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Abstract

This exploratory case study examined the envisioned features of a digital health solution
designed to support individuals exhibiting behaviors consistent with moderate to severe autism
spectrum disorder (ASD). The proposed solution sought to facilitate learning by integrating
learners’ interests and strengths while accommodating their challenges and support needs. The
design adopted an individualized and personalized approach guided by learners’ primary support
systems, including parents and teachers.

Conducted over 20 months, the study engaged parents and teachers of learners with ASD
in a low-resource area in Metro Manila, Philippines. A participatory and co-design approach was
employed, combining qualitative surveys and interviews with design thinking, requirements
engineering, and iterative development methodologies to inform the conceptualization of a
digital life-skills learning solution.

To establish a foundation for design, the research first examined documented
characteristics of learners with moderate-to-severe ASD through empathy mapping and persona
development, informed by existing literature. Building on this foundation, direct engagement
with parents and teachers provided contextualized insights into learners’ lived realities.
Participants described students as demonstrating notable strengths in creative domains while
experiencing significant challenges in daily living skills, behavioral regulation, and
communication. Parents frequently balanced caregiving with employment responsibilities amid
limited financial and social support, relying on nurturing, structured, and interest-driven
approaches. They reported persistent difficulties related to behavioral and sensory regulation,
financial strain, limited access to specialized services, and minimal extended-family support.

Educators likewise encountered constraints, including diverse learner needs, limited training,



resource scarcity, uneven workloads, insufficient institutional backing, and inconsistent parental
involvement - factors that contributed to burnout and constrained educational outcomes.

These layered insights informed the subsequent synthesis and co-design process, during
which findings from literature and stakeholder experiences were translated into actionable design
elements. Drawing on human-centered, inclusive, and agile principles, the research team
developed a digital health solution encompassing 45 integrated design themes. These features
included customizable visual learning activities informed by video modeling and task analysis,
gamified positive reinforcement systems, visual scheduling supports, behavior and emotion
regulation tools, individualized learning plans, communication functionalities, and a platform to
foster digital community-building among families and educators.

Several limitations shaped the study’s trajectory. Direct participation was limited to
parents and teachers, as learners themselves were not involved in data collection or co-design
activities, thereby constraining the extent to which their firsthand perspectives were represented.
Heavy workloads, limited participant availability, and resource constraints further reduced
opportunities for collaborative workshops, necessitating greater reliance on surveys and
interviews: the small, localized sample - predominantly male learners, limited generalizability,
and restricted examination of gender-related differences. Infrastructure challenges, including
connectivity issues and varying levels of digital literacy, affected prototype interaction, while
technical constraints delayed full feature implementation. Future research should address these
considerations to enhance robustness, inclusivity, usability, and scalability.

Despite these limitations, the study contributes to the fields of digital health solution and
educational technology for ASD by articulating potential digital capabilities that may expand

access to evidence-informed learning supports in low-resource settings. The proposed solution



offers mechanisms to reduce caregiver burden, empower parents in home-based instruction, and
equip educators with tools suited to resource-constrained environments. Collectively, these
contributions advance the pursuit of more equitable, sustainable, and impactful autism services,

particularly in underserved communities where traditional supports remain limited.
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Chapter I: Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder defined by persistent
difficulties in social communication and social interaction across multiple contexts, together with
restricted and repetitive patterns of behavior, interests, or activities (American Psychiatric
Association, 2022).

Social communication challenges may involve reduced reciprocity in conversation or
emotional exchange, limited or atypical use of nonverbal communication such as eye contact and
gesture, and difficulty developing and sustaining relationships appropriate to one’s
developmental level. The behavioral domain includes characteristics such as repetitive motor
movements or speech, strong adherence to routines, highly focused interests that are intense or
unusual in focus, and atypical responses to sensory input, including heightened or diminished
sensitivity. For a diagnosis to be made, these features must be present in the early developmental
period, even if they become more evident as social demands increase, and they must result in
clinically significant impairment in everyday functioning. The diagnosis is not assigned if the
presentation is better explained by intellectual disability or global developmental delay, although
co-occurring conditions are common (American Psychiatric Association, 2022).

The Diagnostic and Statistical Manual of Mental Disorders conceptualizes autism as a
spectrum to reflect variation in presentation and support needs. Severity is specified according to
the level of support required in the domains of social communication and restricted, repetitive
behaviors. Individuals identified as Level 1 require support and may experience noticeable social

and behavioral challenges without assistance. Level 2 indicates a need for substantial support,



with marked impairments in communication and more apparent restricted or repetitive behaviors.
Level 3 reflects very substantial support needs, characterized by severe communication
difficulties, limited initiation of interaction, and behaviors that significantly interfere with daily
life. These levels are intended to guide understanding of current support requirements and may
change over time depending on developmental progress and contextual demands (American
Psychiatric Association, 2022).

As ASD exists on a spectrum, individuals who exhibit behaviors consistent with
moderate to severe ASD often experience substantial challenges in communication, daily
functioning, and independence. These individuals may have limited or no spoken language, rely
on gestures or vocalizations to communicate, display repetitive physical behaviors, and require
continuous support to manage everyday routines (Brodhead et al., 2017).

In recent years, the term profound autism has been introduced in the literature to describe
individuals who are minimally verbal or have significant cognitive impairment and require high
levels of supervision and lifelong support (Hughes et al., 2023; Lord et al., 2024). While autism
research increasingly recognizes the diversity of the spectrum, individuals with higher support
needs remain among the most underserved populations in both intervention research and service

delivery systems.

Communication in severe ASD

Children with severe ASD, especially those who are minimally verbal, experience
significant difficulties with communication that extend beyond the absence of speech. Their
challenges affect how they initiate interaction, respond to others, use symbols, and participate in

shared activities. Many preschool-aged children with ASD and severe communication



impairments produce very few spoken words and instead rely on gestures, vocalizations, physical
guidance, or behavior to express needs and preferences (Koppenhaver & Erickson, 2003;
Thiemann-Bourque et al., 2012). Communication in these children is often limited in range and
may primarily serve instrumental purposes, such as requesting tangible items or escaping
demands (Hoffman & Falcomata, 2014).

Research also shows that communication in severe autism is closely connected to play
and broader cognitive development. Symbolic play, such as pretending that one object represents
another, typically emerges alongside early language development. In preschoolers with severe
communication delays, including those with autism, play skills are strongly related to language
and cognitive levels. Children who have lower language abilities tend to demonstrate less
complex symbolic play. However, when children with ASD are compared to peers with other
developmental delays who have similar language levels, their play behaviors are often more
similar than different (Thiemann-Bourque et al., 2012). This suggests that communication
differences are closely tied to overall developmental level rather than being unique to autism.

Emergent literacy research provides additional insight into communication patterns. In
young children with autism, oral language ability is strongly associated with early literacy skills.
Children with more severe language impairments tend to show lower performance on measures
of emergent literacy. Their skill profiles are often uneven. For example, some children may
recognize letters but struggle to understand how print functions in meaningful ways (Lanter et
al., 2012). In classrooms where literacy materials are limited or highly controlled, children with
severe communication impairments may show little spontaneous engagement with books or

writing tools (Koppenhaver & Erickson, 2003). When print materials and writing tools are made



accessible in natural contexts, children demonstrate increased interest and more sophisticated use
of these materials over time (Koppenhaver & Erickson, 2003).

Behavioral research further highlights the vulnerability of communication in this population.
When children are explicitly taught functional communication responses, such as requesting with
a card exchange or a switch, they can learn to use them effectively. However, if reinforcement is
withdrawn, previously extinguished behaviors may reappear (Hoffman & Falcomata, 2014). This
finding reveals that communication in severe autism can be highly sensitive to environmental
conditions and requires consistent support.

Relational approaches such as Intensive Interaction emphasize that communication
begins with foundational social skills, including shared attention, turn-taking, and emotional
connection. Rather than focusing only on spoken language, this approach supports the
development of early communication through responsive, reciprocal engagement. For children
with severe ASD, these early social foundations are often areas of difficulty. Still, they can
develop when adults intentionally adjust their pace, follow the child’s lead, and create

opportunities for mutual interaction (Mouriere & McKim, 2018).

Life skills development and quality of life

Individuals with severe ASD often remain dependent on their caregivers well into
adulthood. They often struggle to acquire and maintain essential life skills, such as managing
hygiene, preparing food, or navigating their environment. Many experience significant cognitive,
linguistic, and adaptive challenges, making it difficult to process and organize information.
Language delays and atypical speech patterns are common, and some may never develop spoken

communication (Rea et al., 2018).



Because of these limitations, many individuals with severe ASD experience a reduced
quality of life compared to their neurotypical peers. This disparity is influenced by a combination
of social isolation, limited access to employment and education, and heightened vulnerability to
mental health conditions such as anxiety and depression (Balbin et al., 2022). Co-occurring
conditions such as intellectual disability and sensory sensitivity can further intensify autism
related challenges, increasing the need for individualized and sustained support (Waizbard
Bartov et al., 2024). Individuals with higher support needs often face barriers to autonomy,
inclusion, and self-determination, resulting in lower overall well-being (Mason et al., 2018;
Morisse et al., 2013).

The consequences of these unmet needs are evident in outcomes for youth and adults
with ASD, even those who are considered high functioning. For example, only 12 percent of
high-functioning individuals with ASD are in paid employment, and only 15 percent of young
adults with ASD work full-time. Educational attainment also remains low, with only 25 percent
pursuing education or training beyond high school (Hersh, 2016). These outcomes highlight the
urgent need for targeted interventions that address both the core characteristics of autism and the
broader life context that shapes long-term success and well-being (Waizbard Bartov et al., 2024;
Balbin et al., 2022).

To support individuals with autism in living more independent and dignified lives,
sustained attention must be given to the development of life skills. According to the World
Health Organization (2012), quality of life encompasses six dimensions: physical health,
psychological well-being, autonomy, social relationships, environment, and spirituality. When

applied to individuals with intellectual or developmental disabilities, the quality-of-life



framework is grounded in the principles of emancipation, inclusion, and self-determination
(Morisse et al., 2014).

Life skills are the practical capabilities that enable individuals to care for themselves and
contribute meaningfully to their community. And they are critical to enhancing autonomy and
improving quality of life (Ayres et al., 2013). These skills span five core areas: self-care and
domestic living, recreation and leisure, social interaction, employment, and community
participation (Chiang et al., 2017). Activities such as grooming, cooking, traveling
independently, managing finances, and navigating social spaces are all essential to functioning in
daily life. However, due to cognitive and behavioral limitations, individuals exhibiting behaviors
consistent with moderate to severe ASD often require structured and individualized interventions

to acquire and retain these skills.

Inclusive education and the need for support tools

Inclusive education has become a global priority, with international frameworks such as
the Salamanca Statement, the UN Convention on the Rights of Persons with Disabilities, and
Sustainable Development Goal 4.5 affirming the right of individuals with disabilities, including
autism, to equitable access to education (Petersson Bloom & Holmgvist, 2022). As more learners
with autism enter mainstream or specialized educational settings, schools have become key
environments for supporting functional learning, independence, and quality of life.

Despite these policy commitments, inclusion remains uneven in practice. Many educators
report limited training in autism informed approaches, insufficient instructional resources, and
difficulty implementing individualized supports for learners with higher support needs

(Petersson, Bloom, & Holmqvist, 2022). Communication challenges and sensory sensitivities



further complicate classroom participation, underscoring the need for flexible learning pathways

and tools to support both teachers and caregivers in daily instruction.

Digital health solution, assistive technology, and equity in ASD support

Studies on the use of mobile technologies for people with ASD and intellectual
disabilities to help in life skills development are increasing, due to mobile device affordability;
proliferation of applications targeting people with ASD or intellectual disabilities (Ayres et al.,
2013); portability and mobility (Cabielles-Hernandez et al., 2017); and natural inclination of
people with ASD to technologies, most especially children who are digital natives (Mintz, 2014,
Mintz, 2013, Mintz et al., 2012). The ubiquity of mobile devices such as tablets and mobile
phones makes them a viable option for educators to use as instructional or assistive technology
that can help people with severe ASD build, enhance, or maintain their life skills, and, over time,
enhance their capacity for self-determination (Ayres et al., 2013).

The use of digital and assistive technologies to support life skills development can
enhance, retain, or improve the capabilities of people with ASD. According to the Technology-
Related Assistance for Individuals with Disabilities Act of 1988 (Public Law 100-407), an
assistive technology pertains to any item, equipment, or product system, that could be acquired
commercially, off-the-shelf, modified, or customized, that is used to increase, maintain, or
improve functional capabilities of individuals with disabilities (S.2561 - 100th Congress (1987-
1988): Technology-Related Assistance for Individuals with Disabilities Act of 1988, 2019).
Assistive technologies for ASD intervention involve the use of mobile phones, tablets, and
websites to teach people with intellectual disabilities and autism to acquire, practice, and

maintain life skills, and, in a way, function as educational technology. There are a lot of studies



that use videos and photos to execute or teach a task (such as cooking) or activity (such as
travelling) to people with ASD. These solutions provide task sequences, auditory prompts, and
the ability to rewind and review instructions (Ayres et al., 2013b, p. 263).

More recently, the emergence of digital health solution has expanded the scope and
capabilities of these interventions. Digital health solution has emerged as a promising field,
offering innovative tools to support the development of life skills for individuals with autism. It
encompasses mobile health applications, telehealth services, wearable devices, and Al-supported
platforms that enable personalized, adaptive, and scalable learning and intervention supports
(Kuwabara et al., 2019; Lawrence, 2022; WHO, 2019).

Digital health solution interventions can extend care beyond clinical settings, reduce
geographic barriers, and support collaboration between caregivers, educators, and professionals
(Ji et al., 2025; Topol, 2019). These technologies can provide multimedia learning support, real-
time monitoring, and individualized guidance, which is especially valuable in contexts where
specialist services are limited or unaffordable.

Health equity is a state in which all individuals have a fair opportunity to attain their
highest level of health. Systemic disparities linked to socioeconomic status, infrastructure, and
service access contribute to unequal autism support worldwide (Richardson et al., 2022). Digital
health solution, therefore, holds potential not only as a technical innovation but also as an equity-

oriented approach to reducing gaps in access to autism intervention.

Low resource areas
In this study, low-resource areas refer to geographic or social contexts in which families

and service systems face persistent constraints that limit access to adequate autism-related health,



educational, and developmental supports (Carr & Lord, 2016; Divan et al., 2021; Gulsrud et al.,
2021; Naithani et al., 2022). These constraints are shaped not only by economic hardship but also
by limited infrastructure, shortages of trained professionals, and the absence of sustainable
intervention pathways.

Low -resource contexts may include rural or underserved communities in low- and
middle-income countries, where diagnostic services and specialized autism interventions are
often unavailable or concentrated in distant urban centers (McConkey, 2022; Schlebusch et al.,
2020). Importantly, low-resource settings are not confined to national income categories.
Marginalized populations in high-income countries may also face resource limitations due to
stigma, language barriers, and limited access to culturally responsive services (Imanpour et al.,
2025; Okwara & Donald, 2024).

In such contexts, caregivers and educators often bear primary responsibility for teaching
life skills with limited professional support, reinforcing the need for scalable, accessible, and

family-centered digital approaches.

Research gap and rationale

Despite growing research on autism focused digital interventions, significant gaps
remain. First, many technologies are designed for individuals with higher verbal and cognitive
abilities, while learners exhibiting behaviors consistent with moderate to severe remain
underrepresented due to communication barriers and methodological challenges (Bradbury Jones
et al., 2018; Wilson et al., 2019).

Second, most existing solutions are highly individualized prototypes that are difficult to

scale, making universal design approaches challenging in a heterogeneous spectrum (Reis et al.,



2021). This limitation is especially critical in low-resource settings, where families cannot afford
hyper-personalized interventions.

Third, global gaps in autism care require approaches that go beyond specialist-driven
models. Task sharing and non-specialist delivery models, in which caregivers, educators, and
community workers deliver intervention components, are increasingly recognized as necessary in
contexts where specialists are scarce (Naithani et al., 2022; Divan et al., 2021). However, these
models require practical tools, culturally adaptable supports, and sustainable digital
infrastructures to succeed.

Finally, there remains an unknown contribution to how participatory and proxy-mediated
design processes can inform digital life skills platforms that are feasible in low-resource
educational environments. This study addresses this gap by identifying design requirements
grounded in stakeholder realities and exploring transferable insights rather than making

generalized claims.

Statement of the problem

ASD is a growing global public health and developmental challenge that affects
individuals, families, and education systems worldwide. An estimated 61.8 million individuals,
or one in every 127 people, were on the autism spectrum globally in 2021 (Santomauro et al.,
2024). Hughes et al. (2023) reported that approximately 26.7 percent of surveillance data from
over 20,000 children aged 8 met criteria consistent with profound autism. The prevalence of
ASD has increased significantly over time and varies across sociodemographic groups (Zeidan et

al., 2022).
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The economic burden associated with autism is substantial. The annual cost of supporting
a child with ASD has been estimated at $17,081, including education, healthcare, therapy, and
related services (Trentacosta et al., 2018). Even in high-income regions, families continue to face
significant out-of-pocket expenses. Rural families experience additional barriers due to travel
distance and limited service availability, often resulting in fewer and shorter interventions
(Meadan et al., 2016).

In low- and middle-income countries, treatment gaps are even wider due to shortages of
trained specialists, weak service infrastructures, and excessive intervention costs (Rahman &
Hamdani, 2018). Families also experience significant economic stress, with mothers earning
approximately 35 percent less than parents of neurotypical children due to caregiving demands
(Trentacosta et al., 2018). These realities highlight the urgent need for innovative and accessible
approaches that support individuals with autism related needs, particularly where diagnosis and

specialist-driven services may be delayed or unaffordable.

Purpose of the study
The purpose of this qualitative case study series is to identify essential requirements for
designing a digital health solution that supports life skills development for learners aged 5 to 30

who exhibit behaviors consistent with moderate-to-severe ASD in low-resource contexts.

At this stage in the research, individuals exhibiting behaviors consistent with moderate to
severe ASD are understood as learners who typically experience significant communication
limitations and may rely on nonverbal or minimally verbal forms of expression. These learners

may copy or repeat words or phrases, and frequently use gestures, vocalizations, facial
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expressions, and body movements as primary means of communication (Waizbard Bartov et al.,
2024; Delafield Butt et al., 2019). They may also experience co-occurring conditions such as
intellectual disability and sensory sensitivity, which can further influence learning, daily
functioning, and support needs (Waizbard Bartov et al., 2024; Balbin et al., 2022).

In this study, a digital health solution for life skills development refers to a combination
of process and technology that provides a digital service usable by learners, parents, and
teachers, either in person or remotely, to teach, improve, or maintain essential life skills (Ji et al.,
2025; Kuwabara et al., 2019). Digital health solution can personalize support through learner
profiles and leverage multimedia such as videos, interactive simulations, and text to adapt
learning content to individual preferences.

Finally, involving individuals with moderate-to-severe ASD through their proxies in the
design process empowers learners and families by fostering ownership of the technology. Proxy-
mediated participation recognizes the lived expertise of caregivers and educators and supports

the development of solutions grounded in everyday contexts (Colin et al., 2020; Dawe, 2007).

Research questions
This study aimed to answer the central question: What are the essential requirements for
designing a digital health solution for life skills development for learners exhibiting moderate-to-
severe ASD in low-resource settings?
Sub-questions included:
e What specific capabilities, interests, challenges, and needs do learners with moderate to

severe ASD exhibit in relation to life skills development?
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e What are the challenges and needs of parents and teachers in teaching life skills to these
learners?

e What capabilities, features, and processes are essential for developing a digital health
solution that effectively supports learners, caregivers, and educators in low-resource

contexts?

Delimitations and limitations

This study focused on parents or caregivers of learners aged 5 to 30 who exhibit
behaviors consistent with moderate to severe ASD, as well as their teachers. Participants were
recruited through the Philippine Department of Education district superintendent and Paranaque
Elementary School Central. Snowball sampling was also used through participant networks.

Methodological and practical constraints shaped the delimitations. The extended age
range was selected to capture lifelong support needs that often continue beyond adolescence. The
focus on moderate-to-severe support needs addressed an underrepresented population in digital

intervention research, particularly in low-resource settings.

Participatory engagement was significantly constrained by teacher workload and resource
limitations. Planned iterative workshops were not feasible and required a methodological pivot to
qualitative surveys with optional follow-up interviews. As a result, most participants contributed
through surveys, with only two parents and one teacher completing follow-up interviews.

This proxy-mediated approach introduced potential bias, including recall bias, contextual
mismatch between home and school perspectives, social desirability bias, and possible over- or

underestimation of learner abilities. To mitigate these risks, triangulation across parent and
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teacher accounts was applied, multiple data sources were used, and transcript-level member
checking was conducted before analysis.

The sample size was small and localized, limiting transferability. Most participating
parents had male children, reducing the presentation of female learner profiles. Infrastructural
constraints, such as limited connectivity and device access, also affected the quality of prototype

feedback and future scalability.

Significance of the study

This study was relevant because the acquisition of a life skill for a person with moderate
to severe ASD is extremely challenging. Life skills are, however, crucial to independent adult
life, especially for people with moderate to severe ASD because they focus on self-care and
domestic living, among others (Chiang et al., 2017). The study of Mason et al. (2018) showed
that the quality of life of adults with ASD is low compared to the general population and even to
younger ASD patients, and most of them experience health problems such as hypertension and

sleeping disorders.

The amount of life skills acquired by adults with ASD also varies depending on the quality of
education that they have received since they were diagnosed with autism. The study by Chiang et
al. (2017) showed the importance of continuing life skills education even after a child has
graduated from high school. However, individuals with ASD from low-income communities,
such as those in the Philippines, seldom receive quality education, as there are very few public
schools that offer free education to individuals with intellectual disabilities. Private schools are

also very costly and often hard to afford (Autism Society PH, 2022).
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Because of this, parents' role in teaching their children life skills is vital. Given the
limitations in the current support structure in low-income communities, such as the government’s
inability to provide substantial support, quality education, and progressive policies supporting
individuals with intellectual disabilities, parents need to take a more active role in teaching their
children so they can achieve sufficient skills for self-determination and a dignified life.

Digital technologies that aim to help in providing interventions to learners with ASD
provide a viable option to help families in low-income and marginalized areas gain access to
resources and tools that support home-based teaching. Mobile technologies can assist in life
skills development through digitizing interventions and making them readily accessible.
Common approaches such as video modeling, prompting, task analysis, picture exchange
communication systems, and positive reinforcement can be developed within a mobile
application (Villamin & Luppicini, 2024).

This study contributes by identifying practical design requirements for a scalable digital
life skills platform that may be useful in contexts where formal diagnosis and specialist services
are unaffordable or inaccessible. The findings offer exploratory and case-based insights that may

inform future digital health solution interventions for underserved populations with autism.

Thesis Organization

This dissertation is organized into six chapters, each contributing to the overarching goal
of designing a digital health solution for life skills development for learners with moderate-to-
severe autism spectrum disorder (ASD).
Chapter 1: Introduction

The introductory chapter provided the background and context for the study, highlighting

the significance of life skills development for learners with moderate-to-severe ASD, particularly
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in low-resource settings. The chapter presented the research problem, the study's purpose, and
the research question that guided it. The chapter also highlighted the scope, delimitations, and
limitations of the research, with a focus on the potential impacts on marginalized and low-
resource areas.
Chapter 2: Literature Review

This chapter reviewed theories and evidence guiding the design of a digital health
solution for individuals with moderate to severe ASD. It covered cognitive and ASD-specific
processing theories, learner-centered educational models, and life skills development. The
chapter also focused on systemic barriers faced by marginalized families and low-resource areas,
including service fragmentation, limited training, and caregiver burden. Digital health solution
was explored as a scalable, personalized solution, integrating models like TEACCH and parent-
implemented interventions. Finally, the chapter emphasized participatory, user-centered design
to ensure the solution is inclusive, accessible, and responsive to real-world needs.
Chapter 3: Methodology

The methodology chapter discussed the methodological approach used to investigate the
research questions within a qualitative case-study framework. It integrated design thinking,
requirements engineering, and an iterative methodology within a participatory design approach
to determine the requirements of a digital health solution for autism. The chapter also detailed
the sampling strategy, data sources, and collection methods, including qualitative surveys and
interviews. It defined the context and boundaries of the case, the researcher’s role, and the
procedures for data analysis. Ethical considerations and strategies to ensure trustworthiness, such
as credibility, transferability, and reflexivity, were also discussed to support the validity and

integrity of the study.
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Chapter 4: Findings

This chapter presented findings from three interconnected workstreams: literature review

research, qualitative surveys and interviews, and iterative design and development. It explored

the capabilities, interests, needs, and challenges of learners with moderate-to-severe ASD

through empathy maps, user personas, and individual profiles. Insights from parents and teachers

were also analyzed, highlighting their goals, pain points, and perspectives on digital tools. The
chapter synthesized design themes and user requirements into key features for a digital health
solution for life skills development. It concluded with the development of app prototypes,
detailing the Alpha, Beta, and Charlie versions of the designed digital platform.
Chapter 5: Analysis

In the analysis chapter, the findings were critically examined in light of the theoretical
framework and research questions. It explored the implications of the results for the design and
implementation of the digital health solution. The chapter connected empirical insights to
theoretical components, providing a deeper understanding of how the solution can address the
identified gaps and challenges.
Chapter 6: Conclusion

The concluding chapter summarized the key findings and their significance for digital

technology and autism intervention. It discusses the study's broader implications, provides

recommendations for future research and practice, and reflects on its contributions to addressing

inequities in access to life skills development for learners with moderate-to-severe ASD. The
chapter concluded with a call to action for health, education, technology, and policy stakeholde

to support inclusive and equitable solutions.

rs
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Chapter Il: Literature Review

Low resource areas

A low-resource area (also referred to as a low-resource setting or resource-limited
context) is a geographic, social, or institutional environment in which individuals and service
systems face persistent structural constraints that limit access to adequate health, educational,
and developmental supports. These settings are defined not only by economic poverty, but also
by shortages in infrastructure, trained personnel, culturally appropriate services, and sustainable
intervention systems (Carr & Lord, 2016; Gulsrud et al., 2021; Divan et al., 2021; Naithani et al.,
2022; Schlebusch et al., 2020; McConkey, 2022; Magallanes et al., 2025; Okwara & Donald,
2024; Imanpour et al., 2025; Gulsrud et al., 2021).

Low-resource settings frequently include communities in which families have low
income, limited educational attainment, and limited financial capacity to access specialized care.
These conditions create substantial barriers to participation in early autism intervention,
especially when services are costly or centralized in distant institutions (Carr & Lord, 2016).
Families in such contexts are often described as under-resourced, meaning they lack the
economic and informational supports needed to navigate complex service systems (Gulsrud et
al., 2021).

A defining feature of low-resource areas is the scarcity of autism-specific and
developmental disability services, particularly in low- and middle-income countries (LMICs). In
these contexts, early identification and intervention services are often inadequate, underfunded,
and inaccessible, producing major “detection” and “treatment” gaps (Divan et al., 2021; Naithani

et al., 2022). Specialist models of care are often not scalable due to severe shortages of trained
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professionals such as developmental pediatricians, child psychiatrists, and therapists (Schlebusch
et al., 2020; McConkey, 2022).

Low-resource settings are frequently associated with under-resourced public health and
education systems, in which primary care facilities and special-needs services remain limited
even when nominally available (Okwara & Donald, 2024). Rural communities in particular face
additional barriers, including geographic isolation, lack of SPED infrastructure, and inadequate
institutional support for teachers working with children with disabilities (Magallanes et al.,
2025).

Low-resource contexts also include marginalized populations living within high-income
countries, where barriers arise from cultural stigma, language mismatch, immigration-related
stress, and limited social support. Immigrant families often report difficulties accessing autism
services due to systemic complexity and lack of culturally responsive care (Imanpour et al.,
2025). Similarly, non-English-speaking families and those with smaller caregiver social
networks experience delayed and reduced service engagement (Gulsrud et al., 2021).

Low-resource areas may also be shaped by systemic inequities linked to colonial histories
and jurisdictional gaps, particularly in Indigenous communities. Autism services for Indigenous
peoples in Canada remain severely underdeveloped, with limited research, poor access, and
ongoing structural discrimination contributing to inequitable care provision (Bruno et al., 2024).

Because conventional specialist-driven intervention systems are often unrealistic in low-
resource settings, many authors emphasize the need for decentralized, family-centered,
community-based approaches. These include task-sharing models in which non-specialists are
trained to deliver key intervention components to address service scarcity and improve universal

coverage (Naithani et al., 2022; Sivayokan et al., 2023).
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Lack of universal health coverage and service fragmentation in the Philippines

Despite growing global awareness and research into ASD, disparities persist in the
availability and accessibility of autism services, particularly for populations in LMIC. These
disparities reflect systemic, structural, and cultural barriers that hinder timely diagnosis, limit
access to evidence-based interventions, and reduce caregiver support.

Some LMIC countries, such as the Philippines, lack universal health coverage, forcing
families to pay out-of-pocket for health services. The lack of awareness about conditions such as
ASD in health care professionals prevents early detection and diagnosis, leading to delayed
intervention and education, which is crucial in the early years of a child with ASD. Services are
often fragmented in LMICs, making it hard for families to navigate public health systems and
access services. The insufficient funding and resources for health care workers exacerbate the
situation, as educators and health care workers are often left unequipped to deliver quality care
due to limited training opportunities and ineffective health care policies that are not implemented
effectively. Most families also don't have developmental disabilities covered by their health
insurance (Divan et al., 2021; McConkey, 2022). Individuals with ASD from LMIC, such as the
Philippines, seldom receive quality education, as there are very few public schools that offer free
education to people with intellectual disabilities. Private schools are also very costly and often
hard to afford (Autism Society PH, 2022).

According to the United Nations Industrial Development Organization (UNIDO), the
Philippines is a lower-middle-income country with an emerging market economy, driven by a
globally recognized workforce in South Asia and the Pacific (Country Context | UNIDO, 2020).
The country is one of the world’s most populous, with over 109 million citizens as of 2020

(Mapa, 2021). About 19.99 million of this population live below the poverty threshold, meaning
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their income is insufficient to meet their basic food needs (Mapa, 2022). Statistics also showed
that around 12% of the population aged 15 and up are experiencing severe disability (Bersales,
2019).

Disability policies in the Philippines, specifically for those who have intellectual and
mental deficiencies, are still in their infancy. In 1982, the first law on physical disability was
passed, known as Batas Pambansa Bilang 344, to improve the accessibility of public and private
buildings and establishments (National Council on Disability Affairs, n.d.). In 1992, an act called
the Magna Carta for Disabled Persons (RA 7277) was enacted to help disabled persons integrate
into society through rehabilitation, self-development, and self-reliance (Republic Act No. 7277 |
Senate of the Philippines Legislative Reference Bureau, 2022). In 2013, this act (RA 10524) was
expanded to mandate that government agencies, offices, and corporations set aside at least 1% of
their positions for people with disabilities (Congress of the Philippines, 2013). Finally, in 2022,
RA 11650 was passed, mandating that all public and private schools include education for
children with disabilities in their curricula (Congress of the Philippines, 2022; Magsambol,
2022).

Due to the rate at which policies in the country are enacted, the scope, breadth, and rigor
in implementing these policies, the lack of resources to sustain them, and the prevalence of
families living below the poverty line, it is extremely difficult for children and people with
moderate to severe ASD to access the services, education, and support that they need. Filipino
parents faced tremendous challenges, including guilt, regret, financial strain, and difficulties in
managing their child's behavior, communication, and social interaction. Cultural factors, such as
stigma and the importance of social networks, also play a significant role in shaping parents'

perceptions and health-seeking behaviors.

21



Structural and economic barriers in LMICs

One of the most pervasive challenges across LMICs and underserved populations in high-
income countries is the limited availability of diagnostic and intervention services for ASD.
Several systemic factors, including under-resourced healthcare systems, a shortage of trained
professionals, and inadequate funding for mental health services, shape this limitation.

In LMICs, healthcare systems often lack a dedicated infrastructure for
neurodevelopmental conditions like autism. For instance, the prevalence of ASD in countries like
Sri Lanka and India is comparable to global averages; however, the capacity to diagnose and
treat these conditions remains severely limited due to a shortage of trained professionals and
weak health system implementation. This results in significant detection and treatment gaps,
particularly for young children (Naithani et al., 2022).

Even within high-income countries, resource inequities remain stark in rural and
socioeconomically disadvantaged areas. The study of Carr and Lord (2016) revealed that
families from low-income backgrounds in Southeast Michigan often lack transportation, face
long waitlists, and cannot afford the high costs associated with ASD services. Systemic
inadequacies, such as the lack of coordinated service delivery and language support for non-
English-speaking families, compound these constraints.

Diagnostic inequities among marginalized populations

Delays in diagnosis are another challenge for racialized minorities, immigrants, and
indigenous populations. Research showed that Black, Latino, and immigrant children tend to
receive ASD diagnoses later than their white, English-speaking counterparts. Studies have shown

that these delays can be traced to deep structural inequalities, including implicit provider biases,
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language barriers, and a lack of culturally sensitive diagnostic tools (Patrick et al., 2025; Qu et
al., 2025).

In low-resource settings like South Africa, caregivers often experience frustration
navigating healthcare systems that are underfunded, difficult to access, and not designed to
accommodate developmental disabilities. Stigma surrounding autism, as well as differing
cultural interpretations of developmental delays, further contribute to diagnostic delays and
underreporting (Okwara & Donald, 2024).

Disparities between rural and urban areas in access to autism screening and diagnostic
services are also a problem. For instance, in China, urban centers have more developed
diagnostic frameworks, while rural populations are often left to navigate a complex, fragmented

healthcare system with little guidance, exacerbating diagnostic inequities (Qu et al., 2025).

Cultural and linguistic barriers

Culture deeply shapes how caregivers understand, respond to, and seek help with autism-
related concerns. Immigrant families, particularly those with limited proficiency in the dominant
language of their host country, face unique challenges in navigating autism services.

According to Carr and Lord (2016), cultural beliefs may influence how symptoms are
interpreted or communicated to healthcare providers, thereby affecting both diagnosis and uptake
of interventions. Moreover, many intervention programs are designed with assumptions rooted in
Western developmental norms and parenting practices, making them ill-suited for cultural
contexts that differ significantly. Schlebusch et al. (2020) emphasized that cultural misalignment
can lead to poor engagement with services or a mismatch between caregiver expectations and

provider recommendations.
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Language barriers exacerbate these challenges, particularly when diagnostic and
therapeutic services are not available in a family’s native language. Non-English-speaking
caregivers often report confusion about diagnoses, lack of understanding of treatment plans, and
limited access to support resources (Gulsrud et al., 2021).

Social vulnerability and geographic disparities

Geography plays a pivotal role in access to autism services, especially in rural areas and
among indigenous populations. The GapMap study of Albert et al. (2017) revealed that 83.86%
of U.S. counties lacked any diagnostic resources for autism, with rural and sparsely populated
areas disproportionately affected. For many families, this means traveling long distances to urban
centers, incurring significant financial and emotional burdens.

Indigenous communities face even greater barriers. These populations often live in
remote locations with minimal healthcare infrastructure and have historically been marginalized
in terms of policy attention and funding. Moreover, services offered in mainstream health
systems may not align with indigenous ways of knowing and community practices, leading to
underutilization or mistrust (Bruno et al.,2023; Hus, 2023; Antony et al., 2022).

Public health strategies must address these geographic and cultural disparities by
decentralizing services, integrating indigenous knowledge systems, and fostering partnerships

with local community organizations.

Caregiver burden and quality of life in underserved contexts

The burden placed on caregivers, particularly mothers of children with ASD, is well-
documented across both high-income and low to middle-income settings. Caregivers often face a
convergence of psychological, financial, and systemic stressors that impact their QoL, especially

when services are fragmented, unaffordable, or culturally misaligned (Shafi et al., 2024; Boulé &
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Rivard, 2024; Bruno et al., 2023; Casale et al., 2023; Millau et al., 2016; King et al., 2017;
Khanlou et al., 2017).

According to Edmunds et al. (2025), caregivers of toddlers with autism features report
significantly lower QoL compared to caregivers of children without developmental concerns.
The most influential predictors of caregiver well-being were income, perceived family-centered
care, and parenting stress. Notably, parenting stress was the strongest predictor of QoL,
underscoring the urgent need for supportive services to reduce psychological burden. While
family-centered care positively influenced QoL, it did not mitigate the impact of parenting stress,
suggesting that comprehensive interventions must also directly target caregiver mental health
(Boulé & Rivard, 2024; Leosala, 2023).

In LMICs, stressors are often compounded. As documented by Okwara and Donald
(2024), caregivers in low-resource settings, such as South Africa, report inadequate post-
diagnosis support, poor communication from healthcare professionals, and a lack of coordinated
services. Many caregivers are forced to navigate under-resourced public health systems while
also managing stigma and discrimination within their communities. Financial strain further
exacerbates caregiver distress. In both LMICs and underserved areas of high-income countries,
the cost of accessing diagnosis, therapy, and educational services can be prohibitively high. For
example, Carr and Lord (2016) found that families living below the poverty line in Southeast
Michigan frequently opted out of services due to indirect costs such as transportation, childcare,
and missed work hours. These financial pressures can lead to reduced treatment adherence and
early program dropout outcomes that disproportionately affect children in socioeconomically

marginalized families.
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Challenges and needs of parents and families

Families living in LMICs and low-resource settings in North America, including
marginalized and indigenous parents, face numerous challenges in supporting their children with
autism. Key barriers include language and communication difficulties, as well as limited access
to information, training, and educational opportunities. Financial hardship, resource limitations,
and systemic inequalities often constrain parental engagement and teacher collaboration. These
challenges are compounded by emotional, psychological, and mental stress, along with
experiences of discrimination, stigma, and other social and institutional barriers (Leosala, 2023;
Casale et al., 2023; Catubigan, 2023; Millau et al., 2016; King et al., 2017; Shafi et al., 2024,
Bruno et al., 2023; Ladaga, 2022; Resurreccion, 2013).

Language barriers, limited access to information, training and education

Families face significant educational and informational challenges when navigating
autism services, largely due to language barriers, limited system familiarity, and a lack of
culturally tailored support and services. In LAMIC such as the Philippines, parents struggle due
to a lack of information regarding effective strategies for managing their child's behavior and
needs. Difficulties in communication with educators and therapists were also identified, which
hindered the effective delivery of intervention and other services (Leosala, 2023).

Even when language is not a personal barrier, families recognize its impact on others
within their communities (Casale et al., 2023). A widespread lack of knowledge about available
services, support systems, and educational rights exacerbates these challenges. Catubigan (2023)
explored the experiences of Mansaka mothers in Mindanao, Philippines, who have children
diagnosed with ASD. Most mothers faced difficulty understanding and identifying the signs of

ASD and struggled with coping with the impact on their family, work relationships, and personal
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life. Mansaka mothers expressed a lack of understanding and knowledge about their children's
atypical behaviors, which often led to confusion and uncertainty in addressing their children's
needs and made it difficult for them to cope. These brought stress and misery to mothers,
affecting their overall self-concept and overall well-being.

Understanding autism is often shaped by cultural context and the availability of
accessible educational resources. In some communities, there is limited terminology to describe
autism accurately, which affects early recognition and communication about the condition (Shafi
et al., 2024). This lack of understanding may be compounded by minimal public awareness
campaigns or professional outreach, making it difficult for families to fully grasp their child’s
diagnosis or the purpose of recommended interventions.

Families unfamiliar with the host country's healthcare and education systems also face
difficulties navigating complex processes for diagnosis, treatment, and support. Many are
uncertain how to access a family doctor or appropriate special education programs and are
unaware of the existence of translation services, which further impedes effective care (Millau et
al., 2016; King et al., 2017). For indigenous and racialized communities, the situation is
compounded by stigma, cultural misunderstanding, and systemic inequities, prompting the need
for inclusive education programs that address these specific experiences (Bruno et al., 2023).
Parents from culturally diverse backgrounds, such as South Asian families, often lack
appropriate terminology in their native languages to describe autism, making early recognition
and intervention particularly difficult. Educational resources are often not translated or culturally
sensitive, and many parents feel overwhelmed by materials they cannot fully understand or

implement effectively (Shafi et al., 2024; Ladaga, 2022).
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Concerns also arise about the adequacy of school curricula and their support for the
learning needs of children with autism, particularly when individualized education programs
(IEPs) are underdeveloped or inconsistently applied (Abear et al., 2017). Efforts to create
culturally inclusive materials and programming are being made, yet challenges persist in
ensuring these resources reach all families who need them (Bruno et al., 2023). In addition,
parents frequently report a lack of confidence in applying evidence-based practices needed to
support the implementation of their children’s IEPs, due to insufficient training or overwhelming
instructional materials. Without step-by-step support or mentorship, families may struggle to
implement strategies at home or may abandon them due to frustration or emotional burnout
(Ladaga, 2022). Clear instructions, practical coaching, and ongoing motivation have been
identified as critical to supporting parents as they assume educator or advocate roles for their
children. In educational settings, collaboration with teachers is often hindered by unclear
expectations or communication gaps, leading to inconsistent and difficult-to-sustain parental
involvement (Abear et al., 2017). Even when families are willing to engage actively, they may
lack the institutional support and reassurance needed to feel effective in their efforts.

To address these challenges, several researchers proposed improved access to
information and tailored support for families such as the provision of comprehensive, culturally
appropriate information about autism; development of multilingual materials; home visits by
service providers; and the involvement of social or settlement workers to guide families through
systems (Millau et al., 2016; King et al., 2017; Casale et al., 2023). Other effective approaches
included hosting educational workshops and community training programs, which not only
informed families of their rights and available services but also helped them develop the skills

needed to support their children.
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Community mentorship programs, peer coaching, and professional guidance can also
increase parents' confidence and competence in implementing evidence-based practices (EBPs),
which are often inconsistently applied due to limited training or clarity (Ladaga, 2022; Leosala,
2023). Self-directed learning opportunities, such as local resource centers and online platforms,
were also identified to help empower parents to manage better their child’s developmental needs
(Leosala, 2023; Abear et al., 2017). Moreover, parental involvement in curriculum advocacy and
school engagement was identified as vital to ensuring that educational systems evolve to meet
the specific needs of children with autism (Abear et al., 2017).

Poor parent - teacher collaboration

Parents of children with autism often struggle with maintaining consistency in applying
EBPs, resulting in reduced effectiveness of interventions. This inconsistency is frequently linked
to varying levels of parental understanding, ability, and access to professional guidance (Ladaga,
2022). Even when EBPs are introduced, their success hinges on parents' capacity to integrate
them into daily routines, a task made harder by unclear instructions and a lack of confidence in
managing their child’s behavior. This points to a broader need for interventions that are not only
evidence-based but also parent-friendly and adaptable to diverse family circumstances.

Effective collaboration between parents and teachers remains one of the most critical, yet
underdeveloped, aspects of autism interventions. Many parents experience difficulties
establishing productive partnerships with educators, often due to unclear communication
channels or institutional barriers that limit engagement (Leosala, 2023).

Regularly scheduled meetings, clear goal alignment through IEPs, and transparency in
updates about the child’s progress are essential to promoting parent involvement in school-based

interventions (Leosala, 2023). Moreover, teachers who actively listen to and integrate parental
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feedback tend to foster more trusting relationships, which can enhance outcomes for the child
(Resurreccion, 2013). Parents appreciate guidance that is empathetic and grounded in practical
strategies, particularly when navigating the emotional toll of autism diagnosis and intervention.
Teachers who demonstrate professionalism, compassion, and ethical standards are more likely to
earn families' trust. Multidisciplinary teams, timely progress updates, and educational support
have all been noted as valuable elements in implementing successful interventions
(Resurreccion, 2013).

Systemic and structural barriers

Service accessibility is one of the main struggles faced by caregivers, as most experience
lengthy waiting periods to get interventions for their child, and would require travel of two to
three hours to attend therapy sessions. Many families also have limited transportation options,
and in extreme weather conditions, commuting can be a safety risk. These conditions further
exacerbate family stress and cause financial strain (Fong et al., 2023).

Long wait times for diagnostic assessments and therapy services continue to be a
significant source of stress, especially for immigrant and indigenous families (Millau et al., 2016;
Shafi et al., 2024). These delays often result in missed opportunities for early intervention, which
is crucial for developmental progress. Immigrant families also report difficulty navigating
fragmented services, cultural misunderstandings, and a lack of linguistically appropriate
resources (Casale et al., 2023; Khanlou et al., 2017). Refugee families face an additional layer of
systemic neglect, with limited data on their specific needs, further marginalizing them from
policy and program development (Casale et al., 2023).

Indigenous families face unique barriers, including mistrust of healthcare systems rooted

in historical injustices, lack of culturally safe diagnostic services, and under-resourced
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community supports (Bruno et al., 2023; Antony et al., 2022; Hus, 2023). Many indigenous
families express a desire for services that incorporate traditional knowledge and respect cultural
identity. However, current autism supports are overwhelmingly based on Western medical
models, which may not align with indigenous worldviews (Antony et al., 2022).

The division of responsibilities between federal and provincial governments further
complicates access to services for indigenous populations, creating confusion and inconsistent
support (Antony et al., 2022). Parents also expressed frustration over having to independently
search for information, manage complex paperwork, and advocate for services in a fragmented
system (King et al., 2017; Khanlou et al., 2017). Financial hardship and transportation challenges
are compounding factors, particularly for those in remote areas (Khanlou et al., 2017).

Improving service delivery requires comprehensive reforms that recognize cultural,
linguistic, and socio-economic differences across families. Shafi et al. (2024) recommended
developing less resource-intensive support programs for families on waitlists, increasing
culturally responsive training for healthcare providers, and implementing interpretation services
in medical and educational settings. Additionally, collaboration with indigenous communities is
necessary to co-develop autism engagement frameworks that prioritize cultural safety, equity,
and holistic care models (Bruno et al., 2023).

Family-centered care models should also integrate education, health, and social services,
enabling a holistic approach that eases the burden on caregivers and improves outcomes for
children with autism (King et al., 2017). A feedback loop mechanism in which parents can report
on the effectiveness of interventions and suggest improvements can contribute to a system of

continuous improvement (Ladaga, 2022).
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Policies grounded in anti-racism and anti-ableism, designed in partnership with
indigenous and immigrant communities, are crucial for addressing historical and ongoing
inequities (Antony et al., 2022). Without such contextual awareness, future policies risk
replicating existing barriers and excluding those most in need of support.

Financial and resource challenges

Families of children with ASD face a variety of financial and resource-related challenges
that often intersect with structural inequities, employment instability, and service accessibility.
The financial burden associated with therapy and intervention is among the most consistently
reported stressors across both high and low-income countries. Many parents struggle to afford
therapies such as occupational therapy, speech therapy, and behavioral interventions, which can
cost hundreds of dollars per session. In some cases, families are forced to withdraw their children
from essential programs due to these high costs, despite their importance to the child’s
development and learning progress (Abear et al., 2017; Capote et al., 2016; Cuaresma et al.,
2014; Leosala, 2023).

In addition to therapy, specialized educational programs represent another major financial
pressure. These programs are often priced at levels comparable to private school tuition, and for
many families, participation in such programs means sacrificing basic needs or incurring debt.
Parents in both developed and developing contexts report that while these specialized programs
are critical for their child’s learning and social development, the associated costs are often
unsustainable (Capote et al., 2016; Cuaresma et al., 2014; Bruno et al., 2023).

The impact on parental employment further compounds the economic toll of raising a
child with ASD. Many caregivers are required to reduce their work hours, take lower-paying or

part-time jobs, or leave the workforce entirely to provide daily care. This results in significant
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income loss, which exacerbates the already overwhelming costs of care (Millau et al., 2016;
Abear et al., 2017; Shafi et al., 2024). Some parents report needing dual incomes to meet
household needs but face challenges balancing work obligations with caregiving responsibilities,
leading to further financial strain (Leosala, 2023; Casale et al., 2023). Mothers are also restricted
from working or engaging in activities outside the home due to the need for close and strict
supervision of children with atypical behaviors. This placed additional strain on the mothers and
impacts their personal and professional lives (Catubigan, 2023)

Casale et al. (2023) expounded on the challenges faced by immigrant and refugee
caregivers of children with ASD, foremost of which is access to adequate services, including
transportation. Families living in remote or underserved areas face additional challenges due to
transportation and geographic barriers. Accessing therapy or specialized schools often requires
long commutes, particularly for indigenous families who must travel significant distances for
diagnostic or intervention services. These costs can be particularly burdensome when
compounded by the lack of nearby alternatives (Hus, 2023; Antony et al., 2022). In the
Philippines, rural families face similar struggles because essential services are often centralized
in urban areas, leading to recurring transportation costs and missed workdays (Capote et al.,
2016; Abear et al., 2017).

The long wait times, service fragmentation, difficulty obtaining information on service
locations and availability, and excessive paperwork contribute to immigrants’ barriers to access.
Economic hardships from low-paying jobs and costs associated with immigration also hinder
service accessibility, and the lack of social support due to a lack of family and community

support systems adds to the feeling of isolation, making it more challenging for caregivers to
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cope. Some have experienced mental health struggles due to the combination of adapting to a
new country and the feelings brought by social isolation, such as anxiety and depression.

These financial pressures are magnified by systemic inequities in access to public funding
and services. Indigenous families frequently contend with jurisdictional conflicts between federal
and provincial governments, resulting in inconsistent service provision and unreliable funding
mechanisms (Hus, 2023; Antony et al., 2022). Similarly, many immigrant families find
themselves excluded from government programs due to complex eligibility requirements, lack of
documentation, or poor communication from public institutions (Shafi et al., 2024; Khanlou et
al., 2017). Underfunding of programs in indigenous communities and bureaucratic inefficiencies
only deepen existing disparities (Bruno et al., 2023; Antony et al., 2022).

For immigrant families in particular, financial constraints are often tied to broader
patterns of socioeconomic marginalization. Many arrive with limited resources and face access
barriers to stable or well-paid employment. These challenges make it difficult to afford therapies
or navigate a healthcare system that may not be designed with cultural or linguistic inclusivity in
mind. Misunderstandings about medical terminology and unfamiliarity with concepts such as
respite care further hinder effective advocacy for needed services (Khanlou et al., 2017; King et
al., 2017; Casale et al., 2023). Even when services are technically available, these families may
not know how to access them or may encounter stigma and systemic bias that make access more
difficult.

The lack of accessible financial and informational support adds to this burden. Many
parents report that available government and community resources are either insufficient,
difficult to apply for, or poorly advertised. This leaves families feeling isolated and unsupported,

particularly when they are already navigating a complex care landscape (Cuaresma et al., 2014;
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Millau et al., 2016; Shafi et al., 2024). In addition to the financial and logistical barriers, the
emotional toll of persistent uncertainty and instability can lead to parental burnout. Caregivers
often feel overwhelmed by the competing demands of work, caregiving, and navigating systems,
leaving little time to implement consistent support strategies for their children (Ladaga, 2022;
Abear et al., 2017).

Ultimately, these intertwined financial and resource-related barriers reveal the urgent
need for more equitable, comprehensive, and culturally responsive systems of support. Without
addressing the overlapping challenges of affordability, accessibility, and systemic inequity,
families of children with autism will continue to face disproportionate hardship in providing the
care their children need and deserve.

Emotional, psychological stress and personal sacrifices

Parenting a child with ASD is widely recognized as emotionally and psychologically
demanding, and these challenges are significantly magnified in LMIC and immigrant families
and those facing economic or social marginalization. Numerous studies across diverse
geographical contexts consistently report heightened stress levels, emotional exhaustion, and
mental health concerns among caregivers. Stress often arises not only from the behavioral
demands of the child but also from navigating complex healthcare and education systems,
societal stigma, and limited support networks.

Roxas et al. (2022) analyzed the lived experiences of Filipino parents of children with
ASD with an emphasis on the unique challenges and stress they face and classified them into
three: parenting caught off-guard; parenting strains and struggles of childcare; and parenting the
unique spectrum. Parenting off-guard is when parents feel unprepared to deal with the early

onset of ASD in their children. Most mothers observed their child's observable behaviors as

35



typical. However, when they noticed certain behaviors that directly affected the child’s social
behavior, they sought professional help and advice. Parenting and childcare strains and struggles
revolved around financial and emotional burdens, as well as the need for continuous support and
care. Children with ASD require treatments such as medication, occupational therapy, and
speech therapy. These treatments aim to address the limited social behaviors and nonverbal
interactions characteristic of ASD. Medication, occupational therapy, and speech therapy are
often necessary to support the child's development and improve their quality of life. However,
the treatments can be costly for parents, and the frequency of occupational and speech therapy
sessions can be demanding for both the child and the parents. The parenting journey of
Filipino parents is largely characterized by the challenges they face in providing the necessary
care for their child and in finding parenting strategies that cater to their child's unique needs.
Despite the lifelong nature of their child's condition, parents continue to provide care, support,
and help their child acquire the necessary life skills for their child with ASD. This involved
adapting to the unpredictability of their child's condition and seeking additional support for their
child even after they are no longer around. The parenting journey for these parents is unending,
as they continue to navigate the unique challenges that come with raising a child with ASD. The
parents of children with ASD treat their child as a special gift and emphasize the importance of
continuous support from relatives. They view the experience of raising a child with ASD as a
valuable life lesson that not everyone gets the chance to experience.

In Canadian contexts, caregivers report significant emotional strain as they attempt to
balance daily caregiving responsibilities with the logistical and emotional challenges of
accessing services—many experience symptoms of anxiety, depression, guilt, and emotional

burnout. Parents often express feelings of helplessness, fear for the future, and inadequacy when
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they feel unable to meet their child’s needs or secure appropriate interventions. Cultural isolation
and perceived marginalization further exacerbate stress, especially for immigrant families who
face unique sociocultural barriers. These emotional challenges are often compounded by stigma,
which discourages open discussion of their experiences and hinders access to supportive
resources. Parents commonly conceal their struggles from extended family or peers, further
deepening their sense of isolation and emotional vulnerability. Across these studies, parental
stress is intricately linked to broader structural issues such as language barriers, financial
hardship, and insufficient culturally appropriate services (Boulé & Rivard, 2024; Bruno et al.,
2023; Casale et al., 2023; Khanlou et al., 2017; King et al., 2017; Millau et al., 2016; Shafi et al.,
2024).

Beyond initial reactions to a diagnosis, caregivers undergo a complex emotional
trajectory as they come to terms with their child’s developmental condition. Many parents report
an initial period of denial, shock, or grief that is akin to mourning, followed by feelings of
sadness, fear, or anger. Acceptance is not a linear process but rather evolves alongside the child’s
development, family circumstances, and interactions with the service system. When parents
accept the diagnosis, their psychological well-being improves, which, in turn, can enhance the
effectiveness of their caregiving. Programs that focus on building parental resilience, such as
mindfulness training and coaching in managing challenging behaviors, have been shown to offer
emotional relief and improve family dynamics. Peer support groups tailored specifically for
immigrant or underserved families provide valuable spaces for shared learning, community-
building, and emotional validation. These groups also serve as important platforms for advocacy
and stigma reduction (Abear et al., 2017; Capote et al., 2016; Cuaresma et al., 2014; Florentino

et al., 2022; Leosala, 2023; Shafi et al., 2024).
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Another recurring theme is the emotional toll of caregiving on family relationships,
particularly among married couples. Some parents report strain in their marriages, rooted in
differing approaches to care or a lack of mutual understanding (Capote et al., 2016; Bruno et al.,
2023). Fathers are often underrepresented in parent support programs and may face unique
emotional barriers. Research highlights that some fathers lack emotional intelligence or
awareness of their child’s needs, which hampers effective caregiving. Additionally, they often
cite logistical challenges such as work commitments or dissatisfaction with existing programs,
which they perceive as impersonal or irrelevant. Peer-led, father-focused interventions have been
recommended as more relatable and potentially more impactful. These should include education
on emotional intelligence, strategies for self-care, and tools to better communicate within the
family unit (Cuaresma et al., 2014; Abear et al., 2017)

Caring for a child with autism often demands immense personal sacrifices from parents,
particularly mothers. Many parents, especially in the Philippines and similar contexts, are
compelled to give up their professional careers to provide full-time care, prioritizing their child’s
developmental needs over personal advancement. The responsibility for managing daily routines,
therapy sessions, and behavioral challenges often leads to reduced working hours or job
resignations, resulting in financial and emotional stress (Capote et al., 2016; Florentino et al.,
2022).

Additionally, the intensive demands of caregiving severely limit parents' personal time
and opportunities for rest and self-care, often leading to long-term physical and mental health
concerns such as fatigue, anxiety, and depression. Some parents are hesitant to utilize external
caregiving services due to trust issues or cultural expectations, which further increases their

caregiving burden and isolation (Shafi et al., 2024; Casale et al., 2023; Leosala, 2023; Abear et
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al., 2017; Capote et al., 2016; Cuaresma et al., 2014; Resurreccion, 2013). Family dynamics also
become strained as parents struggle to balance the needs of their autistic child with those of other
family members, contributing to emotional and relational conflicts within the household (Capote
et al., 2016).

Religion and spirituality also emerge as important coping mechanisms for some parents,
particularly in contexts where systemic supports are limited. Faith-based interpretations of their
child’s condition offer comfort, a sense of purpose, and resilience amid ongoing stress. These
spiritual beliefs can help caregivers reframe their experiences and may even inspire them to
become involved in advocacy or educational efforts within their communities. Engagement in
such activities is associated with improved self-esteem and reduced feelings of helplessness,
indicating the therapeutic potential of meaning-making practices in coping with the challenges of
autism caregiving (Florentino et al., 2022).

Recent developments in service delivery, such as the adoption of telemedicine, have
introduced alternative avenues for accessing care and support. Especially during the COVID-19
pandemic, telemedicine provided a safe, accessible, and effective means for families to consult
with professionals. In the Philippine context, caregivers of children with neurodevelopmental
disorders, including ASD, reported high satisfaction with telemedicine services, citing benefits
such as reduced travel time, increased convenience, and perceived safety. Despite these
advantages, some parents still prefer in-person visits, suggesting the need for hybrid service
models that accommodate individual family preferences and comfort levels. Satisfaction with
telemedicine also highlights the importance of addressing caregivers’ technological comfort,
perceived privacy, and communication quality with providers, as these factors significantly

influence treatment adherence and service engagement (Aurea et al., 2024).
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Cultural beliefs, discrimination, and stigma

Cultural beliefs profoundly influence how families perceive and respond to autism,
shaping their decisions about seeking support and services. Immigrant and minority families
often encounter significant cultural dissonance when navigating Western models of autism care.
For example, immigrant families may interpret autism through different cultural frameworks,
believing in alternate causes or treatments that conflict with medical approaches in host countries
(Millau et al., 2016; Casale et al., 2023). These beliefs can affect their willingness to engage with
available services, often leading to underutilization of care (Millau et al., 2016; Casale et al.,
2023; Bruno et al., 2023).

Quilendrino et al. (2015) examined the perceptions and health-seeking behaviors of
parents of children with ASD in the Philippines. The study found that cultural beliefs played a
significant role in shaping parents’ perceptions, with some parents holding beliefs that do not
conform to biomedical explanations. The study also highlighted the importance of social
networks and community support in influencing health-seeking behaviors. Pascua and Dizon
(2022) explored the recurring emotions and coping mechanisms of parents with children having
ASD. They found that parents often experience intense emotions such as shock, disbelief, grief,
guilt, and frustration following their child's diagnosis. Coping mechanisms included joining
parent support groups and investing in relationships with family and peers.

The stigma associated with autism remains a powerful barrier across various cultural
contexts. In South Asian communities, for instance, societal pressure and negative perceptions
lead many parents to avoid disclosing their child's diagnosis due to fear of judgment and
ostracism. Parents frequently experience felt stigma, which is internalizing shame and

embarrassment, and enacted stigma, where they face overt discrimination and isolation. These
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stigmas are often so intense that families may choose to self-censor or disengage from their
social networks to avoid further scrutiny or pity (Shafi et al., 2024).

Stigma not only affects parents' individual experience but also significantly shapes family
dynamics and community interactions. Mothers, in particular, report feeling socially isolated due
to the negative judgments they face from both extended family and the broader community
(Florentino et al.., 2022). In many cases, this stigma is internalized, leading to strained familial
relationships and heightened guilt or inadequacy among caregivers (Shafi et al., 2024; Florentino
et al., 2022). Cultural differences faced by newcomers and refugees are also cited by Casale et al.
(2023), where different cultural perceptions of ASD, such as those associated with stigma for
individuals with developmental disabilities, affect their willingness to look for help or seek
financial services, leading to a delay of access. The need for tailored information and support
that is appropriate to specific needs, reflecting newcomer and Indigenous cultural contexts and
experiences, can help provide strength-based and holistic approaches (Horrill et al., 2018; Fong
et al., 2023). In contexts such as the Philippines, societal expectations and the lack of autism
awareness further exacerbate this burden. Parents, especially mothers, often report being blamed
or judged for their child’s behavior, leading to feelings of shame and helplessness (Florentino et
al., 2022; Capote et al., 2016). According to Gray (1993), the public’s misperceptions about
autism contribute to its heightened stigmatization, and this continues to be reflected in recent
Filipino studies where over 85% of mothers reported feeling societal stigma when raising a child
with ASD (Florentino et al., 2022; Gray, 1993).

A lack of culturally competent services compounds the issue of stigma. Healthcare
providers often lack training in cultural sensitivity, which can result in service mismatches and

further discourage families from seeking help (King et al., 2017; Khanlou et al., 2017; Shafi et
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al., 2024). For indigenous and immigrant families, the systemic disregard for their cultural
perspectives contributes to a lack of trust in services rooted in colonial or Western models (Hus,
2023; Antony et al., 2022). Many of these families express a preference for strength-based,
culturally grounded approaches that honor traditional values and practices (Antony et al., 2022;
Hus, 2023). The strong demand from indigenous caregivers for services that are culturally
relevant and supportive of their heritage calls for cultural safety training for health care providers
that includes understanding of indigenous culture and language, along with the historical context
and trauma experienced by indigenous people to create culturally appropriate and socially safe
environments (Horrill et al., 2018).

To bridge these cultural gaps, researchers have advocated for culturally competent and
safe services. Programs tailored to specific cultural norms and values, particularly for indigenous
and refugee communities, are seen as essential for meaningful engagement and improved
outcomes (Bruno et al., 2023; Hus, 2023; Antony et al., 2022). Training for service providers is a
key recommendation across several studies, emphasizing the need for cultural humility,
awareness of systemic discrimination, and respect for alternative worldviews (King et al., 2017,
Casale et al., 2023; Khanlou et al., 2017).

Several studies stress that without culturally responsive services, families may continue
to feel alienated, misunderstood, or infantilized by systems that do not reflect their values
(Antony et al., 2022; Hus, 2023). This is especially true in indigenous communities where
traditional models of autism, which often are deficit-based, clash with holistic views that
emphasize individual strengths and community inclusion (Bruno et al., 2023; Hus, 2023).

Similarly, immigrant families face barriers such as language difficulties, unfamiliarity with

42



service structures, and a lack of representation among service providers (Boulé & Rivard, 2024;
King et al., 2017).

Enhancing cultural competence in autism services requires a multifaceted approach:
training professionals, incorporating translators, involving culturally diverse staff, and, most
importantly, co-creating services with community leaders to ensure they are contextually
relevant and respectful (Bruno et al., 2023; Antony et al., 2022; Shafi et al., 2024). Strength-
based, indigenous-led, and family-informed frameworks are recommended to address historical
trauma and rebuild trust in care systems (Antony et al., 2022; Hus, 2023).

Social challenges

Parents of children with ASD often face a complex array of social challenges that extend
beyond the child’s diagnosis. One of the most pervasive issues is social isolation (Shafi et al.,
2024; Bruno et al., 2023; Ladaga, 2022; Abear et al., 2017; Khanlou et al., 2017; Capote et al.,
2016; Millau et al., 2016). Parents, particularly mothers, frequently report withdrawing from
their communities due to the stigma and judgment associated with their child’s socially
inappropriate behaviors. This isolation is both emotional and practical, resulting in loneliness and
reduced access to support systems (Shafi et al., 2024). In countries like the Philippines, mothers
may avoid public outings or family gatherings to prevent potential embarrassment, further
compounding their sense of solitude (Leosala, 2023). Similarly, immigrant families relocating to
new countries often leave behind familiar support networks, which makes them more vulnerable
to isolation in host societies that may lack culturally competent services (Casale et al., 2023).
This isolation can severely limit their ability to seek or sustain support, leading to greater stress
and reduced well-being (Abear et al., 2017; Casale et al., 2023; Florentino et al., 2022; King et

al., 2017; Leosala, 2023; Millau et al., 2016; Shafi et al., 2024).
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In addition to these experiences, managing public perception and behavioral challenges in
social settings remains a significant concern. Parents are often left to navigate the delicate task of
explaining or justifying their child's behaviors in public spaces, which can be emotionally
draining and stigmatizing. Some parents respond by avoiding social interactions altogether,
sacrificing their own well-being to protect their children from public scrutiny (Leosala, 2023;
Florentino et al., 2022). Moreover, the child’s difficulties in socializing and forming friendships
can indirectly affect the parent’s social engagement, as they take on the added role of mediator in
social integration efforts (Leosala, 2023). These issues are particularly acute among families in
both developing and developed contexts, where access to inclusive and empathetic community-
based programs remains inconsistent. Consequently, these challenges not only affect parental
mental health but also hinder the development of meaningful social experiences for children
(Abear et al., 2017; Leosala, 2023; Millau et al., 2016; Shafi et al., 2024).

The availability and quality of family and community support systems significantly
influence how parents cope with the social and emotional demands of raising a child with ASD.
Many immigrant families, particularly those new to North America, face limited access to
extended family or community networks that typically provide emotional and logistical support.
This is especially true for refugee families and those without pre-existing cultural communities
in their new environments (Bruno et al., 2023; Casale et al., 2023; King et al., 2017; Khanlou et
al., 2017; Millau et al., 2016). Without these networks, parents often rely heavily on formal
services, which may not be adequately equipped to respond to culturally specific needs or
practices. The gap between service availability and cultural compatibility can result in mistrust or
disengagement from programs that might otherwise provide crucial support (King et al., 2017,

Millau et al., 2016; Shafi et al., 2024).
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Community-based support groups have emerged as promising interventions for reducing
parental stress and social isolation. These groups offer a safe space for parents to share
experiences, receive practical advice, and build emotional resilience. In both Canadian and
Philippine contexts, studies have shown that peer support initiatives and NGO collaborations can
help parents feel less alone and more empowered. Such initiatives also facilitate informal
mentoring, in which experienced parents guide newer parents through the complex processes of
accessing therapy, managing behavior, and navigating school systems. In areas where support
groups are lacking, schools and local organizations are encouraged to foster informal parent
engagement, such as meet-ups and resource-sharing sessions (King et al., 2017; Leosala, 2023;
Millau et al., 2016).

Importantly, the effectiveness of support groups is heightened when cultural sensitivity is
embedded in their design. Programs that acknowledge and incorporate local customs, beliefs,
and communication styles are more likely to be embraced by families. For example, indigenous
parents have emphasized the need for culturally respectful interventions that do not impose
Western norms but instead integrate cultural values (Shafi et al., 2024). Immigrant parents have
made similar calls for culturally competent services who feel alienated by mainstream healthcare
systems (Millau et al., 2016). These findings highlight the need for inclusive, family-centered
approaches that not only assist but also affirm the cultural identities and dignity of those they

serve (Leosala, 2023; Millau et al., 2016; Shafi et al., 2024).

Challenges and needs of individuals with ASD
Individuals with moderate to severe ASD face a wide range of interconnected challenges
that significantly affect their daily lives. Physical health issues, motor coordination difficulties,

and heightened sensory sensitivities often interfere with routine activities. Behavioral challenges
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such as rigidity, meltdowns, and aggression can further hinder their ability to engage socially and
form peer relationships. Emotional and psychological difficulties, including anxiety and
problems with self-regulation, are also common. These challenges hinder the learning of life
skills, the achievement of independence, and the development of effective communication.
Academic difficulties and limited access to appropriate support services compound these issues,
often leading to long-term financial hardship and reduced opportunities in adulthood (Bauman,
2010; Mller et al., 2024; Waizbard-Bartov et al., 2024; Memari et al., 2015; Eow et al., 2020;
Lagada, 2022; Balbin et al., 2022; Delafield-Butt et al., 2019; Silveira-Zaldivar et al., 2021;
Matson et al., 2008; Gorlin et al., 2016; Zaldivar et al., 202; Gao, 2023).

Physical health, motor, and nutrition challenges

Individuals with ASD frequently face a broad array of physical health and motor
coordination challenges, which are often intertwined with their cognitive and social difficulties.
Common comorbidities include gastrointestinal dysfunction, sleep irregularities, sensory
integration disorders, and immune-related conditions such as allergies and asthma (Balbin et al.,
2022; Bauman, 2010). Additionally, children with ASD are at increased risk of developing
metabolic disorders, including obesity, diabetes, and cardiovascular conditions, further
complicating their developmental trajectories (Bauman, 2010).

Motor skill deficits are especially prevalent, with up to 79% of children with ASD
experiencing some level of impairment in gross or fine motor coordination (Muller et al., 2024).
In fact, studies have found that motor delays, such as late crawling or walking, are early
indicators of ASD, as motor deficits typically emerge during infancy and persist into adulthood.

This later manifests as clumsiness, poor balance, asymmetrical movements, and difficulties with
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everyday motor tasks such as writing or using utensils (Waizbard-Bartov et al., 2024; Muller et
al., 2024).

The consequences of these motor and physical health issues are compounded by low
participation in physical activities. Memari et al. (2015) found that only 12% of children with
ASD met physical activity guidelines, with 85.5% rarely or never participating in exercise. This
inactivity is more pronounced in girls, older children, and those from lower-income or single-
parent households. In addition, the study found that lack of social engagement also contributes to
inactivity, as children with limited social interactions are less likely to engage in physical
activity. Financial constraints, social isolation, parental safety concerns, and limited access to
inclusive spaces further complicate the challenge.

Addressing barriers to physical health requires not only structural interventions, such as
adapted programs and supportive environments, but also motivational strategies. Positive
reinforcement, parental involvement, and activities aligned with children's interests, such as
obstacle courses or animal-assisted therapies, can enhance participation. In addition,
personalized approaches tailored to each child’s strengths and preferences have proven more
effective than generalized programs (Muller et al., 2024).

Closely linked to motor and physical health is the nutrition of children with ASD. The
study of Eow et al. (2020) found that children with ASD commonly exhibit food selectivity, as
most prefer starchy and carbohydrate-rich foods over fruits and vegetables, leading to nutritional
imbalances and a higher risk of obesity. Mealtime rigidity and abnormal sensory responses to
food are typically associated with increased autism severity, which further complicates dietary
management. In addition to food selectivity, parental behaviors such as overly restrictive feeding

practices, often driven by concerns about their child’s weight, could exacerbate behavioral issues
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and health problems. Furthermore, socioeconomic factors such as poverty and unemployment
delay diagnoses and limit access to early nutritional interventions.

Beyond physical activity and nutrition, neurological disorders, including seizures, affect
between 7% and 35% of children with ASD. Gastrointestinal issues such as chronic constipation
and reflux, along with food allergies, are common and found to influence behavior and learning.
Other prevalent conditions include hypotonia or low muscle tone, sleep disorders, hearing
impairments, and dental issues, each contributing to discomfort and behavioral dysregulation
(Bauman, 2010).

Effectively treating these comorbid conditions can improve therapy outcomes, reduce
disruptive behaviors, and enhance quality of life. For example, managing sleep disorders can
improve daytime behavior and academic performance, while addressing gastrointestinal distress
may reduce self-injurious behavior (Bauman, 2010). In addition, promoting physical activity
through daily routines and structured programs can improve social, cognitive, and motor
outcomes in children with ASD (Lagada, 2022). Furthermore, aligning interventions to each
learner’s development level and socio-motor interests could encourage cooperative play and
sports for older children (Miller et al., 2024). Parental involvement is also vital to reinforce
physical activities at home and promote social engagement among their child’s peers through
group activities. In addition, integrating holistic, multidisciplinary, and culturally responsive
approaches, with the help of health professionals, educators, and families, is also essential to

address the complex interplay of challenges in ASD (Miiller et al., 2024; Eow et al., 2020).

Sensory sensitivities
Learners with ASD often experience significant challenges related to sensory processing,

which can profoundly affect their daily functioning and quality of life. Either hypersensitivity or
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hyposensitivity to environmental stimuli is frequently observed in sensory sensitivities in autism.
For instance, hypersensitive individuals may experience intense discomfort from certain textures,
loud noises, or bright lights, leading to distress in everyday environments such as classrooms or
public spaces. Conversely, those with hyposensitivity may demonstrate high pain tolerance or
exhibit behaviors that seek out intense sensory input, such as frequent touching or exposure to
strong stimuli. These sensory challenges are not merely inconvenient; they often serve as
precursors to other behavioral and emotional difficulties that complicate social participation and
learning (Balbin et al., 2022; Delafield-Butt et al., 2019; Silveira-Zaldivar et al., 2021;
Waizbard-Bartov et al., 2024).

To cope with overwhelming sensory input, many individuals with autism engage in
repetitive behaviors such as rocking, hand-flapping, spinning objects, or vocalizations. These
stereotypic actions can function as self-soothing strategies or as attempts to regain control over
unpredictable surroundings (Matson et al., 2008; Delafield-Butt et al., 2019; Gorlin et al., 2016).
However, while these behaviors may be adaptive for the individual, they are often perceived by
others as disruptive or unusual, particularly in structured environments such as schools. In
educational contexts, such behaviors may interfere with classroom routines and learning, not
only for the autistic student but also for their peers, potentially leading to social isolation and

discrimination (Gao, 2023).

Behavioral challenges
Behavioral challenges associated with ASD extend beyond repetitive actions and often
include more overtly disruptive conduct such as aggression, tantrums, self-injury, and property

destruction. These behaviors are typically responses to communication barriers, emotional
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dysregulation, or difficult transitions that the individual cannot manage. Aggression and self-
injury, for example, are frequently interpreted as expressions of internal distress, frustration, or
sensory overwhelm (Matson et al., 2008; Gorlin et al., 2016). Such behaviors may escalate over
time if unaddressed, diminishing quality of life and limiting opportunities for education,
employment, and social inclusion.

Emotional regulation difficulties are a critical factor underlying many of these behaviors.
Learners with autism often struggle to interpret and express their emotions, resulting in either
withdrawal or behavioral outbursts in stressful situations. The co-occurrence of anxiety and other
mental health challenges further compounds these difficulties, highlighting the need for
interventions that address emotional as well as sensory and behavioral domains (Silveira-
Zaldivar et al., 2021; Delafield-Butt et al., 2019). Without appropriate support, emotional
dysregulation can manifest as meltdowns or aggressive incidents, particularly during transitions
between activities or changes in routine, which are especially challenging for many children with
autism (Waizbard-Bartov et al., 2024).

In response to these complex and interrelated challenges, experts have advocated for
more nuanced and comprehensive approaches to assessment and intervention. Rather than
focusing solely on core ASD symptoms, researchers recommend multidimensional assessments
that consider sensory profiles, emotional health, and the presence of co-occurring conditions
such as anxiety or depression (Waizbard-Bartov et al., 2024). Interventions should be
individualized and flexible, recognizing the diversity within the spectrum and the unique
combination of needs each child presents. Traditional interventions may not always be effective

across the board, and the application of tailored strategies, such as incorporating music and art
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therapy, modifying physical environments, or using hands-on learning tools, has shown promise
in improving engagement and reducing distress (Gao, 2023; Delafield-Butt et al., 2019).

Creating supportive environments, both at home and in educational settings, is essential
to enhancing the well-being and developmental outcomes of learners with autism. Adjustments
that promote a better person-environment fit, such as sensory accommodations or visual
schedules, can reduce anxiety and foster greater independence and participation (Waizbard-
Bartov et al., 2024). These efforts call for a broader need for systemic and inclusive practices
that recognize the lived realities of learners with autism, not only as a clinical population but as
diverse individuals navigating a world that often fails to accommodate their needs.
Social integration and relationships

Learners with ASD frequently face significant challenges in social integration, stemming
from core difficulties in communication and understanding social cues. Many individuals
struggle to interpret nonverbal signals such as facial expressions, body language, and tone of
voice, often leading to misunderstandings and missed social opportunities. Figurative language,
sarcasm, and nuanced conversational norms such as turn-taking and topic maintenance may be
difficult to grasp, making interactions feel awkward or strained (Balbin et al., 2022; Delafield-
Butt et al., 2019; Silveira-Zaldivar et al., 2021). These pragmatic language deficits can impair the
ability to engage in reciprocal communication and inhibit the formation and maintenance of
friendships, thereby contributing to social isolation and emotional distress (Silveira-Zaldivar et
al., 2021; Memari et al., 2015; Waizbard-Bartov et al., 2024).

Furthermore, social isolation is exacerbated by widespread social exclusion, both in
educational settings and in broader community contexts. Children and adults with autism often

report feeling left out of group activities or peer circles, and this exclusion is compounded by
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limited friendship opportunities and difficulties participating in team-based or collaborative
environments (Gao, 2023; Memari et al., 2015). Communication barriers due to fear of judgment
or low self-esteem discourage many learners with ASD from initiating interactions or engaging
in classroom and extracurricular activities (Memari et al., 2015; Gorlin et al., 2016).

Stigmatization and unfavorable public perceptions of autism also pose major barriers to
social participation. Misunderstandings about ASD foster an environment of low expectations,
where peers and educators underestimate the social potential of individuals with ASD or exclude
them from meaningful social engagement. These biases typically manifest in subtle ways, such
as being overlooked during group work, or in more overt forms of discrimination, which further
limit inclusion and reinforce feelings of otherness (Balbin et al., 2022; Gorlin et al., 2016;
Waizbard-Bartov et al., 2024).

Social vulnerabilities among learners with ASD often extend beyond isolation to include
heightened risk of bullying and exploitation. Due to difficulties in recognizing manipulative
behaviors or deceit, many individuals with ASD are more susceptible to being taken advantage
of, placing them in unsafe or emotionally harmful situations. These experiences can result in
increased anxiety, mental health challenges, and maladaptive coping mechanisms such as
substance misuse (Hasson et al., 2022; Gorlin et al., 2016; Balbin et al., 2022). In educational
settings, bullying has been shown to negatively impact emotional well-being, reduce school
attendance, and exacerbate existing communication or behavioral challenges (Memari et al.,
2015; Gao, 2023).

In early childhood, social difficulties may manifest as atypical behaviors, such as
noncompliance, unusual play patterns, or repetitive actions that seem excessive or contextually

inappropriate. These include behaviors like lining up toys, mouthing or swallowing objects, or
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repetitive movements such as spinning or jumping. In some cases, behaviors such as removing
clothing may arise from sensory sensitivities, reflecting the complex interplay between sensory
discomfort and social expectations (Balbin et al., 2022). While such behaviors are often
misunderstood as defiance or lack of discipline, they may in fact represent attempts to manage
anxiety, seek sensory regulation, or express unmet needs in the absence of effective
communication.

The COVID-19 pandemic further amplified concerns around social development,
particularly for children with autism. The shift to online learning and reduced opportunities for
in-person interaction disrupted social routines and diminished opportunities to practice
interpersonal skills, leading to fears of regression in both academic and social domains (Gao,
2023). These disruptions highlighted the importance of sustained, structured social engagement
and inclusive educational practices to support the long-term development of learners with ASD.
To address these barriers, researchers have emphasized the importance of early, sustained, and
multi-level interventions to improve social communication and foster inclusive environments.
Techniques such as peer-mediated interventions, social skills training, pivotal response training,
and social narratives have been effective in enhancing interpersonal engagement and promoting
reciprocal interaction (Silveira-Zaldivar et al., 2021). Naturalistic strategies, video modeling,
structured play groups, and social-emotional learning programs further support the development
of emotional intelligence and real-life social application (Silveira-Zaldivar et al., 2021).
Furthermore, complementary practices such as intensive interaction and dance movement
therapy can utilize attunement and embodied communication to foster connection, particularly
for nonverbal individuals. At the same time, strategies like structured turn-taking and predictive

engagement can deepen affective bonds and reduce anxiety in social contexts (Delafield-Butt et
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al., 2019). Importantly, the creation of safe, predictable, and affirming environments, both in
educational and home settings, can empower individuals with autism to express themselves more
authentically and engage more confidently in social activities (Delafield-Butt et al., 2019; Gao,
2023).

Finally, collaborative approaches that involve parents, educators, and service providers
are essential for sustaining meaningful progress. Parental engagement plays a crucial role in
bridging communication between school and home, while professional training and centralized
outreach services are necessary to build inclusive educational systems and reduce systemic
exclusion (Hasson et al., 2022; Gao, 2023). Collectively, these findings highlight the need for
culturally responsive, contextually grounded, and person-centered interventions to improve the

social integration, emotional well-being, and life outcomes of individuals with autism.

Emotional and psychological challenges

Learners with ASD frequently experience a range of psychological comorbidities that
significantly impact their well-being and ability to navigate everyday life. Commonly reported
conditions include anxiety, depression, attention deficit hyperactivity disorder, schizophrenia,
obsessive-compulsive disorder, and bipolar disorder, all of which complicate emotional
regulation, cognitive functioning, and social interaction. These comorbidities often remain
undiagnosed or are misdiagnosed, particularly in adults, due to overlapping symptoms and a lack
of specialized healthcare access, leading to further personal and professional challenges.
Emotional and mental health issues such as anxiety and depression are especially prevalent, with
research highlighting their detrimental effect on quality of life. Yet, they often go unaddressed
due to insufficient mental health services and inadequate transitions from pediatric to adult

healthcare systems. In parallel, individuals with ASD also contend with physical health concerns,
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including motor coordination difficulties and sensory sensitivities, which further hinder
participation in routine and occupational activities (Balbin et al., 2022).

This psychological vulnerability is especially pronounced in academic environments,
where students with ASD experience high levels of stress and anxiety stemming from both
academic demands and complex social dynamics. Depression and low self-esteem are also
common, often rooted in persistent difficulties with peer relationships and perceived failures in
social or educational contexts. These emotional struggles frequently manifest as behavioral
issues, affecting classroom engagement and overall school climate. Compounding these
challenges is the absence of robust support systems; students with ASD may lack adequate
emotional reinforcement from family, educators, and peers, which further intensifies feelings of
isolation and emotional distress. Moreover, many people experience adjustment disorders during
key life transitions, such as moving between educational levels or entering the workforce, which
can exacerbate existing psychological difficulties and disrupt mental well-being. Collectively,
the evidence highlights the urgent need for integrated mental health services, targeted
interventions, and supportive infrastructures to address the complex psychological profiles of

individuals with autism throughout their lifespan (Memari et al., 2015).

Life skills and independence

The development of daily living skills (DLS) is a fundamental component of adaptive
functioning for individuals with ASD, significantly influencing long-term outcomes, including
independence, community participation, and quality of life. The rate at which individuals with
ASD acquire DLS varies. While longitudinal studies suggest that DLS may improve from early
childhood into young adulthood, a plateau is commonly observed in late adolescence, and in

some cases, a regression occurs by the early 30s (Baker et al., 2021; Bal et al., 2015). Factors
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contributing to this variability include cognitive abilities, language development, executive
functioning, and comorbid conditions such as intellectual disability (ID) or attention-
deficit/hyperactivity disorder (ADHD), which further complicate adaptive behavior challenges
(Baker et al., 2021; Kilincaslan et al., 2019). Notably, even individuals with high 1Q scores may
demonstrate significant DLS deficits, particularly when externalizing behaviors such as

aggression or impulsivity are present (Baker et al., 2021).

Many learners with autism experience deficits in DLS, including personal hygiene, meal
preparation, money management, and household safety, which persist even when cognitive
abilities are within or above the average range (Baker et al., 2021; Bal et al., 2015). These
challenges are often caused by a combination of biological factors and social-cognitive
pressures, with adolescence being a key period when learning adaptive behaviors becomes more
difficult due to increased emotional and executive functioning demands (Baker et al., 2021).

Executive functioning deficits, including difficulties in planning, organizing, and impulse
control, are commonly associated with poor DLS outcomes, affecting the individual's capacity to
complete daily tasks independently and consistently (Waizbard-Bartov et al., 2024). These
challenges often interact with a strong preference for routine among individuals with autism,
where disruptions can trigger anxiety and further reduce task performance (Waizbard-Bartov et
al., 2024). Moreover, social-communication impairments, particularly those evident in early
childhood, can hinder the development of DLS by limiting opportunities for modeling, feedback,
and social learning (Bal et al., 2015).

Communication difficulties are closely linked to problems with daily functioning, so

programs that include speech and language therapy often help in areas beyond just language
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development (Kilincaslan et al., 2019). Furthermore, co-occurring psychiatric or behavioral
conditions, such as anxiety, ADHD, or externalizing behaviors, can exacerbate DLS deficits,
necessitating a dual focus on behavioral regulation and functional skill development to maximize
outcomes (Baker et al., 2021).

Parental and family influences also play an important role in DLS outcomes. Family
engagement in early, targeted interventions, particularly those emphasizing prompting,
modeling, and visual supports, has been shown to significantly enhance DLS acquisition
(Kilincaslan et al., 2019; Bal et al., 2015). Despite this, many parents report limited training or
support in teaching self-help skills, especially in non-Western contexts such as Turkey, where
educational services may lack the resources and professional expertise required for
comprehensive adaptive skills training (Kilincaslan et al., 2019). Lowered expectations for
independence among parents of children with ASD, compared to those with other disabilities,
have been linked to reduced self-efficacy and motivation in individuals with autism (Balbin et
al., 2022). Parental involvement is a critical determinant of success in DLS acquisition, as they
serve as primary models and facilitators of adaptive behaviors, and their ability to scaffold
learning while managing stress and externalizing behaviors can significantly shape a child's
developmental trajectory. When parents receive targeted training on supporting their child’s DLS
at home, intervention effectiveness improves markedly, particularly when these skills are
practiced in naturalistic, everyday contexts (Balbin et al., 2022; Kilincaslan et al., 2019).
However, without adequate support, caregivers may inadvertently limit their child’s autonomy
by completing tasks themselves, especially in the face of persistent behavioral challenges or

overwhelming caregiving demands (Waizbard-Bartov et al., 2024).
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Cultural and geographic differences can make it more difficult to support the
development of DLS. For example, while Western research often emphasizes social and
communication-focused interventions, studies from the Philippines and Turkey point to
significant gaps in support for daily living, particularly during the transition to adulthood (Balbin
et al., 2022; Kilincaslan et al., 2019). Families in lower-income settings or under-resourced
regions face additional barriers to care, including limited access to trained professionals,
culturally appropriate assessment tools, and inclusive community programs. As such, the

development of validated, context-sensitive materials is vital (Silveira-Zaldivar et al., 2021).

DLS deficits in ASD are complex and persist throughout development, demanding a
holistic approach that integrates biological, cognitive, behavioral, familial, and sociocultural
factors. Effective support, therefore, requires early, sustained, and individualized interventions
that address both skill-building and environmental supports, while also accounting for the
broader familial, educational, and cultural systems that shape outcomes over the lifespan.
Effective interventions must also be tailored to the individual needs of each child, recognizing
that standardized approaches often fail to address the nuanced challenges faced by individuals
with autism. Personalized support plans that assess an individual’s unique strengths and
difficulties, such as those involving communication, personal hygiene, or self-care, are more
likely to yield significant improvements (Kilincaslan et al., 2019; Silveira-Zaldivar et al., 2021).

Structured teaching of adaptive behaviors, such as dressing, meal preparation, and
personal hygiene, has also been shown to foster greater independence, especially when
introduced early and reinforced consistently across environments (Silveira-Zaldivar et al., 2021).

Programs such as "surviving and thriving in the real world" and naturalistic teaching strategies
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using everyday materials have demonstrated encouraging short-term improvements, particularly
when combined with occupational therapy and parent training (Baker et al., 2021). Moreover,
incorporating community inclusion into intervention planning, through participation in activities
such as shopping, cooking, or navigating public spaces, can reinforce DLS while also improving
social engagement and confidence (Balbin et al., 2022).

Finally, policy advocacy remains vital to ensure sustained support for early intervention
services and caregiver resources. Greater investment in training, assessment tools, and
community inclusion initiatives will not only enhance individual outcomes but also contribute to
a more inclusive society for people with ASD and intellectual disabilities.

Communication challenges

Communication challenges are a major concern in the education and social development
of individuals with ASD, as many exhibit language impairments that hinder their ability to
communicate effectively with teachers and peers (Gao, 2023; Gorlin et al., 2016). These
impairments can manifest as limited vocabulary, difficulty forming coherent narratives, or an
inability to engage in reciprocal conversations, which are essential for building relationships and
expressing needs (Delafield-Butt et al., 2019; Gorlin et al., 2016). For some, communication can
be inconsistent, with skills that fluctuate over time, adding complexity for educators and
caregivers (Gorlin et al., 2016). Verbal communication is not the only challenge, as many
individuals also struggle to interpret or express nonverbal cues, such as gestures, facial
expressions, and body language. These difficulties disrupt the reciprocal nature of
communication and can lead to social isolation or misunderstandings in both peer and adult

interactions (Waizbard-Bartov et al., 2024; Delafield-Butt et al., 2019).
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Innovative approaches have been proposed to bridge these gaps, including motor
imitation techniques that facilitate shared action and engagement by encouraging
synchronization between the therapist and the child. These approaches promote non-verbal
interaction as a foundation for more complex communication skills. Additionally, the use of
multimodal communication strategies, such as combining gestures, vocalizations, and body
movements, can enhance expressiveness and support a more comprehensive understanding
between autistic individuals and their communication partners (Delafield-Bultt et al., 2019). In
addition, tailoring educational strategies to address these communication needs is necessary,
especially as IEPs are developed to reflect each student’s unique strengths and challenges. IEPs
should incorporate flexible goals and adaptive communication strategies that evolve as the child
grows and changes, ensuring sustained support (Gao, 2023). Facilitating shared narratives in
therapeutic and educational settings can also provide individuals with ASD with a structure in
which they can express themselves more effectively, helping build stronger social and emotional

connections over time (Delafield-Bultt et al., 2019).

Academic challenges

Students with ASD face a range of academic challenges that are rooted in both their
individual learning profiles and the broader educational systems they navigate. Traditional
educational models often do not accommodate the neurodiverse ways in which students with
autism process and engage with information. Many experience significant stress related to
academic performance, which can lead to anxiety, burnout, and motivational difficulties,
particularly when compounded by repeated academic failures or transitions between educational
stages (Memari et al., 2015). Students also struggle with time management, especially when

balancing academic responsibilities with extracurricular demands, further exacerbating stress
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levels (Memari et al., 2015). These challenges are intensified for those with co-occurring
learning disabilities, who require tailored educational approaches that are frequently unavailable
due to a lack of support services, inadequate learning resources, and insufficient numbers of
trained staff (Memari et al., 2015; Silveira-Zaldivar et al., 2021).

The structure and environment of mainstream classrooms often fail to meet the needs of
students with autism. Many educational settings are overcrowded, follow unclear routines, or are
led by teachers lacking appropriate training in autism-inclusive practices, all of which hinder
engagement and learning (Gorlin et al., 2016). These systemic shortcomings can be especially
problematic for students with social-communication deficits, a core characteristic of autism,
which impair peer interactions and participation in group learning activities (Silveira-Zaldivar et
al., 2021). Additionally, test anxiety is prevalent among students with ASD, negatively affecting

academic outcomes and further limiting opportunities for success (Memari et al., 2015).

Historically, autism research has concentrated on limitations and behavioral issues, but
recent studies emphasize the importance of identifying and nurturing the unique strengths and
abilities of autistic individuals. Neurocognitive research suggests that the brains of people with
autism process information in distinctive ways that may confer strengths in memory, attention to
detail, and pattern recognition. Indeed, up to one-third of individuals with autism demonstrate
exceptional abilities, though these often remain unrecognized or unsupported in traditional
educational contexts. Early identification of such strengths, sometimes visible in preschool
settings, can lead to substantial long-term benefits when nurtured appropriately through tailored

strategies (Halder et al., 2024).
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Personalized teaching approaches that align with a student’s learning style and intrinsic
motivations are therefore essential for addressing both strengths and deficits of learners with
ASD. For example, students who excel in specific areas may still struggle with standardized
assessments that fail to capture their true capabilities. Interventions should therefore aim to
bridge this gap by incorporating flexible assessments and interest-based learning. Adult coaches
and mentors, attuned to the emotional and cognitive needs of students with autism, are
particularly effective in guiding them toward independence while supporting skill development
in both areas of strength and difficulty. These coaches play a crucial role in fostering autonomy,
especially when they support students in understanding and working through their challenges
using their strengths as a foundation (Halder et al., 2024).

Creating supportive, enriching environments is another key factor in academic success.
Opportunities such as nature exploration, workshops, and hands-on learning camps have been
shown to stimulate natural interests and improve social acceptance among peers. Importantly,
this approach requires an understanding of the child’s interests and emotional state, as interests
do not always align neatly with areas of strength. A flexible, guided enrichment strategy, often
facilitated by adult coaches, can therefore help students discover and build on what they love
while continuing to develop necessary life skills (Halder et al., 2024).

Parental involvement is an indispensable component of effective support for students
with autism. Parents bring deep, experiential knowledge of their children’s behaviors,
motivations, and needs, making them vital partners in the co-design of educational and
intervention strategies. Their insights contribute to more effective individualized education plans

and can enhance collaboration between educators and families. Moreover, many parents extend
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their roles into community advocacy, participating in workshops and peer networks to address
common challenges and promote systemic change (Halder et al., 2024).
Financial challenges and transition to adult life

Financial and resource-related challenges significantly impact the quality of life,
educational attainment, and employment outcomes for individuals with ASD and their families.
In many cases, the financial burden begins early, with high tuition fees and the cost of
educational materials presenting considerable barriers to accessing quality education. These
challenges are compounded by limited access to extracurricular activities, after-school programs,
and academic support services due to financial constraints, especially for families from lower-
income backgrounds (Memari et al., 2015). Furthermore, the cumulative cost of healthcare,
including therapies, assessments, and specialized interventions, can overwhelm families,
reducing their ability to invest in educational or developmental resources.

Limited access to affordable transportation and necessary technology, such as computers
or stable internet, further hinders students’ ability to engage fully in school, widening the equity
gap between low-income and higher-income households. Financial stress not only affects
logistical access to learning but also influences family dynamics and emotional well-being,

creating an environment that can impede academic and social progress (Memari et al., 2015).

These financial hardships often persist into adulthood, particularly as individuals with
ASD encounter systemic obstacles in securing and maintaining employment. Despite growing
awareness of neurodiversity, employment rates for adults with autism remain low, with studies
showing that nearly half of 25-year-olds with ASD have never held a job. Although awareness

of autism has increased, with prevalence rising globally from 1 in 150 children to 1 in 44 as of
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2021, employment outcomes remain bleak, with 66% to 86% of adults with autism either
unemployed or severely underemployed (Balbin et al., 2022). This is despite growing
willingness among major corporations such as Microsoft and SAP to hire neurodivergent talent.
The discrepancy points to a persistent gap in early preparation, support, and employer awareness
(Halder et al., 2024).

Even when employment is secured, the lack of understanding and accommodations in
workplace environments frequently leads to dissatisfaction and high turnover. The transition
from education to employment is often unsupported, with limited access to vocational training or
employment readiness programs tailored to the cognitive, sensory, and communication needs of
adults with autism. These gaps in the support infrastructure contribute to underemployment,
economic instability, and social exclusion, underscoring the need for integrated policies that
address both educational and employment pathways (Balbin et al., 2022; Memari et al., 2015).
Without targeted investment in inclusive educational resources, vocational services, and
workplace training, the cycle of economic marginalization for individuals with ASD is likely to

continue.

Challenges and needs of educators

Despite differences in economic contexts, teachers in LAMIC and low-resource areas in
North America face common difficulties in teaching learners with ASD. The core challenges
range from classroom management and communication barriers to insufficient training and
limited support. In addition, behavioral, communicative, social, instructional, systemic, and

emotional demands can affect teachers’ effectiveness and consequently student outcomes. While
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many strategies and resources are available, several barriers continue to hinder their successful
implementation.
Behavioral challenges of learners

Behavioral issues of students with ASD, such as tantrums and meltdowns, restricted and
repetitive behaviors, aggression, non-compliance, self-harm, lack of focus, and difficulty in
following instructions, are widely reported across various educational settings. These behaviors
can stem from sensory sensitivities, communication difficulties, or changes in routine, and often
disrupt classroom activities (Balading et al., 2023; Jaffal, 2022; Kim et al., 2024; Lewis et al.,
2024; Miguel, 2020; Mpangane et al., 2024).

Behavioral issues of students with ASD make the learning environment complicated for
teachers to implement effective interventions or implement new teaching strategies, ensure
effective classroom dynamics, and uncertain about discipline methods appropriate for children
with ASD (Flores, 2022; Lewis et al., 2024; Mangonon, 2022; Wilson and Landa, 2019;
Mpangane et al., 2024; Chong, 2016). Strategies such as implementing individualized behavior
management plans, positive reinforcement, visual cues, and structured environments were
frequently recommended, but consistent application remains a challenge (Lewis et al., 2024;

Jaffal, 2022).

Communication and social interaction

Communication and social challenges are also common among children who are
nonverbal or have limited expressive and receptive language skills, which affect their ability to
follow instructions, interact with peers, and progress in their academics (Mpangane et al., 2024;

Kim et al., 2024). As a result, teachers face difficulties in communicating effectively with them,
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which complicates lesson delivery and classroom management (Cook & Ogden, 2021;
Mpangane, Maepa, and Muhadisa, 2024).

Educators also struggle to facilitate peer relationships due to the students’ limited
participation in school and community activities, which affects their social development (Ajoc,
2019). Due to children with ASD’s limited social understanding and unconventional ways of
interacting, they often face social isolation and bullying (Cook & Ogden, 2021). Structured
group activities, visual schedules, and the use of augmentative and alternative communication
are recommended, though successful implementation depends heavily on teacher training and
classroom support (McDougal et al., 2020).

Diverse learning needs

The wide range of characteristics, needs, and behaviors these students exhibit makes
educating students with ASD in mainstream classrooms a deeply complex challenge. This
diversity overwhelms educators, requiring them to develop tailored strategies that effectively
meet each pupil's unique requirements, including their varied academic, social, and physical
needs (Chong, 2016; Cook & Ogden, 2021; Towle, 2015). This issue is compounded by the
expectation to ensure that all students are engaged and learning, despite the lack of tailored
resources and strategies that are needed to run inclusive classrooms (Russell et al., 2022).

The diverse learning needs of students require teachers to adapt their teaching methods to
accommodate a wide range of challenging behaviors exhibited by different students, which
complicate lesson planning and classroom management (Miguel, 2020). Lewis et al. (2024)
further stressed that many teachers, particularly those without specialized training, struggle to
manage classrooms that include students with ASD. The demand for individualized teaching

approaches is evident, especially for students with anxiety, sensory sensitivities, and attention-
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related challenges (McDougal et al., 2020). In effect, teachers need to implement flexible,
responsive classroom strategies that are not only time-intensive but also emotionally and
intellectually taxing (Balading et al., 2023).

Diverse student needs also demand nuanced understanding and adaptable interventions,
such as visual schedules, structured routines, and sensory adjustments (Miguel, 2020; Cook &
Ogden, 2021). However, tailoring sensory environments is particularly difficult due to the vast
differences in individual preferences, as what helps one student might not work for another
(McDougal et al., 2020). In effect, there is a need for special education teachers’ participation in
curriculum development, given their firsthand insights into which strategies could work under
the constraints they commonly face (Balading et al., 2023). In addition, equipping educators with
tools to monitor emotional and social needs, such as stress thermometers to track anxiety, would
facilitate peer interaction and support social inclusion (Cook & Ogden, 2021). Kilag et al. (2024)
and Miguel (2020) highlighted the necessity of individualized learning plans that account for
varying learning styles and disabilities, but also the need for significant preparation and
customization to be effective. In the same note, Flores (2022) also acknowledged the potential of
interventions such as video modeling but noted that the broad spectrum of student needs makes it
difficult to create universally effective solutions.

Beyond pedagogy, structural support is essential. According to Towle (2015), students
with disabilities face numerous physical, social, and attitudinal barriers. Meaningful inclusion
depends on environments that value accessibility and diversity. This includes ensuring that
educational facilities are physically accessible and that materials are available in suitable formats
(Towle, 2015). In addition, dedicated autism-focused classrooms within mainstream schools

could offer a safe space for divergent learning, while supporting social integration (Chong, 2016)
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Individualized support strategies, such as assigning personal cabinet spaces, establishing
physical boundaries, and modifying schedules to include breaks and limit class size, are also
essential for learners with ASD (Miguel, 2020). These accommodations help manage their need
for predictability, reduce anxiety, and foster a sense of safety. However, as Ajoc (2019) and
Towle (2015) pointed out, the shortage of qualified teachers and the lack of timely diagnostic
assessments often leave students without adequate support, leading to long-term disadvantages in
education, employment, and access to services.

To create a truly inclusive system, reforms must include increased funding, better access
to diagnostic and educational services, and flexible teaching models that empower educators to
adapt methods and materials (Towle, 2015; Balading et al., 2023). It is also critical to ensure that
teachers are trained to manage students in an individualized manner, which is fundamental to an

effective and compassionate teaching strategy (Cook & Ogden, 2021).

Insufficient training and professional development

Across educational contexts, teachers feel unprepared to support students with ASD
effectively. This lack of preparedness stems from issues such as insufficient pre-service
education, limited and often ineffective professional development, and inadequate institutional
support. Despite its critical role in enhancing teaching effectiveness and inclusive practices,
ongoing continuous professional development remains out of reach for many educators due to
persistent barriers such as limited funding (Mpangane et al., 2024).

Many general education (GE) teachers begin their careers without the foundational
knowledge needed to support students with ASD. GE teachers report that their pre-service
training offered minimal exposure to the unique needs of learners with autism. Most of the time,

their learning focused only on a few hours of inclusive education, which is insufficient to equip
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them with the capabilities they need (Jaffal, 2002; Senoo et al., 2024). In fact, the study of Kim
et al. (2024) found that early childhood education (ECE) teachers rated their preparedness at a
low 31.25% on average, and only a few of them felt fully equipped before entering the classroom

Similarly, many GE educators are appointed to teach autism-specific classes with
insufficient training, or worse, without training or background in special education or
understanding of ASD, which leads them to be overwhelmed, anxious, unprepared to handle the
requirements of inclusive classrooms, and feel incompetent (Mpangane et al., 2024; McDougal
et al., 2020; Kilag et al., 2024). The study by Lewis et al. (2024) further shed light on the gravity
of the situation in which new teachers, who had taught for four years or less and had attended
only nine hours or less of ASD-related training, were asked to handle a full class of ASD
students. Furthermore, in cases where professional development opportunities are available,
teachers view them as ineffective and impractical, as they mostly focus on lectures and handouts
and do not provide hands-on, practical strategies applicable in the classroom (Jaffal, 2022). For
instance, Flores (2022) highlighted the challenges teachers face when implementing video
modeling techniques, including inadequate training and uncertainty about classroom application.

This training gap has tangible consequences. Studies have found that many GE teachers
express low confidence in their ability to support students with ASD and in their overall
effectiveness as teachers (Cook & Ogden, 2021; Russell et al., 2022). Educators without
specialized training and a background in ASD also feel ill-equipped to implement effective
evidence-based practices; appropriate teaching strategies; develop tailored lesson plans, and
manage challenging behaviors (Jaffal, 2002; Senoo et al., 2024; Mangonon, 2022).

To build and continuously enhance educators' skills and efficacy, there is a need for

hands-on, ongoing training throughout their careers, rather than sporadic or purely theoretical
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workshops (Towle, 2015). For example, having specialized and hands-on workshops that focus
on evidence-based strategies, behavioral management, culturally-responsive pedagogy, self-
efficacy, along with ongoing professional development tailored to both general and special
education teachers, is crucial (Jaffal, 2022; Senoo et al., 2024; Kim et al., 2024; Cook and
Ogden, 2021; Miguel, 2020; Ajoc, 2019; Lewis et al., 2024; Scriney, & Smyth, 2021). Regular
training and workshops should also be organized to enhance teachers’ skills in using technology
for remote learning (Balading et al., 2023; Flores, 2022).

In addition, approaches such as embedding intervention practices within existing
instructional routines, aligning them with curriculum and students’ individual learning plans, and
encouraging the gradual integration of tools like video modeling, supported by training, help
bridge theory and practice (Kilag et al., 2024; Flores, 2022). In the same note, Wilson and Landa
(2019) highlighted the need to simplify intervention strategies and align them with curriculum
goals and familiar instructional practices to reduce teacher resistance and feelings of being
overwhelmed; and overall enhance implementation fidelity.

Mentorship programs, as suggested by Mpangane et al. (2024), can support novice
teachers by pairing them with experienced mentors in ASD education. These mentorships, along
with knowledge-sharing platforms, can foster a supportive teaching community. Similarly,
collaborative partnerships between teachers, parents, and specialists can help ensure consistent,
holistic support for students, and partnerships with local governments and NGOs can help bridge

resource needs (McDougal et al., 2020; Miguel, 2020).
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Limited collaboration and support networks

Supporting children with disabilities requires coordinated action across government
sectors, including health, education, and family services. Fragmentation among these services
could lead to accountability gaps and missed opportunities for support (Towle, 2015). However,
collaboration is often insufficient or inconsistent, leading to significant challenges in delivering
appropriate support to students with ASD.

Interdisciplinary collaborations are essential for aligning strategies, sharing resources,
and exchanging insights to support learners with autism better. Administrators are encouraged to
develop professional learning communities where staff can share and refine strategies for
working with students with ASD, and establish mentorship programs, where experienced
teachers support newcomers to build their confidence and competence (Jaffal, 2022; Chong,
2016; Senoo et al., 2024; Kim et al., 2024). Flores (2022) adds that collaborative environments
support not only inclusion but also pedagogical innovation. For instance, teachers who share
experiences with tools such as video modeling can cultivate a community of practice that fosters
ongoing development and adaptation. Miguel (2020) also highlighted the importance of
documenting and sharing successful practices across educational institutions. Such knowledge-
sharing can broaden the application of effective strategies and support the evolution of best
practices in diverse educational contexts. The employment of paraprofessionals, or educational
assistants, can further alleviate some of the burdens on teachers, allowing them to focus on
instruction while support staff assists students with ASD (Chong, 2016; Jaffal, 2022; Lewis et
al., 2024; Russell et al., 2022).

Despite this need, many teachers report insufficient time and opportunities for

meaningful professional interaction. General education teachers frequently lack opportunities for
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collaboration with special education professionals, which can leave them feeling burned out,
distressed, isolated, frustrated, dissatisfied with their jobs, and underprepared to implement
effective interventions (Balading et al., 2023; Chong, 2016; Jaffal, 2022; Russell et al., 2022).

This need for interdisciplinary collaboration, involving not just educators but also
healthcare professionals such as speech and language therapists, occupational therapists, and
psychologists, is vital to creating a holistic support system. However, systemic issues such as a
shortage of specialists and the high costs of hiring them often hinder access to this expertise
(Senoo et al., 2024; Russell et al., 2022). Mpangane et al. (2024) reinforced these findings,
advocating for collaboration among teachers, therapists, and other professionals and further
highlighted the importance of community involvement in supporting learners with ASD. A
broader support network, including families, local organizations, and community members, can
provide resources and reinforce educational efforts.

Cook and Ogden (2021) argued that integrated approaches are essential. Schools should
not only facilitate access to specialists but also embed therapeutic interventions into everyday
educational practices. This integration benefits all students, not just those with ASD. Kilag et al.
(2024) also emphasized the potential of community partnerships. Collaborations with local non-
government offices and advocacy groups can supplement teacher training, provide additional

resources, and enhance overall support systems within schools.

Resource constraints

Across educational systems worldwide, the issue of limited resources remains a pervasive
and deeply entrenched barrier to the effective inclusion of students with ASD. Many schools fall
short in providing critical resources such as materials, technology, and support staff to adapt

curriculum and instruction to meet the diverse needs of students and overall create an inclusive
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environment for students with ASD (Jaffal, 2022; Senoo et al., 2024; Mpangane et al., 2024;
Russell et al., 2022; Lewis et al., 2024; Kim et al., 2024). In effect, teachers lack the necessary
tools and support system to modify curricula and adapt instruction, which restricts the
effectiveness of the curriculum, leading to suboptimal learning outcomes (Kilag et al., 2024;
Mangonon, 2022; Balading et al., 2023) and making it difficult for students to engage fully in
their education (Ajoc, 2019).

For example, the chronic shortages of specialized teaching aids, textbooks, assistive
technologies, and learning aids force teachers to extensively modify curricula, often at the cost of
educational quality. In addition, inadequate classroom modifications and the near-total absence
of sensory rooms both contributed to students' behavioral challenges and hindered their progress
(Senoo et al., 2024; McDougal et al., 2020; Kilag et al., 2024). Modern tools such as PECS and
evidence-based practices such as TEACCH and ABA are also seldom implemented due to a lack
of resources (Mpangane et al., 2024).

Numerous studies, including those by Russell et al. (2022) and Lewis et al. (2024),
reaffirmed that insufficient instructional materials and a lack of support staff are significant
barriers. McDougal et al. (2020) and Kilag et al. (2024) reported that educators often face large
caseloads without adequate support personnel, such as speech or occupational therapists.
Mangonon (2022) and Kim et al. (2024) further illustrated how resource limitations affect the
assessment and progress tracking of students with ASD. Teachers struggle without access to
specialized evaluation tools, and early-career teachers, in particular, feel unprepared due to the
absence of physical teaching aids and classroom modifications. Studies by Miguel (2020) and
Ajoc (2019) described the situation in the Philippines, where special education centers often

operate with minimal staff and insufficient materials. This is in addition to the challenges of
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overcrowded or under-equipped classrooms and limited funding that teachers face, further
reducing the effectiveness of special education programs.

Studies call for strong administrative support to empower educators to provide
individualized curricula and to communicate more clearly about available resources and access
procedures. Oftentimes, teachers do not know what support is available or how to obtain it,
leading to further frustration and inefficiency in teaching (Wilson & Landa, 2019; Balading et al,
2023; Chong, 2016). However, the variability in education funding across jurisdictions,
especially in relation to special-needs education, makes achieving consistency difficult, leading
to fragmented services and unequal access to vital resources for students (Towle, 2015).

Huge class size and workloads

Alongside resource shortages, large class sizes, and heavy workloads, these factors
significantly hinder educators' ability to implement inclusive practices. The number of students
with ASD is rising significantly, leading to increased enrollment in special education programs
(Miguel, 2020). In effect, educators struggle to manage large groups while still offering the
individualized attention that is fundamental to students with ASD's learning (Wilson & Landa,
2019). Larger class sizes can dilute instruction’s effectiveness, as it is hard to provide
individualized attention and support for each student with special needs while maintaining
overall classroom effectiveness (McDougal et al., 2020; Kilag et al., 2024).

To help address these needs, Cook and Ogden (2021) suggested using structured
schedules and visual supports to manage classroom activities and transitions effectively and, at
the same time, to develop clear, consistent transition strategies to help students navigate changes
in activities, thereby reducing anxiety and improving engagement. They also recommended

designated quiet areas and adaptive resources to accommodate students with sensory needs, to

74



help improve their focus and participation. Teachers are also encouraged to incorporate more
group-based learning, which provides peer support and reduces the burden on individual teachers
to meet every student's needs. Through structured group activities, peer relationships can be
fostered, encouraging collaboration and, over time, helping reduce the emphasis on individual
performance and promoting a supportive classroom culture. Beyond these approaches, there is
also a need for continuous feedback mechanisms in which educators can share their experiences
and challenges to help continuously refine the intervention based on practical classroom

experiences (Wilson & Landa, 2019).

Huge workloads also prevent educators from planning and preparing lessons that
accommodate all students and from incorporating new interventions into their teaching. The
demands of administrative tasks, combined with teaching responsibilities, leave little room for
individualized planning and effective implementation of teaching strategies (Wilson & Landa,
2019; Russell et al., 2022; Mangonon, 2022; Cook & Ogden, 2021). For example, implementing
a video modeling intervention requires considerable time. As teachers often face overwhelming
workloads, including lesson planning, report writing, and communication with parents, the effort
required to create and use video modeling can feel burdensome, leading to strong reluctance to
adopt this method (Flores, 2022).

In addition, teachers also frequently manage extensive paperwork, lesson planning, and
grading outside of school hours, which further adds to their already heavy workload (Balading et
al., 2023). This reduces educators' ability to nurture positive student-teacher relationships, as

there is limited time available to build them, overall affecting the quality of their interactions.
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Geographical barriers also pose additional obstacles, particularly in remote or rural areas.
Mangonon (2022) stressed that teachers face significant difficulties in reaching learners with
autism in far-flung regions, limiting access to both educational resources and professional

support services.

Schools should seek to alleviate conflicting responsibilities that hinder teachers’ ability to
implement teaching strategies and implement a school-wide culture that prioritizes continuous
learning and adaptation (Cook & Ogden, 2021). One way to address this is to improve access to
educational resources through resource-sharing, using technology such as websites, which could
enable educators to plan and share resources more efficiently across teams. These websites can
also enable the sharing of best practices among educational staff to help mitigate some barriers
related to isolation in instructional approaches (Wilson & Landa, 2019). Flores (2022) also
advocated that educational institutions provide adequate video-recording resources for teachers.
This includes access to cameras and editing software that can facilitate the creation of effective
video modeling content, so teachers can focus on adopting new teaching strategies like video

modeling without feeling overwhelmed.

Cultural and attitudinal barriers

Negative attitudes and perceptions surrounding autism continue to present significant
barriers to inclusive education. While many general education teachers express support for
inclusive education in principle, some harbor implicit biases about the academic and social
abilities of students with ASD, which can negatively influence their teaching methods and
interactions, often resulting in reduced engagement and support for students (Jaffal, 2022; Senoo

et al., 2024; Russell et al., 2022; Kilag et al., 2024; Kim et al., 2024; Ajoc, 2019).
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One example is the negative perception of the capabilities of students with ASD. Some
teachers were found to express more positive views towards physical disabilities compared to
cognitive or emotional ones, which led to lowered expectations and limited opportunities,
ultimately impacting educational outcomes. This issue is further compounded by the “Pygmalion
effect,” wherein students tend to perform in line with the expectations their teachers hold of them
(Russell et al., 2022). If teachers automatically perceive students with ASD as less capable
compared to their peers with other forms of disabilities, students turn to live up to what is
expected of them, which could negatively impact their future, such as limiting beliefs of their
capabilities to pursue higher education or limiting opportunities to blue-collar jobs.

To address this, it is essential to raise awareness about the wide variability within the
autism spectrum and to promote a deeper understanding among educators of neurodiversity and

its associated strengths (Cook & Ogden, 2021).

The issue of stigma does not end within school walls; societal attitudes and
misconceptions surrounding disabilities can also exacerbate challenges in the classroom. Stigma
often deters families from seeking educational resources or engaging with schools, limiting the
support autistic children receive (Senoo et al., 2024; Kilag et al., 2024). Kim et al. (2024) further
elaborate on this by noting that cultural stigmas around autism prevent families from seeking
necessary educational resources, thereby complicating the inclusion of autistic children in
mainstream classrooms. Ajoc (2019) revealed that this stigma extends to special education
programs themselves, which are often viewed negatively by some communities. This perception

results in reduced parental involvement and weak support from local stakeholders, further
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isolating these programs and their students. Addressing these deeply rooted negative perceptions
requires a concerted effort through public awareness campaigns and school-based initiatives.

To address these issues, schools must play their role in creating a culture of acceptance,
starting with actively dispelling stereotypes about autism. Creating a school culture that values
diversity and inclusion is essential. Schools should implement policies that support inclusive
practices and foster respect and understanding among students (Kilag et al., 2024). In addition,
schools can also conduct awareness campaigns and advocacy efforts about ASD within the
community and among parents of typically developing children to reduce stigma, increase
acceptance, and promote cooperation (Senoo et al., 2024; Kilag et al., 2024; Kim et al., 2024).

Educators must also strive to increase their awareness of and variability in cognitive
disabilities and to participate in training programs that foster positive attitudes towards
neurodiversity and the strengths of individuals with autism (Russell et al., 2022; Cook & Ogden,
2021). Being well-versed in the legislative requirements of inclusive education, which mandate
the inclusion of students with disabilities in general education settings through training, would

help teachers understand their legal obligations (Jaffal, 2022).

Poor parental engagement

Poor parental cooperation remains a significant challenge in the successful inclusion and
education of children with ASD. Across various studies, researchers consistently identified gaps
in parent-teacher collaboration that hinder the effective implementation of educational strategies
(Mpangane et al., 2024; Lewis et al., 2024; Kilag et al., 2024).

Senoo et al. (2024) highlighted several key barriers to parental cooperation. One
prominent issue is the unrealistic expectations set by parents, who compare their child’s progress

to that of a typically developing student. This puts undue pressure on teachers to commit to
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unrealistic expectations. In addition, denial and superstitious beliefs about disabilities can
prevent parents from acknowledging their child’s unique challenges, leading to a lack of support
for essential educational interventions. Financial constraints also emerge as a significant concern,
as the expectation that families bear the cost of additional resources can impede teachers’ ability
to deliver adequate support.

This disconnect is further emphasized by Mpangane et al. (2024), who found that
teachers often experience a lack of meaningful interaction with parents, despite its necessity to
foster a supportive learning environment for children with ASD. Kilag et al. (2024) found that
this lack of engagement stems from parents’ lack of acceptance regarding their child’s disability.

Strengthening parental engagement through improved communication and educational
programs is therefore vital. Regular communication with parents about their child's progress and
challenges helps tailor educational strategies to meet individual needs and, at the same time,
build trust and enhance collaboration in supporting students’ educational journeys (Kilag et al.,
2024; McDougal et al., 2020). Workshops and training sessions aimed at helping parents
understand the complexities of ASD are crucial to build a home environment that complements
and reinforces classroom efforts (Senoo et al., 2024; Mpangane et al., 2024). In addition,
collaborative approaches among educators, special education staff, and families would help
create a supportive environment and could enhance understanding and resource sharing,
benefiting the overall educational experience for both educators and students (Russell et al.,
2022; Ajoc, 2019).

The development of family-centered approaches, particularly in the development and
implementation of individual educational plans, can help families advocate for their children’s

needs and ensure that schools are held accountable for delivering appropriate support. Engaging
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parents in school-wide inclusion policies and establishing support networks for families of
children with disabilities can further enhance cooperation and build a strong community of

shared understanding and advocacy (Towle, 2015).

Teacher well-being and mental health

The mental health of teachers is a critical factor in the success of creating an effective and
inclusive environment for students with ASD. Yet, research showed that the emotional,
psychological, and physical demands placed on teachers, particularly those who worked with
students with ASD, can lead to stress, increased anxiety, emotional exhaustion, and burnout that
impact their job performance and work satisfaction (Mpangane et al., 2024; Russell et al., 2022;
Lewis et al., 2024; McDougal et al., 2020; Miguel, 2020; Balading et al., 2023).

General education teachers who are transitioning to autism-specific learning often feel
unprepared and overwhelmed. Studies reported that educators experience anxiety and emotional
exhaustion, particularly as they struggle to adapt to the unique dynamics of special education
classrooms, which differ drastically from their previous mainstream experiences (Mpangane et
al., 2024). Managing diverse needs and behavioral challenges, handling persistent stressors such
as physical outbursts and the need for constant vigilance, and the continuous demand for the
emotional labor of being present, patient, and supportive every day can leave teachers
emotionally drained, negatively impacting their performance and satisfaction. These physical
demands, combined with emotional stress, can significantly heighten their risk of burnout and
reduced job satisfaction (Lewis et al., 2024; McDougal et al., 2020; Miguel, 2020). Russell et al.
(2022) also echoed these concerns and noted that educators grapple with fears about job security
and pressure to perform, which further exacerbates their stress. Balading et al. (2023) delved into

the multifaceted nature of teacher burnout, where educators reported negative mental health
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effects stemming from emotional burden, excessive demands, and a lack of systemic support.
The expectations to produce positive outcomes often, without adequate resources or recognition,
and the disruption of work-life balance, encroaching on personal time, resulted in chronic
exhaustion and contributed to feelings of isolation.

These challenges are compounded by a lack of adequate training and support systems,
leading to a sense of isolation and increased vulnerability to mental health issues (Mpangane et
al., 2024). Due to the lack of preparedness, coupled with high expectations and complex
classroom demands, imposter syndrome, which is a deep-seated fear of being exposed as
incompetent in their roles, was reported in some educators (Mpangane et al., 2024). For instance,
the dual challenge of promoting inclusion while ensuring academic achievement for all students
demands a balancing act that often results in feelings of inadequacy, especially in resource-
limited settings. In effect, teachers tend to view their situations through a deficit lens, which
undermines their confidence and willingness to implement inclusive practices (Cook & Ogden,
2021).

To combat these challenges, educators must be encouraged to shift their mindset toward
capability rather than deficiency through a comprehensive mental health support system tailored
to educators handling students with ASD. In addition, access to counseling services, peer support
groups, and targeted stress management programs, along with recognizing teachers' efforts
through awards and professional development incentives, can enhance morale and motivation.
Establishing robust feedback systems in which teachers can voice concerns and influence
policies was also found to be vital to creating a more responsive and supportive educational
environment (Balading et al., 2023; Russell et al., 2022; Cook & Ogden, 2021). In line with this,

Chong (2016) emphasized the importance of work-life balance and the need for school
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administrators to acknowledge the heavy demands on teachers’ workloads and implement
strategies to prevent burnout and professional isolation. Efforts to protect teachers’ well-being
must also be prioritized by promoting a healthier balance between professional responsibilities

and personal life.

Systemic and policy-level barriers

Educational systems across various regions continue to face deep-rooted constraints that
hinder the effective implementation of inclusive practices and interventions, particularly for
students with ASD. At a systemic level, broad educational policies and practices are often not
conducive to supporting new interventions, creating significant barriers to innovation and
progress (Senoo et al., 2024; Mpangane et al., 2024; Cook & Ogden, 2021; Russell et al., 2022;
Lewis et al., 2024; Flores, 2022; Wilson & Landa, 2019).

A recurring issue is the rigidity of school policies and curricula, which limit teachers’
ability to adapt their methods to the unique needs of students with ASD. In many cases, school-
selected curricula are misaligned with evidence-based strategies, making it challenging for
educators to implement interventions effectively (Wilson & Landa, 2019; Senoo et al., 2024).
Furthermore, prevailing educational philosophies in some schools reinforce a one-size-fits-all
mentality, which fails to accommodate the diverse learning profiles of students with autism.
Such approaches often involve making generalized assumptions about students’ needs, rather
than recognizing their individuality and providing tailored support. Teachers are encouraged to
know students as individuals and adapt teaching methods and materials to suit diverse learning
styles. However, without institutional backing to do so, their ability to personalize learning

remains constrained (Cook & Ogden, 2021).
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The implementation of teaching strategies like video modeling also faces structural
hurdles. Teachers often lack access to technology, instructional materials, and relevant training,
which limits their ability to use video modeling effectively. Aligning these strategies with
existing curricular goals is another challenge, leading to confusion about their value and
applicability. Without proper integration and evaluation systems, teachers may struggle to assess
the effectiveness of such methods, further diminishing their impact in the classroom.
Comprehensive training plans for video modeling are needed, along with hiring experienced
educators to lead these efforts and improve implementation outcomes (Flores, 2022).

Another consistent barrier is the lack of support from school administrators. Teachers
across multiple studies report that administrators often lack the knowledge or commitment
needed to provide meaningful assistance, leaving educators shoulder the burden of inclusive
education largely on their own. While some management teams attempt to assist, many fall short
due to an insufficient understanding of the specific requirements for supporting students with
ASD. This lack of alignment between administrative leadership and classroom realities leads to
frustration and burnout among educators, who feel unsupported and overwhelmed (Wilson &
Landa, 2019; Senoo et al., 2024; Mpangane et al., 2024; Russell et al., 2022; Lewis et al., 2024).

Financial limitations compound these challenges. Teachers frequently report not
receiving adequate guidance or resources to manage inclusive classrooms effectively (Lewis et
al., 2024). Many spend their own money on classroom supplies and specialized teaching
materials, leading to financial strain and dissatisfaction. Compensation is another concern, with
many special education teachers reporting that their salaries do not reflect the complexity and

workload of their roles (Balading et al., 2023).
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Staffing issues, particularly frequent changes in teaching personnel, disrupt continuity
and weaken the support systems necessary for consistent learning experiences. Although
awareness campaigns for SPED programs exist, they often lack strategic outreach and advocacy,
resulting in minimal impact. The use of evaluation frameworks like the Context, Input, Process,
Product (CIPP) model has revealed significant weaknesses in resource allocation and teaching
methodologies. Regular assessments and evaluations of SPED programs are largely absent,
preventing timely adjustments and impeding program effectiveness (Ajoc, 2019)

At the policy level, outdated and inconsistent regulations further exacerbate these
systemic issues. For example, many special education policies are more than a decade old and do
not reflect current inclusive education standards, leading to inadequate support for students with
disabilities. There is also a lack of consistency in how inclusion is defined and implemented
across jurisdictions. Some provinces mandate that children with disabilities be placed in regular
classrooms, while others allow for segregation, resulting in unequal access to quality education.
These inconsistencies create confusion and reinforce disparities in educational outcomes (Towle,
2015).

To address these systemic barriers, comprehensive reforms are necessary. These include
revising teacher education curricula to ensure pre-service educators receive in-depth training on
ASD, its characteristics, and effective teaching strategies (Senoo et al., 2024). Policy
implementation must also be strengthened by providing adequate funding and institutional
resources to support inclusive practices. Mechanisms for regular evaluation and feedback should
be established within schools to track progress and identify areas for improvement (Russell et al.,

2022; Towle, 2015). Moreover, a cultural shift is required within schools to foster environments
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that value diversity and inclusion, where physical accessibility and individualized
accommodations are seen as standard practice rather than exceptions (Kilag et al., 2024).

Finally, the government must take steps to ensure that SPED teachers are adequately
compensated and that all teachers are provided with the necessary resources, thereby reducing
the financial burden currently borne by individual educators (Balading et al., 2023). Employment
conditions must also be stabilized, as many new teachers face precarious work arrangements
with limited job security (Chong, 2016). Collectively, these actions can help create an
educational system that not only acknowledges but also actively supports the rights and needs of
all students, especially those with ASD, ensuring a more inclusive, equitable, and effective

learning environment.

Alternative solutions in low-resource settings

Given the widespread service gaps and burdens experienced by children, their parents
and families, and their teachers, more collaborative models of intervention that emphasize
flexibility, cultural responsiveness, and affordability could be explored as an alternative or a

supportive means.

Parent-implemented interventions

One such model is parent-implemented interventions (PI11). In this approach, caregivers
are trained to deliver therapeutic strategies within everyday routines, promoting developmental
progress outside of formal therapy sessions. Naithani et al. (2022) found that Plls were effective
across multiple LMICs, particularly when delivered by non-specialists using structured curricula.
These interventions are more scalable, lower-cost, and more culturally adaptable than traditional

clinician-led models.
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Carr and Lord (2016) employed a similar approach in their pilot intervention with low-
income families. By conducting in-home sessions and allowing for flexible scheduling, the
program increased participation among families who would otherwise face barriers to clinic-
based care. Participants reported not only improved child outcomes but also a greater
understanding of ASD and enhanced confidence in managing behaviors at home.

In South Africa, Schlebusch et al. (2020) advocated for a strength-based model that
emphasized community involvement, participatory design, and integration of caregiver voices in
intervention planning. This approach aligned with a broader shift in global health that moves
away from deficit-focused paradigms and instead prioritizes the assets, knowledge, and

resilience of families and communities.

Task-sharing and non-specialist delivery models

One of the most promising approaches to bridging the autism care gap in LMICs is task-
sharing or the delegation of intervention tasks to non-specialist providers such as community
health workers, educators, parents, and caregivers. As Naithani et al. (2022) noted, task-sharing
can significantly expand service reach in settings with limited specialist availability.
Community-based workers are often more trusted by families and better able to deliver
interventions in ways that align with local practices and norms.

For instance, Divan et al. (2021) found that with proper training and supervision, non-
specialists could deliver psychosocial interventions that led to meaningful improvements for
children and caregivers. The benefits of task-sharing include increased accessibility, cost-
effectiveness, and scalability. Importantly, it also helped localize the autism response by

embedding services within communities rather than centralizing them in urban hospitals.
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Task-sharing aligns well with the World Health Organization’s Caregiver Skills Training
(WHO CST) program, which is designed for use in both low-resource and high-resource settings.
The program focuses on empowering caregivers with practical, evidence-based strategies they
can implement at home. Studies have shown positive outcomes in caregiver confidence and child
developmental gains (Schlebusch et al., 2020).

However, the success of task-sharing depends heavily on supervision and training.
Without consistent monitoring and opportunities for professional development, non-specialists
may struggle to manage complex cases or ensure fidelity of intervention. Naithani et al. (2022)
emphasized the need for robust supervisory frameworks that enable non-specialist workers to
consult with experts and receive feedback, especially when dealing with cases involving co-

occurring conditions or severe behavioral challenges.

Barriers to implementation in LMICs and marginalized communities

Despite their promise, intervention models such as task-sharing and parent-mediated
programs face significant implementation challenges in resource-limited settings. A major
barrier is that intervention programs are often not adapted to the lived realities of marginalized
families. Schlebusch et al. (2020) argued that interventions developed in high-income contexts
must undergo systematic cultural adaptation before being introduced in LMICs. This includes
adjusting content to match local language, values, and caregiver roles, and co-developing
materials with families to ensure relevance and acceptability.

In immigrant communities and indigenous populations, cultural worldviews surrounding
disability, parenting, and healing may differ substantially from biomedical frameworks. Gulsrud
et al. (2021) highlighted that misalignment between provider recommendations and caregiver

beliefs can erode trust, reduce engagement, and limit the effectiveness of interventions.
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Furthermore, stigma remained a powerful deterrent to service uptake. In many societies,
autism is misunderstood or associated with shame, leading families to conceal symptoms or
avoid seeking help. Okwara and Donald (2024) found that caregivers in South Africa often
delayed accessing services due to fear of judgment from community members or negative
interactions with providers. This stigma also affects funding and policy prioritization, as
developmental disabilities receive less attention compared to communicable diseases or maternal
health.

Moreover, the lack of validated, culturally appropriate screening and diagnostic tools
poses another barrier to implementation. Divan et al. (2021) found that many available tools are
normed for Western populations and do not account for cultural differences in child-rearing
practices or communication styles. This limits diagnostic accuracy and can result in

misclassification or missed cases.

Community engagement and participatory design

To overcome these barriers, researchers and practitioners are increasingly advocating
community-engaged approaches to intervention development. This included participatory design,
community-based participatory research, and the integration of caregivers as co-researchers or
co-facilitators. These strategies not only enhance cultural relevance but also empower
communities to shape services according to their needs.

In South Africa, Schlebusch et al. (2020) described a participatory project in which
caregivers helped design a pyramid of interventions that prioritized simple, affordable strategies
over complex therapies. This participatory process ensured that interventions were both locally

feasible and more likely to be sustained.
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Similarly, Carr and Lord (2016) demonstrated the value of adapting interventions based
on caregiver feedback. By modifying scheduling policies, offering financial incentives, and
conducting home visits, the pilot program achieved substantial improvements in attendance and
engagement compared to traditional models.

Based on the reviewed research, this researcher believes that there is a need to shift from
top-down service delivery to collaborative approaches that center on caregivers' knowledge,
cultural values, and community networks, which could help address some of the challenges in
implementing various intervention models.

Systemic policy barriers and opportunities for reform

Improving access to autism services in low-resource settings requires more than
innovative interventions; it demands systemic reform. Policy frameworks in both LMICs and
high-income nations often overlook neurodevelopmental disorders, contributing to fragmented
service delivery, inconsistent funding, and inequitable access to care.

Divan et al. (2021) argued that autism care must be integrated into national health
systems as a core component of child health services. This integration includes standardized
early screening protocols, expanded health insurance coverage for developmental services, and
investment in human resources. Without such systemic support, task-sharing and community-
level interventions may remain underutilized or unsustainable.

In South Africa, for instance, Okwara and Donald (2024) found that although public
health services are theoretically available to all children, the actual availability of specialized
developmental services is limited, especially in rural and under-resourced areas. The three-tiered
health system frequently results in bottlenecks at tertiary hospitals, which are overburdened and

geographically inaccessible for many families.
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The lack of coordination among government departments, such as health, education, and
social services, also hinders service delivery. Schlebusch et al. (2020) highlighted that families
often navigate disjointed systems, leading to duplication, service gaps, or delays in care. A more
integrated model of service provision, supported by national policy and cross-sector
collaboration, is critical to overcoming these systemic inefficiencies.

Recommendations from multiple studies advocated for decentralization of services to
bring care closer to communities (Okwara & Donald, 2024); government subsidies for autism-
related therapies and assessments to reduce out-of-pocket costs (Naithani et al., 2022); formal
inclusion of ASD in primary care training curricula to improve early detection (Divan et al.,
2021); and national surveillance systems to track prevalence, service access, and health outcomes
for children with ASD (Patrick et al., 2025).

Based on the reviewed research, it is believed that reforms must be tailored to local needs
and priorities and share a common objective: establishing autism care as a right, not a privilege,

for all children, regardless of geography or income.

Health equity and digital technology

Health equity is a state in which everyone has a fair chance to attain their highest level of
health. Systemic factors that contribute to health disparities, such as socioeconomic status, race,
ethnicity, and access to health services, contribute to unequal access to healthcare. Better
economic resources provide citizens with good access to healthcare, nutrition, living conditions,
and higher educational attainment, which typically enables stronger health literacy and
information access. In areas with poor infrastructure and weak social support networks and

community ties, access to healthy food, adequate services, and support systems often leads to
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negative health impacts. Lack of insurance, high health costs, and limited availability of services
pose barriers to timely, high-quality care (Richardson et al., 2022).
Digital health solution’s potential to bridge the gap

Digital health solution has significantly reshaped contemporary healthcare by introducing
a suite of technologies to enhance service delivery and patient outcomes (Topol, 2019; WHO,
2019). These tools are not merely supplementary but are redefining how care is coordinated,
accessed, and experienced, especially for populations with complex needs such as individuals
with ASD. Given the challenges frequently encountered by individuals with ASD and their
caregivers, including delays in diagnosis and fragmented service delivery, digital health solution
interventions (DHIs) present new opportunities to deliver timely, personalized, and scalable care
(Jiet al., 2025; Jang et al., 2021).

Digital health solution encompasses a range of technologies integrated into healthcare
systems to improve care delivery and health outcomes (Ji et al., 2025). It includes mobile health
(mHealth) applications, telemedicine platforms, health information technology (HIT), wearable
devices, and approaches such as personalized and precision medicine (Kuwabara et al., 2019).
The objective is not only to digitize existing practices but to fundamentally enhance the
responsiveness, accessibility, and personalization of care (Papademetris et al., 2022).

The structure of digital health solution is informed by principles such as interoperability,
data-driven decision-making, patient empowerment, and system-wide efficiency (WHO, 2019).
In resource-constrained settings or for populations where specialist support is limited, such as
rural areas or individuals with ASD, digital health solution offers a means of extending care and

reducing inequities in access (Jang et al., 2021).
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Characteristics of digital health solution

Digital health solution is the field and practice that leverages digital technologies to
improve healthcare delivery, patient engagement, and management. A defining feature of digital
health solution technologies is their accessibility. These tools overcome traditional barriers to
care by enabling health service delivery across geographic and time constraints (Ji et al., 2025;
Kuwabara & Krauss, 2019). Digital platforms allow users to access support at their convenience,
which is particularly beneficial as an alternative solution to help in providing interventions for
ASD in inaccessible communities, low-income families, and marginalized populations.

Digital health solution has several types. Virtual health refers to the use of online
platforms for consultations and health services, while mobile health applications (also known as
m-health) help users manage their health on their phones. Wearable devices such as fitness
trackers and smartwatches help monitor health metrics, while the Internet of Medical Things
connects various devices to collect and share health data. Artificial intelligence and machine
learning provide predictive analytics and support decision-making in healthcare, and newer
approaches for storing and sharing health records using blockchain technology. Telemedicine
leverages video conferencing technologies to provide remote medical services (Lawrence, 2022).

Digital therapeutics is another area in digital health solution where evidence-based digital
tools that are approved by regulatory institutions such as the US Food and Drug Administration
integrate technology to treat and reverse diseases. For example, digital therapeutics are used to
treat diabetes and support weight loss, as well as to manage other chronic diseases. Patient
education is typically included in digital therapeutics; for example, a 12-week remote digital
program aimed at treating lower back pain included education, behavioral coaching, and

tracking, along with exercise and cognitive-behavioral therapies (Kuwabara et al., 2019).
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Equally important is the capacity of digital systems to personalize care and enable
patients to take a more active role in managing their health. Applications often leverage data
from user profiles, health histories, and wearable devices to tailor interventions and
recommendations (Kuwabara et al., 2019). The integration of multimedia, such as videos,
interactive simulations, and text, allows content to be adapted to individual learning preferences,
enhancing user engagement and comprehension (Ji et al., 2025). Features such as personalized
dashboards, reminders, and educational content empower users to take an active role in
managing their health (Kuwabara et al., 2019). In the context of autism care, where collaboration
among families, teachers, and clinicians is essential, such engagement can significantly improve
outcomes.

Furthermore, digital health solution interventions have demonstrated positive effects on
caregivers' mental health. Ji et al. (2025) reported that these tools can alleviate stress and
enhance coping strategies among parents of children with ASD. Such benefits underscore the
broader psychosocial impact of digital health solution beyond its clinical utility.

Another hallmark of digital health solution is its reliance on real-time monitoring. Tools
such as wearable sensors provide continuous data on physiological states, allowing healthcare
providers or caregivers to respond promptly to emerging issues (Wang et al., 2020). These
insights enable proactive health management rather than reactive treatment. Massive datasets
collected through real-time monitoring can be synthesized to inform individual care plans,
monitor population trends, and improve predictive modeling (Topol, 2019). Interoperability
further enhances this function by enabling digital tools to communicate with electronic health

records and other platforms, ensuring cohesive care delivery (Papademetris et al., 2022).
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Cost-efficiency is a major advantage of digital health solution, as it reduces reliance on
physical infrastructure and human labor, thereby lowering operational costs without
compromising service quality (Topol, 2019). This makes digital health solution a practical
solution for remote or under-resourced communities, where traditional healthcare services may
be limited or unavailable. Many digital platforms are also highly scalable, making them well-
suited for large public health campaigns and population-wide interventions (Wang et al., 2020).
This positions digital health solution as a viable solution to reduce disparities in access to care.
Through telemedicine, individuals in underserved areas can consult with specialists and receive
ongoing support (WHO, 2019). These capabilities are especially important in autism care, where
geographic and systemic barriers often delay diagnosis and treatment (Jang et al., 2021).
Together, these strengths position digital health solution as a powerful tool for delivering

equitable, scalable, and cost-effective care.

Industry standards for digital health solution

To ensure that digital health solution technologies meet stringent requirements for safety,
effectiveness, and quality, several international standards and best practices have been
established. These frameworks guide developers and implementers in creating medical software
and devices that are not only clinically reliable but also ethically and legally compliant. They
serve as essential tools in mitigating risks and enhancing user trust, particularly when digital
health solutions are used in sensitive contexts such as autism care.

One of the foundational standards in quality assurance is 1ISO 9001, which outlines the
principles of a quality management system (QMS). This standard applies across industries and
emphasizes the need for organizations to consistently deliver products and services that meet

both customer expectations and regulatory obligations. For digital health solution developers,
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ISO 9001 facilitates a systematic approach to continuous improvement, risk-based thinking, and
customer satisfaction (International Organization for Standardization [1SO], 2015).

Expanding this foundation, 1SO 13485 is specifically designed for the medical device
sector. It incorporates additional requirements related to regulatory compliance and product
safety in the healthcare domain. By adhering to 1SO 13485, developers of digital health solution
tools, including those used in autism diagnostics or therapy, can ensure that their products are
developed under rigorous quality controls, reducing the likelihood of harm and improving
overall performance (1SO, 2016).

Risk management is further addressed in 1ISO 14971, which focuses on identifying,
evaluating, and controlling risks associated with medical devices. This standard is crucial in
digital health solution, where software errors or misuse can have serious clinical consequences.
For instance, applications used to assess or monitor individuals with ASD must account for the
potential impacts of false positives or system failures. 1ISO 14971 supports a lifecycle approach
to risk, emphasizing proactive hazard identification and mitigation strategies (1SO, 2019).

In parallel, the IEC 62304 standard provides detailed guidance on the development and
maintenance of medical device software. It specifies processes for planning, designing, coding,
testing, releasing, and updating software for clinical use. Digital health solution tools, especially
those integrating Al algorithms or data analytics, benefit from this framework by ensuring
transparency, traceability, and reliability throughout the development lifecycle (International
Electrotechnical Commission [IEC], 2006).

The usability of digital health solution systems is equally important. IEC 62366 addresses
this by outlining how to apply usability engineering to medical devices. It emphasizes the

importance of designing technologies that are intuitive, safe, and appropriate for their intended
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users. For applications aimed at children with autism or their caregivers, usability can influence
engagement, learning outcomes, and safety. By applying the principles in IEC 62366, developers
can design with empathy and inclusivity, ensuring that the end-users’ needs are prioritized (IEC,
2007).

In addition to these ISO and IEC standards, the International Medical Device Regulators
Forum (IMDRF) has provided guidance specific to Software as a Medical Device (SaMD). This
includes detailed recommendations on applying quality management systems to standalone
medical software, which is often central to digital health solution. The IMDRF emphasizes the
importance of risk-based classification, clinical evaluation, and post-market surveillance,
particularly for digital tools used in therapeutic or diagnostic pathways without associated
hardware (IMDRF, 2013).

Equally critical to the responsible deployment of digital health solution technologies is
compliance with data privacy and cybersecurity regulations. Legal frameworks such as the
Health Insurance Portability and Accountability Act (HIPAA) in the United States and the
General Data Protection Regulation (GDPR) in the European Union provide specific guidelines
for protecting sensitive personal health data. These regulations require developers to implement
robust encryption, consent protocols, breach-notification mechanisms, and user-rights protection.
In autism interventions, where data may include behavioral video recordings, communication
patterns, or developmental assessments, adherence to these privacy laws is vital to maintaining
ethical standards and public trust (European Parliament and Council, 2016; U.S. Department of
Health and Human Services, 2013).

Based on the reviewed research, these standards and regulations, taken together, form a

comprehensive scaffold that enables digital health solution technologies to be safe, effective, and
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aligned with user needs. By embedding these frameworks into the design and deployment of
digital health solution tools, developers can contribute to more equitable and high-quality care
systems, particularly for marginalized populations such as children with ASD.

Best practices in design and development

Implementing digital health solution tools effectively requires more than technical
competence. Adhering to best practices in design and development ensures these tools are
usable, inclusive, and contextually relevant (Papademetris et al., 2022).

User-centered design is essential in autism-related applications. Engaging end users
throughout development helps ensure that products are accessible and aligned with real-world
needs (Ji et al., 2025; Jang et al., 2021). This process includes iterative prototyping, usability
testing, and community feedback. Accessibility features, such as customizable interfaces, audio
support, and visual prompts, allow digital tools to accommodate a range of abilities (Wang et al.,
2020). These adaptations are particularly crucial in ASD, where sensory sensitivities and
communication styles vary widely.

Integration into existing care frameworks enhances the effectiveness of digital health
solutions. Tools should be interoperable with existing databases, support collaborative
workflows, and be complemented by user training (Topol, 2019). Sustainability and scalability
must also be considered. This includes evaluating cost models, infrastructure requirements, and
adaptability of tools to changing user needs (WHO, 2019). Continuous monitoring, including

user analytics and performance metrics, allows for ongoing refinement.

Data privacy, P11, PHI, and regulatory frameworks
The use of digital technologies in healthcare raises critical questions about the protection

of personal information. Two central concepts in this domain are Personally Identifiable
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Information (P11) and Protected Health Information (PHI). P1I refers to any data that could
identify an individual, such as name, address, or social insurance number. PHI, a subset of Pl in
the healthcare context, includes health records, diagnostic reports, or any data generated during
medical care that is linked to a specific person (U.S. Department of Health and Human Services
[HHS], 2013).

To ensure this information is safeguarded, digital health solution tools must comply with
privacy legislation such as HIPAA in the United States. HIPAA mandates standards for securing
PHI, emphasizing data encryption, controlled access, and breach-notification processes. These
provisions are particularly relevant in autism care, where sensitive developmental and behavioral
data are collected, stored, and potentially shared among multidisciplinary teams (HHS, 2013).

In Europe, GDPR enforces even broader data protection. It grants individuals the right to
access, correct, and delete their personal data, while imposing strict requirements on how
organizations collect, store, and process personal data. GDPR applies not only to entities
operating within the EU but also to those handling the data of EU citizens, making it globally
influential (European Parliament and Council, 2016). Importantly, GDPR's emphasis on 'privacy
by design' requires that data protection be considered from the earliest stages of software
development.

Both HIPAA and GDPR recognize the high stakes involved in handling health-related
data. Violations of these regulations can lead to severe financial penalties and reputational harm.
For developers and implementers of digital health solutions, understanding the distinctions
between Pl and PHI and complying with relevant privacy laws is not merely a legal

requirement; it is a foundational aspect of ethical practice and public trust.
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Digital health solution for ASD life skills development

Due to mobile device affordability; proliferation of applications targeting people with
ASD or intellectual disabilities (Ayres et al., 2013); portability and mobility (Cabielles-
Hernandez et al., 2017); and natural inclination of people with ASD to technologies, most
especially children who are digital natives (Mintz, 2014, Mintz, 2013, Mintz et al., 2012), studies
on the use of mobile technologies as a form of digital health solutions for individuals with ASD
and intellectual disabilities to provide evidence-based interventions for life skills development
are increasing.

Mobile, tablet, and smartwatch devices, as well as web applications, are ubiquitous,
affordable, and portable (Cabielles-Hernandez et al., 2017), and people with ASD have a natural
affinity for them (Mintz, 2014; Mintz, 2013; Mintz et al., 2012). Because of this, digital
technologies have huge potential to democratize access to interventions, especially in rural areas,
underprivileged communities, and developing and low-income countries. These technologies
could also facilitate the learning of life skills, maintenance of learned skills, reduce costs to
acquire these interventions, and help in reducing the stress of families taking care of a family
member with ASD.

Digital health solutions for ASD, such as mobile and tablet applications, can support the
uniqueness and varying needs of learners by leveraging various core capabilities and features.
Studies on the use of mobile technologies for people with ASD and intellectual disabilities to
help in life skills development are increasing, due to mobile device affordability; proliferation of
applications targeting people with ASD or intellectual disabilities (Ayres et al., 2013); portability

and mobility (Cabielles-Hernandez et al., 2017); and natural inclination of people with ASD to
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technologies, most especially children who are digital natives (Mintz, 2014, Mintz, 2013, Mintz
etal., 2012).

Prototyped applications for life skills development of people with ASD demonstrated a
range of capabilities such as teaching children activities of daily living (Cruz-Torres et al., 2019;
Lu, 2011; Perez-Fuster, 2019; Shepley et al., 2018; Yasir, 2018;); communication (Abdallah et
al., 2019, Alhazbi et al., 2018, Cabielles-Hernandez et al., 2017); math (Bassette et al., 2019;
Yakubova et al., 2019); social skills (Mintz, 2014; Mintz, 2013; Mintz et al., 2012); arts
(Akmanoglu and Pektas-Karabekir, 2019 ); job preparation (Ulgado et al., 2013); sports
(Yucesoy-Ozkan et al., 2018); sustaining attention (Vlez-Cotoa et al., 2017; Wang & Zhang,
2020); and joint attention (Mangafa et al., 2015). Some applications provide motivation (Bakhai
et al., 2020); enable activity and task management (Cesario et al., 2022; Skillen et al., 2016);
behavior management (Khan et al., 2018; Reis et al., 2021); and self-instruction (Smith et al.,
2015). There is also a study that leveraged commercially available applications for neurotypical
people and repurposed them for use by people with autism (Maich et al., 2019) and a study that
enabled customizable, personalizable applications using pre-built mobile application templates
and existing database integrations (Shabalina et al., 2019).
Content supported

Application prototypes supported various content types, including videos, illustrations,
animations, pictures, augmented reality, audio, audio-visual content, and text-based content. The

table below summarizes the various content types and the studies in which they were used.
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Table 1

Content Types Supported

Category Content Studies
Videos Video clips to teach leisure Yucesoy-Ozkan et al., 2018
activity
Social stories using videos Yasir, 2018
Instructional videos Yakubova, et. al, 2019; Mintiz, 2013;
Akmanoglu and Pektag-Karabekir, 2019;
Howard et. al, 2021
Self-instructional videos Smith et al., 2015; Wilkens et al., 2021
Videos teaching interviews Ulgado et al., 2013
Three and two-dimensional Vlez-Cotoa et al., 2017
animations
Character illustrations Khan et al., 2017; Bakhai et al., 2020),
Pictograms and pictures Cabielles et al., 2017; Mangafa et. al,
Ilustration, 2015; Cesario et al., 2022; Prez-Fuster,
Animation, Sevilla and Herrera, 2019; Mintz, 2013;
Picture and Maich et al., 2019; Cesario et al., 2022
Augmented Three-dimensional (3D) Bassette et. al., 2019
Reality objects
Virtual environments Shabalina et al., 2019
Augmented reality Wang and Zhang, 2020
Audio and Verbal commands Abdallah et al., 2019
Audio-Visual Pictures with sounds Wilson, et al., 2018; Yakubova, et. al,
2019; Alhazbi et al, 2018; Maich et al.,
2019; Howard et. al, 2021
Instructions on how to Reis et al., 2021
Text-based execute interventions (for
content teachers and parents)

Tasks to be executed

Skillen et al., 2016; Shepley et al., 2018;
Torres et. al., 2019

Descriptions and checklists

Wilkens et al., 2021

Tests (for employment
preferences)

Shabalina et al., 2019

Calendars

Prez-Fuster, Sevilla and Herrera, 2019;
Maich et al., 2019

Text based information

Mintz, 2013; Maich et al., 2019; Howard
et. al, 2021

SMS

Lu, 2011; Mintz, 2013
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Capabilities and Features

Capabilities refer to the main problem or benefit that the application aims to address or
provide. At the same time, features are major functionalities within the application that enable it
to deliver its core capability. Prototyped applications have core capabilities to teach children
activities of daily living (Cruz-Torres et al., 2019; Lu, 2011; Perez-Fuster, 2019; Shepley et al.,
2018; Yasir, 2018;), communication (Abdallah et al., 2019, Alhazbi et al., 2018, Cabielles-
Hernandez et al., 2017), math (Bassette et al., 2019; Yakubova et al., 2019), social skills (Mintz,
2014; Mintz, 2013; Mintz et al., 2012), arts (Akmanoglu and Pektas-Karabekir, 2019 ), job
preparation (Ulgado et al., 2013), sports (Yucesoy-Ozkan et al., 2018), sustaining attention
(Vlez-Cotoa et al., 2017; Wang and Zhang, 2020), and joint attention (Mangafa et al., 2015).
Some apps provide motivation (Bakhai et al., 2020); enable activity and task management
(Cesario et al., 2022; Skillen et al., 2016); behavior management (Khan et al., 2018; Reis et al.,
2021); and self-instruction (Smith et al., 2015). There is also a study that leverages commercially
available applications for neurotypical people and repurposes them for use by people with
Autism (Maich et al., 2019); and a study that enables customizable, personalizable applications
using pre-built mobile application templates and existing database integrations (Shabalina et al.,

2019).

Table 2

Features of prototyped applications and their related use cases

Feature \ Use Cases | Studies
Content customization and delivery
Web-based Teachers or caregivers create Abdallah et al. (2019); Mintz (2014,
content individualized content (e.g., 2013); Mintz et al. (2012); Pérez-
configuration vocabulary, videos, sensory Fuster (2019); Reis et al. (2021);
supports), build child profiles with | Skillen et al. (2016); Shabalina et al.
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health/behavior info, set
geofencing, and emergency
contacts, and configure daily
monitoring questions. Content is
synced with mobile apps for real-
time access.

(2019); Vlez-Cotoa et al. (2017);
Wilson et al. (2018) piloted web
platforms delivering individualized
interventions to mobile devices,
enabling coordinated home-school
support.

Mobile-based
content
configuration

Parents and educators configure
study plans, upload and edit
instructional videos, and create
playlists directly on mobile devices
for structured guidance. Data can
be stored locally.

Alhazbi et al. (2018); Akmanoglu &
Pektas-Karabekir (2019); Smith et
al. (2015) tested mobile video
prompts and playlists for daily tasks,
improving structured learning.

User interface
customization

Modify interface colors, layouts,
text, and images via API or
settings to reduce overstimulation
and increase engagement.

Pérez-Fuster (2019); Shabalina et al.
(2019) demonstrated customizable
Ul elements improved accessibility
and user comfort.

Dynamic
content display

Content configured on web or
mobile is automatically displayed
on the learner’s device for real-
time access to lessons, strategies,
and feedback tools.

Abdallah et al. (2019); Mintz (2014,
2013); Mintz et al. (2012); Pérez-
Fuster (2019); Reis et al. (2021);
Skillen et al. (2016); Shabalina et al.
(2019); Vlez-Cotoa et al. (2017);
Wilson et al. (2018) showed
automatic content delivery improved
coordination between caregivers and
children.

Task setup and

Teachers/parents design activities

Cesario et al. (2022); Skillen et al.

sequencing and break them into stepwise tasks, | (2016) implemented photo-guided
attaching photos to guide learners. | sequences to support independent
completion of daily activities.
Virtual Children can customize in-app Khan et al. (2018) found

character design

avatars to increase engagement.

personalized avatars improved
motivation and participation.

General app Commercial apps for neurotypicals | Maich et al. (2019) adapted

adaptation can be configured to partially meet | mainstream apps for scheduling and
autistic learners’ needs. reminders.

Support for Display text, pictograms, images, | Alhazbi et al. (2018); Vlez-Cotoa et

diverse media
types

audio, video, and virtual/3D
objects to support multi-sensory
learning.

al. (2017); Cabielles-Hernandez et
al. (2017); Cruz-Torres et al. (2019);
Smith et al. (2015); Ulgado et al.
(2013); Bassette et al. (2019);
Yakubova et al. (2019) supported
multi-sensory content to improve
engagement and comprehension.

Personalization
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Child profile
setup

Create a profile with name, photo,
and preferences for personalized
content delivery.

Wilson et al. (2018) used child
profiles to tailor learning materials
and track engagement.

Custom media
use

Teachers or parents upload their
own photos, recordings, or
culturally relevant social stories to
make learning relatable.

Cabielles-Hernandez et al. (2017);
Wilson et al. (2018); Yasir (2018)
allowed learners to access personal
and culturally relevant content,
improving comprehension.

Personalized
reinforcement

Deliver rewards aligned with child
interests after task completion.

Alhazbi et al. (2018); Skillen et al.
(2016) tested reinforcement systems,
such as favorite toys or playtime, to
improve task completion rates.

Task management and learn

ing support

Task analysis

Break activities into smaller steps
for structured learning.

Bakhai, et al. (2020); Cesario et al.
(2022); Cruz-Torres et al. (2019);
Mintz (2014, 2013); Mintz et al.
(2012); Shepley et al. (2018);
Ulgado et al. (2013); Yakubova et
al. (2019); Yucesoy-Ozkan, Gulboy,
& Kaya (2018) showed task
decomposition improved learning
independence.

Immediate
feedback

Provides instant confirmation
when children answer correctly or
incorrectly.

Bassette et al. (2019) demonstrated
immediate feedback supports
learning and reduces errors.

Picture-based
communication

Teachers can organize and present
words and sentences using
pictograms.

Cabielles-Hernandez et al. (2017)
used pictograms to teach structured
communication.

Progress
tracking

Sends notifications to teachers
when tasks are completed and
tracks activity completion.

Lu (2011); Skillen et al. (2016)
tracked learner progress, enabling
remote monitoring.

Scheduling and

Interactive calendars, reminders,

Maich et al. (2019); Mintz (2014,

calendars activity boards, and task boards 2013); Mintz et al. (2012); Pérez-
show stepwise pictures to manage | Fuster (2019); Reis et al. (2021);
daily routines. Shepley et al. (2018); Skillen et al.
(2016) improved independent
routine completion.
Interactive Drag-and-drop, sorting, or Bassette et al. (2019); Vlez-Cotoa et
learning matching exercises reinforce al. (2017); Cabielles-Hernandez et
functions concepts. al. (2017); Wang & Zhang (2020)
used these functions to teach
categorization and matching skills.
Reminders Provide structured prompts to Skillen et al. (2016) tested reminders

sustain engagement and support
task execution.

for consistent activity participation.

Self-management and independence
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Behavior Track emotional and behavioral Khan et al. (2018) monitored
tracking responses via interactions with emotional and behavioral responses
virtual characters and app. to guide interventions.
Independent Supports independent and safe Skillen et al. (2016) implemented
living support navigation for daily activities. GPS-enabled apps for safe,
independent travel.
Guidance and prompting
Error correction | Visual cues (like a hand pointing Alhazbi et al. (2018) demonstrated
to the correct answer) guide visual error correction improved task
learners toward the right choice. accuracy.
Just-in-time Automated verbal or visual Bassette et al. (2019) provided just-
guidance prompts help learners when they in-time cues during math and daily
are unsure of next steps. living tasks.
Motivation and reinforcement
Gamified Virtual characters evolve as Bakhai, et al. (2020) used avatar
learning learners complete tasks. growth to reinforce engagement and
motivation.
Rewards and Children earn badges, playtime, or | Cesario et al. (2022); Mangafa et al.
achievements device access after completing (2015); Mintz (2014, 2013); Mintz
tasks. et al. (2012) demonstrated gamified
rewards increased engagement.
Contingency Token-based rewards exchanged Skillen et al. (2016) used
rewards for real-life incentives, like trips or | contingency contracts to reinforce
activities. task completion.
Virtual Tasks paired with avatars respond | Bakhai, et al. (2020) showed avatar-
character to verbal commands to reinforce driven interaction improved learner
interaction motivation. engagement.
Hardware and integration
External Amplify instructions or caregiver | Abdallah et al. (2019) used speakers
speakers responses for better auditory to broadcast instructions for
guidance. improved compliance.
Sensor-enabled | Detect task completion (e.qg., Lu (2011) attached sensors to
tasks throwing trash) and notify objects to track task performance.
caregivers.
Light-based Visual signals indicate where tasks | Pérez-Fuster (2019) activated lights
prompts should be performed. to guide learners to task locations.
Safety and security
Geofencing Track child location and alert Skillen et al. (2016) implemented
caregivers if they leave designated | geofencing to enhance safety and
safe zones. mobility independence.
User Secure login and access via API Shabalina et al. (2019) implemented
authentication ensure only authorized users authentication to protect sensitive
interact with child data. information.

Support and reporting
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Behavioral Graphical tracking of Khan et al. (2018) visualized
reporting positive/negative behaviors to behavioral trends for clinical
support therapy decisions. evaluation and intervention
planning.
Chatbot support | Automated, on-demand support to | Cesario et al. (2022); Reis et al.
answer learner queries 24/7. (2021) tested chatbots for
continuous learner guidance.

Life skills addressed and digital interventions used

According to Clark et al., as cited by Chiang et al. (2017), life skills can be categorized
into five areas: “self-care and domestic living, recreation and leisure, social interaction,
employment, and community participation” (p.1113). To teach these life skills, 35 types of
technology-based life skills interventions were identified.

Most mobile applications developed for ASD research and development focus on self-
care and domestic living, followed by social interaction, employment, community participation,
and recreation and leisure. Most of these apps focus on supporting medium- to high-functioning
children, teenagers, and young adults, or those with communication and/or executive functioning
skills. Only a few apps focus on low-functioning users, all of whom are children. As most
assistive technologies were targeted at children, teenagers, and young adults, they were geared
towards learning or acquiring specific skills and behaviors. There were no applications that
aimed to maintain life skills acquired or support middle-aged to late adults with ASD, such as
those aged 35 and older. Some of the apps supported different user types, including children,
teenagers, and young adults with ASD; the person with ASD and their parents or caregivers; the
person with ASD and their teachers; and the person with ASD, together with their parents and
teachers.

The table below shows the life skills addressed by the prototyped applications and into

which category each falls.
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Table 3

Life skills addressed by the ASD-focused applications

Subcategory ] Targeted Life Skills Users
Self-care and domestic living
Autonomous Activities of daily living (ADL) - budgeting, Young adults with
self-care time management, physical health, coping, intellectual disability

safety (Maich et al., 2019)

(ID), including ASD; and
their caregivers

ADL - managing money, time management,
managing public transport and aiding self-
monitoring of the administration of medication
(Mintz, 2014; Mintz, 2013; and Mintz et al.,
2012).

Children with ASD (high
functioning) including
their teachers

Autonomous task

Performing of daily tasks with autonomy

Young adults with ASD

execution (Cesario et al., 2022) (high functioning) &
their teachers
ADL - Making the bed, making pasta and shoe | Adolescent child with
tying (Cruz-Torres et al., 2019) ASD and their Parents
ADL - Washing dishes, doing laundry (Perez- | Children with ASD
Fuster, 2019)
ADL - setting the table, making a snack using | Children with ASD
a microwave, making a cup of punch (Shepley
et al., 2018)
ADL - support daily living such as organizing | Teenagers with ID, ASD
daily activities, daily self-reflection, travel and down syndrome
assistance, providing reminders, and
improving overall safety (Skillen et al., 2016).
ADL - Peeling bananas, spreading butter, Children with ASD
using handkerchief, performing household
chores, cleaning up after play (Yasir, 2018)
Behavior Behavior — regulate stimuli response (Khan et | Children with ASD
management al., 2017)
Cleaning ADL — proper waste disposal (Lu, 2011) Children with ASD
Information Holding of attention span, object recognition, | Children with ASD (low
processing sorting of objects, with adult interaction (Vlez- | functioning)
Cotoa et al., 2017)
Sensory Managing hypo reactivity, hyper reactivity, Parents of children with
management and sensory seeking behaviors (Reis et al., ASD

2021)

Self-management

Attention management (Wang & Zhang, 2020)

Young adults with ASD

Social interaction
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Communication

Social interaction through voicing out requests
and listening to responses (Abdallah et al.,
2019)

Family members and
caregivers of people with
ASD

Early literacy through drawing (Akmanoglu &
Pektas-Karabekir, 2019)

Children with ASD

Receptive language (Alhazbi et al., 2018)

Children with ASD and
their parents

Receptive and expressive language,
vocabulary, socialization, motor skills
(Cabielles-Hernandez et al., 2017)

Children with ASD

Widening of vocabulary (Wilson et al., 2018)

Children with ASD (low
functioning)

Peer
collaboration

Joint attention skills (Mangafa et al., 2015)

Teachers of children with
ASD

Self-management

Remembering to consider other people’s
perspectives; how to calm down in situations
that may lead to outbursts (Mintz, 2014;
Mintz, 2013; and Mintz et al., 2012).

Children with ASD (high
functioning) including
their teachers

Socialization

Social interaction: greeting, sharing, turn-
taking, welcoming guests, playing with peers
(Yasir, 2018)

Children with ASD

Employment and community participation

Autonomous task | Self-instruction to change the memory of a Teenagers with ASD
execution computer tower (Smith et al., 2015)
Job preparation | Preparing for a job interview (Ulgado et al., Young adults with ASD

2013)

Labor preferences and shopping (Shabalina et
al., 2019)

Parents, caregivers,
teachers or health
professionals and adults
with intellectual
disabilities including
ASD

Literacy Mathematics — teaching subtraction (Bassette | Children with ASD (high
et al., 2019) functioning)
Mathematics - through inventorying e.g., Teenagers with ASD
counting number of items and recording in
inventory sheet (Yakubova et al., 2019)

Self- Self-Motivation - studying (Bakhai, et al., Young adults with ASD

management 2020) pursuing higher

education (high
functioning)

Recreation and leisure

Learning sports

Recreation - Bowling and Golf (Yucesoy-
Ozkan, et al., 2018)

Children with ID
including ASD
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Digital interventions used to teach life skills

To teach life skills through mobile applications, mainstream intervention approaches

were transformed into digital interventions, including prompting, modeling, stimulus-based

strategies, building autonomy, communication, motivation, task reduction, providing assistance,

improving behaviors, and miscellaneous arts-related activities.

Table 4

Digital interventions used to teach life skills

Digital approach

Strengths of the intervention
and/or the prototype

Limitations / Weaknesses of the
intervention and/or the prototype

Video-based interven

tions

Video prompting

Teaching emergent literacy (early
verbal & non-verbal
communication patterns) through
short videos made the intervention
readily accessible to the child and
their caregivers or teachers
(Akmanoglu and Pektag-
Karabekir, 2019). It also required
less assistance to use and was
easily accessible in social settings.
Aside from this, it is economical,
doesn’t require a huge learning
curve, and allowed freedom of
movement (Yucesoy-Ozkan et al.,
2018)

Creating and recording video
instructions took a lot of time and
effort. This intervention needed high
quality education materials and at the
same time, direct assistance from
teachers and/or caregivers.

Video modelling
with

visual activity
schedules and
self-instruction

Through recorded videos and
visual schedules, children were
given the opportunity to increase
their independence by self-
instructing to learn a new skill
(Shepley et al., 2018)

This app relied heavily on teacher
prompting to provide initial
instruction to children on how to
access the right app and which
content to open.

Video modelling
with video-based
instruction and
self- instruction

Children were taught how to
instruct themselves to successfully
execute a task through recorded
videos. Video instructions enabled
highlighting relevant steps which
were faster to execute and more

The effectiveness of this intervention
depended heavily on the initial
training that participants get before
using the mobile device. There was
also a need for users to be taught to
identify when they need help, and
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affordable compared to in-vivo
modelling (Smith et al., 2015).

when to get help using VBI. This
intervention was only tested on high-
functioning learners with ASD.

Video modelling
using peer and
self modelling
with

task analysis

Videos recorded by learners
themselves and their peers
provided an efficient and cost-
effective way to learn and retain
life skills. This enabled self-
evaluation through visual
progression of their skills. VM
also used TA, to break down the
overall interview process to
smaller steps, making it easier for
learners to follow (Ulgado et al.,
2013)

The content quality of the app is
highly dependent on teachers or
health providers, who can perform
TA, record, and upload videos for
learners to use. Content needs to be
updated periodically, especially if the
user has already mastered a specific
skill.

Social stories
and
video modelling

Stories that tell usual scenarios
that the learner encounters every
day, recorded through a video, can
help in effective teaching of daily
life, self-help, and adaptive skills.
Social stories that were culturally
appropriate helped improve child
behavior. Delivering them through
a mobile app makes it economical,
easily available, and intuitive to
use (Yasir, 2018).

Since social stories are culture
specific, content developed using
such may not be applicable to other
learners.

Video prompting
with self-
instruction and
least to most

Short videos that help learners to
execute a task, combined with
minimal adult guidance, helped
decrease reliance on adult

Successful execution of the task still
depended on the initial guidance
provided through error correction
using gestural and LMP. Learners

prompting prompting and increase needed at least three sessions for
independence (Yakubova et al., them to execute the task on their own
2019). using VP.

Parent Interventions that are done by The success of a P1l using VP

implemented parents helped produce depends on the quality of training

interventions immediate, but also lasting effects | and guidance parents receive before

using in teaching daily living skills and | executing the intervention.

video prompting

are also effective in acquisition
and maintenance of various
independent living skills (Cruz-
Torres et al., 2019).

Task analysis-based interventions

Task analysis
with self-
operated
prompting

The process of splitting multi-step
activities into sub-activities helped
lower task complexity. The
prompts that users activate by

This app was dependent on the
capability of the teacher to assign an
agenda, event, and activity for each
student based on their learning
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themselves, enabled them to
follow and complete sequence of
steps at their own pace (Cesario et
al., 2022)

objectives. It was also heavily
dependent on SOP; hence
progression would be dependent on
the learner's capabilities, actions, and
comfort level of moving to the next
step.

Task management
with

positive
reinforcement and
voice activated
digital assistant

Organizing daily tasks helped in
encouraging adults with ASD to
manage challenges such as getting
distracted and the lack of
motivation to study. The use of a
voice assistant with a visual
screen helped adult students
reduce the complexity of verbal
interactions (Bakhal, et al., 2020)

The prototype was specifically
targeted at high-functioning adult
students with Autism. It has not been
tested on children and non-verbal
users.

Task Analysis
with Kairos and
persuasive
technology

Breaking tasks into small steps
enabled users to use the app as
reference while executing an
activity. It also provided a higher
chance of learning new things or
adopting new behaviors through
providing persuasive messages,
most especially at the time when
they are most receptive to giving
them (Mintz, 2014; Mintz, 2013;
Mintz et al., 2012).

This app would only benefit high
functioning learners with ASD, who
can read, understand instructions,
and execute them with little to no
guidance. Authors also emphasized
that this is more effective for "digital
natives™ or people who have grown
up accustomed to the use of digital
technologies.

Task analysis
with
visual prompting

Breaking tasks into smaller steps
reduced task complexity as it
allowed learners to execute them
one step at a time. Tying this with
a prompt, such as a lighting
system enabled task association to
a specific location helping
children build autonomy over time
(Perez-Fuster, 2019)

The configuration needed to tie the
lighting system to each task
breakdown would require technical
skills and a significant amount of
effort and could be prone to error.
The set-up would also be dependent
on a technical expert or an educator
who has received training in
configuring the system

Self-management
with

positive
reinforcement
and

task analysis

Task organizations helped in
improving communication while
self-management helped reduce
the challenging behaviors of
teenagers. Gamification helped in
establishing positive behaviors,
and the web portal enabled parents
to customize activities, tasks, and
rewards. Task analysis was used
to breakdown activities into
smaller tasks to help reduce

This app was limited to high
functioning users who have the
capability to read and understand
instructions.

111




complexity to execute (Skillen et
al., 2016)

Mobile
application
development
management
system

With templates and configurable
settings, the system enabled users
to perform Task Analysis to break
down activities into smaller tasks,
and enabled the application to
adapt to user needs through
customization of text and images
(Shabalina et al., 2019)

Non-computer savvy users may need
training to configure a mobile app.
The selection of activities and how to
break it down into smaller tasks may
also need guidance from a teacher or
health care professional. As this is a
template-based system, there are
limitations on what the app can do.

Sensor network

Automatic and continuous
tracking and reinforcement of
positive behavior using sensor-
triggered alarm signals and
prompts encouraged child
autonomy through independent
task execution. Technology used
was cost-efficient compared to
commercial or enterprise use (Lu,
2011)

Positive reinforcement in the form of
praise given when a task was
successfully executed, was still
provided in person.

T

@D

xt, picture, digital objects and voice-based interventions

Sensory
regulation

Providing parents with sensory
management techniques, helped
them address the sensory demands
of their children through reliable
and personalized information that
was specific to the context of their
child (Reis et al., 2021)

The app was dependent on each
child's Occupational Therapist who
would assess their sensory needs and
their reccommended strategies on how
to address them.

Digital picture
exchange system

Using a picture system helped
improve both receptive
(understanding what people are
saying to them) and expressive
language (express themselves
through words and gestures) of
children with ASD and helped in
fostering the acquisition of a
vocabulary. The system was also
affordable, mobile, and portable
(Alhazbi et al., 2018; Cabielles-
Hernandez et al., 2017).

To be effective, the system was
highly dependent on the capability of
the teacher to provide customized
learning content that matched the
child's capability and learning plans.
Immediate feedback was also needed
to let the child know if they had
correctly executed a task or provide
correction guidance when needed.

3.3 App-based
(digital)
manipulatives

Through digital blocks combined
with guidance from teachers,
children were given a chance to
have a more convenient and
efficient way to learn math. Using
3D objects that can be rotated,

This app was limited to teaching
subtraction to high-functioning
children. It did not teach other basic
mathematical concepts, such as
addition, multiplication, and division.
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flipped, and turned, helps simulate
the manipulation of concrete
blocks by hand (Bassette et al.,
2019)

Augmentative
and alternative
communication

Through an audio-visual
dictionary that leveraged
children's personal interests and
motivations; and personal and
context-relevant words, helped
them improve their
communication skills,
engagement, interaction, and self-
expression (Wilson et al., 2018)

The app did not provide the
capability to track the child's learning
progress. Being a personalized and
individualized application, teachers
would also need to regularly check
the words that children created and
provide feedback, correction, or
areas for improvement.

Audio-visual Through videos, pictures, Producing the learning materials
media pictograms, drawings, and games, | needed to customize interventions for
using a mobile device, low each child could be time consuming
functioning children with ASD and could require specialized skills
were taught to improve their in illustration, video editing, and
attention, interaction, overall design. Learning assessments
categorization, and object were also not built-in in the device
recognition skills (Vlez-Cotoa et | and would require external
al., 2017) evaluation.
Vocal Through speech acts played in a There was no voice recognition
communication phone connected to a speaker, capability that would allow the
tool (VCT) family caregivers were provided a | system to automatically detect and
digital means to conveniently play | interpret words and sentences from
commonly used and repetitive adult children.
commands, instructions and
responses (Abdallah et al., 2019)
Augmented Three dimensional objects helped | AR requires a relatively higher
reality in attention management through | computing resource and device

using them to execute drag and
drop tasks. It provided a readily
available and accessible
alternative that can be used to help
manage overwhelming emotions
that could be triggered by certain
experiences or events (Wang and
Zhang, 2020)

memory. Because of this, smart
phones with lower compute
resources may not be compatible to
run this app.

Digital floor time
(DFT) using a
virtual character

Interaction with a virtual character
helped in more accurate and
efficient tracking behavior. The
digital version of the floor time
intervention also helped to address
the challenge encountered by
children in rural areas such as

This app collected sensitive
information that could potentially
cause data privacy and security
challenges, especially if patient
information were made available to
different health care practitioners.
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restricted access to quality
healthcare resources; and the lack
of continuum caused by constant
change of healthcare providers
(Khan et al., 2017).

Commercially off the shelf-base

d interventions

Education
technology with
positive
reinforcement

The built-in software features of
Apple iPad helped to enhance
mainstream approaches to
teaching Joint Attention (JA)
skills by using it to teach the
curriculum, encourage sharing,
turn-taking and as a form of
reward (Mangafa et al., 2015)

This would only be effective if
teachers were knowledgeable about
their use, or if they received proper
training. The availability of iPads in
classrooms was another
consideration, as its shortage may
only cause frustration to children, if
they are denied use.

Commercially-
available mobile
assistive
technologies

Adults living in semi-independent
living homes can use carefully
curated applications typically
targeted for neurotypicals, as they
were readily available and are
most of the time free to use
(Maich et al., 2019)

Effective implementation of these
suites of applications was heavily
dependent on health care
professionals or teachers. Pre-
assessments, careful selection of
applications, together with trial and
error of what works and what doesn't
are crucial to success.

The TEACCH model enables structured learning.

A digital health solution for moderate to severe ASD will only bring lasting change and

value if it is continuously used by learners together with their caregivers or parents. The

treatment and education of autism-related communication-handicapped children (TEACCH)

model is a family-centered approach to lifelong learning of people with ASD (Siu, Lin & Chung,

2019). Implemented as a program, TEACCH is committed to tailoring interventions to the

distinctive characteristics and requirements of each individual with ASD. Over the years, it

gained recognition for its professional contributions and has positively impacted numerous

clients and their families. The TEACCH program aims to enhance the strengths, skills, interests,

and specific needs of individuals with ASD to build independence.
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Rooted in a neurodevelopmental approach, the TEACCH program employs various
strategies to address both deficits and strengths among individuals with ASD. This includes the
use of visual strategies and clear information, establishment of a structured teaching-learning
environment and curriculum, leveraging individuals' special interests as motivational tools, and
adopting a pragmatic approach to foster meaning and self-initiated communication (Siu, Lin &
Chung, 2019; Zeng et al., 2021). Aligned with its commitment to understanding and promoting
the culture of autism, TEACCH actively supports parents, educators, and others in seeing the
world through the eyes of individuals with ASD,ong with nurturing daily living and
communication skills that can help build functional independence in adult life (Virués-Ortega,
2017).

The TEACCH program’s implementation as a clinical service and professional training
initiative was first conducted at the University of North Carolina at Chapel Hill. Established in
1972 by Eric Schopler, it is dedicated to delivering evidence-based interventions for individuals
of all ages diagnosed with ASD. At the core of the TEACCH approach is the recognition that
individuals with ASD exhibit specific patterns of strengths and challenges. These encompass a
preference for visual information processing, difficulties in sequencing and extracting meaning
from details, and variability in attention. A central tenet of the program is the incorporation of
structure in various dimensions. This involves implementing physical structures, such as the use
of visual cues and the arrangement of the environment, to minimize distractions. It also entails
the organization and communication of event sequences through personally meaningful
schedules. Moreover, individual tasks are meticulously structured using visual support, offering
guidance on what needs to be done, the duration of the activity, and the subsequent steps

(Mesibov & Shea, 2009).
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Components of TEACCH

TEACCH advocates against a one-size-fits-all curriculum, recognizing the unique
learning styles and skills of each individual. Nevertheless, all TEACCH programs incorporate
components of structured teaching, including the organization of the physical environment,
utilization of visual information, task organization, and implementation of work systems.
Individualized programs within the structured teaching framework consider the child's
developmental level and specific needs. Goals typically revolve around fostering communication
and daily living skills that lead to functional independence in adulthood (Schopler et al., 1995;
Mesibov & Howley, 2003; Mesibov et al., 2005).

Visual information.

Visual information is employed to make tasks clear and meaningful for learners, utilizing
various forms such as written checklists, visual schedules, and tangible objects. For instance,
visual schedules outline the order of tasks, aiding transitions, and promoting independence by
reducing reliance on external cues. The use of visual schedules, or activity schedules, has shown
effectiveness in increasing skill acquisition and on-task behavior while decreasing challenging
behavior (Virués-Ortega et al., 2017).

Transition objects, representing specific activities or locations, help learners understand
and navigate transitions. For instance, a diaper could serve as a transition object for going to the
changing table. The consistent use of transition objects and corresponding language aids learners

in understanding and reduces transition difficulties over time (Hume & Turner-Brown, 2018).

Organization of the physical environment.
The organization of the physical environment is modified by TEACCH practitioners to

provide clarity and facilitate independence. In a classroom setting, furniture placement can signal
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upcoming activities, and clear boundaries at home help learners discern areas for different
activities. Creating structured environments can enhance children's work skills (Welterlin et al.,
2012, as cited in Virués-Ortega et al., 2017).

Widely recommended and extensively studied, an organized intervention setting provides
functional cues about activities and behavioral expectations, promoting sustained engagement in
young children (Bailey & Wolrey, 1984; Norquist & Twardosz, 1990; Sandall et al., 2005, as
cited from Hume & Turner-Brown, 2018). Creating a dedicated learning space reduces
distractions and provides an opportunity for an effective learning experience even at home. For
instance, the family implemented the TEACCH for Toddlers (FITT) strategy, organizing the
physical space by creating distinct play areas for table-based activities (e.g., puzzles, ring
stackers, paints) and floor-based play (e.g., balls, trucks, cars, bubbles). The table-based area
serves as a location for introducing new play activities and teaching new skills during FITT
sessions, fostering positive routines around learning (Hume, Plavnick, & Odom, 2012, as cited in
Hume & Turner-Brown, 2018).

A designated area must also be prepared where computers, tablets, or other devices will
be used. A table with a proper height provides the learner with a proper camera angle to see
images and texts for online lessons. Chairs should also properly support the learner’s back so that
they form a perfect L-shape when seated and allow their feet to rest properly on the floor. Other
learners may prefer to stand and walk back and forth across the room during learning. A different
seating option, such as a bean bag, would provide a sensory seat cushion that would help
improve focus. Fidget toys like fidget spinners, stress balls, rubric cubes, and marbles can also
improve focus during lessons, and headphones can help reduce auditory distractions, especially if

the room must be shared with other family members. The personal space should also consider the
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learning needs and interests of the learner by leveraging TV characters to provide motivation and
personalization to use the space on a regular basis. Building a routine to use the physical learning
space is vital to its effectiveness. Practice daily use of the learning space by simulating a going to
school routine, which could start with having a video call with family and friends in the learning
space. From here on, gradually introduce lessons using a digital tool or in-person (Nowell et al.,
2020).

Task organization.

Task organization, emphasizing predictability through activity schedules and routines, is
believed to enhance understanding of the environment for individuals with ASD.
Communication of this information through visual means is recommended, and while TEACCH
emphasizes the importance of routines, it acknowledges the need for flexibility (Virues-Ortega et
al., 2017)

For instance, to accommodate toddlers' developmental stage, their schedule should focus
on short sequences, emphasizing a first/then schedule for some. This involves presenting two
objects to signify the order of activities, such as transitioning from a favorite toy to the table for a
snack and then back to the toy. Transition objects, selected based on specific challenges, are
incorporated into FITT sessions, facilitating smoother transitions during parent-toddler
interactions throughout the week (Hume & Turner-Brown, 2018)

Visual schedules, incorporating objects, photographs, icons, or written words, serve as
effective between-activity supports, aiding transitions and holding a child's attention (Dooley et
al., 2001; Rao & Gagie, 2006, as cited in Hume & Turner-Brown, 2018). Considering the
concrete learning style of toddlers with ASD, the use of objects as schedule elements is

particularly suitable. Schedules can also be effectively implemented using visual support such as
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countdowns, timers, and task checklists. Schedules can be organized manually using calendars,
sticky notes, or by downloading editable templates in Microsoft Word or Excel. There are also a
lot of timer applications that can be downloaded for free on any smartphone (Nowell et al.,
2020). Visual schedules are instrumental for young children with autism, offering a concrete
representation of upcoming events or activities.

Work systems.

Work systems, presented as prerequisites for engagement, convey specific task demands,
including what task to engage in, required effort, duration, criteria for completion, and post-task
outcomes. For novel tasks, one-on-one instruction and support are recommended, while already
mastered tasks are expected to be performed independently in a workstation with minimal
distractions (Schopler et al., 1995 as cited in Virues-Ortega et al., 2017).

A digital intervention is an example of a work system, that when implemented using the
TEACCH model is executed by following the principles of structured teaching which includes
organizing the physical environment including providing visual cues; setting predictable
sequence of activities; using visual schedules to show sequence of activities; leveraging work
and activity systems to enable independent task completion; and the use of visual activities to
clarify expectations (Carroll and Kodak, 2018 as cited in Virués-Ortega et al., 2017).

Technology-aided instruction and intervention (TAII) is a form of instruction or
intervention wherein technology plays a central role in a learning goal. TAII is used to focus on
targeted skills and behaviors that can be learned through technology. Some of the most used
TAII are speech-generating devices which use augmentative and alternative communication
systems (AAC) or pictures to communicate; interactive whiteboards which could be touch screen

computers, or touchpad-controlled projectors; mobile or tablet devices connected to the internet,
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cellular networks or bluetooth; and computers which are often used to academic, communication,
adaptive and social skills (Hedges & AFFIRM, 2017).

Implementing TAII within a TEACCH model would enable learners to work at their own
pace and level of understanding, as it allows them to repeat lessons as many times as they need
until they have achieved mastery. This helps relieve the pressure on learners and reduce social
demands of catching up with peers, and it can also serve as a communication system for parents
and teachers to the learners and vice versa (Hedges & AFFIRM, 2017). The National
Professional Development Center (NPDC) on autism spectrum disorder considered TAII as a
recognized intervention, on as it met the evidence-based practice criteria of 11 single case design
studies and 9 group design studies and can be effective with learners in preschool (3-5 years) to

high school learners (15-22 years) (Sam et al., 2019).

Parent-implemented intervention

Parent-implemented intervention (PI1) refers to strategies and practices to engage parents
in the active role of implementing specific interventions for their child with ASD. As children
spend most of their days with their parents or caregivers, engaging them in the learning process
helps establish continuity, as instructions taught at school or in therapy are practiced in their
natural environments and throughout their daily routines (Meadan et al., 2016). In addition, PII
provides an opportunity for parents, health professionals, and teachers to collaborate to
strengthen the mechanisms for children’s learning. PIl would enable parents to participate in
developing learning goals for their child and to learn to implement various strategies from

professional coaching (Stahmer & Pellecchia, 2015).
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Skills that can be taught using P11

P11 leverages the natural interactions among children that occur during daily routines and
everyday interactions within their natural environment, such as their homes or communities
(Scherts & Horn, 2018). Theres a wide range of skills that can be taught to children using PlI
such as communication (Meadan et al., 2016; Robertson et al., 2017; Turner-Brown et al., 2016);
socialization (Turner-Brown et al., 2016; Wetherby et al., 2014); joint attention or the capability
of a child to share the focus of an event or object with another person (Siller & Morgan, 2018);
various forms of playing such as functional to enhance cognitive and social skills, and symbolic
play for imaginative thinking (Siller & Morgan, 2018); playing with toys and other children
(Turner-Brown et al., 2016); problem solving (Robertson et al., 2017; Turner-Brown et al.,
2016); behavior management and emotional regulation (Robertson et al., 2017; Turner-Brown et
al., 2016); self-care skills such as toileting, eating and dressing to build independence (Turner-
Brown et al., 2016); establishing structured routines (Robertson et al., 2017) and participating in
family routines (Turner-Brown et al., 2016).
Coaching parents to implement P11

There’s a wide variety of approaches used to teach parents about PII. These are using
telepractice to teach parents to deliver interventions through the internet (Meadan et al., 2016);
conducting home visits to provide individual coaching (Wetherby et al., 2014); providing
individual parental coaching in clinics (Wetherby et al., 2014); teaching parents in areas
frequently visited by the family, such as grocery stores and playgrounds (Wetherby et al., 2014);
and conducting group sessions with parents to facilitate peer support and to encourage them to

share their experiences (Turner-Brown et al., 2016).
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In addition, some studies use curricula such as Social Communication, Emotional
Regulation, and Transactional Support (SCERTS) to provide structured teaching in embedding
sections in natural environments (Wetherby et al., 2014). Another program called Incredible
Years (1Y) aims to support parents of children with ASD and language delays. It focuses on
enhancing parent-child relationships, promoting children’s social and emotional development,
and managing challenging behaviors (Webster-Stratton, Dababnah & Olson, 2018). Parents were
also monitored during the coaching session to evaluate their ability to implement the
interventions taught to them. For example, the study by Wetherby et al. (2016) reported that
parents achieved an average fidelity of 81% during monitored implementation sessions. Video
recordings of parent interactions were also used to highlight areas for improvement, which were

discussed with parents in separate sessions (Meadan et al., 2016).

Methods that parents can implement using P11

In PII, parents are taught various methods for teaching their children in their natural
environment. The methods are behavior strategies that would allow them to manage their
children’s behavior effectively (Robertson et al., 2017); modeling to demonstrate skills or
behaviors so the children can observe and replicate (Meadan et al., 2016; Robertson et al., 2017);
providing appropriate responses when dealing with challenging behaviors (Robertson et al.,
2017); prompting their children with questions and choices to encourage responses, which is also
known as the mand-model (Meadan et al., 2016); time delay or pausing for about 5-15 seconds to
give the child a chance to communicate (Meadan et al., 2016); modifying their surroundings to
encourage communication, which is also known as environment arrangement (EA); and how to

use visual supports to establish expectations and routines (Robertson et al., 2017).

122



Designing digital health solution with individuals with ASD

Vulnerable and marginalized children, such as those with moderate to severe ASD, are
seldom included in studies that aim to assist, support, or educate them (Bradbury-Jones et al.,
2018). This is due to their limited communication and executive functioning skills (Wilson et al.,
2019); methodological challenges, such as lack of guidance and best practice in engaging them
(Bailey et al., 2014); the researchers’ lack of experience in dealing with neurodiverse
participants; few collaboration opportunities between schools and centers; and unwillingness of
parents or caregivers to take part in the research (Corlu, et al., 2017).

However, despite their disposition, learners with ASD can be considered experts on
themselves (Wilson et al., 2017). They can therefore provide significant contributions to
discovering pain points, needs, and gaps in solutions and technologies targeted for people like
them. They can also provide insiders’ insights (Wilson et al., 2019) to support a more user-
focused design approach, co-creating solutions that leverage their strengths, interests, and
motivations.

Qualitative design approaches provide a venue for researchers to involve minimally-
verbal learners in the research process, specifically in the design, iterative prototype
development, and testing of digital technologies. Through focusing on children’s strengths and
supporting their difficulties (Benton et al., 2014), leveraging their support group, such as parents,
teachers and health care practitioners (Dreesen and Schepers, 2018) and focusing on more
creative ways of contribution (Makhaeva, Frauenberger and Speiel, 2016), researchers can
provide more genuine and meaningful participation for children with ASD.

While some researchers are seeing the importance of engaging people with profound

intellectual disabilities in the research design process, this practice is still an emerging area. A
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few researchers, such as Wilson et al. (2020), Frauenberger, Fitzpatrick, and lversen (2015),
Benton et al. (2014), and Robinson, Hannuna, and Metatla (2020), are trying to bring more rigor
in the practice through introducing frameworks, methodologies, tools,s and approaches
leveraging participatory research approaches.

Each researcher also has their own approach to determining which part of the research
process participants will be part of, as well as the role they play throughout the process. For
example, Wilson et al. (2020) and Frauenberger, Makhaeva, and Spiel (2016) engaged children
as research partners, while Robinson et al. (2020) mostly engaged them during the evaluation
and iterative development phase.

Due to the exploratory and iterative nature of engaging people with profound intellectual
disabilities in practice, there are no hard-and-fast rules for collaborating with them, and

researchers new to the field would need to determine an approach that best fits their needs.

Designing neurodiversity, therefore, demands a shift from the medical model, which
framed autism as a deficit, to a social model that recognizes diverse cognitive styles as part of
human variation (Spiel et al., 2019). The development of digital interventions for individuals
with ASD has advanced significantly in recent years, grounded in multidisciplinary
methodologies that prioritize usability, the involvement of learners and their proxies, and
functionalities tailored to learners’ own contexts. Central to this evolution is the use of
participatory design, co-design, iterative prototyping, and evidence-based instructional
techniques to ensure that digital tools meaningfully address core challenges in communication,

social interaction, and daily living skills among individuals with autism. The design of digital
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health solution for minimally verbal learners must position the user, not merely as a subject of
study, but as a co-creator in the design process (Benton et al., 2014; Druin, 1999).

There is a diversity of qualitative design approaches used to digital health solution with
individuals with ASD, which include observations and interviews (Abdullah and Brereton, 2017,
Mangafa et al., 2015; Mintz, 2014; Mintz, 2013; Mintz, March and Lerman, 2012); user centered
design (Abdallah et al., 2019; Bakhai et al., 2020; Shabalina et al., 2019); iterative design
(Ulgado et.al, 2013; Yasir, 2018); focus groups (Reis et.al, 2021); participatory design (Benton
et al., 2012; Benton & Johnson, 2014; Dreesen & Schepers, 2018; Frauenberger et al., 2016,
2017; Kamaruzaman et al., 2016; Druin, 1999; Poovizhi et al., 2022; Howard et al., 2021,
Wilson et al., 2017; Zhu, Hardy, & Myers, 2019; Spiel et al., 2017; Robinson et al., 2020;
Wilson et al., 2019, 2020; Makhaeva, Frauenberger, & Spiel, 2016); content analysis (Wilkens et
al., 2021); exploratory research (Wilson, et.al, 2018); literature review review (Alhazbi et al.,

2018; Pavolv, 2014); and mixed methods (Bonsignore et al., 2013; Moreno, et al., 2020).

Methodologies to design and evaluate digital health solution for ASD

A wide range of methodologies have been used to design and evaluate mobile
applications and digital interventions for children with ASD, each offering unique strengths and
limitations.

Content analysis, as used by Wilkens et al. (2021), involved reviewing video content
based on established accessibility principles of perceivability, operability, understandability, and
robustness. This method effectively supported auditing the quality and common features of
existing digital interventions. However, a core challenge identified was the paradox of
accessibility: content tailored for one subgroup’s needs might conflict with another’s, thereby

complicating generalizability across diverse user populations.
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Literature review approaches (Alhazbi et al., 2018; Pavlov, 2014) relied on literature
reviews to inform the development of tools for receptive language acquisition. These methods
were efficient and grounded in best practices, but may have lacked the granularity needed to
address individual learner differences.

Field-based exploratory research, such as that conducted by Wilson et al. (2018),
involved naturalistic observations, recordings, and thematic video analysis (e.g., the “Debrief
O’clock” approach) to evaluate how children and teachers engaged with an app in real classroom
environments. This approach involves minimal verbalization in children by capturing authentic
interactions. The implementation, though, required significant time, collaborative effort, and
access to multidisciplinary networks (e.g., teachers, therapists), which could be barriers for
researchers with limited resources and those without existing relationships within ASD
communities.

Focus groups, such as the one done by Reis et al. (2021), provided a structured forum for
parents and occupational therapists to contribute insights into children's daily routines, sensory
regulation, and app design. This approach facilitated rapid feedback from experienced
stakeholders. However, its reliance on verbal communication excluded direct participation from
learners with moderate to severe ASD, whose needs may differ significantly from those of high-
functioning individuals.

Iterative design methods, exemplified by Ulgado et al. (2013) and Yasir (2018),
incorporated workshops, observations, and semi-structured interviews with educators to develop
culturally and contextually relevant digital content, such as social stories. While this approach

effectively aligned app features with the specific needs of learners through proxy input from
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educators, it failed to incorporate the voices of individuals with ASD directly, thereby potentially
missing firsthand experiential insights.

Similarly, user-centered design (Abdallah et al., 2019; Bakhai et al., 2020; Shabalina et
al., 2019) followed iterative cycles based on learners’ capabilities, incorporating user testing and
adaptation informed by real-world feedback. While it supported early and continued learner
engagement, its effectiveness was heavily contingent on the learner’s verbal and cognitive
abilities, making personalization both necessary and labor-intensive.

Mixed methods approach, as demonstrated by Bonsignore et al. (2013) and Moreno et al.
(2020), integrated qualitative and quantitative strategies, such as grounded theory, genre
analysis, content evaluation, and user analytics, within case study and participatory design
frameworks. These studies benefited from methodological triangulation, broad user participation
(including children with autism), and wider app dissemination (e.g., via app stores). However,
such comprehensive approaches demanded substantial financial resources, advanced
methodological expertise, and intensive data management.

Observation and interview-based studies (Abdullah & Brereton, 2017; Mangafa et al.,
2015; Mintz, 2013, 2014; Mintz, March & Lerman, 2012) provided insights into real-world app
use through direct teacher-child interaction and post-use validation with stakeholders. The
combination of interviews and observations enhanced data reliability. However, interviews
inherently excluded nonverbal participants, and observations primarily restricted learner
involvement to evaluative phases.

Participatory design (PD) emerged as a central approach to inclusive digital health
solution development. The interface design experience for the autistic spectrum (IDEAS) method

(Benton et al., 2012; Benton & Johnson, 2014), grounded in TEACCH principles, comprises six
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stages: team building, context setting, idea generation, design and development, design
refinement, and evaluation and reflection. Though time-intensive, IDEAS allowed structured
engagement with high-functioning autistic children. Similarly, the diversity for design (D4D)
framework (Benton et al., 2014) enabled individualized and flexible session design, which was
beneficial for time- and resource-constrained studies. D4D involved three stages: a literature
review to identify users' strengths, preferences & difficulties; the structuring of design sessions,
including individual design sessions through workshops, which produced a paper prototype; and
conducting up to six iterative design sessions. However, successful execution relied on
facilitators with a deep understanding of child-specific traits, which may be a limitation for less-
connected researchers.

Case study-based PD approaches (Dreesen & Schepers, 2018; Frauenberger et al., 2016,
2017) emphasized tailored workshops and prototype development supported by adult co-
designers, who played roles such as facilitator, motivator, or proxy. This approach generally
involves phases such as understanding the users, workshops using drawing, writing, and crafts,
and intense customization for each participant. PD using cooperative inquiry methods (Druin,
1999) also involved several stages, such as contextual inquiry, low-tech prototyping with adults
and children, and technology immersion to help children make design choices. This approach
incorporated intergenerational prototyping and contextual immersion. It proved effective for both
neurotypical and special-needs children, though it similarly required adult facilitation and prior
relationship-building with caregivers or educators.

Some PD approaches were implemented with proxies and/or high-functioning
participants. For instance, PD using task-centered design, used by Kamaruzaman et al. (2016),

adapted conventional design stages to the ASD context but involved children only in identifying
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design requirements, excluding them from later stages. It involved nine steps: task user analysis;
choosing representative tasks; defining interfaces; roughing out the design; analyzing user
interaction; creating a prototype; testing the design; iteration; and building the design. Poovizhi
et al. (2022) implemented PD in six stages: requirements gathering, database creation, frontend
design, backend design, testing and development, and maintenance. This study involved a
teacher in defining app requirements across six development stages, yielding efficiency but
missing direct input from ASD learners, thereby limiting the potential to reflect user-specific
needs. Similarly, Howard et al. (2021) implemented PD through co-design and adopted a five-
step process in which participants analyzed, critiqued, and tested design concepts using
vignettes. The approach involved the following stages: initializing individual design concept
vignettes; distributing the vignettes to participants; interacting with the vignettes; evaluation,
during which sessions were audio-recorded with consent; and transcription, review, and
identification of themes in the process. However, this approach was limited to individuals with
high-functioning autism due to the cognitive demands of the tasks. Participatory action research
(PAR) (Wilson et al., 2017; Zhu, Hardy, & Myers, 2019) engaged children, parents, and teachers
across phases of problem framing, solution design, and user experience reflection. Despite its
community-based richness, the approach excluded children with significant communication and
motor impairments. Finally, the participatory evaluation with autistic children (PEACE)
framework (Spiel et al., 2017) introduced a structured participatory evaluation approach across
the planning, implementation, and interpretation stages, emphasizing the agency of children with
ASD. However, it was more suitable for high-functioning participants because it required

evaluation of their reasoning.
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Additional PD approaches introduced further innovations. Robinson et al. (2020)
illustrated a promising single-case PD model for a non-verbal child, with weekly iterations
guided by parent feedback and observational data. In this iterative co-design methodology and
participatory evaluation, the prototype was adapted every week based on parents’ feedback on
how their children used the application; hence, the evaluation was conducted on an ongoing
basis. Every week, meetings were held between the child and his parents to implement a user-led
approach, with joint decisions drawn from the child's observations and unstructured interviews
with his parents in their home. While this demonstrated a viable model for profound disability
inclusion, its generalizability remains untested, as it was used in only one case, and it remains to
be determined whether it would work for other learners with ASD who have different sets of
strengths and weaknesses. Co-design beyond words (CDBW) promoted multimodal engagement
(e.g., gestures, sounds, movements, also called moments of interaction) for minimally verbal
children during playful design sessions, thereby facilitating self-expression and inclusion
(Wilson et al., 2019; Wilson et al., 2020). It involved stages such as building a design foundation
based on participant observation; child interaction, which focused on building prototypes using
drawing, games, and play; and reflection, which involved reviewing recorded video interactions
of design sessions. However, its application to a physical product (a smart ball) necessitates
further study to determine its relevance for digital-based products. Makhaeva et al. (2016)
introduced the “Handlungsspielraum” (HSR) lens, which views social, physical, and mental-
methodological structures through a social, physical, and mental lens, to foster creative
engagement in PD by enabling and motivating a child to interact, play, and explore during a PD
session. However, HSR’s adaptability in changing its design approach and activities based on

how the child responds during a PD session would be challenging, especially in studies with a
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specific objective, such as exploring design effectiveness. Frauenberger, Fitzpatrick, and Iversen
(2015) proposed a “tool-to-think-with” for designers, which incorporated lenses such as
epistemology, values, and stakeholders to guide reflective PD processes. While conceptually
robust, its utility is based on a single case study and requires further testing across varied

contexts.

Theoretical framework

This theoretical framework integrated cognitive processing theories, ASD-specific
information processing theories, and learner-centered educational paradigms to lay the
foundation for a digital health solution for ASD-centered learning. ASD-specific theories,
particularly theory of mind (ToM), executive dysfunction theory (EDT), weak central coherence
(WCC), and enhanced perceptual functioning (EPF), describe the unique cognitive profiles of
learners with ASD, emphasizing their strengths in visual processing and detail orientation while
accommodating challenges in flexibility, social understanding, and planning. Cognitive theories,
including dual coding theory (DCT), cognitive load theory (CLT), cognitive theory of
multimedia learning (CTML), and words as social words theory (WST), explain how information
is processed and how accessible, visually rich, and multimedia-based instructional materials can
aid in learning.

Grounded in the learner-centered paradigm of education (LCE) and Vygotsky’s
sociocultural theory (SCT), this study draws on cognitive and autism-focused theories to explain
how personalized, engaging, and flexible learning experiences can empower autistic learners and
their families to take an active role in education. SCT further emphasizes that development does

not occur in isolation but emerges through participation in meaningful social activities, supported
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by communicative tools, scaffolding relationships, and culturally structured learning

environments.

How humans process information

DCT, CLT, and CTML describe how humans typically process, store, and retrieve
information. Each of these theories offers distinct yet complementary insights into the mental
processes involved in learning, and together they provide a comprehensive framework to

optimize instructional design for how individuals with ASD process information.

Cognitive load theory.

CLT described the limitations of working memory, particularly when individuals
encounter new or complex information (Sweller, 1988). For individuals with ASD, especially
those who experience executive function challenges, these limitations tend to be more
pronounced. CLT emphasizes that instructional design should align with how the human mind
naturally processes information. At its core, the theory proposes that educational materials
should be structured to reduce unnecessary cognitive strain, enabling learners to process and
retain information more effectively (Leaf, 2017).

A foundational concept of CLT is the distinction between biologically primary and
biologically secondary knowledge. Biologically primary knowledge includes skills that humans
evolved to acquire naturally, such as recognizing faces, speaking a first language, or solving
everyday problems. These abilities are often developed effortlessly and without formal
instruction. In contrast, biologically secondary knowledge involves domain-specific skills, such
as reading, history, or advanced mathematics, which require deliberate instruction in structured

environments (Paas & Sweller, 2012).
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Paas and Sweller (2012) described five core principles to explain how individuals process
and acquire knowledge. The borrowing-and-reorganizing principle explains how learners gain
knowledge by observing, listening, or reading, then integrating that information with prior
knowledge. While some skills, such as listening and mimicking, are innate, others, such as
reading or using a search engine, must be explicitly taught and are considered biologically
secondary. The randomness-as-genesis principle explains how learners generate new ideas and
solutions through trial and error, resembling a process of natural selection. The narrow limits of
the change principle refer to the limited capacity of working memory, which typically processes
only two to four new elements at once. This restriction illustrates why complex information
could overwhelm learners and reduce instructional effectiveness. The information store principle
emphasizes the role of long-term memory as a central storage system, allowing previously
learned material to be retrieved without relearning. Finally, the environmental organizing and
linking principle describes how stored information interacts with environmental cues to guide
behavior and decision-making.

In applying CLT to instructional design, researchers focused on managing the cognitive
load imposed on working memory. DaCosta and Seok (2010a) explained that working memory
processes both visual and auditory information, and overloading it could hinder learning. To
mitigate this, there is a need for effective instructional design that reduces extraneous load,
which refers to the unnecessary burden caused by distractions, disorganized layouts, or the need
to integrate separate sources of information mentally. Intrinsic load, arising from the inherent
difficulty of the content, should also be managed as it cannot be fully eliminated. Educators can

use strategies such as sequencing lessons, breaking material into smaller parts, and scaffolding
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complex ideas to help learners gradually build understanding. Providing learners with choices,
such as selecting the order or timing of tasks, also supports the management of intrinsic load.
Ultimately, CLT encourages strategies that increase germane load, which is the mental
effort directed towards meaningful learning. This involves supporting learners in building
schemas and transferring knowledge to new situations. Facilitating transfer of learning allows
students to apply skills in both familiar (near transfer) and unfamiliar (far transfer) contexts,
helping them adapt what they learned to a range of tasks and environments (DaCosta & Seok,
2010a). These approaches align with the goals of CLT, which aims to create cognitively efficient
and inclusive learning experiences, particularly valuable for neurodiverse learners such as those

with ASD.

Dual coding theory.

DCT proposes that people learn more effectively when information is presented through
both verbal and visual channels (Paivio, 2014). This theory is particularly relevant for learners
with severe ASD, many of whom are minimally verbal and rely more heavily on visual support
than on spoken language. For these learners, instructional methods that combine imagery with
text or speech offer a more accessible and effective way to understand and retain information.

Developed by Paivio (2014), DCT posits that human cognition comprises two distinct yet
interconnected systems: one based on language (verbal) and the other on imagery (nonverbal).
Although these systems operate independently, they support one another in processing, storing,
and retrieving information. In educational contexts, DCT emphasizes the importance of engaging
both systems simultaneously. When verbal explanations are paired with visuals such as
diagrams, illustrations, or physical demonstrations, students are more likely to form mental

images that reinforce comprehension and memory. This interaction between verbal and
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nonverbal representations contributes to deeper learning and improved recall (Clark & Paivio,
1991).

The theory also stresses the value of presenting information in a concrete, image-rich
format. Students generally retain content more effectively when it is associated with vivid,
meaningful experiences. As a result, teaching strategies that incorporate real-world examples,
hands-on learning activities, and visual aids are particularly beneficial for neurodivergent
learners.

Moreover, DCT acknowledges individual differences in cognitive processing. Some
students process information more efficiently through verbal strategies, while others benefit
more from visual or experiential approaches. By recognizing these variations, educators can
adapt their instructional techniques to accommodate a broader range of learning preferences and
needs (Clark & Paivio, 1991). This flexibility makes DCT especially useful for supporting

inclusive education practices tailored to diverse learners, including those with ASD.

Cognitive theory of multimedia learning.

CTML, introduced by Mayer (2009), proposes that individuals learn more effectively
when information is presented in both verbal and visual formats rather than in either format
alone. This theory is grounded in three core assumptions: first, that humans possess dual
channels for processing information, one for auditory/verbal material and another for
visual/pictorial content; second, that each of these channels has limited capacity; and third, that
meaningful learning occurs when learners actively select, organize, and integrate information
from both channels.

CTML is particularly relevant for children with autism, many of whom rely more heavily

on visual information but could also benefit from simplified auditory prompts when verbal
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comprehension is possible. For learners with limited expressive or receptive language abilities,
multimedia learning environments serve as an important bridge between instruction and real-
world application. However, the effectiveness of these tools depends not merely on the presence
of multimedia elements but on the quality of their instructional design. Poorly designed
multimedia could overwhelm working memory, while well-structured materials could support
comprehension and retention (DaCosta & Seok, 2010b).

The theory further emphasizes that learners processed only a limited amount of visual or
verbal information at one time, even when exposed to rich multimedia formats such as
illustrations, animations, or narration (Mayer, 2021). When these materials are designed to
support active cognitive engagement, learners become more involved in the learning process.
Rather than passively receiving information, they actively select relevant content, organize it into
coherent mental models, and integrate it with prior knowledge stored in long-term memory.

CTML supports the idea that computer-based environments such as educational games,
simulations, and microworlds could enhance learning by holding visual and auditory information
briefly in working memory until it can be processed and transformed into meaningful
representations. According to Mayer (2021), this process begins with selecting relevant images
and words from a multimedia presentation, followed by organizing them into separate visual and
verbal models. Learners then built connections between these models by mapping relationships
and integrating them with existing knowledge from long-term memory. This integration

increases the likelihood of knowledge retention and supports transfer to new contexts.

Words as social tools theory.
Language is not simply a neutral representational system used to label objects or transmit

pre-formed thoughts. Instead, it functions as a foundational social and cognitive tool through
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which meaning is constructed, negotiated, and stabilized in interaction. Holtgraves and Kashima
(2008) conceptualize language as a semiotic tool, arguing that social cognition depends on
interpretive meaning-making rather than raw behavior alone. Individuals respond not simply to
actions, but to what actions mean within shared contexts, and language provides the symbolic
medium through which interlocutors coordinate perspectives and establish common ground
(Holtgraves & Kashima, 2008). Communication, therefore, shapes cognition: verbalizing
experience can restructure internal representations, influence recipients’ interpretations, and
contribute to collective “shared realities” over time.

Building on this interactional view, Borghi et al. (2019) propose the Words as Social
Tools (WAT) framework, which emphasizes that words operate not merely as referential labels
but as tools for action, regulation, and social coordination. WAT is especially concerned with the
acquisition and processing of abstract concepts, such as emotions, intentions, or moral
categories, which lack stable perceptual referents and are therefore more variable and socially
dependent than concrete concepts (Borghi et al., 2019). Fini et al. (2023) further argue that
abstract thinking itself is intrinsically social. Despite its apparent private nature, abstract
conceptualization entails the re-enactment of internalized interpersonal dialogue through which
concepts were acquired in the first place. Across development, infants initially rely on bodily and
interactive engagement to build self-other boundaries and predict others’ behavior, and later
progressively acquire linguistic meaning through socially scaffolded exchanges. Early social
engagement is thus a necessary prerequisite for word learning, particularly for abstract concepts,
which require continual participation in symbolic interaction and meaning negotiation.

A key mechanism emphasized in this framework is inner speech, understood as

internalized dialogue originating in social communication. Fini et al. (2023) explain that inner
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speech allows individuals to master complex meanings by reactivating the linguistic and
dialogical experiences through which abstract concepts were learned. Unlike concrete concepts,
which can be grounded through sensorimotor simulation of object interactions, abstract concepts
often involve simulating dialogical experiences internally, “talking to oneself” to validate
meaning, reduce uncertainty, or prepare to seek clarification from others. This supports the WAT
claim that abstract knowledge acquisition is deeply tied to social metacognition, testimony, and

the validation of cultural meaning (Borghi et al., 2019; Fini et al., 2023).

Information processing in ASD

Learners with ASD have limitations in their cognitive processing capacities. Studies
show that they have weaker conceptual reasoning abilities than individuals with typical
development of similar age and cognitive ability (DaCosta and Seok, 2010a). This section
discusses the four major theories that describe how individuals with ASD process information:

ToM, EDT, WCC, and EPF.

Theory of mind.

Individuals with ASD often experience difficulties in attributing beliefs, desires, and
intentions to others, which makes navigating social interactions and understanding others’
perspectives particularly challenging (Sodian et al., 2015). This difficulty has been closely linked
to deficits in ToM, a foundational cognitive ability that refers to the capacity to attribute mental
states to oneself and others to explain and predict behavior in everyday social contexts (Frith &
Happé, 1994; Sodian et al., 2015). ToM encompasses both implicit and explicit components.
Implicit ToM involves an automatic, unconscious sensitivity to others’ mental states and is often

measured through gaze-based tasks that assess anticipatory looking behavior. In contrast, explicit
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ToM requires deliberate reasoning and the verbal articulation of another person’'s mental state,
making it a more cognitively demanding process that is assessed through structured, language-
based tasks (Sodian et al., 2015).

ToM plays a critical role in social cognition and typically develops throughout childhood
into adulthood. Several factors, including language ability, cultural influences, and the quality of
social relationships, shape its development. One advanced form of ToM, known as second-order
false belief understanding, typically emerges between the ages of five and seven. This stage
requires children to comprehend that one person could hold a false belief about another person’s
belief, reflecting a deeper level of recursive thinking. In addition to reasoning beliefs, ToM also
supports the understanding of affective mental states, including emotions, feelings, and
intentions. These affective processes are reliant on broader cognitive functions such as
perception, attention, memory, and reasoning (Miller, 2022).

Research consistently identified ToM deficits as a core characteristic of ASD. Individuals
with ASD demonstrate impairments in perspective-taking and in attributing false beliefs to
others, which limits their ability to understand and respond appropriately in social situations
(Sodian et al., 2015). Williams (2010) further notes that individuals with ASD also show reduced
self-awareness, struggling to recognize their own thoughts and emotions. These deficits
contribute to pervasive challenges in interpreting behavior, engaging in reciprocal
communication, and maintaining joint attention with others.

As a result of these impairments, individuals with ASD face persistent difficulties in
predicting others' behavior, understanding diverse perspectives, and acknowledging that others
may hold different beliefs or knowledge. These challenges lead to disruptions in social

interaction and communication. Moreover, ToM deficits also hinder higher-order reasoning
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processes, including the ability to evaluate multiple viewpoints, consider alternative
explanations, and appreciate differing emotional or cognitive states (Berenguer et al., 2018;
Sodian et al., 2015).

Beyond ToM, individuals with ASD also exhibit differences in metacognition, or the
ability to monitor and regulate their own cognitive and emotional processes. The study of
Grainger et al. (2016) found that individuals with ASD often exhibit reduced accuracy when
judging their own confidence, suggesting difficulties in metacognitive monitoring. Furthermore,
although their overall cognitive control may remain largely intact, children with ASD tend to use
monitoring information to guide or adjust control processes far less effectively than their
neurotypical peers. At a broader level, reflexivity, or the capacity to reflect on one’s own
thoughts, assumptions, and context, adds a critical dimension to understanding cognitive self-
awareness in ASD. Using ethnographic video observations of children with high functioning
ASD, the study of Ochs (2015) found that children with ASD demonstrate corporeal reflexivity,
or the awareness of one’s own body as both a subjective, feeling entity and an object visible to
others. Through subtle cues such as gaze direction, physical posture, movements, and quiet self-
commentary, children demonstrated continuous, moment-to-moment reflexive engagement with
their social surroundings. As ASD is often associated with repetitive self-regulatory movements,
these behaviors can unintentionally expose children to misunderstanding or ridicule from peers,
which further impairs their capability for socialization.

Executive dysfunction theory.

Executive dysfunction is a central challenge for many individuals with ASD, affecting

their ability to manage, regulate, and coordinate everyday tasks. Executive functions include

inhibitory control, working memory, cognitive flexibility, and planning, which enable people to
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adapt their behavior to changing demands, organize information, and make goal-directed
decisions. Research consistently shows that individuals with ASD experience difficulties across
these domains, which often explains many of the daily struggles they face.

EDT provides a useful framework for understanding these challenges. EDT explains why
many individuals with ASD struggle with planning, organization, inhibition, and task flexibility
(Geurts et al., 2014). These difficulties directly affect their ability to initiate and complete multi-
step tasks, particularly when routines are disrupted. EDT refers to the capacity to restrain
responses (inhibition), manage and manipulate information in real time (working memory), adapt
strategies (cognitive flexibility), and plan for the future (planning). People with ASD appear to
face challenges in each of these areas. Damasio and Maurer (1978, as cited in Geurts, de Vries,
& van den Bergh, 2014) further suggested that deficits in executive functions lie at the core of
ASD, rooted in difficulties in exerting deliberate control in novel, complex, or ambiguous
situations.

Inhibitory control, or the ability to stop or suppress certain actions, plays a key role in
executive functioning. Individuals with ASD often find it difficult to inhibit behaviors, such as
choosing appropriate responses in social situations or avoiding repetitive actions, even when
these responses lead to negative outcomes. While early studies reported mixed findings, more
recent research suggests that inhibitory control difficulties are persistent across development.
These difficulties seem especially pronounced in tasks requiring resistance to distractions, rather
than in stopping deeply ingrained or habitual responses (Joseph & Tager-Flusberg, 2004).

Working memory is another area where individuals with ASD often struggle, particularly
when tasks demand holding and manipulating multiple pieces of information at once. This

challenge can make it harder to follow multi-step instructions, remember sequences, or keep
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track of social cues in real time. Both verbal and visual-spatial working memory are often
affected. For example, remembering a string of spoken directions can be difficult, and recalling
visual details may be challenging as well. Research suggests that providing external supports,
such as visual aids, can reduce the working memory load and improve independence in daily
routines (Geurts, de Vries, & van den Bergh, 2014).

Cognitive flexibility, or the ability to shift between tasks or adapt to changing
circumstances, is another area of executive dysfunction in ASD. Many individuals find it
difficult to adjust when routines change unexpectedly or when they are required to shift attention
between unrelated tasks. Children with ASD, for instance, may become more stressed or
confused when tasks switch at random. Studies indicate that performance can improve when
instructions are made more explicit, highlighting the importance of structured and predictable
environments (Geurts, de Vries, & van den Bergh, 2014).

Planning and organization, which require the integration of inhibitory control, working
memory, and flexibility, are also commonly impaired in ASD. These difficulties can become
evident in daily life, such as organizing homework, managing schedules, or handling household
responsibilities. Because planning is closely tied to communication and social interaction,
challenges in this area also impact participation in social and family activities. For example,
family members often take over the responsibility of arranging social engagements due to the
individual’s planning difficulties. Research suggests that these challenges remain consistent
across different age groups, emphasizing that planning impairments are not just developmental
delays, but ongoing difficulties tied to executive dysfunction in ASD (Geurts, de Vries, & van

den Bergh, 2014).
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Executive dysfunction also appears to have important links with ToM deficits in ASD.
Studies consistently highlight that difficulties in executive function skills, such as planning and
cognitive flexibility, correspond with reduced performance on ToM tasks among high-
functioning individuals with ASD (Ozonoff et al., 1991). This suggests that the ability to
understand others’ mental states may, in part, depend on core executive skills that are disrupted
in ASD.

Weak central coherence theory.

WCC theory helps explain the distinctive cognitive style often observed in individuals
with ASD. It describes a tendency to focus intensely on individual details while struggling to
perceive the broader context or “big picture” (Happé & Frith, 2006). In other words, people with
WCC excel at local or detail-focused processing but show reduced ability to integrate
information into a global or holistic whole. This style of processing is closely linked to many
social-communication and comprehension challenges associated with ASD (Sodian et al., 2015;
Miller, 2022).

One of the clearest features of WCC is detail-oriented processing. Individuals with ASD
often demonstrate exceptional ability to detect fine-grained features, notice subtle differences, or
spot irregularities that others might miss. This strength can translate into success in tasks
requiring precision, such as identifying objects within complex visual scenes or detecting small
errors in patterns (Miller, 2002; Woodcock et al., 2020). However, this same strength can also
create challenges when tasks demand global processing, such as integrating multiple cues into a
coherent interpretation or recognizing the broader meaning of a situation. For example, while
they may excel at recalling a specific fact from a conversation, they may miss the conversational

context or underlying social intent.
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This local processing bias contributes to difficulties in areas that require flexible
interpretation and contextual understanding. Social cognition is one example: individuals with
WCC often focus on specific words or gestures but may struggle to integrate them into the larger
social context, making it more difficult to interpret humor, sarcasm, or implicit meanings
(Berenguer et al., 2018; Loth, Gomez, & Happé, 2007). Similarly, WCC is associated with
challenges in theory of mind (ToM), in which reduced global integration limits the ability to
attribute mental states to others or to understand perspectives beyond one’s own (Williams,
2010). Research has shown that high-functioning individuals with ASD who struggle with
planning and cognitive flexibility also perform less effectively on ToM tasks, suggesting an
overlap between WCC and broader executive function challenges (Ozonoff et al., 1991).

Another characteristic of WCC is piecemeal processing. Rather than synthesizing

elements into a unified whole, individuals often perceive and store information as fragmented
pieces. This affects not only social interactions but also episodic memory, making it more
difficult to integrate diverse elements of events into a coherent narrative (Woodcock et al., 2020;
Williams, 2010). The fragmented style of processing can also slow down problem-solving, as
individuals may find it harder to shift perspectives, consider multiple interpretations, or adapt
strategies when faced with novelty or ambiguity (Miller, 2002; Lecheler et al., 2020).
Because of these tendencies, individuals with WCC often prefer structure and predictability.
Routines and familiar patterns reduce the need for global integration and allow them to rely on
detail-focused strengths. Environments that are highly structured and provide clear cues can
therefore feel more manageable and less overwhelming (Miller, 2002; Woodcock et al., 2020).

Importantly, WCC is not a deficit across the board but a distinct cognitive style that

comes with both strengths and challenges. It provides advantages in tasks demanding attention to

144



detail but makes it harder to understand context, interpret social cues, or integrate complex
information. The extent to which WCC is present varies among individuals with ASD, shaped by
both genetic and environmental influences, leading to diverse manifestations of this processing
style (Woodcock et al., 2020).

Enhanced perceptual functioning theory.

EPF theory provides an important perspective on the cognitive style of many individuals
with ASD. Unlike theories that emphasize deficits, EPF highlights perceptual strengths,
suggesting that individuals with ASD often excel at processing fine sensory details, particularly
in the visual domain. This heightened sensitivity enables them to detect subtle features or
patterns that others might miss, reflecting a locally oriented perception style that prioritizes
details over global or contextual information (Mottron et al., 2006; Baron-Cohen, 2009).

Research on EPF describes several distinctive characteristics of perception in ASD that
help explain this unique cognitive profile. Individuals with ASD frequently show a strong detail-
focused bias, excelling in fine-grained perceptual discrimination such as distinguishing between
similar sounds, shapes, or textures. Neurological evidence suggests that their brains rely more
heavily on posterior regions, such as the occipital and parietal regions, during complex visual
tasks, whereas neurotypical individuals engage frontal regions more (Mottron et al., 2006). This
difference may help explain why people with ASD often perform exceptionally well with static
stimuli, such as high-contrast images or repetitive patterns, but find dynamic or socially complex
information more difficult to process. Interpreting facial expressions, gestures, or shifting social
signals is particularly challenging because these require integrating rapidly changing cues into a

broader context (Woodcock et al., 2020).
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Another key aspect of EPF is the tendency to process sensory information in a more
segregated way, often separate from higher-level reasoning. While this enhances attention to
detail, it also reduces the ability to integrate information into a coherent whole, making it more
difficult to draw on contextual cues during problem-solving or social interaction (Mottron et al.,
2006). Importantly, the relationship between perceptual functioning and intelligence in ASD also
differs from that of neurotypicals. Enhanced perceptual skills can sometimes give rise to unique
talents or specialized interests, such as those observed in savant individuals, highlighting the
diversity of autism and illustrating how perceptual strengths can contribute to both exceptional

abilities and daily challenges (Mottron et al., 2006; Woodcock et al., 2020).

Vygotsky’s sociocultural theory of learning

While cognitive and ASD-specific information processing theories explain how learners
with autism perceive, attend to, and process instructional material, they do not fully capture the
fundamentally social, relational, and culturally mediated nature of learning. For minimally verbal
and neurodiverse learners, development does not occur in isolation, but through participation in
meaningful activities with others, supported by communicative tools, scaffolding relationships,
and culturally structured environments.

Vygotsky’s sociocultural theory (SCT) emphasizes that learning and development
originate in social interaction and are mediated through cultural tools, language, and shared
activity. Rather than viewing development as a purely individual process unfolding in isolation,
Vygotsky conceptualized child development as fundamentally historical, dialectical, and socially
situated. Development progresses through qualitative transformations shaped by participation in

culturally structured environments (Vygotsky, 2021).
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Vygotsky argued that psychological development is not linear, but occurs through cycles
of change in which new developmental formations emerge through contradictions, cultural
demands, and evolving relations between the child and the environment (Vygotsky, 2021). He
further emphasized that development involves the changing organization of psychological
systems, where functions such as perception, memory, and speech become differentiated and
reorganized over time (Vygotsky, 2019).

A central construct within sociocultural theory is the zone of proximal development
(ZPD), defined as the developmental space between what a learner can do independently and
what they can accomplish with guidance and support. Learning occurs most effectively when
educators scaffold experiences that enable learners to function beyond their current
developmental level through collaboration and mediation. In this view, disability is not only an
individual limitation but also a relational condition shaped by the learner’s access to supportive

cultural participation (Myburgh et al., 2020).

Dialectical Misattunement theory

Dialectical approaches to development emphasize that cognition and selfhood do not
emerge solely from internal processes within the individual, but through dynamic, reciprocal
social interaction unfolding across multiple timescales. Bolis and Schilbach (2020) conceptualize
the self as a historical product of dialectical attunement, arising through the interplay of
internalization and externalization. Internalization refers to the reconstruction of social
operations within the individual, while externalization reflects the transformation of the social

environment through collective activity. These processes are mutually constitutive: individuals
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develop expectations and regulatory capacities through interaction while simultaneously shaping
the interpersonal world that structures those expectations.

Building on this framework, Bolis et al. (2022) propose the dialectical misattunement
theory, which reconceptualizes autism and psychopathology as emerging not exclusively within
single brains but also through relational mismatches in interactional expectations. Misattunement
refers to disturbances in the reciprocal unfolding of social interaction, resulting in increasingly
divergent prediction and communication styles over time. Such misattunement is not only
interpersonal but is often reinforced by cultural and technological environments designed around
dominant neurotypical standards. For example, a child with autism’s stress-related responses
may violate neurotypical expectations, producing spirals of misunderstanding that cannot be
attributed solely to either interaction partner but instead emerge at the level of the dyadic system.

Importantly, dialectical misattunement aligns with relational accounts, such as the double
empathy problem, by emphasizing that breakdowns in communication arise bidirectionally
across neurotypes rather than being located solely in individuals with ASD (Bolis et al., 2022).
Fini et al. (2023) also note that attunement develops over time - early embodied interactions lay
the foundation for later cognitive and verbal exchanges. As a result, disruptions in early
interactional synchrony can affect later meaning-making and abstract learning. From this
perspective, autism interventions must move beyond individualistic deficit models toward
approaches that support interactional alignment, the negotiation of shared meaning, and

accessible communicative environments.
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A learner-centered paradigm of education to support ASD learning

Given the deficits in the mind, executive functioning, the difficulty to integrate
information, and a preference to process and perceive sensory and visual information of learners
with ASD, the systems that aimed to teach and support them needed to consider these limitations
beyond the standard information processing principles of dual coding, cognitive load, and
cognitive multimedia. When leveraged to inform system and content design, information
processing theories could facilitate learning by providing strategies that aimed to close the gap
brought by these deficits.

LCE is an instructional approach that focuses on individual learners and their heredity,
experiences, perspectives, backgrounds, talents, interests, capacities, and needs (Watson &
Watson, 2011; Chang & Smith, 2008; McCombs & Vakili, 2005). It placed learners at the center
of the educational process by actively involving them in setting learning goals, planning
strategies, and monitoring progress (Msonde, 2023; Huh & Reigeluth, 2017; Chang & Smith,
2008). Emphasizing self-regulated learning skills such as goal setting, self-monitoring, and self-
reflection, LCE empowered students to take ownership of their learning and become
independent, lifelong learners (Huh & Reigeluth, 2017). Unlike traditional education, in which
learners were passive recipients, LCE gave learners autonomy over what, when, and how they
learned. Flexibility in access (i.e., anytime, anywhere) enabled learners to set the pace and
rhythm of their learning, supported by active learning modules, student collaboration, and close
teacher-student interaction (Verbeeten, 2001).

LCE is grounded in constructivism, humanism, and inductive learning principles,
highlighting the importance of prior knowledge and experience (Smart et al., 2012; Msonde,

2023). It marked fundamental shifts from traditional teacher-centered paradigms, including
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moving from time-based to competency-based progression, norm-referenced to criterion-
referenced assessments, and standardization to personalization (Reigeluth et al., 2015). LCE
incorporates best practices in learning and instructional methods, promotes interdisciplinary
authentic projects, and shifts teachers' roles from knowledge providers to facilitators (Msonde,
2023; Reigeluth et al., 2015; Smart et al., 2012; Watson & Watson, 2011). The approach aims to
balance power between learners and instructors, evaluating student work to support holistic
learning (Richmond et al., 2018).

Alexander and Murphy (1998) identified five core learner-centered psychological
principles of LCE. First, the knowledge base principle recognizes that existing knowledge forms
the foundation for future learning by guiding how new information is organized and associated
with it. Second, strategic processing or executive control highlights the critical role of learners’
ability to reflect on and regulate their thoughts and behaviors. Third, motivation and affect
encompass intrinsic motivation, personal goals, and task characteristics as key drivers in
learning. Fourth, development and individual differences describe how learning progresses
through stages influenced by inherited and environmental factors, with recognition of learner
variability. Finally, the situation-or-context principle asserts that learning is both a socially

shared and individually constructed activity, shaped by its environment.

Personalization and individualization are central to LCE. Instruction is tailored to
learners’ unique needs, backgrounds, talents, interests, and inherited or environmental factors
such as culture and technology (Msonde, 2023; McCombs & Vakili, 2005; Watson & Watson,
2011; Alexander & Murphy, 1998). Recognizing diverse learning styles and paces, LCE

emphasizes adapting learning experiences by accounting for individual goals, preferences,
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abilities, and learning styles rather than relying solely on teacher-driven planning (Huh &
Reigeluth, 2017; Aslan & Reigeluth, 2016; Reigeluth et al., 2015). This personalized approach
grants learners greater control over pace, content, and resources (Huh & Reigeluth, 2018),
including web-based instruction that uses multimedia resources and flexible pathways to
accommodate diverse preferences (Verbeeten, 2001). LCE thus acknowledges the importance of
organizing knowledge meaningfully and values both the social and individual contexts of
learning (Alexander & Murphy, 1998)

Active engagement and participation are central in LCE, encouraging learners to take
responsibility for their learning through hands-on activities, discussions, and collaborative
projects that foster exploration and knowledge construction (Aslan & Reigeluth, 2016; Huh &
Reigeluth, 2017, 2018; Smart et al., 2012). Learner-centered distance education supports these
methods by integrating interactive modules and teacher-student collaboration to enhance
engagement (Chang & Smith, 2008; Verbeeten, 2001). Furthermore, LCE promotes cooperative
learning communities in which students work in groups, share teaching and learning
responsibilities, and benefit from peer support, thereby creating a positive social learning
environment (Richmond et al., 2018; Smart et al., 2012).

In this paradigm, teachers transition from being knowledge transmitters to facilitators and
guides, supporting learners’ journeys rather than solely delivering content (Reigeluth et al., 2015;
Watson & Watson, 2011). This shift fosters inclusive, supportive learning environments where
educators identify individual learner needs, provide tailored interventions, and view mistakes as
growth opportunities (Aslan & Reigeluth, 2016; Huh & Reigeluth, 2017, 2018). In web-based
instruction, teachers maintain this supportive role through feedback, guidance, and virtual

engagement methods (Verbeeten, 2001).
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Self-regulated learning is also fundamental to LCE, as learners are encouraged to engage
in metacognitive reflection, articulate prior knowledge, monitor understanding, and connect new
information (Msonde, 2023). Students develop critical thinking, problem-solving, and self-
regulation skills by learning to set goals, monitor progress, and reflect on outcomes, fostering
lifelong learning and autonomy (Watson & Watson, 2011; Huh & Reigeluth, 2018; Aslan &
Reigeluth, 2016). This process enables authentic learning experiences closely linked to learners’
lives and aspirations (Huh & Reigeluth, 2017).

Collaboration and interaction further enrich learning by fostering peer-to-peer
engagement, group projects, discussions, and community building (Aslan & Reigeluth, 2016;
Huh & Reigeluth, 2017, 2018). These interactions are facilitated through diverse communication
tools, such as discussion forums, video conferencing, and email, thereby supporting the exchange
of ideas and the development of social skills (Chang & Smith, 2008; Verbeeten, 2001).

Co-creation of knowledge is a key to LCE, where learners actively construct
understanding through experience, problem-solving, and critical thinking rather than passively
receiving information (Chang & Smith, 2008; Msonde, 2023; Smart et al., 2012; Watson &
Watson, 2011). Teachers provide opportunities to fill knowledge gaps and learn collaboratively,
reinforcing students’ roles as active knowledge constructors (McCombs & Vakili, 2005).

Flexibility and choice characterized LCE’s empowerment of learners through autonomy
in decision-making related to what, how, and when learning occurred (Richmond et al., 2018;
Aslan & Reigeluth, 2016). It recognized metacognitive skills such as planning, monitoring, and
evaluating learning as essential for effective development (Alexander & Murphy, 1998).

Flexibility extends to time, pace, and location, increasing motivation and engagement.
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Continuous assessment and feedback guided learners’ progress, offering timely,
constructive information aligned with individual goals to support development (Aslan &
Reigeluth, 2016; Huh & Reigeluth, 2017; Chang & Smith, 2008; Richmond et al., 2018).
Authentic, criterion-referenced assessments replace norm-referenced comparisons, focusing on
real-world application rather than memorization, thereby promoting meaningful learning
(Reigeluth et al., 2015; Huh & Reigeluth, 2018). Learners develop coherent knowledge
representations and higher-order reasoning strategies to achieve complex goals (McCombs &
Vakili, 2005).

Intrinsic motivation played a significant role in LCE, with learners’ emotional states,
beliefs, interests, and curiosity driving engagement and persistence (Alexander & Murphy, 1998;
McCombs & Vakili, 2005). Learner-centered distance education environments nurture
motivation by creating supportive and stimulating contexts (Chang & Smith, 2008).

Finally, educational technology integration is pivotal in supporting LCE by providing
personalized, flexible, and interactive learning experiences that facilitate communication,
collaboration, and creativity (Aslan & Reigeluth, 2016; Huh & Reigeluth, 2017). Unlike
traditional systems, LCE technology enables prioritization of personalization, allowing
adaptation to individual learner preferences and pacing. It offers customization, giving learners
control over their educational experiences. Tools for goal setting, progress monitoring, and
reflection support self-regulated learning. Integration of various resources created cohesive
environments that enhance engagement through interactive multimedia rather than passive

instruction (Aslan & Reigeluth, 2016).
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Theoretical framework to design a digital health solution for ASD

Learning for individuals with ASD is a lifelong journey, most especially in relation to life
skills, necessary to equip them with the capabilities to live a safe, productive, and dignified life
with some sense of autonomy. Educational approaches for these learners must be carefully
tailored to align with how they view the world, process information, and learn, while considering
their cognitive and physical constraints arising from co-occurring conditions. Each instructional
encounter must be aligned with the capabilities and needs of the individual so that it becomes an
effective vehicle for learning and also provides an opportunity for self-discovery, a better
understanding of their surroundings, and of the people they interact with. The diagram below
illustrates the theoretical foundation of a digital system for ASD, which aims to be a vehicle that

learners can use as they learn about the world and themselves through their own eyes.
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Figure 1
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Figure 1 illustrates the conceptual and theoretical foundation of this research,
demonstrating how stakeholder collaboration, learner-centered principles, and multidisciplinary
theories converge to inform the development of a digital system for ASD. The framework
integrates participatory design processes with cognitive, sociocultural, and autism-related
theories of information processing to guide the design of a digital health solution that is
accessible and meaningful for children, families, and educators.

At the top of the framework, families, educators, and industry partners represent the three
primary stakeholder groups engaged in the system's collaborative development. Families
contribute experiential knowledge of children’s daily routines, strengths, communication needs,
and behavioral contexts. Educators provide pedagogical expertise and insight into learning
challenges and classroom-based support strategies. Industry partners contribute technical
expertise to ensure the digital system remains scalable, usable, and sustainable in real-world
implementation settings. The arrows among these stakeholders emphasize ongoing collaboration,
shared decision-making, and iterative refinement throughout the design process.

The feedback loops surrounding the digital system reflect continuous cycles of input,
misattunement, and adjustment, consistent with DMT. This highlights that effective autism
interventions must account for interactional differences between learners and their
communication partners. That design should support co-regulation, responsiveness, and shared
understanding rather than placing demands solely on the child. Through repeated feedback and
iteration, the digital health solution for ASD is shaped into a relational, context-sensitive system

grounded in stakeholder experience.
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At the center of the framework lies the digital system for ASD, which encompasses three
interconnected design domains. First, the system includes features that directly support children,
parents, and teachers through structured learning tools, communication supports, and life skills
interventions. Second, it incorporates mechanisms that strengthen parent—teacher collaboration to
bridge home and school learning environments. Third, institutional and industry partnerships are
positioned as essential for supporting long-term delivery, accessibility, and integration into
broader educational and digital infrastructures.

Beneath the digital system are the theoretical foundations that inform how learning
content and supports are structured. The cognitive theories of information processing include
DCT, CLT, CTML, and WST. Together, these theories explain how learners benefit from
multimodal representations, reduced cognitive overload, and socially meaningful communicative
tools. This grounding supports the design of visually structured routines, multimedia learning
activities, and symbolic communication pathways that enable participation for minimally verbal
learners.

In parallel with these cognitive theories, autism-specific theories of information
processing provide additional insight into the neurodiverse learning experience. ToM informs the
design of supports for social understanding, emotional interpretation, and reciprocal engagement.
EDT highlights challenges in planning, inhibition, and attention regulation, reinforcing the need
for structured scaffolds and predictable routines. WCC emphasizes detail-focused processing
styles, guiding the presentation of learning materials in clear and segmented formats. EPF
highlights visual and sensory strengths, informing the inclusion of visual modeling, sensory

customization, and calming supports.
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The bi-directional connection between these theoretical domains reflects their
complementarity. Cognitive theories provide general principles for learning design, while autism
theories contextualize these principles to better align with autistic learners’ processing patterns,
strengths, and support needs. Together, they form an integrated foundation for inclusive and
accessible digital intervention design.

At the base of the framework, LCE and Vygotsky’s SCT serve as overarching
foundations. These emphasize that learning occurs through mediated participation, guided
support, and meaningful activity within social contexts. LCE reinforces that the digital health
solution for ASD must prioritize personalization, autonomy, and motivation by allowing families
and educators to adapt interventions to each learner’s interests, pace, and goals. Through
customization, progress visibility, and responsive reinforcement, the system supports children

and caregivers in making timely adjustments to learning routines and interventions.

Summary

This chapter covered a wide range of literature to provide a comprehensive understanding
of the theoretical foundations, contextual challenges, and practical approaches relevant to
designing digital health solution for life skills development in learners with ASD, particularly in
low-resource settings. Cognitive theories, DCT, CLT, and CMLT, provided foundational insights
into how learners process, store, and retrieve information. These frameworks guide designers in
structuring content, integrating verbal and visual modalities, and managing cognitive load to
optimize comprehension, retention, and skill transfer. Complementing these, autism-specific
theories such as ToM, EF, WCC, and EFT described how learners with ASD uniquely process

information, highlighting both deficits in cognitive capabilities and strengths related to visual
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processing, sensory sensitivity, and detail-oriented tasks. By adding an autism-focused lens,
these theories augment the principles of DCT, CLT, and CMLT, enabling the adaptation of
learning components that capitalize on learners’ strengths, address limitations, and ensure
content accessibility, engagement, and meaningfulness. The combination of general cognitive
theories with ASD-specific processing models informs the design of autism-focused digital
health solution grounded in the unique cognitive profiles and needs of individuals with ASD.

Despite increasing global awareness of ASD, significant disparities remain in the
availability and accessibility of autism services, particularly in LMICs, low-resource
communities, immigrant populations, and indigenous groups. These inequities stem from
systemic, structural, and cultural barriers, including lack of universal health coverage, service
fragmentation, geographic isolation, diagnostic inequities, cultural and linguistic differences,
social vulnerability, and caregiver burden, that limit timely diagnosis, reduce access to evidence-
based interventions, and constrain caregiver support.

Parents and families face specific challenges that include language barriers, limited
access to training and information, poor parent-teacher collaboration, systemic and financial
obstacles, and emotional and social stressors. While individuals with ASD face physical,
sensory, behavioral, social, emotional, communicative, academic, and financial challenges,
educators contend with behavioral diversity, communication difficulties, insufficient training,
large class sizes, resource constraints, cultural attitudes, poor parental engagement, and systemic
policy barriers.

In response to these challenges, alternative intervention models in low-resource settings
have emerged, including parent-mediated interventions, task-sharing with non-specialist

providers, community engagement, and opportunities for systemic policy reform. Digital health
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solution offers significant potential to bridge service gaps by providing accessible, scalable
solutions aligned with industry standards, best practices in design and development, and robust
data privacy and regulatory frameworks.

Digital health solutions for ASD life skills development could include structured,
content-supported interventions that employ digital tools grounded in established frameworks,
such as the TEACCH model, which emphasizes structured teaching and parent-implemented
interventions to enhance learning outcomes. The co-creation of such digital health solution could
leverage various approaches, such as content analysis, field-based exploratory research, focus
groups, iterative design, a mixed-methods approach, and participatory design processes, ensuring

solutions are contextually relevant, culturally appropriate, and responsive to stakeholder needs.
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Chapter I11: Methodology

The study used an exploratory single-case study approach, employing multiple embedded
units of analysis, with participatory design, design thinking, and requirements engineering, and
iterative design and development with industry partners and master’s students.

According to Creswell (2013), qualitative research is appropriate for complex issues or
problems that require in-depth exploration, such as studying an unrepresented group or
population, to understand their perspectives and stories whose voices are seldom addressed in
existing literature. Qualitative research also seeks to empower individuals, enabling them to
share their narratives within their specific settings or contexts, recognizing that their responses
are influenced by their environments, such as home, family, or work.

As the study aimed to answer the central question: “what are the essential requirements to
design a digital health solution for life skills development of learners with moderate to severe
ASD in low resource populations?”; the study delved into the lives of children, their parents and
teachers in a low resource area in the Philippines, to know about their day-to-day lives, needs
and challenges and to envision with them solutions that can be implemented in a digital
technology. A qualitative methodology is well-suited to answering this central question, as it
enabled the study to identify the tacit knowledge, subjective understanding, and interpretations of
parents and teachers regarding the lives of learners with ASD, as well as their own experiences
in supporting them. The day-to-day knowledge and practices of learners with ASD and their
support systems are often overlooked in formal programs or policies. Yet they play a crucial role
in shaping effective strategies for teaching life skills. Through methods such as qualitative
surveys, interviews, and feedback sessions within a participatory design approach, the study

uncovered tacit knowledge, personal insights, and practical adaptations that reflect both
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individual and cultural contexts. This approach ensured that the requirements identified for a
digital health solution were grounded in the realities of those who support children with ASD in
resource-constrained environments.

The study adopted a constructivist epistemology, where knowledge is constructed
through individual experience and reflection (Patton, 2015; Guba & Lincoln, 1994), specifically,
social constructivism, where individuals construct meaning through their interactions and
experiences (Creswell, 2014; Patton, 2015; Guba & Lincoln, 1994).

Constructivism is the philosophy that explains reality as based on multiple intangible,
socially and experientially grounded, and locally and specifically held mental constructions
(Guba & Lincoln, 1994). Constructivism holds that people build their understanding of the
world through experiences and interactions rather than passively receiving information. It
highlighted the role of active engagement and personal interpretation in the learning process,
recognizing that different individuals may construct different meanings from the same
experiences (Patton, 2015). In addition, the epistemology of constructivism assumes that the
investigator and the object of investigation are “interactively linked so that the findings are
literally created as the investigation proceeds” (Guba & Lincoln, 1994, p. 111).

Social constructivism further explained that reality is shaped through social processes and
interactions, and that knowledge and meaning are created collaboratively within cultural contexts
rather than being inherent or objective. This emphasized the importance of language,
relationships, and societal norms in forming our perceptions of reality (Creswell, 2014; Patton,
2015). It is with this respect that constructivism’s methodology is hermeneutical and dialectic in
nature, because “individual constructions can be elicited and refined only through interaction

between and among investigators and respondents” (Guba & Lincoln, 1994, p. 111).
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In this study, constructivism guided the entire research process by recognizing that
knowledge about the learning and developmental experiences of children with severe ASD was
co-constructed through the lived experiences, reflections, and interactions of parents, teachers,
and the researcher. Data collection involved qualitative surveys and semi-structured interviews
where parents and teachers shared their daily experiences with learners, describing moments of
progress, behavioral challenges, and strategies that motivated engagement. These narratives
served as the primary means of knowledge construction, illustrating that meaning emerged not
from detached observation but from participants’ personal accounts and interpretations of their
realities.

Because learners could not participate directly due to communication constraints, their
realities were interpreted through the socially constructed narratives of parents and teachers.
These adults acted as proxies, not merely reporting observable behavior but interpreting meaning
based on their emotional attunement and lived relationship with each child. This interpretive
layer exemplified the constructivist stance that researcher, participants, and context are
inseparably linked; findings were co-created through dialogue, reflection, and iteration rather
than extracted as objective data.

Finally, in a cyclical data analysis approach, the researcher continuously refined
interpretations through iterative design and development with the project team and through
collaborative validation of the design with select participants. The resulting design features for
the digital intervention were thus based on socially constructed meaning that reflected multiple
realities, diverse experiences, and the co-created understanding of what best supports learning

and development for children with moderate to severe ASD.
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Research design

This study adopted a single exploratory case study (Creswell, 2014; Yin, 2018),
employing multiple embedded units of analysis, using a participatory design approach (Dreesen
& Schepers, 2018; Frauenberger, Makhaeva, & Spiel, 2017; Frauenberger, Makhaeva, & Spiel,
2016) to investigate a real-world problem in-depth while maintaining contextual complexity. An
iterative and participant-centered research process guided Creswell’s (2018) qualitative
framework. The design thinking approach (Nielsen & Norman Group, 2025; Altman, Huang &
Breland, 2018; Patton, 2015) supported the research through iterative cycles of empathy,
definition, ideation, prototyping, and testing. This methodology was combined with requirements
engineering to systematically capture the business and functional needs of the technology (Sharp,
Rogers & Preece, 2019; Sebastian-Coleman, 2012; Meyer, 2002) and iterative design (Robinson
et al., 2020). The study evolved through multiple cycles of data collection, analysis, and

refinement, aligning with agile and user-centered design principles.

Case study based participatory design

According to Creswell (2013), a case study is appropriate for studies that require an in-
depth exploration of a specific instance or phenomenon in its real-life context, and it focuses on a
single case or a small number of cases for detailed analysis. An exploratory case study aims to
identify research questions or procedures for subsequent research. This type of case study
primarily lays the groundwork for future investigations. It is characterized by its flexibility and
adaptability across various contexts, enabling researchers to explore phenomena in depth and
gather preliminary insights. In addition, a single case study involves an in-depth exploration of
one specific case. It allows for the inclusion of additional data collected from other methods,

such as surveys or quantitative analyses, enhancing the richness of the study (Yin, 2018). Case
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studies include multiple data sources, such as interviews, documents, and observations, to
provide a comprehensive understanding. Survey interviews, or interviews using a structured
questionnaire, could also be used in a case study (i.e., a survey within a case study) to gather
quantitative data for statistical analysis. This data can serve as part of the overall evidence in a
case study, enhancing the robustness of the findings (Patton, 2015).

According to Yin (2018), an exploratory case study is typically a prelude to a subsequent
study. The exploratory case study design is well-suited to this research, as it enables in-depth
investigation of co-designing solutions for life skills development for children with moderate-to-
severe ASD in low-resource settings, a complex, under-researched issue. This research design
uncovered the nuanced needs and challenges faced by children, parents, and teachers, providing
rich context and detailed insights, and determined how a digital health solution can help address
those needs.

Prior studies justified the use of a PD approach within a case study methodology by
demonstrating how these methods supported meaningful involvement of children with complex
needs, particularly those with moderate to severe autism or severe intellectual disabilities.

Frauenberger, Makhaeva, and Spiel (2016, 2017) and Dreesen and Schepers (2018)
employed PD through iterative phases that involved understanding users, conducting workshops
that incorporated drawing, writing, and crafts, developing prototypes, and evaluating design
outcomes. Design activities were tailored to contextual factors, each child's characteristics,
designers' prior experience, and the tools and techniques available or appropriate for each case.
Visual tools were used to facilitate a structured, strength-based design approach within case
studies, allowing adult participants, such as parents or caregivers, to assume critical roles in the

design and evaluation process. These roles included acting as facilitators, motivators, caregivers,
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proxies for the child, co-designers, playmates, or friends, thereby enhancing both the depth and
richness of data collected.

Findings from these studies were often presented through design exposés, which offered
concise, case-specific narratives that described the participatory processes used. While single-
case studies provided deep, individualized insights, they yielded findings limited to the specific
child involved. In contrast, multiple case studies provided broader insights but required
substantial effort and customization, especially when visual tools needed to be adapted to each
child’s abilities and background.

Robinson et al. (2020) further exemplified how an iterative co-design methodology could
be implemented effectively within a single-case study involving a non-verbal child with severe
intellectual disabilities. Their approach emphasized ongoing participatory evaluation, in which
weekly adaptations to the prototype were made based on direct feedback from parents about their
child’s use of the application. Weekly meetings were held with both the child and the parents,
incorporating unstructured interviews and observations in their home setting. This method
enabled a user-led design process that evolved through lived experiences and joint decision-
making. This study presented a strong model for engaging children with moderate to severe
disabilities in the design process. It introduced “method stories,” narrative accounts of the design
journey, as a way to document design decisions. Although promising, the authors acknowledged
the need to investigate further whether this approach would be transferable to children with
diverse cognitive and communicative profiles, given that it was implemented with only one
participant.

In this study, case study using participatory design was done through focusing on the case

of learners with moderate to severe ASD aged between 5 to 30 years old within Metro Manila,
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Philippines, with their parents and teachers as proxies who participated in qualitative surveys and
interviews, to have an understanding of the learners’ capabilities, challenges and needs, that are
needed to envision the requirements of a digital health solution for ASD life skills development.
The case focused on the support system for these learners to determine their challenges and
needs, which were used to inform the ideation of requirements for a digital health solution for
ASD life skills development.

Qualitative survey and interviews

Qualitative survey and interviews enabled the researcher to gather both qualitative and
quantitative data. According to Braun and Clarke (2013 as cited in Braun et al. (2021),
qualitative surveys “consist of a series of open-ended questions, crafted by a researcher and
centered on a particular topic. They are self-administered with questions presented in a fixed and
standard order to all participants” (p.641). In addition, Braun et al. (2021) maintained that
qualitative surveys can produce rich accounts of “subjective experiences, narratives, practices,
positionings and discourses” (p.641). Qualitative surveys were used to capture information about
the child’s routines, likes and dislikes, and general activities, as well as the parents’ and teachers’
demographics, needs, and challenges. At the end of the qualitative survey, participants were
asked if they were willing to participate in a short interview. Those who agreed were booked for
a 30—45-minute interview.

To conduct the interview, the researcher used a standard open-ended interview.
According to Patton (2015), this type of interview follows the “exact wording and the sequence
of questions are determined in advance. All interviewees are asked the same basic questions in
the same order. Questions are worded in a completely open-ended format” (p.866). Open-ended

interviews enabled the researcher to delve into in-depth conversations informed by participants’
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responses and to explore individual experiences and perceptions more deeply. This further
informed the requirements to build a contextually relevant digital health solution that addresses
the challenges they face in supporting life skills development for children with moderate to
severe ASD.
Design thinking

The study also used design thinking to implement a human-centered approach, from
ideation through design and development, ensuring the solution evolves to meet real-world
needs. It incorporates insights from each iterative phase (Nielsen and Norman Group, 2025).
According to Altman, Huang, and Breland (2018), design thinking (DT) is an approach that
prioritizes user empathy, multi-disciplinary team collaboration, and rapid prototyping of
solutions. DT is iterative, undergoing multiple cycles of prototyping and testing, and is normally
used to solve complex problems. DT focused on a user-centered approach to problem-solving,
ensuring that the digital health solution is anchored in empathy and tailored to the specific needs
of children, their parents, and teachers. This approach promoted ideation, prototyping, and
testing, ensuring that the solution evolves in line with the users’ feedback (Patton, 2015).

Empathy maps and user personas are tools within the design thinking framework used in
the study. According to Melo et al. (2020A), an empathy map is a canvas divided into sections
based on users' wishes and demands. Typically, these sections are what the users see and hear,
along with their pain and needs. It also has sections on what they think and feel, and what they
say and do. The goal of the empathy map is to provide the designer with an understanding of
users’ perspectives, enabling the insights needed to design interfaces aligned with user

expectations.
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On the other hand, a user persona is a hypothetical representation of an archetype of a
real user or user group. Personas describe the goals, interests, and capabilities of these users, and
they are a useful tool for designers because they help provide a better understanding of a group’s
characteristics and give the design team a human face, bringing them closer to the users. There is
typically no format for a user persona, though it typically focuses on demographic, psychological
profiles, and experiences and skills (Melo et al., 2020B).

In this case study, design thinking was used to create empathy maps and user personas,
initially based on a literature review and subsequently updated following qualitative surveys and
interviews. The user personas were used as input to envision the requirements for a digital health

solution for ASD and to inform the design of the digital health solution through a prototype.

Requirements engineering

Requirements engineering was used in conjunction with design thinking, iterative design,
qualitative surveys, and interviews to envision requirements initially based on the information
provided in the empathy map and user personas.

Requirements engineering is the structured process of identifying, analyzing,
documenting, and managing the needs, constraints, and expected outcomes of a system. It
represents the foundational stage of system development, ensuring that what is ultimately
designed and implemented aligns with organizational objectives and stakeholder expectations
(Bruel, Ebersold, and Naumcheva, 2025; Cox, 2022).

Cox (2022) defines requirements in the context of software systems as “all of the
capabilities and constraints a (software) product must meet in the real world that help address the
customer’s opportunity” (p. 60). This definition emphasizes two essential elements: capabilities

(what the system must be able to do) and constraints (the limitations or conditions under which it
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must operate). Requirements engineering, therefore, is the disciplined activity of identifying and
structuring these capabilities and constraints to guide development effectively.

Bruel, Ebersold, and Naumcheva (2025) frame requirements engineering as a critical
early phase of the development lifecycle. They define a requirement as “a relevant statement
about a project, environment, goal, or system property” (p. 15). This broader conceptualization
underscores that requirements extend beyond system functionality. Instead, they may relate to
four interrelated dimensions: Project, Environment, Goals, and System, collectively known as
the Project—Environment—Goals—System (PEGS) framework. Within this structure, requirements
engineering encompasses the identification and organization of statements across these
dimensions to ensure completeness, clarity, and traceability.

These requirements evolved as qualitative surveys, interviews, and iterative design and
development unfolded, providing richer information about the challenges and needs of children,
parents, and teachers.

Types of requirements.

According to IEEE, as cited in Meyer (2002), a requirement is a “statement that identifies
a product or process operational, functional, or design characteristic or constraint, which is
unambiguous, testable or measurable, and necessary for product or process acceptability (by
consumers on internal quality assurance guidelines)” (p.ix). Two types of requirements were
gathered and progressively updated as the research progressed: business requirements and

functional requirements.
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Business requirements

According to Sebastian-Coleman (2012), business requirements are business needs
expressed as statements that describe what a system must have or do. Business requirements are
typically discovered through asking questions and leveraging various methodologies.

Business requirements express the outcomes an organization seeks to achieve through the
development or enhancement of a system. They define the intended results rather than the
technical means of achieving them. Cox (2022) describes business requirements as statements
that identify the business’s wants to achieve after a new system has been implemented. These
statements are typically framed in terms of productivity improvements, strategic objectives,
financial performance, regulatory compliance, or service enhancement. Importantly, they do not
describe software behavior or system functions. Instead, they articulate organizational goals and
performance expectations.

Similarly, Bruel, Ebersold, and Naumcheva (2025) position business-level concerns
within the category of goals. In the PEGS framework, goals represent the system's concerns that
must be addressed. They are not descriptions of system features but expressions of desired
organizational results. Within this structure, business requirements are documented in the Goals
component of the requirements plan, which establishes context, overall objectives, and expected
benefits. In this sense, business requirements define the project's strategic rationale.

Business requirements, therefore, operate at a high level of abstraction. They are
outcome-oriented, value-driven, and independent of specific technical implementation. Their
primary purpose is to clarify why a system is needed and what organizational benefit it must

deliver.
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Functional requirements

On the other hand, functional requirements express what a system or product must do to
support users and fulfill business objectives (Meyer, 2002; Sharp, Rogers & Preece, 2019).

Cox (2022) defines functional requirements as statements that describe the activities or
processes that the software must perform to achieve user requirements and business rules. These
requirements specify the system's behavior at its interfaces, including how it responds to inputs
and produces outputs.

In the PEGS classification, functional requirements are considered a specific type of
behavioral requirement. Bruel et al. (2025) define them as statements describing what the system
must do. They focus on the system's operational properties and are typically documented in the
System component of the requirements structure. Functional requirements are therefore closely
tied to system functionality, user interaction, and verifiable behavior.

Unlike business requirements, functional requirements are implementation-oriented.
They are sufficiently detailed to guide design, development, and testing. Because they specify

observable system behavior, they can be validated through verification procedures and test cases.

In this case study, requirements engineering was used to systematically capture and
envision user requirements informed by the results of the qualitative survey and interviews. The
envisioned requirements based on the DT approach were listed in a table, along with a high-level
definition of their capabilities and features. These were mapped to the data sources, which
included the literature review, qualitative surveys and interviews, and design feedback sessions.
This provided the traceability of requirements needed to demonstrate the alignment of user

requirements with actual needs, as informed by scholarly data and end-user inputs.
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Iterative methodology

The integration of the iterative methodology introduced a flexible and agile approach to
project management. According to Goodman and Kuniavsky (2012), iterative methodology
refers to continual refinement through trial and error. Instead of aiming for a perfect vision at the
start of the project, an iterative methodology enabled continuous refinement toward its goal
through a series of cycles that repeat the same steps. Each cycle leverages information from the
previous cycle to enable the incremental development and examination of solutions until
business needs are met consistently. On the other hand, agile refers to the techniques that allow a
team to track rapid changes in people, technology, and business. Agile is effective and
maneuverable, using light yet sufficient rules of project behavior alongside human- and
communication-oriented rules (Cockburn, 2001, as cited in Laanti, et al., 2013). Agile supports
iterative design and development, allowing the research team to continuously refine the digital
health solution based on feedback and real-time data, ensuring the final product is optimized and
closely aligned with user expectations (Schwaber & Sutherland, 2012).

The iterative nature of this research ensures that the digital health solution is not static but
evolves as new information comes in and user feedback is received. This iterative cycle through
input and feedback loops with parents and teachers, informed by adjustments and improvements,
ensures the final solution addresses the needs of its actual end users.

In this case study, the iterative methodology was used to continuously refine the Figma
designs based on emerging requirements arising from qualitative surveys and interviews, as well
as design feedback sessions. The research had produced three versions (i.e., Alpha, Beta, and

Charlie), which demonstrated the major iterations that were done both on the Figma prototype

173



and Android prototype that were done in collaboration with Master of Digital Transformation

and Innovation (MDTI) students and the industry partner, Agile Creative Labs (ACL).

Context and boundaries of the case
This study focused on designing a digital health solution for learners with moderate-to-severe
autism, along with their parents and teachers from low-resource families in Manila, Philippines.

The case is bounded by:

e Timeframe: A 20-month design cycle covering user research, iterative prototyping, and

proof of concept.

e Participants: The study engaged a total of 17 participants, comprising 7 parents or
primary caregivers of learners exhibiting moderate-to-severe ASD and 10 special

education teachers teaching learners with moderate-to-severe ASD.

e Outputs: Creation of user personas, functional and business requirements, Figma

prototypes, and proof of concept.

Research questions
This case study aimed to answer the central question: What are the essential
requirements for designing a digital health solution to support the life skills development of
learners who exhibit characteristics and behaviors similar to those of moderate-to-severe ASD in
low-resource populations? Specifically, the study aims to answer the following sub-questions:
e What specific capabilities, interests, challenges, and needs do learners demonstrate in

relation to life skills development?
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e What are the challenges and needs of parents and teachers in teaching life skills to
learners?

e What capabilities, features, and processes are essential for developing a digital health
solution that effectively supports learners, parents, and educators in teaching, enhancing,
and maintaining life skills in low-resource populations?

The study was divided into three workstreams (a) a literature review to identify
commonly used features and capabilities of digital health solution for life skills development of
learners with ASD to begin the ideation stage of design thinking; (b) qualitative surveys and
interviews with parents and teachers, to have a deeper understanding on the challenges faced by
parents and their children, along with educators in the learning overall care of learners which
were used to inform the determination of requirements; and (c) creation of medium to high
fidelity prototypes using iterative design and development to build the core foundation of the

digital health solution, including feedback sessions on the design prototypes.

Sampling

The participants of this study were selected using purposive and snowball sampling.
According to Miles, Huberman, and Saldana (2020), purposive sampling is a type of sampling
strategy that focuses on a participant’s unique characteristics. Purposive sampling is appropriate
for this study because it aims to gain in-depth knowledge of teachers' and parents' teaching
approaches, and the learning experiences of people with moderate-to-severe ASD. Learners with
moderate to severe ASD typically have more unique characteristics in the sense that they have

different ways of processing information and experience limitations to their executive
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functioning; their communication capabilities are also limited to gestures, words, and phrases,
and often face sensory and behavior challenges (American Psychiatric Association, 2013).
Purposive sampling is also “theory-driven, either upfront or progressively” (Miles,
Huberman, and Saldana, 2000, p.46). For this study, this meant that the criteria for selecting
participants were based on the research question and literature used to define the scope of the
study. Snowball sampling, in which additional study participants were identified based on
recommendations from interviewees, was also conducted by asking parents and teachers to

recommend others within their networks to join the study.

Participants

This study focused on parents or caregivers of learners aged 5 to 30 years who exhibit
behaviors and characteristics consistent with moderate to severe ASD, as well as their teachers.
Participants were recruited through the Philippine Department of Education district
superintendent, who facilitated engagement with parents from Paranaque Elementary School
Central (PESC). Snowball sampling was also used, with participating parents and teachers
recommending others within their networks who met the study criteria.

Parent inclusion criteria were: (1) being a parent or caregiver of a learner aged 5 to 30
who exhibits characteristics and behaviors of moderate to severe ASD, and (2) willingness to
complete qualitative surveys and participate in follow-up interviews. Parents of learners
exhibiting behaviors more consistent with high-functioning ASD or those over 30 years old were

excluded.
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Teacher inclusion criteria were: (1) currently teaching learners who exhibit characteristics

and behaviors of moderate to severe ASD, and (2) willingness to complete qualitative surveys

and participate in follow-up interviews.

The table below summarizes the overall participant characteristics,

Table 5

Summary of participant information

Participant
characteristic

Parent participants

Teacher participants

Participant role

Primary caregivers of learners with
ASD

Special education teachers in
public schools

Learners supported

Learners aged 5-30 years that
exhibit characteristics and
behaviors similar to moderate to
severe ASD

Learners with moderate to severe
ASD in school settings

Age range

Mostly 31-40, others in 40s; one
caregiver 61-70

Mostly early 40s to late 50s

Marital status

Majority married; others common-
law or separated

Majority married

Educational High school to college; one Mostly bachelor’s; some
attainment postgraduate graduate-level studies
Professional Private sector, self-employed, Special education educators
background government, full-time caregiving

Socioeconomic
context

Low-resource; most households
CAD 6,000-12,000/year

Not reported

Years of experience

Not applicable

6 years to nearly 40 years

Teaching load

Not applicable

From 1 class to 10-11 classes

Class size

Not applicable

Specialized: 3-10 students; larger:
19-26 students

Survey completion

All completed qualitative surveys
(online or in person)

All completed qualitative surveys
online

Interview
participation

2 parents completed follow-up
interviews

1 teacher completed a follow-up
interview

Participation
constraints

Time, workload

Time, workload, internet
connectivity

Methodological and practical considerations shaped the delimitations of this study. The

study focused on parents of learners aged 5 to 30 who exhibit behaviors consistent with moderate

177



to severe ASD. This extended age range was intentionally selected to capture lifelong learning
and support needs that often continue beyond adolescence, as individuals with higher support
needs frequently require sustained caregiver involvement and educational or life-skills
interventions into adulthood. Including participants up to age 30 enabled examination of
challenges across key transition stages, from school-based programs to adult services, and
strengthened design insights for digital health solution that support individuals across the
lifespan.

The study also focused on learners with moderate-to-severe support needs because this
population remains underrepresented in digital intervention research, particularly in low-resource
contexts, despite facing significant barriers to communication, daily living, and independence.
This focus allowed for richer qualitative insights from parents and teachers, consistent with the
study’s constructivist and participatory design approach.

Finally, the scope was narrowed due to feasibility constraints. Conducted by a single
researcher within a 20-month design cycle, the intensive requirements of data collection,
prototyping, and iterative analysis necessitated a manageable participant group while

maintaining methodological rigor and relevance to digital health solution design.

Research team and their roles

In this study, a clear distinction was made between the research participants and the
research team. The study participants were parents and teachers who contributed their lived
experiences, insights, and feedback during the participatory design activities. Their contributions,
gathered through qualitative surveys, interviews, and design feedback sessions, formed the

primary data for analysis, which consequently informed the capabilities, features, and overall
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design of the digital health solution. While participants directly shaped the design decisions, they
were not responsible for the technical development.

The research team developed prototypes, particularly digital mock-ups in Figma, and
subsequently mobile application iterations on Android. The research team comprised the project
lead, the researcher, the designers, MDTI students from the University of Ottawa, and software
engineers from ACL. The research team’s role was to translate participants’ ideas and
requirements into tangible design artifacts and software prototypes, and to incrementally adapt
them based on the results of the participatory design process. This distinction helped ensure
clarity between participant input and the research team’s facilitation and technical
responsibilities.

In this study, the researcher assumed the roles of survey administrator, interviewer, designer, and

project leader.

Researcher’s positionality

With a background in supporting children with moderate to severe ASD as a family
member, the researcher held an insider position. According to Bukamal (2022), an insider is
someone who shares significant characteristics or experiences with the group being studied,
thereby enhancing participants’ trust and openness. This insider perspective provided unique
advantages, such as greater empathy and rapport with participants, as well as a deeper
understanding of the nuanced needs of children with moderate to severe ASD and their families.

To maintain objectivity and manage the potential influence of personal preconceptions,
the researcher engaged in reflexivity practices throughout the study. Reflexivity, or a critical

self-examination of one's biases and influence on the research, was maintained through
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structured self-reflection and proactive monitoring of actions and decisions during data
gathering, synthesis, and evaluation (Creswell & Poth, 2018). The researcher also kept a research
journal to document interactions with participants, the research team, design decisions, and
design evaluations. This record served as an ongoing check for personal biases and helped
maintain transparency.

To further enhance objectivity and reduce potential bias arising from the insider role, the
researcher sought external feedback from her thesis advisor and thesis advisory committee. This
external input was particularly valuable for ensuring balanced perspectives in data analysis, for
validating design choices, and for testing approaches. These advisors reviewed key stages of the
research process, providing critical insights that helped mitigate any unintended influence of the
researcher’s personal experiences on the study outcomes.

In addition, the researcher took steps to minimize bias by ensuring that participant
responses and interactions were evaluated objectively. By incorporating triangulation through
feedback from teachers and parents involved in the study, the researcher ensured that design and
testing processes remained user-centered, with minimal influence from her personal insights or
expectations.

This combination of reflexivity practices and external feedback contributed to the
research's trustworthiness and credibility, addressing potential challenges and ethical
considerations arising from the researcher’s insider status. Through these measures, the
researcher leveraged the advantages of her insider role, such as empathy and contextual

knowledge, while remaining committed to objectivity and rigor.
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Data sources

This study employed an exploratory case study design using a participatory design
approach, drawing on related data sources to implement data triangulation and enhance the
validity and depth of the findings (Denzin, 2012). First, the study used a literature review to have
an initial understanding of the needs and gaps of learners with autism, along with features of
digital technologies that can be used to address those areas. Second, the research used design
thinking, particularly the creation of empathy maps and user personas, to adopt a user-centered
approach to envision and sketch the initial design. Third, requirements engineering was
employed to develop business and functional requirements, including determining high-value use
cases to serve as the blueprint for the solution. These requirements define what needs to be built,
how it should function, and what the product would look like. Fourth, the research used
qualitative surveys, interviews, and design feedback sessions to provide contextual information
to inform iterative improvements to the features of a digital health solution for life skills
development in children with moderate-to-severe ASD. Fifth, the iterative methodology
following the Agile framework was used to design and iterate on a medium-fidelity prototype in
Figma and a high-fidelity prototype for Android. Both the medium and high-fidelity prototypes

underwent iterative refinements based on feedback received from parents and teachers.

Data collection
The data collection research was divided into three workstreams — design thinking,
qualitative survey, and interviews, along with iterative design and development.

Design thinking
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A literature review was conducted to identify digital health solution aimed at teaching life
skills to children with ASD; the types of interventions used; and how parents and teachers
collaborated to build, test, and use these prototypes. From this, commonly used features and
capabilities of digital health solution for life skills development in children with ASD were
identified through thematic analysis. The literature review informed the initial empathy maps and
user personas, which, in turn, informed the development of the feature requirements. Based on
this preliminary information, the first design prototype was developed in Figma. Figma is a web-
based application that provides an intuitive interface for creating, sharing, and testing designs for
websites, mobile apps, and various digital products (Figma, 2025).

Qualitative surveys and interviews

This workstream involved qualitative surveys and interviews with parents and teachers to
gain a contextualized understanding of the capabilities, needs, and challenges of children with
ASD, as well as of parents’ and teachers' needs and challenges. The data gathered in this stage
refined the design features identified in the literature review and validated their context relevance
and applicability to the needs of children, parents, and teachers within their local and cultural
context. In this workstream, the learner, parent, and teacher user personas were also updated,
along with feature requirements.

Member checking was conducted by reviewing transcripts. After interviews were
transcribed, participating parents and teachers were allowed to review their transcripts to confirm
accuracy, clarify meanings, and request corrections or removals where necessary. This process
occurred before final thematic coding, ensuring that the data used for analysis accurately

reflected participants’ intended meanings.
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In addition to transcript verification, participant feedback during subsequent participatory
design interactions also served as an informal validity check on emerging interpretations and
design implications. While transcript review focused on accuracy and consent, later feedback
helped refine the interpretation and practical relevance of themes during design synthesis
Iterative design and development

The iterative design and development workstream was conducted using iterative and
design-thinking approaches. In this stage, the researcher partnered with MDT]I students at the
University of Ottawa to design and build the core capabilities and features of a digital health
solution to teach life skills to children with ASD. The researcher also leveraged industry
partnerships through a start-up in which she is a co-founder, called ACL.

Continuing the work after design thinking’s empathize stage from workstreams 1 and 2,
the third workstream focused on design thinking’s define and ideate stage, where the researcher
updated the designs and medium fidelity prototype, which reflected participants’ experiences,
specific challenges, priorities, along with desired outcomes in children’s life skills development
from the qualitative surveys and interviews.

In this workstream, the researcher used iterative development to build proof of concepts
(PoC). Each PoC was tested by the researcher and iterated upon to align with evolving feedback
from select participants' feedback sessions. This approach provided the flexibility to adjust
functional design and requirements based on information and feedback from children, parents,

and teachers.
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Instrument and materials

This case study was guided by Yin (2018), Creswell (2018), Braun and Clarke (2006),
and design thinking (Nielsen and Norman Group, 2025) to inform data collection and procedures
and general rules for iterative design and prototyping.

Parents were asked to provide basic information about them and their child followed by a
qualitative survey (see Appendix 16) with open-ended questions that asked about their child’s
strengths, routines, and their experience teaching their child at home. The information and
qualitative survey forms were created in MS Word and printed for those who would prefer to
answer them by hand, and in Survey Monkey for those who would prefer to do it digitally.
SurveyMonkey is an online platform for surveys, forms, and market research. It enables the
creation and distribution of survey forms, as well as the collection of information and feedback
(Survey Monkey, 2025). To align with parents’ availability, they were asked to complete them
whenever they have the time. In the same manner, teachers were also asked to provide
information about their demographics and teaching background; and a qualitative survey was
done to understand their teaching approach, along with their challenges and needs (see Appendix
17).

After completing the information form and surveys, parents and teachers were asked
whether they were available to participate in a brief interview to delve deeper into their
responses and ask follow-up questions. Parents and teachers who agreed to be interviewed were
interviewed remotely via MS Teams. The time was set by the participants based on their
availability, and the researcher aligned with their schedule. The schedule was booked using

Microsoft Outlook and through direct communication.
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The interview protocol (see Appendix 18 and 19) followed a standardized open-ended
interview format. According to Patton (2015), this type of interview determined “the exact
wording and sequence of questions in advance. All interviewees were asked the same basic
questions in the same order. Questions were worded in a completely open-ended format” (p.
438). This approach was chosen to provide a more defined structure for how interview questions
were asked. The types of questions asked included knowledge, experience, behavior, opinion,
and values (Patton, 2015). The interview protocol was also delivered in Filipino-English, which
is a standard way of communication in the Philippines. Participants were also asked to provide a
pseudonym that the study would use to protect their privacy.

The results of the information form, qualitative survey, and interview were used to update
the user personas, functional requirements, and design prototypes. Miro was used to develop the
empathy map and user personas. Miro is a digital workspace where groups can collaborate on a
canvas by adding shapes, sticky notes, or files (Miro, 2025). At the same time, Figma was used
to design the medium-fidelity prototype based on the information from the SLR, qualitative

interview, and surveys.

Data analysis procedure
Thematic analysis

Data analysis was done using the thematic analysis approach of Braun and Clarke (2006)
to identify both theoretical and emerging themes in the data. According to Braun and Clarke
(2006), “thematic analysis is a method for identifying, analyzing and reporting patterns (themes)

within data” (p. 79). Thematic analysis was done using both deductive and inductive methods.
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The deductive approach was conducted through theoretical studies on the learner-
centered paradigm, cognitive theories of learning, and autism theories. In addition, the research
questions also guided the coding to classify specific needs, challenges, capabilities, strengths,
and interests of people with moderate to severe autism in low-income families; specific needs,
challenges, capabilities, strengths, and interests of people with moderate to severe autism in low-
income families; and approaches that parents or caregivers take a more active role in the life
skills development of their child.

An inductive approach, on the other hand, was used to identify emerging themes that are
not captured by the deductive approach. This was done through a bottom-up approach, in which
themes were identified based on patterns emerging from qualitative surveys, interviews, and
feedback from the design. The inductive approach was used to determine the types of challenges,
capabilities, and needs of children, parents, and teachers, and to determine the approaches used
by both parents and teachers to support learning.

Quantitative analysis

Quantitative analysis was also conducted to provide a clear summary of the demographic
characteristics of children, parents, and teachers who participated in the study. This included
variables such as age, gender, educational background, and other relevant indicators that helped
describe the composition of the participant group. According to Lim (2024), quantitative analysis
focuses on measurable variables and quantifiable data, making it a suitable approach for
presenting demographic information in a structured and systematic way. By organizing these
details numerically, the study was able to provide context for the qualitative findings, highlight
patterns within the participant population, and demonstrate the diversity or commonalities. While

the primary aim of the research was to explore experiences and perspectives through qualitative
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methods, the addition of quantitative analysis ensured that the demographic profile of
participants was documented with precision and could support the interpretation and
transferability of the study’s results.

Within case analysis

Within-case analysis (Miles, Huberman, & Saldafa, 2014) was employed to examine the
data gathered from multiple qualitative sources, including surveys, interviews, literature review,
and user feedback. This method provided a systematic way to explore each bounded case,
parents, teachers, and children (through parents as proxies), as distinct yet interconnected
contexts. According to Miles, Huberman, and Saldafia (2014), within-case analysis involves
“describing, understanding, and explaining what has happened in a single bounded context” (p.
101). This approach allowed the study to move beyond surface-level descriptions and to identify
patterns, meanings, and unique perspectives within each participant group.

By applying within-case analysis, the study captured the nuances of lived experiences,
highlighted contextual challenges in low-resource settings, and traced how these informed the
participatory design process. For example, insights from parents revealed how daily routines can
help shape children’s opportunities for life skills development, while teacher perspectives
provided critical information on classroom constraints and instructional strategies. User feedback
further contributed to refining design features, ensuring the digital health solution responded to
both individual needs and collective priorities. This iterative process of analyzing, reflecting, and
applying findings within each case was essential to guiding the development of the autism

solution in a way that was both contextually grounded and practically relevant.
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Document analysis

Document analysis was used to scrutinize the empathy maps, user personas, and use
cases, as well as the business/functional specifications. According to Gross (2018), document
analysis involves repeatedly reviewing, examining, and interpreting data to derive meaning and
knowledge. When used in triangulation, it aids in corroborating and expanding findings, helping

address bias.

Pattern matching

Pattern matching was used in the analysis chapter to assess how well the research
findings support existing knowledge on co-designing digital health solution for autism, and how
user feedback influenced the iterative development of the hybrid mobile application. Pattern
matching is the approach in which the findings of the case study are compared to a predicted

outcome, which can be a single prediction or a set of rival predictions (Yin, 2018).

Logic models

Finally, logic models were used to systematically analyze the data gathered from various
sources (qualitative surveys, interviews, systematic literature review, document analysis) and
demonstrate how each phase of research and data collection directly influenced the prototype’s
iterative design and development. A logic model was created to systematically explain the
process the researchers used in designing a digital health solution for learners with moderate to
severe autism in low-resource areas, using participatory design. Logic models refer to the

specification and operationalization of a chain of events (Yin, 2018).

Participatory design focused analysis
Finally, a participatory design lens was also incorporated into the analysis chapter to

provide a deeper reflection on how the digital health solution for autism was developed, iterated,
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and validated through engagement with key stakeholders (parents, teachers, and industry
partners). The “tool to think with for designers” of Frauenberger et al. (2015) was used to
provide a structured, critical process for analyzing the epistemology, values, outcomes, and

stakeholders of the case study.

Ensuring trustworthiness

To ensure trustworthiness, the researcher used triangulation to validate information,
drawing on data from the literature review, qualitative surveys, interviews, iterative design and
development, and a protocol for a single holistic case. The researcher also performed member
checking by showing the data to the parent and the teacher, who evaluated and scrutinized it to
identify any inconsistencies or incorrect information. A researcher’s journal was also kept to
record interactions and decisions with participants and the project team. At the same time, the
researcher always sought to produce a thick description of the data, allowing her to justify and
trace the information synthesized, analyzed, and used for design and development within the
case study (Creswell, 2014). In addition, Frauenberger et al.’s (2015) “tool-to-think-with,”
which guides designers through structured, critical inquiry during participatory design to
effectively explain decisions and judgements that need to be made during the design process,
will also be referenced. This tool comprises four lenses: epistemology, values, stakeholders, and
outcomes. This approach enhanced research trustworthiness by fostering transparency in the
design, aligning design choices with stakeholder needs, and supporting reflexivity by making
underlying assumptions and value judgments explicit, thereby strengthening the credibility and

coherence of the design process.
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Figure 3

A tool to think with for the designers - guide questions

Epistemology Values
What are the kinds of knowledge constructed? Which values drive the process, explicitly or implicitly?
To what degree can we trust the knowledge? What are the conflicts and dilemmas arising from values?
What is the potential for transfer? How do values change in the process ?
How is knowledge shared? How are values reflected in decisions?
Outcomes Stakeholders

Who are the stakeholders and who participates?
What is the nature of their participation?

How do stakeholders and participants benefit?
What happens when the project ends?

What are the different interpretations of outcomes?
Who owns outcomes?
How sustainable are outcomes?

Fig. 2. Summary of the four lenses and starter questions in the conceptual framework.

Source: Frauenberger et al., 2015, p.98

Ethical considerations

As this study was conducted with a vulnerable population, the researcher ensured that
appropriate measures were taken to ensure ethical research conduct.

The researcher acquired ethics board approval before starting the study. Afterward, she

obtained written informed consent from parents and teachers. Participants were also informed of

the potential risks of participating and the approaches to mitigate them. For example, at any point

during the study, participants may withdraw if they feel uncomfortable or have changed their

minds.
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The privacy and confidentiality of participants were also protected by not using any

personally identifiable information and by using pseudonyms to protect their identities. All data

collected was used only for the study and would be discarded after the thesis was completed.

Table 6

Summary of instruments, data collection, analytical procedures, trustworthiness, and ethical

approaches taken

Approach

Component

Description / Purpose

Outputs/ Role in
Study

Data Collection

Design thinking

Conducted a literature review to

identify existing digital life-skills

interventions for children with
ASD, including features and

Informed empathy
maps, user personas,
and initial feature
requirements; first

collaboration approaches. prototype developed
in Figma.
Qualitative Collected contextual insights Refined and
surveys & from parents and teachers about | validated features,
interviews needs, challenges, and strengths | updated personas,
of children with ASD. and ensured
local/cultural
relevance.
Member Participants reviewed interview | Strengthened
checking transcripts for accuracy and credibility and

consent before coding. Informal
feedback also supported
interpretation validity.

ensured participant
meanings were
accurately
represented.

Iterative design
& development

Partnered with MDT] students
and industry start-up (ACL) to
design and build core solution
features through iterative

prototyping.

Developed proof-of-
concepts (PoCs),
updated prototypes,
aligned
requirements with
evolving stakeholder
feedback.

Instruments &
materials

Information
forms

Parents and teachers completed

demographic/background forms.

Provided participant
context for analysis
and persona
refinement.
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Qualitative Open-ended surveys captured Generated
surveys routines, strengths, teaching qualitative data
strategies, and challenges. supporting needs
Delivered via paper or assessment and
SurveyMonkey. design priorities.
Interviews Follow-up semi-structured Deepened
(Remote) interviews via MS Teams, understanding of

scheduled based on participant
availability.

survey responses
and contextual
learning
experiences.

Standardized

Following Patton (2015), all

Ensured structured

open-ended participants received the same yet flexible

interview open-ended questions in qualitative inquiry;

protocols consistent order. Conducted in supported
Filipino-English. comparability across
participants.

Design tools Miro used for empathy Enabled
maps/personas; Figma for participatory design
medium-fidelity prototypes. synthesis and

iterative feature
development.
Data analysis Thematic Braun & Clarke (2006) used to Produced theoretical
procedures analysis identify patterns/themes across + emerging themes
qualitative data. guiding design
implications.

Deductive Guided by learner-centered Classified

coding paradigm, cognitive learning predefined needs,
theories, autism theory, and challenges, and
research questions. learning support

approaches.

Inductive Bottom-up identification of Captured

coding themes emerging directly from unanticipated

surveys, interviews, and
feedback.

contextual insights
shaping feature
refinement.

Quantitative

Descriptive statistics

Documented group

analysis summarized participant composition and
demographics (Lim, 2024). supported
transferability of
findings.
Within-case Based on Miles et al. (2014), Highlighted nuanced
analysis where each bounded case lived experiences

(parents, teachers, learners) was
examined separately and
interconnectedly.

informing
participatory design
decisions.
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Document Reviewed empathy maps, Supported

analysis personas, use cases, and triangulation and
specifications (Gross, 2018). reduced interpretive

bias.

Pattern Compared findings against Assessed how

matching predicted outcomes and existing | results aligned with
autism co-design literature (Yin, | or extended prior
2018). knowledge.

Logic models Modeled links between data Demonstrated
collection phases and iterative systematic

prototype development (Yin,
2018).

progression from
evidence — design
outcomes.

Participatory
design lens

Applied Frauenberger et al.
(2015) “tool-to-think-with”
framework (epistemology,
values, stakeholders, outcomes).

Supported critical
reflection on co-
design process and
stakeholder
alignment.

Ensuring
trustworthiness

Triangulation

Used multiple data sources:
literature, surveys, interviews,
prototyping feedback.

Strengthened
validity through
corroboration across
methods.

Member Transcript review + participatory | Increased credibility
checking feedback ensured accuracy and and participant-
relevance. centered
interpretation.
Researcher Recorded decisions, reflections, | Supported
journal and interactions throughout the transparency and
study. auditability of
research process.
Thick Detailed contextual reporting Improved
description (Creswell, 2014). traceability and

transferability of
findings.

Ethical
considerations

Ethics approval

Ethics board approval was

Ensured ethical

& Informed obtained prior to study initiation. | compliance when
consent Written informed consent was working with a

collected from parents and vulnerable

teachers. population.
Participant Participants were informed of Protected participant
rights & risk potential risks and mitigation autonomy and
mitigation strategies. They could withdraw | wellbeing

at any point without penalty. throughout the

research.

Privacy & No personally identifiable Maintained

confidentiality

information was used.

confidentiality and
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Pseudonyms protected reduced risk of harm
participant identities. or exposure.
Data use & Data was used only for research | Ensured responsible
disposal purposes and will be discarded data handling and
after thesis completion. limited long-term
privacy risks.

Summary

This study aimed to identify the essential requirements for designing a digital health
solution to support the development of life skills in learners with moderate-to-severe ASD in
low-resource settings. A qualitative methodology was adopted to capture the tacit knowledge,
subjective interpretations, and experiential insights of parents and teachers, and to examine the
complex processes involved in teaching life skills to children with moderate to severe ASD.

The research was grounded in social constructivism, recognizing that meaning is co-
created through social interaction, cultural context, and individual reflection. These perspectives
emphasized the collaborative nature of knowledge construction while acknowledging the active,
interpretive role of learners and stakeholders in shaping understanding.

A single exploratory case study design was employed, using a participatory design
approach to investigate the problem in its real-world context while preserving its complexity.
The process was informed by Creswell’s qualitative framework and guided by design thinking
principles of empathy, definition, ideation, prototyping, and testing. This was integrated with
requirements engineering to systematically capture business and functional needs, and iterative
design to refine concepts through multiple cycles of data collection, analysis, and stakeholder
engagement. The methodology aligned with agile and user-centered design principles, ensuring

that development was both contextually relevant and collaboratively shaped
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Chapter 1V: Findings

Research findings were grouped per research sub-questions which were: (1) what specific
capabilities, interests, challenges and needs do learners with moderate to severe ASD exhibit in
relation to life skills development; (2) what are the challenges and needs of parents and teachers
in teaching life skills to learners with moderate to severe ASD; and (3) what capabilities,
features, and processes are essential for developing a digital health solution that effectively
supports learners with moderate to severe ASD, parents, and educators in teaching, enhancing,
and maintaining life skills in low-resource populations.

To answer each research sub-question, the study adopted an incremental, iterative
approach across three workstreams: literature review and design thinking; qualitative surveys
and interviews; and iterative design and development. Workstreams were executed in parallel

and continuously adapted to the latest available information as the research progressed.

RQ1: What are the capabilities, interests, challenges and needs of learners with moderate
to severe ASD

To determine the capabilities, interests, needs, and challenges of learners, three
workstreams were conducted using an incremental, iterative approach to answer the study’s
research questions. The first workstream leveraged a literature review to conduct preliminary
design ideation, while the second workstream focused on primary data collection through
qualitative surveys and interviews. The third workstream synthesized both secondary and
primary data to develop a child user persona that guided the ideation of features, processes, and
designs for a digital health solution for life skills development for learners with moderate to

severe ASD autism.
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Findings from workstream 1: literature review research and design thinking

In the first workstream, learner needs, challenges, capabilities, and interests related to life
skills development were identified through a literature review and presented as an empathy map
and user persona, following the design thinking framework.
Empathy map of learners

The empathy map below describes what students with moderate-to-severe ASD typically
see, hear, think, feel, and say, and what they do. It also described their goals, pain points, and
demographics.

The empathy map below was represented by a male learner named “Carlo” aged between
5 and 13 years old and living in a low-income family. He had a severe autism diagnosis and
experienced sensory overload and struggles with focus and socialization. His communication
was limited to gestures, sounds, and a few words, and he expressed his discomfort through
physical movement and vocalizations. Carlo found certain sounds distressing and distracting,
but familiar ones, like his favorite songs or melodies, brought him excitement. His learning goals
focused on building routines that would provide him with comfort and security and leveraging

his current interests to teach him basic life skills.
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Figure 4

Empathy map of learners

Empathy Map: Students with Severe Autism
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User persona of learners

Based on the empathy map, an initial user persona for a child with moderate-to-severe
autism was created. The user persona below provides more information about Carlo, including
his behavior and habits, pain points and frustrations, needs and goals, and main motivations. This
user persona was used as a guide to begin ideation and design of a universal user interface and

experience with personalization and customization capabilities.

197



Figure 5

User persona of learners

Findings from workstream 2: qualitative surveys and interviews

In the second workstream, qualitative surveys and interviews were conducted with
parents to determine the children’s backgrounds, capabilities, interests, needs, and challenges.
As the primary caregivers, parents served as proxies for their children at this stage, providing
valuable insights into their children's everyday activities.
Demographics.

This section describes the learner’s age, gender, family composition, autism diagnosis,

along with information about the education and therapies they received.
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Age of learners

The children who participated in this study varied in age, but most were in the early
school years, around 6 to 8 years old. A few were slightly older, in the range of nine to eleven.
One child was entering adolescence, while another was already an adult. This range reflected a
mix of developmental stages, with most learners at an age when foundational life skills were still
forming, while a few were navigating more complex transitions into adulthood.
Figure 6

Age of learners

m6to8 w9toll wi12t014 w28-30
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Gender of learners

Among the learners, there are more boys than girls. In fact, only one of the children is
female.
Figure 7

Gender of learners

Gender

mMale mFemale

Siblings of learners
When it comes to family structure, many of the children do not have siblings and were
raised as only children. A few live with one or two siblings, while one child came from a larger

family with several brothers or sisters.
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Figure 8

Siblings of learners

Family Size

m Onlychild = 1Sibling w2Siblings =5

Diagnosis of learners

Some parents reported not having received a formal diagnosis for their child. Others
reported that their child had been diagnosed with moderate autism, and one parent described
their child as having severe autism. These responses suggested that formal assessment is not

always accessible or prioritized, even when developmentally needed.
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Figure 9

Diagnosis of learners

Diagnosis

m Severe ASD = Moderate ASD  w Unknown ASD Level

Education and therapies for learners

In terms of education and therapy, most of the children attended special education classes
in a public school. For families with greater financial resources, learners received therapies,
particularly occupational and behavioral therapy, which parents paid out of pocket. A few
children were also attending speech therapy sessions, and one child was enrolled in a program
focused on pre-vocational skills. This variety in educational and therapeutic experiences
reflected how families navigated available resources, balancing their child’s needs with what was

accessible and affordable.

202



Figure 10

Education and therapies for learners

Education & Therapies

m BehaviorTherapy = Speech Therapy m Occupational Therapy = Prevocational m Special Needs Education

Capabilities of learners.

The learners involved in this study demonstrated a wide range of emerging capabilities
across creative, physical, cognitive, self-help, and communication domains. These capabilities
reflected their individual interests, learning profiles, and areas of developmental strength,
offering insight into how life skills education could be designed to build upon what each child
was already able to do.

In terms of creative skills, several learners showed interest and ability in expressive and
tactile activities. Ann, Ken, Greg, and Chris enjoyed drawing and coloring. At the same time, a
broader group, including Reg, Roy, Anthony, Alfie, and Greg, engaged in clay molding and
crafting, indicating a strong inclination toward hands-on creativity. Rex, who is the father of Reg
and Roy, said: “They love playing with clay and robots, although we limit clay play since it can

be messy”. Similarly, activities involving construction, such as building with Legos, were
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favored by Reg, Roy, Alfie, and Greg. Music and performing were also favorite activities among
learners, particularly Reg, Roy, Ken, and Chris, who have developed a skill in singing and
dancing. Edward, Ken's father, said: “He sings his favorite parts of songs, like We Built This City
and Livin' on a Prayer by Bon Jovi. If he likes a song, he keeps repeating it.” Aside for music,
other learners such as Chris, were fond of digital arts, and often use built-in computer
applications for drawing and picture editing; which suggested emerging digital literacy and
visual communication skills.

The learners also displayed diverse, expressive physical and motor skills that reflected
their energy and interests. Ann and Alfie enjoyed active outdoor movement such as running and
chasing, while Anthony showed skills in both biking and basketball. Ken, Anthony, and Alife
could swim, and Ken could also skateboard. Fine motor coordination was observed in Alfie’s
ability to stack toys and blocks, indicating focus and control.

In the area of cognitive and problem-solving skills, learners demonstrated abilities that
supported foundational academic and life skills. Ann and Anthony showed interest in puzzle-
solving, while Alfie demonstrated memorization skills. Greg exhibited competence in tracing,
cutting, and designing activities that required planning and precision. Anthony was also able to
follow instructions, which is a crucial cognitive skill tied to task completion and adaptability.

The learners had also begun to acquire essential daily living and self-help skills, showing
progress in areas critical for independence. Ann and Alfie achieved toileting, while Ann, Reg,
Roy, and Alfie practiced dressing up. Bathing was part of the routine of Ann, Reg, Roy, and
Anthony; while eating independently was regularly practiced by Ann and Anthony. Several

children, Ann, Anthony, Ken, and Alfie, were introduced to cooking. Ken, who practiced
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cleaning and household chores in particular, demonstrated further independence by preparing his
own meals and washing his own dishes.

In terms of communication and social skills, learners used a variety of strategies to
interact with others. Anthony used hand gestures to express his needs, a common nonverbal
communication method for children with limited verbal abilities. Alma, Anthony’s mother, said,
“He can follow simple instructions, and he can communicate through hand leading.” On the
other hand, Ken, Reg, and Roy used words and phrases to communicate. At the same time, Ann
and Alfie often engaged in role-play, reflecting their ability to participate in imaginative, socially
interactive scenarios.

The table below summarizes all children's capabilities, as reported by their parents,
grouped by category. Most children have basic daily living and self-help skills, followed by
creative skills and physical and motor skills. Children have the means to communicate using
various modalities, and only a few demonstrated emerging social skills.

Table 7

Capabilities of learners

Category Capabilities Children

Drawing and coloring Ann, Ken, Greg, Chris
Clay molding and crafting ﬁlr}?é'Ré?égRoy’ Anthony,

Creative skills Lego and building structures Reg, Roy, Alfie, Greg
Singing and music Reg, Roy, Ken, Chris
Dancing Reg, Roy, Chris
Digital arts and picture editing Chris
Running and chasing Ann, Alfie
Biking Anthony

Physical and motor Skateboarding Ken

skills Swimming Ken, Anthony, Alfie
Basketball Anthony, Chris
Stacking toys and blocks Alfie
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Puzzle-solving Ann, Anthony
Cognitive and Memorization Alfie
problem-solving skills | Tracing, cutting, and designing Greg
Following instructions Anthony
Toileting Ann, Alfie
Dressing up Ann, Reg, Roy, Alfie
Bathing Ann, Reg, Roy, Anthony
Daily living and self- | Eating on their own Ann, Anthony
help skills Cooking and learning to cook Ann, Anthony, Ken, Alfie
Cleaning and household chores Ann, Ken, Alfie
Preparing own meals Ken
Washing own dishes Ken
. Expressing needs using hand leading | Anthony
S%%?;nlf(?;éa“on and Words and phrases Ken, Reg, Roy
Engaging in role play Ann, Alfie

Overall, this range of capabilities highlighted each child’s individuality, strengths, and
readiness for targeted support. These abilities can be utilized as a foundation for learning, to

reinforce existing skills while gradually extending their developmental potential.

Interests of learners.

Learners' interests were identified to inform the development of reinforcement strategies
and naturalistic interventions. Children have a wide range of interests, mostly creative in nature,
related to physical and outdoor activities, toys and pretend play, video games and digital play,
and watching TV and cartoons. Parents also encouraged their children to engage in cognitive and
problem-solving games and activities, as well as sensory and relaxation activities to help them
relax and calm down.

The children in this study demonstrated a diverse and vibrant range of interests, many of
which reflected their unique personalities, developmental stages, and sensory preferences. These
interests, as reported by their parents who acted as proxies in the research process, provided

valuable insight into the kinds of activities that engaged and motivated them.
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Several children showed strong creative inclinations. Drawing, coloring, and crafting
with clay or building materials were common activities enjoyed by many, including Ann, Ken,
Reg, Roy, Anthony, Alfie, Greg, and Chris. These activities offered outlets for self-expression
and allowed the children to explore shapes, colors, and textures in ways that suited their
individual abilities. Music also emerged as a prominent interest, with some children enjoying
singing and dancing, often combining rhythm and movement in playful and joyful ways. Chris,
in particular, had a notable interest in digital art and photo editing, suggesting an early
appreciation for visual technology.

Physical and outdoor activities also held significant appeal. Children such as Ann, Alfie,
and Anthony were drawn to running, swimming, and biking. For example, Anthony’s mother
said: “He loves to go to the beach, he can stay in the pool for five hours straight. He likes to play
on the sand”. Playground activities, basketball, and skateboarding were other favorites that
encouraged movement and supported the development of coordination and social interaction
skills. These interests reflected a desire for exploration and sensory input that physical play
typically provided.

Cognitive and problem-solving activities such as puzzle-solving, tracing, cutting, and
stacking captured the attention of some learners, indicating emerging strengths in logical
thinking and fine motor skills. Alfie displayed notable memorization abilities, while Greg was
particularly drawn to design-related tasks. These interests reflected an inclination toward
structured challenges and task completion.

Pretend play revealed the children's imaginative capacities. Dolls, robots, stuffed animals,
and dramatic plays, such as pretending to be ghosts, were enjoyed by several learners. These

forms of symbolic play served as a window into how they made sense of the world around them
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and the roles they envisioned for themselves. Rex said: “After meals, they usually play, often

tinkering with their robots . Video games and digital play, particularly popular titles like

Roblox, Minecraft, and basketball-themed games, offered digital spaces for creativity, sensory

stimulation, and, at times, social engagement. Watching videos on platforms like YouTube and

enjoying familiar TV shows and characters (such as Blippi or Jollibee) provided comfort and

entertainment, with preferences often centered on vibrant visuals and catchy sounds.

Several children also exhibited a preference for sensory and relaxation activities. These

included listening to calming music, watching ASMR or breathing videos, and exploring textures

through playdough or Lego bricks. Such activities appeared to support emotional regulation,

reduce anxiety, and provide comfort during overstimulating or stressful moments.

Table 8

Interests of learners

Category

Interests

Children

Creative interests

Drawing and coloring

Ann, Ken, Greg, Chris

Clay molding and crafting

Ann, Reg, Roy, Anthony,
Alfie, Greg

Lego and building structures

Reg, Roy, Alfie, Greg

Music and singing

Reg, Roy, Ken, Chris

Dancing

Reg, Roy, Chris

playground

Digital arts and picture editing Chris

Running and chasing Ann, Alfie

Biking Anthony
Physical and outdoor gkgtek{oardlr:jg ving i Ken
activities winging and playing In the Ann

Swimming

Ken, Anthony, Alfie

Basketball

Anthony, Chris

Cognitive and
problem-solving
interests

Puzzle-solving

Ann, Anthony

Stacking toys and blocks

Alfie

Tracing, cutting, and designing

Greg
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Memorization

Alfie

Playdough, etc.)

Dolls and dollhouses Ann
Toy cars and robots Reg, Roy, Greg, Ken
Pretend play and toys | Building robots Reg, Roy
Stuffed toys and babying play Chris
Pretending to be a ghost Alfie
) Roblox and Subway Surf Ken
V_|d_eo games and Basketball mobile game Anthony
digital play - -
Minecraft and ASMR videos Greg
Cartoons (Bluey, Gregby’s Ann, Reg, Roy, Anthony,
. Dollhouse, Peppa Pig, Minions, etc.) | Alfie, Ken
Watching TV, YouTube brovl?/ging e?nd music : .
cartoons and videos Chris, Greg
YouTube - — —
Favprlte personalities (Blippi, Chris, Greg
Jollibee, Raffy Tulfo, etc.) ’
Listening to music and sounds Chris, Greg
sevsoryang | P SO VO BSUR. | crg
relaxation activities Exploring sensory t1extu.res (Lego
' Alfie, Greg

Altogether, these interests can be leveraged to design learning activities and life skills

interventions that align with what the children already find meaningful, enjoyable, and engaging.

Favorite games

The learners showed a diverse range of favorite games, reflecting their unique interests

and developmental needs. To determine activities and games that can be used as part of the

children’s positive reinforcement during their learning, parents were asked to list all their

children's favorite activities and games.

Many enjoyed physical activities, such as running and chasing, which were favorites for

Ann and Alfie. Ann also liked swinging and playing hide-and-seek, while Anthony enjoyed

biking and bowling, and Ken took pleasure in skateboarding. Basketball was popular with

Anthony and Chris, encouraging teamwork and coordination.

209




Building and stacking games captivated several children, with Reg, Roy, Greg, and Alfie
showing enthusiasm for playing with Lego and building robots. Alfie also enjoyed stacking toys
and blocks, which likely helped develop fine motor skills and spatial awareness.

Pretend play was another area of interest, with Ann engaging in doll and dollhouse play,
while Reg, Roy, Ken, and Greg preferred cars and other toy vehicles. Chris enjoyed babying a
stuffed toy, and Alfie expressed creativity by pretending to be a ghost, highlighting the
imaginative play that supports social and emotional growth.

Puzzle and strategy games attracted learners like Ann and Anthony, who enjoyed
working on puzzles, while Alfie liked memory games such as “what’s missing.” Greg showed
interest in Jenga, a game that challenges problem-solving and hand-eye coordination.

Digital and mobile games also featured prominently, especially for Ken and Greg. Ken
enjoyed popular games like Roblox and Subway Surfer, while Greg was fond of Minecratft,
ASMR videos, sensory-play apps, and mobile basketball games, integrating technology into their
play.

Sensory and interactive games engaged Greg and Chris, with Greg playing therapy ball
games and Chris enjoying interactive family games like “teddy bear-teddy bear” and “I have two
hands,” supporting sensory integration and social bonding.

Lastly, shopping and exploration games were favored by Greg, who enjoyed going to the
store, taking variety walks, and participating in grocery store role play, reflecting real-world

learning opportunities through play.
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Table 9

Favorite games of learners

Category Games Children

Running and chasing Ann, Alfie
Swinging Ann
Hide and seek Ann

Physical games Biking Anthony
Skateboarding Ken
Bowling Anthony
Basketball Anthony, Chris

Building and stacking
games

Playing with Lego and building robots

Reg, Roy, Greg,
Alfie

Stacking toys and blocks Alfie
Playing with dolls and dollhouses Ann
. . . Reg, Roy, Ken,
Pretend play games Playing with cars and toy vehicles Greg
Stuffed toy babying Chris
Pretending to be a ghost Alfie

Puzzle and strategy
games

Playing with puzzles

Ann, Anthony

Playing “what’s missing” (memory game)

Alfie

Jenga Greg
Roblox Ken
o . Subway Surf Ken
5;?;22' and mobile Minecraft Greg
ASMR videos and sensory play apps Greg
Mobile basketball game Anthony
$ensory_and L?E:Z%\Za:‘!agmairlgegames (e.g., teddy bear- Gre.g
Interactive games teddy bear, | have two hands) Chris
Shopping and Going to the store and variety walks Greg
exploration games Grocery store role play Greg

Together, these varied game preferences demonstrated how the learners engaged with

play that supported their physical, cognitive, social, and emotional development, and how these

games can also be effectively used as part of positive reinforcement strategies to encourage

desired behaviors and skills.
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Favorite foods

To support positive reinforcement strategies effectively, the learners' favorite foods were
identified and categorized. Many of the children showed a strong preference for protein and meat
dishes such as fried chicken, burger patties, hot dogs, and nuggets. These protein-rich foods,
enjoyed by Ann, Reg, Roy, Anthony, Alfie, Ken, Greg, and Chris, were important for growth
and development during childhood, providing essential amino acids for brain function and
muscle development. However, some of these options, especially fried and processed meats,
were less nutritious if consumed frequently and needed to be balanced with healthier alternatives.
Pasta and noodle dishes like spaghetti, carbonara, pancit canton, sotanghon, and Korean noodles
were also popular among Ann, Reg, Roy, Anthony, Ken, and Greg. While these carbohydrate-
rich meals provided much-needed energy for active children, they were often high in refined
carbohydrates and fats, requiring moderation to maintain a balanced diet.

Traditional rice-based and Filipino dishes, such as beef nilaga, sinigang, lugaw, arroz
caldo, tilapia, and galunggong, favored by Anthony, Ken, and Chris, tended to offer more
balanced nutrition through a mix of protein, vegetables, and carbohydrates. These culturally
familiar meals were both comforting and nourishing, which was particularly meaningful for
children with autism who often benefited from routine and familiar sensory experiences during
mealtimes.

Vegetables and healthy options, though less commonly selected, included pumpkin, a
nutrient-dense choice rich in vitamins and fiber, which Ann particularly enjoyed. Including such
options was critical given that many children with autism had restricted diets or sensory

sensitivities that limited their acceptance of diverse foods.
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Bread and baked goods, including bread, tuna sandwiches, pizza, and chocolate cake,

were liked by Reg, Roy, Greg, and Chris. While these foods provided quick energy and

enjoyment, they were also high in sugar and fat, so their consumption needed to be balanced with

more nutrient-dense choices.

Snack and finger foods such as French fries, eggs, sliced apples, matcha treats, and

seaweed appealed to Ann, Alfie, Greg, and Chris. These foods ranged widely in nutritional

value, from nutrient-rich eggs and apples to less nutritious fried items like French fries. For

children with autism, who often had selective eating habits, offering a variety of textures and

flavors in snacks helped gradually expand their diets.

Ken, Greg, and Chris favored beverages such as iced tea, hot chocolate, and Nestea juice.

While these drinks were enjoyable, they often contained added sugars, which needed to be

moderated to support overall health.

Table 10

Favorite food of learners

Category

Favorite Foods

Children

Protein and meat
dishes

Fried chicken, chicken, burger patties,
hotdog, nuggets

Ann, Reg, Roy, Anthony,
Alfie, Ken, Greg, Chris

Pasta and noodles

Spaghetti, Carbonara, Pancit Canton,
Sotanghon, Korean Noodles

Ann, Reg, Roy, Anthony,
Ken, Greg

Rice and Filipino
dishes

Rice, Beef Nilaga, Sinigang, Lugaw,
Arroz Caldo, Tilapia, Galunggong

Anthony, Ken, Chris

Vegetables and Pumpkin Ann

healthy options

Bread and baked | Bread, Tuna Sandwich, Pizza, Chocolate Reg, Roy, Greg, Chris
goods Cake

Snacks and finger
foods

French Fries, Egg, Sliced Apples, Matcha
Treats, Seaweed

Ann, Alfie, Greg, Chris

Beverages and
drinks

Iced Tea, Hot Chocolate, Nestea Juice

Ken, Greg, Chris
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Considering the unique sensory preferences and feeding challenges common among
children with autism, this detailed understanding of favorite foods helped caregivers and
educators select appropriate reinforcers that were both motivating and nutritionally supportive.
Incorporating more wholesome options alongside preferred treats encouraged healthier eating
habits, supported developmental needs, and maintained the children’s engagement in learning

activities.

Favorite cartoons and personalities

To further support positive reinforcement strategies, the learners' favorite cartoons and
personalities were identified, recognizing that these preferences could be powerful motivators.
Each child showed distinct interests, which were grouped into several categories.

Among the learners, superheroes and action-themed characters like Spiderman and
Superman were favorites for Reg and Roy, highlighting an affinity for adventurous and heroic
figures. Animal and fantasy shows such as Bluey, Gregby’s Dollhouse, and My L.ittle Pony
appealed to Ann, Reg, and Roy, indicating a fondness for imaginative and friendly animal
characters. For younger learners focused on early education, preschool, and learning shows like
Cocomelon, Ms. Rachel, and Blippi, Anthony and Greg preferred these shows, demonstrating
engagement with content designed to teach foundational skills.

Classic cartoons and comedy series, including Mickey and Friends, SpongeBob, Minions,
and We Bare Bears, were enjoyed by Ann and Ken, suggesting an appreciation for humor and
familiar animated personalities.

Adventure and vehicle-themed shows such as Lightning McQueen, Thomas and Friends,

and Tayo the Bus attracted Alfie and Greg, reflecting interests in travel, movement, and
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exploration. Additionally, animated and digital characters such as Angry Birds, 10 Indians, and
Dino the Dinosaur captivated Anthony and Alfie, illustrating their engagement with digital and
game-related media.

Lastly, some learners, notably Chris, showed preferences for TV personalities and hosts
such as Raffy Tulfo, Willie Revillame, Amy Perez, and Kris Aquino, indicating an interest in

popular figures known for their distinct personalities and media presence.

Table 11

Favorite cartoons and personalities of learners

Category Favorite Cartoons and Personalities Children
Superheroes and action Spiderman, Superman Reg, Roy
Bluey, Gregby"s Dpllhouse, My Little P(_)ny, Ann, Reg
Animal and fantasy C(_)comelon', Blippi, Apgry Birds, l_O Indians, Roy’ Ken’
Dino the Dmogagr, Mickey and Friends, Greé Alfie
Spongebob, Minions, We Bare Bears ’
Vehicles and adventure Lightning McQueen, Thomas and Friends, Alfie, Greg

Tayo the Bus
Miss Rachel, Raffy Tulfo, Willie Revillame, Chris,
Amy Perez, Kris Aquino Anthony

TV personalities and hosts

These varied preferences provide valuable insights for tailoring positive reinforcement
approaches, enabling caregivers and educators to use each child’s favorite cartoons and

personalities as effective motivational tools.

Needs and challenges of learners.

The needs and challenges of each child were identified to determine the areas requiring
the most support. Parents reported that emotional and behavioral difficulties were the primary
challenges their children faced. For instance, Rose Ann’s mother said, “The challenge that I face

is her behavior. She cannot control her madness. My family and | are more patient to understand
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her.” Similarly, Rex, the father of Reg and Roy, said: “They re very particular; if they want
something, they want it immediately. They have frequent tantrums, and calming them down can
be difficult. We have to keep our promises; otherwise, they will get disappointed”. These were
followed by challenges related to daily living and self-help skills, highlighting the importance of
fostering practical independence. For example, Rex said, “Bathing is the most challenging. They
tend to push each other and are hyperactive”.

Cognitive and attention difficulties were also prevalent. Some children, such as Ann and
Anthony, had difficulty improving sitting tolerance, while Ken and Greg found it difficult to
sustain focus and attention. For instance, Joy, who is Greg’s mother, said: “This is the biggest
challenge. When we stopped his therapy sessions, he regressed and wouldn 't focus on table
activities . Several learners, including Alfie, Anthony, and Ken, had trouble with tasks,
indicating the need for structured and scaffolded learning approaches tailored to their cognitive
processing abilities.

Communication and social interaction also presented additional challenges. Anthony
experienced difficulties in expressing needs and emotions, while Greg is facing difficulty
developing his language skills. On the other hand, Ken faced challenges in improving social
interactions, indicating the necessity of targeted interventions to develop communication and
social skills.

Most of the children face challenges in daily living and self-help. Ann and Alfie required
assistance with toileting and hygiene. Dressing independently was a challenge for Ann, Reg,
Roy, and Alfie, while bathing independently was difficult for Ann, Reg, Roy, and Anthony. For
instance, Rex, the father of Reg and Roy, said: “Bathing is the most challenging. They tend to

push each other and are hyperactive”.

216



Furthermore, Anthony and Chris needed support to eat properly and independently.

While learning to cook and prepare meals was a challenge for Ann, Anthony, Ken, and Alfie.

Cleaning and household chores also presented difficulties for Ann, Ken, and Alfie.

Emotional and behavioral challenges were commonly reported. Ann, Reg, Roy, Ken, and

Greg had difficulties managing frustration and meltdowns. Tantrums were particularly notable in

Reg and Roy, while Greg exhibited aggression and destructive behaviors, indicating a need for

behavioral management strategies.

Sensory and food-related challenges included picky eating among Reg, Roy, and Chris,

as well as sensory sensitivities, such as touch, experienced by Chris and Greg. These issues

require careful consideration to create supportive and comfortable learning environments.

Safety and awareness challenges were identified in Alfie, who lacked a sense of danger

and was prone to becoming lost easily, emphasizing the need for targeted safety interventions.

Finally, academic challenges were evident, with Anthony demonstrating difficulty

following instructions, suggesting that clear, consistent learning support was necessary.

Table 12

Challenges of learners

Category

Needs and challenges

Children

Cognitive and attention
challenges

Improving sitting tolerance

Ann, Anthony

Improving focus and attention
span

Ken, Greg

Learning multi-step tasks

Alfie, Anthony, Ken

Communication and
social challenges

Expressing needs and emotions

Anthony, Greg

Improving social interactions

Ken

Daily living and self-help
challenges

Toileting and hygiene

Ann, Alfie

Dressing independently

Ann, Reg, Roy, Alfie

Bathing independently

Ann, Reg, Roy, Anthony
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Eating properly and
independently

Anthony, Chris

Learning to cook and prepare
meals

Ann, Anthony, Ken, Alfie

Cleaning and household chores

Ann, Ken, Alfie

Emotional and behavioral
challenges

Managing frustration and
meltdowns

Ann, Reg, Roy, Ken, Greg

Controlling tantrums

Reg, Roy

Aggression and destructive
behaviors

Greg

Sensory and food-related

Picky eating

Reg, Roy, Chris

Sensory sensitivities (sound,

hallen .
chatienges touch, etc.) Chris, Greg
Safety and awareness Lacking a sense of danger Alfie
challenges Getting lost easily Alfie
Learning and academic EOIIO\INm_g 'nSt:l_JC“O”S - Anthony
challenges eveloping patience an Ken

perseverance

Overall, these diverse challenges highlighted the multifaceted support needs of learners
with severe autism to promote their development in daily living, social interaction, emotional

regulation, and academic skills.

Morning routine and needs

The morning routines of the learners were explored through their parents’ observations,
which could be beneficial to identify natural opportunities for embedding health-focused
interventions in their day-to-day routines. Most children followed a structured sequence of
activities to start their day, particularly those in special-needs classes. These routines typically
included waking up early, personal hygiene, eating breakfast, and preparing for school. For
instance, Ken and Alfie were noted to wake up early and begin their day promptly, while Alfie
sometimes engaged in play immediately after waking. Meanwhile, children not enrolled in

special-needs education had more flexible morning schedules. They often spent their time
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watching TV, using phones, or accompanying parents on errands, such as morning walks or

grocery trips.

Breakfast was an essential part of the morning routine for most learners, with children

such as Ann, Reg, Roy, Anthony, Ken, Greg, and Chris starting their day with them. Ken even

showed some independence by preparing his own meal. Hygiene practices varied among the

children: Ann, Reg, Roy, Ken, and Anthony regularly took baths or showers, while Chris

focused on brushing teeth and washing the face, and Anthony also managed toileting and

drinking water.

School preparation was another common aspect, involving activities such as dressing for

school and getting ready to leave, which were mainly carried out by Ann, Ken, Anthony, and

Alfie. Several children, including Ann, Reg, Roy, Anthony, and Alfie, were observed attending

school as part of their morning routine. Beyond these necessary tasks, some children engaged in

cognitive and creative activities, such as Ken drawing or pursuing artistic pursuits, and Ann

reading books. Physical activity was also incorporated, with Greg often going for a morning

walk to the store.

Table 13

Morning routine and needs of learners

Category Morning Routine Activities Children
:/r\]lslég];? up early and starting Ken, Alfie
W?k!?.g up and morning Playing immediately after Alfie
activities waking up
Watching TV or using a phone | Ken, Chris

Preparing meals and
breakfast

Having breakfast

Ann, Reg, Roy, Anthony, Ken,
Greg, Chris

Preparing own meal before
eating

Ken
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Taking a bath/shower Ann, Reg, Roy, Ken, Anthony
Brushing teeth and washing Chris
Hygiene and grooming face
Going to the toilet and
drinking water Anthony
Getting dressed for school Ann, Ken, Anthony, Alfie
Preparing for school Preparing for school Alfie
Going to school Ann, Reg, Roy, Anthony, Alfie
. . Drawing or engaging in
;:C(?[ig\:]ilttile\;e and creative artistic activities Ken
Reading books Ann
. o Going for a morning walk to
Physical activities the store Greg

Overall, the morning routines reflected both structured and flexible elements tailored to
each child’s schooling and individual preferences, highlighting areas where health and life skills

interventions could be integrated seamlessly.

Afternoon routines and needs

The children's afternoon routines were generally more relaxed than the structured
activities earlier in the day, allowing them ample time to engage in play and leisure immediately
after lunch. Most children participated in having lunch together, with Anthony demonstrating the
ability to eat independently. Playtime was a significant part of their afternoons and took various
forms: Ann, Reg, and Roy often played with siblings or family members, while many children
enjoyed playing with toys such as cars, dolls, and robots. Outdoor play was also common,
especially for Ann and Alfie, who engaged in activities like running, swinging, and chasing.

Some children preferred screen time in the afternoon, with Ken and Greg watching TV or

YouTube, while others, like Anthony, Greg, and Ken, played mobile games. Hygiene routines
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such as bathing or showering were part of the afternoon schedule for Ann, Reg, and Roy, and a

few children, including Reg, Roy, and Ken, took naps.

Therapeutic and learning activities were integrated into the afternoon routine for some

learners. Alfie attended therapy sessions, while Greg participated in table activities to enhance

focus and skills development. Additionally, Greg was involved in errands, such as walking to the

variety store and grocery shopping, multiple times a week, indicating some participation in

family routines outside the home.

Table 14

Afternoon routine and needs of learners

Play and leisure activities

members

Category Afternoon Routine Activities Children
i Ann, Reg, Roy,
Lunch Having lunch Anthony, Ken
Eating lunch on their own Anthony
Playing with siblings or family Ann, Reg, Roy

Playing with toys (cars, dolls,
robots, etc.)

Ann, Reg, Roy, Greg

Outdoor play (running, swinging,
chasing)

Ann, Alfie

Playing mobile games

Anthony, Greg, Ken

Watching TV or YouTube

Ken, Greg

. Taking a bath/shower Ann, Reg, Roy

Shower and taking a nap Taking anap Reg, Roy, Ken
. Attending therapy sessions Alfie
Learning and therapy Doing table activities Greg
Errands and outdoor Walking to the variety store Greg
activities Grocery shopping (3x a week) Greg

Overall, the afternoon routines reflected a balance of rest, play, learning, and family

involvement tailored to each individual’s needs.
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Evening routines and needs

Evenings for the learners generally revolved around winding down after the day, focusing
on dinner, relaxation, and preparing for sleep. Most children had dinner as a central part of their
evening, with Ann, Reg, Roy, Anthony, Ken, Greg, Alfie, and Chris regularly eating together.
Alfie sometimes ate dinner again when a parent arrived home, highlighting the importance of
family presence in the routine.

Relaxation and play remained important, with several children, notably Ann, Ken, Greg,
and Chris, engaging in activities such as watching TV or YouTube. Playtime also included more
tactile or interactive experiences, such as Greg and Alfie playing with toys, Ken and Greg
enjoying mobile games, and Anthony spending time with pets, specifically cats. These varied
activities catered to the children’s need for both stimulation and comfort in the evening.

Learning activities were less frequent but still present, with Ann dedicating time to school
assignments in the evening. The transition to bedtime was marked by a range of preparatory
habits: Reg and Roy prepared their beds, Chris practiced brushing his teeth and washing his face,
and Greg listened to calming sounds to ease into sleep. Alfie actively prepared for sleep, though
some children, including Alfie, Greg, and Chris, tended to go to bed late, often after 10:30 PM to
midnight.

Table 15

Evening routine and of learners

Category Evening Routine Activities Children
. . Ann, Reg, Roy, Anthony, Ken, Greg,
Dinner and Having dinner Alfie, Chris
evening snacks Eating dinner again when a Alfie
parent arrives
. Watching TV or YouTube Ann, Ken, Greg, Chris
Relaxation and v - .
play Playing with toys Greg, Alfie
Playing with mobile games Ken, Greg
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Playing with pets (cats) Anthony
Learning Doing school assignments Ann
Preparing the bed Reg, Roy
Brushing teeth and washing face | Chris
Listening to calming sounds

Bedtime Greg
preparation before bed _

Getting ready for sleep Alfie

'Sa\lﬁ/tle;)mg late (after 10:30-12:00 Alfie, Greg, Chris

Overall, the evening routines illustrated a balance of nourishment, relaxation, play, and
learning, all framed by personalized habits that helped each child move smoothly toward rest,

while also reflecting family dynamics and individual preferences.

Findings from workstream 3: Iterative design and development

Based on the capabilities, interests, needs, and challenges identified in the qualitative
survey and parent interviews, the user persona of a learner with autism was updated.
Updated user persona of learners

The updated persona integrated key aspects of the background, behavior, routines,
challenges, and capabilities of factual learners who participated in the study, as reported by their
parents. This comprehensive user persona was developed to represent learners’ experiences and

was instrumental in guiding and refining subsequent designs for the digital health solution.
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Figure 11

Updated learner user persona

Jaden Miguel Santos

Age: 7 Education:  SNED; Occupational & Speech Therapy
Diagnosis ~ Severe Autism Location: Quezon City, Philippines
Background

Jaden is a creative, active, and curious child who enjoyed activities like drawing, building with LEGO,
and imaginative play. Despite challenges with sitting tolerance, managing meltdowns, and

Jaden was steadily in acquiring life skills such as toileting, dressing,
and following instructions. His support network included teachers, therapists, and his family, who
were integral to his developmental journey.

Behavior & Habits Pain Points & Frustrations
Daily Routine: * Low tolerance for frustration leading to
Morning: meltdowns or shouting.
+ Wakes up early and plays with clay, draw, or watch -+ Difficulty with transitions between activities
cartoons before starting his day. or unfamiliar environments.
+ Eats breakfast and prepares for school with * Limited sitting tolerance, which impacts
J A D E N support from his mom. participation in longer activities.
+ Attends a class for children with special needs, * Picky eating and aversions to certain
THE JOYFUL EXPLORER within a publicly funded school textures or foods.
Non Graded Transition - Afternoon: + Challenges in recognizing danger or
Special Needs Education + After lunch, he watches his favorite cartoon show, igatil iar spaces

and then takes a nap.
Upon waking up, he engages in structured tasks Needs & Goals
such as playing with lego and drawing; or practice

daily living skills, like preparing his afternoon Short-Term Needs:
snack.

(4

+ Tools to regulate emotions, such as calming
During weekends, his father takes him out to exercises or sensory-friendly activities.
enjoy outdoor play like running, swinging, or

Visual schedules to provide structure and

biking. predictability.
Evening: « Interactive tools for learning self-care tasks
PERSONALITY + Once his father gets home, he eats his dinner with like dressing and bathing.

family, watches TV, and completes any simple Long-Term Goals:

CURIOUS § PLAYFUL Jf PERSISTENT schoolwork or practice tasks. + Improved independence in daily living skills,

+ He then prepares for bed with assistance of his

such as cooking, cleaning, and managing
SENSITIVE | ROUTINE ORIENTED mother and falls asleep while listening to calming personal hygiene.

music or favorite stories.

+ Enhanced communication skills, using
AFFECTIONATE it ot
_ Social Interaction: speech or augmentative communication
* Prefers structured interactions with close family tools.
members and teachers, + Greater ability to manage frustration and
INTERESTS + Finds comfort in predictable routines and visual adapt to new situations.
cues.

CREATIVE ACTIVITIES |l SENSORY PLAY
and difficulty understanding social cues, though
TECHNOLOGY § OUTDOOR EXPLORATION non-verbal methods like hand leading or picture

exchange communication system are effective.

Challenges include limited verbal communication

SIC
Main Motivations

FAVORITE GAMES + Enjoyment of engaging activities like drawing, building, and imaginative play.
+ Positive reinforcement through gamified rewards, cheering characters, or stickers.
PUZZLES INTERACTIVE APPS + Connection with favorite characters from cartoons or shows, which spark joy and motivation to

learn.
WATER PLAY Nl BUILDING BLOCKS + A desire for security and comfort found in familiar routines, people, and environments.
PHYSICAL GAMES | HIDE & SEEK | Key Insigths

Thrives with visual supports, such as step-by-step guides, social stories, or video modeling.
Gamified learning and task his favorite or themes, is highly
effective.

SNACKS COMFORT FOOD + Parent and teacher collaboration is essential to ensure consistency across home and school
environments.
TREATS SOFT & SMOOTH FOODS Emotional regulation tools, like breathing exercises or calming music, help reduce meltdowns and

improve focus.
?Eﬁﬁ:ﬁ:ﬁg‘;’;‘s FLAVORED OR * Digitalinterventions, tailored fo iterests,can make leaning and skill acquisition more engaging
and sustainable.

FAVORITE CARTOON CHARACTERS

FAVORITE FOOD

R A0 i E y (i
Bluey Spongebob Cocomelon Spiderman Paw Patrol Sesame Street
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Jaden Miguel Santos is a vibrant and imaginative 7-year-old boy from Quezon City,
Philippines, who is currently enrolled in a special needs education class and receives
occupational and speech therapy to support his development. Diagnosed with severe autism,
Jaden navigated daily life with curiosity and creativity, finding joy in drawing, building with
LEGO, and engaging in imaginative play. Despite facing challenges with sitting tolerance,
emotional regulation, and communication, he was steadily making progress in acquiring essential
life skills such as toileting, dressing, and following instructions.

Jaden’s daily routine reflected a balance of structured activities and play that catered to
his needs and interests. Mornings often begin early with calming, preferred activities like clay
modeling, drawing, or watching his favorite cartoons, including Bluey, SpongeBob, Cocomelon,
Spider-Man, Paw Patrol, and Sesame Street. With the support of his family, teachers, and
therapists, he prepared for school or therapy sessions, during which he worked on
communication and daily living skills. Afternoons offer opportunities for outdoor play, running,
swinging, biking, and quieter, structured tasks such as puzzles and building blocks. Evenings
were spent with his family enjoying dinner, watching TV, and completing simple homework or
practice tasks before bedtime, when he finds comfort in calming music or stories.

Socially, Jaden preferred predictable and structured interactions primarily with close
family members and familiar therapists. He benefited greatly from visual supports such as step-
by-step guides, social stories, and the picture exchange communication system to communicate
his needs and understand his environment. He experienced frustration due to limited verbal skills
and difficulty with transitions, which sometimes led to outbursts or shouting. His limited
tolerance for sitting and challenges with sensory sensitivities, especially with certain food

textures and strong flavors, require thoughtful accommodations.
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Jaden thrived when provided with consistent routines, visual schedules, and interactive,
gamified learning tools that incorporate his favorite characters and themes. These digital and
sensory-friendly interventions helped him regulate emotions, maintain focus, and stay motivated.
His short-term needs focused on tools for emotional regulation and learning self-care tasks. At
the same time, his long-term goals emphasize independence in daily living, improved
communication, and better adaptation to new situations.

The collaboration among Jaden’s family, teachers, and therapists was vital in creating a
cohesive, supportive environment that fosters his growth and nurtures his affectionate, sensitive
personality. Through a combination of creative activities, sensory play, technology, and outdoor
exploration, Jaden continues his journey as a joyful explorer, making steady strides towards

greater independence and well-being.

RQ 2: What are the challenges and needs of parents and teachers in teaching life skills to
learners with moderate to severe ASD

To determine the needs and challenges of parents and teachers, the same workstreams
were executed using an incremental and iterative approach. The first workstream conducted
preliminary design ideation through a literature review, while the second workstream focused on
primary data collection via qualitative surveys and interviews. The third workstream synthesized
both secondary and primary data to develop parent and teacher user personas, which guided the
ideation of features, processes, and designs for a digital health solution to support the life skills

development of learners with moderate to severe ASD autism.
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Findings from workstream 1: literature review research and design thinking

In the second workstream, parent challenges related to life skills development were
informed by the literature review and presented as an empathy map and user persona, following
the design thinking framework.
Empathy map of parents

The empathy map below shows what parents typically see, hear, think, feel, and say, as

well as what they do. It also showed their goals, pain points, and demographics.

Figure 12

Parent empathy map

Empathy Map: Parents of Children with Severe Autism
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User persona of parents

From the empathy map, a user persona was created. The user persona below was used as
a guide to envision and design a universal user interface and experience for parents of children,
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and to determine the capabilities they would need to teach their child at home, track their
progress, and collaborate with educators.

Figure 13

Parent user persona

Empathy map of teachers

The same ideation and design process was also applied to the teachers, resulting in an
empathy map based on a literature review. The empathy map describes basic demographic
information, what they typically see, hear, say, and do, along with what they think and feel. Their

goals and pain points were also identified.
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Figure 14

Teacher empathy map

Empathy Map: Teachers of Students with Severe Autism
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User persona of teachers
Based on the empathy map, the initial user persona for the teacher was created, which

served as the basis for user interface and experience design. The user persona below was also

Teaching
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Master's
Degree in
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Students facing
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used to determine the capabilities needed to teach life skills to children using digital technology,

teach parents how to continue their children’s learning at home, and build ongoing

communication with parents.
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Figure 15

Teacher user persona

Findings from Workstream 2: qualitative surveys and interviews
Similar to the approach used with children, qualitative surveys and interviews were
conducted with parents and teachers, with a particular focus on their backgrounds, experiences,

and challenges.
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Parent demographics.

Understanding the demographic profile of primary caregivers provided context for
interpreting their caregiving experiences, needs, and challenges in supporting children with
autism. This section presented an overview of the age, marital status, educational attainment,
professional background, and household income of participating parents.

Age of parents

The primary caregivers of children with autism in this study represent a diverse
demographic profile. Most parents fell within the age range of 31 to 40 years old, indicating a
relatively young-to-mid-aged group actively engaged in caregiving. A notable portion were in
their 40s, with one caregiver identified as a senior, aged between 61 and 70 years, reflecting a
broad age span among those responsible for daily care.

Figure 16

Age of parents
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Marital status of parents

In terms of marital status, most primary caregivers were married, highlighting a
traditional family structure in many cases. Additionally, two caregivers were in common-law
relationships, and one was separated, highlighting some variation in family dynamics among
participants.
Figure 17

Marital status of parents

Marital Status

m Separated = Maried = CommonLlaw

Educational attainment of parents

Regarding educational background, the majority of parents have completed college
education, suggesting a generally high level of formal education among caregivers. However,
there were instances of varied education and varying educational attainment: one parent had
completed only high school, another had not completed a college degree, and one parent had

pursued a master’s degree but had not yet completed it.
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Figure 18

Educational attainment of parents

Education

P.

m Highschool graduate = College undergraduate m College graduate = Mastersundergraduate

Profession of parents

The professions of these caregivers were diverse. Some work in the private sector, while
others were self-employed or full-time homemakers, indicating a range of occupational roles and
commitments. There was also representation from the local government workforce,

demonstrating involvement across different employment sectors.
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Figure 19

Parents’ profession

Profession

m Housewife  m Private Employee s Government Employee m Self Employed

Annual household income

Household income varied among participants, with the average annual household income
reported between CAD 6,000 and 12,000 (approximately PHP 240,000 and 480,000). This
income range fell below the national average for Filipino households, and it was more closely
aligned with the lower-income bracket, particularly in urban areas with significantly higher

living costs.
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Figure 20

Annual household income

Annual Household Income

m Not provided = PHP210,000- 23,9000 = PHP240,000- 480,000

Parenting styles.

Parenting approaches identified among the participants can be broadly categorized into
three interconnected styles: nurturing and proactive, structured and routine-based, and interest-
driven and adaptive. These styles reflected the parents’ efforts to respond to their child’s
individual needs, maintain stability in daily life, and leverage personal interests as developmental
opportunities. While unique circumstances shaped each parent’s approach, these three styles
offered insight into the diverse strategies used to support children with autism in home
environments.

The nurturing and proactive parenting style revealed a deep commitment to
understanding, supporting, and advocating for their children’s unique needs. Lyane demonstrated
a responsive, emotionally attuned approach, actively engaging with her son, Chris, and
continuously adapting to his behaviors and preferences. Her involvement reflected a hands-on

parenting style grounded in care and attentiveness. She said:
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“My son taught himself to speak by breaking phone messages into song lyrics, with the
aid of a computer mouse. He learns to do things by observing his dad and me. His
teacher keeps on repeating words and explaining the concepts and meanings. He stores
them in his mind. We would just be surprised when, one day, he would use the word
appropriately. The key is acceptance and love. He grows in knowledge if he feels loved
and accepted”.

Edward fostered independence in his child, Ken, by encouraging self-care routines such
as cooking and hygiene, nurturing autonomy while remaining closely involved. His approach
revealed both trust and support, empowering his child while maintaining a reassuring presence.
Similarly, Rex emphasized shared responsibility, working collaboratively with his wife to
maintain a balanced caregiving dynamic. His nurturing style was rooted in partnership and
teamwork, ensuring that caregiving decisions are made with mutual understanding and emotional
support.

Rose actively sought solutions and worked closely with the extended family to provide
consistent care. Her efforts reflected a deep desire to meet her child’s needs, even in the face of
behavioral challenges. She demonstrated emotional investment by remaining engaged and open
to trying new approaches. Similarly, Donna managed the dual pressures of work and caregiving
with perseverance, relying on her sister for support while staying involved and attentive to her
child’s needs. Her ability to maintain emotional engagement amid competing responsibilities
reveals a quiet but strong form of nurturing. Joy’s full-time dedication to her son’s development
showed a profound emotional commitment. Her caregiving is defined by presence, sacrifice, and

an unwavering focus on her child’s growth.
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Amy, on the other hand, exemplified proactive parenting through her continuous search
for evidence-based strategies and alignment between home and school practices. Her dedication
to applying research to her daily routines highlights a thoughtful, intentional caregiving style.

Together, these parents exemplified diverse expressions of nurturing and proactive
parenting, marked by emotional sensitivity, perseverance, and a continuous drive to support their

children in ways that are grounded in love, knowledge, and advocacy.

Parents also believed that following a structured routine and being firm about adhering to
it is essential for the learning of children with autism, as they thrive on performing a set of daily
activities. A structured, routine-based style for them involves setting up a schedule of activities
that children need to follow daily, and most parents strive to have their children follow it. For
instance, Edward said:

“It’s essential to be consistent with the routines and instructions. Using simple, clear

methods, such as video modeling or fun, interactive apps, could really make a difference.

Just giving them the tools to succeed and helping them grow at their own pace is key. ”

In terms of interest-driven and adaptive parenting, each parent tailored their approach to
their child’s preferences, strengths, and evolving needs. Interest-driven and adaptive parenting
style leverages students’ natural inclinations to teach them life skills, such as music, the arts,
food, educational games, and travel. Lyane, for example, creatively incorporated Chris’s love
for pop music and artistic expression into daily interactions, using these as motivating tools to
keep him engaged and emotionally regulated. For instance, she said:

“He would benefit greatly from more outdoor activities that align with his interests and

stimulate his senses in enjoyable ways. For instance, going to the mall provides
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opportunities for social exposure, navigating public spaces, and practicing real-world

routines in a familiar yet stimulating environment. Attending a music concert, especially

one featuring pop music, which he genuinely enjoys, could be particularly meaningful for
him. His natural response to music, such as dancing and showing excitement, indicates
that musical settings are highly engaging and motivating. ”

Edward also embraced his child’s interests, such as drawing and cooking, to foster
autonomy and learning, seamlessly blending these preferred activities into his everyday routines.
Rex took a practical and motivational approach by using outings and rewards as learning
opportunities, recognizing that adaptive strategies rooted in positive reinforcement can be highly
effective. Rose showed willingness to continuously adjust and experiment with new
interventions as her child’s challenges shift, reflecting an open and responsive attitude toward
evolving needs. Amy’s parenting style stood out for being both strategic and highly
individualized; she customized her approaches to match her child’s developmental profile,
aiming for meaningful progress through tailored support. Meanwhile, Donna demonstrated
flexibility out of necessity, juggling work and caregiving demands means adapting her strategies
in real time, often relying on support from her sister to implement changes. Joy, whose full-time
caregiving role anchors her routine, engaged her son through interest-based play such as Lego
building and sensory games, which serve both as developmental tools and as emotional
connection points.

Collectively, these parents illustrated a spectrum of adaptive parenting practices that
harnessed their children’s interests as entry points for learning, communication, and daily
functioning, showing how attentiveness to personal preferences can create meaningful,

individualized pathways to development. Some parents also adapted their parenting styles to

238



support the intervention or therapy that is being provided to their child. For instance, Edward
said:
“What I'm saying is also based on what the doctor told us. When you have a child like
that, you really need to study and understand them, almost like you have to master how
they think and behave. But I'm not an expert; I do what I can, based on what |
understand. I try to apply whatever makes sense for my child. Over time, it becomes more

natural to understand children with autism”.

Across caregivers, behavioral management emerged as a central concern, with each
parent approaching it based on their capacities, experiences, and available support. Most parents
faced difficulty managing challenging behaviors such as tantrums, meltdowns, aggression, and
other difficult behaviors arising from sensory sensitivities. For example, Ray said:

“They 're very particular;, if they want something, they want it immediately. They have

frequent tantrums, and calming them down can be difficult. We have to keep our

promises; otherwise, they will be disappointed”.

Lyane took a sensory-aware approach, carefully managing Chris’s environment by
minimizing exposure to triggers like bright lights and loud noises. Similarly, Edward emphasized
maintaining calm settings to prevent meltdowns, using Ken’s interest in drawing and cooking to
redirect attention when needed. Rex demonstrated a more adaptive style, working with his wife
to balance caregiving and adjust routines to manage tantrums better. Rose, despite being
collaborative and open to trying new interventions, continued to face difficulties with her child’s
self-regulation and behavioral challenges, reflecting the ongoing complexities of managing

autism-related behaviors at home. Amy, on the other hand, leaned on evidence-based strategies
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and ensured consistency across school and home settings, taking on behavioral management

largely on her own. Donna’s situation revealed the strain of managing behavior while juggling

work. However, with her sister’s help, she maintains structure; she still expresses a need for

support in consistently monitoring and managing behaviors cohesively. Joy, who was deeply

committed to her son’s development, struggled with managing aggression and emotional

regulation, often facing these challenges alone due to her full-time caregiving responsibilities.

These varied experiences emphasized the need for tailored behavioral supports that align with

each family’s context, capabilities, and emotional bandwidth.

Table 16

Parenting styles

Parent . . Structured and Interest-driven and
Nurturing and proactive . :
name routine-based adaptive
Lvane Actively engaged and Adjusted routines based | Used Chris’s love for pop
y adapted to Chris’s needs on mood music and creative activities
Encouraggd Ken s Firm and consistent in [ Used Ken’s interests
Edward | autonomy in cooking and . . .
hvai routines (drawing, cooking)
ygiene
C(?Ilaboratlve with his Relied on structured Used outings and rewards to
Rex wife for balanced . .
L routines encourage learning
caregiving
Sought solutions and Ensured consistent care | #\0aPted to her childs
Rose . . challenges with new
collaborated with family and structure ) i
interventions
o . Ensured consistency Used customized
Proactive in seeking
Amy : . between school and approaches based on
evidence-based strategies
home developmental needs
Balanced work and Ma'?“a'”e‘?' Strl.JCtUEEd Flexible and adaptive due to
Donna . i v routines with sister’s .
caregiving responsibilities help work constraints
. Managed strict
Joy Full’y dedicated to her schedules due to full- Used play (Lego, sensory
son’s growth ) - games) to engage Greg
time caregiving
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Pain points.

The narratives of the seven parents, Lyane, Edward, Rex, Rose, Amy, Donna, and Joy,
paint a vivid and multifaceted picture of the lived realities of caregiving for children with
moderate-to-severe autism. While each parent faced distinct challenges, their stories were
interwoven by common themes of emotional exhaustion, limited systemic support, and the
continuous search for accessible educational tools and interventions.

Parents' pain points were driven by the challenges their children faced and their effects on
their overall well-being and ability to cope. Most parents found it challenging to manage difficult
behaviors and sensory sensitivities. In addition, the lack of personal time added to their fatigue
and poor work-life balance. Financial difficulty due to limited resources and high cost of therapy
and specialized education was another major concern, and the lack of financial support from the
national government further exacerbates their situation. Parents also experienced limited support
from their families and communities. Although extended family members tried their best to help,
they were also limited by their time and resources. Parents also expressed a lack of support and
tools to help them teach basic life skills to their children, manage their children’s behaviors, and

implement basic interventions on their own.
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Table 17

Pain points
. . Financial Limited
Behavioral Caregiving constraints support Educational
Parent | challenges fatigue and - PP )
- and limited system and and learning
TS | Ele) Sy el sillic access to communit challenges
sensitivities balance : \ y 9
services involvement
Managing Limited .
sensory Physical and resources for !\Io direct Needed_ tools
o . - involvement for hygiene,
Lyane | sensitivities [ emotional Chris’s from familv in | eating and
(noise, bright | fatigue transition to dailv care y chorgs
lights) adulthood y
Managing No time for High therapy Occasionally Needed
meltdowns : ) structured
Edward personal and special assisted by ;
and - . : routines and
. activities education costs | relatives :
frustration learning tools
Frequent .
tantrums, Balancing Limited access | Relies on tset;gﬁ%ecii\?:th
Rex difficulty work, family, | to specialized grandfather for icning It
. . L2 : skills (bathing,
with routine | and caregiving | education help .
eating)
changes
Severe
behavioral Struaales to Relies on Needed
issues 99 High financial | extended behavioral
Rose : balance . .
require T strain family for management
. responsibilities - ;
ongoing caregiving strategies
intervention
Constant Needed
Handles .
effort needed L Lacks access to . professional
caregiving . . No family .
Amy to manage . financial/comm guidance for
. alone with no N support
behavioral unity aid home
) support : :
issues interventions
Child Needed
X Hard to find a | Needs financial | . . structured
required . - Sister provides | .
Donna job that allows | stability for interventions
constant - oA support .
- flexibility caregiving and skill-
monitoring e
building
Managl_ng No personal Struggled to . Needec_zl
aggression . . Relied only on | strategies for
time, struggles | afford therapies ! .
Joy and . ] occasional communication
. with 24/7 and caregiving | .. )
destructive careqivin hel financial help | and
behaviors giving P independence
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Lyane navigated the complexities of raising Chris, who had severe autism and
pronounced sensory sensitivities to stimuli such as noise and bright lights. She was also worried
about Chris's future, particularly his transition into adulthood, given the scarcity of existing
services and resources. She expressed the need for digital tools and supports to help Chris build
foundational life skills, especially in hygiene, eating, and household chores, which are difficult to
teach without structured guidance. She said:

“In my child’s learning, I believe it is important to prioritize developing compliance with

daily routines and establishing regular eating habits. Currently, some of the most

pressing challenges my child is facing include difficulties with hygiene and maintaining
healthy nutrition, which I feel should be addressed as soon as possible. One aspect of my
child’s daily routine that I would like to change is the tendency to scatter clothes, toys,
and food, which disrupts order and makes it harder to maintain a clean, structured
environment. Looking ahead, my aspiration is for him to learn practical and employable

skills, such as folding linens and making a bed, so that he can one day become part of a

housekeeping team in an inn or hotel, allowing him to live with dignity and contribute

meaningfully to society”.

Edward’s daily life was shaped by the need to closely manage Ken’s day-to-day activities
due to his severe autism. This left little time or space for personal care or leisure, contributing to
chronic caregiving fatigue. Despite occasional help from relatives, the high cost of therapies and
special education programs limits the consistency and quality of interventions available. Edward
expressed a need for an app that would help his son manage his daily activities and behavioral

challenges. He said:
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“I think having more structured tools or a clearer plan for daily tasks would help. Apps
that could guide him through tasks or help him manage his emotions would be useful,
especially if tailored to his interests. If I had more resources to help with that, | think it
would make managing his behavior and learning easier. He's learning, but having
support would definitely make things smoother for both of us”.

Rex, another parent, also struggled with his child’s frequent tantrums and a strong
resistance to changes in routines. These behavioral issues are particularly difficult to manage
alongside the demands of full-time work and family responsibilities. Rex has limited access to
specialized educational services and leans on his child's grandfather for intermittent support. He
also needs help teaching life skills; basic tasks such as bathing and eating remain difficult to
instill without structured, engaging tools tailored to his child’s needs. He said:

“Bathing is the most challenging. They tend to push each other and are hyperactive. One

of them is also a picky eater, and they have very different personalities; one is quite

talkative, while the other is quieter”.

For Rose, the intensity of her child’s behavioral issues demanded continuous monitoring
and frequent intervention, often at the cost of her own well-being. Balancing caregiving with
other household and personal responsibilities has become a daily struggle, compounded by a
heavy financial burden. She relied on members of her extended family to assist with caregiving
duties. Rose urgently needed behavior management strategies and practical tools for use at home
to support her child’s development while alleviating some of the constant demands placed on
her.

Amy, as a full-time housewife, was mainly responsible for managing her child's ongoing

behavioral challenges. Without access to financial or community-based assistance, the demands
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of caregiving were unrelenting. What Amy most needed was professional guidance, intervention
plans, and skill-building activities that could be implemented at home to reduce stress and
promote her child’s autonomy.

Donna’s child required constant supervision, and she relied heavily on her sister to care
for him so she could work full-time. Donna expressed a strong need for structured interventions
and skill-building programs that can reduce her child's dependence and open space for her to
regain balance in her personal and professional life.

Lastly, Joy managed the dual challenges of her child’s behavior while providing round-
the-clock care and working full-time. With no consistent access to professional caregivers, Joy
was left emotionally and physically exhausted. Her core need was to find effective strategies to
enhance her child’s communication skills and foster independence.

Taken together, these narratives expressed intersecting dimensions of behavioral,
emotional, social, and financial strain experienced by caregivers of children with moderate to
severe autism. The lack of reliable support systems and the limited accessibility of affordable
educational and therapeutic resources deepen their vulnerability. What emerged clearly was the
urgent need for holistic, accessible, and customizable interventions that not only address
learners’ educational needs but also help caregivers regain a sense of agency, support, and

balance in their lives.

Needs and goals.
The needs and goals of parents were a combination of what they hope their children to
achieve and what they aspire to gain. Most parents aimed to give their child a certain degree of

autonomy by teaching basic life skills such as hygiene, self-care, emotion regulation, and simple
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household tasks. The limited support from the national government was another gap that caused

parents to experience financial strain to afford education and therapies, which must be paid out

of pocket. There were also no programs to transition child-adult individuals with autism so they

can improve their self-determination and achieve some sense of autonomy, learn vocational

skills, or learn to live with minimal supervision. There was also no work accommodation given

to parents of children with special needs, despite the importance of providing hands-on care to

them. Parents also called for the need to take care of their well-being through emotional and

social support, more help from their extended family, and for establishing a support system to

help them balance a full-time job and caregiving.

Table 18

Needs and goals

o1 . . Parental well- | Educationa Future
Parent el FUTEERYElie being and | and readiness and
independence | government g . .
name : . support behavioral vocational
and life skills support X
system support skills
. Accessible Rest, self-care, TO.OIS fo_r Equ child
Hygiene, > daily living | with
Lyane > programs for spiritual )
eating, chores o skill- employable
adult transition | support - .
building skills
. Structured
Cooking, . Increased
. Needed more Stronger family | tools for )
Edward | hygiene, . . collaboration
income sources | support system | learning :
autonomy : with educators
routines
Bathing, Limited access | Balance Assistance Improve_d_
. - T . with adaptability to
Rex dressing, to specialized caregiving with .
. . behavioral new
eating education work .
management | environments
Eating, . . .| More Strategies Community
> Financial strain . g . )
Rose dressing, . . collaboration for behavior | integration for
. in therapies . . )
routines with family management | child
Self- Needed Professional | Maximize
. . No extended . s )
Amy regulation, community and . behavioral child’s learning
. . o family support : .
independence | financial aid strategies potential
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Support for

Skill-building | Flexible work | Emotional and | structured | -ong-term
Donna . o . . : continuous
and routines opportunities social support | intervention learni
s earning
Needs Managing
0 Communicatio additional Struggles with [ aggression | Help child
y n, toileting . 24/7 caregiving | and daily discover talents
income
structure

Lyane focused on building her child Chris’s independence through hygiene routines,

eating, and basic chores. She emphasized the importance of having accessible programs to

support Chris’s transition into adulthood, indicating past concerns about the lack of structured

post-school services. For her own well-being, Lyane sought rest and self-care and drew strength

from spiritual support. She had needed practical tools to support Chris’s daily living skills and

ultimately hoped to equip him with employable abilities so he could participate meaningfully in

the workforce. She said:

“The care and education of my child is primarily shared between my husband and me,

with our extended family offering emotional support and prayers. My child requires a

high level of supervision, approximately 80% of the time, which places significant

demands on our daily lives. As a result, my husband and I struggle with fatigue, and I

have periods of depression. To cope, | believe that rest, self-care, and maintaining a

strong spiritual life are essential for our well-being. In terms of government support, |

hope to receive assistance that includes pre-vocational education, programs that support

the transition to adulthood and independent living, and access to home facilities or

dormitories staffed with special education teachers who can provide continued support

for adults with autism”.

Edward prioritized teaching his child cooking, hygiene, and general autonomy. He

recognized the financial strain caregiving imposed and noted the need for additional sources of
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income. Edward also emphasized the importance of a stronger family support system for sharing
caregiving responsibilities. He had sought structured tools to teach routines and life skills and
hoped for increased collaboration with educators to ensure consistent, goal-oriented support for
his child’s independence.

Rex had worked with his child to develop basic self-care skills such as bathing, dressing,
and eating. He expressed concern about limited access to specialized education options, which
had restricted his child’s learning opportunities. Rex faced ongoing challenges balancing
caregiving with work responsibilities and had highlighted the need for external support. He had
sought assistance in managing behavioral challenges and aspired to help his child become more
adaptable in new environments, an essential skill for future transitions. He said:

“If there were a resource designed for my children’s learning and therapy, I would want

it to focus on building their character and confidence. It would be really helpful if it

included tools to keep them calm, especially when they re close to a tantrum. As a parent,
| would appreciate features like that because managing their emotions can be
challenging, and having support to prevent or de-escalate tantrums would make a big
difference in our daily routine”.

Rose had emphasized the importance of routines, eating, and dressing in fostering her
child’s independence. She faced financial strain due to the cost of therapies, which had limited
access to consistent care. Rose believed that more collaboration with family members would
have eased her caregiving burden. She had needed a more effective behavior management
strategy and envisioned a future where her child could better integrate into the community, both

socially and functionally.
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Amy had focused on her child’s self-regulation and independent functioning. However,
she lacked support from extended family and had expressed a need for both community
engagement and financial assistance. The absence of a support system had contributed to
emotional strain. Amy had sought professional behavioral strategies to support her child better
and hoped to maximize her child’s learning potential through sustained developmental progress.

Donna concentrated on structured skill-building and life routines. She emphasized the
importance of flexible work opportunities that would accommodate her caregiving role.
Emotional and social support had been critical needs for her own well-being, as caregiving often
led to isolation. She had sought structured interventions to implement at home and envisioned
long-term, continuous learning opportunities for her child, reflecting a strong commitment to
ongoing development.

Joy focused on improving her child’s communication and toileting skills. She
experienced financial difficulties and needed additional income to sustain the demands of
caregiving. Joy struggled with the intensity of 24/7 caregiving, which affected her physical and
emotional health. She had needed strategies for managing aggression and creating daily
structure. Looking toward the future, she hoped to help her child discover his talents, showing a

desire to nurture his individuality and support personal growth. She said:

“My child with autism requires constant, 24/7 care and a lot of my support and attention.
One of the biggest challenges I face is juggling work while taking care of him, which can
be overwhelming. To ease this burden, having more income to hire a caregiver would
make a significant difference and provide relief. In terms of skills, I would like to see my
child gain daily living abilities, especially toileting, which is an important milestone for

us. He also has behavioral challenges, including aggression and destructive behavior.
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While I feel I can manage his aggression, his destructive behavior is much harder for me
to handle. Ultimately, | hope he can develop essential life and everyday skills that will

help him become more independent. ”

Teacher demographics.

The teacher demographics provided an overview of the participants' age, marital status,
educational background, years of teaching experience, teaching load, and class size. This
information offered insight into the diversity of personal and professional contexts in which the
teachers work, highlighting variations in experience levels, academic qualifications, and
classroom responsibilities.

Age of teachers

The teachers who participated in the study were aged between 42 and 50, indicating that
many were in the mid-stage of their careers with substantial experience in the field. This group
formed the majority, suggesting a workforce with a mature perspective and a wealth of practical
knowledge. A smaller cluster fell within the 51 to 60 age range, representing more seasoned
educators who brought decades of insight and adaptability to their practice. Only one teacher

reported being in their 40s, and additionally, one respondent chose not to disclose their age.
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Figure 21

Age of teachers

Age

’

m31-40 =41-50 w=51-60 = Not provided

Marital status of teachers
The majority of teachers in the study reported being married, while only two identified as
single. For most teachers, balancing work responsibilities with personal or family commitments

is an ongoing aspect of their daily lives.
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Figure 22

Marital status of teachers

Marital Status

m Single = Married

Educational attainment of teachers

The teachers' educational backgrounds showed that most have completed a bachelor’s
degree, reflecting the standard qualification for entry into the teaching profession. A smaller
number of teachers have pursued and completed graduate studies, indicating a commitment to
further professional development and specialization. This range of educational attainment
highlights both a strong foundational knowledge among the teaching group and a presence of
advanced academic preparation that may enhance instructional strategies and classroom

practices.
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Figure 23

Educational attainment of teachers

Educational Attainment

m Bachelor's Degree = Masters Degree Undergraduate m MastersDegree Graduate

Years of teaching

The educators' teaching experience spanned a wide range, with most having taught for six
to ten years, indicating a solid base of classroom experience and familiarity with their learners’
needs. A smaller group had been in the profession for 11 to 15 years, representing a more
seasoned segment of the teaching force. Notably, a few educators stood out as highly
experienced, with two having nearly four decades of teaching behind them and others reporting
26 to 30 years in the field. This diversity in teaching tenure reflected a blend of emerging and

veteran perspectives, enriching the group’s collective expertise.

253



Figure 24

Number of years teaching

Years Teaching

B

m6-10Years = 11-15Years w26-30 Years = 3540 Years

Number of classes handled

The distribution of teaching loads among educators in the study revealed a notable
pattern linked to experience levels. Most senior teachers typically manage a single class, which
may allow for a more focused and in-depth approach to instruction. In contrast, more junior
educators often handled multiple classes, ranging from three to five, reflecting a broader teaching
scope early in their careers. One teacher stood out for managing an exceptionally high load of 10
to 11 classes, highlighting the varying demands placed on individual educators. This variation in
teaching assignments illustrated the diverse responsibilities across experience levels and

potentially differing school contexts.
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Figure 25

Number of classes handled

Number of Classes Handled

m1Class =35 Classes =m10-11 Classes

Students per class

Class sizes among the teachers in the study vary widely, reflecting differences in school
settings, student needs, and possibly resource availability. Most teachers taught classes of 19 to
26 students, suggesting a standard classroom size that allowed group-based instruction while still
providing individual attention. Others teach smaller groups of 11 to 18 students, potentially
enabling more personalized instruction. A few educators worked with very small groups of three
to ten students, which was often necessary in specialized settings, such as special education,
where learners may require more intensive, individualized support. This range in class size

emphasized the diversity of teaching contexts represented in the study.
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Figure 26

Students per class

Number of Students per Class

m 3-105Students = 11-18 Students = 19-26 Students

Teaching styles.

Educators' teaching styles were diverse, ranging from structured to adaptive. Visual
schedules, routines, organized learning environments with limited distractions, and step-by-step
directions and explicit instructions characterized structured, routine-based teaching. For example,
Cherry said: “Explicit teaching helps me slowly teach the skill, followed by regular repetition of
the skill by the learner”. Closely related to this were life-focused and practical training sessions
in which daily living activities are taught through step-by-step methods, routines, and hands-on
exercises. Teachers also collaborated with parents to support home-based learning using visual
schedules and to teach parents how to set routines at home. For instance, Michelle said:
“Repetition of teaching the daily living skills is important for children to master them. We also
teach and talk to the parents about the need to have a routine in their house to practice the daily

living skills . They also provided coaching and feedback to parents and engaged them when
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creating learning plans for their children. In helping children manage their behavior, teachers

also use step-by-step, problem-focused teaching along with emotion regulation techniques and

reinforcements. In the same manner, to implement individualized and adaptive approaches,

teachers adjusted their lessons based on students’ developmental level, capabilities, needs,

moods, and behaviors. For instance, Gemma said: “I check if they're okay, not sick, and ready to

participate. If the child is not well on a day, | will not force them to do tasks | know would

agitate them and lead to tantrums and unproductive activities. Letting them stay in a peace

corner to relax and observe would help them know that they are respected and well-loved in the

classroom”. Some teachers also used modeling to encourage imitation. For instance, Mara said:

“I use the model approach where I start with simple tasks using simple instructions and I ask my

students to do it daily or as frequent as possible.

Table 19

Teaching styles

Category

Teaching Styles

Structured and
routine-based
teaching

Gemma: Used visual schedules and structured routines

Michelle: Established routines for learning

Charise: Created structured classroom environments for children to
practice various activities

Nadine: Used task analysis for structured teaching and consistency

Aster: Used structured individualized support, consistency, and
structured teaching technigques

Cherry: Used explicit teaching and repetition

Ann: Users highly individualized, systematic, and consistent
interventions

Pamela: Used structured and predictable routines

Individualized and
adaptive teaching

Gemma: Adapted teaching based on students” moods and behaviors

Michelle: Used modeling to encourage imitation

Mara: Used modeling as a core teaching approach

Nadine: Adjusted teaching based on students’ abilities

Aster: Customized interventions based on students’ preferences,
difficulties, and strengths
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Pamela: Created calm environments with music and sensory-friendly
strategies

Behavior
management and
reinforcement
strategies

Gemma: Used "peace corners"” for emotional regulation

Nadine: Used positive reinforcement

Life skills and
practical training

Gemma: Taught daily skills through daily activities and routines

Michelle: Focused on activities that will help build their independence

Leah: Taught life skills using visual cues

Charise: Focused on independence-based life skills

Mara: Emphasized skill-building for functional independence

Nadine: Uses PECS to help in communication

Aster: Focused on building practical abilities, self-care skills, and
functional communication skills

Cherry: Emphasized practical, hands-on learning

Ashley: Focused on developing functional life skills

Pamela: Focused on self-help and communication skills

Parent Gemma: Advocated for parent-led learning at home

collaboration and Michelle: Coached parents to create home routines to practice daily

home-based living activities

learning Leah, Charise, Mara, Nadine, Aster, Ashley: Advocated for parent-led
learning at home
Cherry: Actively collaborated with parents through consistent follow-
ups
Pamela: Proposed regular parent teacher conference

Pain points.

The pain points that teachers faced were mostly around managing challenging student

behaviors such as aggression, emotional regulation, handling tantrums and meltdowns, along

with unpredictable behaviors. For instance, Michelle said, “Sometimes, we get hurt by children

with severe autism. They need therapy, but parents cannot afford therapy for their child”. Mara

also faced the same challenges, she said: “In my experience, I work with three boys, ages 5-6,

who all dislike noise, sound, or music. Before entering the classroom, they check if the TV is on.

I turn it off so they’ll come in. One of them bites, pushes, and spits. He’ll hit you, then laugh and

run, expecting you to chase him.” Gemma also expressed the same challenge when she said: “I

always anticipate misbehavior in every class.” The first thing | do is get to know the student,
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their strengths, weaknesses, likes, and dislikes”. Teachers also struggled to improve students’
sitting tolerance and to keep regular attendance at school to ensure consistent learning. Mara
said, “I don’t chase him. When he returns, I firmly tell him to sit down. He's not into writing, so [
introduce big Lego blocks. At first, he’ll throw and scatter them. My goal is to build his sitting
tolerance. I maintain a firm voice to prevent him from thinking I'm easy to manipulate.”
Educators also raised concerns about insufficient training and institutional support for special-
needs teachers, and limited partnerships with both private and public institutions that could have
offered more affordable therapies to parents. Leah said: “The challenges that we face include
limited resources, inadequate training, and a lack of support for special education teachers. We
would always need to plan, establish continuous communication, provide feedback, and seek
support with special needs educational sectors”. Some teachers handled big classes that
comprised more than 20 students and struggled to keep up with their workload. For instance,
Cherry said: “Handling several learners with a class size of 22 is challenging. There is a need to

add more SPED teachers”. Teachers also face insufficient classroom materials that prevent them

from meeting learners’ diverse learning needs.

Table 20
Pain points
Category Pain points
Managing student Gemma: Managing unpredictable behaviors and emotional
behaviors and sensory | regulation
sensitivities Michelle: Handling aggressive behaviors from severe autistics

Charise: Struggled with managing challenging behaviors

Mara: Managing sitting tolerance of students

Nadine: Struggled with non-verbal students and behavior regulation
Aster: Handling attendance and learning consistency among
students

Ashley: Struggled with student engagement and focus retention
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Pamela: Managing tantrums and meltdowns

Limited teaching Leah: Insufficient classroom materials for diverse learning needs
resources, large class | Cherry: Handled 22 students in a single class

size and workload
Parental engagement | Michelle: Parents have limited access to affordable therapy services
and home
reinforcement

challenges

Lack of institutional Michelle: Needed more partnerships for therapy funding

and community Leah: Insufficient training and institutional support for special
support education teachers

Needs and goals.

Teachers’ needs and goals encompass support to perform better in their jobs and to find
more avenues to assist parents in supporting their child’s learning at home. Educators sought
greater access to teaching resources and materials to meet better the varied learning needs of
students who require a personalized learning approach. Tools that would enable the use of a
picture-based communication system were also mentioned, as this is fundamental in teaching
non-verbal students to communicate. They also sought more institutional partnerships and
community support to assist public school teachers, hire more special-needs educators, and offer
affordable therapy options to parents. Strengthening parent-teacher collaboration was another
area for improvement, with teachers highlighting the need for more structured programs and
tools to help parents implement interventions at home to ensure continuity of learning. For
instance, Ashley said: “Involving parents actively in the therapeutic process not only helps

create more consistency and generalization of skills but also strengthens the parent-child bond”.
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Table 21

Needs and goals

Category

Teacher Needs

Behavior
management and
student engagement

Gemma: Needed strategies and support to manage unpredictable
student behaviors

Charise: Needed behavior management support

Access to teaching
resources and
materials

Leah: Needed more access to teaching resources

Nadine: Needed PECS-based tools and individualized learning
resources

Parental
involvement and
collaboration

Mara: Needed more structured parental intervention programs

Aster: Wanted parent training programs to ensure learning continuity

Ashley: Wanted to strengthen parent-teacher collaboration

Pamela: Wanted coaching tools for parents to improve home-based
learning

Institutional,
community
support, and
continuous
professional
development

Michelle: Sought affordable therapy options and partnerships

Leah: Sought local government support for teachers

Cherry: Advocated hiring more special education teachers

Leah: Needed continuous training in autism interventions

Perspective on digital education tools.

Teachers were asked about their perspectives on the use of digital tools for education as

one means to alleviate their pain points and meet their needs and goals. Their perspectives

ranged from health-related concerns to learners who were brought in due to prolonged screen

exposure and a tendency to be dependent on them. They also raised device affordability and the

capacity to use mobile applications not only by teachers but also by parents. For instance,

Michelle said: “Some are willing, but not all parents are knowledgeable or educated using

mobile applications. They also don’t have time to teach their child because some need to work to

earn money”. Despite these perceived challenges, some teachers still recognized the value of

applications in building life skills and in assisting parents in implementing interventions. Leah

said: “I believe that it is a great and innovative strategy to teach learners with severe autism”.
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Teachers recommended adding interactive elements, such as challenges and games, and
providing incentives or rewards. Ashley said, “Children, especially younger ones, have limited
attention spans. Life skills learning through an app may require engaging content that holds
their attention, making it difficult to sustain interest over time. Apps would need to be designed
to offer interactive elements, games, and rewards to keep children focused”. Educators also
emphasized the need for personalization by individualizing content based on learners’ sKills,
needs, and learning styles, as well as the type of engagement parents need to support their child’s
learning. Other teachers mentioned that apps can also be used in conjunction with traditional
learning methods, where verbal and actual practice can be supplemented by digital methods, or
used mainly as a supplementary tool for teaching. Cherry said. “Mobile applications may be a

visual aid for both parents and learners; however, practical application is still essential”.

Table 22

Perspective on digital education tools

Category Perspectives

Health concerns | Gemma: Believed digital tools should be used in moderation to avoid
dependency

Gemma: Concerned about learners’ prolonged screen exposure

Pamela: Worried that children will be dependent on the apps

Limited capacity | Michelle: Found it hard to use apps for teaching. Concerned about parents’
and device ability to afford and use apps effectively.

affordability Charise: Believed that apps’ effectiveness depends on the willingness and
support of parents to use with the child

Cherry: Believed that success was depended on the availability of gadgets
and the consistency of the parent in teaching

Leah: Concerned about access to devices at home

Need for Nadine: Needed individualized content, parental engagement, and
personalization | supporting consistency in implementation to be effective

Mara: Supported but emphasized the need to consider the diverse needs of
the child and their skill levels.

Ashley: Believed that apps can encourage engagement, if they are designed
to align with the unique needs and learning styles of children
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Good for skill
building

Leah: Supported mobile apps for skill-building and parent interventions

Charise: Believed parents of students with severe autism will benefit, most
especially if their child is non-verbal

Nadine: Believed that apps when used thoughtfully and in conjunction with
other teaching strategies, can provide engaging, customized, and flexible
learning experiences.

Supplementary

Cherry: Saw digital tools as supplemental, not a primary means for

tool only teaching

Hybrid Pamela: Believed in a combination of traditional (verbal practice) and
approach digital methods would be effective

Need for Ashley: Concerned that apps wouldn't be able to sustain children’s attention
interactive unless it comes with interactive elements, games and rewards

elements Aster: Believed that incorporating gamified components can greatly inspire

kids and can encourage them to continue honing their everyday living
abilities by completing challenges, leveling up, or earning incentives.

Findings from workstream 3: Iterative design and development

Based on profiles of parents and teachers from the qualitative survey and parent

interviews, the user personas for a parent of a child with autism and a special-needs teacher were

updated.

Updated user persona of parents and teachers.

The updated personas reflected common backgrounds, pain points, and frustrations, as

well as the needs and goals of the actual parents and teachers who participated in the study.

These personas were used to inform and iterate the design of the digital health solution for life

skills development of individuals with severe autism, with a focus on their support network,

specifically parents and teachers.
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Figure 27

Updated parent user persona

Alma Dela Cruz

Age: 38 d College Undergrad
Annual Family Income:  CAD 6,000 - 12,000 Location: Paranaque, Philippines
Background

Alma was a devoted and resourceful mother who balances her role as a caregiver with advocating
for her child's development. Despite having limited family support, Alma was deeply committed to
seeking out effective solutions to help her child thrive. She collaborated actively with educators and
professionals, looking for evidence-based strategies that will support her child's growth in both
academic and life skills. Alma's proactive approach was rooted in her belief that, with the right tools
and support, her child can achieve independence and participate meaningfully in society.

Behavior & Habits Pain Points & Frustrations
+ Engaged parent: Alma took an active role . i i Alma
in her child's learning process, using struggled to handle her child’s behaviors,
consistent routines and clear such as frustration, meltdowns, and lack of
A L M A instructions. communication, which require constant
+ Patient and persi: Alma i ion and indivi i approaches.
calm and patient, even when managing « Lack of support system: With no extended
EMPOWERING HER CHILD'S challenging behaviors like meltdowns or family or regular caregivers, Alma felt
GROWTH, ONE STEP AT A TIME g G : i
y aggression. overwhelmed in managing caregiving and
Housewife + Advocate for quality ASD { h hold duties on her own.
Alma actively participated in finding + Financial constraints: Limited resources
' educational and therapeutic resources made it difficult to afford therapies and
for her child, often working with her specialized tools to help her child, adding
child's teacher and therapist to identify stress to an already challenging situation.
the best strategies for learning.  Need for effective tools: Alma often felt
+ Resourceful: She looked for low-cost or there was a lack of accessible, simple tools
free resources (such as online tools, or apps that can assist in teaching life skills
forums, and webinars) to aid in at home, especially with her child’s unique
caregiving and teaching. needs.
Key Insigths
. . ) : ) Parenting Style Needs & Goals
* Dedi d to finding Alma's g
dedication to her child’s development drives her to actively + Nurturing: Alma emphasized pati " : Alma neaded
search for resources that can make a difference in her understanding, and nurturing her child's strategies and tools to help manage and
child's growth. emotional and developmental needs. redirect her child’s challenging behaviors,
+ Over by ibilities: Alma feels the pressure + Collaborative: She actively sought and such as meltdowns and aggression.

of being a sole caregiver and often struggles with
balancing caregiving, household duties, and self-care.

values input from teachers, therapists, Life skills development: Alma's long-term

and other experts to guide her parenting goal was to equip her child with essential life
+ Optimistic and resilient: Despite the challenges, Aima practices. skills like dressing, eating, and toileting, to
remains hopeful and resourceful, finding creative ways to + Routine-oriented: Alma believed in the help them live independently.
support her child's development, even with limited importance of structure and consistency, « Supportive community: Alma needed
{esolrees. using visual schedules and daily routines emotional and social support, particularly
+ Long-term vision: Alma is focused on preparing her child to help her child feel secure and from other parents facing similar
for a future of independence, working toward helping them organized. challenges. She looked for ways to connect
gain the skills needed to participate in society. + Creative engagement: She integrated her with others to share experiences and tips.

child's interests (like drawing and Professional guidance: Alma sought

sensory play) into learning activities to id from professionals, including
keep them engaged and motivated. online resources or coaching, to improve her
child’s development at home.
. inabl giving soluti Alma was

looking for resources and strategies that can
make caregiving easier, whether through
tools to simplify daily routines or financial
assistance to afford necessary support.
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At 38, Alma Dela Cruz lived in Parafiaque, Philippines, where she devoted her life to
raising and caring for her child with special needs. Although she had not completed college,
Amy’s lack of formal education never deterred her from becoming a deeply committed,
informed, and proactive parent. As a housewife managing a household on a modest family
income of CAD 6,000 to 12,000 per year, Amy faced financial and emotional pressures every

day, but her resolve remained unwavering.

Amy’s parenting was grounded in love, structure, and an unshakeable belief in her child’s
potential. She relied on routines and clear communication to create a sense of stability, using
visual schedules and sensory-based activities to keep her child engaged. Even when confronted
with frequent meltdowns, behavioral challenges, or communication difficulties, Amy approached
each situation with patience and persistence. She drew strength from her vision of a more
independent future for her child, one in which they could care for themselves and engage

meaningfully with the world.

With little family support and no consistent help at home, Amy carried the dual
responsibilities of full-time caregiving and household management alone. This left her stretched
thin, emotionally and physically, and often without time for her own needs. Despite the isolation,
she actively sought out effective solutions. She read articles, joined online parent forums,
attended free webinars, and regularly consulted with teachers and therapists. Amy valued
professional insight and believed in collaborative care. She did everything in her power to make

informed decisions, even if that meant sacrificing her own comfort or rest.

One of Amy’s greatest frustrations was the lack of accessible, easy-to-use tools that

matched her child’s unique learning needs. She often wished for affordable mobile applications
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or behavioral management resources to support her child’s life skill development at home.
Therapies were expensive, and specialized services were often out of reach; financial constraints
limited her options. Still, she remained hopeful, constantly looking for creative, low-cost ways to

support her child’s growth.

More than anything, Amy dreamed of seeing her child thrive. Whether it was learning to
dress independently, manage emotions, or safely navigate the community, each small milestone
was a victory she worked tirelessly toward. She also longed for a supportive community, other

parents who understood her situation and could offer empathy, ideas, or simply a space to talk.

Amy Reyes may not have had every resource at her fingertips, but what she did have was
heart, grit, and an unrelenting drive to ensure her child had the best possible chance at a fulfilling

life.
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Figure 28

Updated teacher user persona

Marivic Ramos

Age: 44 i L Master’s Degree Units
Years Teaching: 9 Location: Muntinlupa, Philippines
Background

Marivic had nine years of experience teaching children with moderate to severe autism in both
private and public schools. She specialized in fc independ through d routines
and step-by-step instruction. Marivic was passionate about holistic student development,

izi between s and parents.

GUIDING SPECIAL LEARNERS WITH
PATIENCE AND PURPOSE

Special Needs Education
Teacher

P

Key Insigths

Consistency is key: Structured routines and repetition
were fundamental in teaching children with autism.
Collaboration is critical: Effective learning depended on
strong parent-teacher partnerships to ensure skill
reinforcement.

Balancing digital and hands-on learning: While digital
tools were promising, they must be p with
practical, fi ivities to avoid

Accessibility and training: Teachers needed affordable
resources, ongoing training, and better collaboration
tools to support students and parents effectively.
Holistic support: Empowering families through
accessible therapy, coaching, and peer support
networks can significantly enhance learning outcomes.

Behavior & Habits

Teaching Style:

« Created structured and predictable
classroom routines to help students feel
secure and engaged.

Used modeling and repetitive practice to
teach essential life skills, ensuring

and

tasks.

« Balanced positive and negative
reinforcement to address behaviors and
teach compromise.

Classroom Strategies:

« Focused on practical daily living skills like
dressing, toileting, and eating.

+ Groups students based on their needs or
readiness to personalize learning
approaches.

« Incorporated visual schedules, task

and i i to

maintain focus.
Collaboration:

+ Regularly communicated with parents to
align learning strategies between home
and school.

« Provided parents with low-tech
resources, such as printed schedules or
instructional videos, to accommodate
varying levels of tech proficiency.

Professional Habits:

+ Advocated for affordable tools and
therapy options to make interventions
more accessible.

Constantly explored innovative teaching
methods and resources to improve
student engagement and learning
outcomes.

Main Motivations

+ Marivic was deeply motivated by her
desire to see her students develop
independence and thrive in daily life.
She found joy in empowering children
with moderate to severe autism to
overcome challenges and reach their
potential.

She was equally passionate about
supporting parents and creating a
collaborative environment where
students can succeed both at school

and at home.

Pain Points & Frustrations

Resource Limitations:

+ Limited availability of teaching aids, sensory
tools, and digital resources tailored to
autism education.

« Lack of affordable therapy options for
families, creating gaps in learning continuity.

Parent Collaboration Challenges:

+ Some parents struggled to find time or lack
the technical knowledge to support home-
based learning.

Ensuring consistency in routines and
interventions between home and school was
a recurring challenge.

and
.« N ing diverse b iors, i
resistance to change, sensory sensitivities,
and unpredictable reactions.
Struggled with creating inclusive activities
that cater to varying developmental levels
within a single class.

Needs & Goals

Teaching Resources:

« Access to affordable or free materials,
including both digital tools and hands-on
activities,

» Training programs for parents to equip them
with practical skills for supporting
interventions at home.

Professional Development:

+ Advanced training on behavior management
strategies, especially for severe autism
cases.

« Peer networks for sharing teaching
strategies and learning from experienced
colleagues.

Student-Centered Goals:

+ Fostered independence in students by
equipping them with essential life skills.

* Maintained student engagement through a
mix of digital and hands-on methods tailored
to individual learning styles.

Parent Collaboration:

« Built stronger partnerships with parents to
ensure consistent reinforcement of skills at
home.

+ Provided flexible, low-barrier resources for
parents to support their children effectively.
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Marivic Ramos, a 44-year-old special-needs education teacher based in Muntinlupa,
Philippines, brought nearly a decade of experience to her work with children diagnosed with
moderate-to-severe autism. A university graduate with a master’s degree in special education,
Michelle had taught in both private and public schools, where she built a reputation for her calm

presence, structured teaching style, and deep empathy for her students and their families.

Marivic’s teaching philosophy centered on building independence through structured
routines and step-by-step instruction. She created predictable classroom environments that
helped students feel secure, integrating visual schedules, repetitive modeling, and hands-on
activities to guide them through essential life skills such as dressing, toileting, and eating. She
grouped her students based on their developmental readiness, ensuring that interventions were

personalized and goals remained attainable.

Her classroom was both a place of learning and a source of consistency. Marivic blended
positive reinforcement with firm but compassionate boundary-setting to teach compromise and
manage behavior. Despite daily challenges such as sensory sensitivities, resistance to change,
and varying developmental levels among her students, she remained grounded in the belief that

every child, with the right support, could grow in confidence and capability.

Collaboration with families had been a cornerstone of her practice. Marivic regularly
communicated with parents, offering low-tech solutions such as printed schedules and
instructional videos to bridge the gap between school and home. She understood that many
families lacked the time, resources, or digital fluency to support interventions outside the
classroom fully. To address this, she advocated for accessible, affordable tools and consistently

pushed for parent training programs that empowered caregivers in their roles.

268



However, the journey had not been without frustrations. Marivic faced limited access to
teaching aids, sensory materials, and autism-specific resources. Therapy services remained out of
reach for many of the families she supported, often disrupting continuity of learning.
Inconsistencies between school-based instruction and home routines posed ongoing hurdles,

making it more difficult for her students to retain skills.

Despite these challenges, Marivic remained committed to professional growth. She
continuously sought new teaching methods, engaged in peer networks, and aspired to advanced
training in behavior management, particularly for severe cases of autism. Her goal had always
been more than instruction; it was about building bridges: between home and school, between
students and independence, and between parents and the tools they needed to be effective

partners in learning.

Marivic was driven by a heartfelt vision to see every child under her care thrive in daily
life. Her work had not been merely instructional; it had been transformational. With patience and
purpose, she guided her learners and their families toward greater confidence, capability, and

connection.

RQ 3: What capabilities, features, and processes are essential for developing a digital
health solution that effectively supports learners with moderate to severe ASD, parents,
and educators

To determine the capabilities and features for learners, parents, and teachers, three
workstreams were executed, adopting an incremental, iterative approach. The first workstream
leveraged a literature review to conduct a preliminary analysis of capabilities and functional

requirements, and to develop initial use cases that informed a preliminary user interface design.
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The second workstream focused on updating the capabilities and functional requirements based
on the results of primary data gathering. The third workstream synthesized both secondary and
primary data to iteratively design and develop a digital health solution for autism life skills

development in collaboration with parents, teachers, students, and industry partners.

Findings from Workstream 1: literature review research and design thinking

An initial set of design capabilities and features was identified through an extensive
review of existing literature and related literature, complemented by design-thinking-driven
activities. These served as the starting point for determining the capabilities and requirements for
a digital health solution for the life skills development of learners with moderate to severe

autism.

Design themes derived from literature review.

Based on the synthesis of scholarly research and design thinking insights, 13 capabilities
were identified to address known challenges faced by learners, parents, and teachers. These
capabilities guided the consequent ideation of features for a digital health solution for autism life
skills development (See Appendix 9). The capabilities defined were further broken down into
specific features to operationalize them in a digital health solution for autism life skills
development. A total of 8 features were initially identified in the literature to address
accessibility, customization, and ease of use for users with ASD and their support networks (See

Appendix 10). These features were further expanded as the primary data gathering progressed.
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Findings from Workstream 2: qualitative surveys and interviews

The initial design requirements from the literature review evolved as data gathering
progressed. Qualitative surveys and interviews were conducted with parents and teachers, and
design themes emerged as the analysis of primary data progressed. Design themes were derived
from the challenges, pain points, and needs shared by parents and teachers during the primary
data gathering. In addition, the requirements emerged from design feedback sessions conducted

with a parent, a teacher, and industry partners.

Life skills development and daily living support

Design themes under this category focused on building foundational life skills through
structured, visual-based routines and personalized support. The requirements reflected learners’
needs for assistance with daily living tasks, attention and cognitive challenges, academic
flexibility, and nutritional needs. Parents emphasized the need for guidance in creating structure
at home and preparing their children for future independence. Teachers highlighted the value of
individualized plans and visual planners in supporting diverse learning needs. Key features
included visual task sequences, customizable routines, step-by-step tutorials, and progress-

tracking tools.

Table 23

Design themes for life skills development and daily living support

| ID | Design theme | Description | Emerged from
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DT #1 | Visual task 1.1 Provide structured, visual-based task sequences | Literature review
modeling for such as digital schedules, step-by-step instructions,
daily living and video-based modelling to teach life skills. Children (through
skills 1.2 Use video-based modelling or instructions their parents, acting
where the model is the child himself/herself, a peer, | as proxies)
their parent or teacher.
e Ann
1.3 Include home-based reinforcements customized | ¢ Reg and Roy
based on learner’s hobbies, likes and preferencesto | «  Anthony
support independence to help in encouraging the e Alfie
repeated use of a life skill. e Ken
1.4 Provide the facility to create step-by-step o Greg
animated or video tutorials for the skills the child e Chris
needs to learn which are individualized and/or
personalized based on learners’ profile and needs Design feedback
from parent
e Edward
DT #6 | Attention and 6.1 Embed short, visually guided tasks with Literature review
focus support progress indicators.
through 6.2 Break down tasks into manageable steps. Children (through
gamified tasks | Integrate training to improve focus through play. their parents, acting
Use structured, time-bound tasks like a “focus as proxies)
builder” section with timed drawing challenges or
problem-solving games. e Ann
6.3 Integrate role playing games by tapping and e Anthony
dragging to complete tasks (e.g., choosing e Alfie
ingredients or following steps for personal hygiene) | 4 Ken
o Greg
e Chris
DT #7 | Flexible, 7.1 Allow flexible pacing and interest-based Literature review
interest-based modules.
academic 7.2 Integrate visual instruction, reward-based Children (through
learning tools activities, and enrichment themes (e.g., Lego, their parents, acting
puzzles). as proxies)
7.3 Send reminders for scheduled tasks or daily life
skill activities. Use motivational prompts, suchas: | e Ken
"Practice tying shoelaces today! Remember, small e Greg
steps lead to big achievements." e Chris
DT Nutrition 11.1 Provide meal prep simulations or visual food Literature review
#11 education charts.
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through visual
and reinforced
tools

11.2 Use reinforcement strategies tied to favorite
foods to build interest in healthy choices.

Children (through
their parents, acting
as proxies)

e Regand Roy

o Greg
e Chris
DT Customizable 12.1 Provide customizable visual step-by-step Literature review
#12 visual routines | routines (e.g., bedtime, getting ready for school,
for home mealtime) with the option to add timers and alarms. | Children (through
transitions their parents, acting
12.2 Enable caregivers to update and adapt routines | as proxies)
to reflect the family’s evolving schedules and
cultural practices. e Ann
e Regand Roy
12.3 Allow routines to include transition supports e Anthony
(e.g., countdown visuals, calming prompts, music e Alfie
cues) to ease difficult changes at home. e Ken
o Greg
e Chris
DT # | Home-based 16.1 Enable parents to create routines, reminders, Literature review
16 life skills and interactive life skills trainings tailored to their
coaching and child’s needs and interests Parents
virtual guidance | 16.2 Provide virtual teacher avatars resembling
familiar, friendly faces to help provide instructions, | e Rose
feedback, and encouragement. e Rex
e Amy
e Donna
e Edward
e Jane
e Lyane
Design feedback
from an educator
e Mara
DT # | Life skills and 17.1 Help and guide parents create learning Literature review
17 vocational materials that will help simulate life skills, job-

readiness toolkit

readiness training, and future planning.

Parents
e Edward
e Lyane
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off or interact with tasks).

41.4 Include reminders/notifications to reinforce
consistency and help the child anticipate what
comes next in both settings.

DT # | Individualized | 33.1 Enable teachers to create, customize, and Literature review
33 learning plans monitor individual learning plans with measurable
with real-time goals, gamified activities, and real-time progress Teacher
tracking tracking.
33.2 Learning plans can be shared access with
parents with reminders for periodic review to
ensure learning consistency in school and home
environments.
33.3 Enable teachers to personalize interventions
based on learner profiles (age, ability, mood,
preference)
33.4 Enable teachers to update or change learning
materials based on the students’ progress
DT # | Collaborative 41.1 Provide a shared visual planner where Literature review
41 visual daily teachers, parents, and students can collaboratively
planner add and view activities. Teacher
e Gemma
41.2 Distinguish activities by environment (school | e [Leah
vs. home) while presenting them in a unified child- | ¢ Charise
friendly visual timeline. e Mara
e Nadine
41.3 Offer role-based controls (teachers add school |, paela
tasks, parents add home tasks, students can check e Cherry

Communication and social skills

Design themes under this category focused on strengthening communication and social

interaction for learners, while also supporting effective collaboration between parents and

teachers. Learners need tools to express themselves and build relationships, especially those with

limited or inconsistent verbal skills. Parents emphasized the importance of helping their children

communicate needs at home, while teachers highlighted the challenges of addressing diverse

communication styles in the classroom. Key features include multimodal communication

systems like PECS and AAC, Al-driven prompts to support expressive language, peer-matching
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tools for social engagement, and built-in messaging to support ongoing parent-teacher

communication.

Table 24

Design themes for communication and social skills

ID Design Theme Description

Emerged From

DT #3 | Multimodal 3.1 Provide access to multimodal communication
communication | supports (e.g., PECS, AAC integration). Include
and expressive | interactive exercises to practice selecting the right
language pictures to communicate.

support 3.2 Support learners who have inconsistent or
fluctuating communication skills with intelligent
tools that anticipate needs through an Al that
learns commonly used phrases, routines, or
emotional states, and suggest communication
options proactively.

3.3 Make communication skill-building part of
everyday tasks rather than isolated therapy
sessions by integrating communication prompts at
each step of their activities such as prompting
them to say “done” or ask for more.

Literature review

Children (through
their parents, acting
as proxies)

Anthony
Ken
Greg
Chris

DT Peer interaction | 10.1 Enable simple social storytelling and turn-

#10 through taking features. The child can interact with
storytelling and | characters to practice turn taking or collaborative
turn-taking play

10.2 Match students with peer buddies for play
and learning, or school projects

10.3 Incorporate familiar characters and
storytelling for group-based activities

Literature review
Children (through
their parents, acting
as proxies)

e Ken

DT# | Picture-based 28.1 Enable parents to communicate with their

28 parent-child child through pictures or symbols, which are
communication | customizable to include frequently used phrases
tools and personal preferences.

28.2 A facility to teach parents how to implement
multi-modal communication strategies that use
gestures, facial expressions, visual supports,
vocalizations, and physical actions in tandem with
verbal language.

Literature review
Parents

e Edward
e Jane
e Lyane

DT # | Personalized 32.1 Similar to parents, implement PECS with
32 communication | voice output features to support non-verbal
tools and profile | learners.

Literature review

Teachers
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for classroom
use

32.2 Develop a profile of the learner’s
communication style, preferred methods (e.qg.,
pointing, scripting, echolalia), and triggers/barriers
that are accessible to educators, aides, and
caregivers via app or secure portal. 32.3 Curate
video clips, symbol boards, language milestones,
and strategy notes for each learner.

e Nadine
e Leah

DT #
36

Parent-teacher
communication
and coaching
platform

36.1 Chat or messaging feature for parents to
connect with the teacher for feedback,
clarifications, or encouragement.

36.2 Provide a mechanism to provide feedback to
learning goals, interventions and related activities
done at school and at home

36.3 Provide a facility for teachers to provide
structured home intervention guides, daily routine
templates that parents can use with children.

36.4 Provide a facility for teachers to create
learning materials or daily bite-sized coaching
sessions (i.e. 10-15 minutes) with video examples
and articles with practical techniques that will help
parents implement interventions and continue their
child’s learning at home.

36.5 Organize virtual or in-person parent groups
for sharing insights on implementing daily living
skills at home. Assign a mentor or buddy parent to
guide new or struggling parents in adopting the
interventions.

36.6 Host educational workshops and community
training programs, which not only inform families
of their rights and available services but also help
them develop the skills necessary to support their
children.

Literature review

Teachers
Nadine
Mara
Charise
Leah
Michelle
Gemma
Aster
Pamela
Cherry
Ashley

Design feedback
from an educator
e Mara

Behavioral and emotional regulation

Design themes under this category addressed the regulation of emotions and behaviors in

learners, with consideration of the emotional demands placed on caregivers and educators.

Across respondents, there was a shared emphasis on the need for tools that help children express

emotions, manage anxiety, and understand behavioral expectations through visual cues and
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stories. Additionally, parental burnout emerged as a concern, underscoring the need for built-in

emotional check-ins and caregiver wellness features.

Table 25

Design themes for behavioral and emotional regulation

ID Design theme Description Emerged from
DT #2 | Emotional 2.1 Provide children emotional regulation tools Literature review
regulation and | such as digital emotion boards to help express
behavior how they feel based on icons or pictures; ready to | Children (through
cueing for access calming sounds; and access to breathing their parents, acting as
children videos that they can follow to help reduce their proxies)
anxiety.
2.2 Provide access to social stories to help e AnNN
demonstrate appropriate behaviors and how to e Regand Roy
handle frustrations e Atticus
2.4 Provide visual supports that demonstrate clear | 4  Alfie
expectations and rules; and contingency maps to e Ken
help clarify the consequences of behavior. o Greg
e Chris
DT # | Parental tools | 14.1 Provide learning materials and guides that Literature review
14 for managing | will help parents manage behavioral challenges;
behavior at and include step-by-step instructions and Parents
home culturally relevant examples
14.2 A quick access “Calm Down” button with e Rose
soothing visuals, sounds, and music that parents e Rex
can easily provide to their child to de-escalate e Amy
stressful moments. e Donna
14.3 Allow parents or teachers to efficiently log e Edward
behavior events following an antecedent, e Jane
behavior, consequence format; while ensuring that
- . . e Lyane
only relevant information is captured so it
wouldn’t be cumbersome to use. Design feedback from
parent
e Edward
DT # | Caregiver 15.1 Develop self-care prompts and emotional Literature review
15 wellness and check-ins within apps
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emotional
support tools

15.2 Offer access to virtual counseling or
mindfulness tools

Parents

Rose
Rex
Amy
Donna
Edward
Jane
Lyane

DT #
31

Behavior
management

and monitoring

tools for
teachers

31.1 Implement individualized behavior
management plans leveraging multidimensional
assessments that consider sensory profiles,
emotional health, and the presence of co-occurring
conditions such as anxiety or depression

31.2 Implement positive reinforcement to
reinforce good behavior

31.3 Use visual cues and supports to provide
structure, clarity, and predictability, which can
help reduce anxiety

31.4 Provide guides for teachers how to
effectively implement a structured learning
environment for children to reduce anxiety,
provide predictability, and minimize distractions
31.5 A facility to log progress, behaviors, and
challenges, and provides insights based on entries,
such as identifying patterns in frustration triggers.
Enable seamless sharing of behavior reports
between teachers and parents for consistency
31.6 To address irregular attendance and engage
students consistently, a gamified attendance
tracking feature, where students earn rewards for
regular participation and completing tasks can be
implemented.

Literature review

Teacher

Pamela
Mara
Charise
Leah
Michelle
Gemma

Physical, motor, and sensory support

Design themes in this category addressed learners' sensory processing and motor

development needs by providing customizable, engaging, and developmentally appropriate

supports. Sensory sensitivities such as sensitivity to noise, light, or texture can interfere with

participation in daily activities. To address this, features that allow children to personalize
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sensory inputs and access calming digital environments would be helpful. In addition, the

development of motor skills can be supported through gamified activities and movement-based

suggestions tied to each child’s interests. These features aimed to create a more comfortable and

responsive learning environment while promoting gradual desensitization and physical

engagement.

Table 26

Design themes for physical, motor, and sensory support

using children’s preferred activities like biking
or dancing.

ID | Design Theme Description Emerged From
DT #4 | Personalized 4.1 Provide customizable sensory-friendly Literature review
sensory settings (e.g., mute buttons, textured visuals,
regulation brightness adjustment, color changes and filters). | Children (through
tools 4.2 Provide a digital sensory space where their parents, acting
children can access soothing visuals, soft music, | as proxies)
guided breathing, or animated fidgets.
4.3 Gradually expose children to triggers such as | ¢ Reg and Rom
classroom noise, crowds, or light patterns, with e Ken
adjustable intensity levels to gradually e Chris
desensitize and reduce anxiety associated with
real-world sensory exposure. Use gamification to
reward progress in tolerating different inputs.
DT #5 | Gamified 5.1 Provide the capability to gamify gross and Literature review
motor skills fine motor tasks (e.g., tapping, swiping,
and movement | matching activities). Children (through
integration 5.2 Include physical movement suggestions their parents, acting

as proxies)

Ann
Anthony
Ken
Chris
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Parental support, training, and community

Design themes in this category addressed the broad spectrum of support parents needed

to engage effectively in their child’s development. Financial concerns, limited access to training,

and feelings of isolation were frequently reported, pointing to the need for affordable solutions,

culturally responsive learning materials, and peer support systems. The implementation of micro-

modules, multilingual content, and practical instructional videos to build their skills and

confidence could help in addressing these challenges. Tools for goal tracking, progress

monitoring, and content curation were also recommended for maintaining structure and safety in

digital use. Collaboration with teachers and access to an intervention library further support

continuity between home and school. Together, these features aimed to empower caregivers

through accessible, personalized, and community-informed digital support.

Table 27

Design themes for parental support, training, and community

ID | Design Theme Description Emerged From
DT # | Financial aid 13.1 Provide freemium, low-cost, subsidized, or | Literature review
13 navigation and | tiered-pricing services

subsidized 13.2 Offer free resource Kens and guides to help | Parents
support parents develop the skills necessary to support
their children. e Rose
13.3 Explore partnerships for financial aid e Amy
13.4 A capability to search and apply for autism | ¢ Donna
services, school programs, funding, and e Edward
subsidies. e Jane
13.5 Intelligent assistant that guides caregivers o Lyane
through service navigation, budgeting, home
therapy, and mental health support.
DT # | Micro-training | 18.1 Embed learning micro-modules, with Literature review
18 modules for localized language options.
parent 18.2 Offer short training videos on common Parents
empowerment | strategies used by therapists and educators.
e Rose
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18.3 Reward parents for consistency in using the | ¢ Rex
app with digital badges or small rewards, suchas | ¢  Amy
access to additional resources or certificates of e Donna
completion for training modules. Recognize their | ¢ Edward
efforts to reinforce their importance in the e Jane
learning process. o Lyane
DT # | Family and 19.1 Integrate in-app family task sharing Literature review
19 peer support 19.2 Local peer support groups for parents to
integration share tips, ask questions, and connect with Parents
caregivers in similar situations
e Rose
e Rex
e Donna
e Edward
e Lyane
DT # | Culturally 20.1 Feature positive narratives, parent Literature review
20 inclusive testimonials, and culturally diverse stories of
autism resilience. Parents
awareness and | 20.2 These uplifting accounts, delivered through
advocacy short videos, blog posts, or audio snippets, can e Rose
normalize the experiences of raising a child with | ¢  Jane
moderate to severe autism and help shift public | ¢ Lyane
discourse toward empathy, strength, and shared
understanding
DT # | Multilingual 21.1 Provide content in multiple local languages | Literature review
21 and low- and add visual icons/symbols for low-literacy
literacy users
accessible 21.2 Allow voice guidance as an option
content
DT # | Local service | 22.1 Provide a list of available support Parents
22 and policy organizations in their area that parents can reach
support out to. e Amy
directory e Donna
e Edward
e Jane
e Lyane
DT# | Curated digital | 25.1 Content curation tools to select YouTube Parents
25 content with videos, songs, and games that the child can only
parental access. ¢ Rose
controls 25.1 A locking feature that would require a e Rex
password to go beyond the approved content. e Amy
e Donna
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e FEdward

e Jane
e Lyane
DT# | Goal tracking | 26.1 Customizable learning goals based on the Literature review
26 and progress child’s profile
reporting tools | 26.2 Automated reports that show progress Parents
charts based on learning goals
26.3 Include parent grading/self-assessment e Rose
features; and include integrity checks to e Rex
discourage inflated self-reporting. o« Amy
26.5 Provide insights based on entries, such as e Donna
identifying patterns in frustration triggers. e Edward
26.6 Provide charts, filters, and visual e Jane
dashboards o« Lyane
Design feedback
from parent
e Edward
DT# | Parentto 27.1 Messaging and sharing functionality for Literature review
27 teacher and parents and teachers to share updates about child
parent to activities, progress, challenges and milestones Parents
parent reached
communicatio | 27.2 Global parent chat with profile verification | e Edward
n tools for trust and safety so that parents can also
directly communicate with each other Design feedback
from parent
e Edward
DT# | Customizable | 29.1 A repository of digital interventions created | Literature review
29 intervention by teachers and therapists targeted to build

resource
library

common life skills for children with autism.
29.2 Allow parents to personalize and update
interventions by recording and upload custom
videos of their child following the same pattern
of interventions published in the library

Parents

Rose
Rex
Amy
Donna
Edward
Jane
Lyane
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Design feedback
from an educator

training
community

teachers and parents

35.6 Provide a digital community where
teachers, therapists and various health and
education professionals can collaborate and
share their knowledge and experience

e Mara
DT# | Interactive 30.1 A repository of parent-child bonding Literature review
30 parent-child activities that promote learning through play
learning (e.g., sensory play, motor skills, communication | Parents
activity hub exercises).
30.2 Includes step-by-step video guides. e Rose
e Rex
e Amy
e Edward
e Jane
e Lyane
DT # | Teacher and 35.1 Provide in-app tutorials, usage guides, and | Literature review
35 parent digital quick-start training modules tailored for both

Teachers
Gemma
Michelle
Leah
Charise
Mara
Nadine
Aster
Pamela
Cherry
Ashley

Design feedback
from an educator

e Mara

Teacher support and collaboration

Several areas for digital support, particularly tools that streamline individualized planning

and reduce workload, were identified. Key recommendations included editable intervention

templates, auto-generated progress trackers, and intelligent suggestions for individualized plans.

Collaborative features, such as shared access with aides and exportable reports, were seen as
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valuable for both classroom coordination and communicating with administrators. A secure and

supportive digital environment that upholds data privacy, fosters peer support, and recognizes

their efforts was also identified, along with the integration of personalization tools aligned with

students’ profiles, further supports inclusive and effective teaching practices.

Table 28

Design themes for teacher support and collaboration

and multi-user
access

40.2 Allow multi-user access for teacher-aide
collaboration.

ID Design Theme Description Emerged From
DT # Intervention 38.1 Create ready-to-use templates for Teachers
38 templates and commonly used interventions and positive e Gemma
Al-Based reinforcements to help reduce teacher e Michelle
planning tools workload. e Leah
38.2 Leverage machine learning to help in e Charise
drafting individual learning plans, e Mara
intervention recommendations e Nadine
38.3 Provide auto-generating progress
. ) e Aster
trackers to monitor child performance and
progress * Pamela
e Cherry
Design feedback
from an educator
e Mara
DT # | Teacher peer 39.1 Provide a digital community that has Literature review
39 support and peer sharing spaces
digital 39. 2 Provide digital recognition for progress | Teachers
recognition and milestones achieved e Leah
e Pamela
[ J
DT# | Admin 40.1 Enable exportable reports that can be Literature review
40 collaboration shared with school administrators

Teachers
e Leah
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with familiar objects or environments.

44.3 Allow parents to choose themes, colors,
sound levels, and visual styles that align with
the child’s sensory profile to avoid
overstimulation.

DT # Secure data 42. 1 Encrypt personally identifiable and Literature review
42 handling and sensitive information.
privacy 42.4 Add face blurring/anonymization for Teachers
compliance student videos/photos o
Design feedback
from an educator
e Mara
DT Personalized 44.1 At setup, the app collects information Teachers
#44 lesson creation about the child’s developmental stage, e Gemma
using child abilities, interests, sensory preferences, and e Leah
profiles specific goals through a user-friendly e Charise
questionnaire or an interview format. e Mara
44.2 Offer pre-made templates from teachers | o Nadine
that parents can edit to fit their child’s needs. | | Aster
Enable teachers and parents to upload photos, | | Pamela
videos, or recordings to personalize lessons
e Ashley

Design feedback
from parent
e Edward

Design feedback
from an educator
e Mara

Motivation and engagement

Motivation and engagement emerged as central themes across both home and school

contexts. Parents and teachers emphasized the importance of using learners’ individual interests,

such as music, drawing, or games, as natural entry points for learning and engagement. Features

such as drawing pads, personalized game elements, and interactive activities were recommended

to sustain interest. Gamification strategies, including achievement badges, mini-games, and level

progression, were seen as effective in promoting continued participation. Additionally, tailored
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reward systems that mirror classroom practices were viewed as essential for reinforcing positive

behavior consistently across settings.

Table 29

Design themes for motivation and engagement

ID Design Theme Description Emerged From
DT #8 | Interest-driven 8.1 Leverage child interests (e.g., music, Literature review
learning and drawing, video games) as entry points for
creative learning. Children (through their
expression 8.2 Add drawing pads to encourage parents, acting as
creative interests. proxies)

8.3 Personalize game elements based on

individual preferences. e ANN
8.4 Provide a means to learners to see e Regand Roy
themselves in videos or pictures, to e Anthony
increase motivation, reinforcing routine e Alfie
and engagement. e Ken

e Greg

e Chris

Design feedback from an

educator
e Mara
DT Gamified 45.1 Achievement badges, level Children (through their
#45 learning with progression, mini-games, and virtual parents, acting as
rewards and rewards can be implemented to motivate | proxies)
challenges skill mastery, along with customizable
content and collaborative challenges to e Ann
foster engagement. ¢ Reg and Roy
e Anthony
e Alfie
e Ken
o Greg
e Chris
DT Consistent 43.1 Collaborate with parents to create Literature review
#43 reward systems | reward systems that align with what is
across home and | used in the classroom, ensuring Teachers
school consistency in behavior management. e Cherry
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43.2 Reward charts, token systems, or o Ashley
positive reinforcement, can reinforce
desired behaviors at home, mirroring the | Design feedback from an
structure of the classroom. educator
43.3 Add non-material reward options for | ¢ Mara
low-resource contexts

Technology access and usability

Access and usability challenges emerged as significant concerns across both parent and
teacher accounts, particularly due to limited internet connectivity, device availability, and digital
literacy. Parents emphasized the need for offline access, flexible training schedules, and
simplified user interfaces. At the same time, teachers highlighted the importance of minimizing
reliance on high-spec devices and ensuring resources are accessible in low-bandwidth
environments. Additionally, hesitancy about screen time led to inferred needs for hybrid learning
options that encourage real-world engagement, with app-based support primarily used by adults.
These themes underscore the importance of designing a solution that is both technically inclusive

and sensitive to the realities of users' home and school contexts.

Table 30

Design themes for technology access and usability

ID Design Theme Description Emerged From
DT #9 | Offline and 9.1 Add guidance for families without devices | Literature review
low-bandwidth | to ensure accessibility
accessibility 9.2 Include offline access, caregiver tutorials, Design feedback
tools and printable resources for families with from an educator
limited resources. e Mara
9.3 Ensure low-bandwidth mode for mobile
use.
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DT# | On-demand 23. 1 Provide on-demand training and learning | Literature review
23 learning materials that parents can access anytime
aligned with 23.2 Provide a capability to create custom Parents
parent schedule for parent-child activities that revolve | ¢ Rose
schedules around the parent’s schedule reminders for e Rex
flexible routines e Amy
23.2 Offline capabilities to support areas with | 4  Donna
poor network and internet access e Edward
Design feedback
from an educator
e Mara
DT # | User-friendly 24.1 Design simple Ul, clear navigation and Literature review
24 interface with | intuitive icons.
guided tutorials | 24.2 Include a “how to use” tutorial upon first | Parents
use. e Rose
24.3 Provide contextual guidance (tooltips, e Rex
walkthroughs) to avoid overwhelming e Amy
navigation. e Donna
24.6 Simplify complex user flows or break e Edward
them.lnto smaller guided steps to reduce o Lyane
cognitive load for parents.
DT # | Low-spec 34.1 Ensure offline functionality Literature review
34 device 34.2 Minimize reliance on high-spec devices
compatibility 34.3 Offer printable versions or low-bandwidth | Teachers
and print modes e Michelle
alternatives 34.4 Offer families a list of online resources
and applications that are free or low-cost and Design feedback
easy to use. from an educator
e Mara
DT # | Screen time 37.1 Built-in alerts to limit app usage, Teachers
37 monitoring and | suggesting breaks after a set duration. Offers e Pamela
hybrid learning | tailored reminders for teachers and parents to e Aster
features transition students to physical or screen-free e Gemma
activities.
37.2 Include hybrid activities that require real-
world engagement. Teachers and parents can Design feedback
document completion using the app without the | from an educator
student needing screen interaction. e Mara
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Integration of primary and literature review

The design themes derived from the primary data collected in Workstream 2, through
interviews and surveys with parents, teachers, and learners, refined the initial capabilities and
features identified from the literature review in Workstream 1, and also identified new
requirements based on experiences and expressed needs of learners through their parents and
teachers, along with the needs and challenges of parents and teachers themselves.

For instance, the literature review emphasized the use of structured visual task sequences
and video modeling as effective strategies for teaching life skills. These recommendations were
strongly corroborated by parents and teachers, who highlighted the importance of visual supports
and video demonstrations tailored to learners’ daily routines. Emotional regulation and
behavioral management features identified in the literature were likewise reinforced by primary
findings, which emphasized the prevalence of anxiety and behavioral challenges among learners.
Participants emphasized the need for accessible calming tools, clear behavioral expectations, and
individualized reinforcement systems. Parental support emerged as a key theme through both
data sources. Capabilities such as accessible instructional content, training modules, and
communication tools, originally proposed based on a literature review, were confirmed by
parents’ accounts of the challenges they face in supporting their children at home and by the
teacher’s recommendations to involve the parents more in their children's learning. This
convergence highlighted the importance of empowering caregivers with practical resources and
ongoing guidance. Similarly, sensory sensitivities and individualized learning preferences,
outlined in the literature review as important considerations, were validated by accounts from
learners and teachers, underscoring the need for customizable sensory settings and personalized

content to enhance engagement. Lastly, gamification and motivation strategies proposed in the
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literature found strong support in the primary data, with respondents identifying rewards,
progress tracking, and engaging interfaces as valuable components for maintaining learner

motivation.

Workstream 3: Iterative design and development

The third workstream focused on the iterative design and development of a digital health
solution for the life skills development of learners with medium-to-severe ASD, called
“Odyssey”. The activities in this workstream were focused on developing a medium-fidelity
prototype in Figma and a high-fidelity prototype Android application built from the ground up,
based on the results of workstreams 1 and 2. In this third workstream, the researcher collaborated
with MDT] students from the University of Ottawa and an industry partner, a locally based start-
up, ACL.

Alpha Version.

The alpha version was co-created from May to August 2024 and focused on designing
screens for creating digital interventions and on viewing completed interventions by learners and
parents. Other screens were also designed to support the execution of these interventions from
the perspectives of the teacher, parent, and child.

Design Prototype
In the alpha version, the researcher first created a low-fidelity prototype in Figma based

on initial analysis and ideation from the completed literature review.
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Figure 29

Initial design for task analysis and video-modelling intervention

Figure 30

Initial design of how the child will access the created intervention

The screens in Figure 53 showed initial sketches for the task analysis and video modeling
creation tool to be used by a teacher or parent. Screens in Figure 54 show initial sketches on how
the child would access the completed digital intervention once the teacher has completed and
published it, ready for the child to use.

This low-fidelity prototype was transformed into a medium-fidelity prototype through a
collaborative effort with MDTI students from the University of Ottawa from May to August
2024. The initial designs were then handed over to the MDTI student, Raj Baldania, and
converted into a medium-fidelity prototype, aligned with Ul/UX standards and best practices.
More detailed documentation of the design is available in the report completed by Raj Baldania

in Appendix 2.
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Figure 55 showed the login and registration pages, which asked users to provide an email
address and password and to indicate whether they are a parent or an educator.
Figure 31

Login and registration

<« Login Register

Get started
Welcome back!

Welcome to
Odyssey, your

Ovdyssey Child’s companion

I'm already member

Iaccept Terms and Condition

Already have an account? Log |

Upon logging in, the user, in this case a teacher, will be taken to the dashboard and
landing page, where a summary of available digital interventions, called “adventures,” and
positive reinforcements, called “rewards,” can be seen (i.e., Figure 56). Upon clicking the “View
All” button in the Adventures summary section, an “Add new adventure” button appears, which,
when clicked, directs the user to create a custom digital intervention (i.e., adventure). The
adventure can be created through video modelling by enabling the recording of video clips and
attaching them to the steps needed for the learner to complete a particular intervention. The user
would also be asked to create a “reward” that the learner earns upon completing the adventure

successfully. A simplified individual learning plan that ties adventures and rewards to a child’s
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learning goals was also provided, along with the ability to track those goals throughout the

academic year.

Figure 32
Teacher screens
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Individual Learning
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Dailiy Living
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Figure 57 showed the parent screens, which comprised a dashboard and a landing page; a

place where parents can watch micro-learning videos to teach them in supporting the learning of
their child; a customizable schedule for their child to help in building healthy routines; and

detailed reports to help them track their children’s learning progress.
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Figure 33

Parent screens
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Figure 58 showed the learners’ view of the adventures, which would be the interventions
and positive reinforcements that the teacher created. Children screens were redesigned to be
simpler and more straightforward, to reduce cognitive load and cater to the information
processing needs of individuals with ASD, due to their weak central coherence (Sodian et al.,
2015; Miller, 2022), and heightened ability to process and perceive sensory information,
particularly in the visual domain (Baron-Cohen et al., 2009), also known as enhanced perceptual
functioning. The screens could be personalized to align with learners' backgrounds, interests, and
hobbies, supporting a learner-centered education approach (Msonde, 2023; McCombs and

Vakili, 2005; Watson & Watson, 2011; Alexander and Murphy, 1998).
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Figure 34

Learner screens
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Android Prototype

The alpha version focused on developing registration, login, and video recording
capabilities. This was done in collaboration with the MDT] student Ankit Arora. During this
stage, the Login and Registration pages were completed, and a placeholder landing page was set
up. More detailed documentation of the front-end and back-end development activities can be
found in the report completed by Ankit Arora in Appendix 2, who collaborated with the research

team to build the first Android prototype from May to August 2024.
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Beta version.

The Beta version was co-created from January to March 2025 and focused on developing
the UI/UX design for the missing screens for the teacher and child personas, along with re-
designing key screens and updating the product branding and color schemes, in collaboration
with another MDTI student. This version also focused on re-architecting and re-implementing
the mobile application, moving from a native Android application to a hybrid Android
application, in partnership with the Ottawa-based start-up ACL.

Design Prototype

The medium-fidelity prototype in Figma from version Alpha was updated through a
collaborative effort with the MDTI student Malavika Mahesh from January to April 2025. Using
input from primary data collection, the design from version Alpha was updated to include
information from parents and teachers about their experiences teaching and caring for children
with ASD. More detailed documentation on Malavika’s design is available in Appendix 4.

The updated Figma prototype included new screens for teachers to create learning
materials for parents (i.e., parent implemented interventions); new screens for a community
library of digital interventions shared with consent, that are publicly available and can be utilized
by others; a parent-teacher collaboration hub for group and individual messaging; and a form that

teachers can use to evaluate the progress of a learner through scheduled parent check-ins.
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Figure 35
Login, Registration, Splash Screen, Profile Creation

e ° . e L]
« Login
Welcome back!

Welcome to St =
Odyssey, your

Odyssey child’s companion

Welcome to Odyssey

ecemere oy

L] L]
Register Register

Getstarted Getstarted

ot i

‘‘‘‘‘‘‘‘‘‘ - guomsermganat com

.- ®©

S — ®
O taccopt @ tocenpt e

Figure 59 showed the updated registration, login, and onboarding pages. The color

schemes were also updated to consider sensory sensitivities common among individuals with

ASD. A cooler color scheme in shades of blue replaced the bright purple color scheme from

version Alpha.
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Figure 36

Teacher Landing Page, Dashboard, Classes, Students, Parents View
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Figure 60 showed the updated teacher landing page, which included a link to access
adventures, rewards, and learning modules that educators can provide to parents to help them
continue their child's learning at home. A new page called the “creator’s nook™ also provided
teachers with a consolidated view of the learning creation tools that they can use to create these
learning and instructional materials. Another page, called the “hub,” provided a list of all classes
and students an educator is responsible for. Each student was also linked to a parent profile, so
the teacher can easily communicate with parents regarding their children's learning progress and

provide relevant updates or announcements.
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Figure 37

Individual learning plan (Voyage path)
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Figure 61 showed an updated individual learning plan form with a more user-friendly

interface, in which the requested information was broken into several smaller pages, making it

easier to complete. The learning plans were also renamed to “voyage path” and would enable

educators to link the specific adventure and rewards they want to use for the student.
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Figure 38
Creation of digital interventions (Adventures)
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Figure 62 showed an updated form for creating adventures in which teachers would first

be asked to break down a task into several smaller steps and then link a particular video clip or

image to new or pre-created media to clearly demonstrate to the learner how to execute that step

correctly. The videos or images can be customized, enabling users to use their phone cameras to

capture short clips or photos and then combine them to create a specific intervention step. Each

step can also be edited by cropping and merging, and by adding stickers, text, and filters. Upon

completing all the intervention steps, a preview is provided, showing how the child would see

the adventure on their device. This would allow the teacher to validate the adventure before

publishing and sending it to the learner for execution.
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Figure 39

Creation of positive reinforcements (Rewards)
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Figure 63 showed the updated rewards form that would allow the child to earn digital
coins for completing each adventure step. The determination of successful step execution would
still rely on the parent, caregiver, or teacher assisting the child in their learning. Once the child
had accumulated the required coins to redeem the reward, the application would display a
success message and indicate that it was time to enjoy the fruits of their learning. The rewards
would also be customizable and depend on what’s defined in their individual learning plan.

Rewards could be simple, such as going out for a walk at their favorite park, or could be a trip to
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their favorite restaurant. It could also provide access to a tablet, phone, or computer to play their

favorite game or stream their favorite videos.

Figure 40

Creation of learning materials for parent-implemented interventions (Learning)
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Figure 64 showed updated screens for teachers to create bite-sized instructions that the
parents could use to help their child continue learning at home. Following the same layout for
adventure creation, the teachers would also be asked to create main chapters or sections for

parents’ learning and to add related media, such as videos, photos, and presentations. Or upload
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related documents such as PDF or Word files. This capability was informed by parent-
implemented-intervention practices and by the need for both parents and teachers to work hand
in hand to provide effective learning for a child with moderate to severe ASD, as informed by

both the literature and primary data.

Figure 41

Sharing of content with other teachers and parents (Community)
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Figure 65 showed new screens called “community,” which would enable teachers and
other users who create digital interventions and instructional materials to share their content with
a broader community, so that parents, caregivers, and their support systems can also use and
benefit from it. Inspired by crowdsourcing and the creator economy, this capability would enable
the development of a digital community of parents, educators, health care practitioners, and ASD

advocates to make ASD-specific learning, therapy, and guidance more accessible and affordable.
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Figure 42

Parent collaboration and communication
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Finally, Figure 66 showed new pages for parent-teacher communication via an individual

and group chat feature that both parents and teachers can initiate, providing a secure, shared

platform for discussing anything related to the child’s learning journey. The chat feature would

include industry standards for privacy and security and, at the same time, would enable users to

review the history of past conversations, which would help inform the progressive refinement

and improvement of the child’s learning plans, goals, and activities.
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Design feedback session

Design feedback sessions on version Beta were first conducted with industry partners on
March 27, 2025, and with teacher Mara on March 29, 2025. The design session with ACL aimed
to gather initial feedback on the user interface and user experience, and to assess whether the
design and overall process flow can be understood regardless of whether a user has a background
with children with ASD. This enabled the design team to gather initial review and feedback
before conducting the actual design review with teacher Mara, which identified areas for
improvement that were later incorporated into Figma before the design session with the teacher.

A few days after the feedback session with industry partners, a design feedback session
was organized with teacher Mara. Originally planned as a think-aloud protocol, the approach
changed during the session when teacher Mara experienced internet issues, and the Figma
prototype failed to load on her screen. Instead of having her navigate the design prototype on her
own, the researchers provided a demo of the app and its main capabilities.

The purpose of the design feedback session was to identify her perceptions, concerns, and
suggestions regarding the design prototype by providing verbal feedback as pages in the
application were being navigated. Feedback was received on nine major themes, which were

presented below.

Table 31

Design feedback summary of an educator for teacher-focused screens

Category Theme Description Transcript
Rewards and 1. Rewards in The use of virtual coinsas | “The problem is the
motivation low-resource positive reinforcement was | parents are not able...

areas questioned due to The parents have no
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socioeconomic challenges
in public schools. Non-
material rewards such as
praise or symbolic items
were viewed as more
culturally and economically
appropriate.

means.”

“In the Philippines, we
only give them stamps,
stars... or a simple
‘Good job’.”

2. Motivational
value of self-
representation

Students with autism are
motivated by seeing
themselves in videos or
pictures, reinforcing routine
and engagement.

3. Motivational
value of self-
representation

Seeing themselves in videos
or photos was reported as
highly motivating for
students with autism,
especially those who thrive
on routine and familiarity.

“Once they see their
face on video... they’re
happy. They’re proud.”
“Especially children
who are routinary...
they cannot work if the
routine is broken.”

Intervention /
lesson creation

4. Necessity of
intervention
customization

Interventions must be
adaptable to the
developmental level and
physical abilities of each
child. Mara appreciated that
the app allowed hyper-
personalization of tasks and
media.

“If the child has motor
skill challenges, maybe
the first step will not be
even picking up the
toothbrush. It might be
first like hand
exercises.”

“What about if a child
with cerebral palsy... it
cannot even hold a
pencil yet?”

“You can personalize...
even use actual
recordings of the child.”

5. Parent
empowerment
and delegation

The teacher proposed that
responsibility for content
creation could shift to
parents, especially for
home-based interventions.
This would alleviate teacher
workload and enhance
parental involvement.

“If you will allow this
app to be shared to the
parent... for sure the
parents can do it for
their own child.”

“The part of the teacher
is to remind the
parent... then the parent
will be the one to do
this.”

“If the parents are
techie, they can create
their own content.”
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Challenges and | 6. Teacher Teachers, especially in “If the teacher will do
limitations workload and overloaded classrooms, every single life skill...
practicality may not have the time or the teacher will not
concerns energy to create sleep anymore.”
individualized content for It’s really an additional
each student, potentially burden to the teacher...
limiting app adoption. especially, we are
overloaded with
students.”
“It’s another workload.”
7. Variability in | Teachers’ technological “Not all of us are
teacher digital proficiency, especially techies. .. especially if
literacy among older educators, was | we are nearing our
raised as a potential senior citizen age.”
challenge. While younger “It’s a challenge to
teachers may adapt more me... maybe the other
easily, others may require younger teachers will be
additional training. challenged also... but
younger ones are techy.”
“Younger teachers will
be more comfortable.”
Infrastructure, | 8. Infrastructure | Concerns about poor “It’s very slow

security and
implementation

and connectivity
barriers

internet access, limited
device availability, and
slow download speeds
affecting usage of the app.

downloading... it’s just
turning around, but it’s
not downloading.”
“That’s also the
problem... the internet.”
“What if the family does
not have a gadget?”

9. Concerns over
student privacy

Ethical considerations are
raised regarding the use of
real photos or videos of
students, advocating for
privacy-protective features
such as face blurring.

“We cannot show their
face... they are
vulnerable.”

“If you don’t want to
show the child’s face,
you can cover it.”

10. Institutional
and bureaucratic
pathways for
implementation

For the app to be adopted in
public schools, participants
emphasized the need to
follow formal approval
processes through the
educational hierarchy in the
Philippines.

“You finish your
prototype. Then make a
letter to our division
supervisor in SPED...
And then you will create
a seminar.”

“You must go through
proper channels... start
with the division
superintendent, then
principal, then teacher.”
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“Make a letter to our
division supervisor first.
That’s the only way it

will reach the teachers.’

b

11. Concerns
about gadget use

Noted risks of gadget
overuse among children
with autism, such as
tantrums, selective mutism,
and therapist
recommendations to limit
screen time. Suggested
controlled use and time-
bound app access.

“Most of our parents...
do not allow their child
to use gadgets... once
they give them gadgets,
the child tends to be
selective mutism.”
“Most of our parents...
do not allow their child
to use gadgets...”
“Therapists always say
lessen gadgets.”

During the design feedback session with teacher Mara, insights were shared on the

practical realities and professional needs of special education teachers working in low-resource

public schools in the Philippines. While the prototype incorporated several promising features,

such as customizable tasks, multimedia instructions, and reward systems, there are notable areas

where alignment with teacher workflows, capacities, and institutional conditions can be further

strengthened.

First, a major gap pertained to teacher workload and practicality. The expectation that

teachers generate individualized content for each life skill for each learner was identified as a

key barrier to adoption. In classrooms with high learner-to-teacher ratios and extensive

administrative tasks, the additional responsibility of creating customized content may be

overwhelming. This emphasized the need for scalable solutions, such as content libraries,

templates, and Al-assisted content generators, to reduce manual effort.

Second, infrastructure limitations and connectivity barriers present critical usability

issues. The prototype’s reliance on cloud-based access or high-bandwidth media could pose

challenges for classrooms and homes with unstable internet and limited device access. This
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indicated a need to ensure that the tool can operate offline, support low-spec devices, and allow
print-based alternatives, features that were especially crucial in public school contexts.

Third, the feedback identified a digital literacy divide among teachers, especially among
older educators, that could hinder effective use of the app. While some teachers may quickly
adapt to the digital interface, others may require structured onboarding and continuous training.
This highlighted a gap in the prototype’s support ecosystem, which could be mitigated by
integrating in-app tutorials, peer support features, and community-based technical assistance.

Additionally, although the prototype features personalized interventions using student-
specific media, concerns were raised regarding student privacy and the ethical use of identifiable
photos or videos. Teacher Mara emphasized the need for privacy-protective features, such as
face blurring, masking, or avatar-based alternatives, to balance motivation and safety. This
highlighted the importance of embedding robust privacy controls and guidance for ethical media
use within the application.

The feedback also revealed an institutional gap: formal pathways for app implementation
in public schools are absent from the current design narrative. Teacher Mara emphasized that any
educational technology needed to go through bureaucratic approval processes involving division
superintendents, principals, and other stakeholders. This suggested the need for accompanying
materials such as endorsement templates, compliance documentation, and letters of intent that
schools can use to introduce the app through official channels.

Lastly, a notable insight was the potential for parental delegation and empowerment.
Teacher Mara advocated shifting some content-creation responsibilities to parents, particularly
for home-based interventions. This strategy could not only reduce teacher workload but also

foster deeper parent involvement and continuity of learning. However, in this version of the
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prototype, no features were yet designed to enable parent-implemented interventions,

collaborative content creation, or role-specific access controls tailored to caregiver participation.

Android prototype
The Android prototype from the alpha version was re-architected, and the technology stack
shifted from using native Android to a hybrid application using Apache Cordova for front-end
development, Node.js for backend development, and MySQL for the database. See Appendix 6
for the solution architecture of project Odyssey. The development of the Beta version was done
in collaboration with the start-up ACL from August 2024 to March 2025.
The following factors cause the shift from a native Android application to a hybrid mobile
application:
e Cordova enables rapid development using web technologies (HTML, CSS, JavaScript)
rather than platform-specific languages like XML (Android).
e Node.js, as the backend, provides asynchronous execution through non-blocking 1/0
operations and an event-driven architecture, making it scalable and efficient.
e The hybrid application is also more cost-efficient, as it would require developing once for
both Android and iOS, reducing development effort compared to maintaining separate

native apps.

Figure 67 below shows the registration and login pages as of March 2025 in the updated

high-fidelity prototype using a hybrid approach. The test device used was a Samsung Galaxy

Al4.
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Figure 43

Registration and Login

Welcome to Odyssey,
your Child’s
companion

Get started
Welcome back!

Already have an account? Login

Figure 68 showed the screens to create an adventure, which was the digital intervention

using task analysis and video modelling. In this version, the developers focused on building
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back-end functionality, such as creating forms and steps, recording videos, and attaching the
recording to each step and to the form. The Ul was not yet fully aligned with the actual designs
from version Beta, and what was shown below were placeholders tied to the Ul elements once

they were completed.

313



Figure 44

Creating adventures (i.e., digital interventions)
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Record a video for this step

120

Figure 69 showed the screens used to create a reward. Similar to the adventure screens,
they were not yet aligned with the Figma designs in the Beta version. The backend developers

focused on creating the rewards form and linking it to an adventure.
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Figure 45

Creating Rewards

Rewards

Click to Upload
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Max. File size: 25 MB
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Charlie version.

The Charlie version of the design focused on refining the Android prototype from the
Beta version in collaboration with ACL, and on redesigning the parent persona screens in
collaboration with the fourth MDT]I student, Samiha Din. Charlie version was co-created from

May to September 2025 (see Appendix 5).

Figure 46
Parent landing page, mood captain, and parent hub
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Figure 47

Behavior logging
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Figure 48

Behavior insights and recommendations with xAl
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Figure 49
Parent-driven scheduling and calendars
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Design feedback session

A feedback session on the Figma design for Version Charlie was conducted with industry
partners via a demo by MDT]I student Samiha Din on August 8, 2025, and with a parent, Edward,
on September 7, 2025. Similar to the feedback session conducted on version Charlie, initial
feedback was gathered from industry partners on the overall user interface and user experience,
enabling designers to gather suggestions and recommendations and identify areas for
improvement ahead of the parent-focused design feedback session. A few weeks after the design
feedback session with ACL, a session was scheduled with the parent, Edward, on September 7,
2025. In this feedback session, the researcher provided a demo of the parent-focused design
prototype, focusing on the creation of parent and child profiles, individual learning plans,
adventures, rewards, schedules, and behavior management. The child's view of adventures and
rewards was also shown to the parent. The table below summarizes the feedback received from

Edward, organized around 14 themes.

Table 32

Design feedback summary of a parent for caregiver-focused screens

Category Theme Description Transcript
Target users | Clarity of app Parent sought clarity on | “So, this is for parents. So,
of the purpose and whether there is only how many apps are there?
application target users one or multiple Two?”

applications, and who
the intended users were.
Adaptability to Raised concern whether | “Is the app meant for

child’s knowledge | design supports children learning from
level children at different scratch... or those who
stages - early hasn’t even started his early

intervention, advanced, | intervention?”
or in-between.
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Age and
developmental
continuity

Raised concerns about
applicability for older
children (16-18 years)
and the need for
evolving interests and
vocational focus.

“What if he’s 16 or 18 years
old who didn’t received
early intervention, because
they don’t have therapists or
lack assistance in remote
areas. Will he still think like
a child or will think more
maturely”

Instructional

Step-by-step

Emphasized the need

“When I teach brushing

and learning | learning and use | for practical, concrete teeth, 1 will give my child a
design of real-life steps with the use of toothbrush, a cup, and
materials real tools (i.e., toothpaste... Step by step,
toothbrush, toothpaste, | right?”
cup) and the importance
of gradual imitation.
Teaching using Highlighted the “Because I'll give
both visual and importance of everything to him so he’ll
verbal combining visuals with | understand... He’ll
instructions verbal instruction for understand the teaching
better understanding. better if both are given to
him - visual and verbal
teaching.”
Peer modeling Suggested “Will it change depending
with customization of on the gender? Maybe if he
consideration for | learning models by is a male model, and you
gender gender or relatable have a female child... I just
peers, as children may | thought maybe it will be
respond better to better if they have the same
relatable role models. gender.”
Customization Proposed replacing “For example, his classmate.
with personal generic videos with Or you have a parent or you
videos recordings of the child, | use that app. This is your
classmates, or peersto | classmate. You can copy
enhance engagement. him.”
Daily routine Questioned whether all | “Regardless of the level,
alignment children follow the will the routines all be the
same routines; stressed | same... waking up in the
the need for morning, brushing your
customizable schedules. | teeth, taking a nap, having
breakfast... are they all the
same?”’
Motivation Rewards and Questioned reliance on | “Because the reward, it will
and relationship to rewards alone, and be given regardless on how
assessment parent-led child suggested grading/self- | the child did it... but if you

assessments

assessment for accuracy
and progress tracking.

ask the parent are you
satisfied... what grade will
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you give your child for this
activity?”

Parental
responsibility and
integrity

Stressed parents’
accountability in
guiding and grading,
highlighting integrity in
reporting progress.

“Even if a parent is forced to
do it, as a parent you have to
do it properly because you
will benefit in the future...
the child will retain the
skills if the parent grades
regularly like every month
or every week.”

User Usability and Appreciated simpler “It’s simple so it’s easier for
experience simplicity layouts for children’s the child to understand.”
and ease of use.
engagement Mascot and child | Commented on Ody “He is like having an
recognition (Octopus mascot), imaginary friend... or Al
linking it to imaginary | friend... He looks like the
friends and stressing cartoon Pocoyo. If the child
recognizability and will lookt at his face
simplicity for children. | regularly, he will listen to
him or follow him. It’s an
advantage, but I don’t know
about other kids”
Social and Community and Endorsed global parent- | “That chat should be
community communication to-parent chat, with global... everyone who uses
ability to check profiles | the app can talk to the

and connect with
trusted individuals.

parent... you can check the
profile of the person you
know, and connect from
there.”

Tracking and
data
management

Data logging and
practical
recording

Suggested reducing
unnecessary details in
behavior logging;
highlighted importance
of date, time, and place
for practical tracking.

“Just reduce some details...
the date, time, place, those
are the most important.”

The design feedback confirmed that some design features aligned with parents' needs. For

instance, the feedback received from the parent regarding the need for step-by-step learning and

use of real-life materials is supported by the task analysis features of Adventures (i.e., digital

interventions), along with the execution of Adventures in a real-life setting through the help of

parents and teachers in guiding and prompting the child through video-modelling. The feedback

323




regarding the need for adapting the app to the learner’s capabilities and skills so that it can
support toddlers up to teenagers and young adults were also supported by the personalization and
customization of the VVoyage Path (i.e., individual learning plan) which informed which
Adventures and Rewards (i.e., positive reinforcement) could be given to a child depending on
their learning goals. Leveraging peer modeling, with consideration of the model’s gender, to
create more effective video modeling interventions through Adventures was also supported by
the app's content creation and customization capabilities, which enabled parents and teachers to
create custom videos using simplified video recording features aligned with industry designs in

social media applications.

Prototyping outcomes through collaboration with ACL

The screens below showed the updated iteration of the Android mobile application,
partially aligned with the updated user interface design from version Beta. Some capabilities
were implemented, and placeholder screens and icons were added, which will be replaced in the

next version.
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Figure 50

Registration and Login

200 @AQ@ 202®AQ@
<« Register
Get started

203®AQ@

Login

Welcome back!

Select role

Name

Email
cinaltr
(cooper@example.com ]

Welcome to

[Puoovvuld J

Forgot Password?

child's companion

Password

)

Confirm Password

[

[
Odyssey, your [ Emll

[

[

0

N Ne—=t N N N

I accept Terms and Conditions
Get started

Teacher
I'm already a member
Parent

Student

111 @] <

Don't have an account? Register

325



Figure 51
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Figure 52

Creation of adventures
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Figure 53

Teachers’ hub landing page
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Figure 54
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Process to design a digital health solution in low-resource areas

The process for designing and building a digital health solution to support life skills
development for children with ASD in low-resource areas was structured into five stages,
drawing on principles of human-centered design, participatory methods, and iterative
development. This multi-phased approach was informed by both theoretical and industry
methodologies, thematic analysis, and agile development. Each stage was shaped by the

availability and capacity of stakeholders, particularly in marginalized educational settings, and
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adjusted to reflect real-world constraints while maintaining a focus on user needs and evidence-

based practices.

Identifying and understanding user needs, designing ideation, and building the technical
foundations.

The first stage of the study, which spanned from January to September 2024, focused on
identifying and understanding user needs through a literature review, securing ethics approval,
and soliciting participants. The researcher started with a literature review to determine features of
digital health solution for life skills development of learners with ASD; learn about cognitive and
learning theories related to autism; and know about the challenges and pain points of children
with ASD, their parents, and educators in the context of low-resource areas and marginalized
families. The literature review informed the design thinking activities that followed, including
the creation of empathy maps and user personas for children, parents, and teachers. This initial
understanding of the users enabled the researcher to envision requirements in terms of
capabilities and features that could address the end users' pain points and challenges. These
initial requirements were translated into a low-fidelity user interface design that was later used as
part of the solicitation materials sent to parents, schools, and education officers to inform them of
the study’s intent and goals.

The literature review also informed the methodology and approach that the study
adopted, by serving as an input to fill in the University of Ottawa’s Research Ethics Board
(REB) ethics review forms and complete related artifacts necessary to secure the ethics board
approval such as the solicitation letter, informed consent form, and preliminary primary data

gathering instruments. During this stage of the study, which started in January 2024, the study
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intended to use the diversity-for-design (D4D) framework of Benton et al. (2014), comprising
three phases. The first stage focused on conducting a literature review to identify the strengths,
preferences, and difficulties of children with ASD, as well as preparing and structuring design
sessions. The second stage involved conducting design sessions through individual workshops,
and the third stage encompassed the creation of prototypes using an iterative design and
development process. The researcher had discussed this approach in her solicitation letters to the
assistant secretary of the Philippine Department of Education, the chief education supervisor of
the Division Office of Paranaque City under the Department of Education, and the school
principal of Paranaque Elementary School Central (PESC). The process of reviewing,
processing, and approving the request took almost six months, from solicitation in March 2024 to
formal approval to execute the study in September 2024.

During this stage, the study also leveraged academic and industry partnerships to begin
design ideation and build the application's technical foundation. In April 2024, the researcher
started collaborating with two Master's students in Digital Transformation and Innovation at the
University of Ottawa — Raj Baldania and Ankit Arora- and continued collaborating with the local
startup Agile Creative Labs Inc., through its co-founder, Alexander Sanchez, to build the mobile
app prototype incrementally. The first iterative design and development activities ran in parallel
with the solicitation activities, from April to August 2024. In the first version, the medium-
fidelity prototype of the design was built. The medium-fidelity prototype focused on the design
of the core modules, including the implementation of Video Modelling and Task Analysis (i.e.,
Adventures), Rewards, and both teachers' and children's views of completed interventions.
Individual education plans, profiles, reports, parent training, registration, login, and onboarding

pages were also designed. In parallel, backend development commenced on foundational
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capabilities that are not directly informed by the design, such as registration, log-in, and the
database. On the final leg of this stage, frontend and backend development were conducted to
include the designed login and registration pages, along with a placeholder landing page for

teachers.

Ideating user requirements

The second stage of the study, which ran from September to December 2024, focused on
collecting primary data. On September 8, 2024, the principal of PESC approved and endorsed
the research scope, approach, and intended participants, and the first interview session with
teachers was conducted on September 19, 2024. Initially intended as individual interviews, the
teachers requested a group interview due to limited time. When the interview began, the project
leader, who represented all the educators participating in the study, stated that the heavy
workload and the school's limited resources would make it impossible for them to participate
fully. There was a miscommunication between the principal and the teachers about what was
expected of them in this study, as they thought their participation was a one-off exercise
involving only interviews. As a result, the project leader, representing the teachers, stated that
they would not be able to participate in multiple workshop sessions, assist their students with
design activities, provide feedback on the iterative design process, or create digital interventions
for students. The project leader said that after the initial interview, they can only answer survey
forms and wouldn't go beyond that. Due to this constraint, the study decided to pivot and adapt
its approach to participants' availability and preferences. As sound as the approach looks on

paper, the constraints of low-resource areas made it difficult to implement.
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The study pivoted to change its approach and also its research scope. To align with
participants’ preferences and still meet the study's objectives, the researcher used the qualitative
survey approach of Braun and Clarke (2013) and conducted semi-structured interviews with
participants who agreed to be interviewed after completing the survey.

The primary data gathering continued with an information form and a survey form,
administered in person to some parents who preferred to complete it on paper and online via
Survey Monkey to those who preferred to do it digitally. Meanwhile, all teachers have completed
their qualitative survey forms online via Survey Monkey. During this stage, only two parents
agreed to be interviewed, and only one teacher agreed to do a follow-up interview. All survey
responses and interviews were coded using the Braun and Clarke (2006) approach to identify
themes that addressed the study’s research questions. Based on the results of the primary data
collection, the researcher identified 45 design themes emerging from the participants. These
design themes were eventually translated into additional capabilities and features that informed

the application’s design and development, which followed an iterative approach.

Design, prototyping and iterative development cycle 1

Running in parallel during the second stage, which spanned from September 2024 to
April 2025, were the iterative development and design activities. Android development
continued with a focus on mobile-based video editing embedded through a step-by-step form. In
this stage, the technology stack shifted from native Android to a hybrid application to make the
user interface and front-end processes more manageable to implement, thereby speeding up

development and making the app available cross-platform.
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In January 2025, a new MDTI student was engaged — Malavika Mahesh to refine the user
interface and user experience design, prototype additional features for teachers and children
based on the results of the primary data gathering, and help in running a think-aloud protocol to
have an initial evaluation of the user interface and user experience. Malavika has updated the
app’s branding, made the design system more cohesive, and redesigned the teacher and child
landing pages, the individual educational plan, the parent and children’s profiles, and the rewards
and adventures implementation.

After the design enhancements and additional features were completed mid-March 2025,
a think-aloud protocol was conducted with a teacher who agreed to provide feedback on the
design (i.e., Teacher Mara) on March 28, 2025. However, the poor internet connection in the
Philippines prevented the Figma prototype from loading in her browser, and she wasn't able to
open it on her own device. In effect, the researchers changed their approach and instead provided
her with a demo of the application, during which she shared her thoughts about the design as

screens were shown.

Design and iterative development cycle 2

The second stage of the iterative design and development was conducted from April to
September 2025 in collaboration with another MDTI student, Samiha Din, who researched and
conceptualized additional features for parent users, with a focus on behavior management and
picture-based scheduling. The researcher then used Samiha's research and initial sketches to
create additional Figma prototypes. The updated Figma prototypes for parent-focused screens
were demoed to a parent named Edward, and feedback on perceived value, user experience, and

user interface was collected.
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ACL's development activities continued, with a focus on aligning the creation of
adventure with the updated user interface design and flow, while also advancing the backend
process and front-end screens for the digital intervention. Due to resource constraints and limited
availability, the end-to-end process was not fully completed as of this writing and would need to
continue outside the dissertation. However, it is worth noting that the completion of the Android
mobile prototype was not within the scope of the study. The development activities were done as
part of the exploration activities to validate basic technical assumptions that would help

determine the application architecture and design of the overall digital health solution.

Fourth stage - future

The study concluded its design activities after the second iteration. Future development
activities would focus on the final design for the minimum viable product, and the definition of
technical requirements to align with the standards of digital health solution applications, with
emphasis on protecting personal health information (PHI) and alignment with industry standards,
particularly the Health Insurance Portability and Accountability Act (HIPAA) and General Data
Protection Regulation (GDPR). The user testing, validation, and refinement activities, which are
the final stage of the process, would be conducted after the study as part of the researcher’s post-
doctoral activities.

The table below summarizes the process the researcher used to design a digital health
solution application for autism life skills development in a low-resource setting. The process
took four stages, with more rigorous evaluation and refinement to be conducted as part of the

next steps after the dissertation.
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Table 33

Process to co-create a digital health solution application in low-resource areas

Design Stage

Approach and key activities

Deliverables

1. Identifying
and
understanding
user needs, and
starting the
technical
foundations
(January 2024 —
August 2024)

Systematic literature review
Literature review on autism and
cognitive/learning theories
Design thinking methods
(Empathy mapping, personas)
Ethics preparation and
approvals (REB forms, consent,
solicitation letters)

Solicitation and stakeholder
alignment

Design ideation and building of
the technical foundation (MDTI
master’s student collaboration
through Raj Baldania, Ankit
Arora, and industry partnership
with ACL through Alexander
Sanchez.)

Summary of literature-informed
capabilities and features

User personas (child, parent,
teacher)

Empathy maps

Ethics approval and
documentation (REB forms,
consent forms, solicitation
letters)

Preliminary low-fidelity Ul
design for solicitation
Documented stakeholder
constraints and study scope
realignment

Initial medium fidelity
prototype in Figma for teachers,
parents and students

High-level technical
documentation

2. ldeating user
requirements

Thematic analysis of secondary
and primary qualitative data

Capabilities and features from
literature review

development
cycle 1 (Parallel
activity with Stage
1& 2, April 2024
April 2025)

ACL

Pivoted the technical approach
from native Android to hybrid
technology stack

Technical implementation
(front-end/back-end)

(September 2024 (Braun & Clarke, 2006) Design themes (45 themes)
—Dec 2024) Survey (in-person and digital from primary data
via SurveyMonkey) Translated features and
Semi-structured interviews capabilities from both data
Pivoted research method to sources
accommodate low-resource Participant demographic
constraints profiles and survey responses
Updated user personas for
child, parent and teacher
Refined app scope and user-
informed insights
3. Iterative Iterative development with Working mobile prototype

(cross-platform hybrid app)
o Proof of concept for
digital media processing
o Implemented modules:
registration and login,
teacher landing page,
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and Iterative
design cycle 1
(from January

Iterative design with MDTI
master’s student (Malavika
Mahesh)

student list, and creation
of adventures
GitHub code repository

2025 — April UI/UX enhancements and e High-level technical
2025) design system development documentation
Think-aloud protocol with e Revised design system and
teacher (modified due to branding
connectivity issues) e Redesigned landing pages and
core modules (teacher/child)

e Medium-fidelity prototype in
Figma for: adventures, rewards,
IEPs, registration, login, etc.

e Documentation of teacher
feedback and UI/UX
observations

4. Iterative Iterative development with e Updated version of the

design and ACL Adventure module

iterative MDT]I student collaboration e Medium fidelity prototype for:
development (Samiha Din) for parent- behavior management, picture-
cycle 2 (May focused features based scheduling, parent’s hub,

2025-Sept 2025)

Al insights and
recommendation
GitHub code repository
High-level technical
documentation

5. Android Completion of the Android e User feedback reports
prototype mobile prototype e Feature improvement log
completion and Think-aloud protocols e Final technical specifications
evaluation Usability testing e Compliance alignment
(Future — Validation against industry documentation (HIPAA,
Postdoctoral standards (HIPAA, GDPR) GDPR)
Phase) Final iteration of UI/UX and e Roadmap for public release and
backend scale-up
Post-study user testing and
feedback loops
Summary

This chapter presented a comprehensive examination of learner, parent, and teacher
profiles, needs, and challenges to inform the design of a digital health solution for life skills

development of learners with moderate to severe ASD. It synthesized findings across three
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workstreams, beginning with literature review research and design thinking methods that
produced empathy maps and user personas for learners, parents, and teachers, establishing a
foundational understanding of stakeholder perspectives.

The second workstream detailed qualitative survey and interview data, highlighting
demographics, capabilities, interests, needs, and pain points of learners, parents, and teachers.
Individual profiles illustrated the diversity within these groups, while thematic insights
uncovered key barriers and goals in life skills education, including perspectives on digital
educational tools.

The third workstream focused on iterative design and development processes, describing
updated user personas and integrating primary and literature review to develop actionable design
themes and feature sets. The evolution of the digital health solution is traced through alpha, beta,
and Charlie versions, showcasing how iterative prototyping and user feedback shaped
functionality.

Finally, this chapter outlined a user-centered design process tailored for low-resource contexts,
encompassing need identification, ideation, and technical development across multiple cycles. It

concluded with considerations for future stages of solution refinement and deployment.
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Chapter V: Analysis

This chapter presents an integrated qualitative analysis of the study’s literature review
findings, document analysis, qualitative surveys, interviews, and design feedback sessions.
Guided by Creswell and Poth’s (2018) qualitative research framework, the analysis employed
thematic analysis (Braun & Clarke, 2006), within-case synthesis (Miles, Huberman, & Saldafa,
2014), and pattern matching (Yin, 2018) to connect participant experiences with established
research on autism-focused digital interventions. Participatory design principles (Frauenberger,
Fitzpatrick, & Iversen, 2015) further informed interpretation by centering stakeholder knowledge

from parents, educators, and low-resource community contexts.

This case study focused on the participatory design of a digital health solution to support
the development of life skills among learners with moderate-to-severe ASD in low-resource
settings. Stakeholders included parents and educators from Metro Manila, the Philippines;
graduate student collaborators from the University of Ottawa; and an Ottawa-based technology
start-up partner (ACL). The analysis sought to identify learner capabilities, challenges, and
support needs, as well as the caregiving and instructional realities shaping the design

requirements of an accessible and sustainable digital intervention.

Learner strengths, challenges, and engagement needs

Findings from both primary data and existing literature revealed that learners with
moderate to severe ASD in this case study experience intersecting cognitive, communication,

sensory, emotional, and daily living challenges. These challenges were particularly evident in
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attention regulation, task initiation and completion, expressive communication, social
interaction, sensory sensitivities, and adaptive independence skills. Parents consistently
described difficulties in establishing hygiene routines, managing transitions, supporting
emotional regulation, and enabling children to communicate needs effectively at home and in

school.

At the same time, learners demonstrated important strengths and interests that represent
meaningful design opportunities. Many children showed strong engagement in creative
expression, music, building activities, puzzles, and physical play. Parents reported interests such
as drawing, coloring, Lego construction, crafting, singing, dancing, and digital play. These
strengths align with prior research highlighting the visual and detail-oriented cognitive
processing styles often associated with ASD (Baron-Cohen et al., 2009; Mottron et al., 2006).
Rather than viewing learner support solely through deficits, these findings emphasize the
importance of capability-driven and interest-aligned learning environments that foster motivation

and engagement.

Design implications emerging from this learner profile highlight the need for systems that
are visually structured, flexible, and personalized. Features such as learner profiles capturing
interests and strengths, multimodal learning supports, and tailored reinforcement mechanisms
can enhance participation in life skills development. Interest-based rewards, creative learning
tools, and strengths-based play activities may support sustained motivation while promoting

autonomy and competence in daily living.

In addition, learners with emerging cognitive and problem-solving capabilities benefited

from activities involving pattern recognition, memorization, and structured instruction-following.

344



Supporting these strengths through scaffolded puzzles, step-by-step tasks, and visual guidance
can foster skill development while accommodating working memory and executive functioning

difficulties commonly reported in ASD.

Communication remained a central challenge across participants, particularly for
minimally verbal and non-verbal learners. Parents described reliance on gestures, hand-leading,
echolalia, and inconsistent expressive language. These findings highlight the importance of
multimodal communication supports that combine visuals, symbols, gestures, and audio prompts

to enhance expressiveness and reduce frustration.

Social interaction needs were also evident, with limited exposure to role play, turn-
taking, and peer engagement activities. Digital storytelling tools, structured social narratives, and
peer interaction scaffolds represent potential avenues for supporting social-emotional learning in

safe, predictable environments.

Overall, learner findings indicate that digital interventions must balance structure with
personalization, providing clear routines and task supports while embedding learner interests,

sensory regulation strategies, and communication scaffolds into daily life contexts.

Table 34

Summary of learner patterns and design response

Learner domain Key challenge / need Design response Relevant
identified DTs
Daily living skills | Difficulty completing Step-by-step visual task | DT #1, DT
hygiene, toileting, dressing, modeling and home- #11, DT #16
meal preparation routines based life skills coaching
independently

345



readiness

toolkits

Routine & Struggles with task initiation, | Interactive visual DT #12, DT
transitions transitions, and maintaining calendars and #41
predictable schedules customizable routine
scaffolds
Attention & focus | Limited sitting tolerance, Gamified attention- DT #6
difficulty sustaining attention | building activities and
and completing multi-step structured task
tasks sequencing
Communication Minimally verbal learners rely | Multimodal AAC/PECS- | DT #3, DT
barriers on gestures, echolalia, based expressive #28, DT #32
inconsistent expression communication supports
Social interaction | Difficulty with peer Social storytelling and DT #10, DT
engagement, turn-taking, role | structured peer #19
play, nonverbal cue interaction scaffolds
interpretation
Emotional Frustration, meltdowns, Emotion boards, calming | DT #2, DT
regulation tantrums linked to tools, behavioral cueing | #14
communication and sensory supports
overload
Sensory Hypersensitivity to noise/light | Personalized sensory DT #4
sensitivities and sensory-triggered distress | regulation environments
and calming media
Motivation and Higher participation when Strengths-based learning | DT #7, DT
engagement tasks align with interests profiles and interest- #8, DT #43,
(music, Lego, digital play) driven reinforcement DT #45
Safety awareness | Limited danger awareness and | Interactive safety stories | DT #1
risk of getting lost and structured task
guidance
Long-term Need for adulthood Life skills progression DT #17, DT
independence preparation and vocational and vocational simulation | #29

Caregiver challenges and support needs

Parents in this study reported substantial and overlapping challenges that shaped their

ability to support their children’s development. These challenges were particularly pronounced in

managing behavioral dysregulation, sensory sensitivities, caregiving fatigue, financial

constraints, limited access to services, and weak support systems.
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Behavioral challenges, including tantrums, meltdowns, aggression, and distress responses
to environmental stimuli, were among the most pervasive caregiver concerns. Parents
emphasized the need for practical, consistent strategies to manage emotional escalation, reinforce
learning routines, and support communication to reduce frustration-driven behaviors. These
experiences reflect broader caregiving literature describing behavioral difficulties as closely tied
to sensory overload, communication barriers, and emotional dysregulation among children with

ASD (Delafield-Butt et al., 2019; Gorlin et al., 2016; Waizbard-Bartov et al., 2024).

Caregiving fatigue and work-life imbalance also emerged as recurring themes. Several
parents described the emotional and physical toll of round-the-clock caregiving, often with
minimal support. These demands frequently led to burnout, reduced well-being, and diminished
capacity to sustain intervention delivery. Parents expressed a need for emotional support tools,

accessible self-care resources, and opportunities for peer connection to mitigate isolation.

Financial hardship further constrained caregiving capacity. Families reported difficulty
affording therapies, accessing government support, and sustaining long-term intervention
services. In low-resource settings where formal ASD services remain limited, caregivers sought
affordable, accessible, and practical tools that could supplement professional intervention and

empower home-based learning.

In addition, caregivers described limited extended family involvement and community
stigma, which contributed to isolation and reduced support networks. Parents expressed the need
for spaces where they could connect with others, share experiences, and access culturally

affirming narratives that normalize caregiving challenges and foster resilience.
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Finally, caregivers emphasized the need for structured educational guidance. Many

parents reported uncertainty in teaching life skills at home, maintaining consistent routines, and

preparing children for long-term independence and adulthood. These findings highlight the

importance of parent-friendly digital supports that provide step-by-step coaching, adaptable

learning templates, and collaboration mechanisms with educators.

Table 35

Summary of parent patterns and design response

adult life skills

modules

Parent challenge Key challenge / need Design response Relevant
identified DTs
Behavioral Parents struggled with Calm-down tools, DT #2, DT
management burden | aggression, tantrums, stepwise behavioral #14, DT #33
emotional escalation guidance, behavior
cueing
Sensory overload Children distressed by Sensory customization DT #4, DT
support noise, light, textures, and sensory regulation #11
picky eating activities
Caregiving fatigue Chronic exhaustion, Caregiver wellness DT #15
and burnout emotional strain, lack of supports, mindfulness,
respite self-care reminders
Work-life balance Parents needed flexible Offline access, micro- DT #23, DT
constraints access to interventions learning modules, flexible | #18
and learning materials scheduling tools
Financial constraints | Therapy costs Funding navigation DT #13
unaffordable, limited assistant and tiered
subsidies and guidance affordability features
Social isolation and Parents lacked community | Peer support groups, DT #19, DT
limited support support and felt stigma shared caregiving tools, #20
networks resilience narratives
Parent—teacher Difficulty coordinating Coaching and messaging | DT #36, DT
communication gaps | strategies across home and | platform with shared #41
school intervention guides
Future readiness Parents wanted pathways | Life skills toolkit and DT #17, DT
concerns toward independence and | vocational preparation #29
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Teacher challenges and instructional needs

Teachers of learners with ASD reported complex instructional and systemic challenges
that shaped their capacity to provide individualized and inclusive education. These challenges
included managing behavioral disruptions, addressing communication barriers, sustaining learner

engagement, coping with limited resources, and navigating insufficient institutional support.

Behavioral unpredictability and emotional dysregulation were described as significant
classroom challenges, often compounded by sensory sensitivities and difficulty sustaining
attention. Teachers emphasized the need for structured behavior supports, emotional regulation

tools, and consistent reinforcement strategies across home and school environments.

Communication barriers were particularly pronounced among non-verbal learners,
limiting students’ ability to follow instructions, express needs, and participate socially. Teachers
highlighted the importance of accessible multimodal communication tools, including picture-

based systems and voice-supported expressive aids.

Resource constraints were a persistent issue across participants. Teachers reported
insufficient instructional materials, uneven teaching workloads, and limited preparation time,
particularly among early-career educators managing multiple classes. These systemic inequities
reduced the feasibility of individualized approaches despite the recognized necessity of

personalized instruction for learners with ASD.

Teachers also identified weak parent—teacher collaboration as a barrier to continuity of

learning. Educators emphasized the need for structured communication systems, parent-coaching
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supports, and shared intervention-planning tools to bridge school-based instruction with home

reinforcement.

Finally, teachers reported inadequate institutional training and limited professional

development opportunities in autism-specific practices. Participants expressed the need for peer

support networks, accessible intervention libraries, and integrated resources to strengthen

educators’ confidence while reducing workload.

Table 36

Summary of teacher patterns and design response

Teacher challenge Key challenge / need Design response Relevant
identified DTs

Classroom Emotional dysregulation and | Emotion regulation tools | DT #2, DT

behavioral sensory triggers disrupted and individualized #31

disruptions instruction behavior plans

Communication Non-verbal learners struggled | AAC/PECS supports DT #3, DT

barriers with expressive/receptive and voice-output #32

language communication aids

Attention and Sustaining learner Gamified focus supports | DT #6, DT

engagement engagement was time- and interest-driven #8, DT #45

difficulties intensive learning tools

Limited teaching Insufficient materials, uneven | Printable templatesand | DT #1, DT

resources workload distribution intervention libraries #29, DT

#34
High workload and | Teachers lacked capacity for | Al-supported lesson DT #38, DT
time constraints individualized content templates and scalable #44
creation content generation

Weak home-school | Strategies not consistently Shared schedules and DT #36, DT

continuity reinforced at home parent coaching #41
infrastructure

Institutional training | Limited autism-specific Peer educator DT #39, DT

gaps professional development communities and shared | #40
expertise platforms

Low-resource Unreliable connectivity and Offline-first designand | DT #9, DT

infrastructure device limitations low-bandwidth #34
accessibility modes
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Cross-stakeholder pattern synthesis

Across learners, parents, and educators, the analysis revealed a consistent set of cross-

cutting patterns that shaped the requirements for a digital life skills intervention in low-resource

contexts. While each stakeholder group experienced challenges differently, the findings

converged around shared domains of need, including cognitive scaffolding, communication

support, emotional regulation, sensory accommodations, motivation, caregiver burden, and

institutional constraints.

The table below summarizes the primary patterns observed in the qualitative data, the

corresponding alignment with established literature, and the resulting design implications that

informed the development of Odyssey.

Table 37

Summary of cross-design patterns

Capability Core feature Stakeholders Design themes
Life skills scaffolding | Task analysis + visual Learners, Parents, | DT #1, DT #11,
modeling for daily routines Teachers DT #16, DT
#17
Routine and planning | Visual schedules, reminders, | Learners, Parents, | DT #12, DT
supports shared calendars Teachers #41
Communication tools | AAC, PECS, expressive Learners, DT #3, DT #28,
multimodal supports Teachers, Parents | DT #32
Emotional and Calm-down tools, emotion Learners, Parents, | DT #2, DT #14,
behavioral regulation boards, behavior plans Teachers DT #31
Sensory regulation Sensory customization, Learners, Parents | DT #4, DT #11
supports calming environments
Motivation and Rewards, achievements, Learners, DT #43, DT
gamification interest-based engagement Teachers #45, DT #7, DT
#8
Collaboration tools Coaching, communication, Parents, Teachers | DT #36, DT
shared intervention planning #35
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Resource scalability Intervention libraries, Al Teachers, Parents | DT #29, DT

tools templates, printable content #38, DT #34
Caregiver support Wellness tools, peer support, | Parents, Teachers | DT #15, DT
systems resilience narratives #19, DT #20

Accessibility in low- Offline mode, low-bandwidth | All stakeholders DT #9, DT #34
resource contexts usability

Theoretical integration and how it informed the design

The findings of this study were interpreted through a multidisciplinary theoretical
framework that guided the translation of stakeholder needs into design concepts. This
section consolidates the primary theoretical contributions that informed Odyssey's design themes
and prototype capabilities.

CLT provided a foundation for structuring life skills interventions into manageable,
stepwise components. Given the attentional and executive-functioning difficulties reported by
learners, CLT supports the design of digital task scaffolds that reduce cognitive overload and
help children process one routine step at a time. This was particularly relevant for daily living
routines such as hygiene, dressing, meal preparation, and transition management.

DCT and the CTML reinforced the importance of combining visual, auditory, and
symbolic communication formats. This integration is especially critical for minimally verbal
learners who require alternative pathways for comprehension and expression across learning
contexts.

In addition, WST emphasized that communication is not only about language
development, but also about using words, symbols, and interactional tools to support shared
meaning in everyday routines. This lens strengthened the inclusion of caregiver-supported
communication scaffolds and multimodal systems that help learners participate socially, even

with limited expressive speech.
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ToM contributed to understanding social-communication barriers and the difficulty
learners experienced in interpreting emotions, intentions, and reciprocal interaction. This
theoretical lens supported the inclusion of structured social narratives, role-play scaffolds, and
expressive communication tools to help learners practice social engagement in safe, positive
environments.

EPF highlighted the importance of visual and sensory processing strengths among many
learners with ASD. EPF emphasized visual modeling, sensory customization, calming
environments, and multimodal learning supports that leverage visual cognition while minimizing
sensory overwhelm.

WCC and EDT further explained learner challenges in synthesizing information
holistically, managing inhibition, planning routines, and sustaining attention. These theories
supported the inclusion of structured routines, predictable schedules, and consistent
reinforcement mechanisms to scaffold independence and reduce behavioral escalation.

DMT explained why many interaction challenges in autism arise not only within the
learner, but through misalignment between autistic and non-autistic communication styles. This
perspective reinforced the importance of designing tools that support shared understanding, co-
regulation, and more responsive caregiver—child interaction rather than placing responsibility
solely on the child.

LCE served as an overarching paradigm emphasizing personalization, autonomy, and
motivation. Findings consistently demonstrated that learner engagement increased when
interventions aligned with individual interests, strengths, and preferences. LCE therefore
highlighted the need for adaptive learner profiles, flexible scheduling, and meaningful reward

systems that are relevant to each child’s lived context.
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Finally, Vygotsky’s (SCT grounded learning as a socially mediated process shaped

through interaction, guidance, and shared activity across home and school contexts. This

perspective aligned strongly with stakeholder calls for caregiver involvement, teacher support,

and context-sensitive interventions to support child development over time.

This integrated theoretical foundation directly informed the study’s design themes and

the development of Odyssey’s prototype features. Cognitive and multimedia theories guided the

structuring of routines and multimodal supports, while autism-specific and relational theories

emphasized sensory regulation, social understanding, and co-regulation within everyday

caregiving environments.

Table 38

Summary of patterns, theoretical lens, and design implications

Pattern Pattern in Literature Theoretical lens Design
domain primary data alignment (only included implications
theories)

Cognitive and Learners Executive CLT + EDT: Visual

attention struggled with functioning and | attentional and schedules,

difficulties focus, task attention executive limits | scaffolded task
initiation, sitting | challenges are require reducing | sequencing,
tolerance, and widely cognitive gamified
multi-step documented in overload through | attention
routines. ASD. stepwise supports.

scaffolding.

Daily living and | Parents Life skills CLT + SCT: Visual task

independence emphasized interventions are | routines are modeling,

needs support for critical learned through | home-based
hygiene, predictors of mediated coaching
toileting, long-term scaffolding in modules,
dressing, meal independence. everyday routine-building
preparation, and contexts, tools.
household gradually
routines. transferred
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toward

autonomy.
Communication | Learners relied Research DCT + CTML + | Picture-based
barriers on gestures, supports WST: communication
echolalia, hand- | multimodal communication systems,
leading, communication | requires expressive
inconsistent needs and multimodal multimodal
expressive AAC/PECS symbolic tools tools, caregiver-
language. effectiveness. that support supported
shared meaning- | scaffolds.
making beyond
speech.
Social Limited peer Social isolation | ToM + DMT: Social
interaction engagement, and turn-taking | interaction storytelling
challenges difficulty difficulties are breakdowns tools, structured
interpreting common in emerge turn-taking
nonverbal cues, | moderate to relationally activities, peer
minimal role severe ASD. through interaction
play exposure. misattunement, scaffolds.
requiring
reciprocity and
co-regulation
supports.
Emotional Parents and Sensory EDT + DMT + | Emotion boards,
dysregulation teachers reported | overload and SCT: calming tools,

and behavioral | tantrums, emotional self- dysregulation behavior cueing
episodes aggression, awareness reflects executive | supports, rapid
meltdowns, deficits limits and de-escalation
frustration, contribute to challenges in features.
destructive escalation. shared emotional
behaviors. attunement,
requiring
mediated calming
supports.
Sensory Learners Sensory EPF + DMT: Sensory
sensitivities and | exhibited processing sensory customization
food-related hypersensitivity | differences are overwhelm settings,
needs to noise/light central in ASD contributes to calming
and selective caregiving interactional environments,
eating patterns. literature. misattunement, sensory
requiring regulation
adjustable interventions.
environments and
regulation
supports.
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Strengths and Learners showed | Intrinsic LCE + SCT: Creative
interest-driven | strong interests | motivation engagement is learning tools,
engagement in music, art, Increases strongest when interest-aligned
Lego, puzzles, engagement mediated through | learner profiles,
sports, and through meaningful strengths-based
digital apps. strengths-based | interests and play modules.
learning. socially grounded
learning.
Motivation Higher Reinforcement LCE + WST: Tailored reward
through engagement systems improve | motivation is systems,

reinforcement

occurred when
tasks aligned

persistence and
skill acquisition.

sustained when
reinforcement is

achievement
progression,

with favorites personalized and | gamified
(games, media, socially routines.
food). meaningful
within everyday
routines.
Parent Parents Caregiving stress | DMT + SCT + Caregiver
caregiving experienced is amplified in LCE: caregiver | wellness tools,
fatigue and chronic low-resource strain reflects mindfulness
burnout exhaustion, contexts. relational supports, peer
isolation, lack of misattunement support features.
rest, emotional and the
strain. sociocultural
context of
caregiving,
requiring
sustainable
family-centered
supports.
Financial Families lacked | Systemic SCT + LCE: Tiered
constraints and | affordable inequities limit interventions affordability
limited service | therapy, funding | ASD health must serve as models, funding
access guidance, coverage in accessible navigation
accessible LMICs. mediating tools support, offline-
interventions. that remain first
flexible within accessibility.
real resource
constraints.
Weak parent— Teachers Poor SCT + WST: Coaching
teacher reported collaboration is a | collaboration platforms,
collaboration inconsistent barrier to depends on shared
home intervention shared schedules,
reinforcement continuity. communicative micro-trainings,
and tools that collaborative
coordinate planning tools.
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communication

routines across

preparation time.

implementation.

cognitive burden
while supporting

gaps. contexts.
Teacher Teachers lacked | Under-resourced | CLT + SCT: Al-supported
workload and materials, high systems hinder educators require | templates,
resource class loads, inclusive mediating tools intervention
constraints limited education that reduce libraries,

printable content
options.

supportive, and
feasible under
resource
constraints.

scaffolded
instruction.
Long-term Parents Transition SCT + EDT: Life skills
transition and expressed need | planning is autonomy progression
future readiness | for pathways critical for develops through | systems,
toward moderate to scaffolded vocational
adulthood, severe ASD participation and | simulation
vocational skills, | outcomes. executive support | toolkits, future
independence. across the life planning
course. supports.
Low-resource Families Accessibility and | SCT + DMT + Low-bandwidth
context required offline, | cultural LCE: modes,
constraints mobile-friendly, | responsiveness interventions culturally
culturally are essential in must remain inclusive
grounded tools. | underserved culturally narratives,
settings. mediated, adaptable
relationally interventions.

Capability and feature prioritization for the Odyssey digital health solution

Building on the design themes derived from the literature review and primary data, the

study identified a set of prioritized capabilities and feature requirements for developing a

prototype mobile application called Odyssey. Odyssey was envisioned as a life skills

development and support platform designed to assist learners with moderate to severe autism,

while simultaneously empowering parents and teachers within low-resource environments.
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The minimum viable product (MVP) scope of Odyssey was determined through two primary

considerations:

The potential impact of each design theme on learner independence and life skills
development.
The reusability of core technical capabilities to support multiple intervention needs

through configurable content creation.

To guide feature prioritization systematically, the study applied the MoSCoW framework, which

categorizes features into:

Must Have
Should Have
Could Have

Won’t Have (for now)

This approach enabled the research to balance stakeholder urgency, feasibility, and long-term

scalability in determining which intervention supports should be prototyped first.

Core prioritized capabilities in the Odyssey MVP included:

Visual task modeling for daily living routines

Interactive schedules and routine scaffolding

Multimodal communication supports for minimally verbal learners
Emotional regulation and calming tools

Personalized learner profiles incorporating interests and strengths
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o Parent—teacher collaboration and coaching infrastructure
o Offline and low-bandwidth accessibility modes

o Template-based intervention libraries to reduce educator workload

The prioritized MVP feature set reflected the study’s emphasis on structured independence-
building supports, caregiver empowerment, and practical feasibility in marginalized educational

settings (see Appendix 11).

The following sections of this chapter further analyze how these capabilities emerged
through the iterative participatory design process and how methodological adaptations,

infrastructural constraints, and stakeholder feedback shaped Odyssey's development trajectory.

Analysis of the iterative design process

This section analyzes the design process used to develop Odyssey, a mobile application
intended to support the development of life skills among children with moderate to severe autism
in low-resource contexts. The analysis is grounded in Yin’s Logic Model (2018), which aligns
program inputs, activities, and outcomes, and Frauenberger, Fitzpatrick, and Iversen’s (2015)
Four Design Lenses framework, which examines participatory design through epistemology,

values, stakeholders, and outcomes.

Rather than conceptualizing the design trajectory as linear, the development of Odyssey
reflected an iterative and adaptive process shaped by real-world constraints, infrastructural
limitations, and the lived realities of marginalized families and educators. Participatory design in

this study, therefore, emerged not only through direct co-design activities but also through the
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careful integration of stakeholder insights into evolving technical and design decisions. The

figure below presents the process model for the co-design and development of Odyssey.

Figure 55

Process model for the co-design and development of the digital system for ASD

Stakeholder
collaboration

Theoretical Iterative

grounding development

Evaluation and

feedback

Identifying and understanding user needs: foundations for design ideation.

The design process began with an extensive literature review of assistive technologies for
autism and of cognitive and learning theories related to ASD. It documented challenges
experienced by learners, parents, and educators in low-resource environments. This phase

produced a capability-feature matrix identifying 33 potential features and 24 intervention
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pathways, which served as the initial foundation for conceptualizing solutions for moderate to

severe autism (see Appendix 11).

These literature -informed insights were translated into early design artifacts, including
empathy maps, user personas, and a low-fidelity prototype. These artifacts supported the
communication of research intent and helped ensure accessibility in participant recruitment

materials.

From a values-based perspective, transparency, respect, and contextual sensitivity guided
engagement with stakeholders. Ethical diligence was demonstrated through extended
coordination with the Philippine Department of Education and school administrators, as well as

the inclusion of simplified visual prototypes to reduce participant burden and ensure clarity.

Stakeholders in this phase included institutional education authorities, school leaders,
academic collaborators, and industry partners. However, early power imbalances were already
evident, as classroom teachers were not always fully informed of the expected scope of
involvement. This misalignment later steeled feasibility and contributed to methodological

adaptation.

Key outputs of this stage included:

o Literature review synthesis
o Capability-feature matrix

o Empathy maps and personas
o Ethics approvals

o Low-fidelity prototype
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¢ Institutional endorsements

Envisioning user requirements through primary data collection

Primary data gathering occurred between September and December 2024. After
approvals were granted, initial engagement with teachers revealed significant misunderstandings
about expectations for participation. Teachers anticipated a single interview but expressed
concern upon learning that iterative workshops and repeated feedback cycles were originally
planned. Given high workloads and limited resources, sustained participation in workshops was

not feasible.

This resulted in a critical methodological pivot: the participatory design approach shifted
from synchronous workshop-based collaboration to an asynchronous model relying on

qualitative surveys with optional follow-up interviews.

This adaptation had epistemological implications. Instead of co-constructing solutions in
live collaborative sessions, participation became participant-controlled in timing, depth, and
format. Despite these constraints, rich experiential knowledge was captured. Parents shared
emotional exhaustion, frustration in teaching minimally verbal children, and the complexity of
managing behavioral escalation. Teachers contributed insights into classroom realities, resource

limitations, and instructional burden.

This stage reinforced values of care, flexibility, and co-responsibility. Participation was
approached ethically as an added burden within already-strained caregiving and teaching

environments. Power dynamics became increasingly visible: teachers and parents were
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recognized as experts in lived experience, yet lacked institutional capacity and time to engage

extensively.

Key outputs of this stage included:

e 16 qualitative surveys (9 teachers, 7 parents)
e Two parent interviews

o One teacher group interview (five teachers)
o Emergence of 45 design themes

o Updated personas and prototype refinements

Design and development cycle 1: Prototype refinement and teacher feedback

The first major design iteration occurred between September 2024 and April 2025. This
cycle focused on refining user interface design, strengthening visual branding, and improving

usability cohesion, informed by stakeholder input.

New features were added for educators, including:

o Class management tools
e Parent—teacher communication modules
e Individual learning plans

e Community and collaboration support

A design feedback session was conducted with one teacher participant in March 2025.

Connectivity limitations prevented access to the prototype independently, requiring a live
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walkthrough via screen share. Despite modest participation volume, the session yielded critical

insights into usability barriers within low-resource classrooms.

Teacher Mara emphasized that expecting educators to create individualized content for
every life skill was unrealistic, given the workload. This feedback highlighted the need for

scalable supports such as:

e Templates
e Pre-built intervention libraries
o Al-assisted customization

e Shared content creation with parents

Infrastructure limitations were also raised, including unreliable internet, limited access to
high-spec devices, and uneven digital literacy among educators. These concerns reinforced the

importance of offline functionality, printable materials, and onboarding resources.

Ethical issues also emerged regarding student media use, prompting recommendations for

privacy-protective features such as masking, avatars, or face blurring.

Epistemologically, this phase reflected a synthesis of multiple knowledge sources.
Although not fully participatory in practice, the design remained participatory in intent,
translating stakeholder insights into technical decisions through iterative reflection and

principled compromise.

Key outputs of this stage included:

o Refined high-fidelity prototype in Figma
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e Updated UI/UX branding
o Teacher feedback log
e Technical design documentation

e Updated code base in Git

Design and development cycle 2: parent-oriented expansion

The second design iteration took place between April and August 2025. During this
cycle, additional features were conceptualized for parent users, including behavioral

management supports and visual calendar modules.

ACL continued frontend and backend development, though progress was constrained by

developer availability and the technical complexity of multimedia processing.

One parent participant, Edward, engaged in a design feedback session focused on feature
relevance, usability, and perceived value. Feedback supported the importance of caregiver-
centered tools, especially those enabling home-based coaching, communication scaffolds, and

affordable accessibility.

Key outputs of this stage included:

Updated parent-focused prototype refinements

Parent feedback log

Additional technical design documentation

Continued code base development
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Evaluation and refinement (future work)

The evaluation phase was planned as future postdoctoral work. This phase would involve
completing the Android prototype and conducting usability testing, think-aloud sessions, and

observational studies with learners, parents, and teachers.

This stage is intended to reintroduce stakeholders as active participants to validate
assumptions, uncover emergent needs, and refine Odyssey within real-world classroom and

home contexts.

The value of co-ownership would be central, positioning participants not as testers but as
co-shapers of the intervention. Ethical priorities would include child safety, privacy, and

accessibility accommodations across diverse communication and cognitive profiles.

Anticipated outputs include:

Completed mobile prototype

Usability and observation results

Refinement recommendations

Validated MVP for low-resource deployment

Chapter Summary

This chapter presented an integrated qualitative analysis of the capabilities, interests,
challenges, and needs of learners with moderate to severe autism, alongside the intersecting
realities faced by caregivers and educators in low-resource settings.
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Findings highlighted that learners require structured yet personalized supports that
scaffold daily living routines, communication, emotional regulation, sensory management, and
social participation. Learner strengths and interests emerged as essential anchors for motivation,

engagement, and capability-driven design.

Caregivers reported significant burdens related to behavioral management, sensory
sensitivities, fatigue, financial constraints, limited service access, and social isolation. These
challenges underscore the importance of digital interventions that empower parents through
accessible coaching, emotional support, peer connection, and affordable home-based learning

resources.

Teachers described complex classroom challenges, including behavioral unpredictability,
communication barriers, limited instructional materials, high workloads, and insufficient
institutional training. Strengthening parent—teacher collaboration and providing scalable

intervention resources were identified as critical requirements for sustainable implementation.

Cross-stakeholder synthesis revealed consistent patterns across cognitive scaffolding
needs, multimodal communication supports, emotional regulation tools, structured routines,
caregiver empowerment, and low-resource accessibility constraints. These patterns informed the
prioritized capabilities of Odyssey, a prototype digital health solution platform designed to
support life skills development while addressing systemic limitations in underserved autism

contexts.

Finally, the chapter analyzed the iterative participatory design process underpinning

Odyssey’s development. Grounded in Yin’s Logic Model and the Four Design Lenses
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framework, the design trajectory demonstrated methodological adaptation, ethical

responsiveness, and stakeholder-informed refinement amid real-world constraints.

Together, the findings and design analysis provide a comprehensive foundation for
guiding the development of a contextually relevant and sustainable digital intervention for

moderate to severe autism life skills development.
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Chapter VI: Conclusion

The study aimed to answer the central question: What are the essential requirements for
designing a digital health solution to support the life skills development of learners with
moderate-to-severe ASD in low-resource settings? More than a technological challenge, this
study posed a social question of how to make digital health solution inclusive for marginalized

individuals.

Over the course of the research, this guiding question was explored through a rich blend
of theoretical inquiry, participatory design, design thinking, requirements engineering, and
iterative and incremental practices in design and development. The findings were presented
through detailed portraits of the lived experiences of learners with moderate-to-severe ASD, their
parents, and their teachers, culminating in a feature matrix organized by design themes. An
ideated user interface and user experience design, along with a mobile proof of concept, which
validated and informed the solution design, were also co-created in collaboration with MDTI

students and IT industry collaborators.

The core of this research involved three interconnected workstreams: literature review
and synthesis, qualitative surveys and interviews, and incremental, iterative prototyping with
design feedback. Together, these workstreams supported the formation of user personas, feature
requirements, and design themes to help address the needs and challenges of learners with

moderate to severe ASD and their support systems.

This chapter synthesized the findings, discussed the limitations encountered, outlined

recommendations, and presented future directions.
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Summary of Major Findings
Learners with moderate to severe ASD

Most learners were children aged 6 to 8, predominantly male, and typically the only child
in their family. A majority did not have formal diagnoses, though exhibited behaviors and
capabilities aligned with moderate to severe ASD. Learners demonstrated notable strengths in
creative and musical expression. Emerging skills were observed in cognitive and problem-
solving abilities, physical activity, and basic daily living skills such as toileting, dressing, and
simple cooking. These capabilities and interests could be used to personalize lessons and
reinforcement strategies, as well as daily routines, and to create natural opportunities for learning
across morning, afternoon, and evening activities.

Needs and challenges were focused on communication and socialization; attention and
working memory; emotional and behavioral regulation; independence in self-care; sensory
sensitivities, food selectivity, and safety awareness. Learners often require structured
environments, clear routines, and visual support to manage transitions and multi-step tasks.

Parent—educator collaboration was found essential for aligning home and school
approaches, and multimodal tools such as AAC, PECS, video modeling, and gamified activities
were identified as vital for supporting communication, skill development, and motivation. The
digital health solution for ASD life skills development drew on multiple theoretical frameworks,
including ToM, EDT, WCC, EPF, DCT, CLT, CMTL, and LCE, to effectively scaffold skills,
leverage strengths, and address challenges in a low-resource context for learners with moderate-
to-severe ASD. These insights formed the foundation for tailoring digital interventions to
enhance independence, engagement, and social participation for learners with moderate to severe

ASD.
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Parents of learners with moderate to severe ASD

Most parents of children with ASD were between 31 and 40 years old, with some in their
40s and one senior caregiver aged 61 to 70. The majority were married, while a few were in
common-law relationships or single. Education levels tend to be high, with most caregivers
having completed college, though some have only finished high school or have incomplete
higher education. These caregivers worked across various sectors, including private employment,
self-employment, local government, and full-time homemaking. Household incomes averaged
between CAD 6,000 and 12,000 annually (PHP 240,000-480,000), which fell below the national
average in the Philippines, particularly in urban areas with high living costs. Most families were
trying to thrive within their lower-income brackets.

Parents adopted a blend of nurturing, structured, and interest-driven caregiving
approaches, and tailored their approaches to meet their child’s individual needs. They
emphasized consistent routines, proactive problem-solving, and engagement with their child’s
personal interests. Despite these adaptive methods, common challenges persisted, such as
managing behavioral and sensory issues, balancing caregiving with work demands, coping with
financial strain from therapy and education costs, limited access to specialized services, and
minimal support from family or community networks. Parents’ primary goals centered on
fostering their child’s independence and life skills, securing financial and government assistance,
improving their own well-being through rest and support, enhancing educational and behavioral
interventions with professional tools and guidance, and preparing their children for the future

through employable skills, community integration, and lifelong learning opportunities.
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To better support parents in managing their children's emotional regulation and sensory
needs, digital emotion boards, calming visuals, customizable sensory settings, gamified
exposure, and picture-based communication systems could be used to promote consistent
behavioral strategies across home and school environments. Caregiver well-being could be
supported through mindfulness activities, virtual counseling, emotional check-ins, flexible
micro-training modules, and family task-sharing features designed to reduce burnout and foster
shared caregiving responsibilities. Financial accessibility could be enhanced by tiered pricing,
subsidized services, printable resources, intelligent guidance for navigating funding, and offline
or low-bandwidth modes to ensure usability in low-resource settings. Educational components
that could provide customizable visual routines, task modeling, intervention libraries, progress
tracking, and gamified, interest-driven learning tools could accommodate diverse parenting
styles while fostering independence and future readiness. In addition, parental empowerment and
training could be achieved through home-based coaching tools, modular micro-training, and peer
support communities. Furthermore, social inclusion and cultural responsiveness could be
promoted through the integration of community and peer support, culturally diverse content, and
advocacy features to reduce stigma and empower families within their cultural contexts.

These design features were grounded in key learning and cognitive theories, yielding a
holistic, adaptive, and accessible digital intervention platform designed to effectively support the
complex caregiving and learning needs of families affected by autism. CLT, DCT, and CMTL
guided the simplification, scaffolding, and chunking of tasks to reduce mental strain for both
children and caregivers. LCE principles foster flexibility, autonomy, collaboration, and cultural
inclusivity, promoting active caregiver involvement, peer support, and adaptation to diverse

contexts.
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Teachers and educators

Most teachers in the study were between 42 and 50 years old, with a smaller group aged
51 to 60. The majority were married and had completed a bachelor’s degree, with some
educators having completed graduate studies. Teaching experience varied widely: most have 6 to
10 years, some 11 to 15 years, and a few over two decades, demonstrating a mix of emerging and
seasoned educators. Teaching loads vary by experience, with senior teachers typically handling
one class, while junior teachers often manage multiple classes, ranging from three to five and
occasionally more. Class sizes range from small groups of 3 to 10 students, which is common in
specialized settings, to standard classrooms of 19 to 26 students, reflecting a diverse range of
educational environments.

Teachers employed a variety of instructional approaches, from highly structured and
routine-based methods using visual schedules and stepwise instructions to adaptive,
individualized strategies tailored to students’ developmental levels, behaviors, and needs.
Emphasis on life skills and practical training was common, alongside behavior management
techniques such as reinforcement and emotional regulation supports.

Teachers faced complex challenges managing behavioral, communication, sensory, and
engagement difficulties among learners with moderate to severe autism, which are often
compounded by limited training, scarce resources, uneven teaching loads, and insufficient
institutional and community support. These challenges hinder teachers’ ability to provide
personalized, consistent instruction, contributing to teacher burnout and reducing student
progress. Parental engagement, critical for reinforcing learning beyond the classroom, is often
limited by a lack of structured training, poor communication, and resource constraints, further

weakening the effectiveness of educational interventions.
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To address these interconnected challenges, this study proposed features that could
support both educators and families. Key solutions include behavioral and emotional regulation
tools such as real-time behavior tracking, emotion regulation boards, individualized
reinforcement, and consistent home-school reward systems to reduce disruptions and improve
self-regulation. Communication supports include multimodal aids such as PECS and AAC
devices, personalized learner profiles, and parent-teacher messaging platforms that enhance
collaboration and social understanding. Personalized and visual learning resources, including
step-by-step task modeling, video tutorials, individualized learning plans with real-time progress
tracking, and Al-assisted intervention templates, enable tailored instruction even in resource-
limited settings. Accessibility and equity are ensured through offline functionality, low-spec
device compatibility, and print alternatives, making these solutions usable across diverse
technological and economic contexts.

These features and interventions were grounded in LCE, informing designs to support the
development of autonomy, personalization, and collaboration among learners, parents, and
educators. CLT and DCT guided the simplification and multimodal presentation of complex
tasks to reduce cognitive strain, while CMTL reinforced instruction through integrated visual,
auditory, and interactive content. EDT, WCC, and EPF supported scaffolding of routines,
behavior regulation, and sensory management. ToM facilitated social cognition, perspective-

taking, and empathetic communication, which are critical for effective partnerships.

The participatory design processes
The design process for a digital health solution to support life skills development of

learners with moderate to severe ASD in low-resource settings followed a structured, multi-stage
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approach that combined human-centered design, participatory methods, and iterative agile
development.

Beginning with comprehensive literature reviews and stakeholder engagement, the study
developed user personas and empathy maps following the design thinking framework to ground
the design in the lived experiences of children, parents, and teachers. Qualitative surveys and
interviews followed, and the data were analyzed using thematic analysis. This informed the
ideation of 45 design themes that guided iterative prototype development in collaboration with
academic partners and an industry startup.

Development progressed from a native Android platform to a hybrid cross-platform app
to enhance manageability and scalability. Throughout the process, ethical considerations around
transparency, respect, and contextual sensitivity were prioritized, along with pragmatic decisions
to address infrastructural challenges such as limited internet access and digital literacy gaps. The
project culminated in successive design iterations that incorporated teacher and parent feedback,
resulting in a medium-fidelity design prototype and a technical proof of concept.

Future phases would focus on completing the MVP, conducting usability testing, and

ensuring compliance with digital health solution standards.

Recommendations

The journey to creating truly inclusive digital health solution for autism begins with
understanding the diverse and nuanced needs of learners, caregivers, and educators. Central to
this effort is the need for personalization and adaptability.

For designers, digital tools must be designed to fit into children’s lives, helping them
navigate their daily routines, transitions, needs, and challenges with confidence. By leveraging

participatory design, designers can gain insight into learners’ unique interests and capabilities to
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envision features that would directly contribute to their overall learning. Gamifying learning
activities and tasks could transform studying into an adventure, further enriched by reward
systems that motivate building healthy routines and reinforce good behavior. Recognizing the
realities of low-resource environments, these solutions must work reliably offline and on low-
spec devices, ensuring no child is left behind due to technological barriers. Intelligent, Al-driven
planning empowers educators and caregivers alike, offering flexible yet structured lesson

templates that respond in real time to learner progress.

For parents and caregivers, social connection must be woven into the solution, with
community and family support helping break down isolation and foster belonging. Practical
supports, such as building a community for parents where they can share their stories, learnings,
and tips, caregiver-focused tools that provide emotional support and wellness resources, and
financial aid navigation, are foundational to success. Training and guidance could be provided
through micro-modules and virtual coaching, empowering parents to become confident co-

educators, with learning opportunities designed to fit their busy lives.

For teachers and school administrators, empowering educators through targeted
professional development builds the capacity to use these digital tools effectively. Behavior
management systems and monitoring tools could help teachers navigate challenging classroom
dynamics, while individualized learning plans with real-time tracking offer structured,
individualized learning that caters to each student's needs and learning goals. Communication
platforms could bridge the gap between home and school, fostering parent collaboration and

consistency through shared goals and coaching. Visual planners and consistent reward systems
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would help align efforts across school and home. Culturally inclusive content and advocacy
initiatives also help ensure that no community is marginalized, promoting equity across diverse

cultural backgrounds.

For policymakers and institutions, there is a need to support the implementation of
educational technology and digital health solutions in modern care and education. Public-private
partnerships could also be powerful engines for local innovation, ensuring solutions are
culturally sensitive and grounded in the communities they serve. Finally, providing financial

subsidies will help lower economic hurdles.

Together, these interconnected strategies, rooted in all 45 design themes, create a tapestry
of support that not only addresses immediate challenges but also builds a foundation for digitally
supported learning in low-resource areas. This foundation could empower learners with autism to
thrive, equip caregivers with the tools and confidence to support their child's learning, and enable

educators to deliver personalized, effective instruction.

Limitations

This study was bound by several interrelated limitations that impacted both its scope and
outcomes. First, direct, live participatory engagement with teachers, parents, and learners was
significantly constrained by heavy workloads, limited availability, and resource shortages typical
of low-resource educational settings. This necessitated a methodological pivot from planned
interactive workshops with learners to qualitative surveys and interviews with parents and
teachers acting as their proxies, which, while enabling valuable qualitative insights, reduced

opportunities for dynamic co-design, iterative feedback, and real-time collaboration.
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In relation to this, the use of proxies also introduced potential recall bias, particularly in
retrospective accounts of learner behaviors; contextual mismatch between home and school
environments when comparing parent and teacher perspectives; social desirability bias,
especially in reporting caregiving practices or learner abilities; and over- or under-estimation of
abilities, influenced by caregiver expectations, stress, or role. The researcher tried to mitigate this
by triangulating across proxy types (parents and teachers), allowing comparison of perspectives
across home and school contexts; in addition, the use of multiple data sources and methods
(surveys, interviews, and participatory design activities) reduced reliance on any single account.
Transcript-level member checking, in which participants reviewed their transcripts for accuracy
before analysis, was conducted, including reflexive analysis, such as ongoing attention to

researcher positionality and interpretive assumptions during coding and synthesis.

Second, the sample size was relatively small and limited to a specific city, which reduced
the diversity of perspectives and limited the generalizability of the findings to broader

populations or different cultural contexts.

Third, most participating parents had male children, and in fact, there was only one
parent with a female child. This limitation constrained the study’s ability to explore potential
gender-based differences in learning profiles or behavioral expressions among children with
ASD. Since ASD is more commonly diagnosed in males, the predominance of male participants
reflected broader demographic trends but also limited the generalizability of findings to females
with ASD, who may present distinct social, sensory, or developmental characteristics.

Consequently, the design insights and recommendations generated through this study may be
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more reflective of the experiences and needs of male learners with moderate to severe ASD, with

less representation of perspectives related to female learners’ unique challenges and strengths.

Fourth, infrastructural challenges, including unreliable internet connectivity, limited
access to appropriate digital devices, and low digital literacy among some participants, hampered
effective interaction with prototypes, degraded the quality of user feedback, and posed ongoing
barriers to both development and future deployment. Fifth, technical challenges during
development, such as shifting technology stacks and the complexities of multimedia processing,
slowed progress and delayed the full implementation of envisioned features, including Al-driven

personalization and real-time analytics.

While these limitations cannot be prevented in exploratory case studies conducted in
marginalized and low-resource contexts, addressing them in future research phases would be

critical to enhancing the robustness, usability, and scalability of the digital health solution.

Future Directions
Building upon this foundational work, several activities emerge for future
implementation:

e Completion of the Android MVP, which encompasses design themes prioritized as Must-
Have. This included the incorporation of capabilities for offline access and compatibility
with low-powered devices and poor internet connectivity. Adaptive machine learning
engines that could help personalize and create instructional content based on learner
profiles, learning progress, and parent and teacher input would also be added.

e The MVP would also need to align with accessibility and interoperability standards, as

well as relevant digital health solution and security standards, such as HIPAA
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compliance, data encryption, and privacy. This would help establish the foundation for
recognition by education authorities, integration within school systems, and eligibility for
government or insurance funding programs.

e Once the MVP is completed, usability testing would be conducted with parents and
teachers, and observations would be conducted with students, to gain direct feedback on
how actual users interact with the application.

e A service design model would also need to be developed to map the end-to-end user
journey, align stakeholder roles and touchpoints, and ensure that both technical and non-

technical support structures are in place for sustainable adoption and scaling.

Conclusion

This study yielded an understanding of the diverse and interrelated needs of learners with
moderate to severe autism, their caregivers, and educators, particularly within low-resource
contexts.

The findings showed that learners who were predominantly young children with
moderate to severe autism, and possessed notable strengths in creative domains, yet faced
significant challenges in daily living, behavioral regulation, and communication.

Parents, who often balanced multiple roles with limited financial and social support, used
adaptive caregiving strategies but faced ongoing challenges related to managing behaviors,
accessing services, and sustaining well-being. Educators similarly encountered obstacles in
managing diverse learner needs, limited training, resource scarcity, and inconsistent parental

involvement, which contributed to burnout and hampered educational outcomes.
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Through a participatory design process that combined human-centered, inclusive, and
agile methodologies, the research team co-designed a digital health solution grounded in key
cognitive and learning theories. This solution was composed of 45 design themes that integrated
customizable visual activities informed by video modelling and task analysis, positive
reinforcement systems through gamification, visual scheduling, behavior and emotion regulation
tools, individualized learning plans, learning platforms, communication tools, and a platform to
build a digital community for ASD.

Despite inherent limitations, including the relatively small sample, indirect data
collection from learners, and limited prototype testing, the study provided a robust foundation for
future development. Planned next steps included completing the MVP along with comprehensive
usability testing.

Ultimately, this research contributed in the field of digital health solution and ed tech for
ASD by providing potential digital capabilities and features that could help in providing more
accessible evidence based interventions and learning to individuals with ASD in low resource
areas, supported caregivers in reducing burnout and empowering them to teach their children and
home, and equipped educators with practical, flexible tools to alleviate the challenges of teaching
in resource-constrained setting. These contributions held promise for fostering more equitable,
sustainable, and impactful autism services globally, especially in under-resourced communities

where traditional supports were scarce.
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Appendix 2: Research collaboration report 1
Research Report from collaboration with MDTI student Raj Baldania

Empowering Children with Severe Autism- Designing a Mobile Application for Digital

Interventions.pdf
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Appendix 3: Research collaboration report 2
Research Report from collaboration with MDTI student Ankit Arora

Empowering Children with Severe Autism- Designing a Mobile Application for Digital

Interventions Ankit Arora 300220629.pdf
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Appendix 4: Research collaboration report 3
Research Report from collaboration with MDTI student Malavika Mahesh

DTI16997 Report Malavika Mahesh.pdf

Designing a Mobile E-Learning App:

Supporting Educators, Parents, and Autistic Children

Malavika Mahesh

A project report submitted for the DTI6997 course

Master's degree in Digital Transformation and Innovation (UX)

School of Engineering Design and Teaching Innovation
Faculty of Engineering
University of Ottawa

© Malavika Mahesh, Ottawa, Canada, 2025
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Research Report from collaboration with MDTI student Samiha Din
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Appendix 6: Technical documentation
Odyssey Mobile Application Technical Documentation

Odyssey Mobile App Technical Documentation.docx
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Appendix 7: Individual learner profiles
Figure 56

Profile of Ann

Bio

Ann is a B-year-old girl with a love for drawing,
coloring, and books.

Despite challenges like meltdowns and low sitting
tolerance, Ann is making pregress through
interventions like Behavioral Therapy, Speech

Ann Therapy, and SNED.
She is learning essential life skills such as toileting,
6 Years Old :
dressing up, and household tasks.
Fernale Ann enjoys playing with dolls, exploring her dolihouse,
Siblings 1 running, swinging, and solving puzzles. She adores

shows like Bluey and Gabby's Dollhouse and delights
in favorite foods such as chicken, spaghetti, and
pumpkin.

Educat  Behavioral Therapy

ion Speech Therapy
Special Needs
Education (SNED)

Capabilities

+ Drawing

+ Coloring

+ Taking a shower
+ Eating on her own
+ Reading

Interests

+ Drawing
+ Books
« Puzzle

Favorite Games

+ Dolls & doll house
+ Running

+ Hide and seek

+ Swing

Favorite Foods
+ Egg
Chicken
Noodles
Burger patties
* Rice
spaghetti
French fries
Pumpkin

Favorite Cartoons

Gabby's DollHouse  Bluey  Spongebob

Mickey & Friends _ Little Pony

Feature Recommendations

Needs and Challenges

“The challenge that | face is her behavior. She cannot
control her madness. Me and my family need more
patience to understand her” - Rose, Ann's mather

Toileting

+ Bathing

« Dressing up

Learning to cook

Learning to clean the house
Managing frustrations and meltdowns
Low sitting tolerance

Morning Routine

+ Have breakfast
+ Take a shower
» Go to school

Afternoon Routine

+ Have lunch

+ Play with brother

+ Take a shower

+ Take a nap

+ Have afternoon snack

Evening Routine

+ Have dinner

« Watch TV

+ Do school assignment
- Goto bed

Future Aspiration

“My future aspiration for my child is someday she
can do things in her own without help of other. Or she
can live her life like a narmal kid” - Rose, Ann's Mother

DT #1: Visual Task Modelling for Daily Living Skills

+ DT #2: Emotional Regulation & Behavior Cueing

DT #5: Gamified Motor Skills & Movement Integration
DT #86: Attention and Focus Support Through Gamified Tasks

+ DT #8: Interest-Driven Learning and Creative Expression

DT #12: Customizable Visual Routines for Home Transitions
DT # 45: Gamified Learning with Rewards and Challenges



Figure 57

Profile of Reg & Roy

Reg and Roy
Age 6 Years Old
Gender  Male
Siblings 1
Educat Special Needs
on Education (SNED)

Capabilities

- Singing
+ Dancing
« Baking

Interests

- Llego
= Clay

Favorite Games

= Playing with cars
* Building robots

Favorite Foods

« Oatmeal
= Bread

« Spaghetti
- Burger

Favorite Cartoons

¥
spidermon  Bluey  Superman

Feature Recommendations

Bio

Reg and Roy are energetic 6-year-old twin brothers
with unique personalities and abilities. Both are
enrolled in the SNED program and are working to
develop life skills such as dressing, bathing, and
managing frustrations. Reg and Roy face challenges
like picky eating and tantrums but excel in activities
like singing, dancing, and baking. They enjoy building
robots with Lego, playing with clay, and exploring
their favorite characters like Spiderman and Bluey.
With the support of their family and teachers, they
are steadily growing in confidence and
independence.

Needs and Challenges

“Bathing is the most challenging. They tend to push
each other and are hyperactive. One of them is also
a picky eater, and they have very different
personadlities, one is quite talkative, while the other is
quieter” - Rex, Father of Reg and Roy

- Dressing up

+ Bathing

« Managing frustrations
- Picky eating

« Sensory sensitivities

- Tantrums

Morning Routine

« Breakfast

+ Going to school
- Playing

« Watching TV

Afternoon Routine

+ Taking a nap

Evening Routine

+ Have dinner
« Prepare their beds

Future Aspiration

“I hope that they will always be happy in all the
things that they do, we will always support them to
do the things that they love as long as it is for their
overall well being” - Rex, Father of Reg and Roy

DT #1: Visual Task Modelling for Daily Living Skills

DT #2: Emotional Regulation & Behavior Cueing

DT # 4: Personalized Sensory Regulation Tools

DT # B:Interest-Driven Learning and Creative Expression

DT # 11: Nutrition Education Through Visual and Reinforced Tools
DT #12: Customizable Visual Routines for Home Transitions

DT # 45: Gamified Learning with Rewards and Challenges



Figure 58

Profile of Anthony

Anthony

Age 6 Years Old

der  Male

Siblings  None

duc Occupational
fon Therapy

Special Needs
Education (SNED)

Capabilities

+ Following instructions

+ Communicating through
hand leading

« Eating on his own

Interests

“He loves to go to the beach,
he can stay in the pool for 5
hours straight. He likes to play
on the sand” -Amy, Anthony's
mother

+ Arts

+ Puzzle

+ Clay

+ Going to the beach

Favorite Games

+ Bowling

+ Running

- Biking

- Basketball (smartphone)
+ Swimming

Favorite Foods

* Egg

French Fries
Sinigang

Beef Nilaga

+ Lugaw

Sotanghon with rice

Favorite Cartoons & Characters

Gooomelon M Rachel  doliben
[r

10 Indicns  Dina the Dincsaur

Feature Recommendations

Bio

Anthony is a spirited 9-year-old boy who loves arts,
puzzles, and outdoor adventures like biking and
playing on the beach. He delights in creating with
clay and enjoys playing basketball games on his
phone. Anthony is fond of characters like JJ from
Cocomelon, Dino, and the Jollibee Mascot, which
spark his imagination and engagement. Despite
challenges with shouting and sitting tolerance, he
excels in following instructions and communicates
through hand leading. Enrolled in SNED and
occupational therapy, he is developing
independence in bathing and learning to cook. His
favorite meals include sinigang, beef nilaga, and
lugaw, reflecting his Filipino roots.

Needs and Challenges

“It is difficult to go out because he might have
tantrums” - Amy, Anthony's mother

- Bathing

+ sitting tolerance

+ Learning to cook

+ Tantrums | shouting

Morning Routine

+ Going to the toilet

+ Drinking water and sitting for a while
+ Take breakfast

+ Preparing for school

+ Going to school

Afternoon Routine

- Eating lunch on his own
+ Playing puzzle
+ Playing with his phone for 1-2 hours

Evening Routine

+ Have dinner

+ Playing with cats
+ Playing with toys
+ Sleeping by llpm

Future Aspiration

“l hope someday he can talk or have a conversation
with me. I also hope he can do daily living activities
on his own” - Amy, Anthony's mother

DT #1: Visual Task Modelling for Daily Living Skills

DT #2: Emotional Regulation & Behavior Cueing

DT #3: Multimodal Communication and Expressive Language Support
DT #5: Gamified Motor Skills and Movement Integration

DT # 6: Attention and Focus Support Through Gamified Tasks

DT # 8: Interest-Driven Learning and Creative Expression

DT #12: Customizable Visual Routines for Home Transitions

DT # 46: Gamified Learning with Rewards and Challenges
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Figure 59

Profile of Alfie

Bio

Alfie, is a lively B-year-old boy with a love for playful
activities like running, chasing his cousins, and
pretending to be a ghost. He enjoys making clay
figures, stacking toys, and building towers with blocks
and LEGO. Aja has a deep interest in TV characters
like Peppa Pig, Oggy the cockroach, along with
Thomas and friends, which captivate his imagination.
Despite challenges such as not having a sense of
Gender  Male danger and getting lost easily, Alfie excels at
memetizing and is enrolled in ABA therapy and SNED
to support his development. His favorite foods include

Alfie

Age 6 Years Old

Siblings  None

FAucat g Therapy fried chicken, rice, and lumpia.
on Special Needs
Education (SNED)
Needs and Challenges
“When inside the house, he needs a little supervision,
Capabilities but outside we cannot let him roam around as he
doesn't have a sense of danger. He can easily get
* Memorization lost and gets very curious of things around him” -
* Making clay figures Donna, Alfie’s mother
+ Tolleting
+ Dressing
+ Cooking
+ Household chores
Interests + Following instructions
+ Doesn't have a sense of danger
 lego + Can easily get lost -
. Clay + Doesn't have a sense of direction
+ Swimming

Morning Routine

+ Wakes up at 7am and will play right away with
Favorite Games clay
+ Sometimes goes to her aunt and wakes her up
+ Prepares for school

Playing what's missing
Pretending to be a ghost

- Running and chasing * Goto school
+ Building blocks
+ Small balls
- Stacking toys Afternoon Routine
+ Attend his therapy
+ Playing with toys
Favorite Foods + Watching YouTube
+ Fried chicken
+ Nuggets
- sliced apples Evening Routine
- Fries . + Dinner between 7:00 - 8:00 pm
* “_"mpm + Play with toys until 10:30 PM
+ Rice + Have dinner again when his Mom arrives from
* Hotdog work
+ Get ready to sleep around 12:00 pm
Favorite Cartoons Future Aspiration

P

"l just hope for him to live independently. Just
» enough to take care of himself” - Donna, Alife's
Peppofig  Oggy  Angry Birds mother

s ==

[

Teletubies  Tayo  Thomas

Feature Recommendations

DT #1: Visual Task Modelling for Daily Living Skills

DT #2: Emotional Regulation & Behavior Cueing

DT # 6: Attention and Focus Support Through Gamified Tasks
DT # 8: Interest-Driven Learning and Creative Expression

DT #12: Customizable Visual Routines for Home Transitions
DT # 45; Gamified Learning with Rewards and Challenges
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Figure 60

Profile of Ken

Ken

Age 12 Years Old

Gender  Male

siblings  None

Educat  Occupational

ion Therapy
Behavioral, Speech
Therapy, Regular
School (Kinder 1
and 2 to Grade 1),
SPED, and now is
Nen-Graded
Transition SNED

Capabilities
« Drawing
« singing

Interests

+ Skateboarding

« Swimming

+ Drawing

« Traveliing and going to
places

Favorite Games

+ Roblex and subway surf
(mobile games)

« Toy Bus

+ Any wheeled toy vehicles

Favorite Foods

+ Fried chicken

« French Fries

« Beef (pepper lunch)

+ Fish (tilapya, galungong)
« Pizza

* Noodles

« Pasta (carbonara)

- Pancit Canton

+ lced tea for beverage

Favorite Cartoons

Minions e Beor Bores

Feature Recommendations

Bio

Ken is a bright and creative 12 year old boy with a
love for drawing, singing, and explaring the world
through activities like skateboarding and swimming.
He enjoys mobile games like Roblox, collecting
wheeled toy vehicles, and watching his favorite
shows, including Minions and We Bare Bears. Ken
excels in music and art but is working on improving
frustration tolerance and focus. With the help of SPED
and Non-Graded Transition SNED programs, Kit is
learning essential life skills such as cooking, cleaning,
and computer literacy. His favarite foods include fried
chicken, pasta, and iced teq, reflecting his vibrant
personality.

Needs and Challenges

“There are times that he shows poor frustration
tolerance speciaily if he is not meeting his
expectations or getting what he wants. He easily gets
mad, make annoying noises, then do tantrums.
Maltdowns are shown sometimes, reasons are not
identified for this one. My child can be seen alone in
a room, he is silent with tears” - Edward, ken's father

+ Improve tolerance to frustrations and be more
patient

« Improve facus on things

Learn computer skills

« Learn to play a musical instrument

= Learn a sport (ex. running, swimming, cycling)

+ Leamn te cook simple foods

- Prepare his own meals

+ Wash his own dishes

+ Clean his place

« Improve frustration tolerance

Manage behavioral problems such (ex.

meltdawns)

Morning Routine

+ During weekends, if there is no schaal, he looks for
his own meal and have breakfast

« watches tv or watch and play on his phone

+ Do drawings

- Take a bath before lunch.

« During school days, he wakes early

+ Eats his breakfast

- Takes a bath

+ Dress up for schaol

Afternoon Routine

+ Eats his lunch
+ Watches tv or watch and play on his phane
- Takes anap

Evening Routine

+ Eats his dinner

« Watches tv or watch and play on his phone
+ Do some drawings

+ Goes to bed

Future Aspiration

“I wish my child could learn to live and survive on his
own. Have his own job, make money, live in his own
house. For him to not become a burden to those who
might look after him in the future.” - Edward, Ken's
father

« DT #1: Visual Task Modelling for Daily Living Skills

+ DT #2: Emotional Regulation & Behavior Cueing

+ DT #3: Multimodal Communication and Expressive Language Support
+ DT #4: Personalized Sensory Regulation Tools

+ DT #5; Gamified Motor Skills and Movement Integration

« DT # 6: Attention and Focus Support Through Gamified Tasks

DT # 7. Flexible, Interest-Based Academnic Learning Tools
DT # 8: Interest-Driven Learning and Creative Expression

+ DT #10: Peer Interaction Through Storytalling and Tum-Taking

DT #12: Customizable Visual Routines for Home Transitions
DT # 45: Gamified Learning with Rewards and Challenges
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Figure 61

Profile of Greg

Greg
Age 10 Years Old
Male
Siblings 2
Educat  Occupational
ion Therapy
speech Therapy (11
Months Ago)

Capabilities
+ Music

+ Structures
+ Drawing

Interests

- lego

« Clay

+ Drawing

+ Molding, tracing & cutting
+ Going to the store

Favorite Games

« Jenga

- Car

+ Marble toys
+ Therapy ball

Favorite Foods

Matcha or Chocolate Take
it

Tuna sandwich with a lot
of mayo

Tuna spaghetti

Seaweeds (Korean
noodles)

Chicken

Favorite Cartoons

=

d
Lightning Mcqueen Blippi

Feature Recommendations

Bio

Greg is a 10-year-old boy with a vibrant personality
and a love for creativity. Despite challenges with
aggression and frustration, he thrives in activities that
allow him to express his skills in music, drawing, and
building structures. Greg enjoys playing with Lego,
marble toys, and molding materials like Play Dough,
and has a fondness for Lightning McQueen and Blippi.
He excels at tracing, cutting, and creating
imaginative designs. Greg's favorite foods include
matcha or chocolate treats, tuna sandwiches, and
Korean-style seaweed noodles. Although he paused
his therapies due to financial constraints, Greg's
determination shines through in his everyday journey.

Needs and Challenges

“When he stopped his Therapy sessions , he
regressed and wouldn't focus on table activities” -
Joy, Greg's mother

Doing everyday household tasks
Communication

Toileting

Managing frustrations
Aggression

Destruction

Morning Routine

= Wake up and eat breakfast,

« Go to variety store for his morning walk. The
morning schedule changes depending on her
mother’s due to her mother’s work hours

« Play

Afternoon Routine

- Play

= Do some table activities

« Go to variety store for his afterncon walk

- He also goes to the grocery store thrice a week

Evening Routine

» Youtube browsing

« Play Minecraft, ASMR

- Prepare hot chocolate

= Listen to sounds that puts him to sleep

Future Aspiration

“My hope is for him to learn life skills and to discover
his God given talent.” - Joy, Greg's mother

DT #1: Visual Task Modelling for Daily Living Skills

DT #2: Emotional Regulation & Behavior Cueing

DT # 3: Multimodal Communication and Expressive Language Support
DT # 6: Attention and Focus Support Through Gamified Tasks

DT # 7: Flexible, Interest-Based Academic Learning Tools

DT # 8: Interest-Driven Learning and Creative Expression

DT # 1I: Nutrition Education Through Visual and Reinforced Tools

DT #12: Customizable Visual Routines for Home Transitions

DT # 45: Gamified Learning with Rewards and Challenges
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Figure 62

Profile of Chris

w

Chris

30 Years Old
Gender Male
siblings 5

Educat  Homeschooled,
ion currently in Pre-
Vocational Level 1

Capabilities

- Learned speech
independently through
expasure to TV and
conversations.
Skilled in searching
YouTube for music and
songs he likes.
Demonstrates creativity in
arranging scattered items
with a sense of design and
aesthetics.
Capable of sngaging in
ve tasks when

nterests

Music (especially pop
music) and dancing.
Drawing and digital
picture sditing.
Exploring creative and
hands-on activities.

Favorite Games

+ Basketball

+ Helicopter-flying

+ Car-racing

Stuffed toy-babying
Interactive games with
family, like I Have Two
Hands” and "Teddy Bear-
Teddy Bear.”

Favorite Foods

« Spaghetti
Fried chicken
Chocolate cake
« Halo-halo
Arroz caldo

+ Plzza

+ Burger

Favorite Cartoons &
Personalties

Spenge bob Mok

die Revillarne Ay Perer  Kiis Aquing

Feature Recommendations

Bio

Chris is o 30-year-old adult-child, thriving under the
care and guidance of his loving family.
Homeschooled and currently in Pre-Vocational Level
1, Chris communicates in phrases and words that are
self-taught. He loves creative design using digital
tools and is good with digital exploration. His passion
for pop music, dancing, and digital art reflects his
vibrant personality. Chris' favorite activities include
basketball, creative play, and arranging scattered
items into aesthetic displays. While he faces
challenges with daily living skills and sensory
sensitivities, his unique talents and interests shine
through.

Needs and Challenges

“His compiiance needs improvement, to stop
scattering things, our house is a mess. He's a picky
eater. He has lost weigh recently” - Lyane, Chris’
mather

- Improvemnent in daily living skills, particularly

hygiene and eating properly.

Development of employable skills, such as

housekeeping tasks.

» Tools for sensory integration, particularly for sound
sensitivities.

« Outdoor and recreational activities to support his
physical and secial development.

- Scattering clothes, toys, and food, leading to
household disruptions.

- Sensory sensitivity, especially to sounds.

- Picky eating habits, leading to weight loss.

» Difficulty integrating new routines or tasks
independently.

Morning Routine

= Drinks Nestea juice and eats hot cup noodles or
French fries.

» Watches TV or uses a smartphone te listen to
music on YouTube.

Afternoon Routine

+ Has lunch and sits beside his father while
watching TV.

- Scatters items, jumps around, or uses his laptop or
smartphone for music.

= Snacks on fries or biscuits.

Evening Routine

- Goes to the bathroom, brushes teeth, and washes
his face.
« Sleeps ataround 10 PM.

Future Aspiration

"For him to learn an employable skill like folding
linens. making a bed so he can be part of
housekeeping team in an inn or hotel.” - Lyane, Chris’
mother

DT #1: Visual Task Madelling for Daily Living Skills
DT #2: Emotional Regulation & Behavior Cueing

+ DT # 3: Multimodal Communication and Expressive Language Support

DT #4: Personalized Sensory Regulation Tools

- DT #5: Gamified Motor Skills and Movement Integration

DT # 6: Attention and Focus Support Through Gamified Tasks
DT # 7: Flexible, Interest-Based Acadermic Learning Tools

DT # 8: Interest-Driven Learning and Creative Expression

DT # I Nutrition Education Through Visual and Reinforced Tools
DT #12: Customizable Visual Routines for Home Transitions

+ DT # 45: Gamified Learning with Rewards and Challenges

395



Appendix 8: Individual parent profiles
Figure 63

Profile of Rose

Rose
Age 38 Years Old
Gender  Female
Marital Common Law

Paranaque Manila

Educat

College Graduate
ion

EMPIOY Housewife
ment

Family PHP 210,000 -
23,9000

Income
Sister & mother in

old law helps in child’s
Support  daily living

Househ

Feature
Recommendations

« DT # 13: Financial Aid
Navigation and Subsidized
Support

DT #14: Parental Tools for
Managing Behavior at
Home

DT #15: Caregiver Wellness
and Emotional Support
Tools

« DT # 16: Home-Based Life
Skills Coaching and Virtual
Guidance

DT # 18: Micro-Training
Modules for Parent
Empowerment

DT # 19: Family and Peer
Support Integration

DT # 20: Local Service and
Policy Support Directory
DT #23: On-Demand
Learning Aligned with
Parent Schedules

DT #24: User-Friendly
Interface with Guided
Tutorials

DT #25: Curated Digital
Content with Parental
Controls

DT # 26: Goal Tracking and
Progress Reporting Tools
DT # 29: Customizable
Intervention Resource
Library

DT #30: Interactive Parent-
Child Learning Activity Hub

Bio

Rose is a 38-year-old mother devoted to raising her
child. A college graduate, Rose balances her
responsibilities as a primary caregiver with the
support of her extended family.

She faces challenges in managing her child’s
behavioral issues but remains focused on finding
solutions to improve his quality of life. Rita values
family collaboration and strives to create a nurturing
environment for her child's growth.

Her dedication drives her to participate in initiatives
that offer innovative interventions, aiming to equip
her child with the skills needed for greater
independence and community participation.

Parenting Style

“What | think is needed is more acceptance and
knowledge about their status”

« Rita’s parenting approach is nurturing and
proactive, focusing on addressing her child’s
behavioral and developmental challenges.

- She collaborates with extended family members
to provide consistent care and seeks effective
strategies to help her child thrive.

Pain Points

« Difficulty managing her child’s behavioral
challenges, which require ongoing attention and
intervention.

« Balancing her responsibilities while ensuring her
child receives the necessary support and therapy.

« Financial strain and limited access to advanced
autism resources.

Needs and Goals

“Assistance from government and more therapy
facilities so that all children with special needs can
undergo therapy sessions”

- Strategies and tools for effectively managing her
child’s behavior.

Enhanced support for her child’s development in
daily living skills, such as independent eating and
dressing.

Strengthened collaboration with family members
to ensure a consistent care routine.

Long-term goal to prepare her child for
independent living and integration into the
community.



Figure 64

Profile of Rex

Rex

Age 38 Years Old
Gender  Male

Marital Married

Status

Reside Paranaque Manila
nce

Educat High School

ion Graduate

Employ ~ Government
ment Employee

Family

Not provided
Income

Househ  Grandfather helps
old in taking care of
Support  the children

Feature
Recommendations

DT #14: Parental Tools for
Managing Behavior at
Home

DT # 16: Caregiver Wellness
and Emotional Support
Tools

DT # 16: Home-Based Life
Skills Coaching and Virtual
Guidance

DT #18: Micro-Training
Modules for Parent
Empowerment

DT #19: Family and Peer
Support Integration

DT # 23: On-Demand
Learning Aligned with
Parent Schedules

DT #24: User-Friendly
Interface with Guided
Tutorials

DT # 25: Curated Digital
Content with Parental
Controls

DT # 26: Goal Tracking and
Progress Reporting Tools
DT # 29: Customizable
Intervention Resource
Library

DT #30: Interactive Parent-
Child Learning Activity Hub

Bio

Rex is a dedicated father and hands-on caregiver to
his twin sons, Reg and Roy. Rex collaborates with his
wife to nurture their children’s growth, emphasizing
structure and tallored support. Currently, his family is
transitioning into Special Needs Education (SNED)
programs after initial diagnosis in mainstream
schooling. Despite daily challenges, Rex uses patient
explanations and promise-based encouragement to
teach life skills. His ultimate goal is to foster
independence in his sons while ensuring their
happiness and emotional well-being.

Parenting Style

“It usually takes about 15 minutes to explain why it's
important. | also use positive words and sometimes
make promises, like going out later. They love going
out and getting excited, running around while we
keep an eye on them”

+ Rex employs lengthy, clear explanations to
encourage his children to participate in new
activities.

He uses rewards such as outings and promises to
motivate his children to comply with routines and
learn new skills.

Rex values routine and relies on its consistency to
manage behavioral expectations.

He and his wife take turns managing household
and caregiving responsibilities to ensure balanced
attention for their children.

Pain Points

“The teachers mostly ask about their behavior at
school, and they're aware that the boys need to
develop these skills".

Frequent meltdowns occur when routines are
disrupted or immediate desires are unmet.
Teaching life skills such as bathing and eating
independently has proven particularly difficult.
Balancing work, caregiving, and family life often
feels overwhelming.

Managing their children’s aversion to loud noises
adds to the daily stress.

Access to specialized educational support and
digital tools remains limited.

Needs and Goals

“It should focus on building their character and
confidence. it would be helpful if it included tools to
keep them calm, especially when they're close to
having a tantrum.”

Foster independence in his children by developing
foundational self-care skills.

Cultivate their confidence and character through
engaging activities.

Improve their adaptability to changes in routines
or new environments.

Assistance in behavioral management,
particularly with tantrums and hyperactivity.
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Figure 65

Profile of Amy

Amy

Age 38 Years Old
Gender  Female

Marital Married

Status

Reside Paranaque Manila
nce

tducat  College

ion Undergraduate
FTPIOY T Housewife
ment
Family Not provided
Income
Househ
old None
Support
Feature
Recommendations

DT # 13: Financial Aid
Navigation and Subsidized
Support

DT #14: Parental Tools for
Managing Behavior at
Home

DT # 15: Caregiver Wellness
and Emotional Support
Tools

DT # 16: Home-Based Life
Skills Coaching and Virtual
Guidance

DT # 18: Micro-Training
Modules for Parent
Empowerment

DT #22: Local Service and
Policy Support Directory
DT #23: On-Demand
Learning Aligned with
Parent Schedules

DT #24: User-Friendly
Interface with Guided
Tutorials

DT # 25: Curated Digital
Content with Parental
Controls

DT # 26: Goal Tracking and
Progress Reporting Tools
DT # 29: Customizable
Intervention Resource
Library

DT #30 : Interactive Parent-
Child Learning Activity Hub

Bio

Amy is a 38 year old mother, who is dedicated to full
time care of her son with severe autism.

Despite limited family support and significant
behavioral challenges, Amy remains committed to
her child’s learning by ensuring he attends his special
needs classes and undergoes regular occupational
therapy.

Her hands-on approach to her child’s development,
resilience and consistency in helping her child follow
a daily routine is a testament to her dedication to her
child's learning.

Parenting Style

- Amy practices an engaged and patient parenting
style, focusing on understanding and addressing
her child’s unique needs.

« Amy values evidence-based approaches and
ensures consistency between school and home
environments.

Pain Points

"My son needs supervision all the time. Though, he is
fine that I leave him in a room by himself when doing
household chores”.

+ Addressing and managing her child's behavioral
issues, which require continuous effort and
strategies.

With no extended family support, Amy must
independently manage caregiving responsibilities
alongside her other commitments.

Without specific financial or community support
details, Amy faces limitations in accessing
specialized resources for her child.

Needs and Goals

“I hope to gain support from the government such
as free therapy for my son”

+ Practical tools and interventions to manage her
child’s behavior effectively.

« Government subsidy and support.

+ Guidance for behavioral strategies that can be
implemented at home.
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Figure 66

Profile of Edward

Edward
Age 42 Years Old
Gender  Male
Marital Married
Status

Reside Dasmarinas Cavite
nce
Educat
ion

College Graduate

Employ  Private Sector

ment Employee
Family .
anmily Not provided
Income

Househ  Occasionally
old receives

Support  assistance from
nearby relatives

Feature
Recommendations

+ DT #13: Financial Aid
Navigation and Subsidized
Support

+ DT #14: Parental Tools for

Managing Behavior at

Home

DT # 15: Caregiver Wellness

and Emational Support

Tools

DT # 16: Home-Based Life

Skills Coaching and Virtual

Guidance

+ DT #17: Life Skills and
Vocational Readiness
Toolkit

+ DT # 18: Micro-Training
Modules for Parent
Empowerment

+ DT #19: Family and Peer
Support Integration

« DT #22: Local Service and
Policy Support Directory

+ DT #23: On-Demand

Learning Aligned with

Parent Schedules

DT #24: User-Friendly

Interface with Guided

Tutorials

DT # 25: Curated Digital

Content with Parental

Controls

+ DT # 26: Goal Tracking and
Progress Reporting Tools

+ DT # 27: Parent-Teacher

Sharing and

Communication Tools

DT #28: Picture-Based

Parent-Child

Communication Tools

DT # 28: Customizable

Intervention Resource

Library

DT #30: nteractive Parent-

Child Learning Activity Hub

Bio

Edward, a 42-year-old father is the primary caregiver
for his 12-year-old son, Kit. A college graduate,
Edward dedicates his time to supporting Kit's
development while balancing financial and
caregiving challenges. He focuses on teaching life
skills like cooking and hygiene, leveraging Kit's
interests in drawing and cooking to enhance learning.
Edward manages behavioral challenges such as
frustration and meltdowns with patience and
consistency, creating structured environments for
growth, Despite limited resources, he strives to
prepare Kit for an independent future and seeks
accessible tools to simplify caregiving and teaching
routines.

Parenting Style

I create a controlled environment. | corner him and
say, Let’s just focus on this. Look at the sink, nowhere
else. | also make sure the TV and other distractions
are off. | guide his head gently to ensure he’s looking
at what he needs to.

+ Uses verbal reinforcement like “good job” instead

of tangible rewards to normalize tasks.

Stays firm and consistent in guiding Kit through

routines, even when Keith is resistant,

+ Encourages Kit's autonomy in tasks like food
preparation but ensures close supervision for
safety.

+ Manages meltdewns by patiently setting

expectations and creating a calm environment.

Plans Keith's activities around his interests, such as

cooking or drawing, to keep him engaged.

Pain Points

“We moved him out of his previous school because
the tuition fee was too expensive, and my wife was
disappointed. She felt he wasn't learning new things,
and there were behavioral problems. Before the end
of the school year, he stopped studying altogether”,

« Struggles to balance caregiving duties with
persenal activities like exercising or pursuing
hobbies.

+ Limited time for consistent teaching or skill-

building for Kit due to a hectic schedule.

High costs associated with therapies, specialized

education, and preparing for Kit's future.

Limited income sources and high dependency on

family resources.

Absence of structured tools or guidance to create

effective learning routines for Keith at home.

Need for simple, accessible tools or apps to aid

Kit's learning.

+ Limited external help from caregivers or teachers
due to scheduling conflicts.

Needs and Goals

“I think having more structured tools or a clearer plan
for daily tasks would help. Apps that could guide him
through tasks or help him with his emotions would be
useful, especially if they were tailored to his interests.
If | had more resources to help with that, | think it
would make managing his behavior and learning
easier.”

More structured time and resources to manage
caregiving and personal well-being.

Access to government assistance for financial and
educational suppaort.

Simplified tools to integrate into caregiving
routines, like an app to guide son's activities.

Build a stronger support system with relatives and
caregivers trained to understand autism.

Increase collaboration with educators to align on
strategies for son's development,
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Figure 67

Profile of Donna

Donna
Age 36 Years Old
Gender  Female
Marital Married
Status

Reside Paranague Manila

nce

tducat  College

ion Undergraduate
Employ Supervisor
ment

Family  PHP 240,000 -

Income 480,000

Househ .
old Sister takes care of
the child
Support
Feature

Recommendations

DT # 13: Financial Aid

Navigation and Subsidized

Support

Home

Tools

Guidance

Modules for Parent
Empowerment

Support Integration

DT #23: On-Demand

Learning Aligned with

Parent Schedules

Tutorials

Controls

Library

DT #14: Parental Tools for
Managing Behavior at

DT # 15: Caregiver Wellness
and Emational Support

DT # 16: Home-Based Life
Skills Coaching and Virtual

DT # 18: Micro-Training

DT #19: Family and Peer

DT #22: Local Service and
Policy Support Directory

DT #24: User-Friendly
Interface with Guided

DT # 25: Curated Digital
Content with Parental

DT # 26: Goal Tracking and
Progress Reporting Tools
DT # 29: Customizable
Intervention Resource

Bio

Donna, a 36-year-old mother and dedicated
caregiver, balances her role as a supervisor with the
responsibilities of raising a child with special needs.
With the support of her sister, she navigates the
challenges of parenting, including finding
employment that accommodates her caregiving
responsibilities.

Donna”s commitment to her child’s development
drives her pursuit of tailored interventions and flexible
work solutions, showcasing her resilience and
dedication to providing a nurturing environment.

Parenting Style

« Actively participates in caregiving while balancing
professional responsibilities.

« Sister assists with childcare.

+ Ensures the child's needs are met while
maintaining flexibility to adapt to challenges.

Pain Points

“We have to be alert and not take off our eyes from
our child 24/7. We have to arrange our daily
schedule prioritizing his well being. I have to look for
a job where | can easily change schedule”.

+ The child requires constant monitoring.
+ Struggles to find a job that allows flexibility to
accommodate the child's care schedule.

Needs and Goals

+ Flexible work opportunities to manage time for the
child’s care.

+ Emotional and social support to reduce stress
from dual responsibilities.

+ Structured routines and interventions tailored to
her son’s developmental and behavioral
requirements.

+ Continuous support and resources for skill-
building and social integration.
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Figure 68

Profile of Joy

Joy

Age 49 Years Old

Gender  Female

Marital Separated
Status

Reside Muntinlupa Manila
nce

Educat

College Graduate

on

Employ  Small business

ment owner

Family PHP 240,000 -
Income 480,000

Househ . R
old Financial support
from relatives
Support
Feature

Recommendations

DT # 13: Financial Aid
Navigation and Subsidized
Support

DT #14: Parental Tools for
Managing Behavior at
Home

DT # 15: Caregiver Wellness
and Emotional Support
Tools

DT # 16: Home-Based Life
Skills Coaching and Virtual
Guidance

DT # 18: Micro-Training
Modules for Parent
Empowerment

DT #20: Culturally Inclusive
Autism Awareness and
Advocacy

DT #22: Local Service and
Policy Support Directory
DT # 25: Curated Digital
Content with Parental
Controls

DT # 26: Goal Tracking and
Progress Reporting Tools
DT #28: Picture-Based
Parent-Child
Communication Tools

DT # 29: Customizable
Intervention Resource
Library

DT #30: Interactive Parent-
Child Learning Activity Hub

Bio

Joy a dedicated single mother, exempilifies resilience
and devotion as the primary caregiver for her son
Greg. With o degree in business and entrepreneurial
experience, Jane manages to provide for her family
while navigating the challenges of parenting.

She dreams of enabling Gab to learn essential life
skills and develop his talents in music, art, and
structure-building.

Despite financial constraints, she remains optimistic
and resourceful, striving to balance her work with the
demands of raising a child with special needs. Her
strength and commitment define her inspiring
journey as a mother.

Parenting Style

“l just give him crayons and bond paper so he could
draw and color . It's better than not doing anything
atail”
+ Jane assumes 24/7 responsibility for Gab's care.
« Highly attentive to her child's needs, managing his
routines, therapy, and learning activities.
« Balances therapeutic and play activities such as
Lego, drawing, and sensory games.

Pain Points

“Unfortunately , I'm the only one who's taking care of
my son who has autism. Im juggling work and at the
same time take care of my child. Since I'm always
busy, I no longer have time to help my child
remember his activities ".

.

Struggles to afford therapies and potential
caregiving help.

Difficulty juggling work and Gab's full-time
supervision needs.

Managing Gab’s aggression and destructive
tendencies.

.

.

Limited extended family involvement, with
occasional financial help.

Needs and Goals

“l need more income so | can hire a caregiver that
could help me out”.

Additional income or government support to hire a
caregiver.

Strategies to improve Gab’s communication and
daily living skills (e.g., toileting).

Equip Gab with life skills and help him discover his
unigue talents.

Foster a supportive and enriching environment for
his growth and learning.

.

.
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Figure 69

Profile of Lyane

Lyane

Age 69 Years Old
Gender  Female

Marital Married
Status

Dasmarinas Cavite

University
Graduate; Master's
Degree Units

Freelancer

vily PHP 240,000 - PHP
ncome 480,000

Househ  Emotional support
old and prayers, but
Support  nodirect
involvement in
daily care or
education

Feature
Recommendations

DT # 13: Financial Aid

Navigation and Sub:

Support

DT #14: Parental Tools for

Managing Behavior at

Home

+ DT #15: Caregiver Wellness

and Emotional Support

Tools

DT # 16: Home-Based Life

Skills Coaching and Virtual

Guidance

DT #17: Life Skills and

Vocational Readiness

Toolkit

+ DT # 18: Micro-Training
Modules for Parent
Empowerment

+ DT #19: Family and Peer
Support Integration

+ DT #20: Culturally Inclusive
Autism Awareness and
Advocacy

+ DT #22: Local Service and
Policy Support Directory

+ DT #24: User-Friendly
Interface with Guided
Tutorials

+ DT # 25: Curated Digital
Content with Parental
Controls

+ DT # 26: Goal Tracking and
Progress Reporting Tools

+ DT #28: Picture-Based
Parent-Child
Communication Tools

+ DT # 29: Customizable
Intervention Resource
Library

+ DT #30: Interactive Parent-

Child Learning Activity Hub

ized

Bio

Lyane is a devoted mother and freelance writer. With
@ strong educational background and rich life
experiences, Lynn dedicates herself to raising her son
Chris. She champions a parenting approach rooted
in love, acceptance, and active engagement,
focusing on fostering his child’s creativity and
independence. Despite challenges like caregiving
fatigue and limited resources, Lyane remains hopeful,
working tirelessly to equip his son with essential life

s. Her dream is to see his son thrive as a confident
individual, capable of contributing to society in his
unique way.

Parenting Style

“l am enthusiastic myself, 'm happy and eager to
accompany him in writing, drawing, reading, playing”

Emphasizes love, acceptance, and patience as the
foundation of her parenting.

Encourages learning through exploration and self-
discovery, allowing her child independence in safe
environments (e.g, grocery shopping).

Uses positive reinforcement, storytelling, and
engaging activities to teach and build skills.

She aligns her teaching with Caleb’s interests,
such as pop music and creative activities, and
adjusts routines based on his mood and energy
levels.

Pain Points

“My husband and | takes care of our son who needs
about 80% care through out the day. | experience
fatigue and depression”,

-+ Managing Caleb's sensory sensitivities (e.g, dislike
of bright lights and noise).

Addressing daily living challenges, including
hygiene and proper eating habits.

Caleb’s tendency to scatter items around the
house, leading to physical and emotional fatigue.
Limited support network and resources to alleviate
the family's caregiving burden,

Concerns about Caleb's transition to adulthood
and independence.

Needs and Goals

"I try to cope by rest, self care, and through my
spiritual life”

Rest, self-care, and spiritual suppert for emational
well-being.

Practical tools for teaching hygiene, eating, and
basic chores.

Accessible government programs for adult
transition and vocational skills training.

Equip Caleb with employable skills (e.g..
housekeeping tasks).

Foster his independence and confidence.
Expand Caleb's engagement in creative and
outdoor activities.
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Appendix 9: Individual teacher profiles
Figure 70

Profile of Gemma

—

Gemma
Age 32 Years Old
Gender Female

Marital Status  Married
Specialization  Special Education

University Graduate;

Education .
Masters Degree units

Yrs. Teaching  Nine
Class Size 1Class, 23 Students

Feature Recommendations

DT #31: Behavior Management and
Monitoring Tools for Teachers

DT #33: Individualized Learning Plans
with Real-Time Tracking

DT #35: Teacher and Parent Digital
Training Community

DT #36: Parent-Teacher
Communication and Coaching
Platform

DT #37: Screen Time Monitoring and
Hybrid Learning Features

DT #38: Intervention Templates and
Al-Based Planning Tools

DT #41: Collaborative Visual Daily
Planner

DT #44: Personalized Lesson Creation
Using Child Profiles

Perspective on Digital Education
Tools

While she acknowledged that many
children were naturally inclined toward
gadgets and sees potential benefits in
using apps as teaching tools, she raised
concerns about:

+ Prolonged use of devices in school
could lead to behavioral issues and
dependency on gadgets.
Qverexposure to screens may affect
children’s eyesight and overall well-
being.

The need to limit screentime and use
mobile applications as part of a
balanced approach that includes
non-digital, hands-on activities.

Bio

A dedicated special education teacher with nine
years of experience teaching children with special
needs. Armed with a master's degree units, she
specializes in creating structured and nurturing
classroom environments.

She excelled in tailoring her approach to meet each
child’s unique needs, using visual schedules and
personalized routines to foster learning and
emotional regulation.

Passionate about empowering parents as partners in
education, she actively sought innovative strategies
to address behavioral challenges and teach life skills.
Outside work, she values rest and rejuvenation to
maintain her unwavering dedication to her students.

Teaching Style

“I check if they're okay, not sick and ready to
participate. If the child is not well in a day, | will not
force him/her to do tasks that | know would agitate
them that would lead to tantrums and unproductive
activities. Letting them stay in a peace corner to relax
and observe would help them know that they are
respected and well loved in the classroom”

Created structured routines and visual schedules
for predictability.
Focused on individualized approaches based on

students’ behaviors, moods, and well-being.

Provided a nurturing environment with tools like
'peace corners’ to support emotional regulation.

Pain Points

“I face different challenges everyday, everyday
challenges varies to the mood and behaviors of
each students”

+ Managing unpredictable mood and behaviors

Needs and Goals

= Behavior management tools
= Parent collaboration to enhance learning of their
child
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Figure 71

Profile of Michelle

-
Michelle
Age 44 Years Old
Gender Female

Marital Status  Single

Specialization  Special Education

Education University Graduate
¥rs. Teaching  Nine

1-1: 3 Classes
Classes Big: 4 Classes
Handled & Small: 4 Classes
Size 23 Students per class

Feature Recommendations

DT #31: Behavior Management and
Monitoring Tools for Teachers

DT #33: Individualized Learning Plans
with Real-Time Tracking

DT #34: Low-Spec Device
Compatibility and Print Alternatives
DT #35: Teacher and Parent Digital
Training Community

DT #36: Parent-Teacher
Communication and Coaching
Platform

DT #38: Intervention Templates and
Al-Based Planning Tools

Perspective on Digital Education
Tools

“Some are willing but not all parents are
knowledgeable or educated using mobile
applications. They also don't have time to
teach their child because some need to
work to earn money”.

Michelle acknowledged the potential of
mobile applications but highlights critical
challenges:
« Teaching through apps can be
challenging due to time constraints.
» Many families lack gadgets or
resources to use mobile applications
effectively.
+ Some parents are not tech-savvy or
are unable to dedicate time to
learning or implementing the apps.

Bio

A dedicated leader and teacher focusing on special
education, Michelle have nine years of teaching
experience across private and public schools, she
excelled in fostering independence in children with
severe autism through structured routines and step-
by-step instruction. She emphasized collaboration
among educators and parents to create supportive
learning environments. Passionate about her
students' holistic development, she advocated for
affordable therapy and digital tools to teach life skills,
bridging school learning with home reinforcement.

Teaching Style

“Repetition of teaching the daily living skills -its
important for children to master it. We also teach
and talk to the parents about the need to have a
routine in their house to practice the daily living
skills”.

Collaborative, problem-focused, and step-by-
step teaching.

Emphasized routine and repetitive practice to aid
in building daily living skills at school and home.
Employed modeling to encourage imitation.
Worked with parents to create home routines that
reinforce learning.

Pain Points

“Sometimes we get hurt by children with severe
autism. They need therapy, but parents cannot
afford therapy for their child”.

- Difficulty to manage children with aggressive
behavior

= Some parents lack the time or technical
knowledge to support learning due to work
commitments.

= Difficulty in providing parents free or cheaper
therapy that their child needs

Needs and Goals

“As for now we are looking partners or stakeholders
to help our students to have free or cheaper therapy
in a center”.

= Partnerships with stakeholders to provide
affordable or free therapy services for students.

= Support in handling students with aggressive
behaviors

- Strategies to enhance communication and
collaboration with parents.
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Figure 72

Profile of Leah

Age Not provided

Gender Female

Marital Status  Married

Specialization  Special Education
University Graduate

Education Master units in
Special Education

Yrs. Teaching  Thirteen

4 classes (4-5
Students per class)

Classes .

+ Self contained
Handled & 5

« Kinder level
Size X

« Primary

+ Pre-vocational

Feature Recommendations

DT #31: Behavior Management and
Monitoring Tools for Teachers

DT #32: Personalized Communication
Profiles for Classroom Use

DT #33: Individualized Learning Plans
with Real-Time Tracking

DT #365: Teacher and Parent Digital
Training Community

DT #36: Parent-Teacher
Communication and Coaching
Platform

DT #38: Intervention Templates and
Al-Based Planning Tools

DT #39: Teacher Peer Support and
Digital Recognition

DT #40: Admin Collaboration and
Multi-User Access

DT #41: Collaborative Visual Daily
Planner

DT #44: Personalized Lesson Creation
Using Child Profiles

Perspective on Digital Education
Tools

“I believe that it is a great and innovative

strategy to teach learners with severe
autism”

« Believed that digital applications are
an innovative and effective way to

teach life skills to children with severe

autism

Viewed mobile applications as a
great tool for both teaching and
supporting parent-implemented
interventions, though access to
gadgets and follow-up time may
present challenges

Bio

A dedicated teacher with 13 years of experience in
special education, Leah used individualized teaching
strategies, visual cues, and the picture exchange
communication system to help students acquire
daily living skills.

She advocated for the actively involvement of
parents in their child's education.

Leah faced challenges such as limited resources and
inadequate support but strived to create impactful
change through proactive communication and
continuous professional development.

Teaching Style

“I use visual cues and picture exchange
communication”

+ Focused on individualized behavior and learning
plans

+ Used visual cues and Picture Exchange
Communication System (PECS)

+ Advocated for parent involvement in the learning
process

Pain Points

“The challenges that we face include limited
resources, inadequate training and lack of support
for special education teachers”.

« Limited resources for teaching

+ Inadequate training and support for special
education teachers

+ Challenges in ensuring consistency amid
unpredictable student behaviors

Needs and Goals

“We need to always plan ahead, establish
continuous communication, provide feedback and
seek support with special needs educational sectors”

« Access to diverse and appropriate teaching
materials that cater to the varying preferences
and severity levels of her students.

Continuous training opportunities to improve her
skills in special education, ensuring that she stays
updated with the latest strategies and
interventions for children with autism.

More institutional and community support,
including mentorship, peer networks, and
resources to aid special education teachers in
providing effective education to children with
diverse needs.

Establishing clear and continuous communication
with both parents and teachers to enhance
collaboration, gather feedback, and ensure
consistency in the learning process at school and
at home.
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Figure 73

Profile of Charise

Charise
Age 33
Gender Female

Marital Status  Married

Specialization  Special Education
Education College Graduate

Yrs. Teaching  Ten
Classes

X 5 Classesof 3to 7
Handled &

students
slize

Feature Recommendations

DT #31: Behavior Management and
Monitoring Tools for Teachers

DT #33: Individualized Learning Plans
with Real-Time Tracking

DT #35: Teacher and Parent Digital
Training Community

DT #36: Parent-Teacher
Communication and Coaching
Platform

DT #38: Intervention Templates and
Al-Based Planning Tools

DT #41: Collaborative Visual Daily
Planner

DT #44: Personalized Lesson Creation
Using Child Profiles

Perspective on Digital Education
Tools
« Saw the potential of using mobile

applications to teach life skills to
children with severe autism, although

believes the effectiveness of such tools

depends on the individual learner.
For parents, she viewed mobile
applications as an essential tool for
supporting the implementation of
interventions at home, particularly
those of non-verbal children, to
understand their child's needs and
provide a consistent approach to skill
development.

However, if parents do not cooperate
or actively engage in the process, it
could hinder the success of these
interventions.

Bio

Charise have 10 years of experience in special
education, with a focus on routine establishment and
compromise teaching. She created secure and
engaging environments for her students, through
consistency, patience, and individualized instruction
to promote independence. Charise believed in the
power of parent-teacher collaboration and parent-
implemented interventions; she was also passionate
about empowering students and families to support
learning both at school and home.

Teaching Style

“I provide activities and have a long patience to
teach them on how to be independent”.

» Focused on building structured routines to help
students feel secure and engaged. This is
particularly essential for students with severe
autism, who often thrive in predictable
environments.

Believed in being consistent with instructions and
maintaining long patience to support students’
development of independence.

Provided specific activities designed to help
students with severe autism develop essential
daily living skills, ensuring that each student
progresses towards greater independence.

Pain Points

“I deal with their different behaviors every day, and |
find it challenging”

« The varied behaviors of students with severe
autism can present challenges, requiring flexibility
and quick adaptation.

Needs and Goals

= Training to improve her effectiveness in managing
classroom behaviors and promoting student
learning.

» Needs tools and resources that can be adjusted to
keep her students engaged and help them learn
in different ways.
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Figure 74

Profile of Mara

’ .

L
Mara
Age 56
Gender Female

Marital Status  Married

Specialization  Special Education
University Graduate
Education ty |

Master’s Degree units

Yrs. Teaching 36

Classes . X
1 section with 22
Handled &
. students
Size

Feature Recommendations

.

DT #31: Behavior Management and
Monitoring Tools for Teachers

DT #33: Individualized Learning Plans
with Real-Time Tracking

DT #35: Teacher and Parent Digital
Training Community

DT #36: Parent-Teacher
Communication and Coaching
Platform

DT #38: Intervention Templates and
Al-Based Planning Tools

DT #41: Collaborative Visual Daily
Planner

DT #44: Personalized Lesson Creation
Using Child Profiles

.

.

.

.

.

.

Perspective on Digital Education
Tools

Believed that digital applications hold
promise in teaching life skills to learners
with severe autism, provided they are
thoughtfully designed and cater to
individual needs.

» Emphasized the importance of
applications being customized to
address the diverse needs and
manifestations of autism in students.

+ Highlighted the need for apps to
accommodate varying levels of skill
acquisition and adaptability.

Bio

Mara - a seasoned educator with 36 years of
experience, spent 28 years as an elementary teacher
and 8 years as a special education teacher. She have
a university degree and earned her master’'s degree
units focusing on Special Education.

Specializing in SPED, Mara used modeling techniques
and emphasized the importance of parental
involvement in fostering the learning of their child at
home.

Her free time was mostly spent accomplishing school
paperwork and browsing the internet.

Teaching Style

I use the model approach where | start with simple
tasks using simple instructions and | ask my students
to do it on a daily basis or as frequent as possible”

» Used modeling as an effective intervention,
starting with simple tasks and giving clear,
straightforward instructions

« Valued the involvement of parents in the learning
process

» Focused on teaching functional and daily living
skills to make children more independent.

Pain Points

“In my experience, | work with three boys, ages 5-89.
All dislike noise, sound, or music. Before entering the
classroom, they check if the TV is on. | turn it off so
they’ll come in. One of them bites, pushes, and spits.
He'll hit you, then laugh and run, expecting you to
chase him”.

Managing learners with no sitting tolerance.
Addressing behaviors like spitting, hitting, and
resistance to disliked activities.

Accommeodating the varied and unique
manifestations of severe autism among learners.
Balancing limited resources and tools to address
sensory sensitivities effectively.

Needs and Goals

Tools to foster acquisition of daily living skills for
learners with severe autism using modeling
Promote parental involvement in education
Access to sensory management aids and
adaptive tools for teaching.

Activity sheets and materials tailored to each
learner's developmental level.
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Figure 75

Profile of Nadine

Nadine
Age 54
Gender Female

Marital Status  Married
Specialization  Pre-Vocational
University Graduate
Master's Graduate
¥rs. Teaching 29

Education

Classes

1class, average of 18
Handled &

students
Size

Feature Recommendation

Profiles for Classroom Use

DT #33: Individualized Learning Plans
with Real-Time Tracking

DT #35 : Teacher and Parent Digital
Training Community

DT #36: Parent-Teacher
Communication and Coaching
Platform

DT #38: Intervention Templates and
Al-Based Planning Tools

DT #41: Collaborative Visual Daily
Planner

Using Child Profiles

Perspective on Digital Education
Tools

“Mobile applications can be a valuable

tool for teaching life skills to children with

severe autism. When used thoughtfully
and in conjunction with other teaching
strategies, apps can provide engaging,
customized, and flexible learning
experiences”.

+ Viewed mobile applications as
valuable tools for teaching life skills,
offering customized and engaging
experiences for children with autism.
Acknowledged their cost-

effectiveness and potential for parent

training, but recognized challenges
such as overstimulation, lack of

individualized content, and difficulty in

ensuring consistent parental
involvement.

DT #32: Personalized Communication

DT #44: Personalized Lesson Creation

Bio

Nadine - a special education teacher with 29 years of
experience, specialized in pre-vocational training for
children with autism. She have a master of arts in
education, majoring in special education. Nadine's
teaching emphasized individualization, structure,
consistency, and positive reinforcement, helping her
students master daily living skills. She used strategies
like task analysis and PECS to address speech and
language delays. Married and a gardening
enthusiast, she remained committed to fostering
independence and lifelong skills in her students.

Teaching Style

"My approach to teaching daily living skills to
children with severe autism is centered around
individualization, structure, consistency, and positive
reinforcement”.

- Adopted a structured, individualized approach,
emphasizing consistency and positive
reinforcement.

Used task analysis to break down complex tasks
into manageable steps and employs PECS to
facilitate communication for non-verbal students.

Lessons focused on mastering daily living skills
and adapting teaching strategies to meet each
child’s unigue needs.

Pain Points

“Some children with special needs may have
difficulty communicating, either because of speech
and language delays or through non-verbal means”.

« Communication difficulties in students with
speech or language delays.

Challenges in engaging students through non-
verbal means.

Limited resources and support to implement
interventions effectively.

Emotional strain on both the teacher and parents
due to the intensive needs of students.

Needs and Goals

 Access to advanced tools and resources for
individualized teaching.

= Parental involvement and consistent support at
home.
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Figure 76

Profile of Aster

Aster
Age 56
Gender Female

Marital Status  Married

Specialization  Special Education

University Graduate

Education
Master's Graduate

¥rs.Teaching 32

Classes

1class, average of 18
Handled &

students
Size

Feature Recommendations

DT #33: Individualized Learning Flans
with Real-Time Tracking

DT #35: Teacher and Parent Digital
Training Community

DT #36: Parent-Teacher
Communication and Coaching
Platform

DT #37: Screen Time Monitoring and
Hybrid Learning Features

DT #38: Intervention Templates and
Al-Based Planning Tools

DT #44: Personalized Lesson Creation
Using Child Profiles

Perspective on Digital Education
Tools

“Certain applications incorporate

gamified components, which can greatly

inspire kids. Children might be
encouraged to continue honing their
everyday living abilities by completing
challenges, leveling up, or earning
incentives”

Viewed digital education tools as a
promising method and appreciates
features like gamification, which can
motivate children through challenges,
rewards, and leveling up.

Believed this can be effective for
parents if it has the ability to
customize activities to their child's
specific needs and preferences.
However, she acknowledged
challenges, such as managing the
extent of screen time, ensuring apps
are user-friendly, and maintaining
personalized support for optimal
outcomes.

Bio

Aster, a seasoned special education teacher with
over 32 years of teaching experience, specialized in
fostering independence among children with severe
autism by focusing on critical daily living skills, such
as dressing, feeding, and toileting.

She earned her Master's degree in special education
and utilized individualized instruction and structured
teaching strategies.

Teaching Style

“Self-reliance, security, and involvement in everyday
activities are my top priorities. These could include
practical abilities like setting the table, using the
restroom; self-care skills like dressing, grooming, and
functional communication skills like asking for
assistance”.

« Employed structured teaching strategies, focusing
on individualized support to address the unique
needs of her students with severe autism.

She emphasized practical skills that encourage
self-reliance, such as grooming, toileting, and
basic communication.

Her approach prioritized consistency, routine, and
predictability, helping students feel secure and
engaged.

Pain Points

“Routine and predictability are typically highly
beneficial to children with severe autism. In order to
guarantee that the teaching strategies employed in
therapy or at school are continuously reinforced at
home, parents are essential”.

« Irregular student attendance, which disrupt
learning consistency.

+ Challenges in maintaining follow-ups and
reinforcement of learned skills at home.

Needs and Goals

“The best people to know about a child's preferences,
difficulties, and strengths are their parents. Training
parents to carry out interventions enables the
strategy to be precisely customized to their child's
particular requirements, learning preferences, and
sensory sensitivity. By modifying interventions
according to their child's response, parents may
make sure that tactics are tailored for improved
results.”

+ Increased collaboration with parents to ensure
follow-up and reinforcement of skills at home.

« Tools to address irregular attendance and engage
students consistently.

+ Equip students with essential daily living skills to
foster independence.
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Figure 77

Profile of Cherry

Cherry

Age 33

Gender Female

Marital Status ~ Married
Specialization  Special Education

Education University Graduate

Yrs. Teaching 13

Classes
1class, average of 22
Handled & 9
students
Size

Feature Recommendations

DT #33: Individualized Learning Plans
with Real-Time Tracking

DT #35: Teacher and Parent Digital
Training Community

DT #36: Parent-Teacher
Communication and Coaching
Platform

DT #38: Intervention Templates and
Al-Based Planning Tools

DT #41: Collaborative Visual Daily
Planner

DT #43: Consistent Reward Systems
Across Home and School

Perspective on Digital Education
Tools

“Mobile applications may be a visual aid

for both parents and learners however
practical application is still essential”.

« Perceived digital education tools, such
as mobile applications, as useful aids

in teaching life skills to children with

severe autism. However, she believed

that these tools are supplementary
and cannot replace face-to-face
interactions, which she views as the
most effective teaching method.
Recognized that mobile applications
can serve as visual aids for both

learners and parents, supporting skill

acquisition and follow-up at home.
Emphasized the importance of
practical application and notes
potential challenges, including the
availability of gadgets and the

consistency of parental involvement,

particularly for working parents.

Bio

Cherry, a dedicated Special Education Teacher have
13 years of experience in Early Childhood Education
and Special Education. Teaching a class of 22
students, she excelled in fostering independence in
learners through explicit teaching and consistent
follow-up. She valued the role of therapy and
parental involvement in reinforcing daily living skills
for children with severe autism. Cherry advocated for
increasing the number of special education teachers
to address class size challenges.

Teaching Style

“Explicit teaching helps me slowly teach the skill
followed by regular repetition of the skill by the
learner”.

« Used explicit teaching to break down skills into
manageable steps for her students, ensuring
gradual mastery through regular repetition.
Emphasized face-to-face interactions as the most
effective way to teach life skills, complemented by
therapy and consistent parental follow-up at
home.

Believed in creating structured, supportive
learning environments tailored to the needs of
each child.

Pain Points

“Handling a number of learners with a class size of 22
is challenging. There is a need to add more SPED
teachers”.

= Managing a large class size of 22 students

« Limited availability of special education teachers

+ Challenges in ensuring consistent parental follow-
up at home

Needs and Goals

“Daily living skills are key for learners to be
independent and care for themselves especially
when their parents wont be around when they grow
older”.

More special education teachers to reduce class
sizes

Training programs for parents to support learning
at home

Equip learners with daily living skills for
independence

Strengthen parent-teacher collaboration
Promote practical and consistent application of
skills at home and in therapy.
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Figure 78

Profile of Ashley

Age 39
Gender Female
Marital Status  Married

Specialization  Special Education
Education University Graduate

Yrs.Teaching 9

Classes
) 1class, average of 12
Handled &
students
Size

Feature Recommendation

DT #33: Individualized Learning Plans
with Real-Time Tracking

DT #35: Teacher and Parent Digital
Training Community

DT #36: Parent-Teacher
Communication and Coaching
Platform

DT #43: Consistent Reward Systems
Across Home and School

DT #44: Personalized Lesson Creation
Using Child Profiles

Perspective on Digital Education
Tools

“Children, especially younger ones, have
limited attention spans. Life skills
learning through an app may require
engaging content that holds their
attention, making it difficult to sustain
interest over time. Apps would need to
be designed to offer interactive
elements, games, and rewards to keep
children focused”.

= Viewed mobile applications as an
effective and engaging tool for
teaching life skills to children with
severe autism.
Acknowledged apps’ capability to
provide interactive content, real-time
feedback, and progress tracking.
Acknowledged the challenge of
sustaining children's attention and
believes apps should incorporate
engaging elements like games and
rewards.

Bio

Ashely a passionate SNED Teacher brought nine years
of teaching experience, and dedicated her career to
fostering functional daily living skills among her
students. Teaching a class of 12 learners, Ashley
emphasized individualized, systematic, and
consistent approaches to skill development. Believing
in the vital role of parents in education, she
advocated for parent-implemented interventions
and leveraging mobile applications to enhance
student learning at home.

Teaching Style

= Adopted a highly individualized, systematic, and
consistent approach to teaching daily living skills
to children with severe autism.

- Prioritized functional skills, tailoring interventions to
align with each learner's unique needs and
capabilities.

Pain Points

= Challenges in sustaining students' engagement
and attention during activities.

« Need for engaging tools to maintain students’
focus during skill acquisition.

Needs and Goals

“Involving parents actively in the therapeutic process
not only helps create more consistency and
generalization of skills but also strengthens the
parent-child bond”.

Tools to sustain student engagement in learning
activities.

Greater parent involvement and training to ensure
consistent support at home.

Resources for individualized interventions tailored
to each student’s needs.

Empower students with functional daily living skills
to enhance independence.

Foster stronger collaboration with parents to
create consistent learning environments.

.
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Figure 79

Profile of Pamela

Pamela
Age 37
Gender Female

Marital Status ~ Single
Specialization  Special Education

University Graduate

Education ,
Master's Graduate

Yrs.Teaching 9

6 classes, max of 3
students

Feature Recommendation

DT #31: Behavior Management and
Monitoring Tools for Teachers

DT #33: Individualized Learning Plans
with Real-Time Tracking

DT #35: Teacher and Parent Digital
Training Community

DT #36: Parent-Teacher
Communication and Coaching
Platform

DT #37: Screen Time Monitoring and
Hybrid Learning Features

DT #38: Intervention Templates and
Al-Based Planning Tools

DT #39: Teacher Peer Support and
Digital Recognition

DT #41: Collaborative Visual Daily
Planner

DT #44: Personalized Lesson Creation
Using Child Profiles

Perspective on Digital Education
Tools

“There are some apps that can help
children with communication, but | think
its still better to practice the skills
verbally”.

« Have a positive perspective on digital
education tools, recognizing their
potential in supporting learners with
special needs, especially in
communication.

However, she also emphasized that
while these tools are valuable, verbal
practice and traditional methods
should not be overlooked.

She also expressed concern that
learners may become highly
dependent to the applications

Bio

Pamela, a Special Education Teacher with nine years
of teaching experience, have a Master of Education in
Special Education and handled six classes. Her
teaching approach focused on individualized and
nurturing instruction. Passionate about fostering
independence in learners with autism, she integrated
structured routines, soft music, and interactive
activities to create a calm and supportive classroom
environment. Her free time was often spent preparing
worksheets to ensure engaging and effective lessons
for her students.

Teaching Style

“Our daily routine starts first with circle time , then we
do the prepared activities, including playing soft
music to maintain good atmosphere of the
classroom”

+ Adopted a structured and individualized approach
to teaching, emphasizing routines like circle time
to establish familiarity and security for her
students.

Used soft music to create a calm classroom
atmosphere and focuses on activities that
enhance self-help and communication skills.

Her strategies focused in practical, hands-on
activities that promoted independence and
fostered engagement

Pain Points

+ Managing tantrums and meltdowns of children
with autism.

« Limited parental involvement in implementing
home-based interventions.

Needs and Goals

« Consistent parent-teacher collaboration through
conferences and workshops.

+ Resources and support for managing classroom
behaviors like tantrums and meltdowns.
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Appendix 10: Capabilities and features from literature review

Table 38

Capabilities derived from literature review

ID Capabilities Description
CSD #1 | Enable teachers to create This capability would provide a supplementary
digital interventions using tool to support the education of learners; and aid
video modeling and task in reducing the barriers to education access, by
analysis by creating learning providing an opportunity for remote learning.
content incorporating It would also enable the creation of tailored
multimedia elements such as interventions that are personalized to meet the
video clips, pictures, and individual learner's profile, needs, and interests.
graphics, along with voice
recordings or music and
breaking it down into small
tasks
CSD #2 | Enable teachers to create This capability would enable parents to play a
digital intervention templates more active role in the learning of their child;
using video modeling and and increase in retention of concepts learned in
task analysis that can be used the classroom through continued practice and
by parents in creating and/or engagement at home.
improving digital It would also enable parents to create and/or
interventions that can be used modify interventions using guided steps and
by their children at home instructions from templates created by teachers.
CSD # 3 | Enable teachers to set up This capability would enhance student
contingency contracts or motivation and engagement, fostering a more
reward systems based on the personalized and effective learning
learner’s personal interests, environment.
hobbies, and background; It would also provide a rewards system that can
which can be redeemed upon be personalized for each learner.
successful completion of
assigned tasks and/or
objectives
CSD # 4 | Enable teachers to set-up This capability would enhance learners’
calendar of tasks and understanding of what is expected of them and
activities that the learner will what will happen next, which can help them
perform on a regular basis navigate their environment more effectively
It would also help build predictability on the
children’s day-to-day lives through setting up
schedules and routines.
CSD #5 | Enable teachers to create This capability would help track progress,
individual learning plans for identify areas for improvement, and ensures that
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each learner based on their
strengths, challenges,
interests, and learning style

the student's ILP is consistently updated and
aligned with their evolving needs

It would also provide a centralized location to
define students’ specific learning goals,
strategies, accommodations, and interventions
to support the student's academic, social,
communication, and behavioral needs.

CSD #6

Enable teachers to create and
upload instructional content
for parents, providing them
with the necessary guidance
and resources to effectively
implement digital
interventions set by the
teachers at home (also known
as PIl)

This capability would provide training and
support to parents without the need to travel
increasing accessibility and convenience.

It would also provide a platform for teachers to
remotely teach how to implement PIl on
demand.

CSD#7

Provide a platform for parents
to access instructional content
created by teachers, enabling
them to effectively
implement and/or further
improve digital interventions
at home

This capability would allow parents to take
training at their own pace and schedule, helping
to reduce barriers to access such as distance or
time constraints.

It would also provide a learning platform for
parents to learn how to implement PII.

CSD #8

Facilitate seamless
communication between
parents and teachers within
the platform

This capability would enhance collaboration
and partnership in the learner’s education,
leading to improved learning outcomes,
increased parent satisfaction, and a stronger
school-parent relationship.

It would also provide a platform where teachers
and parents can send and receive messages.

CSD#9

Gather feedback from
parents, teachers, and other
stakeholders in addressing the
student's needs, as well as
suggestions for improvement

This capability would help identify areas of
improvement, enhance user satisfaction, and
drive product innovation, ultimately leading to
increased customer loyalty and retention It
would also provide a process to regularly
prompt users to provide feedback on their
experience, including satisfaction levels,
perceived effectiveness, and suggestions for
improvement.

CSD #
10

Provide audio-visual prompts
for learners to indicate the
start of their day and the
beginning of activities or
tasks, assist with transitioning

This capability would enhance learners’ ability
to independently navigate daily routines and
tasks, reducing the need for constant
supervision. This can lead to improved time
management, task completion, and overall
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to the next activity, and offer
support when they encounter
challenges in completing
tasks

learning outcomes, while also promoting a
sense of autonomy and self-confidence among
learners.

It would also provide a prompting mechanism
represented by a digital character, graphics and
or sounds that capture the learner’s attention
and would encourage them to take action.

with severe autism feel that
they will embark on an epic
adventure every time they do
their routine activities and
tasks

CSD # Provide a platform for This capability would improve the learning
11 learners to access experience for individuals with autism by
instructional content created providing a clear and structured visual
by teachers at school and at representation of their daily activities.
home This would also provide a platform that will
show visual schedules, incorporating objects,
photographs and icons.
CSD # Provide a platform for This capability would improve the learning
12 learners to view their experience for individuals with autism by
activities and tasks for the providing a clear and structured visual
day representation of their daily activities.
It would also provide a platform that will show
visual schedules, incorporating objects,
photographs and icons.
CSD # Create a mobile user interface This capability would improve intervention
13 design that will make learners effectiveness by enhancing engagement and

comprehension, leading to increased learning
outcomes, better retention of information, and a
more positive user experience.

It would also provide a user interface for a
digital intervention for autism that aligns with
how learners with autism perceive the world
and learn.

Appendix 11: Features derived from literature review

Table 39

Features derived from literature review

| ID

| Features

| Description
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FSD #1

Multimedia creation
and integration

Teachers could easily create, upload and embed multimedia
files into the content creation interface such as video clips,
pictures, graphics, voice recordings, and music.

The platform should allow teachers to integrate these
multimedia elements to form a digital intervention.

FSD #2

Task breakdown

The platform should provide tools for teachers to break down
multimedia content into small, manageable tasks, following the
principles of task analysis.

Teachers should be able to tie together different tasks, define
their sequence and specify their dependencies.

FSD #3

Accessibility
features

Digital interventions should incorporate accessibility features
to accommodate learners with diverse needs, such as options
for audio descriptions, text-to-speech functionality, and
customizable font sizes and colors.

Accessibility features should be easy to enable and configure
within the template.

FSD #4

Template creation

The platform should allow teachers to create digital
intervention templates based on task analysis, outlining the
sequence of tasks and activities.

Templates should be customizable, allowing teachers to adjust
the content to fit the specific needs of individual learners.

FSD #5

Setting of learning
objectives and task
descriptions

Templates should include detailed descriptions of each task,
along with the learning objectives associated with completing
the task.

Task descriptions should be clear and concise, providing
guidance for parents on how to implement the intervention at
home.

FSD #6

Parent-friendly
instructions

Templates should include parent-friendly instructions for
implementing the intervention at home, including step-by-step
guidance on how to engage the child in the tasks.

Instructions should be easy to understand and follow, even for
parents without prior training in special education.

FSD #7

Customization
options

Templates should be customizable, allowing parents to adapt
the intervention to suit the needs and preferences of their child.
Customization options should include the ability to add or
remove tasks, adjust the difficulty level, and personalize the
content based on the child's interests.

FSD #8

Progress tracking
and reporting

Digital interventions should include tools for tracking learner
progress and reporting back to teachers and parents on the
effectiveness of the intervention.

Progress tracking should be simple and intuitive, allowing
teachers and parents to monitor their learners’ progress over
time.
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Appendix 12: Design theme prioritization and feature implementation

Table 40

Design theme prioritization and feature implementation

Storytelling and Turn-
Taking

DT DT name Priority Odyssey Remarks
# feature
1 Visual Task Modeling for Must Have Adventures Aligned with Video
Daily Living Skills Modelling and Task
Analysis intervention types
and could directly
contribute to teaching life
skills
2 Emotional Regulation and Must Have Mood Captain | Necessary due to most
Behavior Cueing for learners with ASD facing
Children behavioral challenges
3 Multimodal Communication | Must Have To be designed | Necessary due to most
and Expressive Language learners with ASD are not
Support capable of verbal
communication
4 Personalized Sensory Must Have To be designed | Necessary due to most
Regulation Tools learners with ASD facing
behavioral challenges due to
sensory sensitivities
5 Gamified Motor Skills and Could Have | To be designed | Would require a new
Movement Integration backend implementation
6 Attention and Focus Support | Could Have | To be designed | Would require a new
Through Gamified Tasks backend implementation
7 Flexible, Interest-Based Should Have | To be designed | This could be implemented
Academic Learning Tools as this will use the same
features as DT#1.
Educational content can be
created and/or customized
by parent and/or teacher
8. Interest-Driven Learning and | Could Have | To be designed | Would require a new
Creative Expression backend implementation
9 Offline and Low-Bandwidth Must Have To be Necessary so the app can be
Accessibility Tools implemented in | used in areas with poor
the backend internet and devices are low
powered
10 | Peer Interaction Through Should Have | To be designed | This could be implemented

as this will use the same
features as DT#1.
Educational content can be
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created and/or customized
by parent and/or teacher

11

Nutrition Education Through
Visual and Reinforced Tools

Should Have

To be designed

This could be implemented
as this will use the same
features as DT#1.
Educational content can be
created and/or customized
by parent and/or teacher

12

Customizable Visual
Routines for Home
Transitions

Must Have

Adventures

This is necessary as learners
with ASD thrive with
routines. In addition, both
TEACCH and LCE
recommend structured
learning environments.

13

Financial Aid Navigation
and Subsidized Support

Could Have

To be designed

Would require a
government and industry
collaboration, service
design, and a new backend
implementation

14

Parental Tools for Managing
Behavior at Home

Must Have

Mood Captain

Necessary due to most
learners with ASD facing
behavioral challenges

15

Caregiver Wellness and
Emotional Support Tools

Should Have

To be designed

This could be implemented
as this will use the same
features as DT#16.
Educational content can be
created and/or customized
by the teacher or provided
by the app.

16

Home-Based Life Skills
Coaching and Virtual
Guidance

Must Have

Learning

Necessary as parents would
need to have the proper
training and coaching to
teach their child at home.

17

Life Skills and VVocational
Readiness Toolkit

Should Have

To be designed

This could be implemented
as this will use the same
features as DT#1.
Educational content can be
created and/or customized
by parent and/or teacher

18

Micro-Training Modules for
Parent Empowerment

Should Have

To be designed

This could be implemented
as this will use the same
features as DT#16.
Educational content can be
created and/or customized
by the teacher or provided
by the app.
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19 | Family and Peer Support Could Have | To be designed | Would require a new
Integration backend implementation

20 | Culturally Inclusive Autism | Could Have | To be designed | Would require a new
Awareness and Advocacy backend implementation

23 | On-Demand Learning Should Have | To be designed | This could be implemented
Aligned with Parent as this will use the same
Schedules features as DT#16.

Educational content can be
created and/or customized
by the teacher or provided
by the app.

26 | Goal Tracking and Progress | Could Have | To be designed | Would require a new
Reporting Tools backend implementation

27 | Parent-Teacher Sharing and Could Have | To be designed | Would require a new
Communication Tools backend implementation

28 | Picture-Based Parent-Child Should Have | To be designed | This could be implemented
Communication Tools as this will use the same

features as DT#3.

The same PECS-based tool
can be customized by the
parent to align with the
capabilities and needs of
their child

29 | Customizable Intervention Should Have Adventures This could be implemented
Resource Library as this will use the same

features as DT#1. The app
will curate interventions that
were created by users and
show them as part of a
library.

30 Interactive Parent-Child Should Have | To be designed | This could be implemented
Learning Activity Hub as this will leverage the

features of DT #36

31 | Behavior Management and Should Have | To be designed | This could be implemented
Monitoring Tools for as this will use the same
Teachers features as DT#14.

32 | Personalized Should Have | To be designed | This could be implemented
Communication Tools & as this will use the same
Profile for Classroom Use features as DT#3.

The same PECS-based tool
can be customized by the
teacher to align with the
ILPs of the students.

33 Individualized Learning Must Have Voyage Path | This is necessary as this is a

Plans with Real-Time
Tracking

simplified individual
learning plan that will help
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provide a structured
learning trajectory for the
learner

34 | Low-Spec Device Must Have To be Necessary so the app can be
Compatibility and Print implemented | used in areas with poor
Alternatives backend internet and devices are low

powered

35 | Teacher and Parent Digital Should Have | To be designed | This could be implemented
Training Community as this will leverage the

features of DT #36

36 | Parent-Teacher Must Have Learning, This is necessary so that the
Communication and Chat parents and teachers can
Coaching Platform work together to ensure

learning continues from
school to home.

38 | Intervention Templates and Must Have Adventures This is necessary as the
Al-Based Planning Tools creation of digital

intervention could be
tedious and time consuming.
Adding an Al component
could help both teachers and
parents in customizing the
app for the learners needs.

39 | Teacher Peer Support and Could Have | To be designed | Would require government
Digital Recognition and industry collaboration,

service design, and a new
backend implementation

40 | Admin Collaboration and Could Have | To be designed | Would require a new
Multi-User Access backend implementation

41 | Collaborative Visual Daily Must Have Scheduler This is necessary as this is
Planner needed to build the child’s

learning routine. This would
also leverage the same
features as DT#12. The
visual planner can be
customized by the teacher or
provided by the app.

43 | Consistent Reward Systems Must Have Rewards This is necessary as positive
Across Home and School reinforcement is key to the

successful learning of
individuals with ASD

44 | Personalized Lesson Must Have Voyage Path | This could be implemented

Creation Using Child
Profiles

as this will use the same
features as DT#1.
Educational content can be
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created and/or customized
by parent and/or teacher

45 | Gamified Learning with Must Have Rewards This is necessary as this was
Rewards and Challenges tied to DT #43, which is a
feature to accumulate tokens
to the successful execution
of Adventures, and provide
a capability to redeem the
tokens once the goal has
been reached.
Appendix 13: Code Book
Table 41
Code/ID Theme Strategy Description
1.1 Demographic Deductive Demographic information.
1.2 Child Rearing Inductive How parents take care of their child
considering obligations.
1.3 Autism Symptoms Inductive Signs observed leading to diagnosis.
1.4 Autism Detection Inductive Experience of autism identification through
consultation.
1.5 Autism Diagnosis Process | Inductive End-to-end diagnosis process.
1.6 Parent's Emotion Inductive Overall emotional state of the parent.
1.7 Parent's Goal Inductive Parents’ aspirations and objectives.
1.8 Child Current State Inductive Current status of the child’s life skills,
routines, well-being.
1.9 Schools’ Current State Deductive Parent perspective on schools in the
Philippines.
2.1 Parental Challenges Inductive Material/emotional challenges in raising the
child.
2.2 Child Behavior Challenges | Inductive Sporadic or general child behaviors.
2.3 Bad Habits Inductive Repetitive unfavorable behaviors.
2.4 Socialization Inductive Difficulty engaging with other children.
2.5 Skill Deficit Challenges Inductive Challenges due to missing skills.
2.6 External Challenges Inductive Environmental challenges beyond control.
2.7 Institutional Challenges Inductive Challenges caused by societal institutions.
2.8 Social Stigma Inductive Negative societal perceptions of autism.
2.9 Cognitive and Attention Inductive Focus, sitting tolerance, multi-step task
Challenges learning.
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2.1 Communication and Social | Inductive Expressing needs/emotions, social interaction
Challenges difficulties.
211 Emotional and Behavioral Inductive Frustration, meltdowns, aggression.
Regulation Challenges
2.12 | Sensory and Food-Related | Inductive Sensory sensitivities and picky eating.
Challenges
2.13 | Safety and Awareness Inductive Lack of danger awareness, getting lost.
Challenges
2.14 Learning and Academic Inductive Following instructions, perseverance.
Challenges
3.1 Mastered Life Skill Deductive Independently repeated skill without
prompting.
3.2 Eating Alone Inductive Capability to eat independently.
3.3 Maintaining Focus Inductive Ability to complete tasks continuously.
3.4 Established Routines Inductive Consistent daily activity patterns.
3.5 Using Technology Inductive Use of phones, computers, TV.
3.6 Personal Hygiene Inductive Bathing, toothbrushing, self-care.
3.7 Leisure Inductive Enjoyable activities alone or with others.
3.8 Cleaning Inductive Tidying and household cleaning tasks.
3.9 Cooking Inductive Meal preparation or independent cooking.
3.1 Sorting Inductive Grouping similar objects.
3.11 Helping around the house Inductive General household chores.
3.12 Memory retention Inductive Remembering routines and commitments.
3.13 Gap in Current Life Skills | Deductive Inconsistencies in skill execution.
3.14 Missing Life Skills Deductive Skills parents wished the child had.
3.15 | Toileting Skills Inductive Independence in toileting and hygiene.
3.16 Dressing Skills Inductive Ability to dress independently.
3.17 Bathing Skills Inductive Independent bathing with reduced
supervision.
3.18 Household Independence Inductive Preparing meals, washing dishes, cleaning.
Skills
4.1 Child Learning Inductive How the child executes acquired skills.
4.2 Parental Learning Inductive How parents learn to teach life skills.
4.3 Gaps in Child Learning Inductive Areas for improvement in present skills.
4.4 Gaps in Parental Learning Inductive Problems in parent's capability to teach at
home.
4.5 Time to Learn Inductive Time it takes to learn a skill with minimal
supervision.
4.6 Lessons Learned Inductive Major lessons parents acquired raising their
child.
5.1 Parent's Teaching Inductive How parents teach life skills at home.

Approach
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5.2 Gap in Parent's Teaching Inductive Areas parents need to improve in teaching.
Approach

5.3 School's Teaching Inductive How educators teach life skills at school.
Approach

5.4 Gap in School's Teaching Inductive Areas parents identified needing improvement
Approach in schools.

6.1 Teaching through Inductive Show-and-tell demonstration approach.
Modelling

6.2 Teaching through Inductive Repetition through daily routine and
Repetition schedules.

6.3 Teaching through Positive | Inductive Reward-based encouragement.
Reinforcement

6.4 Teaching through Task Inductive Breaking tasks into very small steps.
Reduction

6.5 Teaching through Task Inductive Ordering tasks into sequence.
Sequencing

6.6 Teaching through Inductive Providing verbal or visual instructions.
Prompting

6.7 Teaching through Inductive Letting the child try tasks on their own.
Encouraged Independence

6.8 Teaching through Authority | Inductive Using authority roles for consistency.
Figure

6.9 Teaching through Inductive Using child interests to motivate learning.
Leveraging Interests

6.1 Teaching through Inductive Using child preferences (routines,
Leveraging Natural cleanliness).
Inclinations

6.11 | Teaching through Giving Inductive Allowing enough time for execution.
Sufficient Time

6.12 | Teaching through Inductive Learning tasks through technological aids.
Technology

7.1 Creative Capabilities Inductive Drawing, crafting, Lego, digital arts.

7.2 Physical and Motor Inductive Running, biking, swimming, sports.
Capabilities

7.3 Cognitive and Problem- Inductive Puzzles, memorization, tracing.
Solving Capabilities

7.4 Communication and Social | Inductive Role play, hand-leading, phrases.
Capabilities

7.5 Learner Interests Inductive Preferred hobbies and motivating activities.

7.6 Preferred Games and Play | Inductive Physical, pretend, building, digital play.
Activities

7.7 Favorite Foods and Eating | Inductive Preferred meals, snacks, picky eating.
Preferences

7.8 Favorite Cartoons and Inductive Cartoons, YouTube, personalities.

Media Preferences
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8.1 Morning Routine Activities | Inductive Waking, breakfast, hygiene, school prep.

8.2 Afternoon Routine Inductive Lunch, play, therapy, naps, errands.
Activities

8.3 Evening Routine Activities | Inductive Dinner, relaxation, bedtime preparation.

8.4 Routine-Based Support Inductive Points requiring prompting or structure.
Needs

9.1 Nurturing and Proactive Inductive Active engagement and seeking solutions.
Parenting

9.2 Structured and Routine- Inductive Consistency through schedules.
Based Parenting

9.3 Interest-Driven and Inductive Leveraging interests and flexibility.
Adaptive Parenting

10.1 Behavioral Challenges and | Inductive Managing meltdowns, aggression, sensory
Sensory Sensitivities issues.

10.2 Caregiving Fatigue and Inductive Exhaustion and balancing work.
Work-Life Balance

10.3 Financial Constraints and Inductive High therapy costs and limited services.
Limited Access to Services

10.4 | Limited Support System Inductive Isolation and lack of support.
and Community
Involvement

10.5 Educational and Learning Inductive Need for structured tools/interventions.
Challenges

11.1 Child Independence and Inductive Goals for hygiene, toileting, autonomy.
Life Skills

11.2 Financial and Government | Inductive Need for programs and income support.
Support

11.3 Parental Well-Being and Inductive Need for rest and emotional support.
Support System

114 Educational and Behavioral | Inductive Professional guidance and behavior strategies.
Support

115 Future Readiness and Inductive Preparing children for employability.
Vocational Skills

12.1 | Structured and Routine- Inductive Schedules, repetition, predictable routines.
Based Teaching

12.2 Individualized and Inductive Adjusting instruction based on mood/ability.
Adaptive Teaching

12.3 Behavior Management and | Inductive Positive reinforcement and regulation
Reinforcement Strategies supports.

12.4 Life Skills and Practical Inductive Functional independence and self-care skills.
Training

12.5 Parent Collaboration and Inductive Coaching parents and reinforcing learning at

Home-Based Learning

home.
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13.1 Managing Student Inductive Aggression, meltdowns, engagement issues.
Behaviors and Sensory
Sensitivities

13.2 Limited Teaching Inductive Large class sizes, insufficient materials.
Resources and Workload

13.3 Parental Engagement and Inductive Limited therapy access and home consistency.
Home Reinforcement
Challenges

134 Lack of Institutional and Inductive Need for partnerships, training, systemic
Community Support support.

14.1 Health Concerns Inductive Dependency and prolonged screen exposure

concerns.

14.2 Limited Capacity and Inductive Barriers due to gadget access.
Device Affordability

14.3 Need for Personalization Inductive Importance of individualized content.

14.4 | Good for Skill Building Inductive Apps beneficial for daily living skills.

145 | Supplementary Tool Only | Inductive Digital tools supportive but not primary.

14.6 | Hybrid Approach Inductive Combination of traditional and digital.

14.7 Need for Interactive Inductive Gamification, rewards, engagement features.
Elements

DT #1 | Visual task modeling for Deductive Provide structured, visual-based task
daily living skills sequences such as digital schedules, step-by-

step instructions, and video-based modelling
to teach life skills.

DT #2 | Emotional regulation and Deductive Provide digital emotion boards, calming tools,
behavior cueing for breathing videos, and social stories to reduce
children anxiety and support appropriate behavior.

DT #3 | Multimodal communication | Deductive Provide multimodal communication supports
and expressive language such as PECS and AAC integration with Al-
support driven anticipatory prompts.

DT #4 | Personalized sensory Deductive Provide customizable sensory-friendly
regulation tools settings and digital sensory spaces for

soothing and gradual desensitization.

DT #5 | Gamified motor skillsand | Deductive Gamify gross and fine motor tasks with
movement integration movement suggestions tied to child interests.

DT #6 | Attention and focus support | Deductive Embed short, visually guided tasks with
through gamified tasks progress indicators and role-playing games

for focus training.

DT #7 | Flexible, interest-based Deductive | Allow flexible pacing, interest-based
academic learning tools modules, and reminders for scheduled

learning tasks.

DT #8 | Interest-driven learning and | Inductive Leverage child interests (music, drawing,

creative expression

games) as entry points for engagement and
motivation.
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DT #9 | Offline and low-bandwidth | Deductive Include offline access, low-bandwidth modes,
accessibility tools and printable resources for limited

connectivity contexts.

DT #10 | Peer interaction through Deductive Enable social storytelling, peer buddy
storytelling and turn-taking matching, and group-based collaborative play.

DT #11 | Nutrition education through | Deductive Provide meal prep simulations and
visual and reinforced tools reinforcement strategies tied to favorite foods.

DT #12 | Customizable visual Deductive Provide customizable step-by-step routines
routines for home with timers, alarms, and calming transition
transitions supports.

DT #13 | Financial aid navigation Deductive Provide service navigation tools, subsidized
and subsidized support pricing, and intelligent caregiver assistants.

DT #14 | Parental tools for managing | Deductive Provide behavioral management guides,
behavior at home calm-down buttons, and ABC logging tools.

DT #15 | Caregiver wellness and Deductive Develop self-care prompts, emotional check-
emotional support tools ins, and access to mindfulness supports.

DT #16 | Home-based life skills Deductive Enable parents to create routines and provide
coaching and virtual virtual teacher avatar guidance.
guidance

DT #17 | Life skills and vocational Deductive Guide parents in simulating job-readiness
readiness toolkit training and future planning.

DT #18 | Micro-training modules for | Deductive Embed localized micro-modules and training
parent empowerment videos with rewards for consistency.

DT #19 | Family and peer support Deductive Integrate family task sharing and peer support
integration groups for caregiver connection.

DT #20 | Culturally inclusive autism | Deductive Feature culturally diverse narratives,
awareness and advocacy testimonials, and resilience stories.

DT #21 | Multilingual and low- Deductive Provide content in multiple languages with
literacy accessible content icons and voice guidance.

DT #22 | Local service and policy Deductive Provide directories of local autism support
support directory organizations.

DT #23 | On-demand learning Inductive Provide flexible training materials and
aligned with parent scheduling aligned with caregiver routines.
schedules

DT #24 | User-friendly interface with | Deductive Design simple Ul with walkthroughs, tooltips,
guided tutorials and reduced cognitive load.

DT #25 | Curated digital content with | Inductive Allow content curation with locking features
parental controls and safe access boundaries.

DT #26 | Goal tracking and progress | Deductive Customizable learning goals with dashboards,
reporting tools charts, and integrity checks.

DT #27 | Parent-teacher and parent- | Inductive Messaging and sharing functionality for
to-parent communication updates and trusted parent chat.
tools

DT #28 | Picture-based parent-child | Deductive Enable customizable picture-symbol

communication tools

communication and parent training.
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DT #29 | Customizable intervention | Inductive Repository of interventions with parent-
resource library uploaded personalized videos.

DT #30 | Interactive parent-child Inductive Repository of bonding activities with step-by-
learning activity hub step video guides.

DT #31 | Behavior management and | Deductive Implement individualized behavior plans,
monitoring tools for reinforcement, and sharing reports.
teachers

DT #32 | Personalized Deductive Develop learner communication profiles
communication tools and accessible to educators.
profile for classroom use

DT #33 | Individualized learning Deductive Enable teachers to customize learning plans
plans with real-time with measurable goals and progress tracking.
tracking

DT #34 | Low-spec device Deductive Ensure offline functionality, printable
compatibility and print versions, and low-spec compatibility.
alternatives

DT #35 | Teacher and parent digital Deductive Provide tutorials and professional
training community collaboration communities.

DT #36 | Parent-teacher Deductive Provide structured home intervention guides,
communication and workshops, and mentoring.
coaching platform

DT #37 | Screen time monitoring and | Deductive Built-in alerts for breaks and hybrid real-
hybrid learning features world engagement activities.

DT #38 | Intervention templates and | Deductive Provide templates, ML-driven planning
Al-based planning tools support, and auto progress trackers.

DT #39 | Teacher peer support and Deductive Digital peer sharing spaces and recognition
digital recognition for milestones.

DT #40 | Admin collaboration and Deductive Enable exportable reports and teacher-aide
multi-user access collaboration.

DT #41 | Collaborative visual daily Deductive Shared visual planner distinguishing school
planner vs home tasks with reminders.

DT #42 | Secure data handling and Deductive Encrypt sensitive information and add
privacy compliance anonymization features.

DT #43 | Consistent reward systems | Deductive | Align reward systems across environments
across home and school with low-resource options.

DT #44 | Personalized lesson Deductive Collect learner profile data and enable
creation using child profiles customized lessons and templates.

DT #45 | Gamified learning with Deductive | Achievement badges, mini-games, and

rewards and challenges

incentives to motivate mastery.
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Appendix 14: Consent form - parents

Name of student researcher: Genevieve R. Villamin
Coordinates: -; Email: -

Name of Advisor: Rocci Luppicini, Ph.D.
Affiliation: Faculty of Arts, University of Ottawa
Coordinates: -; Email: -

Invitation to participate:

| am invited to participate in the research study to co-design mobile applications that will help
learners with severe autism in their daily living activities conducted by Genevieve R. Villamin,
supervised by Dr. Rocci Luppicini for her doctoral thesis at the University of Ottawa.

Purpose of the study: I understand that the purpose of the study is to know how to co-design
mobile assistive technologies for learners with severe autism using strength-based and
participatory-design approaches to assist in their life skills development.

Participation: My participation in this study will be through surveys and interviews.
Specifically:

e Answering a parent survey, wherein | will share information about my self and my child,
my experience and challenges as a parent, and my thoughts about using digital
technology for autism.

o Participate in a 45 minute to 1 hour interview wherein I will answer follow-up questions
based on my survey response.

Risks: I understand that since my participation in this study will entail that I volunteer very
personal information about myself and my child, it may cause me to feel emotional
inconvenience. | have received assurance from the researcher that every effort will be made to
minimize these risks. To mitigate these risks, | can choose whether or not to answer certain
questions at any time during the interview; and refuse to answer questions in the survey that | am
not comfortable to.

I can also choose to withdraw completely, in which by then, all my responses will be deleted and
will not be used in the study.

Benefits: My participation in this study will contribute to the goal of making evidence-based
interventions for autism more accessible and affordable. My participation will also greatly
contribute to innovating the practice of providing interventions to learners with autism.

Confidentiality and anonymity: | have received assurance from the researcher that the
information | will share will remain strictly confidential. The contents will be used only for her
doctoral thesis — THD 9999. Anonymity will be protected by assuring that in written reports, my
name (and organization) will be disguised.
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Conservation of data: Data collected from the participants along with any related research and
reference documents will be kept in a secure manner. Digital data will be stored on a computer
with a secure password; and all hard copies of data and research documents will be safely stored
in a locked cabinet. Only the student researcher and her supervisor will have access to the data.
All data collected will be stored for 10 years. Digital data will be deleted after 10 years; while
physical data will be destroyed, using a paper shredder after 10 years.

Voluntary participation: | am under no obligation to participate and if I choose to participate, |
may withdraw from the study at any time and/or refuse to answer any questions. If I choose to
withdraw, all data gathered until the time of withdrawal will be deleted.

Acceptance: By writing my name below, | agree to participate in the above research study
conducted by Genevieve R. Villamin, whose research is under the supervision of Dr. Rocci
Luppicini. | understand that by accepting to participate | am in no way waiving my right to
withdraw from the study.

If I have any questions about the study, | may contact the student and/or the course professor at
the numbers mentioned above.

If I have any ethical concerns regarding my participation in this study, I may contact the Protocol
Officer for Ethics in Research, University of Ottawa, 550 Cumberland Street, Room 154, (613)
562-5387 or ethics@uottawa.ca.

I will be furnished a copy of this consent form once it has been successfully completed.

First Name:
Last Name:

| consent to these activities/procedures
o Yes
o No

Date: MM/DD/YYYY

Appendix 15: Consent form — teachers

Name of student researcher: Genevieve R. Villamin
Coordinates: ; Email: -

Name of Advisor: Rocci Luppicini, Ph.D.
Affiliation: Faculty of Arts, University of Ottawa
Coordinates: -; Email: -

Invitation to participate:
| am invited to participate in the research study to design and create mobile applications that will
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help learners with severe autism in their daily living activities conducted by Genevieve R.
Villamin, supervised by Dr. Rocci Luppicini for her doctoral thesis at the University of Ottawa.

Purpose of the study: | understand that the purpose of the study is to know how to co-create
mobile assistive technologies for learners with severe autism using strength-based and
participatory-design approaches to assist in their life skills development.

Participation: My participation in this study will be through filling-in information forms,
answering a survey and participating in an interview. Specifically:

e Filling in an information form, wherein I will provide details about myself and profession

e Answer a survey, wherein I will share insights about my experiences and challenges as a
teacher for children with special needs

e When my time permits, participate in a short interview

Risks: I understand that since my participation in this study will entail that | volunteer very
personal information about myself and my students, it may cause me to feel emotional
inconvenience. | have received assurance from the researcher that every effort will be made to
minimize these risks. To mitigate these risks, | can choose whether or not to answer certain
questions at any time and refuse to fill-in the forms and survey.

I can also choose to withdraw completely, in which by then, all my responses will be deleted and
will not be used in the study.

Benefits: My participation in this study will contribute to the goal of making evidence-based
interventions for autism more accessible and affordable. My participation will also greatly
contribute to innovating the practice of providing interventions to learners with autism.

Confidentiality and anonymity: | have received assurance from the researcher that the
information 1 will share will remain strictly confidential. The contents will be used only for her
doctoral thesis — THD 9999. Anonymity will be protected by assuring that in written reports, my
name (and organization) will be disguised.

Conservation of data: Data collected from the participants along with any related research and
reference documents will be kept in a secure manner. Digital data will be stored on a computer
with a secure password; and all hard copies of data and research documents will be safely stored
in a locked cabinet. Only the student researcher and her supervisor will have access to the data.
All data collected will be stored for 10 years. Digital data will be deleted after 10 years; while
physical data will be destroyed, using a paper shredder after 10 years.

Voluntary participation: | am under no obligation to participate and if I choose to participate, I
may withdraw from the study at any time and/or refuse to answer any questions. If I choose to
withdraw, all data gathered until the time of withdrawal will be deleted.

Acceptance: By writing my name below, | agree to participate in the above research study
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conducted by Genevieve R. Villamin, whose research is under the supervision of Dr. Rocci
Luppicini. | understand that by accepting to participate | am in no way waiving my right to
withdraw from the study.

If I have any questions about the study, | may contact the student and/or the course professor at
the numbers mentioned above.

If I have any ethical concerns regarding my participation in this study, | may contact the Protocol
Officer for Ethics in Research, University of Ottawa, 550 Cumberland Street, Room 154, (613)
562-5387 or ethics@uottawa.ca.

I will be furnished a copy of this consent form once it has been successfully completed.

First Name:
Last Name:

| consent to these activities/procedures
o Yes
o No

Date: MM/DD/YYYY

Appendix 16: Qualitative survey questions — parents

1. Please provide your:
a. First and last name
b. First and last name of your child
Around what age does your child first start receiving therapy or start attending formal
education?
What therapies and/or learning did your child is taking/have taken as of date?
So far, how effective do you think these therapies and education are for your child?
How many children do you have?
How many of your children have been diagnosed with autism?
Do you live with or close to your relatives?
How does your family / extended family participate in the care and education of your
child with autism?
9. Who in your family has the primary responsibility to take care of your child with autism?
10. Can you describe the amount of care or supervision your child with autism requires?
11. What are the challenges faced by you and your family in taking care of your child with
autism?
12. What do you think is needed to address or alleviate these challenges?
13. What assistance from the government would you hope to receive for your child with
autism?
14. What are your future aspirations for your child with autism?
15. What is your child good at doing?

N
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16.
17.
18.

19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.

32.

Are there any activities that you see your child struggle with?

What is your child’s favorite game to play with you?

What daily living skills would you like to see your child gain (ex. Taking a bath,
toileting, eating alone, etc.)

Does your child have any behavioral challenges? Can you describe it if there's any.

Is there any behavior in particular you’d like to see improve in your child?

What other skills would you like your child to have?

Can you describe the morning routines of your child?

Can you describe the afternoon routines of your child?

Can you describe the evening routines of your child?

Can you describe the family outing routines of your child?

Can you give the top five foods for mealtime or snacks that your child loves the most?
Feel free to add if you can think of more.

Can you give the top five games for play routines that your child loves the most? Feel
free to add if you can think of more.

Can you give the top five toys for play routines that your child loves the most? Feel free
to add if you can think of more.

Can you give the top five activity routines that your child loves the most? Feel free to add
if you can think of more.

Can you give the top five cartoon characters, actors/actress, or artists that your child loves
the most? Feel free to add if you can think of more.

Do you agree to participate in an interview? If yes, please provide at least three (3) dates
and times to participate in a short interview to be conducted online

Do you have any questions, concerns or general feedback?

Appendix 17: Qualitative survey questions — teachers

1.

Please provide your

a. Full name
b. Mobile Number
c. Email

When is your birthday?

What is your marital status?

What is your highest educational attainment?

Please provide the institution where you completed your education
When did you complete your education?

What is your current profession?

What is your specialization?

How many years have you been teaching?

. How many classes are you handling?

. What is the average number of students that you have per class?

. What are your typical work hours?

. What do you like to do during your free time?

. What are the challenges that you face as a teacher for children with special needs?
. What do you think should be done to help address these challenges?
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16. How important do you think the acquisition of daily living skills is for children with
severe autism?

17. Based on your experience, what are the interventions that worked best for learners with
severe autism to acquire and maintain daily living skills?

18. Can you describe your approach in teaching daily living skills to children with severe
autism?

19. What are your thoughts about using a mobile application to teach life skills to children
with severe autism?

20. How important do you think is the parents' role in the learning of their child with severe
autism?

21. What are your thoughts about implementing parent-implemented-interventions, so that
parents can take a more active role in the learning of their child at home?

22. What are your thoughts about using a mobile application to implement parent-
implemented-interventions?

23. What are the challenges that you foresee in using a mobile application for teaching life
skills to children; and to teach their parents to continue the learning of their child at
home?

24. Do you agree to participate in a short online interview?

Appendix 18: Interview protocol — parent

Interview Protocol: A case study on co-designing a digital health solution for severe autism
spectrum disorder life skills development for low-resource populations

Time: Date: Place:
Interviewer: Genevieve Villamin Interviewee:
Child:

Introduction

Thank you for taking time out of your busy schedule to participate in this interview.

Before we begin, I would like to give a brief overview of this study.

This study aims to design together with parents and teachers a digital health solution, such as a
mobile application, to help parents and teachers in teaching life skills to children with severe
autism.

Life skills pertain to a person’s capacity to live a productive life and are categorized into five
areas: self-care and domestic living, recreation and leisure, social interaction, employment and
community participation.

In low-resource areas such as far provinces or developing countries which are lacking in policies
and resources to provide learning to children with disabilities, digital technologies such as
mobile phones have a great potential in bridging the gap.

For example, a mobile application can help in creating interventions or teaching materials using
videos, pictures, illustrations and sounds to teach basic life skills such as taking a shower, going
to the toilet, learning how to eat on their own, dressing on their own, etc.

Over time, the development of various life skills would enable a child with severe autism

to live with a certain degree of independence and have a dignified life.

Before we start the interview, do you have any questions?
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Thank you and if any more questions come up after the interview, feel free to reach out to me
anytime via email, and | will respond to any inquiry that you may have.

Specific needs, challenges, capabilities, and interests do learners with severe ASD

1. From the survey, you mentioned that your child has a (mention routine here from
the survey form). What happens if their routine changes?
2. How do your children behave when learning something new?
b. Are there ways you keep them interested and focused?
C. How do you handle things when they do not want to learn something
new?
3. From the survey, you mentioned that you wanted your child to (mention

needs/challenges mentioned in the survey form). Which among these do you think your
child finds hardest to learn?

b. What approach are you taking in teaching them these skills

C. Does their teacher also aware that they need to learn these skills
4. From the survey, you mentioned that your children enjoy (mention child interest based
on the survey form)

a. How did you help them learn these things?

b. What are some things your child has learned to do on their own?
5. Are there things your child enjoys that do you think could be used to help him
learn new skills?

6. Does your child have any strong likes or dislikes with things like sounds, textures,
or lights?

a. How does this affect what they do each day?
7. How do you help your child remember the things they have already learned?

Challenges do parents encounter when teaching life skills to their children
1. How much time are you able to spend each day working on skills with your
child?
a. How do you manage your time doing other daily tasks?
2. What help from teachers, has been useful?
b. What help do you feel you are still missing?
3. How do you manage transportation to and from school?
a. Does getting there cost too much or take too much time?
4. What other challenges are being faced by your family in taking care of your
children?
5. What help or tools would you like for other parents to have for the learning of
children with severe autism?

Processes, features, and capabilities are essential for a digital health solution that
effectively supports learners, parents, and teachers in teaching, enhancing,
and maintaining life skills

1. How could an app help you as a parent?
2. What might make it hard for you to use an app for the child
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3. What would make this app fun and comfortable for your child to use?
Closing Remarks
This brings us to the end of the interview.
Thank you

Appendix 19: Interview protocol — teacher

Interview Protocol: A case study on co-designing a digital health solution for severe autism
spectrum disorder life skills development for low-resource populations

Time: Date: Place:
Interviewer: Genevieve Villamin Interviewee:
Child:

Introduction

Thank you for taking time out of your busy schedule to participate in this interview.

Before we begin, I would like to give a brief overview of this study.

This study aims to design together with parents and teachers a digital health solution, such as a
mobile application, to help parents and teachers in teaching life skills to children with severe
autism.

Life skills pertain to a person’s capacity to live a productive life and are categorized into five
areas: self-care and domestic living, recreation and leisure, social interaction, employment and
community participation.

In low-resource areas such as far provinces or developing countries which are lacking in policies
and resources to provide learning to children with disabilities, digital technologies such as
mobile phones have a great potential in bridging the gap.

For example, a mobile application can help in creating interventions or teaching materials using
videos, pictures, illustrations and sounds to teach basic life skills such as taking a shower, going
to the toilet, learning how to eat on their own, dressing on their own, etc.

Over time, the development of various life skills would enable a child with severe autism

to live with a certain degree of independence and have a dignified life.

Before we start the interview, do you have any questions?

Thank you and if any more questions come up after the interview, feel free to reach out to me
anytime via email, and | will respond to any inquiry that you may have.

Individual Learning Plan Creation
1. How do you currently create or manage learning plans for students with moderate to
severe autism?
2. What was your experience when looking at the VVoyage Path or ILP feature in the app?

Adventure Creation (Step-by-Step Interventions)

1. How do you usually break down life skills routines for your learners?
2. What are your thoughts on using step-by-step “adventures” to teach life skills?
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Reward and Treasure System
1. How do you currently motivate or reinforce life skills learning among your students?
2. What was your reaction to the reward or treasure feature in the prototype?

Parent eLearning Materials

1. What role do parents play in supporting life skills learning outside of school in your
experience?
2. What are your thoughts on having training materials or courses for parents within the

app?
Viewing and Tracking Student Progress

1. How do you currently monitor or document student progress in life skills?
2. What was your impression of the student progress tracking and dashboard feature?

Closing Reflection Questions
1. What stood out to you most about the prototype overall?
2. What improvements would you recommend to make the design more practical and
meaningful for your learners?

Closing Remarks
This brings us to the end of the interview.
Thank you
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