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Abstract

Artificial intelligence (AI) is increasingly
shaping technological change, industrial
competitiveness,  public  services, and
innovation systems. For developing countries,
however, the capacity to benefit from Al
depends not only on scientific knowledge
and technical capabilities, but also on the
institutional, infrastructural, financial, and
market conditions that enable knowledge to
be transformed into scalable applications.
Iran has developed a growing scientific and
technological base in Al, yet this expansion
has not been accompanied by a comparable
strengthening of market formation, resource
mobilization, institutional coordination, and
legitimacy. Existing studies have identified a
range of barriers to Al development in Iran, but
these barriers are often examined separately.
Such an approach provides limited insight into
why weaknesses persist, how they interact,
and through what mechanisms they become
mutually reinforcing. This study addresses
this gap by examining Al development in
Iran as a systemic process in which functional
weaknesses interact with structural conditions
and contextual pressures.

The study aims to explain how major
weaknesses in Iran’s Al innovation system
become interconnected and generate persistent
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bottlenecks and systemic failure chains.
The analysis draws on the Technological
Innovation System (TIS) framework and
extends its application through an integrated
functions—structure—context perspective. In
this perspective, system functions capture
the performance of the innovation system;
structural conditions explain the institutional,
actor, network, and infrastructural foundations
of that performance; and contextual conditions
capture  broader  political, economic,
technological, and international pressures
affecting the system. Rather than treating
bottlenecks as independent constraints, the
study focuses on the relationships through
which one weakness spills over into other
functions and is subsequently reinforced by
structural and contextual conditions.

The research adopts a qualitative and
applied design and was conducted in two
complementary stages. First, a directed
documentary review of academic literature,
national policy documents, and relevant
reports was undertaken to identify functional

actors, limited university—industry linkages,
and uneven  geographical distribution
of infrastructure and capabilities. At the
contextual level, macroeconomic uncertainty,
international restrictions, technological access
constraints, unstable policy priorities, and
weaknesses in data governance intensify these
structural and functional deficiencies.

The integrated analysis further reveals three
interconnected systemic failure chains.
The first is the data-governance failure
chain, in which unclear arrangements for
data ownership, access, sharing, quality,
privacy, and security restrict data availability
and collaboration, thereby weakening
knowledge development, experimentation,
entrepreneurship, and trust. The second is the
computing infrastructure and capability failure
chain, in which limited and costly access
to advanced computational infrastructure,
together with constraints affecting human
and other critical resources, raises the cost
and risk of technological development and
limits the scaling of Al applications. The third

XIV

weaknesses and establish the analytical basis  is the legitimacy and market-failure chain,
= for the field study. Second, 12 semi-structured in which regulatory uncertainty, fragmented
g interviews were conducted with experts from institutional responsibilities, weak standards,
o academia (3), industry (4), and policymaking and limited structured demand undermine trust
= and regulatory institutions (5). Interview data  and investment and restrict the emergence of
s were analyzed using an abductive approach, stable markets for Al solutions.
E combining the deductive categories derived  The significance of these findings lies in the
© from the TIS framework with categories  interaction among the three chains. Weak data
2 emerging from the empirical material. The governance limits access to a critical input for
§ resulting evidence was organized through  innovation; constrained computational and

a functions—structure—context matrix. The
analysis then moved beyond the identification
of'individual barriers to tracing the connections
among functional weaknesses, structural
constraints, and contextual pressures and
identifying recurring patterns of systemic
failure.

The findings indicate that the central
challenge of Iran’s Al innovation system is
not primarily the absence of knowledge and
scientific capacity, but the weak conversion
of knowledge and technical capabilities into
sustained innovation, market activity, and
broader system development. Three functions
emerge as particularly constrained: resource
mobilization, legitimation, and market
formation. These functional weaknesses are
associated with structural conditions including
institutional ~ fragmentation,  overlapping
responsibilities, weak coordination among

human capabilities limit the transformation
of data and knowledge into products; and
weak market demand and institutional
uncertainty reduce incentives to invest in data,
infrastructure, skills, and commercialization.
The resulting interactions can therefore
reproduce the original weaknesses and create
a form of systemic lock-in. Accordingly, the
observed bottlenecks should not be interpreted
simply as a list of independent deficiencies,
but as mutually reinforcing processes that
constrain the development of the innovation
system.

The findings suggest that Al policy in Iran
should move from isolated interventions
toward measures that address the connections
among bottlenecks. Strengthening data
governance, improving access to computational
and technological resources, increasing
institutional coordination and regulatory
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predictability, and stimulating structured
demand should therefore be considered
as interconnected policy domains rather
than independent measures. In particular,
interventions are likely to be more effective
when they target points at which weaknesses
across functions, structures, and contextual
conditions converge.

The main contribution of the study is
conceptual and empirical. Conceptually, it
shifts the analysis of Al development in Iran
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from identifying individual barriers toward
explaining the mechanisms through which
weaknesses become connected and self-
reinforcing. Empirically, it identifies three
systemic failure chains that provide a basis
for prioritizing policy interventions. The study
consequently argues that Iran’s Al challenge is
less a problem of knowledge production alone
than a problem of weak alignment among
knowledge, data, infrastructure, institutions,
legitimacy, and market demand.
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