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Xalgaro miqgyosidagi ilmiy-texnik anjuman materiallarida zamonaviy kompyuter
ilmlari va muhandislik texnologiyalari sohasidagi innovatsion tadgiqotlar aks etgan.

Globallashuv sharoitida davlatimizni yanada barqaror va jadal sur’atlar bilan
rivojlantirish bo‘yicha amalga oshirilayotgan islohotlar samarasini yaxshilash sohasidagi
ilmiy-tadqiqot ishlariga alohida e’tibor qaratilgan. Zero iqtisodiyotning, ijtimoiy
sohalarni gamrab olgan modernizatsiya jarayonlari, hayotning barcha sohalarini
liberallashtirishni talab gilmoqgda.

Ushbu ilmiy ma’ruza tezislari to‘plamida mamlakatimiz va xorijlik turli
yo‘nalishlarda faoliyat olib borayotgan mutaxassislar, olimlar, professor-o‘qituvchilar,
ilmiy tadgiqot institutlari va markazlarining ilmiy xodimlari, tadgiqotchilari, magistr va
talabalarning ilmiy-tadgiqot ishlari natijalari mujassamlashgan.
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DIGITAL REHABILITATION PLATFORM FOR CHILDREN WITH

DISABILITIES

Abdumalikova Laylo Abdukholiq qizi
layloabdumalikovaé@gmail.com

Abstract: Children with disabilities often require long-term, multidisciplinary
rehabilitation involving medical, psychological, educational, and social interventions.
At the same time, their mothers or primary caregivers experience continuous physical,
emotional, informational, and organizational burdens. Although existing pediatric
telerehabilitation systems have improved access to rehabilitation services, current
approaches are largely fragmented, focusing primarily on child-centered outcomes
while insufficiently addressing caregiver needs within unified decision-making
frameworks.

This study proposes a digital rehabilitation platform for children with
disabilities that adopts a family-centered approach by modeling the child—caregiver
dyad as an integrated and dynamic system. The platform supports personalized
rehabilitation planning, prioritization of intervention modules, and adaptive
adjustment of rehabilitation intensity through an intelligent decision-support
mechanism. The proposed system integrates multiple dimensions, including child
functional status based on the International Classification of Functioning, Disability
and Health (ICF), caregiver burden and self-efficacy, treatment adherence,
environmental accessibility, and safety constraints. A constrained multi-criteria
optimization model is used to recommend rehabilitation activities by balancing
expected child improvement, caregiver well-being, adherence probability, resource
limitations, and digital accessibility costs. To ensure adaptability over time, a fuzzy
logic—based control module continuously updates rehabilitation plans based on
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progress indicators, adherence levels, caregiver burden, and safety signals. All
significant modifications require validation by healthcare professionals, ensuring
clinical safety and human-in-the-loop governance.

These findings indicate that a dyadic, family-centered digital rehabilitation
platform can effectively integrate child and caregiver needs into a unified adaptive
framework. The proposed model provides a strong foundation for future clinical
validation, usability testing, and real-world deployment, particularly in contexts
where rehabilitation resources are limited and continuity of care is challenging.

Keywords: digital rehabilitation; pediatric disability; telerehabilitation;
family-centered care; caregiver; explainable artificial intelligence; personalized
rehabilitation; digital health.

Rehabilitation is an essential component of health care because it aims to
optimize functioning and reduce disability in interaction with the person’s
environment. The World Health Organization (WHO) places rehabilitation within
universal health coverage and emphasizes multidisciplinary, person-centered service
delivery [1,2]. The global scale of need is substantial: WHO estimates that
approximately 1.3 billion people experience significant disability, while UNICEF
estimates that nearly 240 million children live with disabilities worldwide [3,4].

For children, rehabilitation is not limited to a single impairment. Motor
function, communication, cognition, self-care, learning, participation, behavior, and
environmental accessibility may interact over many years. The family therefore
becomes part of the therapeutic system. In practice, mothers often coordinate
appointments, perform home exercises, monitor symptoms, communicate with
clinicians, and provide day-to-day assistance. Studies of mothers of children with
disabilities report meaningful caregiving burden and stress, while targeted
educational and digital interventions can improve self-efficacy, health behaviors,
stress management, and quality-of-life-related outcomes [5-8].

Digital health provides mechanisms for extending rehabilitation beyond
specialized centers through teleconsultation, mobile applications, wearable sensors,
video-based movement analysis, remote coaching, electronic patient-reported
outcomes, and clinical decision support. WHO’s Global Strategy on Digital Health

2020-2027 explicitly promotes people-centered digital transformation and
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integration of technological, organizational, and human resources rather than isolated
applications [9]. In rehabilitation, recent systematic reviews indicate that home-based
and technology-supported care can improve access and support continuity, although

clinical evidence is heterogeneous and implementation barriers remain [10-14].

Pediatric telerehabilitation research has expanded rapidly. Ogourtsova et
al. identified evidence across multiple diagnostic groups and health professions,
including outcomes related to motor function, behavior, language, and parental self-
efficacy [10]. Del Lucchese et al. showed that pediatric technological
telerehabilitation remains highly heterogeneous and highlighted the need for
dynamic, multi-domain, family-centered protocols [11]. A 2025 systematic review of
early intervention delivered via telehealth found that most studies relied on caregiver
coaching and that broader multidisciplinary and family outcomes remain important
research gaps [12]. The 2026 Digital Pediatric Physiotherapy Framework similarly
concluded that digital technologies are reshaping pediatric rehabilitation but still

require coherent integration into family-centered pathways [13].

At the same time, artificial intelligence (Al) is increasingly used for
rehabilitation outcome assessment, movement analysis, prediction, classification, and
decision support. However, current pediatric Al applications are still predominantly
analytical rather than closed-loop adaptive systems. A 2026 scoping review reported
that no included pediatric rehabilitation studies implemented fully closed-loop Al in
which outcome assessment directly adapted intervention delivery in real time [10].
Reviews of Al in rehabilitation also emphasize limited external validation, technology

literacy barriers, reliability issues, and the need for real-world clinical evaluation [14].

This creates a clear methodological gap. Existing solutions usually optimize a
child-oriented endpoint, provide caregiver education as a separate service, or focus
on one diagnosis. They rarely represent the child and mother as a coupled longitudinal
system in which rehabilitation intensity, caregiver capacity, adherence, accessibility,
and safety are optimized together. The present study addresses this gap by proposing
a Dyadic Adaptive Digital Rehabilitation Platform (DADRP) with four contributions:
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1. a unified mathematical representation of child functioning, mother/caregiver
status, adherence, environment, and safety;

2. a constrained multi-criteria recommendation algorithm that ranks feasible
rehabilitation plans rather than autonomously prescribing treatment;

3. an explainable fuzzy adaptation mechanism that updates recommendations
according to longitudinal progress and caregiver burden;

4. a human-in-the-loop governance layer in which clinicians retain control over
clinically meaningful changes.
The purpose is not to replace rehabilitation professionals. Instead, the platform

Is designed as a longitudinal coordination and decision-support infrastructure that can
make multidisciplinary rehabilitation more continuous, measurable, and family-
centered.

All recommendation outputs are accompanied by a compact explanation: the
highest-priority domains, the constraints that removed alternatives, and the factors
that most strongly increased or decreased the plan score.

The clinician dashboard supports three actions: approve, modify, or reject.
Rejected recommendations and clinician modifications are logged and can later be
used for model refinement. This arrangement is consistent with WHO principles that
emphasize human autonomy, transparency, safety, and accountability in Al-enabled
health systems [7,9].
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Proposed family-centered digital rehabilitation architecture
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Figure 1. Proposed family-centered digital rehabilitation architecture.
A clinically deployable version should implement role-based access control,

encryption in transit and at rest, audit logs, explicit consent/assent procedures where
applicable, minimum-necessary data collection, and retention rules defined by
applicable legislation and institutional governance. Data used for Al training should
be separated from operational clinical records unless a specific legal and ethical basis
exists. Accessibility is also a functional requirement rather than a visual preference.
Interfaces should support scalable text, high-contrast modes, screen readers, captions,
simple language, Uzbek/Russian/other relevant language localization, low-bandwidth
operation, and asynchronous alternatives where continuous connectivity is
unavailable. Digital inequity must be considered in the recommendation function so

that lack of bandwidth does not automatically imply lower clinical priority.

CONCLUSION

This study presents a digital rehabilitation platform for children with
disabilities based on a family-centered (child—caregiver) dyadic model. The
framework integrates child functional status (ICF-based), caregiver burden and
capacity, adherence, environmental factors, and safety into a unified adaptive system.

A constrained recommendation model selects optimal rehabilitation plans,
while a fuzzy logic controller enables gradual adjustments under clinician
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supervision. The proof-of-concept simulation suggests that the dyadic approach can
maintain child rehabilitation outcomes while improving caregiver support and
adherence, though results are based on synthetic data.

Overall, the main contribution is a conceptual framework showing that digital
rehabilitation should jointly optimize child outcomes and caregiver capacity within a
transparent, adaptive decision-support system. Further clinical validation is required
before real-world application.
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AnHoTaums. Hacrosimias pabora MOCBSIIEHa AaHAIUTUYECKOMY 0030py
METOJIOB MHOTOKPUTEPHAIIBHOTO TOUCKA U  HBOJIOIMOHHOW  ONTHUMU3ALUU
KOHCTPYKTHBHBIX TapaMeTpOB TEXHUYECKUX CHUCTeM. PaccmaTpuBaeTcsi Hay4dHO-
TEXHUUYECKOE MPOTUBOPEUNE MEXY YJIABIUBAIOIIEH CIOCOOHOCTHIO (PHIIBTPYIOIINX
Moaynel u ux dHepromorpebieHueM. [IpoaHanu3upoBaHbl MPEUMYIIECTBA
reHetuyeckoro aiaroputMa NSGA-II B cpaBHEHMH C  TpagULUOHHBIMU
IPaJMEHTHBIMM  METOJIaMU  TNPUMEHHUTENIbHO K  3aJadaM  MPOEKTUPOBAHUS
WHXEHEepHbIX cucteM uist [Ipuapaiibs, onupasch Ha UCCIEAOBAHMS OTEYECTBEHHOU U
3apy0e)KHOM HAYYHBIX IITKOJI.

KuroueBble c10Ba: MHOTOKpUTEpUAIbHAS oTUMU3a1us, anroput™ NSGA-1,
dponT IlapeTo, s3HeproaPpheKTUBHOCTH, 0030p, HHKEHEPHBIE cCUcTeMBl, [[puapainbe.

1. BBenenue u aKTyaabHOCTH P00JIeMbl KOMIIPOMHUCCHOIO MOUCKA

[Ipy mTpOEKTHPOBAHUM COBPEMEHHBIX HWHXKEHEPHBIX CHCTEM OYHMCTKA H
KOHJUITMOHUPOBAHUS BO3AyXa pa3pabOTUMKU HEU30EKHO CTATKHBAIOTCA C
mpoOieMoil  TMOWCKa  KOMIIPOMHCCA MEXIYy  HECKOJbKUMU B3aUMHO
MPOTHUBOPEYAIIUMHU  KPUTEpUSIMU. B  KOHTEKCTE KIMMATHYECKUX  YCIIOBHI
[Ipnapanbs, XapakTEpU3YIOIIMXCS MOBBILICHHOW  COJEBOW  3albUIEHHOCTHIO
atMocdepsl, naHHas mnpoOsema oboctpsercs. Jus TioyOokol — cemapanuu
MEJIKOJIUCTIEPCHBIX (pakiuil cojed TpeOyeTcsi yMEHBUIEHHE pa3MepoB IOP
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