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Abstract

National governments increasingly treat artificial intelligence (Al) skills as both an education reform priority and
an innovation-policy instrument. The purpose of the article is to analyse and evaluate the Al Sana program as a
comprehensive policy mix in the field of Al skills development in the higher education system of Kazakhstan. This paper
develops a document-based case study of Kazakhstan’s Al-Sana program, launched in late 2024 as a staged pipeline
intended to move learners from foundational Al literacy to mentored projects and, for a smaller subset, startup
acceleration. Using program reference materials provided by the authors and triangulating them with open-access
government communications, reputable reporting, and official descriptions of comparable international initiatives, we
reconstruct Al-Sana’s policy architecture and argue that it should be analysed as a policy mix rather than a single training
intervention. The mix bundles (i) mandate-backed curricular mainstreaming, (ii) platform partnerships and localised
micro-credentials, (iii) implementation capacity via regional “anchor” universities, (iv) innovation-funnel instruments
linking projects to commercialisation, and (v) enabling infrastructure through national compute investments. The analysis
also highlights measurement challenges typical of fast-scaling initiatives, especially the conflation of certificates, unique
learners, and competency gains and treats reporting variance as an analytic finding. Building on micro-credential
governance scholarship, digital education governance research, and responsible generative Al guidance, we propose an
evaluation blueprint with a minimum reporting standard and stage-aligned indicators that can support international
comparability. Kazakhstan is globally informative because it combines system-wide higher-education delivery with
explicit innovation translation and compute infrastructure, illuminating how national Al strategies can be operationalised
through universities while raising acute questions about quality assurance, integrity, and platform dependence.
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Introduction

Higher education systems are under growing pressure to respond to two closely connected
developments. First, labour markets and public sectors increasingly demand artificial intelligence
(Al)-related skills, prompting governments to expand Al education at scale. Second, generative Al
(GenAl) tools are rapidly diffusing into academic work, reshaping how students write, how faculty
assess, and how universities deliver services such as admissions, advising, and student support
(UNESCO, 2023). Together, these shifts transform Al from a narrow curricular topic into a system-
level governance issue involving credential meaning, academic integrity, data protection, institutional
legitimacy, and the future organisation of academic work [1].

Kazakhstan’s Al-Sana programme offers a timely case through which to examine these
developments. The programme operationalises national ambitions around Al through a coordinated,
staged design delivered through higher education, and public reporting suggests rapid mainstreaming
of Al within the university sector. In August 2025, national reporting indicated that Al had become a
mandatory discipline across Kazakh universities and that large numbers of students had already
completed Al courses (The Astana Times, 2025). Al-Sana is embedded in Kazakhstan’s broader Al
development agenda for 2024-2029, which links human capital development to infrastructure,
innovation, and governance investments [2]. Rather than treating Al education as a single curriculum
reform, Al-Sana frames a staged pipeline, often summarised as “skills, projects, startups”, supported
by anchor universities, platform partnerships, and emerging compute capacity.

Research on Al in higher education is expanding rapidly, but it remains uneven both
geographically and conceptually. In a systematic review of research published between 2007 and
2018, (missed in-text citation) found that half of the literature came from four countries, the United
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States, China, Taiwan, and Turkey, and argued that educators’ perspectives were comparatively
underrepresented. National-scale initiatives outside dominant centres of knowledge production are
therefore important not only empirically, but also theoretically, because they broaden the range of
institutional and policy settings through which Al in higher education can be understood. In
particular, they make it possible to examine how Al is being operationalised not only as a pedagogical
innovation, but also as a governance instrument embedded in national development strategies.

This paper makes three contributions. First, it reconstructs Al-Sana’s architecture and
governance as a policy mix and clarifies how its instruments are intended to interact across capability
formation, implementation, innovation translation, and infrastructure. Second, it imposes
measurement discipline by distinguishing targets, reported outputs, and indicative operational
indicators, an essential analytical step in contexts where programmes scale more quickly than
evaluation systems. Third, it situates Kazakhstan’s approach within an international design space by
comparing Al-Sana with widely cited models of mass Al literacy, selective deep-skilling, system-
level readiness, and regulation-linked Al literacy obligations. Building on these strands, the paper
proposes an evaluation blueprint grounded in programme-theory evaluation to support more credible,
internationally comparable evidence on learning, adoption, integrity, and the translation of
innovation.

Two research questions guide the analysis. First, how is Al-Sana designed and governed as a
national higher education Al capability pipeline? Second, what is publicly reported about
participation and outputs, and what measurement ambiguities emerge as the programme scales? By
addressing these questions, the paper argues that Al-Sana is best understood not as a single training
intervention, but as a national policy mix through which higher education is being mobilised to serve
both capability-building and innovation-policy goals.

Literature and Theoretical Framing

This paper draws together three strands of scholarship to develop an analytical framework for
understanding national Al education initiatives delivered through higher education: innovation-policy
research on policy mixes and capability building, higher education research on micro-credentials and
platformisation, and governance frameworks for responsible generative Al. Taken together, these
literatures make it possible to analyse Al-Sana not simply as a training programme, but as a compound
governance arrangement that links educational delivery, institutional coordination, technological
infrastructures, and innovation-oriented policy goals.

Policy-mix research provides the first pillar of this framework. Complex capability goals are
rarely achieved through a single instrument; rather, outcomes emerge from the interaction of multiple
policies operating across levels, institutions, and time horizons [3]. As Flanagan et al. (2011) argue,
the concept of a policy mix becomes analytically useful when it captures complementarities, tensions,
and dynamic adjustment among instruments, rather than merely listing policies as a static menu. This
perspective is particularly relevant for Al capability formation, where educational expansion depends
not only on curricula, but also on enabling conditions such as access to compute and data, mentoring
capacity, procurement arrangements, and innovation finance. A national innovation systems
perspective similarly highlights how universities, firms, and state agencies co-produce capability
through institution-building and interactive learning [4]. From this viewpoint, national Al initiatives
can be understood as attempts to reconfigure relationships among higher education institutions,
industry partners, platform providers, and infrastructure operators.

A closely related line of thought comes from mission-oriented innovation policy. Mission-
oriented approaches emphasise that strategic capability building requires more than isolated projects;
it depends on the creation of institutions, linkages, and learning mechanisms that reorganise the wider
system around a public objective [5]. Al-Sana’s ‘skills-projects-startups’ framing reflects such a
mission logic, insofar as it aims to use universities not only for broad capability formation but also
for the translation of learning into applied innovation. This orientation raises questions of
coordination, sequencing, and governance quality, all of which are central to the analysis of policy
mixes.

The second pillar of the framework concerns micro-credentials. Micro-credentials have become
central to contemporary scaling strategies because they are modular, updateable, and compatible with
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online or blended delivery. Analyses by the Organisation for Economic Co-operation and
Development (OECD) suggest that micro-credentials can support upskilling and flexible learning;
however, they also face recurring challenges related to variable rigour, unclear metadata, limited
portability, and uncertain labour-market signalling [6]. The Council of the European Union (2022)
has similarly stressed the importance of common definitions and minimum information standards as
a way of stabilising meaning in rapidly expanding credential ecosystems. Beyond policy reports,
systematic reviews show that quality assurance, assessment design, and employer recognition remain
key bottlenecks to the long-term value of micro-credentials [7]. These concerns are especially
relevant to Al-Sana, where platform-based provision and staged certification are central to the
programme’s scale and public visibility.

The third pillar of the framework is platformisation and digital education governance.
Williamson (2016) argues that universities are increasingly governed through digital infrastructures
and platform markets that reshape accountability, data flows, and decision-making. More recent work
by Komljenovic and Williamson (2024) highlights the political economy of higher education
platformisation, including lock-in risks, proprietary infrastructures, and the redistribution of authority
through contractual and technical dependencies. For Al-Sana, platform partnerships may be a
pragmatic solution to the problem of rapid scale and content updating, but they also raise broader
questions about control over curriculum, credential meaning, procurement, and the governance of
learner data. These issues are not peripheral to Al education; they form part of the institutional
architecture through which Al capability is being built.

Responsible GenAl governance provides the fourth element of the theoretical framing.
UNESCO’s guidance on generative Al in education and research emphasises human-centred
governance, transparency, privacy protection, and institutional readiness to evaluate tools and
impacts. At the same time, regulatory developments are beginning to redefine Al literacy as an
organisational obligation. European Commission guidance on Article 4 of the Al Act specifies that
providers and deployers of Al systems should take measures to ensure a sufficient level of Al literacy
among relevant staff [8]. This shifts the focus from Al literacy as a desirable curricular outcome to
Al literacy as an institutional governance requirement, especially in universities that deploy Al in
admissions, assessment, student support, or other consequential processes.

Bringing these literatures together, the paper conceptualises Al-Sana as a policy mix oriented
toward an Al capability trajectory with four interacting components: (1) capability formation at scale
through curriculum and micro-credentials, (2) institutional modernisation through Al-enabled
services and changing assessment regimes, (3) innovation translation through project-to-startup
mechanisms and ecosystem supports, and (4) legitimacy and governance through quality assurance,
integrity, privacy, accountability, and evaluation. This framework underpins both the analysis of Al-
Sana itself and the comparative section that situates it within a wider international design space. The
core theoretical claim advanced here is that large-scale Al education is most likely to generate durable
national capability when these components are aligned; where they are weakly aligned, high outputs,
such as certificates issued or participation counts, may coexist with weak outcomes in competence,
innovation, trust, and institutional legitimacy.

Materials and methods of research

This study employs a document-based qualitative case study approach suitable for analysing
policy instruments and initial implementation, especially when learner-level outcome data are not yet
systematically accessible. The aim is not to estimate causal impact but to (i) reconstruct programme
logic and governance, (ii) transparently compile reported indicators, and (iii) define testable
hypotheses and an evaluation plan.

Data were collected from two sources of evidence. First, the authors examined internal
programme reference materials and an implementation slide deck (supplied by the authors) to identify
the staged design, target populations, reported outputs, and institutional use cases. Second, we
triangulated open-access sources (December 2024—March 2026), including Kazakhstan government
communications (e.g., national Al concept, Al-Sana announcements), reputable reports on higher
education policy and infrastructure, and official pages of comparator initiatives (Elements of Al,
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AIAP, Al Leap, EU Al literacy policy). When quantitative claims varied across sources, the
differences were regarded as meaningful and were attributed to definitional variations (e.g.,
certificates versus unique learners), reporting periods, or measurement practices.

To minimise over-interpretation of preliminary metrics, quantitative statements were
categorised as (a) targets (planned coverage), (b) reported outputs (certificates issued, participating
institutions), or (c) indicative operational indicators (e.g., percentage efficiency gains) requiring
independent verification. The evaluation blueprint is based on programme theory evaluation
principles, which emphasise articulating causal mechanisms and aligning measures with each stage
of a theory of change. Limitations include selective reporting, a lack of standardised outcome
measures, and the absence of audited administrative data for many indicators.

Kazakhstan Policy Context and Al-Sana Overview

Kazakhstan’s Al-Sana programme is part of a broader national Al policy agenda. In mid-2024,
the Government adopted a Concept for the Development of Artificial Intelligence for 20242029,
positioning Al as a tool for cross-sector modernisation and linking human capital development to
infrastructure and governance measures. In higher education, national reporting indicates a shift from
pilot projects to system-level mainstreaming: Al is reported as becoming a compulsory discipline
across universities in the 2025-2026 academic year, with large-scale curriculum integration and
instructor certification underway.

Al-Sana was launched in December 2024 as a staged program targeting university students and
early-career researchers. Open-access descriptions summarise a four-stage pipeline moving from
basic Al skills to advanced education, business acceleration, and scaling [9-10].

Table 1 - Al-Sana staged design and target coverage.

Stage Focus Reported target coverage
Stage 1 Basic Al skills (introductory courses via partner platforms) ~650,000 students
Stage 2 | Advanced education (Al programming, ML, entrepreneurship) ~100,000 students
Stage 3 Business acceleration (project development with industry orientation) ~60,000 graduates/students
Stage 4 | Scaling (pre-acceleration, acceleration, post-acceleration) ~1,500 startups/projects
Note: Compiled by authors on the basis of sources EKTU (2025)

To support rollout, 27 regional “anchor universities” were selected based on criteria including
infrastructure and computing capacity (Qazinform, 2026a). The delivery model blends university
provision with partnerships involving global learning platforms and technology providers, alongside
localisation into Kazakh and Russian and a stated emphasis on applied projects and entrepreneurship.

Al-Sana’s feasibility and policy ambition are strengthened by ecosystem signals concerning
compute infrastructure. Kazakhstan launched a national supercomputing cluster at the Alemcloud
National Supercomputing Center in 2025, reported as powered by NVIDIA H200 processors and
capable of delivering up to two exaflops (FP8), with planned access for universities and startups. The
combination of skills, institutional modernisation, innovation translation, and compute capacity
makes Kazakhstan a valuable case for understanding how higher education can be mobilised as part
of an Al strategy, while also raising questions about quality assurance, platform dependence, and
governance of Al systems used in university decision-making.

Al-Sana as a National Policy

Viewed through the lens of policy-mix research, Al-Sana combines instruments that operate
across capability supply, implementation capacity, innovation translation, and enabling
infrastructure. Its novelty lies not in any single component, as many countries sponsor Al courses,
digital credentials, or entrepreneurship programmes, but in the attempt to align these elements through
higher education at a national scale.This alignment is precisely what makes Al-Sana analytically
significant. Rather than representing an isolated educational reform, the programme seeks to
coordinate multiple instruments whose value depends on their interaction over time [11].

The first major component is capability formation through curricular mainstreaming and micro-
credential-style provision. Mandate-backed curriculum integration addresses the participation
problem by ensuring broad exposure to Al content across the higher education system. However, it
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simultaneously shifts attention toward questions of credential meaning, assessment quality, and
instructional capacity. As OECD work on micro-credentials has shown, scale and flexibility can be
achieved relatively quickly through modular digital provision, but this often intensifies uncertainty
around standards, verification, and recognition [12]. The Council of the European Union (2022)
similarly highlights the importance of clear definitions and minimum information standards if micro-
credentials are to function as meaningful signals rather than as loosely comparable participation
records. In the context of Al-Sana, these issues are particularly important because the programme’s
legitimacy depends not only on how many learners participate, but on whether the resulting
credentials can credibly represent competence.

The second component of the policy mix is implementation capacity, which is channelled
through the anchor-university model. Anchor institutions act as regional nodes that can concentrate
expertise, coordinate training delivery, and potentially support more standardised reporting and
quality assurance across the system. This arrangement is consistent with multi-level governance
strategies in which selected institutions mediate between central policy ambition and local
implementation. Yet it also introduces important governance challenges. Differences in institutional
infrastructure, academic capacity, and regional context may affect how consistently the programme
is delivered and how equitably opportunities are distributed across the system. In this sense, anchor
universities function not only as enablers of scale, but also as sites where policy ambition encounters
institutional variation.

The third component is the innovation-funnel logic built into the programme’s staged
architecture. Al-Sana does not stop at broad-based upskilling; it attempts to channel participants from
literacy to applied projects, and from projects to startup formation and commercialisation pathways.
This design can be interpreted through innovation systems and mission-oriented perspectives, both
of which stress that capability-building requires more than instruction alone. Freeman (1995)
emphasises that innovation capacity emerges through linkages among universities, firms, and public
institutions, while mission-oriented policy approaches highlight the importance of coordinated
pathways that connect strategic goals to institutional learning and application. Al-Sana’s staged
movement from education to innovation thus represents an effort to address a recurring “missing
middle” in skills policy: the gap between large participation outputs and meaningful applied
outcomes.

The fourth component is enabling infrastructure, particularly compute. Recent research on
compute governance argues that computing capacity is increasingly treated by governments as
strategic infrastructure because it is quantifiable, allocable, and directly tied to the feasibility of Al
development. Kazakhstan’s investment in a national supercomputing cluster can therefore be
interpreted as both a research and development input and a policy lever. It provides a material basis
for applied Al work, signals commitment to the national Al agenda, and potentially strengthens the
linkage between educational expansion and innovation capacity. At the same time, compute
infrastructure raises its own governance questions, including how access is prioritised, which
institutions benefit most, and whether infrastructure use is translated into research outputs,
pedagogical value, or viable ventures. Infrastructure, in other words, is not simply a neutral backdrop
to Al-Sana; it is part of the policy architecture that shapes the programme’s opportunities and
constraints.

A fifth and cross-cutting element concerns institutional modernisation and the governance of
Al-enabled university processes. As universities adopt Al in admissions, assessment support,
advising, and other services, they enter the wider terrain of digital education governance and
platformisation [13]. In this context, Al-Sana is not only about building student capability. It also
participates in a broader transformation in which universities become sites of Al deployment, data
extraction, and platform-mediated governance. This makes responsible GenAl governance a
necessary complement to Al upskilling. UNESCO (2023) stresses that privacy protection,
transparency, human oversight, and impact evaluation are central to the responsible use of generative
Al in education. If Al-Sana is to produce durable and legitimate institutional change, these safeguards
must be treated as integral to the programme rather than as secondary ethical concerns.
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Taken together, these components show that Al-Sana is best analysed as a national policy mix
whose effectiveness depends on alignment across multiple instrument types. The programme seeks
to integrate curriculum, credentials, institutional coordination, innovation pathways, and
infrastructure into a single capability-building architecture. That ambition is what makes it
significant, but it is also what makes it vulnerable. The more complex the mix, the greater the
importance of coherence across stages, clarity in measurement, and governance arrangements capable
of managing institutional variation, platform dependence, and infrastructural inequality. The next
section therefore turns to the question of reporting and measurement, examining what is currently
visible in Al-Sana’s public metrics and what remains ambiguous.

Kazakhstan in a Global Comparative Perspective

Comparative analysis helps clarify what is distinctive about Al-Sana and what lessons travel
internationally. We situate Al-Sana within a design space defined by two core dimensions: (i) breadth
versus depth of capability (mass literacy versus intensive specialist training) and (ii) education-only
versus education-to-innovation orientation (training as an end versus training embedded in project
and commercialisation pathways). A third, cross-cutting dimension concerns governance mode:
voluntary and open participation versus mandate-backed or regulation-linked obligations.

Finland’s Elements of Al represents an archetypal mass-literacy model: open-access courses
designed for broad audiences, which reached over one million learners internationally and were
translated into many languages [14]. Its comparative value lies in demonstrating how scale and
localisation can be achieved with a relatively lightweight institutional apparatus, but it largely
externalises innovation translation to other parts of the ecosystem.

Singapore’s Al Apprenticeship Programme (AIAP) is positioned at the opposite end of the
breadth—depth spectrum: it emphasizes intensive deep-skilling and project deployment, supported by
structured mentorship and full-time formatting (AIAP, n.d.). Its strength is the tight linkage between
learning and deployment, while its limitation is bounded scale and selectivity.

Estonia’s Al Leap illustrates a system-readiness model focused on equitable access to Al tools
and teacher training, treating GenAl as a pervasive educational infrastructure rather than primarily as
a specialist field [15]. This model surfaces governance questions, privacy, pedagogy, and equity early
because it assumes widespread tool use rather than limited specialist pipelines.

At the regional level, the European Union increasingly frames Al literacy as an organisational
responsibility. European Commission guidance on Article 4 of the Al Act specifies that providers and
deployers of Al systems should take measures to ensure sufficient Al literacy among relevant staff,
shifting the locus of Al literacy from education policy alone to compliance-oriented governance. For
universities, this implies that staff capacity and governance cannot be treated as optional adjuncts
when Al systems are deployed in high-stakes processes.

Al-Sana is distinctive because it attempts to span multiple quadrants of this design space. It
combines mass higher-education delivery (akin to Elements of AI’s breadth) with staged deepening
and a stated innovation funnel (closer to the AIAP logic), while also coupling the program to system-
level governance (mandate-backed curriculum integration and anchor institutions) and enabling
infrastructure (national compute). This hybridisation increases potential returns but also increases
governance complexity. The comparative implication is that Al-Sana’s success depends less on
scaling Stage 1 participation and more on coordinating the ‘middle’ of the pipeline: consistent quality
standards, mentoring capacity, compute and data access, and credible measurement linking
micro-credentials to applied competence and innovation outcomes.

Results and their discussion

The Al-Sana case supports three broader arguments that extend current scholarship on artificial
intelligence in higher education beyond questions of classroom use or technological adoption alone.
First, the case suggests that once Al is scaled through mandate-backed curriculum integration, the
central policy problem shifts from participation to meaning. This point resonates with scholarship on
policy mixes, which emphasises that complex capability goals are not achieved through a single
intervention but through the interaction of multiple instruments, each carrying its own assumptions,
incentives, and implementation demands (Flanagan et al., 2011). In the context of Al-Sana, the issue
is therefore not simply whether students are exposed to Al content, but whether the credentials they
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obtain represent validated competence, whether assessment regimes remain credible under conditions
of widespread generative Al use, and whether the reported outputs of the programme can be
interpreted consistently across stages and institutions.

This shift from access to meaning is also consistent with the literature on micro-credentials.
OECD analyses have repeatedly noted that micro-credentials may widen access and support flexible
learning, but that their policy value depends on the clarity of standards, metadata, verification, and
portability. Similarly, the Council of the European Union (2022) treats minimum information
standards as essential to the interpretability of micro-credentials across contexts. The Al-Sana case
reinforces these concerns. As the analysis has shown, public and internal reporting currently draws
on a mix of targets, certificates, participation figures, and project counts, not all of which capture the
same underlying phenomenon. In this respect, the distinction between certificates, unique learners,
and competency gains is not a technical detail but a governance issue, because what is counted shapes
what institutions prioritize and what policymakers can plausibly claim as success.

Second, the case highlights the extent to which national Al education policy is now inseparable
from broader processes of digital education governance and platformisation. Williamson (2016)
argues that digital infrastructures increasingly shape how educational systems are governed, not only
by supporting delivery but also by reorganising accountability, decision-making, and data flows.
More recently, Komljenovic and Williamson have shown how platformisation reconfigures higher
education through proprietary systems, contractual dependencies, and new forms of governance by
external providers. Al-Sana strongly reflects this dynamic. Although the programme is state-led, its
operation depends in significant part on platform-based courses, localized digital credentials, and
external technological infrastructures, making platform partnerships not peripheral but constitutive
of the policy model itself.

This platformised architecture creates both opportunities and dependencies. On the one hand,
platform partnerships offer speed, scalable delivery, and the possibility of rapidly updating Al-related
content. On the other hand, they raise familiar concerns about control over curriculum, the governance
of learner data, procurement transparency, and long-term dependence on external providers.The
Kazakhstan case, therefore, supports the view that Al literacy policy should not be analysed only as
a matter of human capital formation; it must also be understood as part of the wider reconfiguration
of higher education governance through digital infrastructures and platform markets.

This argument is reinforced by emerging debates on responsible AI. UNESCO’s guidance on
generative Al in education stresses that institutional adoption should be accompanied by attention to
transparency, privacy, human oversight, and the evaluation of educational impact. Similarly, recent
European Commission guidance on Article 4 of the Al Act reframes Al literacy as an organisational
obligation for providers and deployers of Al systems, not merely as a desirable educational outcome.
For universities, this implies that student upskilling cannot be separated from staff capacity, oversight
arrangements, integrity safeguards, and mechanisms of contestability in Al-mediated processes. In
this respect, Al-Sana illustrates how quickly Al policy moves from curriculum reform into the domain
of institutional governance.

Third, Al-Sana is globally informative because it links mass higher education delivery to an
explicit innovation pipeline and to enabling compute infrastructure. This combination can be
interpreted through both national innovation systems thinking and mission-oriented innovation
policy. Freeman emphasises that capability is built through interaction among universities, firms, and
state institutions, rather than through isolated educational interventions. Likewise, mission-oriented
approaches stress that strategic capability building requires not only training but also new institutions,
coordination mechanisms, and pathways for translation into application [16]. Al-Sana’s ‘skills-
projects-startups’ logic closely reflects this orientation.

Comparatively, this makes Al-Sana distinct from better-known international models. Finland’s
Elements of Al demonstrates the reach of open, large-scale Al literacy but does not directly integrate
that literacy into an innovation funnel. Singapore’s Al Apprenticeship Programme offers a much
deeper and deployment-oriented model, but at smaller scale and with a more selective entry structure
(AIAP, n.d.). Estonia’s Al Leap foregrounds system readiness, teacher capacity, and equitable access
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to tools, thereby bringing governance issues such as privacy and pedagogy to the forefront. The
European Union, in turn, increasingly frames Al literacy in terms of compliance and organisational
governance rather than mass education per se. Al-Sana attempts to combine aspects of all of these
models: mass delivery, staged deepening, innovation translation, and governance-backed
infrastructure.

Yet the ambition of this hybrid design also explains its fragility. The analysis suggests that the
most difficult part of the Al-Sana architecture is not initial participation, but the middle of the
pipeline: the transition from foundational literacy to applied capability, from applied capability to
credible projects, and from projects to viable startup or deployment outcomes. This diagnosis is
consistent with both policy-mix theory and programme theory evaluation. Flanagan et al. argue that
the value of a policy mix lies in how instruments interact over time, including where
complementarities fail or where bottlenecks emerge. Weiss, similarly, stresses that evaluation should
track causal mechanisms and intermediate transitions rather than focus only on final outputs. In Al-
Sana, those intermediate transitions include progression across stages, access to mentoring,
integration into disciplinary contexts, access to data and compute, and the presence of robust
standards for judging project maturity and competence.

The case also points to the importance of infrastructure as a governance issue in its own right.
Recent work on compute governance argues that compute is increasingly a strategic resource that can
be measured, allocated, and governed as part of national Al capacity-building efforts. Kazakhstan’s
investment in national computing infrastructure is therefore not merely a technical background
condition; it is part of the policy mix that shapes what kinds of Al work become possible in
universities and who gains access to them. At the same time, infrastructure does not automatically
translate into capability. Without transparent access rules, institutional support, and meaningful
integration into teaching and research, compute investment may remain symbolically powerful but
unevenly utilised.

These findings extend scholarship in three ways. First, they suggest that national Al education
initiatives should be conceptualised as compound governance arrangements rather than stand-alone
training programmes. Second, they show that the quality and meaning of outputs become more
important, not less, as scale increases. Third, they demonstrate that universities are increasingly being
positioned as operational sites of Al statecraft, where curriculum, platform governance, innovation
policy, and infrastructure investment intersect. In this sense, Al-Sana is valuable not only as a national
case of rapid Al mainstreaming but also as a lens through which to examine the changing relationship
between higher education and state-led technological transformation.

The evaluation blueprint proposed in this paper is intended as a practical response to these
issues. Grounded in programme theory evaluation , micro-credential governance concerns and
responsible Al principles, it offers a way to move from activity counts toward more credible evidence
on capability, progression, governance quality, and innovation outcomes [17]. Without such
measurement discipline, fast-scaling national Al initiatives risk conflating visibility with
effectiveness. The long-term significance of Al-Sana for both policy and scholarship will therefore
depend not only on how many learners it reaches, but on whether it can demonstrate validated
competence, meaningful stage progression, and trustworthy governance across the higher education
system.

Conclusion

This paper has argued that Kazakhstan’s AI-Sana programme is best understood not as a stand-
alone training initiative, but as a national policy mix that mobilises higher education for both
capability formation and innovation-policy goals. Its significance lies in the attempt to align curricular
mainstreaming, micro-credential provision, anchor-university implementation, innovation-funnel
mechanisms, and compute infrastructure within a single architecture of Al capability building.

The analysis has also shown that the value of such initiatives cannot be judged by scale alone.
As research on micro-credentials suggests, participation and certification counts do not by themselves
demonstrate quality, portability, or validated competence [18]. In Al-Sana, the distinction between
certificates, unique learners, and demonstrated capability is therefore central to evaluating whether
the programme is generating durable outcomes or primarily visible outputs.
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More broadly, the case shows that Al education policy increasingly overlaps with digital
education governance framework. Al-Sana depends on platform-mediated delivery, institutional
coordination, and emerging infrastructure, while also raising questions about quality assurance, data
governance, platform dependence, and the responsible use of Al in university settings. Kazakhstan is
therefore globally informative because it illustrates how universities can serve as operational sites for
a national Al strategy.

The paper’s practical contribution is a minimum reporting standard and a stage-aligned
evaluation blueprint designed to improve interpretation, comparability, and policy learning across
similar initiatives. Ultimately, the significance of Al-Sana will depend not only on how many learners
it reaches, but on whether it can demonstrate credible progression from exposure to competence, from
competence to application, and from application to meaningful educational and innovation outcomes.
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YKOHOMMKAJIBIK OCY ’KOHE U ®PJILIK TPAHC®OPMAILMS
KOHTEKCTIHJE AI-CAYATTBLIBIKTBI APTTBIPY: 5)KOFAPBI BLIIMHIH YJIECI
(KABAKCTAH MBICAJIBIHIA)

AHgaTrna

Ykimer >xacangsl mHTeeKT (JKI) camachiHmarbl Oarapuiapael OapraH calieiH OinmiM Oepy pedopMachIHBIH
0achIMIBIFBI 9pi MHHOBALUSJIBIK CAsCAaTTHIH KYpajbl peTiHIe KapacThIPBII OThIp. MakanaHbIH MakcaThl Ka3akcTaHHBIH
XKOFapbl OimiM Oepy KyieciHne jkacaHIbl MHTEIUIEKT JaFIbUIApbIH JaMbITy cajackiHiarbl Al Sana OarnmapiamachklH
KemeHai policy mix perinae Tanjay jkoHe Oaranay Oonbin TaObutanbel. bynm makanma 2024 KbUIIBIH COHBIHIA iCKe
KocbutraH KasakcranubslH Al-Sana OarnmapnamacblHa KaTbICTBl KyKaTTapra HETi3/IeNreH Keic-CTagu YChIHAJBL
Barnapnama Oinim anmymisiiapasl 6acranksl Al cayaTThUIBIFBIHAH MEHTOPIIBIK CYHeMeneyeri xobanapra, ai a3 oeiri
YUIH cTapTanTapisl akcelepauysuiayra OarbITTallFaH KE3eHMIK TPAaeKTOpHUsS PEeTiHAE KypbUIFaH. ABTOpJIap YCBIHFaH
OarapyiamManblK aHBIKTAMAIIBIK MaTephajiapAbl allblK KOJDKETIMAI YKIMETTIK KOMMYHHUKalusulapMeH, Oexeni
KapUsIIaHBIMIaPMEH KOHE YKCac XaJbIKapalblK OacTaMalapAblH PECMH CHIATTaMalIapbIMEH CaJBICTBIPA OTHIPHIIN, 0i3
Al-Sana-HBIH cascaTTBHIK apXHUTEKTYPAaChIH KaJIBIHA KEeJNTipeMi3 jKOHE OHBI JKeKe Oip OKBITY apajlacybl peTiHIe eMec,
policy mix periHAe Tanmay KaxeT Iem TYKBIpHIMAaiMbI3. By policy mix keneci smemeHtrepai Oipikripemi: (i)
HOpPMATHBTIK MaHAATKa CYHEHTeH OKY OarmapiiaMaiapblH HET13T1 Ky#ere eHri3y; (ii) mrat¢hopMabIK opinTecTiKTep KOHE
KEPTUTIKTCHIIPIITeH MUKPO-OUTIKTLTIKTEp; (1i1) OHIPIIK «IKOPIBIK) YHHBEPCUTETTEP apKBUIBI iCKe achIpy aneyeri; (iv)
xKobanappl KOMMEpPLUUIAHIbIpYMEH OaiJIaHBICTBIPATHIH WHHOBALMSIIBIK BOPOHKA Kypaigapbl; XoHe (V) YITTBIK
ecenTey HMHPPaKypbUIBIMbIHA WHBECTHLMIIAP apKbUIBI KaMTaMachl3 €TUIETIH KOJAaylibl MH(ppakypbuibiM. Tangay
COHBIMEH KaTap JKbLIJaM ayKbIMJAHATHIH OacTamaliapra TOH eJIIIey MIceleepiH — ocipece ceprudukarrap, oOipereit
OUTIM aNylIbLIap CaHbI )KOHE KY3BIPETTEPIiH 6CYi apachIHIAFbl albIPMAIIBUTBIKTHIH KOMECKUICHYIH, alKbIHIANIbI )KOHE
ecen Oepy JepeKTepiHJeri BapualMsSHbl TalJaMalblK TYPFbIIAaH MaHBI3/bl HOTIDKE PETiHAE KapacThipaisl. MUKpoO-
OumikTinmiKTepai Oackapy, nu@piblk OidiM Oepyni O6ackapy jkoHe skayantsl reHepaTuBti KM OoiibiHIIa 3epTTeynepre
Cy#eHe OTHIPHIN, 0i3 €H TOMEHTI ecenl Oepy CTaHIApPTHIH )KOHE Ke3eHIepre YHICeCTIpUIreH HHAUKATOPIApAbl KAMTUTHIH
Oaranay TY>KbIPBIMIIAMAChIH YCHIHAMBI3; OYJT XaIbIKapaJIbIK CalbICTHIPMAaJIBUIBIKTEI KAMTAMACHI3 €Tyre MYMKiHAIK Oepei.
Kasakcran xahaHIBIK TYpFRIIaH aHpBIKIIA MaHBI3ABI MBICANl OO TaOBIIANBI, OWTKEHI O YKOFaphl OUTIMAL KYHETiK
JeHrelae KaMTyAbl, HTHHOBAIIMSHBI TPAHCIILMSIAYABI )KOHE ecenTey MHPPaKypBUIBIMBIH YIITACTHIpabl; OYI1 YIATTHIK
XKW cTparerusuiapblHbIH YHUBEPCUTETTEp ApKbUIBI Kajail iCKe achIpbUIATBIHBIH KOPCETIN, COHBIMEH KaTap CamaHbl
KaMTaMachl3 €Ty, aKaJIeMHSUIIBIK aJajlIbIK JKoHE IiaThopMaiapra TSIk MaceneIepiH oTKip KOSIbL

Heri3ri ce3nep: skoHOMHKaNBIK ©Cy, Oaranay, sxorapsl OiiM Oepyzneri AU, AU-cayaTTbUIblK, HHHOBAIMSUIIBIK
casicat, AU Gackapy.

HOBBIINEHUE AI-T'PAMOTHOCTHU B KOHTEKCTE 9 KOHOMMWYECKOI'O
POCTA U IU®POBOM TPAHC®OPMAIIMHU: BKJIAJI BBICIIEI'O OGPA3OBAHUA
(HA TIPUMEPE KA3AXCTAHA)

AHHOTAUUA

[IpaBHUTENBECTBO BCE HYallle pacCMaTPUBACT HABBIKU B OOJIACTH MCKYCCTBEHHOTO MHTeIUIekTa (Al) omHOBpEeMeHHO
KaK TPHOPHUTET peopMbI 00pa30oBaHUS M KaK WHCTPYMEHT WHHOBAIIMOHHOM MONUTHKH. Llenms cTaThu 3aKirodacTcs B
aHamu3e M OIeHKe mporpaMmbl Al Sana kak KOMITIEKCHOTO policy mixX B cepe pa3BUTHA HABHIKOB HCKYCCTBEHHOTO
WHTEJUIEKTa B CHCTeMe BhIcIIero oOpasoBaHus Kazaxcrana. B maHHO# craThe mpencTaBlieHa OICHKA Ha OCHOBE
JIOKYMEHTOB Keic-ctagu mnporpammbl Al-Sana B Kaszaxcrane, 3anyuieHHodM B koHue 2024 roja Kak I[O3TamHas
TpaeKTOpus, MPU3BaHHAs EpeBECTH 00yJatomMXcst OT 6a30BOM Al-rpaMOTHOCTH K MPOEKTaM MO HACTaBHUYECTBOM H,
JUI MEHBIIEH YacTH YYaCTHHKOB, K aKCelIepalHud CTapTamoB. VCmonp3ys CHpaBOYHBIE MaTepHaNbl IPOTPAMMEL,
MIPEJOCTAaBICHHBIE aBTOPAMH, U COTIOCTABIISISI X C OTKPBITHIMHU MPAaBUTEILCTBEHHBIMHA COOOIIEHUSMH, aBTOPUTETHBIMHU
MyONMUKanusAMH U OQHUIMATEHBIMH ONHCAHUSAMHU COMOCTaBUMBIX MEXIYHAPOAHBIX MHHIMATHB, MBI PEKOHCTPYHPYEM
apxuTeKTypy mosmTHKH Al-Sana u yTBep:kIaem, 4To ee cieqyeT aHaJTU3UpOBaTh Kak policy mix, a He KaK eINHUYHYIO
obyugaromryro nHTepBeHINIO. JlanHbIH policy mix Bkimogaert: (i) BHenpeHue Al B OCHOBHYIO y4eOHYIO TOBECTKY Ha OCHOBE
HOpMATHBHOTO MaHparta; (ii) mapTHepcTBa ¢ IUIaTGOpMaMH ¥ JIOKAJU30BAaHHBIE MUKpO-KBamupukanmy; (iii)
peaIM3aloOHHYI0 CIIOCOOHOCTh Yepe3 PErHOHANIBHbIE «SIKOPHBIE» YHUBEPCUTETHI; (1V) HHCTPYMEHTHI HHHOBAIIHOHHOT'O
BOPOHKOOOPa3HOT0 0TOOpa, CBA3BIBAIOIINE MTPOEKTHI C KOMMepUuanu3anuei; u (v) odecreunBaroniyo HHPpacTpyKTypy
yepe3 HallMOHAJIbHbIE HHBECTULMU B BRIYMCIUTEIbHBIE MOILIHOCTH. AHAJIN3 TaK)Ke BBISBISIET TUIIMYHbBIE JIS1 UHUIIUATHUB
ObIcTPOro MacTabupoOBaHKs MPOOIEMBI U3MEPEHUsI, 0COOCHHO CMEIIEHHE CEPTU(HHKATOB, YHUKAIBHBIX 00yJarOIIXCs
U OpUPOCTa KOMIETEHIIMH, U paccCMaTpUBAEeT BapUaTHUBHOCTh OTYETHOCTH KaK AHAJIMTUYECKH 3HAYMMBIN pe3ysbTar.
Omnwupasick Ha UCCIEAOBAHMS B 00JIACTH YIIPABICHUS MUKPO-KBATH(PHUKAIUIME, IIU(GPOBOTO YIPABICHHUS 00pa30BaHUEM
U PYKOBOJCTBA II0 OTBETCTBEHHOMY HCIIONB30BAaHUIO TEHEpaTHBHOTO Al, MBI mpeyaraeM cXxeMy OIEHKH C
MUHUMAaJIbHBIM CTaHIAPTOM OTYETHOCTH M WHAWKATOPaMH, COTJIACOBAHHBIMH C 3TallaMH Peajli3alli, KOTOPBIE MOTYT
obecreunTh MEXIYHAPOJHYIO COIMOCTaBUMOCTh. KazaxcraH mpeactaBiseT co00i 0coOeHHO WH(GOPMATHBHBIH
TJIOOATBHBIN MTPUMED, TIOCKOJIBKY COYETaeT CHCTEMHBIH 0XBAT BBICIIETO 00pa30BaHUs C SBHOW TPaHCIISIIIMECH HHHOBAIIHHA
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U BBIYUCIUTEIBHONH WH(PACTPYKTYpOH, TMOKa3bIBas, Kak HalWOHAIbHBIC cTpaTerun Al  Moryt  ObITh
ONepalMOHATM3UPOBAHBI Y€pe3 YHUBEPCHUTETHI, OJHOBPEMEHHO IMOJHMMAas OCTpPhIe BOMPOCH O TapaHTHHU KayecTBa,
aKaJeMUYECKO# TOOPOCOBECTHOCTH M 3aBUCUMOCTH OT ITaTHOPM.

KiioueBble cjioBa: HSKOHOMHYECKHHA pOCT, orenka, VU B Beicmem oOpasoBanun, WHW-rpamMOoTHOCTS,
MHHOBAIIMOHHAs NOJUTHKA, yipasienue UN.
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