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in Iran
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Abstract

The transformation of science and technology
policy in recent decades has heightened the
need for advanced analytical tools capable
of mapping national knowledge systems and
forecasting developmental pathways. Traditional
metrics-such as publication counts, citation
scores, and global rankings-remain valuable
but often overlook the structural, relational, and
interdisciplinary dynamics that drive scientific
progress. Addressing these limitations, network-
based approaches have gained prominence in
global science policy, enabling comprehensive
representation of knowledge domains as
interconnected structures and revealing both
strengths and gaps in scientific production.

Within this framework, the science network,
constructed using measures of revealed
comparative advantage (RCA) in scientific output,
has emerged as a strategic tool. By mapping
proximities between scientific fields, it identifies
knowledge clusters, adjacent domains, and
potential growth corridors. This study presents the
first national-level application of the RCA-based
science network to Iran’s science and technology
system, examining its structure during 2018-2023
using bibliometric data from Scimago. The dual
objective is to explore the actual and potential
uses of science-network analysis for monitoring
scientific development and to generate evidence-
based policy recommendations that support
optimal resource allocation.

Background and Rationale

Over the past two decades, Iran’s scientific output
has grownmarkedly, increasingits global share. Yet
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this expansion remains uneven: medical sciences,
basic sciences, and engineering dominate, while
interdisciplinary domains, advanced technologies,
and much of the humanities and social sciences
are underrepresented. This imbalance limits the
system’s capacity to foster innovation, address
complex societal problems, and maintain
competitiveness. Comparable patterns — are
common among middle-income countries
heavily invested in the hard sciences, whereas
scientific leaders such as the United States, China,
and India exhibit diversified systems with strong
contributions from environmental sciences,
policy studies, and cross-disciplinary research.

These disparities underscore the need for tools
that monitor trends, expose domain-level strengths
and weaknesses, and support diversification and
capacity-building strategies. Science-network
analysis detects hidden capabilities, maps
gaps, and enables strategic expansion based on
knowledge proximity-the principle of moving
into adjacent domains where existing strengths
increase the likelihood of sustainable growth.
International evidence indicates that adjacency-
driven diversification yields more durable gains
than unrelated domain shifts.

In science networks, domains are nodes connected
by edges representing proximity as determined by
RCA. High RCA signals relative specialization
against a global baseline, indicating potential
competitive advantage. Proximity metrics
estimate the likelihood that competencies in one
domain can support advances in another. This
model draws on complexity theory, economic
geography, and network science, embedding
analytical insights within evidence-based science-
policy practice.
The approach supports:
© Monitoring: systematic observation to detect
gaps, emergent opportunities, and evolving
trends;
@ Policymaking: targeted intervention design,
priority setting, and coordinated action
among research actors.

Integrating both functions constitutes the study’s
central innovation in the Iranian context.

The analysis draws on SClmago publication
data for Iran and selected comparator countries
for 2018-2023. RCA values were computed
per domain; RCA>1 denotes above-average
specialization. ~ Network  maps  visualize
proximities, revealing central clusters (highly
connected, high-output domains), peripheries
(low RCA and connectivity), and adjacency
frontiers (underdeveloped domains near core
strengths).

RCA outputs were complemented with
conventional bibliometrics (publication counts,
citations, field-weighted citation impact) and
network measures (degree centrality, betweenness
centrality, clustering coefficient). Benchmarking
against Turkey, Saudi Arabia, the United States,
China, and India informed diversification
strategies.

Iran’s network forms dense clusters in
medical sciences, engineering, and basic
sciences, each with RCA values well above 1.
However, environmental sciences, agriculture,
interdisciplinary research areas, and multiple
humanities/social-science fields display
low RCA and limited connectivity. A high
Herfindahl-Hirschman Index (= 0.177) confirms
concentration in a small set of domains.

Some adjacency-based growth has emerged:
peripheral ~ domains-such  as  renewable-
energy policy and certain cross-disciplinary
technologies-are showing increased visibility.
Yet overall diversity remains limited compared
with global leaders and even regional peers
such as Saudi Arabia, which has successfully
targeted diversification into environmental
science and policy through strategic funding
and international collaboration. Trend analysis
indicates gradual movement from concentrated
specialization toward diversification, but progress
remains incomplete. Several underdeveloped
yet proximate domains represent optimal policy
targets for coherent expansion, minimizing risks
associated with unrelated diversification.
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For maximum impact, the science network

should move beyond descriptive visualization

to become a planning instrument embedded in
national science policy. Key applications include:

1. Priority identification: targeting high-
proximity domains with strong potential
RCA gains;

2. Resource allocation: directing competitive
funds toward high-impact growth areas;

3. Intervention design: crafting capacity-
building initiatives for low-RCA, high-
proximity domains;

4. Collaboration strategy: aligning international
partnerships with adjacency frontiers;

5. Performance monitoring: using temporal
network analysis to evaluate diversification
outcomes and refine strategies.

For  resource-constrained  environments,
adjacency-based diversification offers a rational
path toward sustainable growth. It curtails
overinvestment in saturated fields and avoids
inefficiencies from diversifying into unrelated
domains, enhancing both spending efficiency and
system resilience.

This investigation delivers the first integrated
RCA-based science-network analysis in Iran that
addresses both monitoring and policymaking.
Novel contributions include:

Shahmoradi ¢

& Combining RCA with network metrics for
actionable insights;

& Regional comparative analysis spotlighting
successful diversification strategies;

@ Designing a dual-function framework for
real-time monitoring and policy relevance;

@ Aligning national recommendations
with leading practices in global science
governance.

By positioning the science network as both
diagnostic and prescriptive, the work bridges
analytical capability with strategic decision-
making.

Science-network analysis provides Iranian
policymakers with a rigorous, evidence-based
means of mapping capabilities, identifying
adjacency-growth opportunities, and structuring
interventions for balanced diversification.
Implemented effectively, it strengthens peripheral
domains, optimizes limited resources, and aligns
Iran’s trajectory with the global shift toward
strategically diversified research capacity—a
prerequisite for addressing complex challenges
and enhancing competitiveness. By emphasizing
both monitoring and policy design, this approach
transforms the science network from a static
descriptive device into a dynamic governance
tool, supporting the evolution of a resilient,
adaptive, and balanced national science system.
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