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Abstract Artificial intelligence (Al) is reshaping regional and national competitiveness around specialized
talent, data, computing capacity, experimental environments, and governance. Existing university
models emphasize education, research, commercialization, and regional engagement, but do not fully
explain when university resources become shared Al infrastructure or how they generate external value.
Using an integrative, concept-building literature review, this study develops a framework of the
university as strategic Al infrastructure comprising five dimensions: human capital, knowledge and
research, data and computing, AloT experimentation, and coordination and governance. These
dimensions create value by lowering access costs, reducing technological and organizational
uncertainty, coordinating diverse actors, and generating cumulative learning through repeated
experimentation. The framework shows how universities can support Al adoption, industrial upgrading,
talent retention, start-up creation, public innovation, national productivity, technological sovereignty,
and resilience. It also proposes an AloT service architecture and an evaluation logic that distinguishes
installed inputs from accessibility, utilization, capability development, and downstream outcomes. The
study’s main contribution is to shift attention from university-owned outputs to externally accessible,
governed, and cumulative capabilities that enable broader participation in the Al economy.

Key Words : artificial intelligence economy, university, strategic infrastructure, AloT, regional
innovation, regional competitiveness, technological sovereignty
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1. Introduction

Artificial intelligence (AI) is emerging as a
general-purpose technology whose economic
impact extends beyond algorithms alone. Its
effective utilization depends on specialized human
capital, trustworthy data, computing capacity,
experimental settings, domain knowledge, and
governance. Accordingly, national Al-compute
policy emphasizes effective access, complementary
capabilities, resilience, and technological sovereignty,
rather than merely the volume of installed
hardware [1]. Responsible deployment further
requires ongoing identification and management
of risks throughout the Al life cycle [2].

These requirements are particularly evident in
the context of artificial intelligence of things
(AloT).

communication, computation, and applications

IoT architectures integrate sensing,
[3], while Al contributes capabilities such as
prediction, optimization, autonomy, and decision
support. Because AIoT systems function within
physical environments, they must address issues
including interoperability, latency, cybersecurity,
safety, maintenance, user acceptance, and
accountability. Recent studies demonstrate the
diversity of such systems, including multisensor
digital-twin integration in smart-city environments
[4], Al-based home-fire detection [5], and
university Al practice platforms that integrate
technological and educational resources [6].
This configuration of resources generates a
coordination challenge. Large firms are able to
develop proprietary data and computing
infrastructures, whereas small and medium-sized
enterprises, start-ups, local governments, and
civic organizations frequently lack the capacity
to bear fixed costs or assemble all necessary
capabilities. Fragmented access to equipment,
data, expertise, and testing environments
impedes adoption and produces a gap between
technically viable demonstrations and sustained

operational deployment. This gap cannot be

resolved solely through hardware acquisition:

access governance, technical assistance, data
ownership, validation protocols, and long-term
operational financing are equally critical.

Universities hold a unique combination of
long-term research capability, educational authority,
laboratories, campuses, public trust, and linkages
with industry and government. They have been
characterized as regional knowledge infrastructures [71,
key actors in university-industry-government
interactions [8], entrepreneurial entities that
commercialize research [9], and sources of
start-ups and technology transfer [10]. Perspectives on
regional and engaged universities further highlight
place-based problem solving [11], co-creation
[12], multidextrous integration of economic and
social missions [13], and ecosystem coordination
by fourth-generation universities [14].

Existing studies on entrepreneurial, regional,
engaged, and fourth-generation universities provide
an important foundation for wunderstanding
university roles. This study extends these perspectives by
shifting the focus from university-owned resources
and outputs to externally accessible, reusable,
and governed Al capabilities. Its distinctiveness
lies in defining strategic Al infrastructure through
cumulative

accessibility, external enablement,

investment, strategic relevance, and stable
governance. The framework’s conceptual validity
is supported by integrating research on university
roles, digital infrastructure, and AI/AloT, while
empirical validation remains a task for future
a GPU

cluster used internally constitutes an institutional

research. This distinction is critical:

resource, whereas the same infrastructure

becomes regional when external users can
securely access it, receive technical support,
integrate computing with governed data, and
translate outcomes into operational applications.

This study advances the concept of the university
as strategic Al infrastructure. It addresses three
research questions: (1) Under what conditions do

university resources function as strategic infrastructure
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rather than conventional institutional assets? (2)
Through which mechanisms do these resources
shape AloT adoption and regional and national
competitiveness? (3) How should such a model be
implemented and evaluated across diverse
regional contexts? The study contributes in four
ways: it establishes a bounded definition with
explicit criteria; identifies an Al-specific resource
architecture; explains external value creation
through access-cost reduction, uncertainty
reduction, and coordination; and proposes a
multilevel evaluation logic linking university

capabilities to regional and national outcomes.

2. Theoretical Foundations and
Research Gap

2.1 Evolution of University Roles

The traditional university is structured around
teaching, research, and public service, with its
regional impact largely indirect through graduates,
publications, professional networks, and the
dissemination of knowledge. The entrepreneurial
university extends these functions to include
patents, licensing, spin-offs, contract research,
and venture formation [9,10]. Regional perspectives
further expand the view by demonstrating that

university roles vary according to institutional

(Table 1> Comparison of University Role Models

arrangements, policy contexts, and geographic
conditions [11]. Engaged and co-creating universities
place greater emphasis on civic involvement and
collaborative problem-solving for regional challenges
[12,13], while fourth-generation universities are
increasingly conceptualized as coordinators of
mission-driven innovation ecosystems [14].

The proposed model is cumulative rather than
substitutive. Strategic Al infrastructure encompasses
education, research, commercialization, and
engagement, yet shifts the unit of analysis from
the university’s internal outputs to the enabling
capacities provided to external actors. Its central
concern is not merely whether a university is
productive, entrepreneurial, or engaged, but whether it
offers accessible and governed combinations of
talent, knowledge, data, computing, experimentation,
and coordination that other organizations cannot
efficiently assemble independently. These distinctions
are summarized in (Table 1), which compares
and strategic Al

traditional, entrepreneurial,

infrastructure models of the university.

2.2 Infrastructure as a Relational and
Strategic Construct

Infrastructure is not defined solely by physical
magnitude. It becomes infrastructure through its
relationship to organized practices, modes of

access, and a community of users [15]. Digital

Dimension Traditional university

Entrepreneurial university

University as strategic Al infrastructure

Education, research, and knowledge

Core orientation
advancement

Research commercialization and
economic value creation

Development of accessible and sustained Al
capabilities for regions and nations

Primary role Teaching and research institution

Technology-transfer and venture |Shared Al service and ecosystem coordination

actor platform

Faculty, students, curricula, and

Key resources
Y research outputs

Patents, technologies, spin-offs,
and industry networks

Al talent, governed data, computing resources,
AloT testbeds, and intermediary expertise

Predominantly internal use under

Access and governance S,
institutional governance

Selective access through
commercial projects and
partnerships

Transparent external access under data,
security, ethical, and interoperability rules

Graduates, publications, and

Primary outcomes " .
i academic reputation

Technology transfer, start-ups,
income, and employment

Al adoption, capability formation, industrial
upgrading, public innovation, and resilience

Educational and research

Evaluation focus
performance

Commercialization and
entrepreneurial performance

Accessibility, utilization, capability
development, and regional and national
outcomes
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infrastructures likewise exhibit distributed components,

evolving standards, shared governance, and
sustained interaction between technical systems
and institutional arrangements [16]. Drawing on
relational and digital-infrastructure perspectives
[15,16], this study analytically derives six criteria
for determining when university resources function as
strategic infrastructure. Such resources should be
shareable beyond organizational boundaries,
enable downstream activities by other actors,
require cumulative or substantial investment,
exhibit public-good or coordination properties,
hold strategic relevance for regional or national
capabilities, and operate through stable governance
and interoperability.

These criteria distinguish strategic infrastructure
from ordinary university assets. A laboratory used
exclusively for internal publications represents a
valuable asset but does not constitute regional
infrastructure. A short-term contract project may
facilitate knowledge transfer but does not
produce reusable infrastructure. In contrast, even
a modest facility can assume an infrastructural
role when open access, skilled intermediaries,
standardized protocols, and connections to
broader networks enable multiple organizations
to develop capabilities. Infrastructure status is
therefore determined by functional and relational
conditions rather than by the presence of costly

equipment alone.

2.3 Regional Innovation, Absorptive Capacity,
and Place

Regional innovation outcomes emerge from
interactions among firms, universities, public
agencies, financial actors, and intermediaries, as
well as from the strength of local institutions and
knowledge flows [17]. University infrastructure
cannot replace the absorptive capacity of firms
and public organizations, defined as the prior
knowledge and routines required to identify,
assimilate, and apply external knowledge [18].

However, it can lower barriers through training,

collaborative experimentation, data governance,
and iterative problem solving.

Geographical context is important because
regions encounter distinct innovation constraints.
Metropolitan areas may possess talent and capital but
face fragmented coordination; industrial regions
may contend with legacy systems and risks in
deployment; peripheral regions may lack access
to computing resources, specialized personnel,
and dense networks; and regions oriented toward
public missions may be limited by data silos,
procurement rules, and accountability requirements.
Consequently, differentiated regional innovation
policies are more appropriate than uniform
replication strategies [19]. The role of universities
within regions also varies according to institutional
characteristics, partner configurations, and local

expectations [20].

3. Research Approach

3.1 Review Design and Search Strategy

This study employs an integrative, concept-building
literature review to construct a framework of the
university as strategic Al infrastructure. This
approach is suitable for synthesizing concepts
across diverse theoretical and technological domains
[21,22]. The review process was purposive and
iterative rather than exhaustive.

Relevant literature was identified through
DOI-linked publisher
Citation Index, and official repositories of the
OECD and NIST. Searches were updated through

July 2026. Search terms spanned four domains:

databases, the Korea

(1) university roles, including entrepreneurial,
engaged, regional, and fourth-generation universities;
(2) knowledge, research, digital, and Al infrastructure;
(3) AL AloT, living labs, digital twins, and campus
or urban testbeds; and (4) regional innovation,
absorptive capacity, governance, technological
sovereignty, and resilience. Foundational studies

were additionally identified through citation tracing.



Reframing Universities as Strategic Infrastructure in the Al Economy: An AloT-Enabled Framework for Regional and National Competitiveness 77

3.2 Selection and Synthesis

Sources were included when they contributed

to defining university roles, infrastructure
characteristics, Al- or AloT-specific resources,
external value-creation mechanisms, governance
requirements, regional or national outcomes, or
measurable indicators. Studies that referred only
generally to universities or Al without addressing
infrastructure, external accessibility, governance,
experimentation, or innovation outcomes were
excluded.

The synthesis followed four stages. First,
recurring university functions and infrastructure
characteristics were identified. Second, related
elements were grouped into five dimensions:
knowledge and

human-capital infrastructure,

research infrastructure, data and computing
infrastructure, AloT experimentation infrastructure,
and coordination and governance infrastructure.
Third, the five dimensions were assessed against
the six analytically derived infrastructure criteria
presented in Section 2.2: external shareability,
downstream enablement, cumulative investment,
public-good or coordination properties, strategic
relevance, and stable governance and
interoperability. Fourth, the five dimensions were

linked to

access-cost reduction, uncertainty reduction, and

three conversion mechanisms—

coordination and translation—and situated
within a broader model incorporating cumulative
learning, place-based configurations, and
multilevel outcomes.

The resulting framework is analytical rather
than a claim of empirically verified causality. It
is intended to generate measurable constructs

and guide subsequent empirical research.

4. University as Strategic Al Infrastructure

4.1 Definition and Five Infrastructure
Dimensions

A university functioning as strategic Al infrastructure

is defined as an institution that delivers accessible,
cumulative, interoperable, and governed combinations
of Al-related talent, knowledge, data, computing
resources, experimental settings, and coordination
capacity, enabling external organizations and
communities to develop, assess, or adopt Al This
construct consists of five interrelated dimensions.
infrastructure

Human-capital encompasses

specialized Al education, interdisciplinary Al
literacy, graduate research training, and continuing
education for workers and public officials. It
includes not only technical specialists but also
domain experts capable of defining problems,
assessing data quality, interpreting model outputs,
and redesigning organizational processes.

Knowledge and research infrastructure encompasses
basic and applied research, interdisciplinary
problem-solving, model evaluation, cybersecurity,
responsible Al, and domain-specific adaptation.
Its distinctive value lies in continuity: universities
can sustain expertise, datasets, methodologies,
and experimental knowledge over time while
reconfiguring resources to address regional needs
and connect ecosystem actors [23].

Data and computing infrastructure comprises
shared access to GPUs or cloud resources,
curated datasets, secure analytical environments,
data engineering, and technical support. Its
effectiveness depends not only on hardware but
also on transparent allocation, identity and

access management, data-use agreements,
cybersecurity, and support for transitioning from
prototypes to operational deployment [1].

AloT experimentation infrastructure includes
laboratories, campus living labs, digital twins,
pilot systems, and connections to industrial or
urban testbeds. Living-lab research views
experimentation as a socio-technical process
integrating users, researchers, organizations, public
authorities, education, and operations [24-26].
Recent studies further illustrate multisensor
digital-twin integration in smart-city environments [4]

and real-time Al-based safety applications in
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indoor settings [5].

Coordination and governance infrastructure
connects researchers, firms, public institutions,
citizens, investors, and external knowledge networks
through intermediation, data and ethical governance,
standards alignment, procurement support,
intellectual property arrangements, and long-term
coordination. By defining who can access resources,
under what conditions, and how accumulated
learning is preserved, it distinguishes strategic
infrastructure from a mere aggregation of assets
and illustrates how institutional arrangements

can reinforce technical infrastructure [27,28].

4.2 Conversion Mechanisms and Cumulative
Learning

The first conversion mechanism is the reduction of
access costs. Shared facilities, expertise, datasets,
and training enable smaller organizations to
conduct experiments without incurring the full
fixed costs associated with specialized personnel,
computing resources, secure data environments,
and testing sites. Such cost reductions must also
costs: complicated

address transaction

application procedures, unclear ownership,
extended waiting periods, or ambiguous service
responsibilities can render nominally open
infrastructure effectively inaccessible.

The second mechanism involves reducing
technological and organizational uncertainty.
Independent assessments, pilot implementations,
user feedback, and phased validation processes
help determine whether an AloT system is reliable,
interoperable, safe, secure, and compatible with
existing operations. This evidence mitigates the
risks associated with large-scale procurement
technically

and  differentiates promising

demonstrations from sustainable operational

services. Guidance from NIST further emphasizes
continuous

the importance of governance,

mapping, measurement, and management of
Al-related risks [2].

The third mechanism is coordination and

translation. Al initiatives often fail because data

owners, domain experts, model developers,
equipment suppliers, public users, and regulators
operate with differing vocabularies, incentives,
and timeframes. Universities can offer neutral
convening capacity, shared protocols, institutional
continuity, and personnel capable of spanning
organizational boundaries. Research on innovation

hubs

leadership functions can shift universities from

indicates that such intermediary and

knowledge producers to central connectors

within regional ecosystems [29].

Context and enabling conditions

National Al policy | regional industrial structure | data, security, and research regulation

!

University strategic Al infrastructure

Human capital | knowledge and research | data and compute |
AloT experimentation | coordination and governance

!

Conversion mechanisms

Lower access cost | lower technological and organizational uncertainty |
C ination and ion | ¢ ive learning

Urban and regional outcomes

Al adoption | firm innovation | talent retention | start-ups |
AloT public services | industrial upgrading

l

National outcomes

Distributed capability | productivity | technological sovereignty |
resilience and balanced regional development

feedback, demand, standards, and reinvestment

[Fig. 1] Strategic Al Infrastructure and Multilevel
Competitiveness Framework

A cross—cutting dynamic mechanism is cumulative
learning. Insights from one pilot project can inform
standards, curricula, procurement practices, reusable
data resources, safety procedures, and subsequent
initiatives. Repeated external engagement can
enhance university service provision, while regional
demand provides universities with problems,
data, funding, and employment pathways. This
feedback loop differentiates infrastructure from

isolated projects and highlights why sustained
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operation is as critical as initial capital investment. As
summarized in [Fig. 1], these relationships are
conditioned by regional absorptive capacity,
industrial demand, operating resources, regulatory

environments, and talent-retention conditions.

5. Multilevel Outcomes and
Competitive Effects

5.1 Regional Competitiveness
At the

infrastructure can shape competitiveness through

regional scale, strategic university
interconnected outcomes. Education and research

activities attract students, researchers, and
knowledge-intensive firms. Shared access to data,
computing resources, and technical assistance
promotes experimentation and adoption among
local firms. Start-ups and collaborative initiatives
contribute to economic diversification and
generate specialized employment opportunities.
AloT applications across mobility, energy, safety,
healthcare, environment, logistics, and public
administration can enhance public service
performance and overall quality of life.

These effects are contingent. A university may
produce highly skilled graduates who leave if the
region lacks appropriate employment opportunities.
Shared

underutilized if firms have limited absorptive

computing resources may remain
capacity or if access procedures are overly complex.
Public datasets may be unusable without adequate
legal, semantic, and technical governance. Research
on knowledge spillovers further indicates that
university impacts vary geographically depending
on regional capabilities and the presence of
effective transfer intermediaries [30,31]. Regional
competitiveness also has a demographic
dimension. Studies of South Korea indicate that
regional economic disparities and persistent
socio-cultural differences are associated with

geographical variation in fertility, with potential

implications for the long-term sustainability of
(32,33].
place-based policy should align

regional labor and talent bases
Accordingly,
university investment with industrial demand,
entrepreneurship, talent retention, procurement

systems, and living conditions.

5.2 National Capability, Sovereignty, and
Resilience

At the national level, networks of differentiated
universities can offer distributed Al capabilities.
Rather than requiring each institution to replicate
costly resources, national strategies can integrate
shared computing infrastructure, interoperable
data environments, specialized regional testbeds,
common standards, and complementary areas of
expertise. This configuration enhances efficiency
through specialization while strengthening resilience
via redundancy and geographic dispersion.

Within this framework, technological sovereignty
does not imply full self-sufficiency or domestic
control over every component. Instead, it entails
sufficient internal capacity to understand, assess,
adapt, secure, and govern critical Al systems.
Universities contribute through sustained research,
independent evaluation, advanced education,
open methodologies, and institutional memory.
Their role becomes particularly significant where
reliance on external models, cloud platforms,
semiconductor technologies, or data standards

introduces strategic vulnerabilities.

6. AloT Operating Architecture and

Place-Based Design

6.1 From Assets to an Accessible Service
System

A strategic infrastructure university requires an
operational architecture rather than a collection
a clear external

of isolated projects. First,

interface should provide a service catalogue,
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[Fig. 2] University-Centered AloT Service Architecture: Data, Service, and Management Perspectives

eligibility criteria, security requirements, expected
timelines, and contact points. Second, shared
technical services should integrate computing,
data engineering, cybersecurity, model evaluation,
and AloT system integration. Third, campus-
based or partner testbeds should enable staged
experimentation, ranging from laboratory validation
to realistic operational settings. Fourth, a governance
function should oversee data rights, intellectual
property, ethics, procurement, incident response,
and long-term maintenance. Fifth, the university
should link local services with national research
networks and specialized facilities that cannot be
efficiently replicated. [Fig. 2] operationalizes the
five infrastructure dimensions through three
complementary design perspectives—data, service,
and management—within an externally accessible
service architecture. Human-capital and knowledge-
and-research functions cut across the service layers,
while data and computing, AloT experimentation,
and coordination and governance are represented
more explicitly.

Intermediary roles are critical. Faculty-led

projects often conclude when funding ends,

while firms may struggle to articulate problems
in academic terms. Dedicated professionals such
as solution architects, data stewards, testbed
managers, industry coordinators, and responsible-Al
specialists can ensure continuity and facilitate
translation across organizational domains. Their

should be

capability transfer,

performance assessed based on

repeated utilization, and
deployment quality, rather than solely on the

number of interactions or agreements.

6.2 Place-Based Configurations
The

uniformly across all regions. The composition of

same model should not be applied

infrastructure needs to reflect the primary
capability gaps as well as the industrial and
public objectives specific to each region. (Table
2) operationalizes the general framework into
four representative configurations. While the
typology is not comprehensive and regions may
exhibit overlapping profiles, it helps avoid policy
approaches that replicate the asset structures of
leading technology clusters without addressing

context-specific constraints.
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{Table 2) Place-Based Configurations of University Strategic Al Infrastructure

Regional context

Dominant bottleneck

Priority university infrastructure

Representative AloT missions

Principal risk

Metropolitan Al hub

Fragmented actors despite
abundant talent and finance

Frontier research, specialized
compute, global networks,
standards and orchestration

Advanced mobility, health,
finance, and platform innovation

Resource concentration and
weak diffusion to smaller firms
or regions

Industrial city or cluster

Legacy systems, skills gaps,

and deployment risk

Edge Al, industrial data spaces,
digital twins, workforce
reskilling, shared validation

Smart manufacturing, port
logistics, energy, safety, and
predictive maintenance

Pilot projects that do not
integrate with operational
processes

Peripheral or
capacity-constrained
region

Thin labor markets and
limited access to compute
and expertise

Remote shared compute,
mobile test facilities, modular
education, inter-university
networks

Agriculture, fisheries,
environment, disaster
monitoring, and public access
services

Dependence on temporary
funding and continued talent
out-migration

Public-mission or
smart-city region

Data silos, procurement
barriers, and uncertain
accountability

Trusted data governance,
campus—city living labs,
independent evaluation, citizen
participation

Mobility, safety, energy,
healthcare, welfare, and urban
administration

Privacy, cybersecurity, vendor
lock=in, and weak public
legitimacy

7. Measurement, Novelty, and
Contributions

7.1 Measurement Logic

Based on the distinctions developed in the
preceding sections, this study proposes a five-stage
evaluation logic comprising inputs, accessibility,
actual utilization, capability development, and
downstream outcomes. Inputs include equipment,
personnel, datasets, and experimental environments;
however, the mere presence of these resources
indicates only potential capacity and does not,
by itself, demonstrate effective infrastructure
performance. Conventional university rankings
do not directly measure external accessibility or
capability formation and may also reflect regional
asymmetries and methodological instability
[34,35]. Accessibility reflects whether resources
are visible, affordable, secure, and usable for
external organizations. Utilization indicators
identify who engages with the resources and for
what purposes. Capability indicators assess
whether external users can sustain adoption with
reduced reliance on university support. Outcome
indicators capture firm-level adoption, productivity,
entrepreneurship, talent retention, public-service
effectiveness, technological autonomy, and resilience.

Evaluation also demands attention to causal
inference. A high-performing region may both

sustain a strong university and exhibit elevated

Al adoption: correlation alone does not confirm
university-driven effects. Future research should
therefore employ longitudinal approaches,
matched regional or organizational comparisons,
project-level adoption data, network analysis,
qualitative process tracing, and mixed-method
designs. Infrastructure assessment should also
document failure and non-use, as unsuccessful
pilots can still yield important insights regarding
data quality, interoperability, safety, procurement
processes, or workforce preparedness. (Table 3)
summarizes this five-stage evaluation logic by
linking each stage to its core analytical question,

illustrative indicators, and key interpretive cautions.

7.2 Novelty and Theoretical Contribution

The framework makes four contributions. First, it
clarifies strategic Al infrastructure as a construct
defined by external shareability, downstream
enablement, cumulative investment, public-good
or coordination properties, strategic relevance,
and stable governance and interoperability. Second, it
specifies an AloT-oriented resource architecture
governed data,

integrating talent, knowledge,

computing, physical experimentation, model

evaluation, and operational governance. Third, it

explains multilevel value creation through

access-cost reduction, uncertainty reduction,

coordination, and cumulative learning. Fourth, it

redirects evaluation from resource ownership
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(Table 3) Evaluation Logic for Strategic Al Infrastructure

Evaluation stage

Core question

lllustrative indicators

Interpretive caution

Faculty and staff, GPU capacity, datasets,

Inputs indicate potential capacity,

and for what missions?

projects

i ?
Inputs What resources have been installed? laboratories, test sites, operating budget| not infrastructure performance
_ Can external actors obtain and safely E||g\b|||ty, access t\me_, affordability, Formal openness may coexist with
Accessibility technical support, security and data-use ; .
use the resources? s high transaction costs
Who uses the resources, how often, Extemal GPU hours, dataset reuse, High volume is not necessarily
Actual use testbed users, repeat users, cross—sector

high-value or inclusive use

Capability formation

independent Al adoption?

Do users become more capable of

Trained employees, validated systems,
data-governance maturity, repeat
deployment, standards

Capability gains may appear after
the funded project ends

Downstream outcomes

What regional and national effects

Firm adoption and productivity, start-ups,
talent retention, public—service

Attribution requires longitudinal,
matched, network, or

plausibly follow?

performance, resilience mixed-method designs

and internal outputs toward accessibility, utilization,

capability development, and system-level performance.

7.3 Empirical Research Agenda and Falsifiability

The framework is empirically testable: its
distinctiveness would be weakened if external
accessibility, governance, intermediary support,
and repeated use did not explain Al adoption
beyond conventional indicators such as publications,
patents, and start-ups. Comparative, longitudinal,
network, and mixed-method studies can test
construct validity, conversion mechanisms, capability
formation, place-based contingencies, and national

network effects, as summarized in {Table 4).

8. Policy and Management Implications

Universities should integrate education, research,
digital infrastructure, campus operations, and
external engagement within a unified service and
governance architecture. Regional governments
should align public data, procurement, and
real-world test sites with university capabilities,
while national policy should support specialization,
interoperability, operating expenses, cybersecurity,
and data stewardship. Funding and evaluation
should emphasize external accessibility, actual
utilization, capability transfer, and public-mission

performance rather than capital investment alone.

(Table 4> Empirical Research Agenda for Strategic Al Infrastructure

Validation target Primary question

Suitable research design

lllustrative evidence

Is strategic Al infrastructure
empirically distinct from
entrepreneurial or engaged-university
performance?

Construct validity

Comparative cases, expert content
validation, scale development, and
discriminant-validity tests

Accessibility, external enablement,
cumulative investment, governance, and
public-value scores

Do shared university resources reduce
access costs, uncertainty, and
coordination barriers?

Conversion mechanisms

Longitudinal project records, process
tracing, mediation analysis, and matched

Time and cost to pilot, validation
failures, partner diversity, coordination

project comparisons time, and repeat use

Do external users become more
capable of independent and
responsible Al adoption?

Capability formation

Before-after assessment, matched user
and non-user organizations, interviews,

Internal Al staff, repeat deployment,
data—governance maturity, model
monitoring, and reduced support

and maturity scoring intensity

How do regional industrial structure
and absorptive capacity condition
infrastructure effects?

Place contingencies

Multiregional comparison, multilevel
models, configurational analysis, and
comparative case studies

Industrial variety, firm capabilities, talent
retention, public procurement, and
interorganizational networks

Do specialization and interoperability
improve efficiency, sovereignty, and
resilience?

National networks

Network analysis, policy comparison,
scenario analysis, and infrastructure stress|capacity, domestic evaluation capability,

Interregional use, redundancy, switching

testing and recovery time
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9. Boundary Conditions and Risks

The framework remains contingent on user
absorptive capacity, sustained operating resources,
and effective governance. Major risks include
regional concentration, temporary project funding,
compromised academic autonomy, privacy and
cybersecurity threats, and technological obsolescence.
These risks require networked access, modular
design, interoperability, independent oversight,
and balanced investment in technical, human,
and institutional capabilities. The strategic-
infrastructure role should complement rather
than substitute for basic research, broad-based
education, critical inquiry, and the university’s

public mission.

10. Conclusion

This study reconceptualizes the university as
strategic infrastructure within the Al economy.
builds

entrepreneurial, engaged, and fourth-generation

The  construct upon traditional,
university models by emphasizing shared human
capital, knowledge, data, computing resources,
AloT experimentation, and governance. These
resources function as infrastructure only when
they are externally accessible, enable other actors,
accumulate over time, and address capabilities
that individual organizations or markets are likely to
underprovide. Operationally, these capabilities
can be organized through complementary data,
service, and management perspectives.

Three primary mechanisms explain the generation
of external value: reduced access costs, diminished
technological and organizational uncertainty,
and coordination among heterogeneous actors.
Cumulative learning links repeated experimentation to
enhanced standards, curricula, datasets, services,
and institutional arrangements. Through these
mechanisms, universities can facilitate regional

Al adoption, industrial upgrading, talent retention,

start-up creation, and public-sector innovation.
When connected through national networks and
aligned with place-specific demand, regional

capabilities can contribute to productivity,
technological sovereignty, and resilience.

The practical implication is that university Al
investments should be designed as accessible,
governed, interoperable, and sustainable service
systems rather than as isolated assets. The
research implication is to develop and validate a
university strategic Al infrastructure index, examine
external utilization and capability development,
compare metropolitan, industrial, peripheral, and
public-mission regions, and identify feedback
relationships among infrastructure, regional
adoption, and public investment. The value of
the framework ultimately depends not on the
volume of installed technology but on the
enduring capabilities that universities enable

beyond their institutional boundaries.
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