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1. Introduction

Al has developed sporadically over the years and
has only recently gained momentum with the advent of
deep learning and artificial neural networks. The term
Al coined by John McCarthy in 1955, is defined as a
machine with intelligent behaviors such as perception,
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Abstract

The integration of artificial intelligence (AI) in education presents a transformative
opportunity to keep pace with technological advancements. In medical education, Al can
personalize training, improve diagnostic skills through simulations, and enhance access
to databases. However, its implementation faces significant challenges, including high
costs, ethical concerns, and risks to academic integrity. In Kazakhstan, despite strategic
goals for digitalization, these global challenges are compounded by local barriers.

This review aims to analyze the benefits and challenges of Al integration in medical
education based on international and national literature and to develop
recommendations for stakeholders in Kazakhstan.

A scoping review of 34 relevant sources (up to May 2025) was conducted using PubMed,
Web of Science, Scopus, and Google Scholar databases, with a specific focus on studies
related to Kazakhstan.

The analysis confirmed Al's significant potential to enhance education. However, several
critical barriers were identified in Kazakhstan: a low level of Al literacy among students
(up to 95.3% lack specialized knowledge) and faculty, pronounced infrastructural
inequality between regions, and a deficit in local scientific capacity. For the successful
integration of Al, Kazakhstan must shift its focus from merely implementing technology
to cultivating human capital. Bridging the gap between Al's potential and the system's
actual readiness requires systemic actions: large-scale training of personnel, fostering
interdisciplinary research, and creating an equitable, ethically grounded educational
ecosystem.

Keywords: medical education, artificial intelligence, digital health, Kazakhstan.

reasoning, learning, or communication, and the ability
to perform human-like tasks [1,2]. Al has become a
transformative force in medical education, offering
innovative solutions to enhance the learning experience
and prepare future healthcare professionals for an
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increasingly digital healthcare landscape. The
integration of Al technologies into medical education
represents a paradigm shift from traditional teaching
methods to more adaptive, personalized, and efficient
approaches that better address the complexities of
modern healthcare [3,4].

The application of Al in medical education
encompasses a variety of functions. For instance, Al
systems can personalize the educational process by
analyzing student performance data and tailoring
educational content to address individual knowledge
gaps [5]. This personalized approach not only fosters a
deeper understanding of complex medical concepts but
also enhances the critical thinking and problem-solving
skills essential for effective patient care [6]. Moreover,
Al-powered tools can facilitate realistic simulations and
intelligent tutoring systems, allowing students to
practice clinical skills in a controlled environment
without the risks associated with real-life patient
interactions [7].

Despite its numerous benefits, the integration of Al
into medical education presents significant challenges
that must be addressed to ensure its effective
implementation. Ethical considerations, including data
privacy, algorithmic bias, and transparency in Al
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applications, are critical issues that require thorough
examination [1]. For example, concerns about how Al
systems make decisions can lead to mistrust among
students and educators if not properly addressed.
Furthermore, the potential for biased algorithms can
exacerbate existing disparities in healthcare education
and patient outcomes [2,3]. Additionally, both
educators and students must receive adequate training
to effectively utilize these technologies and understand
their implications in clinical practice [4]. This
underscores the imperative to develop a robust
framework for the ethical use of data [1]. As the
healthcare landscape transforms, becoming more
complex and data-driven, there is a pressing need for
educational methodologies that can effectively adapt to
these dynamic changes.

At the same time, studies focused specifically on
Kazakhstan paint a more concrete and alarming picture.
An analysis by Orynbassar et al. (2024) showed that,
despite the successes of individual innovation hubs like
Astana Hub, the overall level of Al adoption in the
country's education system still significantly lags
behind that of global leaders [5].
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Figure 1 — The total number of publications and the sum of citations by year over the last two decades. Retrieved from Web

of Science on "artificial intelligence in medical education” on May 2025

The greatest concern is the low level of readiness
among both students and faculty. A study covering
medical and biomedical sciences students revealed that
the vast majority (up to 95.3%) have no specialized
knowledge in Al, which fosters a neutral or even
negative attitude towards its application in medicine

[6]. This critical "digital knowledge gap" is exacerbated
by infrastructural and financial constraints, especially
in regional universities, as well as the absence of
adapted educational programs capable of preparing
specialists to work in this new technological reality [7].
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Thus, there is a significant gap between the
declared potential of Al and the actual readiness of
Kazakhstan's medical education system to adopt it.
Interestingly, a preliminary search in Web of Science on
the use of Al in medical education (dated May 2025)
demonstrated a growing enthusiasm in this field, with
an increase in the total number of publications and
citations over the past two decades (Figure 1). This
reflects the growth in research and development of Al
in medical education in recent years. Thus, this review

2. Methodology

A comprehensive literature search was conducted
across Scopus, Web of Science, ERIC, PubMed,
EMBASE, and Google Scholar, focusing on full-text
articles in English up to May 2025. Key search terms
included "artificial intelligence", "machine learning",
"deep learning", "medical education”, "medical
student”, "medical curriculum", "medical school",
"medical training" and "Kazakhstan". The objective was

to identify studies that discuss the benefits and
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aims to systematize the evidence on the advantages and
obstacles of integrating Al into medical education in
Kazakhstan and to
recommendations to bridge the identified gap between

formulate strategic
its potential and current readiness. The purpose of this
study is to review international and national data
regarding the integration of Al into medical education,
to analyze its benefits and challenges, and to formulate
practical recommendations for key stakeholders.

challenges of integrating Al in medical education.
Selected studies focused on specific Al applications and
their pros and cons, while case reports, commentaries,
letters to the editor, and previously published reviews
were excluded. Data were extracted to highlight
benefits, challenges, and ethical considerations related
to Al in medical education.

Identification of studies via databases and registers
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Figure 2 — PRISMA flow diagram of search and screening for generative Al in medical education articles

A narrative synthesis summarized common development, as well as critical challenges for
benefits  like

personalized learning and improved curriculum

successful Al integration. This review follows the
PRISMA statement guidelines for systematic literature

themes, emphasizing potential
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searching (Figure 2). Our initial search yielded 200
unique records After the removal of 30 duplicates, 170
studies were screened. Of these, 110 were deemed
irrelevant to our research focus, and an additional 32
were excluded because they did not specifically address

3. Benefits and Challenges of Al Integration

Our comprehensive review of the selected
literature allowed for a thematic synthesis of the key
findings regarding the integration of Al into education
in Kazakhstan, with a specific focus on its implications
for medical training. The analysis revealed five
overarching themes: (1) Readiness and Attitudes
towards Al, (2) Educational Strategies and Content, (3)
Infrastructure and Policy, (4) Application in Medicine,
and (5) Ethics, Law, and Academic Integrity. These
themes and their corresponding aspects, supported by
evidence from the analyzed sources, are detailed
in Table 2.

The findings indicate a significant paradox: while
there is a strong governmental push for digitalization
and a generally positive perception of Al's potential
among students, this is contrasted by critical gaps in
readiness and core competencies. A key barrier
identified across multiple sources is the low level of Al
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generative Al in medical education or involved a non-
physician population. Ultimately, a total of 28 articles
were included in the final analysis.

literacy among both students and faculty, coupled with
infrastructural and financial constraints, particularly in
regional institutions.

Furthermore, while the potential for Al to enhance
learning through personalization and innovative
pedagogical methods is widely acknowledged, its
practical implementation is hindered by a lack of
adapted curricula and a deficit in local scientific
expertise. Ethical concerns, including algorithmic bias,
data privacy, and academic integrity, are prominent,
with Kazakhstan's regulatory framework still in the
developmental stage. Finally, the analysis highlights a
concerning trend of retracted publications in the field,
indicating issues with the quality and rigor of research,
which further
policymaking.

complicates evidence-based

Table 2 — Thematic Analysis of Al Integration in Education in Kazakhstan (with a Focus on Medicine)

Theme Aspect / Finding Rationale in the Context of Kazakhstan and/or Source(s)
Education
Theme 1: Readiness and Attitudes towards Al
Studies in Kazakhstan show that while students
widely use Al tools (especially ChatGPT) and Yilmaz et al., 2023,
Students: Positive Perception but perceive them as useful, up to 95% lack Zhunusbekova &,

Low Readiness specialized Al knowledge, leading to a
fundamental readiness gap. Some resistance

and challenges in usage are also noted.

Askarkyzy 2024, [8,9]

A significant portion of teachers in Kazakhstan
(up to 16%) are skeptical of innovation. There is
a critical shortage of faculty equipped with the
necessary ethical, pedagogical, and technical
competencies to work with Al

Faculty: Resistance and
Competency Deficit

Abisheva et al., 2024,
Nurbekova et al.,
2024 [10, 11]

Patients in Kazakhstan generally have a
positive view of Al in healthcare but prefer it to
be a supplementary tool under human
supervision due to risks of medical errors and
privacy violations.

Patients: Cautious Optimism

Tursynbek et al., 2024
[12]

Theme 2: Educational Strategies and Content

Al is seen as a key tool for individualizing
learning, analyzing student performance, and
automating administrative tasks, thereby
freeing up time for educators. This is confirmed
by general reviews on Kazakhstan and
international experience.

Personalization and Adaptive
Learning

Orynbassar et al.,
2024], Kabassova,
2024 [5,13]
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Rationale in the Context of Kazakhstan and/or

Theme Aspect/Finding Education Source(s)
Al-based instruction has been proven effective
B in developing l.ogical thinking in future Bokan et al., 2025],
Development of Cognitive and teachers. In medicine, Al tools can enhance Schropp et al. 2024
Practical Skills diagnostic skills (e.g., in radiology), though P[Il) 4,15] v
their superiority over traditional methods is not §
always definitive.
Cer.nbl.nmg Afjwn}(\igame—‘t;ansei:l methcs)%sEM Bekzhassarova, 2025,
Innovative Pedagogical Methods (g.am.l .1cat10n) and modern technologies ( ) Serik et al., 2025
significantly increases student engagement and [16,17]

educational outcomes.

Al tools (e.g., "Write & Improve") demonstrate
. J. Bodaubekov et al.,
. effectiveness comparable to traditional teacher )
Language and Writing Support 2025, Zholdigaly et
feedback and can be leveraged to support al,, 2024 [18,1]
trilingual education (Kazakh, Russian, English). 7 g
Theme 3: Infrastructure and Policy
Al integration is part of Kazakhstan's national
digitalization policy, creating a favorable
C political background. Successful projects exist Vykhodets, 2022,
State Strategy and Digitalization (e.g., Astana Hub, "Torelik" judicial system), Nurkey et al. [20,21]
but their impact on education
is still limited.
This is a key barrier for Kazakhstan. The gap in

access to technology and high-speed internet Orynbassar et al.,
Digital Divide and Access between urban and rural areas hinders the 2024 Nurgazina et al.,
equitable implementation of [5, 22]

Al and exacerbates educational inequality.
Despite state support, universities face a lack of Talkibaev & Sadykov,

Infrastructural and Financial funding, modern equipment, and qualified
. . . ) 2024, Smagulov et al.,
Constraints IT specialists for the full-scale integration
of AT 2025 [23,24]

Theme 4: Application in Medicine
The successful application of Al in Kazakhstan's

. Mukhammedzhanova
healthcare (e.g., in stroke care and remote .
. .. . . L . ) & Suleimenova, 2024,
Enhancing Clinical Care Quality =~ patient monitoring) proves its effectiveness and Makhanbetkhan et
directly creates a demand for training medical al,, 2025, [25,26]

personnel who can work with these systems.
The importance of training students to develop
their Al-based software, rather than merely .
using off-the-shelf solutions, is emphasized as a Serik et al,, 2025 [17]
foundation for technological sovereignty.

Development of Local Software

Advanced platforms like MOSAIC demonstrate

Diagnostics and Prognostication the super1o_r1ty of AI over traditional s_tatls_t1ca1 D'amico et al., 2024
, . methods in classifying and prognosticating
(Int'l Experience) . . [27]
rare cancers, showcasing the technology's
potential.

Theme 5: Ethics, Law, and Academic Integrity

Al tools trained on human-labeled data
reproduce human biases, creating a risk of .
Algorithmic Bias systematic errors, for instance, in radiology. Lenskj 01([12; al., 2024
This highlights the need for models trained on
diverse, local data.

The country is actively discussing approaches
to the legal'regulatlon of Al, drawing on the Konusova, 2023,
experience of the EU and the UK, . )

. - . Bissaliyev et al., 2025

but this process is still ongoing, and a
: . [29,30]
comprehensive framework is yet to be
established.

Regulatory Policy in Kazakhstan
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Rationale in the Context of Kazakhstan and/or

Theme Aspect/Finding Education Source(s)
Widespread use of Al by students in
Academic Integrity and Kazakhstan for assignments poses serious Zhunusbekova

Deepfakes

challenges to academic integrity. The
emergence of deepfakes presents a new, under-

&Askarkyzy, 2024 [9]

explored threat to learning and assessment.

An important meta-finding: The large number
of retracted papers in the field of Alin

The Problem of Retracted Papers

education indicates significant issues with
research quality and scientific ethics, which

Plata, 2023 [31]

undermines the trustworthiness of the evidence

base.

The Human Capital Deficit: A Core Barrier to Progress

The most significant finding of this review is not
the lack of technology but the profound deficit in
human readiness. The data showing that up to 95.3% of
medical students lack specialized Al knowledge is a
stark indicator that the system is failing to prepare its
key stakeholders for the future [6]. This "Al literacy
gap" is not merely a technical issue; it fosters a culture
of either mistrust or, conversely, uncritical acceptance
of Al tools [9]. This situation is further compounded by
faculty resistance, with a notable portion of educators
(up to 16%) remaining skeptical of innovation, and a
documented lack of specific ethical and pedagogical
competencies for teaching with AI [10,30]. Without a
concerted effort to upskill both students and educators,
any investment in Al infrastructure will yield minimal
returns, creating "digital decorations" rather than
functional educational tools.

This human capital deficit is deeply intertwined
with the low scientific output in the region. As the
scientometric analysis shows, the low publication
activity in medical Al in Central Asia signifies a
shortage of local experts who can drive research,
develop culturally and contextually relevant Al models,
and train the next generation of educators [31]. This
creates a vicious cycle of dependency on foreign
technologies, which may carry inherent biases and fail
to address local healthcare needs [26].

The Paradox of Policy and Infrastructure: A Top-Down
Approach with Bottom-Up Challenges

The government of Kazakhstan has demonstrated
a clear commitment to digitalization through national
strategies and high-profile projects like Astana Hub.
This top-down political will creates a favorable
environment for innovation. However, our findings
reveal a disconnect with the on-the-ground reality. The
"digital divide" remains a major obstacle, with
significant ~disparities in internet access and
technological resources between urban centers and

rural regions [22]. This means that while a student in
Almaty or Astana might have access to cutting-edge Al
tools, a student in a regional medical college is left
behind, thus exacerbating existing social and
educational inequalities.

Moreover, successful pilot projects in clinical
settings, such as Al-assisted stroke care and remote
patient monitoring, highlight another paradox [25,32].
The healthcare sector is beginning to adopt Al, creating
an immediate demand for Al-literate medical
professionals. Yet, the educational system that is
supposed to supply these professionals is lagging,
creating a mismatch between the needs of the future
labor market and the competencies of its graduates.

The Emerging Crisis of Academic and Scientific
Integrity

The widespread use of generative Al for academic
tasks has introduced a new dimension to academic
integrity [19,17]. While tools like ChatGPT can be
powerful learning aids, their misuse for plagiarism and
cheating poses a threat to the validity of assessment
methods. This requires a fundamental rethinking of
how we evaluate student knowledge, moving away
from simple recall towards assessing critical thinking,
problem-solving, and ethical reasoning.

Perhaps more alarmingly, this review uncovered a
significant number of retracted publications in the field
of Al in education. This "retraction crisis" is a red flag,
signaling systemic issues with research quality, peer-
review processes, and scientific ethics on a global scale.
For a developing field, this undermines the
trustworthiness of the very evidence base upon which
policymakers and educators are expected to build their
strategies. It calls for a more critical and discerning
approach to scientific literature and emphasizes the
need for Kazakhstan to foster its own rigorous and
ethical research culture.
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4. Conclusions

The integration of Al into medical education is a
global trend, yet in Kazakhstan, it faces unique
challenges. Despite national strategic goals, our review
reveals a critical aim between the potential of Al and the
system's actual readiness. This aim is driven by three
key barriers: low Al literacy among students and
faculty, infrastructural inequality, and a deficit in local
scientific capacity. For a successful transformation, the
paradigm must shift from merely implementing
technology to deliberately cultivating human capital.
Kazakhstan's priorities must be a large-scale upskilling
of its workforce, fostering local interdisciplinary
research, and building an equitable, ethically grounded
educational ecosystem. Only this approach will prepare
a new generation of physicians capable of effectively
leveraging Al for the benefit of society.

Limitations of the Review. This scoping review
has several limitations. Firstly, the analysis is based on
a limited number of studies specifically focused on
medical education in Kazakhstan, which required
extrapolation from broader educational or regional
contexts. Secondly, the rapidly evolving nature of Al
means that some findings may quickly become
outdated. Finally, the large number of retracted articles
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Tyiingeme

Kacanarsr naTea2eKTTi (KI) GiaiMm Gepy KyiieciHe eHrisy TEXHOAOTUAABIK AaMyMeH KaTap KadaM OacyAbIH
JKaHAIlIBIA MYMKIiHAIri Ooabill TaOblaaagsl. Megunuuaasik 0OiaiMm Oepyde KV OKBITyABI >KeKellleAeHAipiI,
CUMYASIIVAAAP apKbLABI AMAaTHOCTMKAABIK AAFAbLAapABI JKeTiaAipin, gepekTep Oa3achlHa KOAXKeTiMAiAiKTi apTTEIpa
azaAnl. Aaaliga OHBI eHTi3y Keaecigeit 6ipKaTap eaeyai KUBIHABIKTapFa Taml 0041aAbl: JKOFaphI IMIBIFRIHAAD, STUKAABIK
Maceselep >KdHe aKajeMIIABIK ajaaAblkKa TeHeTiH Kayinrep. Kasakcranaga nmdpaaHAbpyra OarbITTaAfaH
CTpaTernsAbIK MaKcaTTapFa KapamacTaH, Oy >kahaHaBIK Maceaeaep SKepriliKTi KegepriaepMeH KypAeleHe Tycye.

bBya moayaslH MakcaThel — XaAbIKapaAblK >KoHe YVATTHIK a4eOueTrep HerisiHAe MeauumHaaAblk 6iaimre JKI
VMHTeTpalMsAChIHBIH apTHIKIIBIABIKTaphl MeH IMpoOJeMalapbiH Taagaln, KaszakcTanaarsl MyAadeAai TapanTap YIIiH
YCBIHBIMAAp d3ipaey.

PubMed, Web of Science, Scopus >xoHe Google Scholar gepexkopaapsiH naiigazana oTeIpsiIt (2025 SKbLAABIH
MaMBIp alibIHAAFHI XKaraarl OoiibiHIa) KazakcraHra KaTBICTH 3epTTeylepre Oaca Hasap ayAapa OTHIPHII, 34 covikec
AEPEKKO3Te LI0AY JKYPrisiaai.

Taagay JKWM-tig 6iaim Oepy camachlH apTTHIpyAa alTapABIKTal o4eyeTi Oap ekeHiH pacTadbl. Aaaiiga
Kasakcran ymiin 6ipkatap MaHBI3ABI Kedepridep aHBIKTaaAbL cTyAeHTTepain JKV casaceHaarsr 6iaiM AeHreltiHig
ToMeHairi (95,3%-fra Aeitin apHaiipl 0iaiMi >KOK), OKBITYIIBLAapABIH AalibIH €MecTiri, eHipaep apachIHAAFBI
MHQPPaKYpPHLABIMABIK, TEHCI3AiK >KoHe >KepriAikTi FBIABIMUM 24eyeTTiH >keTticmeymriairi. JKV-Ti caTTi enrisy yrmin
Kasakcran TexHoaormsaaapAel >Kail eHTi3yJeH ajaM KalMTaALIHBEIH JaMyblHa OaceIMABIK Oepyi kKaxker. JKU
MYMKIHAITI MeH >KyJieHiH HaKTbhl AalibIHABIFBI apachlHAArbl aAllaKTBIKTBI >KOIO YIIIH >Kyleai IIapazap KaKeT:
KagpAaapAabl >Kalllail agasipAay, IoHapaAblK 3epTTeylepre Koaljay KepceTy >KoHe 94iAeTTi, STUKaAbIK TYpPFblAaH
HerizJeareH 0iaiM Oepy DKOXKYIieciH KaAbIIITacThIPY.

Tyi1iH cesgep: MeAnIIMHAABIK 0iaiM Oepy, >KacaHABI MHTEAAEKT, TUQPABIK AeHcayAbK cakTay, Kasakcran.
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Pesrome

Murerpanmsa mckyccrsenHoro mHrealekrta (VM) B oOpasosaHme mpeAcTaBasdeT coboil IMpeoOpasyomyio
BO3MOXXHOCTb MATU B HOTY C TEXHOJAOTUMYECKUMM AOCTIDKeHMAMMN. B Meammumuckom obGpasosanym VM moxxer
IIepCOHAAN3NPOBaTh OOydeHe, YAyqIlaTh AMarHOCTIYeCKIe HaBBIKM C IIOMOIIBIO CUMYASIINI M YAYYIIaTh AOCTYII
K OazaMm JaHHBIX. OZHAKO €ro BHeApeHMe CTaAKMBAeTCsl CO 3HAUMTeABHBIMM Hpo0JeMaMM, BKAIOYas BBICOKIE
3aTpaThl, 9TUYecKne IpoOJAeMBI M PUCKM AAs aKadeMmudeckoi uwectHocTu. B Kasaxcrame, HecMoTpsa Ha

CTpaTern4eckue neamn LU/I(I)pOBI/ISaLU/II/I, DTU r100aAbHBIE HpO6AeMLI yCyI'y6A}IIOTC}I A0KaAbHBIMI 6apb€‘paMI/I.
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Ileapro AaHHOTO 0030pa SABASETCS aHAAWU3 IIPEUMYINECTB U IpodaeM uHTerpanum VI B Meaunmnckoe
obpa3oBaHIle Ha OCHOBE MEXAYHAapOAHOI U HAIlMOHAaJABHON AUTepaTypsl U pa3paboTka peKOMeHAAIUIl AAs
3alHTepecoBaHHBIX cTOpOoH B KaszaxcraHe.

br1a iposeseH 00630p 34 COOTBETCTBYIOITUX MICTOYHIKOB (TI0 COCTOSTHMIO Ha Mait 2025 roaa) ¢ 1croab3oBaHMEeM
0a3 aarabix PubMed, Web of Science, Scopus 1 Google Scholar c ocoObIM akIleHTOM Ha 1CCAe40BaHNs, CBI3aHHBIE C
Kazaxcranowm.

AHaau3 IOATBEpANA 3HAUNTeAbHBIN TToTeHIInaa VIV Aas1 yaydmmenus obpasosanus. OaHako A4s1 Kazaxcrana
OBLAY BBLIB/AEHLI KpUTIYECKIe Oapbephl: HU3KUIT YPOBeHDb rpaMoTHOCTH B 00aactu VIV cpeau cryaentos (a0 95,3%
He MMeEIOT CIelMaAbHBIX 3HaHUI) U IIpeliojaBaTelell, BhIpa’keHHOe MH(PacTPYKTypHOe HEPaBEHCTBO MEXAY
pernmoHamMu u AepUIUT MECTHOTO Hay4dyHOTO noreHnuada. Jas ycnemsoir naTrerpauynn VI Kasaxcran goaxeH
IepeKAIOUNTh CBOe BHUMaHNIE C IPOCTOTO BHeAPeHUs TeXHOJOIMI Ha pa3BUTHE YeA0Be4ecKOro KaruTada.
IIpeosoaenne paspriBa Mexxay moreHnnaaom VI m ¢aKTudeckoyl TOTOBHOCTBIO CUCTEMBI TpeOyeT CHCTEMHBIX
AeVICTBUIL: MacIITaOHOM ITOATOTOBKM KaApoOB, COAEMICTBUS MeXAUCIIUIIAMHAPHBIM MCCAeAOBaHUAM U CO3JaHM
CIIpaBeAANBOI, DTIYeCKN 0O0CHOBaHHOI 0Opa30BaTeAbHON DKOCVICTEMBI.

Kaiouesble caoBa: MeauIMHCKOe oOpa3oBaHMe, MCKYCCTBeHHEIN MHTeAAeKT, IUPpoBoe 3JpaBooXpaHeHne,

Kasaxcran.



