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Abstracts

Introduction. The purpose of the article is to develop a conceptual and methodological model of data-driven
state regulation of digital transformation in the rehabilitation system by substantiating its regulatory architecture,
indicator framework and hybrid decision-making logic.

Materials and Methods. The study is conceptual and methodological in nature and does not involve primary
surveys or experimental testing of digital rehabilitation technologies. The methodological basis includes the
institutional and systems approaches, structural-functional analysis, conceptual modelling, policy mapping,
regulatory mapping and case-based reasoning. The source base consists of international scientific publications,
OECD and WHO documents, European approaches to digital health governance, and studies on data-driven
governance, health data governance, telerehabilitation, rehabilitation big data and eHealth development.

Results. The article proposes an original conceptual and methodological model of data-driven state regulation
of digital transformation in the rehabilitation system. Its core is an adaptive regulatory architecture that integrates
the rehabilitation data environment, data governance and interoperability, indicator-based monitoring, regulatory
analytics, hybrid decision-making, adaptive regulatory instruments, system performance assessment and a feedback
loop. It is substantiated that rehabilitation data acquire regulatory value only when they are transformed into
indicators, analytical signals and grounds for public decision-making. An indicator framework has been developed,
covering digital infrastructure and interoperability, access to rehabilitation services, quality and rehabilitation
outcomes, regulatory capacity, trust, security and system resilience. A hybrid decision-making model has also been
formed. In this model, digital analytics, algorithmic support and risk assessment do not replace public authority
decisions, but strengthen their evidence base, timeliness and transparency through expert assessment, legal
validation and human-in-the-loop oversight.

Conclusions. The proposed model provides a methodological basis for moving from fragmented digitalization
of rehabilitation services to adaptive state regulation of digital transformation in the rehabilitation system.

Keywords: state regulation, digital transformation, rehabilitation system, data-driven governance, eHealth,
indicators, hybrid decision-making, telerehabilitation.

Meta. MeToro cTarTi € po3poOJIEHHs KOHIENTYaIbHO-METOAONOrIYHOI MOAEN] JIEPKABHOTO PETyJIIOBAHHS
mudpoBoi Tpanchopmarii peadimiTaliifHOT CHCTEMH HAa OCHOBI JIAHWX MUITXOM OOIPYHTYBaHHS ii peryssiTOpHOI
apxiTeKTypH, CUCTEMH 1HAMKATOPIB Ta TIOPWIHOT JOTIKH NPUHHSTTS YIPABIIHCHKUX PIllICHb.

Marepiaau Tta Meroam. JochmimKeHHS Mae KOHLENTYaJbHO-METOJOJIOTIUHMHA XapakTep 1 He mepeadauae
NPOBEJICHHS TEPBUHHOTO AaHKETYBaHHS 4YHM EKCIEPUMEHTAIFHOrO TECTYBaHHA NIU(PPOBHX peadliiTamiiHux
TEXHOJIOT1H. METO/I0JOTIYHyY OCHOBY JIOCIHI/DKEHHS CTaHOBJSATH IHCTHTYHIMHUNA 1 CHCTEMHHMH ITiJIXOIH,
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CTPYKTYpHO-(PYHKITIOHATLHUN aHaNi3, KOHIENTyaJlbHE MOJCITIOBAHHS, KapTyBaHHS JEpP)KaBHOI ITONITHKH,
3iCTaBIEeHHS PETYISATOPHUX MeXaHI3MiB Ta aHaNi3 MPHUKIATHUX KelciB. J[kepenpHy 6a3y copmMoOBaHO HA OCHOBI
MIXHApOJIHUX HayKoBUX myOumikariiii, nokymentie OECP i BOO3, eBponeiicbkux miaxo/iB 10 MUGPOBOT OXOPOHH
3I0pOB’S, a TAaKOX JMAOCHIIKEHb 3 IHUTaHb YIPABIIHHA HAa OCHOBI JAaHUX, YNpPaBJIiHHSI MEIUYHUMH [TaHHMH,
TenepeabiiTamii, BETUKUX peadlmiTallifHuX JaHUX 1 PO3BUTKY EIEKTPOHHOT OXOPOHH 370POB’SI.

Pe3yabTaTu. 3amponoHOBAaHO aBTOPCHKY KOHIENTYaJIbHO-METOAOJOTIUHYy Monenb data-driven nepKaBHOTO
perymoBaHHs LU(poBoi TpaHchopmaiii peabimitaniiinoi cucremu. Ii sAApOM € amanTHBHA peryJATOpHA
apxiTeKTypa, M0 TOEJAHYE CEePEeNOBUINE pealdimiTamiiHuX MaHUX, YIPaBIIHHA JAaHUMH Ta IHTEPONEepaOelbHICTh,
IHAMKATOPHUHA MOHITOPUHT, PETYJSATOPHY aHATITHKY, TiOpuUAHE NPUUHATTS pillleHb, aJanTHBHI IHCTPYMEHTH
JIep’KaBHOTO BIUIMBY, OLIHIOBaHHS pE3yJbTATUBHOCTI Ta KOHTYp 3BOPOTHOTO 3B’s3Ky. OOIpYyHTOBaHO, IO
peaOiniTamiifHi JaHi HAOyBaIOTh PETYIATOPHOI I[IHHOCTI JIUIIIE TOA1, KOJW BOHU TPAaHC(HOPMYIOTHCA B 1HIUKATOPH,
AQHANITUYHI CHTHAIW Ta TMIICTaBU IS AepKaBHOTO pimeHHS. Po3po0ieHo cucreMy iHAMKATOPIB, SKa OXOILTIOE
UQpoBy iHOPACTPYKTYpY Ta iHTepoIepade’bHiCTh, JOCTYIHICTh peadlTiTalifHuX MOCTYT, SKICTh 1 pe3yNbTaTH
peaOiniTarii, peryasTopHy CIIPOMOXKHICTB, TOBipY, Oe3MeKy Ta cTilkicTh cucteMu. CpopMoBaHo TriOpUIHY MOJEITH
MPUAHATTS pillleHb, Yy SAKid IUQpoBa aHANITHKA W pPU3HMK-OI[IHIOBAaHHS HE 3aMIiHIOIOTH JEp)KaBHE pIllIEHHS, a
MOCHITIOIOTH HOTO JTIOKa30BiCTh, CBOEYACHICTH 1 IPO30PICTh..

BucnoBku. 3amponoHoBaHa MOJENb CTBOPIOE METOAOJIOTIYHY OCHOBY MAJisi Hepexony Bia ¢parmeHtapHOi
nudposizamii peabimiTamiifHUX MOCIYT 1O aJalTHBHOTO JAEP)KaBHOTO DEryIIOBaHHS IMQpoBoi TpaHchopmarrii
peaObimiTamiifHOT cHCTEMH.

Kuarouogi ciioBa: nepxaBHe peryinoBaHHs, nudpoBa TpaHcopmailis, peabitiTalliiiHa cucreMa, yrpaBIiHHSI Ha
ocHOBI gaHnx, eHealth, inankaropu, riOpuaHe IPUAHSTTS pillleHb, TeIepeadimiTais.

1. Introduction cycle [12; 23]. Under such conditions, digital

The digital transformation of healthcare systems ~ transformation may be reduced to the
is increasingly acquiring not only technological implementation of separate technological solutions
but also managerial and regulatory significance. ~ Without the formation of a holistic regulatory
The introduction of electronic health records, architecture capable of transforming data into
telemedicine services, digital platforms, remote indicators, indicators into analytical conclusions,
monitoring tools, big data analytics and artificial ~and analytical conclusions into evidence-based
intelligence changes the logic of organizing Public decisions [16; 25].
medical and rehabilitation services, as well as the An analysis of recent studies shows that the
mechanisms of state influence on their quality, scientific literature has already formed several
accessibility and effectiveness [8; 19; 20]. In this important areas relevant to this issue. The first area
process, the rehabilitation system occupies a IS related to the development of data-based
special place, since it combines medical, social, ~governance  and  evidence-based  public
functional and long-term components of human  administration, where public ~governance is
recovery, while its effectiveness depends not only ~ considered as a process relying on data, analytics,
on the fact of service provision, but also on the digital monitoring and assessment of policy
continuity of the rehabilitation pathway, effectiveness [5; 7; 26]. The second area covers the
interdisciplinary coordination, individualization of ~ governance of digital healthcare and health data,
interventions, monitoring of functional status and  the interoperability of medical information
assessment of achieved outcomes [8; 15]. systems, the ethical use of data, privacy protection

The relevance of the Study is determined by the and the regulation of artificial intelligence in
fact that digitalization of the rehabilitation system  healthcare [18; 21; 27]. The third area focuses on
generates |arge volumes of heterogeneous data; dlgltal rehabilitation, telerehabilitation,
however, the mere availability of such data does ~rehabilitation big data, sensor technologies,
not automatically guarantee an improvement in the ~ adaptive rehabilitation ~systems and digital
quality of state regulation. Data generated in therapeutic solutions [8; 14; 15; 22].
electronic health systems, rehabilitation platforms, Studies on data-based governance explain how
telerehabilitation ~ services, sensor devices, data can support evidence-based  public
administrative reporting and outcome assessment ~governance, but they do not always take into
Systems often remain fragmented’ incompatib|e or account the SpeCifiC nature of the rehabilitation
insufficiently integrated into the management System. Research on digital healthcare governance
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substantiates the importance of interoperability,
security and trust, but usually does not detail the
mechanism for transforming rehabilitation data
into regulatory decisions. Studies on digital
rehabilitation demonstrate the potential of
telerehabilitation, sensor technologies and adaptive
systems for personalizing the rehabilitation
process, yet they mainly focus on the technological
or clinical effectiveness of individual solutions
rather than on their inclusion in a holistic
framework of state regulation.

This problem is of particular importance for the
rehabilitation sphere, where managerial decisions
must take into account not only quantitative
indicators of service accessibility, but also the
quality of the rehabilitation process, functional
outcomes, the safety of digital technologies,
personal data protection, regional disparities in
access, the professional readiness of service
providers and patients’ trust in digital tools [4; 6].
Unlike many other segments of healthcare,
rehabilitation is characterized by long-term
recovery trajectories, the significant role of
repeated monitoring, the need to assess the
dynamics of functional status and the necessity of
coordinating the actions of various actors: public
authorities, healthcare institutions, rehabilitation
centers, specialists, digital platforms, patients and
communities.

For Ukraine, this issue has an additional
dimension, since healthcare digitalization is taking
place in the context of eHealth reform, the need to
strengthen the resilience of the healthcare system,
European integration convergence with EU digital
standards and the growing demand for
rehabilitation services under wartime and post-war
recovery conditions [17; 19; 24]. Ukraine’s
eHealth infrastructure already creates prerequisites
for the accumulation and exchange of medical
data; however, issues of interoperability,
standardization of electronic medical
documentation, cybersecurity, workforce readiness
and the integration of rehabilitation data into the
public management cycle remain insufficiently
resolved [1; 2; 3].

The unresolved part of the general problem is
the absence of a holistic conceptual and
methodological model that would simultaneously
combine the architecture of rehabilitation data, an
indicator-based monitoring system, regulatory
analytics, a hybrid decision-making logic and a
feedback mechanism for adaptive correction of
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public policy. Existing approaches often focus
either on the technological aspects of digital
rehabilitation, on general issues of health data
governance, or on the use of artificial intelligence
in the public sector. However, for the needs of the
rehabilitation system, it is important to develop a
model in which digital transformation is
considered not as a set of separate services, but as
an object of systemic state regulation based on
data, indicators, risk assessment and evidence-
based managerial influence.

2. The aim of the study

The aim of the article is to develop a conceptual
and methodological model of data-based state
regulation of digital transformation in the
rehabilitation system by substantiating its
regulatory architecture, indicator framework and
hybrid logic of managerial decision-making.

3. Materials and Methods

The study is conceptual and methodological in
nature and is aimed at developing an authorial
model of data-driven state regulation of digital
transformation in the rehabilitation system. Its
logic does not involve primary surveys, interviews
or experimental testing of digital rehabilitation
technologies, since the main result is not the
empirical measurement of the effect of a particular
digital solution, but the formation of a holistic
regulatory architecture, an indicator framework
and a decision-making model.

The materials of the study include international
scientific publications devoted to data-based
governance, evidence-based public  policy
formation, digital health governance, health data
governance, the use of artificial intelligence in
public administration, rehabilitation big data,
telerehabilitation, adaptive rehabilitation
technologies,  interoperability  of  medical
information systems and regulatory sandboxes.
The source base also includes documents and
approaches of international organizations, in
particular the OECD, WHO and European digital
health frameworks, which define the principles of
health data governance, interoperability, security,
secondary use of data and regulatory responsibility
[12; 19; 20]. The Ukrainian context was examined
through scientific publications and regulatory-
organizational ~ approaches  reflecting  the
development of eHealth, digitalization of medical
services, standardization of electronic medical
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documentation, as well as workforce and
cybersecurity  challenges of the  digital
transformation of the healthcare system [1; 2; 3;
17].

The methodological basis of the study includes
institutional and systems approaches, structural-
functional analysis, conceptual modelling, public
policy mapping, comparison of regulatory
mechanisms and case-based analysis. The
institutional approach was used to determine the
role of public authorities, regulatory institutions,
healthcare facilities, rehabilitation centers, digital
platforms, professionals, patients and communities
in the process of digital transformation of the
rehabilitation system. The systems approach made
it possible to consider the rehabilitation system as
an interaction of data, digital infrastructure,
standards, indicators, analytics, regulatory
instruments and feedback. Structural-functional
analysis was applied to identify the main elements
of the authorial architecture and to define their
regulatory functions.

Conceptual modelling became the main method
for forming the authorial model of data-driven
state regulation of digital transformation in the
rehabilitation system. It enabled the integration of
three key components of the study: the regulatory
architecture, the indicator framework and the
hybrid decision-making model. The methods of
public policy mapping and regulatory comparison
were used to correlate digital data, indicators,
management problems and possible regulatory
instruments, including standardization, licensing,
certification, audit, regulatory sandboxes, targeted
support, outcome-based financing and policy
correction [25]. The case-based analysis method
was applied to summarize relevant international
and  national  experience in  healthcare
digitalization, rehabilitation data governance,
telerehabilitation and regulation of digital health
systems [6; 12; 14].

The research procedure included the conceptual
delimitation of data-driven state regulation in
rehabilitation,  systematization of the key
regulatory challenges of digital transformation,
construction of the regulatory architecture,
development of the indicator framework and
formation of the hybrid decision-making model.
This sequence was used to ensure coherence
between the conceptual foundations, the regulatory
architecture, the indicator system and the proposed
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decision-making logic, while avoiding primary
data collection or experimental testing.

4. Results and discussion

The digital transformation of the rehabilitation
system cannot be considered merely as a process
of introducing electronic services,
telerehabilitation platforms, sensor technologies or
digital communication channels between the
patient and the specialist. Its managerial essence
lies in the fact that digital technologies change the
very logic of forming, exchanging, analyzing and
using rehabilitation data. In this context, state
regulation should move from fragmented
regulatory support for individual digital tools
towards a holistic data-driven approach, within
which data become the basis for monitoring,
assessment, forecasting, selection of regulatory
scenarios and public policy correction.

For the rehabilitation system, such a shift is
particularly important, since rehabilitation is
characterized by long patient pathways,
interdisciplinary interaction, the need to assess
functional status, individualization of recovery
programs and continuous monitoring of outcomes.
Unlike one-time medical interventions, the
rehabilitation process is dynamic, and its
effectiveness depends on the system’s ability to
track changes in a person’s condition, adapt
interventions in a timely manner, ensure continuity
of services and coordinate the actions of different
actors. Therefore, digital data in rehabilitation
should be considered not as an auxiliary
information resource, but as a strategic basis for
state regulation of the quality, accessibility, safety
and effectiveness of rehabilitation services [8; 15].

Conceptually, data-driven state regulation of
digital transformation in the rehabilitation system
can be defined as an institutionally organized

process of transforming heterogeneous
rehabilitation data into managerial decisions
through a system of standards, indicators,

analytical procedures, regulatory instruments and
feedback. Unlike the traditional model of
regulation, which mainly relies on pre-established
rules, periodic reporting and post-factum control,
the data-driven model provides for the continuous
updating of managerial information, detection of
dynamic deviations, risk-oriented supervision and
the possibility of adaptive policy correction based
on actual results.
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Within this approach, rehabilitation data pass
through several successive stages of managerial
transformation. At the first stage, they originate
from various sources: electronic health records,
rehabilitation plans, telerehabilitation platforms,
sensor and wearable devices, administrative
reporting, financing systems, patient-reported
outcomes and regional data on service availability.
At the second stage, these data must be
standardized, verified, protected and integrated
into an interoperable information environment. At
the third stage, they are transformed into indicators
that reflect the state of digital infrastructure,
service accessibility, quality and rehabilitation
outcomes, regulatory capacity, trust, security and
system resilience. At the fourth stage, the
indicators become the basis for regulatory
analytics, which makes it possible to identify
trends, compare objects, classify risks and develop
scenarios of state response. At the fifth stage, the
results of analytics support managerial decision-
making, but do not replace the institutional
responsibility of public authorities.

Thus, the conceptual logic of data-driven
regulation can be represented as the following
sequence: data — standardization — indicators —
analytics — decision — regulatory impact — outcome
assessment — policy correction. This sequence
forms not a linear administrative procedure, but an
adaptive regulatory cycle. Its key feature is that
each managerial decision must be verified through
the results of its impact on the rehabilitation
system, while the obtained results must return to
the system in the form of updated indicators,
refined standards, adjusted thresholds or revised
regulatory instruments.

An important conceptual prerequisite of this
approach is the distinction between the concepts of
“digitalization of rehabilitation services” and
“digital transformation of the rehabilitation
system”. The first concept mainly refers to the
introduction of individual technologies: electronic
document flow, remote consultations, digital
platforms, mobile applications or monitoring tools.
The second concept is broader and implies a
change in the way the entire system functions: the
formation of new data flows, transformation of
management processes, emergence of new
regulatory objects, transition to indicator-based
monitoring and use of analytics for public
decision-making. It is digital transformation, rather
than digitalization alone, that requires the
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development of a special architecture of state
regulation.

In the rehabilitation system, such an
architecture must take into account at least three
groups of regulatory challenges. The first group is
related to data: their fragmentation, uneven quality,
incompatible formats, insufficient standardization
of functional assessments and problems of
integrating rehabilitation data into the general
eHealth infrastructure. The second group concerns
technologies: telerehabilitation platforms, digital
therapeutic solutions, sensor systems, artificial
intelligence and adaptive rehabilitation tools,
which  require validation, safety control,
algorithmic transparency and post-implementation
monitoring [10; 14; 18]. The third group includes
institutional issues: the responsibility of public
authorities, the readiness of institutions and
professionals to work with data, trust mechanisms,
legal protection of patients, stakeholder
participation and the system’s capacity to adapt to
crisis conditions.

In view of this, data-driven regulation should
not be equated with the automation of public
administration. Its purpose is not to transfer
regulatory decisions to algorithms, but to increase
the evidence base, timeliness, transparency and
adaptability of state influence. Digital analytics,
indicator-based monitoring, risk assessment and
forecasting should perform a supportive function,
while final regulatory responsibility remains with
competent public institutions. This approach
corresponds to the principles of trustworthy use of
artificial intelligence, human participation in the
decision-making loop and accountable digital
governance, which provide for the combination of
algorithmic support with expert assessment, legal
validation and institutional accountability [9; 18;
27].

The conceptual distinction of the proposed
approach also lies in the fact that the rehabilitation
system is considered not only as an object of
digitalization, but also as an object of adaptive
state regulation. This means that the state should
not only create conditions for the implementation

of digital tools, but also ensure data
standardization, formation of  performance
indicators, monitoring of regional and social

disparities, quality control of digital solutions,
patient protection, support for innovation and
continuous policy correction based on the obtained
results. In this logic, the digital transformation of
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the rehabilitation system acquires the meaning not
of a separate technological process, but of a
component of public policy aimed at restoring
human potential, improving quality of life and
ensuring the resilience of the healthcare system.

Thus, the conceptual foundations of data-driven
state regulation of digital transformation in the
rehabilitation system are based on several
provisions. First, digital data have regulatory value
only when they are standardized, interoperable,
reliable and included in the management cycle.
Second, indicators should reflect not only the
technological readiness of the system, but also
accessibility, quality, effectiveness, safety and
trust. Third, analytics should support, but not
replace,  public  decision-making.  Fourth,
regulatory instruments should be adaptive and
depend on identified risks, deviations and
outcomes.  Fifth, feedback should ensure
continuous policy learning and adjustment of state
influence in accordance with real changes in the
rehabilitation system.

These provisions form the basis for the further

authorial architecture of data-driven state
regulation, in which rehabilitation data, data
governance, indicator-based monitoring,

regulatory analytics, hybrid decision-making,
adaptive instruments and performance assessment
are integrated into a single continuous loop. The
next subsection details this logic through the
conceptual architecture of state regulation of
digital transformation in the rehabilitation system
based on data.

Based on the defined conceptual foundations,
state regulation of digital transformation in the
rehabilitation system based on data should be
presented as an adaptive regulatory architecture
that combines heterogeneous sources of
rehabilitation data, data governance mechanisms,
indicator-based monitoring, regulatory analytics,
hybrid decision-making, adaptive instruments of
state influence and a feedback loop. Such an
architecture makes it possible to move from the
fragmented implementation of digital technologies
to systemic management of digital transformation,
in which each element performs a clearly defined
regulatory function.

Within the proposed approach, the architecture
of data-driven state regulation is not a technical
scheme of a digital platform. It reflects the
managerial logic of transforming data into a public
decision. Its essence lies in the fact that digital data
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of the rehabilitation system must first be collected,
standardized, protected and integrated; then
transformed into indicators; subsequently analyzed
in terms of risks, trends and deviations; then used
to select a regulatory scenario; and finally verified
through the results of their impact on the
accessibility, quality, continuity and effectiveness
of rehabilitation services. This approach
corresponds to the modern understanding of digital
governance in healthcare, where not only
technologies are important, but also data
governance rules, institutional responsibility,
transparency and trust mechanisms [20; 21]
(Fig. 1).

According to Fig. 1, the first element of the
architecture is the rehabilitation data environment.
It includes clinical data, data on patients’
functional status, information from
telerehabilitation platforms, data from sensors and
wearable devices, patient-reported outcomes,
administrative and financial information, as well as
data on regional availability of rehabilitation
services. A specific feature of this environment is
its high heterogeneity. The rehabilitation system
generates not only medical indicators, but also
functional, behavioral, organizational and social
data that differ in structure, frequency of updating,
level of sensitivity and managerial value.
Therefore, the first task of state regulation is not
merely to accumulate data, but to determine which
data are relevant for assessing the accessibility,
quality, safety and effectiveness of the
rehabilitation system [8; 15].

The second element of the architecture is the
data governance and interoperability layer. Its
function is to transform fragmented data into a
resource suitable for regulatory analytics. This
layer includes data standards, data quality
requirements, exchange rules, access protocols,
personal data protection, cybersecurity, data
validation and compatibility with the national
digital health infrastructure. Without this layer,
digitalization of the rehabilitation system does not
create a full managerial effect, since incompatible,
incomplete or unreliable data cannot serve as a
basis for evidence-based public decision-making.
In this context, interoperability should be
considered not only as a technical characteristic of
information systems, but also as a regulatory
prerequisite for data-based governance [13; 23].
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Feedback Rehabilitation data
:,' and pol l cy environment \
correction Clinical data; functional status; Data governance and

Rehabilitation system

telerehabilitation; sensors;
PROs; administrative data

interoperability
Standards; data quality; privacy;

performance
Access; quality; continuity;
personalization;

cybersecurity; access protocols

transparency; resilience;
patient outcomes

|

Data-driven state regulation
of digital transformation in
the rehabilitation system

|

Indicator-based monitoring

Infrastructure; access; quality;

outcomes; governance; trust;
resilience

Adaptive regulatory
instruments
Standards; licensing;

|

Regulatory intelligence and

sandboxes; audits; outcome-
based financing; policy
correction

Hybrid decision-making
Algorithmic support; expert
assessment; human
oversight; institutional
responsibility

analytics
Benchmarking; risk assessment;
forecasting; deviation detection

Figure 1. Conceptual architecture of data-driven state regulation of digital transformation in the rehabilitation
system

Source: developed by the authors.

The third element is the indicator-based
monitoring layer, which ensures the transition
from data to managerial signals. Data alone do not

answer the question of whether digital
transformation is effective, equitable, safe or
resilient. For this purpose, they must be

transformed into a system of indicators reflecting
the key dimensions of rehabilitation system
development: digital infrastructure and
interoperability, service accessibility, quality and
rehabilitation outcomes, regulatory capacity, trust,
safety and resilience. It is indicators that allow the
state to see not only the fact of introducing digital
tools, but also how these tools affect the actual
functioning of the system, patient pathways, equity
of access, quality of services and achievement of
rehabilitation goals [4; 6].

The fourth element of the architecture is the
analytical-regulatory layer. Its purpose is to
interpret indicators through comparative analysis,
risk  assessment, detection of deviations,
forecasting, scenario modelling and identification
of priorities for state response. Within this layer,
the state gains the ability not only to record
problems after the fact, but also to identify early
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signals of systemic dysfunctions: uneven access to
services, declining quality of rehabilitation
outcomes, insufficient digital capacity of regions,
cybersecurity  risks, weak integration of
telerehabilitation  solutions  or insufficient
compliance of digital technologies with regulatory
requirements. Such an analytical layer brings state
regulation closer to a risk-oriented, predictive and
adaptive model of governance [9; 16].

The fifth element is the hybrid decision-making
layer. It is fundamentally important for the
proposed architecture, as it makes it possible to
avoid the methodological mistake of equating data-
driven regulation with automated governance.
Algorithmic analytics, risk scoring, dashboards
and decision support systems may improve the
accuracy, timeliness and consistency of state
influence; however, they must not replace the
institutional responsibility of public authority. In
the rehabilitation system, managerial decisions are
related to patients’ rights, clinical safety, access to
services, financing, licensing, quality standards
and ethical constraints. Therefore, the final
decision should be made within the logic of human
participation in the decision-making loop, where
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digital analytics is combined with expert
assessment,  legal  validation,  professional
judgement and the responsibility of the competent
authority [18; 27].

The sixth element is adaptive regulatory
instruments. These include standards and
protocols, licensing and certification, quality audit,
cybersecurity requirements, regulatory sandboxes,
outcome-based financing, targeted support for
institutions or regions, revision of regulatory
requirements and public policy correction. Their
adaptability lies in the fact that the choice of an
instrument depends not only on a formal rule, but
also on the nature of the identified problem, the
level of risk, the type of digital technology, the
scale of deviation, the social significance of the
service and the expected impact on rehabilitation
effectiveness. For innovative digital technologies
in rehabilitation, regulatory sandboxes may be of
particular importance, as they allow new solutions
to be tested in a controlled environment without
removing requirements for safety, transparency
and outcome assessment [25].

The seventh element of the proposed
architecture is the performance of the rehabilitation
system. It is this element that determines whether
digital transformation has a real social and
managerial effect. Expected outcomes include
increased accessibility of rehabilitation services,
improved quality of care, continuity of the
rehabilitation  pathway,  personalization  of
interventions, transparency of regulation, reduction
of regional disparities, increased system resilience
and improved functional outcomes for patients. In
this sense, the effectiveness of digital
transformation cannot be assessed only by the
number of implemented digital tools or the volume
of digitized data. It must be measured by the extent
to which digital solutions change the quality of
functioning of the rehabilitation system and
strengthen its ability to respond to the needs of
individuals, communities and the state.

The final element is the feedback and policy
correction loop. It ensures the adaptability of the
entire architecture. The results of regulatory
influence must return to the system in the form of
updated data, revised indicators, refined threshold
values, changed standards or new regulatory
instruments. If a public decision has not produced
the expected effect, the model should make it
possible to identify the reason: poor-quality data,
an incorrect indicator, erroneous interpretation, an
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insufficient  regulatory  instrument,  weak
institutional capacity or an external crisis factor.
Thus, feedback transforms state regulation from a
one-time administrative act into a process of
continuous policy learning.

The proposed architecture has a fundamental
difference from the traditional model of
digitalization regulation. In the traditional
approach, the state mainly establishes rules,
monitors their implementation and periodically
responds to violations. In the data-driven
architecture, the state forms a continuous loop of
observation, analysis, decision-making and
correction. This makes it possible not only to
control digital transformation, but also to actively
guide it in accordance with socially significant
goals: accessibility of rehabilitation, quality of
services, patient protection, efficient use of
resources, digital security and system resilience.

For the Ukrainian context, this architecture is of
particular importance. The development of
eHealth, the need for standardization of electronic
medical documentation, the European integration
orientation, cybersecurity challenges, and wartime
and post-war rehabilitation needs create conditions
under which the digital transformation of the
rehabilitation system must be not spontaneous, but
regulatorily guided [1; 3; 17]. The proposed model
makes it possible to combine technological
development with state goals of restoring human
potential, strengthening the resilience of the
healthcare system and moving closer to European
principles of health data governance.

Thus, the architecture of data-driven state
regulation of digital transformation in the
rehabilitation system performs three key functions.
First, it structures the path of transforming data
into a managerial decision. Second, it defines the
place of each element of the regulatory cycle: data,
standards, indicators, analytics,  decisions,
instruments and feedback. Third, it provides a
methodological basis for the further formation of
an indicator framework and a hybrid decision-
making model. Therefore, the next stage of the
study is to substantiate an indicator system that
makes it possible to measure the digital
transformation of the rehabilitation system not
only as a technological process, but also as an
object of state regulation.

The proposed architecture of state regulation of
digital transformation in the rehabilitation system
requires a measurement system capable of
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transforming heterogeneous rehabilitation data into
regulatory signals. In this context, indicators
perform not only an informational but also a
managerial function: they allow the state to assess
the state of digital infrastructure, accessibility of
rehabilitation services, quality and effectiveness of
rehabilitation, maturity of regulatory governance,
level of trust, safety and system resilience.
Therefore, the indicator framework should not be
limited to technical indicators of digitalization,
such as the number of electronic records or the
share of institutions connected to a digital
platform. It should reflect the broader logic of state
regulation: the extent to which digital
transformation actually changes the functioning of
the rehabilitation system and enhances its capacity
to ensure high-quality human recovery.

Within the data-driven approach, indicators are
an intermediate link between data and managerial
decisions. Data record individual facts, events,
entries or measurements, while indicators give
them regulatory significance. For example, the
availability of data on the number of
telerehabilitation consultations does not in itself
answer the question of service accessibility. It
acquires managerial value only when correlated
with regional needs, waiting time, patient
categories, functional outcomes, connection
quality, satisfaction level and continuity of the
rehabilitation pathway. Thus, the indicator
framework should be designed in such a way as to
translate digital data into assessments suitable for
planning, control, policy correction and selection
of regulatory instruments.

An important requirement for such a system is
its multidimensionality. The rehabilitation system
cannot be assessed only through digital readiness
or the volume of implemented technologies. Its
digital transformation should be measured through
a combination of technical, clinical, organizational,
social, institutional and safety-related parameters.
This approach corresponds to the modern
understanding of health data governance, in which
the quality of digital transformation is determined
not only by the availability of technologies, but
also by the ability of data to support decision-
making, improve service quality, ensure trust and
create conditions for evidence-based governance
[20; 21].

For the rehabilitation system, it is advisable to
distinguish five main blocks of indicators: digital
infrastructure and interoperability; accessibility of
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rehabilitation services; quality and rehabilitation
outcomes; regulatory capacity and governance
maturity; trust, safety and system resilience. This
structure makes it possible to avoid narrowing
digital transformation to the technical level and at
the same time ensures the connection between
data, regulatory monitoring and practical
managerial decisions (Table 1).

The first indicator block, digital infrastructure
and interoperability, is fundamental, since without
the technical capacity to generate, transmit and
integrate data, data-driven regulation cannot be
implemented. However, this block should not be
reduced to the formal availability of software or
electronic records. For public administration, it is
important to assess whether digital systems are
compatible, whether they ensure data completeness
and timeliness, whether they can be integrated with
the national eHealth infrastructure, and whether
they support standardized information exchange
between different levels of the system. It is
interoperability that determines whether data from
rehabilitation  institutions, digital platforms,
telerehabilitation services and administrative
systems can be included in a single managerial
loop [13; 23].

The second indicator block, accessibility of
rehabilitation services, makes it possible to assess
whether digital transformation actually reduces
barriers to receiving care. For rehabilitation,
accessibility has not only a geographical, but also

an organizational, temporal and functional
dimension. Digital tools can expand access
through telerehabilitation, remote monitoring,

digital planning of the patient pathway and
coordination between service providers. At the
same time, they may also deepen inequality if
certain regions, patient groups or institutions do
not have sufficient digital capacity. Therefore,
accessibility indicators should be used to identify
territorial and social disparities, as well as to
justify regional redistribution of resources.

The third indicator block, quality and
rehabilitation outcomes, is central to assessing the
real effect of digital transformation. If digital
technologies do not affect service quality,
functional outcomes, achievement of individual
rehabilitation goals, patient safety or continuity of
the rehabilitation pathway, their regulatory value is
limited.
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Table 1

Indicator framework for data-driven monitoring of digital transformation in the rehabilitation system

Indicator block

Regulatory meaning

Examples of indicators

Managerial use

Digital
infrastructure and
interoperability

Determines whether the
rehabilitation system is
technically capable of
generating, exchanging

Availability of digital rehabilitation
records; level of interoperability
with eHealth infrastructure;
completeness of core rehabilitation

Planning the development of digital
infrastructure; standardization of data
exchange; prioritization of investments;
identification of technical gaps and

and integrating reliable | data; timeliness of data entry; share | regions  with  insufficient  digital
data for regulatory | of successful data exchange; | capacity.
purposes. availability of digital systems.

Accessibility  of
rehabilitation

Shows whether digital
transformation

rehabilitation
availability of

time for
regional

Waiting
services;

Redistribution of resources; correction
of regional policy; expansion of

services contributes to | rehabilitation service providers; | telerehabilitation; identification  of
improving spatial, | telerehabilitation coverage; share of | territories and patient groups with
organizational and | patients with a digitally documented | insufficient access to services.
functional access to | rehabilitation pathway; continuity of
rehabilitation. interaction between rehabilitation
and other medical services.
Quality and | Reflects whether digital | Level of functional improvement; | Quality control; performance
rehabilitation transformation achievement of individual | management; development of outcome-
outcomes contributes to | rehabilitation goals; patient-reported | based financing; identification of
measurable outcomes; frequency of adverse | institutions that require support, audit or
improvement in the | events; rehospitalization  after | corrective intervention.
quality and | rehabilitation; discharge to the
effectiveness of the | community; adherence to
rehabilitation process. rehabilitation protocols.
Regulatory Assesses whether | Data governance maturity index; | Strengthening regulatory institutions;
capacity and | public authorities and | level of regulatory compliance; | improvement of supervisory
governance institutions are capable | coverage by automated monitoring; | mechanisms; correction of standards
maturity of systematically and | number and results of regulatory | and licensing requirements; assessment

adaptively  managing
digital transformation.

sandboxes; availability of approved
digital rehabilitation standards; time
of  institutional  response to
identified risks.

of readiness for adaptive regulation.

Trust, safety and
system resilience

Determines  whether
digital transformation
is safe, transparent,
ethically acceptable
and resilient in crisis
conditions.

Frequency of cyber incidents;
coverage by informed consent
mechanisms; transparency of data
use; stakeholder engagement index;
availability of audit trails; continuity
of  digital  services  during
emergencies; patients’ trust in
digital rehabilitation services.

Risk management; development of
cybersecurity  policy; strengthening
public trust; protection of patients’
rights; ensuring wartime and post-war
resilience of the rehabilitation system.

Source: summarized by the authors within the conducted research.

In this context, functional indicators, patient-
reported treatment and recovery outcomes,
indicators of adverse events, rehospitalization and
discharge to the community are of particular
importance. This logic corresponds to approaches
to the use of rehabilitation big data and value-
oriented healthcare governance, within which
effectiveness is assessed not only through the
process of service provision, but also through the
achieved effect for the patient and the healthcare
system [4; 8].

The fourth indicator block, regulatory capacity
and governance maturity, makes it possible to
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assess whether the state itself is capable of
managing digital transformation. The availability
of digital data does not automatically create
effective regulation if public institutions do not
have standards, procedures, competencies,
monitoring tools, response mechanisms and the
capacity for adaptation. Therefore, the indicators
of this block should reflect the maturity of data
governance, the ability to conduct automated
monitoring, the speed of response to risks, the
effectiveness of regulatory sandboxes, the
availability of approved digital rehabilitation
standards and the readiness of institutions for risk-
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oriented regulation. Such indicators are important
for the transition from formal regulation to risk-
oriented regulation capable of adapting to
identified deviations, threats and needs of the
rehabilitation system.

The fifth indicator block, trust, safety and
system resilience, is necessary for the legitimacy
of digital transformation. In rehabilitation, digital
data often concern sensitive information about
health status, functional limitations, physical
activity, psychological state, social participation
and long-term needs of a person. Therefore, state
regulation must ensure personal data protection,
cybersecurity, transparency of information use, the
availability of informed consent mechanisms,
accountability of digital platforms and resilience of
services in crisis conditions. For Ukraine, this
block is of particular importance given wartime
risks, cyber threats, the need for continuity of
medical and rehabilitation services and post-war
recovery of the healthcare system [1; 17].

The proposed indicator framework performs
several functions within the authorial architecture.
First, it creates a measurement bridge between
digital data and regulatory analytics. Second, it
allows the state to see digital transformation not
only as a technological process, but also as a
change in accessibility, quality, safety and
effectiveness of the rehabilitation system. Third, it
forms a basis for comparing institutions, regions,
digital technologies and regulatory scenarios.
Fourth, it enables repeated monitoring, without
which adaptive policy correction is impossible.

At the same time, such an indicator framework
should not be static. As digital rehabilitation
develops, new technologies are introduced, patient
needs change, new standards emerge and
managerial experience accumulates, the set of
indicators should be revised. For example, at the
initial stage of digital transformation, greater
importance may be attached to infrastructure
indicators, data completeness and the connection
of institutions to digital systems. At subsequent
stages, the importance of indicators of quality,
effectiveness, personalization, economic
efficiency, cyber resilience and trust will increase.
Such dynamism corresponds to the logic of data-
based state regulation, in which indicators not only
perform a measurement function, but are also
refined in accordance with policy implementation
results, new risks and changes in the rehabilitation
system.
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Thus, the indicator framework is a key element
in the transition from data architecture to the
decision-making model. It transforms the digital
transformation of the rehabilitation system into a
measurable object of state regulation, makes it
possible to identify deviations, classify risks,
determine managerial priorities and select
appropriate regulatory instruments. The next
subsection details how data and indicators can be
used in a hybrid decision-making model for
adaptive state regulation of digital transformation
in the rehabilitation system.

The proposed architecture indicator
framework  acquire  practical managerial
significance only if they are integrated into a
decision-making model. Within data-driven state
regulation of digital transformation in the
rehabilitation system, a managerial decision should
not be formed intuitively, fragmentarily or
exclusively on the basis of periodic administrative
reporting. It should emerge as a result of the
consistent transformation of data into indicators,
indicators into analytical assessment, analytical
assessment into a regulatory scenario, and the
regulatory scenario into an institutionally
responsible action of the state. Therefore, it is
appropriate to use a hybrid decision-making model
that combines digital analytics, algorithmic
support, expert assessment, legal validation and
human participation in the loop of managerial
decision-making.

The hybridity of this model means that
automated tools do not replace public
administration, but strengthen its analytical
capacity. In the field of rehabilitation, this is of
fundamental  importance, since  regulatory
decisions may affect patients’ access to services,
rehabilitation pathways, financing, quality of care,
the use of digital therapeutic solutions, data
security and the responsibility of service providers.
A fully automated model in this area would be
methodologically and ethically risky, as it would
not take into account the complexity of the
clinical, social and legal context. At the same time,
the traditional manual model of regulation is
insufficiently operational for a digital environment
in which data are constantly updated and risks may
arise  faster than classical administrative
procedures can respond [18; 27].

The hybrid decision-making model involves the
combination of three logics: analytical, expert and
institutional. The analytical logic ensures data

and
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collection, verification and processing, calculation
of indicators, detection of deviations and
classification of risks. The expert logic makes it
possible to interpret these results with regard to the
professional context, clinical complexity, regional
specificities, resource constraints and possible
social consequences. The institutional logic
ensures legal responsibility, procedural
transparency, accountability and the selection of a
specific regulatory instrument. It is the
combination of these three logics that makes it

possible to avoid both excessive automation and
ineffective administrative inertia.

In the proposed model, the decision-making
process consists of seven successive stages: data
collection and validation, indicator assessment,
risk classification, selection of a regulatory
scenario,  regulatory intervention, outcome
assessment and policy correction. This sequence
corresponds to the logic of adaptive regulation,
within which a managerial decision does not
complete the cycle, but opens the next stage of
assessing its consequences (Table 2).

Table 2

Hybrid decision-making logic for adaptive state regulation of digital transformation in the

rehabilitation system

Stage Analytical action Decision-making mechanism Regulatory result
1. Data | Collection, integration and | Automated data collection, | Formation of a reliable database
collection verification of clinical, functional | validation rules, interoperability | for monitoring digital
and and administrative data, as well as | checks and institutional | transformation in the
validation data from digital platforms, | confirmation of data reliability. rehabilitation system.
telerehabilitation, sensor devices
and patient-reported outcomes.
2. Indicator | Transformation of verified data | Indicator-based monitoring through | Identification of trends, gaps,
assessment into indicators of infrastructure, | dashboards, thresholds, benchmarks | deviations and priority areas
accessibility, quality, rehabilitation | and comparative assessment of | requiring regulatory attention.
outcomes, governance maturity, | institutions, regions or service
trust, safety and resilience. groups.
3. Risk | Classification of rehabilitation | Algorithmic risk assessment | Prioritization  of  regulatory

classification

services, institutions, digital
technologies or regions according
to the level of regulatory risk.

combined with expert validation
and institutional interpretation of
detected deviations.

supervision, support, audit or
corrective intervention.

4. Selection | Determination of the  most | Decision-making logic with human | Selection of a regulatory

of a | appropriate regulatory response | participation in the managerial loop | scenario: standardization,

regulatory depending on the type, scale and | combines analytical | revision of licensing

scenario intensity of the identified problem. | recommendations, professional | requirements, audit, testing in a
expertise, legal assessment and | regulatory sandbox, targeted
responsibility of the  public | support, financing correction or
authority. policy change.

5. Application of selected regulatory | Institutional  decision of the | Implementation of adaptive

Regulatory instruments to influence the digital | competent public authority with | regulatory action aimed at

intervention

transformation process or correct
identified dysfunctions.

documented
procedural
accountability.

justification,
transparency  and

improving accessibility, quality,

safety, interoperability  or
effectiveness of rehabilitation
services.

6. Outcome
assessment

Assessment of the consequences of
regulatory intervention based on
repeated measurement of indicators
and comparison with expected
results.

Theoretical assessment of expected
regulatory effects within the
proposed model based on indicator
dynamics, outcome monitoring
logic, aggregated secondary data
and available patient-oriented
performance indicators.

Determination of whether the
regulatory intervention
produced the expected effect or
requires further correction.

7. Feedback | Use of assessment results to revise | Adaptive policy learning through | Continuous improvement of
and policy | indicators, threshold values, | repeated monitoring, expert review | data-driven state regulation and
correction standards, regulatory instruments | of aggregated evidence and | reduction of the gap between
and decision-making procedures. institutional correction of | digital  transformation  and
regulatory mechanisms. rehabilitation system

performance.

Source: author’s development.
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These stages should be understood as elements
and instruments of the proposed theoretical model
intended for future implementation at the level of
state monitoring, rather than as stages of primary
data collection or empirical testing conducted
within this study.

The first stage of the hybrid model, data
collection and validation, forms the informational
basis for the entire subsequent cycle. At this stage,
it is important not only to accumulate data from
various sources, but also to ensure their reliability,
compatibility, completeness, timeliness and
security. Data that have not passed validation
cannot be used as a basis for a regulatory decision,
since errors, duplication, incompleteness or
incompatibility of information may lead to an
incorrect assessment of the situation. For the
rehabilitation system, this is especially important
due to the complexity of functional indicators, the
duration of rehabilitation pathways and the
diversity of data sources [8; 12].

The second stage, indicator assessment, ensures
the transition from a data set to a structured
managerial vision. Indicators make it possible not
only to describe the state of the system, but also to
identify which of its elements require regulatory
attention. For example, a low level of
interoperability may indicate the need for
standardization; long waiting times may indicate
the need for resource redistribution; deterioration
of functional outcomes may indicate the need for a
quality audit; and an increase in cyber incidents
may indicate the need to strengthen security
requirements. Thus, indicators are transformed into
a tool for diagnosing regulatory problems.

The third stage, risk classification, makes it
possible to move from general monitoring to the
prioritization of state response. In the rehabilitation
system, risks may concern patients, institutions,
digital technologies, regions or management
processes. For example, high risk may arise in
cases of poor data quality, lack of proper
documentation of the rehabilitation pathway, non-
compliance of a digital platform with safety
requirements, unequal access to telerehabilitation
or deterioration of outcomes in a particular patient
group. Algorithmic classification helps to quickly
identify such situations, but its results must
undergo expert verification, since not all risks can
be correctly interpreted without taking into account
the clinical and social context.
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The fourth stage, selection of a regulatory
scenario, is the central point of the hybrid model.
At this stage, the analytical system may propose
possible response options; however, the final
choice should be made with human participation in
the managerial loop, taking into account expert
assessment, legal requirements and the
responsibility of the public authority. This means
that the decision should take into account not only
numerical indicators, but also legal norms,
professional standards, resource capacity, potential
impact on patients, ethical consequences and
strategic goals of public policy. For example, the
same problem of poor data quality may require
different response scenarios: technical support for
an institution, revision of standards, staff training,
audit or temporary restriction on the use of a
particular digital technology.

The fifth stage, regulatory intervention,
involves the application of a specific instrument of
state influence. Within the proposed model, such
instruments  may include  standardization,
licensing, certification, audit, a regulatory
sandbox, targeted financing, technical support,
cybersecurity requirements, correction of protocols
or revision of public policy. It is important that
regulatory intervention should not be only
sanction-based. In the data-driven model, it may
have a corrective, supportive, stimulating or
innovative character depending on the type of
identified risk. This corresponds to the logic of
adaptive regulation, within which the state not
only controls but also guides the development of
the system.

The sixth stage, outcome assessment, ensures
verification of the effectiveness of the regulatory
decision itself. If, after the application of an
instrument, indicators of accessibility, quality,
safety or effectiveness do not improve, this means
that the selected scenario was insufficient or
incorrectly targeted. Outcome assessment should
not be carried out once only, but through repeated
measurement of indicators and comparison of their
dynamics with expected changes. For the
rehabilitation system, this is especially important,
since the results of intervention may appear
gradually, and the effect of digital transformation
depends on the duration of the use of instruments,
staff readiness, patient engagement and the
stability of digital infrastructure.

The seventh stage, feedback and policy
correction, transforms the model into an adaptive
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cycle. Its essence is that assessment results should
influence the further configuration of the entire
system: revision of indicators, refinement of
thresholds, change in risk assessment algorithms,
updating of standards, modification of regulatory
instruments or revision of state priorities. This
stage ensures continuous policy learning and
allows the state to respond not only to already
existing problems, but also to changes in the
technological, social and institutional environment.

The proposed model has several advantages for
state regulation of digital transformation in the
rehabilitation system. First, it ensures a transparent
link between data and managerial decision-
making. Second, it allows the choice of regulatory
instruments to be justified on the basis of
identified risks and measurable indicators. Third, it
preserves the institutional responsibility of the
state without transferring it to automated systems.
Fourth, it creates conditions for adaptive policy
correction based on actual results. Fifth, it is
suitable for use under conditions of uncertainty,
when digital technologies change rapidly and
regulatory mechanisms must be sufficiently
flexible to respond to new risks.

For the rehabilitation system, the particular
value of the hybrid model lies in its ability to
combine systemic managerial logic with a patient-
oriented approach. State decisions should not be

assessed only from the standpoint of
administrative  efficiency or  technological
modernization. Their final effect should be

manifested in improved access to rehabilitation,
higher quality of services, reduction of unjustified
disparities between regions, increased safety of
digital technologies, protection of patients’ rights
and achievement of better functional outcomes.
Therefore, the hybrid decision-making model is
not only a managerial mechanism, but also an
instrument for aligning digital transformation with
the public goals of rehabilitation policy.

Thus, the hybrid decision-making model
completes the authorial construction of data-driven
state regulation of digital transformation in the
rehabilitation system. If the architecture defines
the general logic of interaction between elements,
and the indicator framework ensures measurement
of digital transformation, then the decision-making
model shows how these measurements are
transformed into regulatory action. In this logic,
state regulation acquires the characteristics of
evidence,  adaptability,  transparency  and
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effectiveness, while the digital transformation of
the rehabilitation system becomes not an end in
itself, but an instrument for improving the quality
of human recovery, the resilience of the healthcare
system and the effectiveness of public policy.

Discussion. The obtained results make it
possible to interpret data-driven state regulation of
digital transformation in the rehabilitation system
not as a separate technological direction, but as a
new managerial logic within which data,
indicators, analytics, institutional responsibility
and regulatory feedback form a single adaptive
loop. The proposed model differs from traditional
approaches to digitalization in that it is not limited
to describing digital tools or technical
infrastructure, but shows how digital data can be
transformed into a basis for state regulation of the
accessibility, quality, safety, resilience and
effectiveness of rehabilitation services.

In the international context, the proposed
architecture is consistent with approaches to digital
health governance, according to which effective
digital transformation requires proper data
governance, interoperability, privacy protection,
transparency, accountability and trust [20; 21]. At
the same time, the authorial model extends these
approaches towards the rehabilitation system, as it
takes into account its specific features: the duration
of the rehabilitation pathway, the need to assess
functional status, the combination of clinical and
social outcomes, the importance of remote
monitoring and the need for coordination between
different service providers. This makes it possible
to adapt the general principles of health data
governance to a field where effectiveness cannot
be fully measured only by process or
administrative indicators.

Unlike studies focused mainly on rehabilitation
big data, telerehabilitation or digital therapeutic
solutions, the proposed model shifts the emphasis
from the technological effectiveness of individual
tools to the regulatory capacity of the state to
systemically manage the digital transformation of
the rehabilitation system. Digital rehabilitation
technologies create new opportunities for
personalization, remote support, assessment of
functional progress and adaptation of interventions
[8; 14; 15]. However, without a regulatory
architecture, these opportunities may remain
fragmented, unevenly accessible or insufficiently
integrated into public policy. Therefore, it is
important not only to support the implementation
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of digital solutions, but also to define the rules for
their inclusion in the system of data, indicators,
standards, quality control and outcome assessment.

The proposed hybrid decision-making model
deserves particular attention. Its significance lies in
the fact that it makes it possible to avoid two
extremes: on the one hand, full algorithmizing of
regulatory decisions, and on the other, preservation
of a slow, fragmented and insufficiently evidence-
based administrative model. In the digital
environment, the state should use the analytical
capabilities of algorithms, dashboards, risk scoring
and forecasting; however, these tools must remain
under human, expert and legal control. This
approach is consistent with the international
discussion on trustworthy and explainable use of
artificial intelligence and the preservation of
human participation in the decision-making loop,
where the need to combine algorithmic support
with institutional responsibility, transparency and
accountability is emphasized [9; 18; 27].

The managerial significance of the proposed
model lies in the fact that it allows the state to
move from reactive to proactive regulation of the
digital transformation of the rehabilitation system.
In the traditional model, the regulator often
responds to violations, service shortages or
systemic problems only after they have manifested
themselves. By contrast, the data-driven approach
creates conditions for the early detection of
deviations, risks and weaknesses through an
indicator framework. This may relate to regional
shortages of rehabilitation services, poor data
quality, insufficient interoperability of digital
systems, deterioration of functional outcomes,
increasing cyber risks or insufficient patient trust
in digital tools. In such cases, regulatory action
may be not only sanction-based, but also
supportive, corrective or incentive-oriented.

The practical significance of the model also lies
in the fact that it can be used as a basis for shaping
public policy in the field of digital rehabilitation,
developing  monitoring  indicators,  creating
requirements for digital rehabilitation platforms,
piloting regulatory sandboxes, improving licensing
and certification procedures, and moving towards
elements of outcome-based financing. The use of
such instruments is especially important for fields
where digital technologies are developing rapidly
and traditional regulatory mechanisms do not
always have time to respond to emerging risks. In
this context, regulatory sandboxes and adaptive
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regulation instruments may become important
mechanisms for safely testing innovations in the
field of digital rehabilitation [25].

For the Ukrainian context, the proposed model
has particular significance. Ukraine already has a
basic eHealth infrastructure; however, the
development of digital rehabilitation requires a
clearer integration of rehabilitation data, standards,
indicators and regulatory procedures into the
overall digital healthcare system [17]. The
challenges of war, the significant increase in the
need for physical, psychological and social
rehabilitation, the necessity of post-war restoration
of human potential and the European integration
orientation strengthen the need for a regulatory
model that would be evidence-based, adaptive,
safe and compatible with European approaches to
health data governance [3; 19].

A separate aspect of the model’s significance is
its potential to overcome the fragmentation of
rehabilitation data. In many healthcare systems,
rehabilitation data remain dispersed among
institutions, platforms, professionals,
administrative databases and individual digital
services. This complicates the assessment of the
real accessibility of services, the effectiveness of
interventions, the needs of specific patient groups
and the quality of managerial decisions.
Experience in improving rehabilitation data in
other  countries shows that even basic
standardization of reporting and data integration
can significantly improve the quality of managerial
information [12]. However, this is not sufficient
for a systemic effect: data must be included in a
full regulatory cycle that involves indicator
assessment, analytical interpretation, selection of a
response scenario and evaluation of consequences.

At the same time, the proposed model has
certain limitations. The study is conceptual and
methodological in nature and does not involve
empirical testing of the model on a set of primary
data. This means that the proposed architecture,
indicator framework and decision-making model
require further approbation at the level of specific
rehabilitation institutions, regions or digital
platforms. The effectiveness of the model also
depends on the quality, completeness,
standardization and interoperability of data, and
these conditions are not always ensured in real
healthcare systems. In addition, the use of
algorithmic analytics and risk scoring requires
separate mechanisms for controlling bias, ensuring
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transparency, providing clear justification of
decisions and guaranteeing the right to appeal
regulatory decisions.

Another limitation is that the model requires
sufficient institutional capacity. Data-driven
regulation cannot be effective if public authorities
lack the human, technical, legal and organizational
resources to work with data. For the rehabilitation
system, this means the need to train specialists in
digital documentation, the use of indicators, work
with telerehabilitation platforms, interpretation of

analytical  results and compliance  with
cybersecurity requirements. Therefore,
implementation of the model should be

accompanied not only by technological solutions,
but also by the development of digital
competencies, a change in managerial culture and
the formation of trust between the state, service
providers and patients [1; 2].

Prospects for further research are related to
empirical approbation of the proposed model,
development of specific methods for calculating
indicators, testing threshold values for risk
classification, assessing the readiness of
rehabilitation institutions  for  data-driven
monitoring, and comparative analysis of
international practices in digital rehabilitation. The
issue of integrating rehabilitation data into the
national electronic healthcare infrastructure, as
well as the possibility of applying regulatory
sandboxes for digital therapeutic solutions,
telerehabilitation platforms and rehabilitation tools
using artificial intelligence, also requires separate

study.
Thus, the results of the study demonstrate that
data-driven  state  regulation of  digital

transformation in the rehabilitation system should
be considered as a multi-level and adaptive
managerial construct. Its practical value lies not
only in the fact that it organizes digital data, but
also in the fact that it creates a mechanism for
transforming these data into regulatory decisions
aimed at increasing the accessibility, quality,
safety, trust and effectiveness of rehabilitation
services. This logic makes it possible to combine
digital transformation with the public goals of
rehabilitation policy and ensure its compliance
with the needs of individuals, society and the state
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5. Conclusions

The article substantiates that the digital
transformation of the rehabilitation system requires
a transition from the fragmented implementation of
individual digital tools to holistic data-driven state
regulation. The regulatory value of rehabilitation
data arises only when they are standardized,
interoperable, validated, protected and included in
the full cycle of state monitoring, analytics,
decision-making and policy correction.

An authorial conceptual and methodological
model of data-driven state regulation of digital
transformation in the rehabilitation system is
proposed. Its basis is an adaptive regulatory
architecture that integrates the rehabilitation data
environment, data governance and interoperability,
indicator-based monitoring, regulatory analytics,
hybrid decision-making, adaptive instruments of
state influence, performance assessment and a
feedback loop.

An indicator framework has been developed,
covering digital infrastructure and interoperability,
accessibility of rehabilitation services, quality and
rehabilitation outcomes, regulatory capacity, trust,
safety and system resilience. This framework
transforms  heterogeneous digital data into
managerial signals for state regulation.

A hybrid decision-making model has been
formed, in which digital analytics, algorithmic
support and risk assessment do not replace public
decision-making, but strengthen its evidence base,
timeliness and transparency through the
combination of expert assessment, legal validation
and human participation in the loop of managerial
decision-making.

The practical significance of the results lies in
the possibility of using the proposed model for the
development of digital rehabilitation, improvement
of eHealth infrastructure, formation  of
rehabilitation data standards, piloting of regulatory
sandboxes and implementation of adaptive state
regulation in the field of rehabilitation..

Conflicts of interests

All authors in this study declare that they have
no conflict of interest.

References
1. Kiriienko, T., Lysetskyi, B., & Kaminskyi, V. (2024).
Vyklyky  standartyzatsii  elektronnoi  medychnoi

dokumentatsii v systemi okhorony zdorovia Ukrainy
[Challenges of standardization of electronic medical



Korotun O. P., Stavska Y. V., Dzhinjoyan V. V., Khudobiak M. M. (2026). Rehabilitation and Recreation, Vol. 20 No.2

10.

11.

12.

documentation in the healthcare system of Ukraine].
Perspektyvy ta innovatsii nauky, 6(40), 1110-1127.
https://doi.org/10.52058/2786-4952-2024-6(40)-1110-
1127 [in Ukrainian].

Smiianov, V. A., & Brych, V. V. (2022). Informatsiino-
komunikatsiini  tekhnolohii v okhoroni zdorovia:
yevropeiskyi  dosvid, mozhlyvosti dlia Ukrainy
[Information and communication technologies in
healthcare: European experience, opportunities for

Ukraine]. Ukraina. Zdorovia natsii, 4(70), 65-69.
https://doi.org/10.24144/2077-6594.4.1.2022.277068 [in
Ukrainian].

Shyshka, 1. (2024). Napriamy i perspektyvy

tsyfrovizatsii i kompiuteryzatsii protsesu nadannia
medychnykh posluh [Directions and prospects of
digitalization and computerization of the process of
providing medical services]. Infrastruktura rynku, 76.
https://doi.org/10.32782/infrastruct76-31 [in Ukrainian].
Bagheri, S., Kourtit, K., & Nijkamp, P. (2025).
Governance of transformative value-based healthcare
services in the digital era: A policy and research agenda.
Transylvanian Review of Administrative Sciences,
Special Issue, 5-21.
https://doi.org/10.24193/tras.si2025.1

Bello, I. O. (2024). From public confidence to civic
technology: Designing the next generation of
governance analytics. International Journal of
Technology, Management and Humanities, 10(4), 165-
184. https://doi.org/10.21590/ijtmh.10.04.17

Chaiyasuk, S., Rugchatjaroen, K., Sirisunhirun, S.,
Dhirathiti, N. S., Amornsiriphong, S., & Ploywan, P.
(2024). Developing data governance factors for auditing
public services for persons with disabilities in Thailand.
SSRN. https://doi.org/10.2139/ssrn.4993486

Engin, Z., Gardner, E., Hyde, A., Verhulst, S., &
Crowcroft, J. (2024). Unleashing collective intelligence
for public decision-making: The Data for Policy
community. Data & Policy, 6, Article e23.
https://doi.org/10.1017/dap.2024.2

Expert consensus on the application of big data on
rehabilitation medicine (2024 edition). (2024). National
Medical Journal of China.
https://doi.org/10.3760/cma.j.cn112137-20240424-
00970

Fan, Y. (2025). The role of artificial intelligence in the
digital transformation of government: Opportunities and
ethical challenges. Frontiers in Public Health, 13,
Article 1694996.
https://doi.org/10.3389/fpubh.2025.1694996

Feng, J., Zhu, F., Li, P., Davari, H., & Lee, J. (2021).
Development of an integrated framework for Cyber
Physical System (CPS)-enabled rehabilitation system.
International Journal of Prognostics and Health
Management, 12(4).
https://doi.org/10.36001/1JPHM.2021.VV1214.2913
Gonzalez Torres, A. P., & Sawhney, N. (2023). Role of
regulatory sandboxes and MLOps for Al-enabled public
sector services. The Review of Socionetwork Strategies,
17(2), 297-318. https://doi.org/10.1007/s12626-023-
00146-y

Kotrikadze, N., Zoidze, A., & Gotsadze, G. (2025).
From fragmented to functional: Improving rehabilitation

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

data in Georgia’s health information systems for better
decision-making. SSM — Health Systems, 5, Article
100127. https://doi.org/10.1016/j.ssmhs.2025.100127
Kouroubali, A., & Katehakis, D. G. (2022). Policy and
strategy for interoperability of digital health in Europe.
Studies in Health Technology and Informatics, 290,
897-901. https://doi.org/10.3233/SHT1220209

Kushnir, A., Kachmar, O., & Bonnechére, B. (2024).
STASISM: A versatile serious gaming multi-sensor
platform for personalized telerehabilitation and
telemonitoring.  Sensors,  24(2),  Article  351.
https://doi.org/10.3390/s24020351

Lee, Y. K, Yoon, E.-J.,, Kim, T. H., Kim, J.-l., & Kim,
J.-H. (2025). Musculoskeletal digital therapeutics and
digital health rehabilitation: A global paradigm shift in
orthopedic care. Journal of Clinical Medicine, 14(23),
Article 8467. https://doi.org/10.3390/jcm14238467

Liu, C., & Li, Y. (2025). Research on Al-driven public
policy decision support systems. In Proceedings of the
2025 2nd International Conference on Digital Economy
and Computer Science (DECS 2025) (pp. 777-781).
ACM. https://doi.org/10.1145/3785706.3785827
Malakhov, K. S. (2023). Insight into the Digital Health

System of Ukraine (eHealth): Trends, definitions,
standards, and legislative revisions. International
Journal of Telerehabilitation, 15(2).

https://doi.org/10.5195/ijt.2023.6599

Manias, G., Apostolopoulos, D., Athanassopoulos, S.,
Borotis, S., Chatzimallis, C., Chatzipantelis, T., &
Karabet, A. (2023). Al4Gov: Trusted Al for transparent
public governance fostering democratic values. In 2023
19th  International Conference on  Distributed
Computing in Smart Systems and the Internet of Things
(DCOSS-10T) (pp. 548-555). IEEE.
https://doi.org/10.1109/DCOSS-10T58021.2023.00090
Marchenko, V. V., Kilimnik, 1. I., & Dombrovska, A. V.
(2020). Implementation of digital technologies in human
rights to healthcare. Wiadomosci Lekarskie, 73(7),
1539-1544. https://doi.org/10.36740/WL ek202007142
Morley, J., & Floridi, L. (2021). How to design a
governable digital health ecosystem. In J. Cowls & J.
Morley (Eds.), The 2020 Yearbook of the Digital Ethics
Lab (pp. 69-88). Springer. https://doi.org/10.1007/978-
3-030-80083-3_8

OECD. (2022). Health data governance for the digital
age: Implementing the OECD recommendation on
health data  governance. =~ OECD  Publishing.
https://doi.org/10.1787/68b60796-en

Roccaforte, G., Sinardi, A., Ruello, S., Lipari, C.,
Corpina, F., Epifanio, A., Isgro, A., Russo, F. D.,
Puglisi, A., Pioggia, G., & Marino, F. (2026). Towards a
closed-loop bioengineering framework for immersive
VR-based telerehabilitation integrating  wearable
biosensing and adaptive feedback. Bioengineering,
13(4), Article 439.
https://doi.org/10.3390/bioengineering13040439

Van Schyndel, C., & Hannes, K. (2023). Data driven
ecosystems for health and prevention: A shared
decision-making model for local data governance.
International Journal of Integrated Care, 23(S1), 566.
https://doi.org/10.5334/ijic.1ICIC23209



https://doi.org/10.52058/2786-4952-2024-6(40)-1110-1127
https://doi.org/10.52058/2786-4952-2024-6(40)-1110-1127
https://doi.org/10.24144/2077-6594.4.1.2022.277068
https://doi.org/10.32782/infrastruct76-31
https://doi.org/10.24193/tras.si2025.1
https://doi.org/10.21590/ijtmh.10.04.17
https://doi.org/10.2139/ssrn.4993486
https://doi.org/10.1017/dap.2024.2
https://doi.org/10.3760/cma.j.cn112137-20240424-00970
https://doi.org/10.3760/cma.j.cn112137-20240424-00970
https://doi.org/10.3389/fpubh.2025.1694996
https://doi.org/10.36001/IJPHM.2021.V12I4.2913
https://doi.org/10.1007/s12626-023-00146-y
https://doi.org/10.1007/s12626-023-00146-y
https://doi.org/10.1016/j.ssmhs.2025.100127
https://doi.org/10.3233/SHTI220209
https://doi.org/10.3390/s24020351
https://doi.org/10.3390/jcm14238467
https://doi.org/10.1145/3785706.3785827
https://doi.org/10.5195/ijt.2023.6599
https://doi.org/10.1109/DCOSS-IoT58021.2023.00090
https://doi.org/10.36740/WLek202007142
https://doi.org/10.1007/978-3-030-80083-3_8
https://doi.org/10.1007/978-3-030-80083-3_8
https://doi.org/10.1787/68b60796-en
https://doi.org/10.3390/bioengineering13040439
https://doi.org/10.5334/ijic.ICIC23209

Korotun O. P., Stavska Y. V., Dzhinjoyan V. V., Khudobiak M. M. (2026). Rehabilitation and Recreation, Vol. 20 No.2

24. World Health Organization. (2024). Health systems in
action: Ukraine. 2024 edition. WHO Regional Office for
Europe.
https://eurohealthobservatory.who.int/publications/i/heal
th-systems-in-action-ukraine-2024

25. Yin, J., Zhao, T., & Kuang, L. (2024). Towards cross-
domain multimodal automated service regulation
systems. In 2024 IEEE International Conference on Web
Services (ICWS) (pp. 426-436). IEEE.
https://doi.org/10.1109/ICWS62655.2024.00064

26. Zanti, S., & Thomas, M. L. (2021). Evidence-based
policymaking: What human service agencies can learn
from implementation science and integrated data
systems. Global Implementation Research and
Applications, 1(4), 304-314.
https://doi.org/10.1007/s43477-021-00028-x

27. Zuiderwijk, A., Chen, Y.-C., & Salem, F. (2021).
Implications of the use of artificial intelligence in public
governance: A systematic literature review and a
research agenda. Government Information Quarterly,
38(3), Article 101577.
https://doi.org/10.1016/j.9ig.2021.101577

184


https://eurohealthobservatory.who.int/publications/i/health-systems-in-action-ukraine-2024
https://eurohealthobservatory.who.int/publications/i/health-systems-in-action-ukraine-2024
https://doi.org/10.1109/ICWS62655.2024.00064
https://doi.org/10.1007/s43477-021-00028-x
https://doi.org/10.1016/j.giq.2021.101577

