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Abstract. The digital transformation of healthcare and the rapid development
of artificial intelligence technologies are creating new opportunities for healthcare
delivery and managerial decision-making. This study assesses the prerequisites,
application areas, and potential effects of artificial intelligence on the efficiency
of healthcare system management in the Republic of Kazakhstan. The empirical
base includes official statistical data for Kazakhstan for 20152025, materials of
the Ministry of Healthcare of the Republic of Kazakhstan, national strategic and
regulatory documents, and international research on the application of artificial
intelligence in clinical and administrative healthcare processes. The study used
dynamic, comparative, and structural analysis, document content analysis, a
process-based approach, and systematisation of practical Al implementation cases.
The findings show that the number of physicians increased from approximately
69.7 thousand in 2015 to 84.0 thousand in 2025, while the number of hospital
organisations changed from 901 to 832. In 2025, more than 215 million healthcare
services were provided, of which 190.8 million, or 88.6%, were delivered
electronically. The development of the E-Densaulyq ecosystem, integration of
fragmented information systems, and creation of a unified medical data repository
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establish a technological foundation for moving from digital record-keeping to
data-driven, Al-supported management. The greatest managerial potential of Al
is identified in patient-flow forecasting, resource planning, pharmaceutical supply
management, quality control, clinical decision support, and anomaly detection. The
study proposes an original Al-driven healthcare management framework that links
digitalisation, data integration, Al applications, managerial processes, measurable
efficiency outcomes, risk assessment, and evidence-based scaling. The study also
shows that the independent macro-level effect of Al cannot yet be statistically
separated from the broader impact of healthcare digitalisation because a sufficiently
long and comparable national time series on Al adoption is lacking.
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AHHoOTanusA. JleHcaynblK CakTay calachlHBIH IHUQPIBIK TpaHCHOPMALUICHI
’KOHE JKaCaHIbl HHTEIUICKT TeXHOJIOTHSIAPBIHBIH KAPKBIH/IBI JaMYbI MEIUIIMHAIIBIK
KOMEKTI ~ YHBIMIACTBIDy MEH OacKapymbUIBIK —IIemIMaep KaObUIiayablH
KaHa MYMKIHIIKTepiH KalbIITacThIpadbl. 3epTTeydiH Makcarbl — Kaszakcran
PecryOnukachIHBIH JI@HCAYIBIK CaKTay KYHeciH Oackapy THIMILTITIH apTThIpyna
’KacaHJJbl MHTEJUICKTTI KOJIIaHYBIH aJFbIIIapTTAPbIH, HETi3r1 OaFbITTapbIH JKOHE
BIKTHMaJI HOTIKeNepiH Oaranay. 3epTTeyAiH SMOHUpHKanbIK 0azacein 2015-2025
xpuiapaarel Kasakcran PecrmyOnMKachIHBIH PECMU CTAaTHCTHKANBIK JIEPEKTepi,
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Kazakcran PecmyOnukachl A€HCAylbIK CaKTay MUHHCTPIITIHIH MarepHaiaapsbl,
CTpaTEeTHSUIBIK JKOHE HOPMATHBTIK KYJKarTap, COHJal-aK JCHCAyNBbIK CakKTay
calachlHJIa JKacaHbl MHTEJUIEKTTI KOJJIaHyFa apHaJFaH XallbIKapajblK FHUTBIMHU
eHOekTep Kypanbl. JIMHaAMUKaJBIK, CAJBICTRIPMANbl JKOHE KYPBUTBIMIBIK TaJay,
KOHTEHT-TaJ/Iay, VACPICTIK TOCI koHe mpakTukanblk JKU-kxobamapasl xyieney
omictepi KommaHbuiAbl. 3eprrey HoTHxenepi 2015-2025 skeuimapbsl gspirepriep
caHbIHBIH 09,7 MbiHHAH 84,0 MBIH amamFa JeiiiH eckeHiH kepceTTi. 2025 KbuTbI
215 MITH-HaH acTaM MEIUIIMHANIBIK KbI3MET KOpCeTLIin, onapasH 190,8 MAILTHOHBI
Hemece 88,6%-bI 31eKTpoHAbIK GopMarTa yeeiHbUAbL. E-Densaulyq skoxyiiecin
KaJIBIITACTBIPY, AaKMapaTThIK OKYHWeNepAl WHTeTpalusuiay >KoHe OipbIHFal
MEIHIIMHAIBIK JIEPEKTep KOWMACHIH KYpPy HWHTEIUIEKTyal[bl OacKapyra Kelryre
HET13 KaJIBINTaCThIpabl. JKacaHapl MHTEIUICKTTIH HETi3r 0acKapymIbUTBIK dJIeyeTi
MAIUEHTTEP aFbIHBIH OOJDKAy, pecypcTapabl 0eiy, Jopi-TopMeKIeH KaMTaMmachl3
€Ty, MEIUIMHANBIK KOMEKTIH calachlH OaKpulay J>KOHE IIemiM KaObUIaaymabl
KOJJJayMeH OalIaHbICTBl eKeHi aHBIKTanabl. ABTOpIbIK Al-driven healthcare
management MOJIEITi YCHIHBUIJIBL.

Tyiiin ce3nep: xacaH Ikl MHTEIUICKT, ICHCAYJBIK CAKTay, bacKapy, M (pIaHIbIpy,
Kazakcran, THIMAIUTIK, MEIMIMHAIBIK JepeKTep, MUQPIBIK IEHCAyJIbIK CaKTay,
E-Densaulyq
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Annoranusi. Lludpposas tpanchopmanus 3apaBOOXpaHeHHsT W OBICTpOE
pacrpocTpaHeHHe TEXHOJIOTHH MCKYyCCTBEHHOTO MHTEIIEKTa (DOPMHUPYIOT HOBBIC
YCIIOBHS sl OPTaHU3alMN MEAWIMHCKON MOMOIIM U MPUHATHUS yIPaBICHYECKUX
pewennii. Lenb ncciaenoBanms 3akiII04aeTcs B OLIEHKE MPEANOCHUIOK, HAapaBICHUN
W TOTCHUUANbHBIX 3(PQEKTOB HCHONB30BaHUS HCKYCCTBEHHOTO MHTEIUICKTa
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JUIL TIOBBIICHUS S(QQEKTUBHOCTH YNpPaBICHHUS CHCTEMOH 3ApaBOOXpaHEHHUS
PecnyOonukn  Kaszaxcran. DMIupHYecKyl0 OCHOBY COCTaBWIM OQHIHAIbHBIC
cTarucTuueckue jaanHeie PecnyOonmuku Kaszaxcran 3a 2015-2025 rr., Matepuabl
MunuctepcTtBa 31paBooxpaneHuss PecrnyOnukn Kaszaxcran, HopMartuBHBIE U
CTpaTernyeckue JOKYMEHTHI, a TaKKe MEKIYHApOJHbIC HayYHBIC MCCIICAOBAHUS,
MOCBALICHHBIC MCIOJIb30BAHUIO HCKYCCTBEHHOTO HHTEJUICKTa B MEIUIMHCKUX
W yOpaBJICHYECKUX IMpoleccax. [IpuMeHeHbl MeToAbl AMHAMHYECKOTO,
CPaBHHUTEJIBHOTO U CTPYKTYPHOTIO aHallN3a, KOHTEHT-aHaJIN3, IPOLECCHBIN TOAXO0/
W cHCTEeMaTH3alusl NpaKkTHYeCKUX KeiicoB BHempenust MU. Ycranosineno, uTto
YUCJIEHHOCTh Bpauel BCeX CINEUUAbHOCTEH yBenuuymiach ¢ 69,7 ThIC. YEIOBEK B
2015 r. 1o 84,0 Teic. yenmoBek B 2025 1., TOT/Ia KaK YUCII0 OOTHHIUYHBIX OPTaHU3aINN
mmenwock ¢ 901 no 832 emunun. B 2025 1. B cucreMe 31paBOOXpaHEHUS
ObUTO OKa3aHo Oomee 215 MIIH METUIIMHCKUX YCIyT, W3 KOTOphix 190,8 MuH,
nnn 88,6%, IpenocTaBIsuTUCh B 3IEKTPOHHOM (opMmare. Co3naHne SKOCHUCTEMBI
E-Densaulyq, wnTerpauns uH()OpManMOHHBIX cUCTeM M pas3Butue Eamunoro
XpaHWJIMILA MEJULINHCKUX JaHHBIX (GOPMUPYIOT MH(GOPMALUMOHHYIO OCHOBY IS
nepexona oT IM(poBOro ydera K MHTEIUIEKTyalbHOMY yipasienuto. [lokazano,
9T0 HauOOJBIINKA yrpaBieHYeckni noTeHuuan MU cBs3an ¢ mporuHo3upoBaHueM
MOTOKOB MAIEHTOB U MOTPEOHOCTH B pecypcax, JICKapCTBEHHBIM 00eCIIeUeHUEM,
yIpaBJIeHUEM KauyeCTBOM, MOAJICPKKOM KIMHHUYECKUX PEUICHUH M BBIIBICHHEM
anomammid. [lpemnokeHa aBropckas moxenb mepexoma kK Al-driven healthcare
management, TpegycMaTpUBalOmias O00s3aTeIbHYIO0 OLCHKY KIMHUYECCKOM,
OpPraHM3allMOHHON W JKOHOMHYecKol »3ddextuBHOCTH WU-pemennii 10 wux
MacmTadupoBanusi. OOOCHOBAHO, YTO HAa COBPEMEHHOM 3Talle CTaTHCTHYECKU
otaenuTh 3pdext MU ot coBokymHOTO 3dexTa mudpoBU3aIH HA MAKPOYPOBHE
MOKa HEBO3MOXKHO, YTO OIpEAeNsieT HeoOXOAMMOCTb CO3JaHusl HAalMOHAIBHON
cucrembl KPI npruMenenns HCKyCCTBEHHOTO MHTEIUICKTA B 3APaBOOXPAHCHUH.
Ki1roueBble ci10Ba: HCKyCCTBEHHBIN MHTEIUICKT, 3APaBOOXPAaHECHHUE, yIIPABICHHE,
uudposas Tpanchopmanus, Kazaxcran, 3(heKTHBHOCTb, MEIUIIMHCKUE TaHHBIE,
E-Densaulyq, mudpoBoe 3apaBooxpaHeHne, yIpaBICHUCCKUE PEIICHUS

Introduction. The modern healthcare system is a complex, multi-level
socio-economic system whose effectiveness depends not only on funding levels,
the availability of medical infrastructure, and the supply of qualified personnel, but
also on the quality of management decisions. Population growth, the increasing
prevalence of chronic diseases, the growing complexity of medical technologies,
and the increasing volume of information are straining existing mechanisms
for planning, monitoring, and allocating resources. At the same time, digital
transformation has led to the accumulation of significant volumes of medical data.
Electronic medical records, medical organisations' information systems, digital
prescriptions, results of laboratory and instrumental studies, and information on
hospitalisations, prescriptions, financial flows, and patient movements form a
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digital environment that can potentially be used not only to record facts but also to
forecast.

Under these conditions, a qualitatively new stage of digital transformation
is associated with implementing artificial intelligence. In this study, artificial
intelligence is understood as a set of algorithmic technologies capable of analyzing
large data sets, identifying hidden patterns, classifying objects, predicting events,
and providing information to support management and clinical decisions.

It is important to distinguish between digitalisation and artificial intelligence.
Converting medical documentation into an electronic format, online patient
registration, or creating an information system are elements of digitalisation.
Artificial intelligence mpennomnaraet a higher level of data processing, in which an
algorithm can predict the likelihood of a certain event, identify an anomaly, classify
a medical image, or suggest solution options based on accumulated information.
This distinction is of fundamental importance for assessing effectiveness.
Improvements in healthcare indicators that occur alongside digital transformation
cannot automatically be attributed to the introduction of artificial intelligence. The
study's relevance to Kazakhstan stems from the country's simultaneous integration
of digital medical platforms and scaling individual Al solutions. The Concept
for the Development of Artificial Intelligence for 2024-2029, approved in 2024,
provides for the development of data management, infrastructure, human capital,
and Al regulation, as well as an increase in the number of Al-based products being
implemented in real sectors of the economy (Government of the Republic of
Kazakhstan, 2024).

At the same time, the healthcare system is transitioning to the E-Densaulyq
architecture, which envisions integrating previously fragmented information
resources. This institutional and technological transformation creates the
prerequisites for using artificial intelligence not only for individual diagnostic
decisions, but also for managing resources, the quality of medical care, drug
supply, and patient flows. In this regard, a research question arises: under what
conditions can the implementation of artificial intelligence transform from a
separate medical technology into a systemic tool for improving the efficiency of
healthcare management in Kazakhstan?

The study aims to assess the prerequisites, main directions, and mechanisms
for using artificial intelligence to improve the efficiency of healthcare system
management in the Republic of Kazakhstan. To achieve the goal, the following tasks
are defined: to analyse changes in the resource and digital base of the healthcare
system; to systematise modern approaches to the use of Al; to assess the actual
directions of the introduction of artificial intelligence in Kazakhstan; to identify
the main channels of its impact on management processes; to propose a model for
assessing organisational and economic efficiency and directions for further scaling.
The study's scientific hypothesis is that the systemic effect of artificial intelligence
is determined not by the number of autonomously implemented algorithms, but by
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the degree of their integration with medical data and the core processes of resource
management, quality, and organisation of medical care.

Literature review. Scientific studies in recent years demonstrate a significant
expansion of the scope of artificial intelligence applications in healthcare. While
early studies primarily focused on the diagnostic accuracy of algorithms, modern
literature increasingly examines Al from the perspective of changing organizational
processes.

Topol (2019) links the development of highly effective medicine to combining
human capabilities with artificial intelligence. The author notes that automated
processing of large volumes of medical data can free healthcare workers from some
routine tasks and improve the quality of information support for decision-making.
At the same time, artificial intelligence is not viewed as a complete replacement
for a medical specialist, but rather as a complementary technology (Topol,
2019). Davenport and Kalakota (2019) systematize the use of Al in several areas:
diagnostics and treatment, patient engagement, and administrative processes. The
latter group is of particular interest from a management perspective, as it includes
automating routine procedures, processing documents, and analysing information
needed for decision-making.

Rajkomar, Dean, and Kohane (2019) emphasise that machine learning algorithms
can use electronic medical data to generate predictions, support diagnostics, and
assist in treatment. However, this requires high-quality, representative data.

A systematic review by Ali et al. (2022), which included 180 studies, shows
that Al affects both medical and administrative functions of the healthcare
system. The authors identify diagnostics, treatment, counselling, monitoring, and
information processing, while also highlighting problems of confidentiality, data
integration, security, and regulation. A separate area of research is directly related
to the management of human and organizational resources. Gonzalez-Garcia et
al. (2024), in a systematic review, show that artificial intelligence can support
resource management, risk assessment, decision-making, and the optimisation of
administrative tasks. At the same time, implementation requires special training for
managers and interaction between medical personnel and system developers.

The key question is not whether the algorithms produce positive experimental
results, but whether the effect can be replicated in a real organisational environment.
Wenderott et al. (2024) analyzed 48 studies on the real-world implementation of
Al in medical imaging. Among studies that measured task completion time, about
two-thirds reported a reduction; however, the authors' meta-analyses did not show a
universally statistically significant effect across all process types. This indicates that
outcomes depend heavily on the specific algorithm, infrastructure, and workflow
organisation.

In studies on the responsible use of Al, the main focus is transparency, security,
and the distribution of responsibility. The World Health Organisation considers the
preservation of human autonomy, security, transparency, responsibility, inclusivity,
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and sustainability as the basic principles of Al governance in healthcare (WHO,
2021).

Consequently, international literature is gradually shifting from the question
“can an algorithm perform a medical task?” to “how should an algorithm be
integrated into an organizational process so that its use truly enhances efficiency?”

It is this research gap that is most relevant for Kazakhstan. National scientific and
analytical literature provides a fairly detailed examination of the digitalisation of
healthcare, human resources, and organisational issues; however, a comprehensive
assessment of Al specifically as a tool for managing the healthcare system remains
significantly underrepresented.

This study proposes to view artificial intelligence as part of an integrated
management loop: data — algorithmic analysis — decision support — management
action — measurable outcome — risk control. This understanding makes it
possible to separate technological effectiveness from organizational and economic
efficiency.

Materials and methods. The empirical period of the study covers 2015-2025.
The choice of a ten-year interval is oOyciosien by the need to compare the state of
the healthcare system before the active spread of integrated digital solutions with
the stage of forming a modern data infrastructure and the beginning of the practical
scaling up of Al

The information base of the study consists of several groups of sources. The first
group comprises official data from the Bureau of National Statistics of the Agency
for Strategic Planning and Reforms of the Republic of Kazakhstan, including
dynamic indicators of the number of doctors, the network of hospital organizations,
and the activities of healthcare organizations.

The second group consists of official materials from the Ministry of Health of the
Republic of Kazakhstan on the development of the E-Densaulyq digital ecosystem,
electronic medical services, telemedicine, and Al use.

The third group includes strategic documents of the Republic of Kazakhstan,
primarily the Concept for the Development of Artificial Intelligence for 2024-2029.

The fourth group includes international scientific publications and World Health
Organisation recommendations.

The methodology includes dynamic analysis, which makes it possible to
determine changes in the resource indicators of the healthcare system; comparative
analysis, used when assessing regional differences; structural analysis of
digitalization trends; content analysis of government documents; case analysis of
practical Al solutions; and process analysis of the channels through which artificial
intelligence influences management.

The following relationship represents the general analytical model of the study:

HME = f (DATA, Al, HR, INFRA, FIN, GOV)
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where

HME is the efficiency of healthcare system management;

DATA is the availability, quality, and integration of medical data;

Al - the degree of application of artificial intelligence;

HR - human resources and digital competencies;

INFRA - medical and digital infrastructure;

FIN - financial support;

GOV - the system of regulation, accountability, and organizational management.

It should be emphasized that the presented relationship is conceptual, not an
estimated regression equation.

At the national level, there is no comparable annual indicator of the intensity of
Al implementation for the entire period from 2015 to 2025. Building a regression
in which changes in macro indicators of healthcare would be explained by artificial
intelligence would lead to a methodologically unjustified causal interpretation.

Therefore, this article uses the principle of sequential proof: first, it assesses
changes in the basic healthcare system, then the development of digital infrastructure,
after which it analyses the Al solutions actually used and the channels of their
potential impact on efficiency.

Results. Dynamics of the healthcare system’s resource base. During the period
under consideration, there was a noticeable increase in personnel potential. In 2015,
Kazakhstan had approximately 69,700 doctors. In 2020, the number of doctors of
all specialties reached 76,443; in 2023 - 81,285; in 2024 - 83,379; and in 2025 -
83,994 (Bureau of National Statistics of the Republic of Kazakhstan, 2026).

Thus, over the decade, the number of doctors increased by approximately
one-fifth. At the same time, the number of hospital organisations decreased from
901 to 832.

This ratio cannot be interpreted as a simple reduction in infrastructure. The change
in the number of legally and organizationally separate hospital organisations may
reflect network reorganisation, institutional mergers, the expansion of outpatient
care, and shifts in service-delivery structures.

However, these dynamics highlight a change in the management task. As
the human and informational scale of activities increases, the need is less for an
extensive increase in the number of institutions than for greater productivity of
existing infrastructure and higher-quality resource allocation.

Table 1 — Dynamics of the healthcare workforce in Kazakhstan, 2015-2025.

Indicator 2015 2020 (2023 (2024 (2025 |Change
2015-2025

Doctors of all specialties, people. =69 700 |76 443 |81 285 |83 379 |83 994 |~+20,5%

Number of hospital organizations, 901 - - - 832 =71,7%

units

Note: compiled by the authors based on data from the Bureau of National Statistics of the

Republic of Kazakhstan.

729 () O &



SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 5.2026

A key factor is the heterogeneity of human resources potential across regions.
Table 2 presents data by territory, allowing us to show differences in the scale of
the healthcare system.

Official regional data show a significant gap in doctor availability. In 2024,
the indicator in Astana was 68.9 doctors per 10,000 population, in Almaty, 64.1,
while in the Zhambyl Region it was 29.9, in the Atyrau Region, 31.1, and in the
Turkestan Region, 31.6 doctors per 10,000 population (National Statistics Bureau
of the Republic of Kazakhstan, 2025).

These differences matter for setting priorities for Al implementation. For
large cities, technologies for managing large patient flows, medical imaging, and
complex multidisciplinary infrastructure are of particular value. In regions with
lower density of medical personnel, telemedicine, remote interpretation of studies,
and digital support for doctors may be more valuable. Therefore, the territorial
strategy for implementing Al should not be fully standardized. It should account
for morbidity patterns, staffing levels, distance to specialised centres, and digital
infrastructure.

Table 2 — Dynamics of the number of doctors in selected regions of Kazakhstan, 2020-2024.

Region: 2020, people 2024, people Change, % |Doctors per 10,000
population, 2024

Astana city 9048 10 540 +16,5 68,9

Almaty city 13 450 14 681 +9,2 64,1

Aktobe region 4104 4522 +10,2 47,6

Atyrau region 2 026 2211 +9,1 31,1

Zhambyl region 3287 3655 +11,2 29,9

Mangystau region 2424 2 609 +7,6 32,4

North Kazakhstan region |1 694 1705 +0,6 32,7

Turkistan region 5883 6 806 +15,7 31,6

Shymkent city 4 600 5614 +22,0 44,7

Note: the authors calculated the data using information from the Bureau of National Statistics of

the Republic of Kazakhstan.

The most significant change in recent years is related to the scale of digital
medical services.

In 2025, Kazakhstan's healthcare system provided more than 215 million
medical services, of which 190.8 million, or 88.6%, were delivered electronically.
More than 8.5 million electronic medical certificates were issued to citizens, and
5.6 million people used online appointment booking with a doctor (Ministry of
Health of the Republic of Kazakhstan, 2026).
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Table 3 — Key indicators of the digital transformation of healthcare in Kazakhstan

Indicator Value Management significance

Medical services in 2025. more than 215 scale of the operational data array
million

Services in electronic format 190.8 million digital base for automated analysis

Share of electronic format 88.6% high degree of digitalization of

interactions

Issued electronic certificates more than 8.5 reduction of paper-based processes
million

Online appointment users 5.6 million data on demand and patient flows

Information systems integrated with |17 reduction of fragmentation

E-Densaulyq

Target components of E-Densaulyq |6 unified data management architecture

Patients with personalized 3.5 million foundation for predictive planning

calculation of medication needs

Medical organizations in 147 expansion of remote forms of assistance

telemedicine pilots

Note: compiled by the authors based on materials from the Ministry of Health of the Republic of
Kazakhstan.

E-Densaulyq envisages consolidating 17 existing information systems into six
main components, with a Unified Medical Data Repository serving as the core of
the architecture. As part of the digital transformation, 3.5 million patients were
covered by personalised calculations of their medication needs, and 147 medical
organisations participated in telemedicine pilots (Ministry of Health of the Republic
of Kazakhstan, 2025).

This fundamentally changes the potential for using Al If information is
distributed across a large number of incompatible systems, the algorithm does
not gain a holistic understanding of the patient or the activities of the medical
organization. Data consolidation makes it possible to use not a single medical
record, but a sequence of events: an encounter, an examination, a diagnosis, an
appointment, medication provision, hospitalization, and the outcome.

From a management perspective, this means a transition from recording to
monitoring, from monitoring to forecasting, and from forecasting to decision
support. Practical application of artificial intelligence. By the end of the period
under consideration, Kazakhstan began transitioning from piloting individual
solutions to practical implementation. In the E-Densaulyq architecture, the Ministry
of Health indicated the introduction of CEREBRA.AI and WDSOFT for the early
detection of stroke and oncological diseases (Ministry of Health of the Republic of
Kazakhstan, 2025).

To assess the emerging trend, data from early 2026 are also of interest. They are
not included directly in the statistical analysis period of 2015-2025, but are used as
a subsequent control point.

731 @ ® &



SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS

5.2026

Table 4 — The scale of individual Al solutions in healthcare in Kazakhstan

Decision Direction: The scale recorded in 2026. | The main management
channel:
CEREBRA | CT scan analysis for 9 stroke centers in 5 regions | accelerated diagnostics
suspected stroke; and routing;
WDSOFT | analysis of radiological 190 medical organizations standardization and
images; accelerated interpretation;
AIDENTIS | dental imaging; 65 clinics and 3 medical automation of image
universities analysis;
ALIMA Al assistant for healthcare | more than 700 polyclinics information support for
professionals; staff;
SmartOKI" | early detection of heart direction of scaling risk-based patient
failure. identification.
Note: the 2026 data is used as a reference point after the main study period.

In January 2026, the Ministry of Health reported that CEREBRA was used
in 9 stroke centers across five regions, WDSOFT - in 190 medical organizations,
AIDENTIS - in 65 dental clinics and three medical universities, and ALIMA - in
more than 700 polyclinics (Ministry of Health of the Republic of Kazakhstan, 2026).

Later monitoring of specific projects makes it possible to assess individual
operational results as well. According to the Ministry of Health, the use of
CEREBRA was accompanied by an increase in the use of thrombolytic therapy, and
the WDSOFT project reported a reduction in diagnostic time from 40 to 10 minutes.
For AIDENTIS, a reduction in the time required to analyze individual dental images
was noted. These results reflect the performance of specific projects and should not
be automatically extrapolated to the entire healthcare system. It is precisely this
caveat that has fundamental methodological significance. The local effectiveness
of the algorithm and the effectiveness of the system are different levels of analysis.
If the algorithm has reduced the time required to interpret a medical image, the
systemic effect only occurs when the freed-up time is actually transformed into
increased throughput, reduced waiting times, lower costs, or improved treatment
outcomes. Main areas of managerial impact. Based on the analysis, six groups of
managerial processes have been identified in which artificial intelligence has the
greatest potential.

Table 5 — Channels through which Al affects healthcare management efficiency

Direction Al functions: Management outcome: | Recommended KPIs:
Patient flow - forecasting of referrals |- reduced overload; waiting time; queue;
and hospitalizations; workload;

- optimized use of
personnel;

doctor’s workload;
overtime work;

Human resources |- forecasting of workload

and schedules;

Infrastructure - forecasting of bed and | - improved asset bed turnover; equipment
equipment utilization; utilization; downtime;
Drug supply - forecasting of demand, | - reduced shortages availability of
detection of anomalies; and losses; medications; write-offs;
deviations;
732
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Quality - identification of risks - early detection of complications;

management and atypical cases; problems; readmissions;

Decision support |- analysis of clinical and |- reduced turnaround time; route
organizational data. decision-making time. | duration.

Note: developed by the authors.

The presented classification shows that Al can influence efficiency not only
through improved diagnostics. A broader organizational effect is potentially
generated through the optimization of resource allocation. The author’s model of
Al-driven healthcare management. Summarizing the results makes it possible to
propose a consistent model for the transition of Kazakhstan’s healthcare system to
intelligent management.

G 2
Digitalization of Medical Processes
. J
v
4 )
Integration of Information Systems
\_ J
v
e “
Unified Medical Data Repository
| J
v
( \
Data Quality and Interoperability Control
\ J
v
r 2
Al and Predictive Analytics
. J
) 4
Forecasting and Risk Detection SupportD::i:iI:::gement Support for Clinical Decisions
forecasting demand, hospitalizations, analysis of resources, quality, analysis of images and medical data

and complications o
P and deviations

\ 4

[ Management of Patients, Staff, Medicines, Quality, and Infrastructure ]

[ Measurable Outcome: A time + A costs + A quality + A accessibility ]

Figure 1 — A mechanism for improving the efficiency of healthcare system management based on
artificial intelligence.
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The model stipulates that scaling should follow, rather than precede, the
measurement of the result. For an analytical representation of efficiency, it is
proposed to use the following relationship:

E,, = f(AT, AC, AQ, AA, R),

where

E,, is the integral effect of applying Al

AT is the change in time costs;

AC is the change in financial and resource costs;

AQ is the change in the quality of medical care;

AA is the change in the accessibility of medical care;

R is clinical, informational, legal, and technological risks.

This formularepresents the conceptual basis for subsequent empirical assessment.
Its application requires the creation of a comparable baseline of indicators before
and after the implementation of a specific Al solution.

Discussion. The results obtained confirm that the use of artificial intelligence
in healthcare in Kazakhstan should be viewed not as an autonomous technological
direction, but as the next stage of the industry’s digital transformation. By 2025, the
electronic format had covered 88.6% of medical services, and the volume of digital
interactions had reached hundreds of millions of operations per year. This trend
indicates the formation of a significant body of machine-readable data, without
which the use of machine learning methods and predictive analytics across the
healthcare system would be significantly limited (Ministry of Health of the Republic
of Kazakhstan, 2026). At the same time, the mere increase in the volume of digital
data does not guarantee its analytical value. For the use of artificial intelligence, the
completeness, reliability, structure, standardization, and technological compatibility
of information arrays are of fundamental importance.

In this context, the formation of the digital ecosystem E-Densaulyq and the
Unified Medical Data Repository becomes particularly important. The integration
of 17 previously fragmented information systems creates the prerequisites for
a transition from local digital accounting to end-to-end analysis of medical and
management processes (Ministry of Health of the Republic of Kazakhstan, 2025).
It is precisely the consolidation of data that allows us to view medical care not as
a set of isolated events, but as a sequence of interconnected stages - a patient’s
consultation, examination, diagnosis, prescription of treatment, provision of
medications, hospitalization, and the subsequent outcome. From a management
perspective, this forms the basis for moving from recording events to monitoring,
forecasting, and decision support.

The study’s results also show a change in the functional role of artificial
intelligence. At the initial stage, Kazakhstani projects focused primarily on the
analysis of medical images and diagnostic support, which aligns with the international
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trajectory of medical Al development. Radiology, computed tomography, and other
types of medical imaging are among the most mature areas of machine learning
application, as they work with relatively standardized digital data and allow for
fairly clear measurement of processing speed and accuracy.

However, modern projects demonstrate a gradual expansion of Al beyond narrow
clinical tasks. The use of ALIMA in clinics, the development of intelligent services
for detecting abnormalities, and decision-support systems indicate a shift towards
administrative and organizational functions (Ministry of Health of the Republic of
Kazakhstan, 2026). It is precisely this shift that is of fundamental importance for
assessing systemic efficiency. Even a highly accurate diagnostic algorithm may
have a limited impact on the overall performance indicators of the sector if it is
applied in a single local process. On the contrary, algorithms for predicting patient
flow, staff workload, the need for medications, or equipment usage potentially
affect several management elements at once and can create a more pronounced
organizational and economic effect.

This conclusion is consistent with the research by Davenport and Kalakota
(2019), who consider administrative and organizational processes to be one of the
key areas for using artificial intelligence in healthcare. Similarly, Gonzalez-Garcia
et al. (2024) show that the potential of Al extends not only to clinical decisions
but also to human resource management, risk assessment, and the optimization of
administrative processes. Consequently, for Kazakhstan, a promising model is one
in which artificial intelligence is integrated not into isolated functions but into the
broader management framework of a medical organization.

Atthe sametime, the results obtained confirm the need for a cautious interpretation
of the claimed effectiveness of Al. The systematic review by Wenderott et al. (2024)
shows that a significant portion of medical imaging projects demonstrate a reduction
in the time required to complete individual operations; however, the magnitude
of this effect varies considerably depending on the algorithm, infrastructure, and
workflow organization. This means that technological performance alone is not a
sufficient basis for concluding economic or systemic efficiency.

In practical terms, the assessment of each Al solution should include several
interrelated questions: what change occurred directly in the workflow; how
stable the resulting effect is; what direct and indirect costs are associated with the
implementation; whether the result is maintained when scaling up; and whether
new clinical, informational, organizational, or legal risks arise. This approach is
especially important for healthcare systems, where a technological error can have
not only economic but also direct medical consequences.

In this regard, the Al efficiency assessment model proposed in the study should
be interpreted as a multi-criteria system that combines time-related, financial,
qualitative, and accessibility effects, taking risks into account. In an applied version,
the integral efficiency can be represented as follows:
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Ey = wolAQ +wyAA — wrAT —w AC —wiR

WEre

Ear is the integral efficiency of using artificial intelligence;

A@ is the change in the quality of medical care;

AA is the change in accessibility;

AT is the change in time costs;

AC is the change in financial and resource costs;

R is the total level of clinical, information, legal, and technological risks;

w; are the weighting coefficients of the corresponding components. At the same
time, the sum of the weights must be equal to one. This form allows for a transition
from a descriptive assessment of implementation to a formalized comparison of
results and costs.

Regional analysis complements this conclusion. Significant differences in
the availability of doctors between the largest cities and individual regions of
Kazakhstan mean that a single model for implementing Al across all territories
may not be sufficiently effective. In regions with lower availability of individual
specialists, telemedicine, centralized image interpretation, digital support for
doctors, and intelligent patient routing may be of the greatest practical value.
In large agglomerations, by contrast, optimizing high-volume flows, managing
queues, forecasting equipment utilization, and distributing the workload among
medical organizations become more important.

Consequently, the regional strategy for implementing artificial intelligence
should be developed in a differentiated manner and take into account not only
the availability of technical infrastructure but also staffing levels, the territorial
accessibility of specialized care, the structure of morbidity, and the scale of
medical flows. In this case, Al should be viewed not as a replacement for medical
infrastructure but as a tool for more efficient use of existing resources.

A key condition for effectiveness remains the preservation of the
human-in-the-loop principle. In this approach, artificial intelligence forms an
additional analytical layer, while the final decision and professional responsibility
remain with the medical worker or manager. This principle aligns with the
recommendations of the World Health Organization, which emphasizes the need to
preserve human autonomy, safety, transparency, accountability, and controllability
when using Al in healthcare (WHO, 2021).

For Kazakhstan, this is especially relevant at the stage of scaling up digital
solutions. Full automation of clinical or management decisions without a mechanism
for professional verification may increase the risk of incorrect data interpretation,
algorithmic error, or bias. Therefore, Al governance should include procedures for
quality control of the model, periodic validation of results, recording of erroneous
decisions, and the possibility of human review.

Organizational competencies require special attention. The introduction of
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artificial intelligence changes the requirements not only for a doctor but also for
the head of a medical organization. The manager needs to assess the quality of the
initial data, select relevant KPIs, compare the cost of the solution with the expected
effect, analyze the changes in processes after implementation, take into account
the risks of algorithmic errors, and organize staff training. Otherwise, a technically
sound system may not translate into a real increase in efficiency.

In this regard, it is advisable to accompany the introduction of Al with the
mandatory formation of an initial database of indicators before the project begins.
For medical image analysis systems, such indicators may include the average
time required to interpret a study, the duration of waiting for a conclusion, the
number of studies per specialist, the frequency of revision of conclusions, the
cost of processing a single study, and indicators of diagnostic effectiveness. For
patient flow management systems, it is advisable to record the average waiting
time, the proportion of no-shows, the workload on the doctor, the occupancy rate
of the rooms, and the number of patients served. For drug supply systems, these
indicators may include the accuracy of demand forecasting, the number of shortage
cases, the volume of write-offs, the level of inventory, and the frequency of
unjustified prescriptions. Only by comparing the indicators “before” and “after” the
implementation can we separate the real technological effect from the subjective
perception of the system’s usefulness.

An important result of the study is also the identification of methodological
limitations of the existing statistical base. At the national level, there is no comparable
time series on the intensity of artificial intelligence use in healthcare organizations
for 2015-2025. Open data on individual projects mainly characterize the scale of
implementation and individual operational indicators, but rarely contain a full set
of financial, organizational, and clinical parameters. Furthermore, technologies
are advancing so rapidly that the level of their adoption in 2026 already differs
noticeably from the situation at the end of the main period under study. For this
reason, the data from 2026 are reasonably used in this work as a reference point
characterizing the direction of further development, rather than as an element of the
main dynamic series.

The specified limitations simultaneously determine the future directions of
applied policy and research. The primary task is to complete the integration of
key medical information datasets and to unify technical standards. The next stage
should be the development of a national system of indicators for the use of artificial
intelligence, including information about the type of algorithm used, the number
of processed cases, time savings, changes in costs, the quality and accessibility of
medical care, as well as the level of risks.

Independent clinical and economic assessment of pilot projects prior to their
scaling up is of particular importance. The expansion of application should not be
based solely on the fact of technological novelty or a local positive result, but on the
presence of a reproducible effect in a real organizational environment. In the future,
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indicators of Al usage can be integrated into national healthcare monitoring panels,
which will make it possible to move from assessing the number of implemented
digital solutions to assessing the management effect they create.

Thus, the discussion of the results shows that the strategic value of artificial
intelligence for Kazakhstan’s healthcare system is determined not by the number
of implemented algorithms, but by the depth of their integration into data,
organizational processes, and the system of management decisions. The most
o0ocHOBaHHBIM approach is to transition from the “Al as a separate digital product”
model to the “Al as an element of the management loop” model, in which the
technology is assessed through measurable changes in time, costs, quality, and
accessibility of medical care, with mandatory risk control and the preservation of
human responsibility.

Conclusion. The conducted study confirms that artificial intelligence can
become a significant tool for improving the efficiency of managing Kazakhstan’s
healthcare system. At the same time, the obtained results show that its role should
not be considered in isolation, but as the next stage of digital transformation.

Between 2015 and 2025, the number of doctors in the country increased by
approximately 20.5% and reached 83,994 people. In 2025, there were 832 hospital
organizations (Bureau of National Statistics of the Republic of Kazakhstan, 2026).

At the same time, the digital component of the industry expanded significantly.
More than 215 million medical services were provided in 2025, with 190.8 million
of them delivered in electronic format. 8.5 million electronic certificates and 5.6
million online records reflect the transition of digital medical solutions from the
experimental stage to everyday practice (Ministry of Health of the Republic of
Kazakhstan, 2026).

The formation of E-Densaulyq and the Unified Medical Data Repository is
a crucial infrastructure prerequisite for the next stage of development. It is the
integration of data that makes it possible to use Al not only for a specific diagnostic
task, but also for managing resources and the quality of medical care.

The practice of using CEREBRA, WDSOFT, AIDENTIS, and ALIMA indicates
a gradual expansion of the functional scope of Al - from the analysis of medical
images to supporting the activities of medical personnel and monitoring processes.

The most promising management areas are patient flow forecasting, planning
of human and infrastructure resources, drug supply, quality control, anomaly
detection, and decision-support.

At the same time, the study does not confirm the possibility of directly attributing
changes in macro indicators of healthcare to the implementation of Al. The duration
of the widespread use of technologies is still insufficient, and there is no unified
statistical system for measuring the intensity of Al use.

In this regard, a priority area for further research should be the creation of a
database at the level of medical organizations, with the recording of indicators
before and after the implementation of the technology. Such a database will make
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it possible to use quasi-experimental, panel, and econometric methods to assess the
causal impact of Al

The model proposed by the authors npeanonaraer a transition from digitalization
to data integration, from integration to analytics, from analytics to artificial
intelligence, and from Al to a measurable management outcome.

Thus, the strategic value of artificial intelligence for Kazakhstan lies not in the
maximum number of implemented algorithms, but in creating a system in which
technologies ensure a measurable improvement in the quality, accessibility, and
efficiency of medical care while maintaining human control and a manageable level
of risk.
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