Subscale Scores

SPM Domain Pre Post Mean SE 95% CI p-value Effect Size
Mean (SD) Mean (SD) Difference Difference (Lower-Upper) (r)
SOC T-score 70.2 (6.75) 66.4 (9.42) 4.00 1.305 2.00-5.50 .004* 0.901
VIS T-score 66.4 (9.93) 63.2 (10.1) 4.50 0.867 3.00-6.50 .010* 0.846
HEA T-score 66.6 (10.4) 63.7 (10.4) 6.00 0.961 1.50 - 8.00 .019* 0.889
TOU T-score 63.3 (13.5) 61.4 (13.7) 3.00 0.634 0.50 - 4.50 .013* 0.848
TAS raw score 7.81 (3.95) 6.75 (3.17) 1.50 0.551 0.00-3.00 .079 0.606
BOD T-score 58.4 (8.94) 57.1(9) 3.00 0.595 0.00 - 4.50 .044* 0.756
BAL T-score 60.6 (9.96) 58.1 (9.96) 3.03 1.037 0.50-5.50 .027* 0.731
PLA T-score 68.8 (7.86) 67.3 (7.61) 4.00 1.061 -0.50 - 6.50 235 0.436
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| TOT T-score | 65.5(10.4) | 644(12) | 2.50 | 1258 | 1.00-400 | .037* | 0692 |
SPM = Sensory Processing Measure-Preschool; SD = standard deviation; SE = standard error; CI = confidence interval;

SOC = social participation; VIS = vision; HEA = hearing; TOU = touch; TAS = taste and smell; BOD = body awareness;
BAL = balance and motion; PLA = planning and ideas; TOT = total sensory score. Effect sizes are reported as rank-
biserial correlations. * p < .05. Lower bounds of confidence intervals that were very close to zero (positive or negative)
were rounded to 0.00 for clarity.

5.5 Changes in Emotional and Behavioral Functioning

A significant reduction was observed in the CBCL 6-18 Total Problems T-score (p =.005; r
= 0.794), indicating a large effect in reducing overall emotional and behavioral difficulties.

At the broadband scale level, significant improvements emerged in both Internalizing
Problems (p < 0.001; r = 1.000) and Externalizing Problems (p =.010; r = 0.758).

Syndrome scales showed significant reductions in Anxious/Depressed (p =.006; r = 0.808),
Withdrawn/Depressed (p = .009; r = 1.000), Somatic Complaints (p = .012; r = 0.771), Social
Problems (p =.008; r = 0.783), Thought Problems (p = .005; r = 0.890), Attention Problems (p =
.002; r=1.000), Rule-Breaking Behavior (p =.003; r = 0.895), and Aggressive Behavior (p =.006; r
=0.897).

Effect sizes ranged from large to very large across all domains, with the most pronounced
effects observed for Withdrawn/Depressed, Attention Problems, and Internalizing Problems. Full
statistical details, including mean differences, confidence intervals, and effect sizes, are presented
in Table 5.4.

Table 5.4 Pre-Post Changes in CBCL 6-18 Total, Broadband, and Syndrome Scale Scores

CBCL 6-18 Scale Pre Post Mean SE 95% CI p- Effect
T-Scores Mean (SD) Mean (SD) | Difference | Difference | (Lower-Upper) value Size (r)
Anxious/Depressed 63.5 (10.4) 60.9 (9.07) 2.50 0.719 1.50 - 4.00 .006* 0.808
Withdrawn/Depressed 63.3 (8.20) 60.4 (8.91) 5.00 0.790 3.00-7.00 .009* 1.000
Somatic Complaints 64.8 (7.61) 60.9 (6.22) 4.00 1.293 2.50-8.50 .012* 0.771
Social Problems 67.6 (8.99) 64.9 (8.92) 3.00 0.711 1.00 - 4.50 .008* 0.783
Thought Problems 71.3 (7.57) 68.7 (8.55) 2.50 0.866 1.50 - 5.00 .005* 0.890
Attention Problems 69.6 (10.5) 65.6 (8.70) 4.00 1.131 3.00-8.50 .002* 1.000
Rule-Breaking Behavior 61.9 (6.84) 58.9 (7.86) 3.50 0.766 2.00 - 5.00 .003* 0.895
Aggressive Behavior 57 (7.55) 55.1 (6.10) 1.50 0.785 1.00 - 4.50 .006* 0.897
Internalizing Problems 66.3 (8.90) 61.4 (10.6) 4.50 0.776 3.00 - 6.50 <.001* 1.000
Externalizing Problems 59.8 (9.17) 55.4 (11.3) 4.50 1.458 1.50 - 7.50 .010* 0.758
Total Problems 64.7 (6.92) 60.9 (10.9) 3.00 1.376 1.50 - 6.00 .005* 0.794

CBCL 6-18 = Child Behavior Checklist for Ages 6-18; SD = standard deviation; SE = standard error; CI = confidence
interval. Effect sizes are reported as rank-biserial correlations. * p <.05.

5.6 Changes in Social Responsiveness
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Pre-post analyses showed significant improvements across all SRS-2 domains. In particular,
a significant reduction in the Total T-score (p =.001; r = 1.000) indicated a very large effect on
overall social responsiveness.

At the subscale level, statistically significant reductions were observed in Social Awareness

(p =.002; r = 0.943), Social Cognition (p <.001; r = 1.000), Social Communication (p =.001; r
0.971), Social Motivation (p =.002; r = 1.000), Restricted Interests and Repetitive Behavior (p

.001; r = 0.942), and in the Social Communication and Interaction domain (p =.002; r = 1.000).

Effect sizes ranged from large to very large across all domains, with the most pronounced

effects observed in Social Cognition, Social Motivation, and the SCI composite. Full statistical details

are reported in Table 5.5.

Table 5.5 Pre-Post Changes in SRS-2 Total and Subscale Scores

SRS-2 Scale T-scores Pre Post Mean SE 95% CI p-value Effect Size
Mean (SD) Mean (SD) Difference Difference (Lower-Upper) (r)
Social Awareness 73.9 (11.7) 69.2 (13.5) 5.00 1.094 3.50-7.00 .002 0.943
Social Cognition 78 (11.7) | 75.1(11.7) 3.00 0.539 2.00 - 4.00 <.001 1.000
Social Communication 73.1 (13.2) 69.9 (14.2) 3.00 1.019 2.00 - 4.50 .001 0.971
Social Motivation 71.3 (13.8) 66.8 (14) 4.36 1.508 2.00-10.50 .002 1.000
Restricted Interests and
Repetitive Behavior 73.8 (13.3) 70.5 (14.4) 3.14 0.705 2.00 - 4.50 .001 0.942
Social Communication | 7¢ 515 6) | 729 (13.6) 4.00 1.004 2.50 - 5.00 002 1.000
and Interaction
Total 76.7 (12.1) 72.8 (13.6) 4.00 0.983 3.00 - 5.00 .001 1.000

SRS-2 = Social Responsiveness Scale, 2rd Edition; SD = standard deviation; SE = standard error; CI = confidence interval.
Effect sizes are reported as rank-biserial correlations. * p <.05.

5.7 Changes in Adaptive Functioning

Significant pre-post improvements were observed in adaptive functioning, as measured by
the ABAS-II. A statistically significant increase was found in the Global Adaptive Composite (GAC)
score (p =.004; r = -0.824), with large effects.

At the domain level, significant pre-post increases were observed in both the Conceptual (p
=.010; r = -0.790) and Social (p =.002; r = -0.882) domains. No significant change was found in
the Practical domain (p =.187; r = -0.410). Effect sizes ranged from moderate to large across the
significant domains, with the strongest effect in the Social domain. Full statistical details, including
mean differences, standard errors, confidence intervals, and effect sizes, are presented in Table
5.6.

Table 5.6 Pre-Post Changes in ABAS-II Total and Domain Scores
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ABAS-II Scale Pre Post Mean SE 95% CI Effect Size
Standard Scores Mean (SD) Mean (SD) Difference Difference (Lower-Upper) p-value (r)
Conceptual 80.5 (16.3) 85.8 (13.9) -5.00 1.799 -10.00 - -1.50 .010 -0.790
Social 79.9 (10.8) 84.8 (9.39) -5.00 1.076 -7.50 --2.00 .002 -0.882
Practical 81.6 (18.2) 82 (12.6) -2.50 2.927 -7.00 - 4.00 187 -0.410
GAC 76.9 (12.6) 80.6 (12.1) -3.00 1.059 -6.00 - -1.50 .004 -0.824

ABAS-II = Adaptive Behavior Assessment System, 2rd Edition; SD = standard deviation; SE = standard error; CI =
confidence interval; GAC = Global Adaptive Composite. Effect sizes are reported as rank-biserial correlations. Negative
mean differences and effect sizes reflect higher post-intervention scores (improvement). * p <.05.

5.8 Clinically Significant Change

To assess the clinical relevance of the observed changes, we examined the number and
percentage of participants who showed a clinically significant improvement across sensory,
emotional-behavioral, social, and adaptive functioning domains. Clinically significant change was
defined as a shift from the clinical to the non-clinical range on standardized outcome measures,
based on established cut-off scores from each instrument’s manual.

For sensory processing, the most notable improvements were observed in SPM Body
Awareness (50.0% of clinically affected participants improved), Social Participation (44.4%), and
both Vision and Hearing (33.3% each).

In terms of behavioral and emotional functioning, substantial changes were observed for
CBCL 6-18 Somatic Complaints, where all participants who were in the clinical range at baseline
improved post-intervention (100.0%), and for Social Problems, Attention Problems, Rule-Breaking
Behavior and Total Problems, with improvements in 33.3% of cases.

Regarding adaptive functioning (ABAS-II), the Social domain showed the highest rate of
clinically significant improvement (100.0%) followed by the Practical (50.0%) and conceptual
domains. A detailed summary of clinically significant changes across all outcome measures is
presented in Table 5.7.

Table 5.7 Clinically Significant Change from Pre- to Post-Intervention Across Outcome

Domains
N in Clinical Range N Improved
Outcome Measure at Pre-lnterventif(;)n Post-lntlt)ervention % Improved
SPM SOC 9 4 444
SPM VIS 6 2 33.3
SPM HEA 6 2 33.3
SPM TOU 6 1 16.7
SPM BOD 2 1 50.0
SPM BAL 3 0 0.0
SPM PLA 6 1 16.7
SPM TOT 6 0 0.0




CBCL 6-18 - Anxious/Depressed 5 1 20.0
CBCL 6-18 - Withdrawn/Depressed 4 1 25.0
CBCL 6-18 - Somatic Complaints 4 4 100.0
CBCL 6-18 - Social Problems 6 2 333
CBCL 6-18 - Thought Problems 11 2 18.2
CBCL 6-18 - Attention Problems 9 3 333
CBCL 6-18 - Rule-Breaking Behavior 3 1 33.3
CBCL 6-18 - Aggressive Behavior 1 0 0.0

CBCL 6-18 - Internalizing Problems 10 2 20.0
CBCL 6-18 - Externalizing Problems 5 0 0.0

CBCL 6-18 - Total Problems 9 2 22.2
SRS-2 TOT 13 1 7.7

ABAS-II - Conceptual 6 2 33.3
ABAS-II - Social 3 3 100.0
ABAS-II - Practical 4 2 50.0
ABAS-II - GAC 5 1 20.0

SPM = Sensory Processing Measure; SOC = social participation; VIS = vision; HEA = hearing; TOU = touch; BOD = body
awareness; BAL = balance and motion; PLA = planning and ideas; TOT = total sensory score; CBCL 6-18 = Child
Behavior Checklist for Ages 6-18; SRS-2 = Social Responsiveness Scale, 2nd Edition; ABAS-II = Adaptive Behavior
Assessment System, 2rd Edition; GAC = Global Adaptive Composite.

5.9 Supplementary Parametric Analyses and Standardized Effect Sizes

Given the small sample size and non-normal distribution observed for several variables, the
primary analyses were conducted using non-parametric Wilcoxon signed-rank tests. However, to
facilitate comparison with previous literature and to provide standardized effect size estimates,
exploratory paired-sample t-tests were also performed for each outcome measure to calculate
standardized effect sizes (Cohen’s d).

Overall, the results of the paired t- largely mirrored those obtained from the Wilcoxon
signed-rank test findings, confirming statistically significant pre-post changes across most
outcome domains. Cohen’s d effect sizes ranged from small to very large, with the strongest effects
observed for internalizing symptoms, social responsiveness, and adaptive functioning domains.

These analyses are intended for descriptive and comparative purposes only and should be
interpreted with caution, given the pilot nature of the study and the limited statistical power
associated with the small sample size.

Full results of these supplementary parametric analyses, including t-values, degrees of
freedom, p-values, mean differences, and Cohen’s d values for each scale and subscale, are reported

in Appendix Table A2.
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5.10 Associations Between Pre-Post Changes in Outcome Measures

Spearman’s rank-order correlations were conducted to explore associations between pre-
post change scores across sensory processing, emotional-behavioral functioning, social
responsiveness, and adaptive functioning domains. Table 5.8 presents all statistically significant
correlations (p <.05).

Positive associations emerged between changes in sensory processing and improvements
in social responsiveness, particularly in the domains of Social Communication and Interaction,
Social Motivation, Social Awareness, and Restricted Interests and Repetitive Behaviors as
measured by the SRS-2. Specifically, changes in auditory processing (A SPM HEA), visual
processing (A SPM VIS), and social participation (A SPM SOC) were significantly correlated with
multiple SRS-2 subscales.

Regarding emotional and behavioral functioning, changes in CBCL 6-18 Total Problems and
specific CBCL 6-18 subscales (e.g., Aggressive Behavior, Rule-Breaking Behavior, Attention
Problems) were significantly associated with changes in both sensory processing domains and
social responsiveness dimensions. For example, changes in social participation and visual
processing showed significant correlations with CBCL 6-18 Aggressive Behavior, while changes in
tactile processing (A SPM TOU) were negatively associated with CBCL 6-18 Withdrawn/Depressed
scores.

Furthermore, improvements in adaptive functioning as measured by the ABAS-II
(particularly the Social, Conceptual, and GAC domains) were significantly associated with
reductions in CBCL 6-18 Internalizing Problems and Somatic Complaints.

Given the exploratory nature of these analyses and the absence of correction for multiple
comparisons, findings should be interpreted with caution and considered preliminary.

Table 5.8 Significant Associations Between Pre-Post Changes Across Outcome Measures

Variables Spearman p p-value
ﬁ gggg(;gc_ial Communication 0.595 015
ﬁ gggg(;gc_ial Motivation 0.548 .028
ﬁ gggg(;gc_ial Communication and Interaction 0.556 025
ﬁ gglg{;’lssoc_:ial Awareness 0.571 021
ﬁ gglg{;’lssoc_:ial Communication 0.520 .039
A SPM VIS - 0.507 .045
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A SRS-2 Social Communication and Interaction

ﬁ gglg/{glszi;al Communication 0.530 035
ﬁ gglg/{glszi;al Motivation 0.587 017
ﬁ gglg{?l}i?s;ricted Interests and Repetitive Behaviors 0.607 013
ﬁ gglg/{glszi;al Communication and Interaction 0.576 019
 SRS-2 Totl 0.564 023
ﬁ (SZII;I\(;ILSg(iE; Rule-Breaking Behavior 0.554 026
ﬁ (SZII;I\(;ILSg(iE; Aggressive Behavior 0.589 016
ﬁ (SZII;I\(;ILV6151_8 Aggressive Behavior 0.502 048
ﬁ (Szlljal\c/ILH;Il&S_Total 0.739 .001
ﬁ (SZII;I\(;ILT60-11JS_Withdrawn/Depressed -0.552 027
ﬁ (SIl];héILBgll)S_Aggressive Behavior 0.695 003
ﬁ (SIII;I\(;ILB:EE; Externalizing Problems 0.547 .028
ASRS > Social Avreness 0.498 049
ﬁ ggg—é%éﬁcﬁgigt;g?e;ests and Repetitive Behaviors -0.628 009
A SRS Social Commnieation 0513 042
A SRS Social Communication 0513 042
ﬁ gggz%-jgifia;eness 0.530 .035
ﬁ ggg‘z%iﬁcigﬁs}i}merests and Repetitive Behaviors 0.589 016
ASRS2 Total 0499 09
ﬁ éBBéf-é{fgrslf)?rll);}cliilgomplaints 0.530 035
ﬁ éBBéf-é{fg(zie_ntion Problems 0.527 .036
ﬁ éBBéf-é{lsgiftle_rnalizing Problems 0.775 <.001
A ABAS-I1 GAC - 0.640 008

A CBCL 6-18 Internalizing Problems
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SPM = Sensory Processing Measure; SOC = social participation; VIS = vision; HEA = hearing; TOU = touch; BOD = body
awareness; BAL = balance and motion; CBCL 6-18 = Child Behavior Checklist for Ages 6-18; SRS-2 = Social
Responsiveness Scale, 2nd Edition; ABAS-II = Adaptive Behavior Assessment System, 2rd Edition; GAC = Global Adaptive
Composite. Only statistically significant correlations (p <.05) are reported.

5.11 Exploratory Observations on Participants Completing Two Intervention Cycles

As previously noted, four children participated in two separate cycles of the “Growing in

Nature” intervention. To preserve data independence, only data from their first participation were




included in the primary analyses. However, for exploratory purposes, we examined changes in
sensory processing, emotional-behavioral functioning, social responsiveness, and adaptive skills
across both cycles for these participants.

During the first intervention cycle (T1 to T2), all four children showed at least some
improvement in one or more outcome domains. Notable changes included reductions in CBCL 6-
18 Total Problems for two participants and increases in ABAS-II GAC scores for three out of four
children.

Following the second intervention cycle (T2 to T3), further improvements were observed
in multiple domains. Specifically:

e Two children showed additional reductions in SPM Total Sensory Scores, suggesting

decreased sensory processing difficulties.

e One participant exhibited further reductions in CBCL 6-18 Total Problems, and two

children demonstrated small but notable gains in adaptive functioning (ABAS-II GAC).

e However, no consistent additional changes were observed in SRS-2 Total Scores across

the four participants following the second cycle.

Overall, while these data should be interpreted with extreme caution due to the small
sample size and absence of a control condition, the observed patterns suggest that some
participants may derive incremental benefits from repeated exposure to the nature-based
intervention, particularly in sensory and adaptive domains. Further controlled studies with larger
samples are needed to systematically evaluate the potential cumulative effects of multiple

intervention cycles.
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CHAPTER 6 - DISCUSSION AND CONCLUSIONS

6.1 Summary of Key Findings

The present pilot study aimed to evaluate the short-term effects of the nature-based
intervention “Growing in Nature” on multiple functional domains in children with ASD. Based on
pre- and post-intervention assessments, statistically and clinically meaningful changes were
observed across sensory processing, emotional-behavioral functioning, social responsiveness, and
adaptive skills.

In the sensory domain, children exhibited reduced sensory difficulties, both at the total
score level and across specific SPM subscales, with the most pronounced improvements observed
in Social Participation, Vision, Hearing, and Touch.

Emotional and behavioral functioning, assessed by the CBCL 6-18, showed significant
reductions in Total Problems, Internalizing, and Externalizing symptoms, with moderate-to-large
effect sizes. Improvements were also evident across multiple syndrome scales, notably in
Anxious/Depressed, Withdrawn/Depressed, Thought Problems, Rule-Breaking Behavior and
Aggressive Behavior.

Social responsiveness, measured by the SRS-2, demonstrated significant enhancements
across all domains, with large to very large effect sizes consistently observed. Adaptive functioning,
as assessed with the ABAS-I], also improved significantly in the Global Adaptive Composite, as well
as in the Conceptual and Social domains, with moderate-to-large effect sizes.

Beyond these domain-specific improvements, significant cross-domain associations
emerged between sensory, behavioral, social, and adaptive changes. Notably, improvements in
sensory processing were positively associated with reductions in emotional-behavioral problems
and with enhancements in social responsiveness. In particular, changes in SPM Vision and Hearing,
as well as in Social Participation, were significantly correlated with improvements in several SRS-
2 subscales. Furthermore, reductions in behavioral problems, including aggressive behavior and
attention difficulties, were significantly associated with gains in both adaptive functioning (ABAS-
II) and social responsiveness (SRS-2).

Finally, clinically significant changes were documented for a proportion of participants
across all outcome domains, with the most significant improvements observed in somatic

complaints, social functioning, and specific dimensions of sensory processing.
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6.2 Interpretation of Multidimensional Outcomes

The findings of this pilot study highlight multidimensional improvements across sensory
processing, emotional-behavioral functioning, social responsiveness, and adaptive skills following
participation in a structured nature-based intervention for children with ASD. This pattern of
change aligns with emerging evidence on the therapeutic potential of nature-based interventions
in pediatric populations with neurodevelopmental difficulties.

The observed improvements in sensory processing, particularly in the SPM domains of
Social Participation, Vision, Hearing, and Touch, are consistent with previous research suggesting
that natural environments may promote adaptive sensory modulation, offering rich, low-threat,
and predictable multisensory stimuli (Dettweiler et al., 2017; Martensson et al., 2009; Mygind et
al,, 2019). The affordances theoretical framework (Gibson, 1979), widely applied in environmental
and developmental psychology, provides a useful lens to interpret these findings. Natural settings
provide a wide range of sensory opportunities that encourage active engagement and facilitate
gradual exposure to diverse sensory input (Chawla, 2015; Mygind et al., 2019), a mechanism
particularly relevant for children with ASD who often experience heightened sensory sensitivity
(Robertson & Baron-Cohen, 2017). This exposure likely promoted habituation processes and
improved children's ability to modulate sensory input more effectively.

These findings align with emerging intervention studies suggesting that nature-based
interventions may improve sensory processing in children with ASD. For example, Ramshini et al.
(2018) reported significant post-intervention improvements in sensory modulation following a
family-centered nature-based therapy program for children with ASD. Similarly, a recent
systematic review and meta-analysis by Fan et al. (2023) identified sensory processing as one of
the key domains showing significant improvement after participation in nature-based
interventions, along with gains in behavioral and social functioning.

The particularly significant improvements observed in social participation in the current
study may reflect the unique combination of social and sensory affordances inherent in outdoor,
group-based activities, where children engage in shared, goal-directed tasks within low-demand,
flexible, and multisensory environments.

Finally, the present results further support existing literature on the close relationship

between sensory processing and emotional-behavioral regulation in ASD, suggesting that
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improved sensory modulation may have contributed to broader functional gains observed across
emotional, social, and adaptive domains (Green et al., 2015; Carpenter et al., 2019; Ben-Sasson et
al.,, 2009).

Beyond sensory changes, significant reductions were observed in emotional and behavioral
difficulties, as measured by the CBCL 6-18, including Total Problems, Internalizing Problems, and
Externalizing Problems, as well as specific syndrome scales such as Anxious/Depressed,
Withdrawn/Depressed, Somatic Complaints, Social Problems, Thought Problems, Attention
Problems, Rule-Breaking Behavior, and Aggressive Behavior, suggest a broad-based impact on
emotional and behavioral regulation. These findings align with theoretical models such as the
Stress Recovery Theory (Ulrich, 1991) and the Attention Restoration Theory (Kaplan & Kaplan,
1989), both of which posit that exposure to natural environments facilitates reductions in
psychophysiological stress, improved mood, and greater attentional control. The low-demand,
multisensory, and restorative characteristics of natural environments may have contributed to the
reduction of emotional distress and behavioral dysregulation, mechanisms that are especially
relevant for children with ASD, who are often vulnerable to heightened stress reactivity and
difficulties in emotional self-regulation (Green & Ben-Sasson, 2010; Carpenter et al.,, 2019).

Empirical research supports these mechanisms. For example, studies on outdoor education
and green schoolyards have reported reduced behavioral problems and improved psychological
well-being among children exposed to nature-rich environments (Dettweiler et al, 2017;
Martensson et al.,, 2009; Van den Berg et al., 2016). Furthermore, exposure to green spaces has
been associated with lower rates of emotional and behavioral problems in childhood, as
highlighted by evidence from experimental and epidemiological studies on the mental health
benefits of nature exposure (Bratman et al., 2019).

Another possible explanatory pathway involves the observed improvements in sensory
processing, documented in the current study. Given the well-established link between sensory
overresponsivity and emotional dysregulation in ASD (Green & Ben-Sasson, 2010; Carpenter etal.,
2019; Ben-Sasson et al., 2009), it is plausible that the modulation of sensory difficulties contributed
to improved emotional regulation and reduction of behavioral symptoms.

Overall, these findings provide further preliminary support for the potential of nature-

based interventions to reduce both internalizing and externalizing symptoms in children with ASD,
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through mechanisms likely involving stress reduction, sensory modulation, and improved
attentional and emotional self-regulation.

The intervention also yielded substantial improvements in social responsiveness, as
measured by the SRS-2, with large effect sizes across all domains. This finding is consistent with
literature suggesting that natural settings may provide unique opportunities to encourage peer
interaction, joint attention, and cooperative play (Chawla, 2015; Mygind et al., 2019; Dettweiler et
al, 2017). Furthermore, for children with ASD, who often experience difficulties with social
communication and motivation (Green & Ben-Sasson, 2010; Carpenter et al., 2019), the reduction
in sensory overload and emotional distress observed in this study may have further facilitated
social engagement, consistent with theoretical models linking sensory modulation and emotional
regulation to social functioning (Ben-Sasson et al., 2009; MacLennan et al.,, 2020).

In terms of adaptive functioning, significant improvements were observed in the Global
Adaptive Composite, as well as in the Conceptual and Social domains of the ABAS-II. This finding
aligns with previous research suggesting that naturalistic settings can enhance children’s real-
world functional competencies, including communication and daily living skills (Mittly etal., 2023).
Furthermore, consistent with previous research, engagement in outdoor, hands-on activities may
improve executive functioning, behavioral flexibility, and goal-directed behavior (Taylor & Kuo,
2009; Mygind et al., 2019). Such mechanisms may help explain the observed improvements in the
Conceptual and Social domains of adaptive functioning.

These findings are particularly encouraging, as adaptive skills represent generalizable and
real-world skills that cut across sensory, emotional, and social domains. The observed adaptive
gains may reflect the cumulative impact of improvements across multiple functional areas,
suggesting a potential for broad developmental benefits following nature-based interventions.

Importantly, the significant cross-domain associations observed in this study reinforce the
interconnected nature of sensory, emotional, social, and adaptive functioning in children with ASD.
Consistent with dimensional and transdiagnostic models (Astle & Fletcher-Watson, 2020),
improvements in one domain appeared to influence others, suggesting synergistic effects across
functional areas.

Taken together, these multidimensional outcomes contribute to the growing evidence base
supporting the feasibility and potential effectiveness of nature-based interventions in children
with ASD across multiple outcome domains, including sensory processing, behavioral regulation,
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social functioning, and adaptive skills (Fan et al., 2023). They also underscore the relevance of
incorporating naturalistic, ecologically grounded interventions into therapeutic planning for

children with ASD.

6.3 Strengths and Limitations of the Study

This pilot study presents several methodological strengths that enhance the credibility and
relevance of the findings, while also acknowledging important limitations that must be considered

when interpreting the results.

6.3.1 Strengths

A key strength of the study lies in its multidimensional assessment approach, encompassing
sensory processing, emotional-behavioral functioning, social responsiveness, and adaptive skills.
This comprehensive battery allowed for an integrated evaluation of intervention effects across
multiple functional domains central to ASD. Furthermore, the use of standardized and
psychometrically validated instruments (e.g., SPM, CBCL 6-18, SRS-2, ABAS-II) strengthens the
methodological quality of the study by providing reliable and valid assessments across multiple
functional domains. This approach aligns with current recommendations for the evaluation of
complex interventions in neurodevelopmental populations.

Another important strength is the ecological validity of the intervention setting. By
delivering the program in natural outdoor environments, the study reflects real-world contexts
that are relevant for future implementation in educational, therapeutic, and community-based
settings.

Moreover, the inclusion of pre-post assessments, combined with both non-parametric and
parametric analyses (including effect size estimation), provides a robust and transparent
examination of intervention effects despite the small sample size. The supplementary calculation
of Cohen’s d allows for cross-study comparisons and situates the current findings within the
broader field of intervention research.

Finally, the study adopted a multi-informant perspective, relying on caregiver-reported
outcomes across all domains. This approach captures the child's functioning in naturalistic,

everyday contexts, providing ecologically valid insights into the impact of the intervention.
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6.3.2 Limitations

Despite these strengths, several limitations must be acknowledged. First and foremost, the
small sample size (N = 16) limits the statistical power of the analyses and raises concerns about
the generalizability of the findings. The lack of a control or comparison group further constrains
causal interpretations, as observed improvements may reflect non-specific factors such as
maturation, regression to the mean, or placebo effects.

Second, the short duration of the intervention and the absence of long-term follow-up
preclude conclusions about the maintenance of observed gains over time. Future studies
integrating longitudinal assessments would help clarify the durability of intervention effects.

Third, the reliance on parent-reported measures introduces the possibility of reporting
bias, particularly given the non-blinded nature of the assessments. Although caregiver reports
offer valuable insights into children's daily functioning, future research should integrate multi-
method approaches, including direct behavioral observations or physiological measures, to
strengthen data validity.

Another limitation concerns the heterogeneity of the sample in terms of age, cognitive
functioning, and autism symptom severity. While reflecting clinical reality, this variability may
have introduced uncontrolled confounding effects.

Finally, the use of multiple statistical tests without correction for multiple comparisons
increases the risk of Type I error, especially in exploratory correlation analyses. Although such
exploratory analyses provide valuable preliminary insights, the findings should be interpreted

with due caution.

6.4 Innovative Contribution, Clinical and Theoretical Implications

The findings of this pilot study offer preliminary but meaningful insights with important
clinical and theoretical implications for the management of children with ASD. To our knowledge,
this is among the first Italian pilot studies to systematically examine the effects of a structured
nature-based intervention on sensory processing, emotional-behavioral functioning, social
responsiveness, and adaptive skills in school-aged children with ASD using a comprehensive set of

standardized outcome measures.
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From a clinical perspective, the observed multidimensional improvements suggest that
nature-based interventions could represent a feasible and ecologically valid adjunct to
conventional treatment approaches, such as behavioral therapy, occupational therapy, or social
skills training. The ability of nature-based interventions to simultaneously address sensory
modulation, emotional regulation, social responsiveness, and adaptive functioning aligns with the
need for holistic and integrative intervention models in ASD care.

Furthermore, the outdoor, low-demand, and multisensory nature of the intervention setting
may provide a more accessible and engaging therapeutic context for children who struggle in
conventional clinical settings, particularly those with co-occurring sensory processing difficulties,
who may perceive these settings as overstimulating or aversive (Robertson & Baron-Cohen, 2017;
Mygind et al., 2019).

From a social developmental perspective, the study provides preliminary support for the
use of outdoor group-based activities to promote social responsiveness in children with ASD. Given
the intervention’s ability to foster spontaneous peer interactions and collaborative problem-
solving, such programs may be particularly valuable for children with ASD who exhibit limited
social motivation or communication skills.

Theoretically, the findings contribute to emerging models emphasizing the interplay
between sensory processing, emotional regulation, and social-adaptive functioning in ASD (Green
& Ben-Sasson, 2010; MacLennan et al.,, 2020). The significant associations observed between
sensory improvements and gains in social and adaptive domains suggest that sensory modulation
may act as a key mediator of broader functional change.

Furthermore, the study highlights the relevance of ecological and embodied approaches to
intervention. Unlike traditional clinic-based models, nature-based interventions intrinsically
integrate sensory, motor, emotional, and social experiences, offering a unique platform for holistic
developmental support (Bratman et al,, 2019; Chawla, 2015).

These preliminary findings underscore the importance of considering naturalistic, context-
sensitive interventions in clinical practice and point to the value of further developing evidence-

based guidelines for the implementation of nature-based interventions in ASD treatment planning.

6.5 Directions for Future Research
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Given the pilot nature of this study, several important directions for future research emerge
to further clarify the effectiveness, mechanisms, and applicability of nature-based interventions
for children with ASD.

First, there is a clear need for larger, adequately powered trials, ideally employing
randomized controlled designs (RCTs), to confirm the preliminary findings and to establish causal
relationships between intervention participation and observed outcomes. Including control
groups (e.g., waitlist or active control) or comparing nature-based interventions to other
established therapeutic modalities would enhance internal validity and allow for stronger
effectiveness claims.

Second, future research should include longitudinal follow-up assessments to evaluate the
sustainability of treatment effects over time. Understanding whether improvements in sensory
processing, emotional regulation, social functioning, and adaptive behavior persist after the end of
the intervention is essential to inform clinical practice.

Third, investigations into the mechanisms of change are warranted. Multimodal assessment
strategies, including physiological indicators of stress (e.g., cortisol levels, heart rate variability),
observational measures of behavior, and direct assessments of executive functioning, may help
identify the underlying processes driving the observed improvements.

In addition, moderator analyses examining individual child characteristics - such as
baseline sensory profiles, cognitive functioning, or autism severity - could help identify which
children are most likely to benefit from nature-based interventions, consistent with current trends
in individualized and targeted care for neurodevelopmental disorders.

Future studies should also explore the potential dose-response relationship, investigating
whether longer or more intensive exposure to nature-based programs leads to greater or more
sustained benefits. Furthermore, examining the impact of different types of nature-based activities
(e.g., horticultural therapy, forest bathing, adventure-based learning) may help clarify which
intervention modalities are most effective for specific ASD profiles.

Finally, given the importance of ecological validity, research should explore the feasibility
and effectiveness of integrating nature-based interventions into school settings, community
programs, and outpatient clinical services, thereby increasing their access and scalability. By

addressing these methodological and conceptual gaps, future research may advance the field
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toward evidence-based guidelines for the implementation of nature-based interventions in the

care of children with ASD.

6.6 Conclusions

This pilot study provides preliminary evidence supporting the feasibility and potential
effectiveness of nature-based interventions in improving sensory processing, emotional-
behavioral functioning, social responsiveness, and adaptive skills in children with ASD.
Participation in the "Growing in Nature" program was associated with statistically significant and
clinically meaningful changes across multiple domains, with moderate-to-large effect sizes
observed for most outcomes.

Importantly, the findings highlight the interconnected nature of sensory, emotional, social,
and adaptive functioning in ASD, suggesting that improvements in one domain may facilitate
positive changes in others. The observed cross-domain associations emphasize the value of
adopting holistic, multidimensional intervention models that address the complex and interrelated
challenges faced by children with ASD.

Although these findings are promising, the methodological limitations of the study,
including the small sample size, lack of a control group, and short-term follow-up, underscore the
need for caution in interpreting the results. These limitations also highlight essential directions for
future research, including the need for larger randomized controlled trials, longitudinal follow-up
assessments, and investigations into mechanisms of change and moderators of treatment
response.

Despite these constraints, the present study offers valuable preliminary support for the
inclusion of nature-based interventions within comprehensive intervention frameworks for
children with ASD. By harnessing the therapeutic potential of natural environments, such
programs may provide an engaging, accessible, and developmentally supportive context to
promote sensory modulation, emotional regulation, social engagement, and adaptive functioning
in this population.

In conclusion, this study contributes to the growing body of evidence advocating for holistic,
ecologically valid interventions in ASD care and lays the groundwork for more rigorous future

research aimed at optimizing therapeutic outcomes for children with autism.

71



REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

Achenbach, T. M.; Rescorla, L. A. The Manual for the ASEBA School-Age Forms & Profiles; Research
Center for Children, Youth, and Families: Burlington, VT, USA, 2001

Adolph, K. E., Hoch, ]. E. (2019). Motor Development: Embodied, Embedded, Enculturated, and
Enabling. Annual review of psychology, 70, 141-164. https://doi.org/10.1146/annurev-psych-
010418-102836

Aghabozorgi, K, van der Jagt, A., Bell, S.,, Brown, C. (2023). Assessing the impact of blue and green
spaces on mental health of disabled children: A scoping review. Health & place, 84, 103141.
https://doi.org/10.1016/j.healthplace.2023.103141

American Psychiatric Association. (2022). Diagnostic and statistical manual of mental disorders (5th
ed., text rev.; DSM-5-TR). American Psychiatric Publishing.

Amicone, G., Petruccellj, 1., De Dominicis, S., Gherardini, A., Costantino, V., Perucchini, P., Bonaiuto, M.
(2018). Green Breaks: The Restorative Effect of the School Environment's Green Areas on Children's
Cognitive Performance. Frontiers in psychology, 9, 1579. https://doi.org/10.3389 /fpsyg.2018.01579
Ang, C. S.,, MacDougall, F. A. (2022). An Evaluation of Animal-Assisted Therapy for Autism Spectrum
Disorders: Therapist and Parent Perspectives. Psychological studies, 67(1), 72-81.
https://doi.org/10.1007 /s12646-022-00647-w

Ashburner, |, Ziviani, J., Rodger, S. (2008). Sensory processing and classroom emotional, behavioral,
and educational outcomes in children with autism spectrum disorder. The American journal of
occupational therapy, 62(5), 564-573. https://doi.org/10.5014/ajot.62.5.564

Aspinall, P, Mavros, P., Coyne, R, Roe, ]. (2015). The urban brain: analysing outdoor physical activity
with  mobile EEG.  British  journal of sports medicine,  49(4), 272-276.
https://doi.org/10.1136/bjsports-2012-091877

Astle, D. E., Bathelt, ., CALM Team, Holmes, . (2019). Remapping the cognitive and neural profiles of
children  who struggle at  school. Developmental  science, 22(1), el2747.
https://doi.org/10.1111/desc.12747

Astle, D. E., Fletcher-Watson, S. (2020). Beyond the Core-Deficit Hypothesis in Developmental
Disorders. Current directions in psychological science, 29(5), 431-437.
https://doi.org/10.1177/0963721420925518

Astle, D. E., Holmes, ]., Kievit, R.,, Gathercole, S. E. (2022). Annual Research Review: The
transdiagnostic revolution in neurodevelopmental disorders. Journal of Child Psychology and
Psychiatry, 63(4), 397-417. https://doi.org/10.1111/jcpp.13481

Ausderau, K. K, Furlong, M,, Sideris, ]., Bulluck, J., Little, L. M., Watson, L. R,, Boyd, B. A,, Belger, A,
Dickie, V. A., Baranek, G. T. (2014). Sensory subtypes in children with autism spectrum disorder:
latent profile transition analysis using a national survey of sensory features. Journal of child
psychology and psychiatry, and allied disciplines, 55(8), 935-944.
https://doi.org/10.1111/jcpp.12219

Bhat, A. N,, Landa, R. ]., Galloway, ]. C. (2011). Current perspectives on motor functioning in infants,
children, and adults with autism spectrum disorders. Physical therapy, 91(7), 1116-1129.
https://doi.org/10.2522/ptj.20100294

Beauchaine, T. P., Cicchetti, D. (2019). Emotion dysregulation and emerging psychopathology: A
transdiagnostic, transdisciplinary perspective. Development and psychopathology, 31(3), 799-804.
https://doi.org/10.1017/S0954579419000671

Becker, C., Lauterbach, G., Spengler, S., Dettweiler, U., Mess, F. (2017). Effects of Regular Classes in
Outdoor Education Settings: A Systematic Review on Students' Learning, Social and Health
Dimensions. International journal of environmental research and public health, 14(5), 485.
https://doi.org/10.3390/ijerph14050485

Beetz, A., Uvnds-Moberg, K., Julius, H., Kotrschal, K. (2012). Psychosocial and psychophysiological
effects of human-animal interactions: the possible role of oxytocin. Frontiers in psychology, 3, 234.
https://doi.org/10.3389/fpsyg.2012.00234

Bender, R, Lange, S. (2001). Adjusting for multiple testing--when and how?. Journal of clinical
epidemiology, 54(4), 343-349. https://doi.org/10.1016/s0895-4356(00)00314-0

72



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ben-Sasson, A, Hen, L., Fluss, R, Cermak, S. A., Engel-Yeger, B., Gal, E. (2009). A meta-analysis of
sensory modulation symptoms in individuals with autism spectrum disorders. Journal of autism and
developmental disorders, 39(1), 1-11. https://doi.org/10.1007/s10803-008-0593-3

Ben-Sasson, A, Carter, A. S., & Briggs-Gowan, M. ]. (2009). Sensory over-responsivity in elementary
school: prevalence and social-emotional correlates. Journal of abnormal child psychology, 37(5), 705-
716. https://doi.org/10.1007/s10802-008-9295-8

Bonti, E., Zerva, 1. K, Koundourou, C., Sofologi, M. (2024). The high rates of comorbidity among
neurodevelopmental disorders: Reconsidering the clinical utility of distinct diagnostic categories.
Journal of Personalized Medicine, 14(3), 300. https://doi.org/10.3390/jpm14030300
Brandes-Aitken, A., Powers, R., Wren, J., Chu, R.,, Shapiro, K. A,, Steele, M., Mukherjee, P., Marco, E. J.
(2024). Sensory processing subtypes relate to distinct emotional and behavioral phenotypes in a
mixed neurodevelopmental cohort. Scientific Reports, 14, 29326. https://doi.org/10.1038/s41598-
024-78573-2

Bratman, G. N., Anderson, C. B, Berman, M. G., Cochran, B., de Vries, S., Flanders, ]., Folke, C., FrumkKin,
H., Gross, ].]., Hartig, T., Kahn, P. H,, Jr, Kuo, M., Lawler, ]. ], Levin, P. S,, Lindahl], T., Meyer-Lindenberg,
A, Mitchell, R., Ouyang, Z., Roe, ]., Scarlett, L., Smith, J. R,, van den Bosch, M., Wheeler, B. W., White, M.
P., Zheng, H., Daily, G. C. (2019). Nature and mental health: An ecosystem service perspective. Science
advances, 5(7), eaax0903. https://doi.org/10.1126/sciadv.aax0903

Bronfenbrenner, U., & Morris, P. A. (2006). The Bioecological Model of Human Development. In R. M.
Lerner & W. Damon (Eds.), Handbook of child psychology: Theoretical models of human development
(6th ed., pp. 793-828). John Wiley & Sons, Inc.

Brown, T., Swayn, E., Pérez Marmol, J. M. (2021). The Relationship between Children’s Sensory
Processing and Executive Functions: An Exploratory Study. Journal of Occupational Therapy, Schools,
& Early Intervention, 14(3), 307-324. https://doi.org/10.1080/19411243.2021.1875386

Burke, H. K,, Burke, L. M., Hacker, C. G., Lane, S. ]. (2024). Nature-Based Pediatric Occupational
Therapy: A Scoping Review. Physical & occupational therapy in pediatrics, 44(1), 96-109.
https://doi.org/10.1080/01942638.2023.2204924

Buzzell, L., & Chalquist, C. (Eds.). (2009). Ecotherapy: Healing with nature in mind. San Francisco, CA:
Sierra Club Books.

Bystrom, K., Grahn, P., Hagerhall, C. (2019). Vitality from Experiences in Nature and Contact with
Animals-A Way to Develop Joint Attention and Social Engagement in Children with Autism?.
International journal of environmental research and public health, 16(23), 4673.
https://doi.org/10.3390/ijerph16234673

Cakar, M. E., Okada, N. J., Cummings, K. K,, Jung, J., Bookheimer, S. Y., Dapretto, M., Green, S. A. (2024).
Functional connectivity of the sensorimotor cerebellum in autism: associations with sensory over-
responsivity. Frontiers in psychiatry, 15, 1337921. https://doi.org/10.3389/fpsyt.2024.1337921
Cardon G. ]. (2018). Neural Correlates of Sensory Abnormalities Across Developmental Disabilities.
International  review  of  research in developmental  disabilities, 55, 83-143.
https://doi.org/10.1016/bs.irrdd.2018.08.001

Cardon, G., Bradley, M. (2023). Uncertainty, Sensory Processing, and Stress in Autistic Children
During the COVID-19 Pandemic. Research in autism spectrum disorders, 106, 102202.
https://doi.org/10.1016/j.rasd.2023.102202

Carpenter, K. L. H., Baranek, G. T., Copeland, W. E., Compton, S., Zucker, N., Dawson, G., Egger, H. L.
(2019). Sensory over-responsivity: An early risk factor for anxiety and behavioral challenges in
young  children. Journal of Abnormal  Child  Psychology, 47(6), 1075-1088.
https://doi.org/10.1007/s10802-018-0502-y

Chawla, L. (2015). Benefits of Nature Contact for Children. Journal of Planning Literature, 30(4), 433-
452. https://doi.org/10.1177/0885412215595441

Chen, Y., Xi, Z., Saunders, R., Simmons, D., Totsika, V., Mandy, W. (2024). A systematic review and
meta-analysis of the relationship between sensory processing differences and
internalising/externalising problems in autism. Clinical psychology review, 114, 102516.
https://doi.org/10.1016/j.cpr.2024.102516

73



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Cheung, P. P,, Siu, A. M. (2009). A comparison of patterns of sensory processing in children with and
without developmental disabilities. Research in developmental disabilities, 30(6), 1468-1480.
https://doi.org/10.1016/j.ridd.2009.07.009

Clément. M. A, Lee, K, Park, M., Sinn, A., Miyake, N. (2022). The Need for Sensory-Friendly "Zones":
Learning From Youth on the Autism Spectrum, Their Families, and Autistic Mentors Using a
Participatory Approach. Frontiers in Psychology, 13, 883331.
https://doi.org/10.3389/fpsyg.2022.883331

Constantino, J. N, Charman, T. (2016). Diagnosis of autism spectrum disorder: Reconciling the
syndrome, its diverse origins, and variation in expression. The Lancet Neurology, 15(3), 279-291.
https://doi.org/10.1016/S1474-4422(15)00151-9

Constantino, J. N., Gruber, C. P. (2012). Social Responsiveness Scale—Second Edition (SRS-2). Torrance,
CA: Western Psychological Services.

Corbett, B. A., Mendoza, S., Abdullah, M., Wegelin, J. A., Levine, S. (2006). Cortisol circadian rhythms
and response to stress in children with autism. Psychoneuroendocrinology, 31(1), 59-68.
https://doi.org/10.1016/j.psyneuen.2005.05.011

Cuthbert B. N. (2022). Research Domain Criteria (RDoC): Progress and Potential. Current directions
in psychological science, 31(2), 107-114. https://doi.org/10.1177/09637214211051363

Cuthbert, B. N,, Kozak, M. J. (2013). Constructing constructs for psychopathology: the NIMH research
domain criteria. Journal of abnormal psychology, 122(3), 928-937.
https://doi.org/10.1037/a0034028

D’Ardia, C.; Di Filippo, G.; Donno, F.; Keller, R.; Petza, S.; Zuddas, A. SRS-2 - Social Responsiveness
Scale - Second Edition; Italian Edition; Hogrefe Editore Srl: Firenze, Italy, 2021.

Davidson, R. J., McEwen, B. S. (2012). Social influences on neuroplasticity: stress and interventions to
promote well-being. Nature neuroscience, 15(5), 689—695. https://doi.org/10.1038/nn.3093

Dellapiazza, F. Vernhet, C. Blanc, N, Miot, S., Schmidt, R, Baghdadli, A. (2018). Links between
sensory processing, adaptive behaviours, and attention in children with autism spectrum disorder:
A systematic review. Psychiatry research, 270, 78-88.
https://doi.org/10.1016/j.psychres.2018.09.023

Dell'Osso, L., Massoni, L., Battaglini, S., De Felice, C., Nardi, B., Amatori, G., Cremone, [. M., Carpita, B.
(2023). Emotional dysregulation as a part of the autism spectrum continuum: a literature review
from late childhood to adulthood. Frontiers in  psychiatry, 14, 1234518.
https://doi.org/10.3389/fpsyt.2023.1234518

Del Signore, S.; Bressan, L; Rizzo, M. A.; Ruffini, M.; Tenaglia, A. SPM - Sensory Processing Measure;
[talian Edition; Hogrefe Editore Srl: Firenze, Italy, 2020.

Demetriou, E. A., Lampit, A,, Quintana, D. S., Naismith, S. L., Song, Y.]. C, Pye, |. E., Hickie, 1., Guastella,
A.]. (2018). Autism spectrum disorders: a meta-analysis of executive function. Molecular psychiatry,
23(5),1198-1204. https://doi.org/10.1038/mp.2017.75

Dettweiler, U., Becker, C., Auestad, B. H., Simon, P., Kirsch, P. (2017). Stress in School. Some Empirical
Hints on the Circadian Cortisol Rhythm of Children in Outdoor and Indoor Classes. International
Journal of Environmental Research and Public Health, 14(5), 475.
https://doi.org/10.3390/ijerph14050475

Diamond, A, Lee, K. (2011). Interventions shown to aid executive function development in children
4 to 12 years old. Science, 333(6045), 959-964. https://doi.org/10.1126 /science.1204529
Dimitrov-Discher, A., Wenzel, J., Kabisch, N., Hemmerling, J., Bunz, M., Schondorf, J., Walter, H., Veer,
I. M., Adli, M. (2022). Residential green space and air pollution are associated with brain activation in a
social-stress paradigm. Scientific reports, 12(1), 10614.

Dunn, W. (1997). The impact of sensory processing abilities on the daily lives of young children and
their families: A conceptual model. Infants & Young Children, 9(4), 23-35.
https://doi.org/10.1097/00001163-199704000-00005

74



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

Dunn, W. (2007). Supporting children to participate successfully in everyday life by using sensory
processing knowledge. Infants & Young Children, 20(2), 84-101.
https://doi.org/10.1097/01.1YC.0000264477.05076.5d

Ernst, ., Stelley, H. (2024). Supporting Young Children's Self-Regulation Through Nature-Based
Practices in Preschool. Behavioral sciences, 14(11), 1013. https://doi.org/10.3390/bs14111013
Ernst, ]., Sobel, D., Neil, A. (2022). Executive function in early childhood: Harnessing the potential of
nature-based practices to elevate and equalize outcomes. Frontiers in Education. 7, 1011912.
https://doi.org/10.3389/feduc.2022.1011912

Fan, M.S.N,, Li, W. H. C,, Ho, L. L. K,, Phiri, L., Choi, K. C. (2023). Nature-Based Interventions for Autistic
Children: A Systematic Review and Meta-Analysis. JAMA network open, 6(12), e2346715.
https://doi.org/10.1001/jamanetworkopen.2023.46715

Ferri, R.; Orsini, A.; Rea, M. ABAS-II - Adaptive behavior assessment system-II; Italian Edition; Giunti
Psychometrics: Firenze, Italy, 2014

Flick, K. M. (2012). The application of a horticultural therapy program for preschool children with
autism spectrum disorder. Journal of Therapeutic Horticulture, 22(1), 38-45.

Friedman, S., A. Morrison, S., Shibata, A. (2024). Practitioner perspectives on nature-based learning
for autistic children. The Journal of Environmental Education, 56(1), 21-35.
https://doi.org/10.1080/00958964.2024.2401785

Friedman, S., Gibson, ]., Jones, C., Hughes, C. (2022). ‘A new adventure”: a case study of autistic
children at Forest School. Journal of Adventure Education and Outdoor Learning, 24(2), 202-218.
https://doi.org/10.1080/14729679.2022.2115522

Frigerio, A., Marzocchi, G. M., & Molinaro, S. (2001). Child Behavior Checklist per I'eta 6-18 anni
(CBCL/6-18): Adattamento italiano. Bosisio Parini: IRCCS E. Medea - Associazione La Nostra
Famiglia.

Fusar-Poli, P., Manchia, M., Koutsouleris, N., Leslie, D., Woopen, C., Calkins, M. E., Dunn, M., Tourneau,
C. L, Mannikko, M., Mollema, T., Oliver, D., Rietschel, M., Reininghaus, E. Z., Squassina, A., Valmaggia,
L., Kessing, L. V., Vieta, E., Correll, C. U., Arango, C., Andreassen, O. A. (2022). Ethical considerations
for precision psychiatry: A roadmap for research and clinical practice. European
Neuropsychopharmacology, 63, 17-34. https://doi.org/10.1016/j.euroneuro.2022.08.001
Fyfe-Johnson, A. L., Hazlehurst, M. F., Perrins, S. P., Bratman, G. N., Thomas, R., Garrett, K. A., Hafferty,
K. R, Cullaz, T. M., Marcuse, E. K., Tandon, P. S. (2021). Nature and Children's Health: A Systematic
Review. Pediatrics, 148(4), e2020049155. https://doi.org/10.1542 /peds.2020-049155

Gabriels, R. L., Pan, Z,, Dechant, B., Agnew, |. A., Brim, N., Mesibov, G. (2015). Randomized Controlled
Trial of Therapeutic Horseback Riding in Children and Adolescents With Autism Spectrum Disorder.
Journal of the American Academy of Child and Adolescent Psychiatry, 54(7), 541-549.
https://doi.org/10.1016/j.jaac.2015.04.007

Galbraith, C,, Lancaster, ]. (2020). Children with Autism in Wild Nature: Exploring Australian Parent
Perceptions Using Photovoice. Journal of Outdoor and Environmental Education, 23, 293-307.
https://doi.org/10.1007 /s42322-020-00064-5

Galvany-Lopez, P., Marti-Vilar, M., Hidalgo-Fuentes, S., Cabedo-Peris, ]. (2024). The Impact of Dog-
Assisted Therapy Among Children and Adolescents with Autism Spectrum Disorder: A Systematic
Review. Children, 11(12), 1499. https://doi.org/10.3390/children11121499

Ghanizadeh A. (2011). Sensory processing problems in children with ADHD, a systematic review.
Psychiatry investigation, 8(2), 89-94. https://doi.org/10.4306/pi.2011.8.2.89

Georgiades, S., Tait, P. A, McNicholas, P. D., Duku, E., Zwaigenbaum, L., Smith, I. M., Bennett, T.,
Elsabbagh, M., Kerns, C. M., Mirenda, P., Ungar, W. ],, Vaillancourt, T., Volden, ]., Waddell, C., Zaidman-
Zait, A., Gentles, S., Szatmari, P. (2022). Trajectories of Symptom Severity in Children with Autism:
Variability and Turning Points through the Transition to School. Journal of Autism and Developmental
Disorders, 52(2), 392-401. https://doi.org/10.1007 /s10803-021-04949-2

Gibson, ] J. (1979). The ecological approach to visual perception. Houghton, Mifflin and Company.
Gillberg, C. (2010). The ESSENCE in child psychiatry: Early symptomatic syndromes eliciting
neurodevelopmental clinical examinations. Research in Developmental Disabilities, 31(6), 1543-
1551. https://doi.org/10.1016/j.ridd.2010.06.002

75



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Gillberg, C. (2021). The essence of autism and other neurodevelopmental conditions: Rethinking co-
morbidities, assessment, and intervention. Jessica Kingsley Publishers.

Gotham, K. Pickles, A, Lord, C. (2012). Trajectories of Autism Severity in Children Using
Standardized ADOS Scores. Pediatrics, 130(5), e1278-e1284. https://doi.org/10.1542 /peds.2011-
3668

Gotham, K., Brunwasser, S. M., Lord, C. (2015). Depressive and anxiety symptom trajectories from
school age through young adulthood in samples with autism spectrum disorder and developmental
delay. Journal of the American Academy of Child and Adolescent Psychiatry, 54(5), 369-76.e3.
https://doi.org/10.1016/j.jaac.2015.02.005

Gourley, L., Wind, C., Henninger, E. M., Chinitz, S. (2013). Sensory Processing Difficulties, Behavioral
Problems, and Parental Stress in a Clinical Population of Young Children. Journal of Child and Family
Studies, 22(7),912-921. https://doi.org/10.1007 /s10826-012-9650-9

Green, S. A, Hernandez, L., Tottenham, N., Krasileva, K., Bookheimer, S. Y., & Dapretto, M. (2015).
Neurobiology of Sensory Overresponsivity in Youth With Autism Spectrum Disorders. JAMA
psychiatry, 72(8), 778-786. https://doi.org/10.1001/jamapsychiatry.2015.0737

Green, S. A., Ben-Sasson, A. (2010). Anxiety disorders and sensory over-responsivity in children with
autism spectrum disorders: is there a causal relationship?. Journal of autism and developmental
disorders, 40(12), 1495-1504. https://doi.org/10.1007/s10803-010-1007-x

Green, S. A., Ben-Sasson, A., Soto, T. W,, Carter, A. S. (2012). Anxiety and sensory over-responsivity in
toddlers with autism spectrum disorders: bidirectional effects across time. Journal of autism and
developmental disorders, 42(6), 1112-1119. https://doi.org/10.1007/s10803-011-1361-3
Griffioen, R. E., van Boxtel, G.]. M., Verheggen, T., Enders-Slegers, M. ]., Van Der Steen, S. (2023). Group
Changes in Cortisol and Heart Rate Variability of Children with Down Syndrome and Children with
Autism  Spectrum Disorder during Dog-Assisted Therapy. Children, 10(7), 1200.
https://doi.org/10.3390/children10071200

Harrison, P. L., & Oakland, T. (2003). Adaptive Behavior Assessment System — Second Edition (ABAS-
II). San Antonio, TX: Harcourt Assessment.

Heft, H. (1988). Affordances of children’s environments: A functional approach to environmental
description. Children’s Environments Quarterly, 5(3), 29-37. http://www.jstor.org/stable/41514683
Hudry, K., Chandler, S., Bedford, R., Pasco, G., Gliga, T., Elsabbagh, M., Johnson, M. H., Charman, T.
(2014). Early language profiles in infants at high-risk for autism spectrum disorders. Journal of
autism and developmental disorders, 44, 154-167. https://doi.org/10.1007/s10803-013-1861-4.
Insel, T., Cuthbert, B., Garvey, M., Heinssen, R., Pine, D. S., Quinn, K., Sanislow, C., Wang, P. (2010).
Research domain criteria (RDoC): Toward a new classification framework for research on mental
disorders. American Journal of Psychiatry, 167(7), 748-751.
https://doi.org/10.1176/appi.ajp.2010.09091379

Insel T. R. (2014). The NIMH Research Domain Criteria (RDoC) Project: precision medicine for
psychiatry. The American journal of psychiatry, 171(4), 395-397.
https://doi.org/10.1176/appi.ajp.2014.14020138

Johnstone, A., Martin, A, Cordovil, R, Fjgrtoft, 1., livonen, S., Jidovtseff, B., Lopes, F., Reilly, J. ],
Thomson, H., Wells, V., McCrorie, P. (2022). Nature-Based Early Childhood Education and Children's
Social, Emotional and Cognitive Development: A Mixed-Methods Systematic Review. International
journal of environmental research and public health, 19(10), 5967.
https://doi.org/10.3390/ijerph19105967

Jordan, M., Hinds, J. (2016). Ecotherapy: Theory, Research and Practice. London: Macmillan Education
UK.

Kaplan, R, Kaplan, S. (1989). The experience of nature: A psychological perspective. Cambridge
University Press.

Kaplan, S. (1995). The restorative benefits of nature: Toward an integrative framework. Journal of
Environmental Psychology, 15(3), 169-182. https://doi.org/10.1016/0272-4944(95)90001-2
Karthikeyan, V. (2023). Horticultural therapy activities can reduce stress and enhance the social and
cognitive skills in autism children. International Journal of Intellectual Disability, 4(1), 39-42

76



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Keating, ]., Gaffney, R, Bramham, ], Downes, M. (2022). Sensory modulation difficulties and
assessment in children with attention deficit hyperactivity disorder: A systematic review. European
Journal of Developmental Psychology, 19(1), 110-144.
https://doi.org/10.1080/17405629.2021.1889502

Knight, S. (2013). Forest school and outdoor learning in the early years. SAGE Publications.
https://doi.org/10.4135/9781036208424

Koenig, K. P, Rudney, S. G. (2010). Performance challenges for children and adolescents with
difficulty processing and integrating sensory information: a systematic review. The American journal
of occupational therapy, 64(3), 430-442. https://doi.org/10.5014/ajot.2010.09073

Kotov, R,, Krueger, R. F., Watson, D., Achenbach, T. M., Althoff, R. R,, Bagby, R. M,, ... & Zimmerman, M.
(2017). The Hierarchical Taxonomy of Psychopathology (HiTOP): A dimensional alternative to
traditional nosologies.  Journal of  Abnormal Psychology, 126(4), 454-477.
https://doi.org/10.1037/abn0000258

Kotov, R, Krueger, R. F., Watson, D., Cicero, D. C., Conway, C. C., DeYoung, C. G., Eaton, N. R,, Forbes,
M. K., Hallquist, M. N,, Latzman, R. D., Mullins-Sweatt, S. N., Ruggero, C. ]., Simms, L. ]., Waldman, I. D.,
Waszczuk, M. A, Wright, A. G. C. (2021). The Hierarchical Taxonomy of Psychopathology (HiTOP): A
Quantitative Nosology Based on Consensus of Evidence. Annual review of clinical psychology, 17, 83-
108. https://doi.org/10.1146/annurev-clinpsy-081219-093304

Kuo, F. E., Taylor, A. F. (2004). A potential natural treatment for attention-deficit/hyperactivity
disorder: evidence from a national study. American journal of public health, 94(9), 1580-1586.
https://doi.org/10.2105/ajph.94.9.1580

Kuo, M., Browning, M. H. E. M,, Penner, M. L. (2018). Do Lessons in Nature Boost Subsequent
Classroom Engagement? Refueling Students in Flight. Frontiers in psychology, 8, 2253.
https://doi.org/10.3389/fpsyg.2017.02253

Lane, S. ], Reynolds, S., Dumenci, L. (2012). Sensory overresponsivity and anxiety in typically
developing children and children with autism and attention deficit hyperactivity disorder: cause or
coexistence?. @ The American journal of occupational therapy, 66(5), 595-603.
https://doi.org/10.5014/ajot.2012.004523

Lee, M.].,Oh, W, Jang, ]. S, Lee, J. Y. (2018). A pilot study: Horticulture-related activities significantly
reduce stress levels and salivary cortisol concentration of maladjusted elementary school children.
Complementary therapies in medicine, 37, 172-177. https://doi.org/10.1016/j.ctim.2018.01.004
Leon, A. C,, Davis, L. L., Kraemer, H. C. (2011). The role and interpretation of pilot studies in clinical
research. Journal of psychiatric research, 45(5), 626-629.
https://doi.org/10.1016/j.jpsychires.2010.10.008

Li, D, Larsen, L., Yang, Y., Wang, L., Zhai, Y., Sullivan, W. C. (2019). Exposure to nature for children
with autism spectrum disorder: Benefits, caveats, and barriers. Health & place, 55, 71-79.
https://doi.org/10.1016/j.healthplace.2018.11.005

Li, Q.,, Morimoto, K., Nakadai, A., Inagaki, H., Katsumata, M., Shimizu, T., Hirata, Y., Hirata, K., Suzuki,
H., Miyazaki, Y., Kagawa, T., Koyama, Y., Ohira, T., Takayama, N., Krensky, A. M., Kawada, T. (2007).
Forest bathing enhances human natural Kkiller activity and expression of anti-cancer proteins.
International journal of immunopathology and pharmacology, 20(2 Suppl 2), 3-8.
https://doi.org/10.1177/03946320070200S202

Little, L. M., Dean, E., Tomchek, S. D., Dunn, W. (2017). Classifying sensory profiles of children in the
general population. Child: care, health and development, 43(1), 81-88.
https://doi.org/10.1111/cch.12391

100. Lord, C., Elsabbagh, M., Baird, G., & Veenstra-VanderWeele, ]. (2018). Autism spectrum

disorder. The Lancet, 392(10242), 508-520. https://doi.org/ 10.1016/50140-6736(18)31129-2

101. Lord, C, Brugha, T. S., Charman, T., Cusack, ], Dumas, G., Frazier, T., Jones, E. ]. H,, Jones, R. M,,

Pickles, A., State, M. W.,, Taylor, ]. L., Veenstra-VanderWeele, J. (2020). Autism spectrum disorder.
Nature reviews. Disease primers, 6(1), 5. https://doi.org/10.1038/s41572-019-0138-4

77



102. Lu, S, Liu, J,, Xu, M., Xu, F. (2023). Horticultural therapy for stress reduction: A systematic

review and meta-analysis. Frontiers in psychology, 14, 1086121.
https://doi.org/10.3389/fpsyg.2023.1086121
103. Lupien, S. J., McEwen, B. S., Gunnar, M. R., Heim, C. (2009). Effects of stress throughout the

lifespan on the brain, behaviour and cognition. Nature reviews. Neuroscience, 10(6), 434-445.
https://doi.org/10.1038/nrn2639

104. McEwen, B. S., Gianaros, P. ]J. (2011). Stress- and allostasis-induced brain plasticity. Annual
review of medicine, 62, 431-445. https://doi.org/10.1146 /annurev-med-052209-100430

105. MacLennan, K., Roach, L., Tavassoli, T. (2020). The Relationship Between Sensory Reactivity
Differences and Anxiety Subtypes in Autistic Children. Autism research, 13(5), 785-795.
https://doi.org/10.1002/aur.2259

106. Marco, E. J., Hinkley, L. B. N., Hill, S. S., Nagarajan, S. S. (2011). Sensory processing in autism: A
review of neurophysiologic findings. Pediatric Research, 69(5 Pt 2), 48R-54R.
https://doi.org/10.1203/PDR.0b013e3182130c54

107. Martensson, F., Boldemann, C., Séderstrom, M., Blennow, M., Englund, J. E., Grahn, P. (2009).
Outdoor environmental assessment of attention promoting settings for preschool children. Health &
place, 15(4), 1149-1157. https://doi.org/10.1016/j.healthplace.2009.07.002

108. Mastorci, F., Lazzeri, M. F. L., Vassalle, C., Pingitore, A. (2024). The Transition from Childhood
to  Adolescence: Between  Health and  Vulnerability.  Children, 11(8), 989.
https://doi.org/10.3390/children11080989

1009. Mazefsky, C. A., Herrington, |., Siegel, M., Scarpa, A., Maddox, B. B., Scahill, L., White, S. W. (2013).
The role of emotion regulation in autism spectrum disorder. Journal of the American Academy of Child
and Adolescent Psychiatry, 52(7), 679-688. https://doi.org/10.1016/j.jaac.2013.05.006

110. Miller, L. J., Anzalone, M. E,, Lane, S. ], Cermak, S. A., Osten, E. T. (2007). Concept evolution in
sensory integration: a proposed nosology for diagnosis. The American journal of occupational
therapy, 61(2), 135-140. https://doi.org/10.5014/ajot.61.2.135

111. Mittly, V., Farkas-Kirov, C., Zana, A., Szabé, K., Onodi-Szabé, V., Purebl, G. (2023). The effect of
animal-assisted interventions on the course of neurological diseases: a systematic review. Systematic
reviews, 12(1), 224. https://doi.org/10.1186/s13643-023-02387-y

112. Mygind, L., Kjeldsted, E., Hartmeyer, R., Mygind, E., Bglling, M., Bentsen, P. (2019). Mental,
physical and social health benefits of immersive nature-experience for children and adolescents: A
systematic review and quality assessment of the evidence. Health & place, 58, 102136.
https://doi.org/10.1016/j.healthplace.2019.05.014

113. Neil, L., Olsson, N. C., Pellicano, E. (2016). The Relationship Between Intolerance of Uncertainty,
Sensory Sensitivities, and Anxiety in Autistic and Typically Developing Children. Journal of autism
and developmental disorders, 46(6), 1962-1973. https://doi.org/10.1007/s10803-016-2721-9

114. Nevil, W.S., & Beela, G. K. (2023). Impact of horticultural therapy in social intelligence of people
with autism spectrum disorder. International Journal of Autism, 3(1), 06-13.

115. Nieforth, L. O., Schwichtenberg, A. ]., O'Haire, M. E. (2023). Animal-Assisted Interventions for
Autism Spectrum Disorder: A Systematic Review of the Literature from 2016 to 2020. Review journal
of autism and developmental disorders, 10(2), 255-280. https://doi.org/10.1007/s40489-021-
00291-6

116. Nithianantharajah, ]., Hannan, A. ]. (2006). Enriched environments, experience-dependent
plasticity and disorders of the nervous system. Nature reviews. Neuroscience, 7(9), 697-709.
https://doi.org/10.1038/nrn1970

117. Odame-Asante, E., Ani, C,, Mura, S. (2025). Nature-Based Learning and Autism: A Systematic
Review of Autistic Children’s Emotional Health and Behavioural Outcomes. British Journal of
Psychiatry Open, 11(S1), S59-S60. https://doi.org/10.1192 /bjo.2025.10207

118. O'Haire M. E. (2013). Animal-assisted intervention for autism spectrum disorder: a systematic
literature review. Journal of autism and developmental disorders, 43(7), 1606-1622.
https://doi.org/10.1007/s10803-012-1707-5

78



1109. Parham, L. D.; Ecker, C. E.; Kuhaneck, H. M.; Henry, D. A.; Glennon, T. ]. Sensory Processing
Measure (SPM): Manual; Western Psychological Services: Los Angeles, CA, USA, 2007.

120. Pellicano, E., den Houting, J. (2022). Annual Research Review: Shifting from 'normal science' to
neurodiversity in autism science. Journal of child psychology and psychiatry, and allied disciplines,
63(4), 381-396. https://doi.org/10.1111/jcpp.13534

121. Pretty, J., Peacock, J., Sellens, M., Griffin, M. (2005). The mental and physical health outcomes of
green exercise. International journal of environmental health research, 15(5), 319-337.
https://doi.org/10.1080/09603120500155963

122. Ramshini, M., Karimi, H., Hassan Zadeh, S., Afrooz, G., Hashemi Razini, H., Shahrokhian, N.
(2018). The effect of family-centered nature therapy on the sensory processing of children with
autism spectrum. International Journal of Sport Studies for Health, 1, e85506.
https://doi.org/10.5812 /intjssh.85506

123. Rios-Rodriguez, M. L., Rosales, C., Hernandez, B., Lorenzo, M. (2024). Benefits for emotional
regulation of contact with nature: a systematic review. Frontiers in psychology, 15, 1402885.
https://doi.org/10.3389/fpsyg.2024.1402885

124. Robertson, C. E., Baron-Cohen, S. (2017). Sensory perception in autism. Nature reviews.
Neuroscience, 18(11), 671-684. https://doi.org/10.1038/nrn.2017.112
125. Robertson, A. E., Simmons, D. R. (2013). The relationship between sensory sensitivity and

autistic traits in the general population. Journal of autism and developmental disorders, 43(4), 775-
784. https://doi.org/10.1007/s10803-012-1608-7

126. Roszak, T. (1992). The voice of the earth: An exploration of ecopsychology. New York: Simon &
Schuster.

127. Scartazza, A., Mancini, M.L., Proietti, S., Moscatello, S., Mattioni, C., Costantini, F., Di Baccio, D.,
Villani, F., Massacci, A., (2020). Caring local biodiversity in a healing garden: Therapeutic benefits in
young subjects with autism. Urban Forestry & Urban Greening, 47, 126511.
https://doi.org/10.1016/j.ufug.2019.126511

128. Schaaf, R. C,, Schoen, S. A, Lane, S. ], May-Benson, T. A,, Parham, L. D., Lane, S. ]., Smith Roley, S.,
Mailloux, Z. (2010). A frame of reference for sensory integration. In P. Kramer & J. Hinojosa (Eds.),
Frames of Reference for Pediatric Occupational Therapy (3rd ed., pp. 99-186). Lippincott Williams &
Wilkins.

129. Schaaf, R. C., Benevides, T., Mailloux, Z., Faller, P., Hunt, ]., van Hooydonk, E., Freeman, R, Leiby,
B., Sendecki, ], Kelly, D. (2014). An intervention for sensory difficulties in children with autism: a
randomized trial. Journal of autism and developmental disorders, 44(7), 1493-1506.
https://doi.org/10.1007/s10803-013-1983-8

130. Schaaf, R. C., Burke, J. P, Cohn, E., May-Benson, T. A,, Schoen, S. A, Roley, S. S., Lane, S. ]., Parham,
L. D., Mailloux, Z. (2014b). State of measurement in occupational therapy using sensory integration.
The American journal of occupational therapy, 68(5), e149-e153.
https://doi.org/10.5014/ajot.2014.012526

131. Schaaf, R. C,, Benevides, T. W,, Kelly, D., Mailloux-Maggio, Z. (2012). Occupational therapy and
sensory integration for children with autism: a feasibility, safety, acceptability and fidelity study.
Autism, 16(3), 321-327. https://doi.org/10.1177/1362361311435157

132. Schaaf, R. C,, Davies, P. L. (2010). Evolution of the sensory integration frame of reference. The
American journal of occupational therapy, 64(3), 363-367.
https://doi.org/10.5014/ajot.2010.090000

133. Schauder, K. B., & Bennetto, L. (2016). Toward an Interdisciplinary Understanding of Sensory
Dysfunction in Autism Spectrum Disorder: An Integration of the Neural and Symptom Literatures.
Frontiers in neuroscience, 10, 268. https://doi.org/10.3389/fnins.2016.00268

134. Scheerer, N. E., Pourtousi, A, Yang, C.,, Ding, Z., Stojanoski, B., Anagnostou, E., Nicolson, R.,
Kelley, E., Georgiades, S., Crosbie, |., Schachar, R.,, Ayub, M., Stevenson, R. A. (2024). Transdiagnostic
Patterns of Sensory Processing in Autism and ADHD. Journal of autism and developmental disorders,
54(1), 280-292. https://doi.org/10.1007 /s10803-022-05798-3

135. Sempik, |., Aldridge, ]., Becker, S. (2005). Health, well-being and social inclusion: Therapeutic
horticulture in the UK. Policy Press.

79



136. Spurk, D., Hirschi, A.,, Wang, M., Valero, D., Kauffeld, S. (2020). Latent profile analysis: A review
and “how to” guide of its application within vocational behavior research. Journal of Vocational
Behavior, 120, 103445. https://doi.org/10.1016/j.jvb.2020.103445

137. Stringer, D., Kent, R,, Briskman, J., Lukito, S., Charman, T., Baird, G., Lord, C., Pickles, A., Simonoff,
E. (2020). Trajectories of emotional and behavioral problems from childhood to early adult life.
Autism, 24(4), 1011-1024. https://doi.org/10.1177/1362361320908972

138. Sudimac, S., Sale, V., Kiihn, S. (2022). How nature nurtures: Amygdala activity decreases as the
result of a one-hour walk in nature. Molecular psychiatry, 27(11), 4446-4452.
https://doi.org/10.1038/s41380-022-01720-6

139. Taylor, A. F., Kuo, F. E. (2009). Children with attention deficits concentrate better after walk in
the park. Journal of attention disorders, 12(5), 402-4009.
https://doi.org/10.1177/1087054708323000

140. Than, A., Patterson, G.,, Cummings, K. K, Jung, J., Cakar, M. E., Abbas, L., Bookheimer, S. Y.,
Dapretto, M., & Green, S. A. (2024). Sensory over-responsivity and atypical neural responses to
socially  relevant  stimuli in autism.  Autism research, 17(7), 1328-1343.
https://doi.org/10.1002/aur.3179

141. Thapar, A. Cooper, M. Rutter, M. (2017). Neurodevelopmental disorders. The Lancet.
Psychiatry, 4(4), 339-346. https://doi.org/10.1016/S2215-0366(16)30376-5

142. Thelen, E., Smith, L. B. (1994). A dynamic systems approach to the development of cognition and
action. The MIT Press.

143. Tillmann, J., Uljarevic, M., Crawley, D., Dumas, G., Loth, E., Murphy, D., Buitelaar, ]., Charman, T.,
AIMS-2-TRIALS LEAP group (2020). Dissecting the phenotypic heterogeneity in sensory features in
autism spectrum disorder: a factor mixture modelling approach. Molecular autism, 11(1), 67.
https://doi.org/10.1186/s13229-020-00367-w

144. Tottenham, N., Galvan, A. (2016). Stress and the adolescent brain: Amygdala-prefrontal cortex
circuitry and ventral striatum as developmental targets. Neuroscience and biobehavioral reviews, 70,
217-227. https://doi.org/10.1016/j.neubiorev.2016.07.030

145. Tran, H. T, Li, Y. C, Lin, H. Y., Lee, S. D., Wang, P. ]. (2022). Sensory Processing Impairments in
Children  with  Developmental = Coordination  Disorder.  Children,  9(10), 1443.
https://doi.org/10.3390/children9101443

146. Twohig-Bennett, C., Jones, A. (2018). The health benefits of the great outdoors: A systematic
review and meta-analysis of greenspace exposure and health outcomes. Environmental research,
166, 628-637. https://doi.org/10.1016/j.envres.2018.06.030

147. Ulrich, R. S. (1983). Aesthetic and affective response to natural environment. In: Altman, I.,
Wohlwill, J.F. (eds) Behavior and the natural environment (Vol. 6, pp. 85-125). Boston, MA: Springer
US. https://doi.org/10.1007/978-1-4613-3539-9_4

148. Ulrich R. S. (1991). Effects of interior design on wellness: theory and recent scientific research.
Journal of health care interior design: proceedings from the ... Symposium on Health Care Interior
Design. Symposium on Health Care Interior Design, 3, 97-109.

149. Ulrich, R. S,, Simons, R. F,, Losito, B. D., Fiorito, E., Miles, M. A., Zelson, M. (1991). Stress recovery
during exposure to natural and urban environments. Journal of Environmental Psychology, 11(3),
201-230. https://doi.org/10.1016/S0272-4944(05)80184-7

150. Vanaken, G. J., Danckaerts, M. (2018). Impact of Green Space Exposure on Children's and
Adolescents' Mental Health: A Systematic Review. International journal of environmental research
and public health, 15(12), 2668. https://doi.org/10.3390/ijerph15122668

151. van den Berg, A. E., van den Berg, C. G. (2011). A comparison of children with ADHD in a natural
and  built setting. Child: care, health and  development, 37(3), 430-439.
https://doi.org/10.1111/j.1365-2214.2010.01172.x

152. van den Berg, A. E., Wesselius, J. E.,, Maas, ]., Tanja-Dijkstra, K. (2016). Green Walls for a
Restorative Classroom Environment: A Controlled Evaluation Study. Environment and Behavior,
49(7), 791-813. https://doi.org/10.1177/001391651666797

80



153. van den Boogert, F., Sizoo, B., Spaan, P., Tolstra, S., Bouman, Y. H. A., Hoogendijk, W.]. G., & Roza,
S.]. (2021). Sensory Processing and Aggressive Behavior in Adults with Autism Spectrum Disorder.
Brain sciences, 11(1), 95. https://doi.org/10.3390/brainsci11010095

154. Varadarajan, S., Herchet, M., Mack, M., Hofmann, M., Bisle, E., Sayer, E., Kolassa, I. T. (2025).
Salutogenic effects of greenspace exposure: An integrated biopsychological perspective on stress
regulation, mental and physical health in the urban population. Open Psychology, 7(1), 20240003.
https://doi.org/10.1515/psych-2024-0003

155. Weiss, J. A. Transdiagnostic Case Conceptualization of Emotional Problems in Youth with ASD:
An Emotion Regulation Approach. (2014). Clinical Psychology (New York), 21(4), 331-350.
https://doi.org/10.1111/cpsp.12084

156. Wells, N. M., Evans, G. W. (2003). Nearby nature: A buffer of life stress among rural children.
Environment and Behavior, 35(3), 311-330. https://doi.org/10.1177/0013916503035003001

157. Wilson, E. O. (1986). Biophilia. Harvard university press.

158. Whitehead, A. L., Julious, S. A, Cooper, C. L., Campbell, M. ]. (2016). Estimating the sample size
for a pilot randomised trial to minimise the overall trial sample size for the external pilot and main
trial for a continuous outcome variable. Statistical methods in medical research, 25(3), 1057-1073.
https://doi.org/10.1177/0962280215588241

159. Wu, S., Pan, C, Yao, L., Wu, X. (2022). The Impact of the Urban Built Environment on the Play
Behavior of Children with ASD. International Journal of Environmental Research and Public Health,
19(22), 14752. https://doi.org/10.3390/ijerph192214752

160. Zare Sakhvidi, M. ., Knobel, P., Bauwelinck, M., de Keijzer, C., Boll, L. M., Spano, G., Ubalde-Lopez,
M., Sanesi, G., Mehrparvar, A. H., Jacquemin, B., Dadvand, P. (2022). Greenspace exposure and
children behavior: A systematic review. The Science of the total environment, 824, 153608.
https://doi.org/10.1016/j.scitotenv.2022.153608

161. Zwaigenbaum, L., Bauman, M. L., Stone, W. L., Yirmiya, N., Estes, A., Hansen, R. L., McPartland, J.
C., Natowicz, M. R,, Choueiri, R., Fein, D., Kasari, C., Pierce, K,, Buie, T., Carter, A., Davis, P. A,
Granpeesheh, D., Mailloux, Z., Newschaffer, C., Robins, D., Roley, S. S., Wagner, S., Wetherby, A. (2015).
Early identification of autism spectrum disorder: Recommendations for practice and research.
Pediatrics, 136(Supplement_1), S10-S40. https://doi.org/10.1542 /peds.2014-3667C

81



APPENDIX - Supplementary Statistical Tables

Table A1 Significant Cross-Domain Spearman Correlations at Baseline (p <.05)

Variable 1 Variable 2 Spearman p p-value
SPM SOC ABAS-11 GAC -0.662 .005
SPM SOC ABAS-II CON -0.498 .05
SPM SOC ABAS-I1 SOC -0.701 .002
SPM SOC ABAS-I1 PRA -0.725 .001
SPM SOC SRS-2 Social Awareness 0.551 .027
SPM SOC SRS-2 Social Cognition 0.561 .024
SPM SOC SRS-2 Social Communication 0.58 .018
SPM SOC SRS-2 Social Motivation 0.586 .017
SPM SOC SRS-2 Restricted Interests and Repetitive Behavior 0.677 .004
SPM SOC SRS-2 Social Communication and Interaction 0.618 .011
SPM SOC SRS-2 Total 0.629 .009
SPM VIS SRS-2 Social Communication 0.512 .042
SPM VIS SRS-2 Social Motivation 0.512 .043
SPM VIS SRS-2 Restricted Interests and Repetitive Behavior 0.598 .014
SPM VIS SRS-2 Total 0.504 .046
SPM HEA SRS-2 Restricted Interests and Repetitive Behavior 0.506 .046
SPM BOD CBCL 6-18 Social Problems 0.59 .016
SPM BOD SRS-2 Social Motivation 0.52 .039
SPM BOD SRS-2 Restricted Interests and Repetitive Behavior 0.596 .015
SPM BOD SRS-2 Total 0.538 .032
SPM BAL SRS-2 Total 0.502 .048
SPM PLA SRS-2 Social Cognition 0.626 .01
SPM PLA SRS-2 Social Communication 0.521 .039
SPM PLA SRS-2 Restricted Interests and Repetitive Behavior 0.557 .025
SPM PLA SRS-2 Social Communication and Interaction 0.555 .026
SPM PLA SRS-2 Total 0.592 .016
SPM TOT SRS-2 Social Cognition 0.525 .037
SPM TOT SRS-2 Social Communication 0.507 .045
SPM TOT SRS-2 Restricted Interests and Repetitive Behavior 0.567 .022
SPM TOT SRS-2 Social Communication and Interaction 0.527 .036
SPM TOT SRS-2 Total 0.568 .022
ABAS-II GAC SRS-2 Social Cognition -0.674 .004
ABAS-II GAC SRS-2 Social Communication -0.56 .024
ABAS-II GAC SRS-2 Social Motivation -0.554 .026
ABAS-II GAC SRS-2 Restricted Interests and Repetitive Behavior -0.498 .05
ABAS-II GAC SRS-2 Social Communication and Interaction -0.622 .01
ABAS-11 GAC SRS-2 Total -0.592 .016
ABAS-II CON SRS-2 Social Cognition -0.576 .02
ABAS-II1 CON SRS-2 Social Communication and Interaction -0.517 .04
ABAS-I1 SOC SRS-2 Social Awareness -0.807 .0
ABAS-11 SOC SRS-2 Social Cognition -0.559 .024
ABAS-I1 SOC SRS-2 Social Communication -0.636 .008
ABAS-I1 SOC SRS-2 Social Motivation -0.667 .005
ABAS-11 SOC SRS-2 Social Communication and Interaction -0.686 .003
ABAS-I1 SOC SRS-2 Total -0.624 .01
CBCL 6-18 Anxious/Depressed SRS-2 Restricted Interests and Repetitive Behavior 0.503 .047
CBCL 6-18 Withdrawn/Depressed SRS-2 Social Communication 0.502 .047
CBCL 6-18 Withdrawn/Depressed SRS-2 Social Motivation 0.656 .006
CBCL 6-18 Withdrawn/Depressed SRS-2 Restricted Interests and Repetitive Behavior 0.534 .033
CBCL 6-18 Withdrawn/Depressed SRS-2 Total 0.564 .023
CBCL 6-18 Somatic Complaints SRS-2 Social Motivation 0.528 .036
CBCL 6-18 Social Problems SRS-2 Social Motivation 0.614 .011
CBCL 6-18 Thought Problems SRS-2 Social Communication 0.572 .021
CBCL 6-18 Thought Problems SRS-2 Social Motivation 0.531 .034
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CBCL 6-18 Thought Problems SRS-2 Social Communication and Interaction 0.563 .023
CBCL 6-18 Thought Problems SRS-2 Total 0.53 .035
CBCL 6-18 Internalizing Problems SRS-2 Social Motivation 0.645 .007
CBCL 6-18 Internalizing Problems SRS-2 Restricted Interests and Repetitive Behavior 0.554 .026
CBCL 6-18 Internalizing Problems SRS-2 Total 0.532 .034
CBCL 6-18 Externalizing Problems SRS-2 Social Cognition 0.532 .034
CBCL 6-18 Total Problems SRS-2 Social Motivation 0.504 .047
CBCL 6-18 Total Problems SRS-2 Restricted Interests and Repetitive Behavior 0.521 .039

SPM = Sensory Processing Measure; SOC = social participation; VIS = vision; HEA = hearing; BOD = body awareness;
PLA = planning and ideas; TOT = total sensory score; CBCL 6-18 = Child Behavior Checklist for Ages 6-18; SRS-2 =
Social Responsiveness Scale, 2nd Edition; ABAS-II = Adaptive Behavior Assessment System, 2nd Edition; GAC =
Global Adaptive Composite. Only statistically significant correlations (p <.05) are reported.

Table A2 Supplementary Paired-Sample t-Test Results and Cohen’s d Effect Sizes for Pre-Post Changes

| t (df) | p-value | Mean Difference | Cohen’s d
SPM Domain
SOC T-score -2.87 (15) .012* -3.75 -0.72
VIS T-score -3.68 (15) .002* -3.19 -0.92
HEA T-score -2.99 (15) .009* -2.87 -0.75
TOU T-score -2.86 (15) .012* -1.81 -0.71
TAS raw score -1.93 (15) .073 -1.06 -0.48
BOD T-score -2.10 (15) .053 -1.25 -0.52
BAL T-score -2.41 (15) .029* -2.50 -0.60
PLA T-score -1.47 (15) 161 -1.56 -0.37
TOT T-score -0.89 (15) .385 -1.12 -0.22
CBCL 6-18 Scale
Anxious/Depressed -3.57 (15) .003* -2.56 -0.89
Withdrawn/Depressed -3.64 (15) .002* -2.87 -0.91
Somatic Complaints -3.05 (15) .008* -3.94 -0.76
Social Problems -3.78 (15) .002* -2.69 -0.94
Thought Problems -2.96 (15) .010* -2.56 -0.74
Attention Problems -3.48 (15) .003* -3.94 -0.87
Rule-Breaking Behavior -4.00 (15) .001* -3.06 -1.00
Aggressive Behavior -2.39 (15) .030* -1.87 -0.60
Internalizing Problems -6.20 (15) <.001* -4.81 -1.55
Externalizing Problems -3.04 (15) .008* -4.44 -0.76
Total Problems -2.77 (15) .014* -3.81 -0.69
SRS-2 Scale
Social Awareness -4.34 (15) <.001* -4.75 -1.09
Social Cognition -5.33(15) <.001* -2.87 -1.33
Social Communication -3.19 (15) .006* -3.25 -0.80
Social Motivation -2.98 (15) .009* -4.50 -0.74
Restricted Interests and Repetitive Behavior -4.70 (15) <.001* -3.31 -1.17
Social Communication and Interaction -3.61 (15) .003* -3.62 -0.90
Total -3.94 (15) .001* -3.875 -0.98
ABAS-II Scale
Conceptual 2.92 (15) 011* 5.25 0.73
Social 4.53 (15) <.001* 4.87 1.13
Practical 0.15 (15) .883 0.44 0.04
GAC 3.54 (15) .003* 3.75 0.88

SPM = Sensory Processing Measure; SOC = social participation; VIS = vision; HEA = hearing; TOU = touch; TAS =
taste and smell; BOD = body awareness; BAL = balance and motion; PLA = planning and ideas; TOT = total sensory
score; CBCL 6-18 = Child Behavior Checklist for Ages 6-18; SRS-2 = Social Responsiveness Scale, 2nd Edition; ABAS-
II = Adaptive Behavior Assessment System, 2rd Edition; GAC = Global Adaptive Composite. Negative Cohen’s d values
indicate reductions in symptom scores (e.g.,, CBCL 6-18, SRS-2, SPM), reflecting improvement. Positive values
indicate increases in adaptive functioning (e.g., ABAS-II), also reflecting improvement. * p <.05.
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