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ABSTRACT

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder with a high
incidence among children; children aged 4 to 10 with mild to moderate symptoms
account for more than 70% of the total ASD children, yet the supply of community-
based healing products and interactive services for this group is severely insufficient,
and immersive intervention based on Augmented Reality (AR) technology and inclusive
design has become a preferred solution for the community integration of this group.
However, the contradiction between conventional healing models and the community
intervention needs of autistic children, which is also the key to poor intervention effects,
is concentrated in three imbalances: disconnection of healing models, insufficient
community support, and conflicting intervention concepts, which are specifically
manifested as the lack of personalized design, the breakdown of linkage mechanisms,
and the neglect of emotions and active participation. Based on the core concept of
inclusive design, this study proposes “Starlight & Listening Fox”: an inclusive AR
healing IP system design scheme for community autistic children, and the research
content covers extracting three core principles under inclusive design, namely adapting
to sensory sensitivity, stimulating active participation, and constructing a closed loop of
community support, and building an integrated healing framework of “IP+AR+Inclusive
Ul aiming to improve the design of AR healing systems, verify their feasibility and
healing effects, provide community autistic children with healing schemes that combine
adaptability and interactivity, promote the theoretical and practical development of AR
and inclusive design empowering the community rehabilitation of ASD children, and
offer experience-oriented practical references for the application of IP+AR technology
in the field of children’s rehabilitation.

Keywords: Children with autism, Inclusive design, Augmented reality technology, User interface
Design, Children’s rehabilitation, Community intervention

INTRODUCTION

The number of children diagnosed with Autism Spectrum Disorder (ASD)
keeps increasing. Data from the U.S. CDC (2025) shows that 1 in 36 children
has ASD. The growing number of autistic children has placed heavy physical,
psychological and economic burdens on their parents, which greatly harms
their well-being (Turnage et al., 2025). In 2024, several Chinese authorities
issued the Action Plan for the Care and Promotion of Autistic Children
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(2024-2028). This plan extended rehabilitation assistance to age 16 and
added 29 medical and nursing items to medical insurance (Lan, 2025). The
Juniper Garden Children’s Project (JGCP) at the University of Kansas has
focused on school-family collaborative intervention for autistic children. It
has promoted targeted training methods for children, parents and school
staff to improve their communication and social skills (Bourque et al.,
2025). These policies and projects have laid a solid foundation for autism
rehabilitation. They support the practice of autism healing in communities
and provide solutions for the shortage of rehabilitation resources and
community integration difficulties for autistic children.

In modern society, the poor effect of community intervention for autistic
children has three main causes. Traditional rehabilitation focuses on
institutional passive training, with courses disconnected from daily community
scenes and no personalized plans for children’s language, behavior or social
disorders, so abilities cannot be used in daily life. Some communities lack
acceptance, flexible social scenes and exclusive intervention resources, and
the medical-education-family linkage is broken without a full intervention
loop (Cheng et al., 2018). Wrong intervention cognition overemphasizes
skill training and ignores children’s emotional connection, even forcing
them to accept interventions, which lowers their initiative. This also fits the
common problem of passive service acceptance in community participation
(Suwankhong & Liamputtong, 2025).

In recent years, autism rehabilitation research has integrated AR technology
and inclusive design. It creates a low-anxiety intervention environment and
improves the immersion of social skill training. However, the quality of AR
rehabilitation products varies greatly. Many do not fit the cognitive, motor
and sensory characteristics of autistic children (Liu et al., 2021). Complex
interfaces and insufficient emotional interaction increase their learning
burden. Some products only use AR as a gimmick, lack deep integration with
inclusive design, and fail to connect with family and community scenarios
(Lee & Huang, 2025).

Therefore, based on existing research at home and abroad, and along with
the present needs of community intervention for autistic children, this paper
puts forward the following research questions.

1. This study explores IP+AR healing content and inclusive Ul design,
combining the sensory preferences and cognitive traits of 4-10-year-
old autistic children, to ensure the system’s adaptability and emotional
appeal.

2. This study explores scene-based interaction by deeply integrating AR
technology and community scenarios, to improve autistic children’s
community adaptation and social participation willingness.

This study aims to improve the social and adaptive skills of 4-10-year-
old autistic children. It follows inclusive design and uses AR technology
through IP+AR healing content, inclusive Ul interfaces and community scene
interaction, helping AR better play its healing role in community support for
autistic children.
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RELATED WORK
Current Status of Inclusive Design Products for Children

Parents pay more attention to autistic children’s all-round development
and worry about their poor social integration and insufficient traditional
rehabilitation, so more families and institutions focus on inclusive design
products to help special needs children adapt and integrate into society (Hu
et al. 2020) designed inclusive play and teaching aids for visually impaired
preschoolers, enabling equal interaction with normal children through games
to promote cognitive and social development. Monika’s team developed the
“Catch the Thief” voice game using VUI technology, fitting joint play needs
and providing inclusive experiences even in low-resource environments
(Johry, 2025). Karina’s team proposed an inclusive classroom model for
autistic children, building a low-stimulation structured space to meet the
needs of both autistic and normal children (Calle & Almeida, 2025).

Children’s inclusive design products have grown diverse and focused
on multi-sensory experience and social inclusion. However, they still face
problems. There are not enough exclusive adaptive products for visually
impaired and autistic children, and supporting services and R&D systems
are incomplete, which limits targeted support (Hu et al., 2020). Spatial
design neglects sensory needs, with physical and sensory barriers and poor
personalization, which hinders daily integration and intervention effects
(Calle & Almeida, 2025).

The Application of Augmented Reality (AR) Technology in the
Intervention for Autistic Children

AR technology has been widely applied in autism intervention globally. Li’s
team combined AR with concept maps to develop a gamified intervention
system for symbolic ability (Lee & Chen, 2025). Li and Wang built the
AR-TBRP role-play game to boost imagination and social cognition (Lee &
Wang, 2025). Li and Huang designed the CMAR-ST system to train social
skills through AR tabletop games (Lee & Huang, 2025). Liu et al. created
an AR travel system to improve independent travel ability based on sensory
integration (Liu et al., 2024).

Currently, AR application in autism intervention shows a positive trend,
providing immersive, gamified and personalized experiences to improve
children’s intervention engagement and core abilities in multiple scenarios.
However, it faces dilemmas: some autistic children resist AR devices, affecting
intervention continuity (Zhao et al., 2024); existing AR interventions have
small samples and single scenarios, hindering skill transfer (Zhao et al., 2024);
some lack a unified teaching framework and personalized mechanism, failing
to meet different children’s needs (Lee & Chen, 2025).

METHODOLOGY

The solution proposed in this study consists of three parts: 1. It proposes
a four-dimensional integrated scenario-based inclusive healing model with
the Starlight & Listening Fox IP as the core. 2. It establishes an AR dynamic
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feedback mechanism adapted to the sensory characteristics of autistic children
to create a low-risk social sandbox. 3. Based on inclusive design, it creates an
all-ability friendly interaction entry that fits the cognition of autistic children.

System Overview

Inclusive design is a design thinking and practical system rooted in the diverse
nature of humanity, which aims to ensure that design outcomes can be used
by the widest possible range of people, respects the natural differences
of people in dimensions such as sensory perception, ability, culture, and
context, and creates adaptable and accessible products, services, or spaces
through the core approach of co-designing with users rather than designing
for users. Its core lies in adhering to the three fundamental principles of
humility, accountability, and care, aiming to break intangible barriers and
achieve the goal of “designing for one, benefiting all”; it is an underlying
thinking that runs through the entire design process and avoids various
design biases (Gilbert, 2025), and is highly consistent with the core needs of
community rehabilitation and digital healing for children with special needs
(see Figure 1).

Humility
Principle

User-led

Care
Principle
Protect Dignity
and Privacy

Accountability
Principle

Prioritizing
Marginalized

Figure 1: Core principles of the inclusive design concept.

Based on this idea, this study deals with practical problems autistic
children face in communities—lack of rehabilitation resources, unsuitable
services, and difficulty fitting into society. It aims to set up an inclusive AR
therapeutic IP system for these children, with “Starlight & Listening Fox”
as its core logo. The system provides a tailored and organized intervention
tool for their rehabilitation and community integration. Its overall goal is
to mix virtual IP images, AR interaction technology, inclusive Ul and real
community scenarios to build a multi-faceted integrated intervention system,
which helps improve autistic children’s social skills and their integration into
the community.

To achieve this goal, this study establishes a three-level and four-
dimensional integrated framework. This framework follows three core
principles of inclusive design. It forms a complete cycle from theory to
practice. It systematically guides later design and practical work.

The Theoretical Adaptation Layer follows the Accountability Principle. It
sorts out the theoretical links between inclusive design and digital healing.
It builds a response method for autistic children’s three main difficulties:
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social interaction, sensory perception and adaptation. This layer proves the
four-dimensional integrated system is practical. It also establishes the study’s
theoretical validity and core design direction.

The Demand Research Layer implements the Principle of Humility,
conducts collaborative research and user co-creation in conjunction with
autistic children, parents, and rehabilitation experts, accurately identifies
the diverse needs and core pain points in family and community contexts,
and ensures that the system design always takes real user demands as the
fundamental starting point.

The Four-Dimensional Design Layer, as the practical core of the framework,
aims to implement the Principle of Care and realize inclusive healing
functions by constructing four mutually coordinated dimensions. Among
them, the IP Emotional Dimension takes dual-IP narration as the emotional
carrier to establish connections, alleviate anxiety and guide behaviors; the
AR Interaction Dimension develops community AR tasks and builds a low-
risk social sandbox connecting virtual and real social interactions; the Ul
Interaction Dimension follows accessibility standards to create an inclusive
interface. This framework establishes a clear context for the collaboration
of theory, demand and practice, which advance layer by layer and support
each other, thus systematically covering the complete process from laying
the theoretical foundation, defining core issues, generating solutions to
finally verifying the effectiveness in specific scenarios, and providing clear
practical guidance for the IP image creation, Ul interface optimization, AR
interaction development and community implementation and application of
the “Starlight & Listening Fox” inclusive AR therapeutic IP system.

IP Image and Narrative Design: Constructing an Emotional Guidance
Carrier

The dual IPs of Starlight & Listening Fox are positioned as inclusive
emotional guidance subjects, designed specifically for autistic children and
strictly adhering to the principles of inclusive design; based on their sensory
sensitivity and deficiencies in emotional expression, they construct a bridge of
emotional connection through a companion-guidance collaborative model,
adapting to the healing needs of all scenarios including families, communities,
and institutions. Their modeling, proportions, color tones, and costumes are
all designed around inclusivity, with the specific design as follows:

The modeling of Starlight & Listening Fox centers on adapting to the
healing needs of autistic children, adopting a soft and approachable cartoon
style to construct a bridge of emotional connection through low-stimulus,
high-empathy visual language (see Table 1).



Zhang

18

ugisap
9[1oel pue AAAes
-(o91 & uLmiesy

sjuawWwd[d uSIsap
PAWAYI-X0J [IIM
‘(morpad 33

mu.ﬂcﬁv\w@ﬂ

S3A0] pue ‘spoylaur

UOLEIIUNWUIOD

‘owayds 10[0d urreyo 01 mo[[o4 ared) aaneaouur sazo[dxa
Sunsenuod  snoAarydsIw Juatperd moj4 ‘wsnne YIIm asIM ur1oy a1
Mo[[a4-pue-an|q YI[-X0J © B UT 1IN0 9[41s UQIPTIYD M amjeu pue ‘yuadIaiut -juejul UL
B UL SS2IPPEaY  YIIM A[aAT]| -19MEaIqpuUIM  SUNEIIUNUIWIOD UT £q snoaaryosIu ‘[ngI99Yd ur ‘uards xo0J X0
Ied-x0j pue [njfe[q Eililg) 1y 31[TRIG SISTSSY pue [njde[q ‘ydey  opewa  [eruud[Iy  SurualsTy
Awouonse
S[reIsp Surro[dxs pue sawWN 18 UOHOBINUI suroned
9ATIBIODIP 2IND ‘TOTIBITUNUIUIOD [euostadraut Sunyury
SIUAWIAD yam ‘sauol 1oy Surpm$ pue uorssaxdxe  onbrun yam
9ATIBIONIP yonol ATYM-pue-an[q ‘wsnne YIIm [eqIoA YaIm ‘wondadrad
IR[NOIID YIIM yded e Ul S110ys  UaIp[IYyd jo suraned so[38nms 9418 £108U9s
S[ismey  Yam ‘AJaAl] pue do 91418 Supury a3 UONEIIUNWIWIOD JATIISUDS
[readuod s[qnog pue pIAIA -[ensed £zo)) Surdpnis sfolug S13BIOUASOIP] A[ySTH orewag plo sieak O] ySipreIg
SOLI0SSI00Y MeH]  uolssaxdxy sowIn3s0)) Sa1qqOH sme[q Aeuospg  IOpuULn) a8y sweN

‘ubBisap Buiuonisod ajoy :L d|qeL



Starlight & Listening Fox 19

The design prototype of Starlight comes from observations of autistic
children’s daily lives. It has cute and lively features, with double ponytails
and bright but soft colors. It uses a gentle smiling expression to bring a
sense of companionship. It adopts low-saturation light blue and beige to
reduce visual stimulation. Its 1:2.5 head-to-body ratio and soft shapes lower
children’s sensory pressure and increase friendliness. Listening Fox takes
the fox as its prototype and uses the agile and warm qualities of foxes. It
simplifies facial lines to help autistic children recognize emotions more easily.
It uses ear and tail movements to show different feelings. Its fluffy orange
tail brings warmth and emotional security. Soft and round shapes make the
whole image gentle and easy to approach. Neither character uses complex
expressions to show emotions. They use body language, soft colors and simple
accessories to communicate emotions clearly. These two character designs act
as professional emotional support tools. They provide companionship and
therapeutic comfort for autistic children. The clothing and accessories of the
characters balance practical functions and emotional comfort. This design
fully meets the core needs of inclusive user interface design (see Figure 3).

Figure 3: IP Image design.

Starlight uses soft cotton and linen with loose Velcro straps. This stops
children from getting upset when using buttons. It also has emotional dressing
cards, suitable for home, community and calming moments. It links different
emotions with soft colors, helping children express themselves more easily in
social situations (see Figure 4).
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Figure 4: Dressing cards.

These related products are designed under the “IP-AR-UI-Community”
four-dimensional framework. They include behavior guide cards, 16 sets of
emotion expression packs, and dress-up cards for autistic children. The IP
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character designs will be extended for three main scenarios to match different
intervention tools. This combination improves the integration of emotional
guidance and healing situations, and puts the concept of inclusive design into
practice.

The IP emotional narrative system focuses on emotional guidance and
healing support. It matches the cognitive traits and emotional needs of
autistic children. The two IP images have different appearances and emotional
expressions. The system uses gentle and low-stimulation interaction. It
builds an online-offline immersive experience. This experience helps children
understand emotions and build emotional connections. It also gradually
improves their social adaptation skills.

This system follows the concept of inclusive design. It adopts a framework
of overall planning and step-by-step implementation. It forms a complete two-
way cycle from online preparation to offline practice. The online part provides
simple and low-stimulation content to help children recognize emotions.
The offline part uses real-life interaction to support emotional expression
and social practice. This rhythm fits children’s sensory characteristics and
learning pace, and reflects the spirit of inclusive design.

This study focuses on family participation and understanding. It adds
inclusive and supportive healing concepts to the story content. It encourages
parents to take part in the guidance actively. It forms a positive cycle of IP
guidance, parental company and children’s growth. This makes the support
system more complete and shows the inclusive design idea of multi-party
cooperation and full-scenario integration.

In actual use, the IP emoticon packs retain the shapes and clothing features
of the two IP characters. They use soft colors and simple poses. They provide
daily help for families and organizations, and spread kindness and acceptance
through online sharing (see Figure 3).

EXPECTATION AWKWARD

Figure 5: Starlight IP image emoticon packs.

The dynamic design has a calm rhythm and simple movements. It shows
emotions through the gentle body language of the IPs. It uses soft colors. It
builds a consistent visual feeling. This feeling lets children join in naturally.
The story scenes also include the common behaviors of autistic children.
Positive story guidance lowers children’s resistance. It also makes the healing
support work better (see Figure 6).
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Figure 6: Action guidance card design.

Inclusive User Interface Design

The healing APP is the main tool. It focuses on family participation. It connects
online and offline content. It provides suitable materials for children’s habits
and family conditions. It follows mild design rules to avoid overstimulation.
It cooperates with IP-related content. It helps parents carry out regular
emotional guidance. It also expands the application scenarios of the system.

The interface design follows soft visual standards and IP features. It has
three principles: fair, easy to use, gentle adaptation and simple operation.
It focuses on a gentle, safe environment, friendly IP images and flexible
adjustment. Its layout is clear, balancing common and personal needs and
allowing parent-child participation. This lays a good foundation for healing
functions.

The interface structure uses the two IP images to mark different function
areas. It divides the interface into emotional guidance, interactive experience
and settings adjustment. It simplifies page levels and lowers understanding
difficulty. It fits the guidance needs of rehabilitation therapists, keeps the
community service entrance, and connects online and offline use. This makes
the interface more inclusive and practical (see Figure 7).
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Figure 7: Ul information architecture.

Overall, this project has created a set of digital service interfaces for autistic
children. These interfaces combine online and offline situations. The design
focuses on gentle and low-stimulus interaction. It brings together many
functions, including healing training, emotional expression, community
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communication, and family cooperation. The interface offers a clear and
immersive visual and interactive experience. It helps children train on their
own. It also helps families take part and communities offer help to each
other. The interfaces cover many daily intervention situations. They finally
build a complete and connected support cycle. All designs fully think about
the thinking traits and sensory needs of autistic children. They also provide
a convenient collaboration channel for parents and professional institutions
(see Figure 8).

The system includes the following key pages: the launch and login page
uses soft color transitions to reduce visual stimulation, provides a clear login
method with a simple and focused layout that both children and parents can
easily understand for quick access to services; the homepage serves as the
main entry for all functions, displays core services such as sensory games,
therapy courses and community interaction in separate blocks, follows the
low-stimulation rule with simple icons and a clear layout to avoid excessive
information and help children quickly find and navigate to target sections;
the sensory therapy and courses page focuses on multi-sensory training and
structured content, presents tactile and visual training materials through
immersive visuals, displays courses as cards that can be filtered by difficulty,
includes simple guide animations to help children complete training step by
step, and progresses from easy to difficult to gradually improve children’s
sensory adaptation and skills; the rehabilitation service page integrates
standard service application and management functions, supports booking
professional interventions and submitting training feedback, connects
smart device access points to smoothly link online training data with offline
services, and provides professional institutions with a tool to manage the
entire service cycle; the art creation and emotional therapy page combines
artistic expression with emotional guidance, offers simple drawing tools and
guided emotional exercises like drawing a little fox, uses direct operations,
soft colors and dynamic prompts to let children naturally express and
understand emotions through relaxed creation; the community interaction
and personal center page creates a safe social space for children to share
creations and join friendly topics, and the personal center collects training
records, growth achievements and setting preferences to help children develop
a sense of self-management. It also gives parents an entrance to help with
management. It connects children’s independent growth with family support.
The healing training and community mutual aid page focuses on structured
tasks and experience sharing. It offers goal-oriented training activities and
communication areas. Children can get encouragement when they finish
tasks. The community connects families and professional institutions. It helps
them share experiences and resources. It improves the effect of multi-party
cooperation. The parent perspective page gives parents a clear intervention
management tool. Parents can check their child’s training progress. They can
check emotional records and social activities. They can also contact virtual
coaches or expert teams for advice. It combines remote monitoring and
offline professional services. It improves the family support systema.
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AR System Design and Full-Process Collaborative Therapeutic
Closed Loop

The core design of the AR system targets the main difficulties of autistic
children. These difficulties include large personal differences and different
abilities to handle senses. Its multi-device system includes AR headsets (see
Figure 9a), lightweight tablets, and AR glasses (see Figure 9b). In essence, this
system is the practical application of the inclusive help idea. It uses the gentle
design of the two IPs to avoid sensory irritation. It relies on wireless fast
connection rules and the healing APP to form a complete data cycle. It gives
children, parents, and rehabilitation therapists the right to choose their own
sensory adjustment. It finally achieves the unity of flexible and targeted help.

The functional division of the three carriers follows the logic of focused
priorities and collaborative empowerment, focusing on auditory comfort,
simplified touch control and data visualization, and hypoallergenic virtual
immersion respectively, and all are linked with the dual IPs to achieve
emotional guidance. Its operation mechanism is reflected in a closed loop
of data upload-integration-regulation: data collected by the carriers is
synchronized to the APP interface and rehabilitation files, the APP can issue
personalized regulation instructions based on data feedback, and all carriers
support parameter adjustment to accurately adapt to children’s sensory
tolerance, demonstrating design inclusiveness.

The core design of the single-use and combined-use modes is to
accommodate the ability differences of autistic children: the single-use mode
can reduce the operation burden and accurately adapt to the characteristics
of children’s abilities—headsets are suitable for highly sensitive children, and
tablets are suitable for children with weak operational abilities; the combined
use achieves functional complementarity, covers diverse scenarios through
multi-carrier linkage, and collects data in an all-round way to support
rehabilitation therapists in precise intervention, meeting the intervention
needs of multiple subjects.
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Figure 9: Carrier design.

AR interaction scenarios are anchored based on scene adaptation, focusing
on three core scenes: community squares, rehabilitation stations and family-
community courtyards. It aims to connect online tasks and offline practice. It
builds low-pressure virtual-real training areas to lower intervention difficulty,
covers children’s daily community scenes, realizes smooth links between
family and community intervention, and shows inclusive adaptation at the
scene level.

The core of scenario interaction design is to match scenarios, devices and
children’s needs. The square uses glasses and headsets for virtual immersion
and gentle sound. The station uses tablets and headsets for task control and
emotional stability (see Figure 10). The courtyard allows single-device use
to lower operation burden. This design reduces sensory stimulation, ensures
comfortable intervention, and practices the idea of inclusive help.

Figure 10: AR community square and community station scenarios.

The combination of AR devices and community scenes breaks the limits
of intervention scenes with technology. It improves children’s social and
sensory abilities through scene interaction. It also provides accurate support
for helpers via data connection between devices and the APP. This improves
the complete healing cycle. Its design logic always follows the idea of
inclusiveness. It explores the practical ways and use value of AR technology
in community intervention.

Based on the design of AR devices and the arrangement of community
scenes, a cooperative complete cycle of “IP emotional support - APP central
control - AR hardware use” is built. Its original design purpose is to solve
the main problems in traditional intervention. These problems include
insufficient emotional guidance, unconnected scenes, and poor data support.
It combines the advantages of the three parts. It achieves the complete
connection of emotional support, scene use, and data feedback. It makes the
best use of the value of cooperative healing. It shows a complete solution to
the rehabilitation needs of autistic children.
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The complete cycle operation of the whole-process healing path includes
four step-by-step parts. These parts all follow the idea of inclusion. IP is
placed at the beginning. It builds emotional bonds and lowers children's
resistance. The APP finishes setting adjustment and data control. It makes
sure the process is accurate. AR hardware completes scene use and data
gathering. It makes sure the process is practical. Finally, data feedback helps
adjust the plan. It promotes the improvement of healing help to be more
personal and targeted.

CONCLUSION

Autism Spectrum Disorder (ASD) is a common neurodevelopmental disorder
in children, with children aged 4-10 with mild to moderate ASD accounting
for more than 70%. The insufficient supply of community-based therapeutic
products and services has become the core bottleneck restricting their community
integration. To address the practical challenges of insufficient community-based
therapeutic supply and hindered community integration, intervention models
integrating emerging technologies and scientific design concepts have become
an important direction to break the deadlock. AR and inclusive design-enabled
immersive intervention is an effective path to break through the existing
intervention dilemmas. The “Starlight & Listening Fox” AR Therapeutic IP
System follows the idea of inclusive design. It aims to fix three key imbalances
in therapy and community intervention. The system draws key elements
and builds a complete framework. It solves main problems like the lack of
personalized design. This study refines the design logic of the AR therapeutic
system. It provides a suitable and interactive plan for community children with
ASD. It integrates theory and practice of related technologies and ideas, and
offers a practical example of IP+AR application in children’s rehabilitation.
In the future, researchers can increase participants, carry out long-term multi-
center and community verification, and improve the system’s interaction
rules and personalized tools. They can also strengthen ties with community
rehabilitation and special education institutions, set standard procedures, and
make the IP+AR therapeutic system more widely used and effective.
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