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! Tomo Dachi

2 Operation Tomodachi

3 Ministry of Education, Science and Technology of South Korea

* Creative Korea
> KOICA: Korea International Cooperation Agency

¢ KOFST: Korean Federation of Science and Technology Societies
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® Organisation européenne pour la recherche nucléaire
¢ International Space Station

7 National Aeronautics and Space Administration

8 Low Earth Orbit
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[6]. Bush (1945): Science: the endless frontier, United
states government printing office.
[7]. Kuhn, t.s (1962): The structure of scientific
revolution, University of Chicago press.
[8]. Stokes, Donald.e (1977): Pasteur’s Quadrant:

Basic Science and Technological innovation.
Brookings institution press.
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¢ The European Organization for Nuclear Research, abbreviated as CERN (from the French 'Conseil européen pour la

Recherche Nucléaire' or European Council for Nuclear Research)
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3 The Laser Interferometer Gravitational-Wave Observatory (LIGO)+Virgo

*International Thermonuclear Experimental Reactor
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! Big Physics

2 International Space Station (ISS)

* National Aeronautics and Space Administration (NASA)
* The State Corporation for Space Activities (Roscosmos)
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! European Space Agency (ESA)

2 Japan Aerospace Exploration Agency (JAXA)
* Canadian Space Agency (CSA)

* ExoMars
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* Curiosity
¢ Big Biology
7 National Institutes of Health
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influencing the future of Industry 5.0 based on a systematic
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13 September 2025 international experiences were also considered in the
Revise Date: interpretation of the findings. The results indicate that digital
15 June 2025 governance, artificial intelligence regulation, quantum
Accept Date: technologies, human capital development, human—-machine
20 June 2026 collaboration, supply chain resilience, the circular economy,
: . and smart technologies are among the most important factors
Available online: . . onC : o
21 June 2026 shaping this transition. The findings also reveal that success in
the transition toward Industry 5.0 depends not only on
Keywords: technological advancement but also on the alignment of

governance, human resources, sustainability, and institutional

Industry 5.0 .. . o
Di sy capacities. Therefore, strengthening data and artificial
igital Governance . . .

Artificial Intelligence 1ntelhgence governance, promot}ng the c'lev'elopment apd
Circular Economy adoption of enabling technologies, redesigning the skills

Industrial Resilience system, and aligning industrial policies with sustainability and
resilience objectives are among the main prerequisites for Iran's
transition toward Industry 5.0.
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This paper presents a comprehensive examination of the applications
of mathematics in everyday life. Given the proven significance of
mathematics in the advancement of modern civilization, we seek to
answer the fundamental question of how mathematical concepts can
assist in solving daily problems and life decisions. We will discuss
aspects of mathematical applications in medicine and its role in
advancing medical science. Additionally, with an in-depth focus on
two crucial subjects Operations Research and Graph Theory, we
demonstrate how mathematical methods can be effectively utilized
in managing constraints, optimal decision-making, and future
planning. Through practical and tangible examples from real life, we
show how mathematical concepts such as optimization, problem
modeling, and dynamic planning can assist us in daily decision-
making and problem-solving. We also examine important
characteristics that studying mathematics develops in individuals,
including creativity cultivation, orderliness, precision, and the ability
to solve complex problems. Finally, through presenting a practical
and applied approach, we demonstrate how mathematical concepts
can be employed to enhance the quality of decisions and life plans.
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Climate change has driven the world toward constructing zero-energy
buildings. Traditional silicon solar panels face severe installation
limitations in urban areas due to their heavy weight, rigid structure, and
high fragility. In recent years, polymer and perovskite solar panels have
emerged as highly attractive alternatives for sustainable urban
development. These novel panels are completely flexible and can easily
transmit visible light. Furthermore, by utilizing advanced tandem
architectures, their overall power conversion efficiency has increased
significantly. These panels can be directly integrated into building facades
to successfully realize the concept of building-integrated photovoltaics.
Despite these remarkable technical advancements, the large-scale
commercialization of this technology faces major obstacles. Rapid fire
spread risks in building facades, severe dust accumulation in arid regions,
and high economic complexities are among the most critical challenges.
To solve these operational issues, engineers have recently developed green
solvents and waterless cleaning robots. This article introduces these novel
solar technologies using a simplified language. It thoroughly examines the
environmental and safety challenges during the implementation phase.
Finally, the key role of adaptive project management in overcoming these
institutional barriers is investigated. The results indicate that successful
implementation of these sustainable projects in Iran strictly requires cross-
sectoral coordination and reforms.
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Advanced composite materials and structures, particularly thermoset resin-
based composites reinforced with fibers, play a crucial role in Iran's key
industries. These materials have become preferred alternatives to traditional
metals due to their superior mechanical properties and low weight. However,
composite waste generated across various industries poses serious
environmental, economic, and technical challenges due to its complex
crosslinked structure and biological non-degradability. The accumulation of
such waste not only occupies landfill space but also represents significant
resource loss. Research activities in Iran have shown progress in composite
technologies, especially in additively manufacturing procedures known as
3D printing; however, the systematic use of recycled materials in this
segment of the industry as feedstock has not yet received adequate attention.
This paper comprehensively examines large-scale recycling methods for
these wastes along with their advantages and limitations. Five principal
composite recycling approaches are analyzed: reuse/repurpose,
resize/reshape, mechanical/thermal/chemical and hybrid conversion
processes, aggregates, and recovery. Subsequently, key performance
indicators are extracted for these methods based on Iran's local conditions,
weighted, and prioritized using the SMART multi-criteria decision-making
model. This study emphasizes the imperative need for establishing a circular
economy in composite waste management and positions recycling as a
strategic opportunity for industrial self-sufficiency and sustainable
development.
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typically consuming 10-20 kWh/m? equivalent energy, with a significant portion provided as thermal
energy. The reliance on fossil fuels for energy generation results in substantial greenhouse gas
emissions. For instance, a typical RO plant powered by grid electricity derived from fossil fuels can
emit approximately 0.5-0.8 kg CO:-eq/m®. Projections indicate that by 2050, global greenhouse gas
emissions from desalination could reach over 0.4 billion tons of CO: equivalent annually if current
trends persist. Brine discharge presents a significant environmental challenge. The hyper salinity,
typically 1.5-2 times higher than the salinity of source seawater, and elevated temperature of discharged
brine can adversely affect marine ecosystems, leading to reduced dissolved oxygen, increased toxicity,
and habitat disruption. The chemical composition of brine, which may include antiscalants and cleaning
agents, further exacerbates these impacts. Studies have shown localized ecological damage near outfall
points, particularly in sensitive or enclosed marine environments. Mitigation strategies such as diffusion
systems, multi-port diffusers, and dilution with cooling water can reduce the immediate impacts;
however, concerns remain regarding large-scale operations and cumulative effects. ZLD technologies,
while effective in eliminating brine discharge, are currently prohibitively expensive and energy-
intensive for widespread adoption.

Conclusion

Seawater desalination is an indispensable tool for global water security, yet its environmental footprint,
particularly in relation to energy consumption and brine management, requires urgent attention. While
technological advancements, especially in RO and emerging membrane processes, are enhancing
energy efficiency, the widespread reliance on fossil fuels for energy generation continues to drive
significant greenhouse gas emissions. The environmental impact of brine discharge on marine
ecosystems remains a critical concern, requiring robust management strategies and further research into
less environmentally harmful disposal methods or ZLD technologies. A concerted effort to integrate
renewable energy sources with desalination processes is paramount for achieving sustainable water
production. Future research should focus on further reducing the energy intensity of all desalination
technologies, developing cost-effective and environmentally benign brine management solutions, and
conducting comprehensive life cycle assessments to guide policy and investment toward truly
sustainable desalination practices. The development and adoption of hybrid systems and novel
technologies such as MD, AD, and CDI hold significant promise for a more sustainable desalination
future.
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Extended Abstract
Environmental Challenges of Seawater Desalination Plants

Introduction

The escalating global demand for freshwater, driven by population expansion and economic
development, has positioned seawater desalination as a critical solution, supporting over 300 million
people across 150 countries. By 2018, global desalination capacity reached 92.5 million cubic meters
per day, with substantial growth observed in the Middle East. However, the widespread adoption of
desalination is hampered by significant financial barriers, primarily high investment and operational
costs. Annually, energy expenditure alone amounts to US$51.6 billion, highlighting the sector’s high
energy demand, with desalination processes consuming approximately 75.2 TWh per year. This energy
consumption varies depending on technology and feedwater quality, with seawater desalination being
the most energy-intensive. Desalination technologies are broadly categorized into thermal systems —
multi-stage flash distillation (MSF), multi-effect distillation (MED), mechanical vapor compression
(MVC), and thermal vapor compression (TVC)— and membrane systems —reverse osmosis (RO) and
electrodialysis (ED). Thermal systems require both electrical and thermal energy, whereas membrane
systems, particularly RO, are primarily powered by electricity for pump operation, while ED relies on
direct current. The interdependence of energy and water, often termed the water—energy nexus, is
pronounced in desalination. The current energy mix for desalination is predominantly fossil-fuel-based,
leading to substantial greenhouse gas (GHG) emissions, which are projected to exceed 0.4 billion tons
of CO: equivalent annually by 2050. This reliance also renders desalination vulnerable to fluctuations
in fossil-fuel prices. In pursuit of sustainability, a shift towards renewable energy sources is imperative.
Reverse osmosis (RO) is increasingly favored due to technological advancements and reduced energy
requirements. Nevertheless, thermal technologies remain dominant in regions such as the Persian Gulf,
owing to the availability of fuel resources and the limitations of RO in treating high-salinity or highly
turbid feedwater. Ongoing research and development on emerging technologies, including membrane
distillation (MD), adsorption desalination (AD), pressure-retarded osmosis (PRO), forward osmosis
(FO), and capacitive deionization (CDI), offer promise for enhanced energy efficiency. Hybridization
of existing and novel processes is also a strategic approach to reducing energy consumption.

Methods

The environmental impacts of seawater desalination were assessed through a comprehensive review of
existing literature and published data. This involved analyzing studies on various desalination
technologies, focusing on their energy consumption patterns, greenhouse gas emissions, and the
management of reject brine. Both established technologies, such as RO and MSF distillation, and
emerging technologies, such as MD and AD, were considered. Energy consumption data were
compiled, with distinctions made between electrical and thermal energy requirements for each
technology. Greenhouse gas emissions were estimated based on the energy sources used, predominantly
fossil fuels, and projected future emission scenarios were developed. The environmental impact of brine
discharge, including its salinity, temperature, and chemical composition, was a key area of focus, along
with an examination of mitigation strategies such as dilution and zero liquid discharge (ZLD) systems.
Life cycle assessment (LCA) principles were applied to evaluate the overall environmental footprint of
desalination processes, from construction and operation to decommissioning.

Results

The analysis revealed that RO is generally the most energy-efficient technology, with specific energy
consumption ranging from 2.5 to 5 kWh/m?®. However, its efficiency can be affected by feedwater
salinity and temperature. Thermal processes, such as MSF and MED, are more energy-intensive,
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Article Info The growing global demand for freshwater—particularly in arid and semi-arid
Article type: regions—has underscored the necessity of adopting sustainable water supply
Popularization of Science  solutions, making seawater desalination a strategic and technological option. A
comprehensive review of emerging technologies reveals that significant

Article history: advancements have been achieved in recent years in both membrane and thermal
Receive Date: methods, including improved membrane selectivity and permeability, reduced
25 May 2026 energy consumption, optimization of reverse osmosis processes, and the
Revise Date: development of hybrid and multi-stage systems. However, key challenges such
08 June 2026 as high energy consumption, dependence on fossil fuels, the generation and
Accept Date: discharge of highly concentrated brine, and extensive chemical use continue to
09 June 2026 limit the sustainability of these systems. Integrating renewable energy sources—
Available online: particularly photovoltaic, solar-thermal, and wind energy systems—offers
21 June 2026 significant potential to reduce the carbon footprint and enhance environmental

performance, though operational issues such as cooling, scaling, dust
Keywords: accumulation, and equipment durability must be managed. Environmental

impact assessments indicate that brine discharge remains the most critical
ecological challenge, and the use of advanced modeling, modern diffusers,
resource recovery strategies, and minimal-discharge technologies can help
mitigate its negative effects. The development of advanced fouling-resistant
membranes, hybrid energy systems, and optimized energy consumption
strategies is considered essential for achieving a sustainable future in seawater
desalination.
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Hybrid Technologies
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Molecular networking involves the predictable, ordered bonding of molecules to form extended
3D frameworks. The field rests on two principles: selecting suitable metal nodes and organic
linkers, and predicting the structural geometry and symmetry they will form. MOFs, the first
highly successful hybrid porous networks, are prized for design flexibility and enormous
internal volume. COFs, built via strong covalent bonds, offer high mechanical-thermal stability
and rich surface chemistry. Both types provide unprecedented opportunities in targeted drug
delivery, medical imaging, and environmental cleanup. Advances in computational design and
synthesis over the past two decades now enable the atomic-precision engineering of these
networks for specific applications.

4. The Dynamics of Reticular Structures and Engineering Predictable Bonds

A key feature of reticular chemistry is the controllable dynamic behavior of its frameworks.
Unlike traditional static materials, MOFs and COFs can adapt and respond to their environment
due to bond flexibility and network geometry. By engineering factors like ligand length, node
chemistry, and non-covalent interactions, researchers can design frameworks that open-close
their pores or change shape selectively. This dynamic nature is crucial for applications like
targeted drug release where a drug is released only under specific conditions and biosensing
where the framework signals the presence of a target molecule. Computational modeling is
essential for predicting and optimizing this behavior before synthesis.

5. From Chemistry to Medicine: Bridging Molecular Networks and Modern Pharmacy
One of reticular chemistry’s greatest achievements is its translation into modern medicine. The
high internal surface area, controllable porosity, and easy functionalization of MOFs and COFs
make them ideal platforms for targeted drug delivery. They can encapsulate drugs stably and
release them in a controlled manner at the desired site, reducing side effects and improving
efficacy. They also enable the co-delivery of multiple drugs or their combination with imaging
agents. This convergence of therapy and diagnostics, known as theranostics, represents a
cutting-edge application, allowing for simultaneous treatment and monitoring.

6. Networks in Diagnostics, Imaging, and Targeted Drug Delivery

Porous frameworks have become powerful tools in medical diagnostics and imaging. They can
host and selectively release contrast agents or signaling molecules, enabling precise tracking
of specific tissues like tumors and enhancing image resolution. A major application is in
biosensors, where frameworks are designed to undergo a measurable change in fluorescence
or color upon interacting with a target analyte, allowing for early disease detection. In drug
delivery, control over pore size and surface chemistry ensures targeted release. Beyond small-
molecule drugs, these networks can deliver biological cargo like proteins or genetic material
for CRISPR therapies, paving the way for advanced treatments.

7. Critical Perspective and Future Horizons: From Lab to Clinic

Despite significant progress, challenges remain in translating reticular materials to clinical use.
Key issues include the stability of some frameworks in physiological conditions in water,
scalable and reproducible industrial synthesis, and comprehensive studies on long-term
biocompatibility, toxicity, and clearance from the body. However, the future is promising.
Furthermore, integrating these networks with other smart nanomaterials and biomolecules is
opening paths for sophisticated multifunctional systems. Reticular chemistry stands as a prime
example of interdisciplinary convergence, merging chemistry, physics, computation, and
biology to create precise structural tools with immense potential to revolutionize human health
through next-generation therapeutics, diagnostics, and imaging systems.
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Extended Abstract

From Reticular Chemistry to Modern Medicine: The Story of the 2025 Nobel
Prize in Chemistry

1. Introduction: The Nobel Prize and the Genesis of Reticular Thought

Reticular chemistry, a new field, has opened fresh horizons in designing and engineering
porous, functional molecular structures. Its core idea is that molecules can act like building
blocks, arranging into repeating 2D or 3D frameworks to form predictable, ordered structures.
Emerging in the late 20™ century, this concept gave rise to flagship materials like MOFs (Metal-
Organic Frameworks), built from metal clusters and organic linkers, and COFs (Covalent
Organic Frameworks), formed by strong covalent bonds between organic units. These
frameworks boast exceptional properties, high surface area, tunable porosity, and versatile
chemistry, leading to groundbreaking applications in energy hydrogen storage, batteries,
environmental remediation water purification, gas capture, and biomedicine. In medicine, they
can host and deliver drugs, imaging agents, or sensors directly to target cells and can be
designed to respond to biological stimuli. The 2025 Nobel Prize in Chemistry awarded to its
pioneers underscores the field’s profound fundamental and practical impact, heralding a
revolution in precise molecu’ar design.

2. The Intellectual Paths of the Three Scientists

2.1 Omar Yaghi: The Architect of Limitless Crystals

Omar Yaghi envisioned and realized the dream of atomic-scale molecular architecture. His
revolutionary yet simple idea was to connect atoms and molecules like Lego bricks to create
infinite, custom-tailored structures. Founding the field of reticular chemistry, his most famous
achievement, MOF-5, broke world records with a surface area of a football field per gram.
Driven by a passion for clean energy, Yaghi’s work optimizes these frameworks for vast gas
storage hydrogen, CO, water harvesting from desert air, and targeted drug delivery,
transforming chemistry into the art of creating new spaces.

2.2 Richard Robson: The Philosopher of Molecular Bonds

While Yaghi focused on synthesis, Richard Robson laid the theoretical and philosophical
foundations. Years before technology allowed their synthesis, Robson systematically
conceived the power to predict and design infinite molecular networks. His pioneering work in
the 1970s provided the conceptual blueprint, showing that chemistry could evolve from
exploratory experimentation into a precise engineering discipline based on geometric rules. His
theories became the essential map for navigating this new realm of materials science.

2.3 Susumu Kitagawa: The Discoverer of Dynamic, Flexible Worlds

Susumu Kitagawa revealed the third, astonishing dimension of reticular chemistry: dynamics.
While others sought rigid structures, Kitagawa’s team discovered that some frameworks could
breathe, reversibly expanding, contracting, and changing their pore structure in response to
external stimuli like humidity or specific molecules. This discovery transformed MOFs from
static absorbents into intelligent, responsive materials, paving the way for ultra-sensitive
biosensors, smart drug-delivery systems, and highly selective molecular separation
technologies.

Together, Yaghi and Kitagawa discovered a new continent, while Robson had drawn its master
map years earlier. The 2025 Nobel Prize rightly honors this trio: two ingenious discoverers
who turned a dream into reality and a philosopher of science who framed the dream itself.

3. The Concept of Molecular Networking and the Birth of Porous Frameworks
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The 2025 Nobel Prize in Chemistry was awarded to the pioneers of reticular
chemistry, Omar Yaghi, Richard Robson, and Susumu Kitagawa, for the
development of Metal-Organic Frameworks (MOFs). Richard Robson's
theoretical work in the 1970s and 1980s was truly pioneering and ahead of
its time. He was the first to mathematically and geometrically formulate and
publish the concept of constructing infinite coordination networks from
molecular building blocks. Yaghi and Kitagawa, independently and
concurrently, moved toward constructing such networks driven by practical
motivations, such as gas storage and separation, and relying on new synthesis
techniques. They were not directly inspired by Robson's theory, but they
worked within a broader intellectual framework of which he was one of the
architects. This is a field that has brought about a fundamental transformation
in the design and engineering of molecular structures over the past two
decades. Reticular chemistry entails the design and construction of porous
frameworks using predictable intra- and intermolecular bonds, which can be
tailor-made for diverse purposes. In addition to MOFs, structures such as
Covalent Organic Frameworks (COFs) are also of great interest. Due to their
exceptionally high pore volume and surface area, chemical stability,
functional tunability, design diversity, and rich host-guest chemistry, these
compounds have created unprecedented opportunities in modern medicine,
industry, and environmental science. This article, focusing on the
achievements recognized by the 2025 Nobel Prize, examines the historical
development of reticular chemistry, its chemical foundations, and its
biomedical applications, including targeted drug delivery, biosensors,
medical imaging, and tissue engineering. An analysis of the
accomplishments and operational challenges in translating this technology
from the laboratory to the clinic is also presented. Compiled with the aim of
reviewing historical developments, the principles of reticular chemistry, and
biomedical applications, this article outlines the scientific and practical
journey of this molecular revolution.
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Big science refers to scientific megaprojects that require large financial
investments, extensive international cooperation, large teams of specialists,
and sophisticated and advanced research equipment and facilities. This
approach is contrasted with small science, which focuses on individual
research or scientific activity of small groups. Big science, especially after
World War II, began its development path and today has become one of the
main factors of scientific and technological advances in the world. In this
regard, big science projects have played a decisive role in the expansion of
knowledge in most scientific fields, from physics to life sciences; among them
are the international nuclear fusion project, the human brain mapping project,
and particle accelerator facilities. Big science and its complex and expensive
facilities, which are often beyond the capacity of a single country, have caused
a fundamental transformation in the development of science and technology
over time. In addition to the complexity of the research equipment and
facilities required, one of the most important features of big science is the
breadth of collaboration between researchers and scientists; as a result of these
collaborations, epistemic communities have been formed that no longer play
a mere research role, but are groups that influence major governmental and
international decision-making, and sustainable collaborations within them
help to stabilize and strengthen international relations through the soft power
of science. In addition, international institutions and politicians can use the
organizational models of scientific communities to effectively lead global
organizations; so that scientific megaprojects can be considered as models for
global governance and leadership and used as approaches and solutions to
face global challenges. In recent decades, through joint planning and
investments, numerous infrastructures in the field of big science have been
established in cooperation with leading countries in science and technology,
which have played a pivotal role in major scientific advances and the
emergence of emerging technologies. Accordingly, it is essential for Iranian
science policymakers to prioritize the establishment of big science facilities
within the country, as well as the access of Iranian scientists and researchers
to global big science infrastructures, so that the country can compete with the
scientific leading countries in the field of science and technology.
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Despite being the very foundation of all advanced sciences and
technologies, basic sciences are often perceived in the science
policymaking and public understanding of developing countries as low-
impact, low-utility, or isolated fields. This article, adopting a
philosophical-analytical ~ approach,  examines five = common
misconceptions about the status of basic sciences from the perspective of
philosophy of science:

1. The "epistemic fallacy" — conflating the goal of basic sciences
(fundamental understanding) with that of applied sciences (product
development);

2. The "institutional fallacy of policymakers" — imposing immediate
output criteria on an activity that is inherently meaningful only within a
long-term horizon;

3. The "fallacy of role assessment" — which, by ignoring historical
evidence, overlooks the profound connection between basic research
and major technologies;

4. The "functional fallacy of the university" — prioritizing technological
development over the expansion and advancement of foundational
knowledge; and

5. The "fallacy of delayed yield" — which renders the logic of long-term
investment in basic sciences unintelligible.

The article argues that embracing the "logic of delayed yield" and
substantially strengthening basic sciences is not a supererogatory
choice, but rather a prerequisite for genuine innovation and sustainable
progress in facing the unknown problems of the future, and for laying
the groundwork to develop technologies of which we currently have no
conception.
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Artificial intelligence, as the most powerful technological tool of the
present century, has transcended the traditional boundaries of knowledge
production and scientific research. This technology offers capabilities such
as extraordinary data processing, automation of repetitive tasks, and
assistance in complex analyses, providing an unprecedented opportunity to
accelerate and deepen scientific discoveries. However, its application in
writing scientific articles has brought significant achievements along with
serious ethical, methodological, and legal challenges. Issues such as
reduced transparency and research integrity, reinforcement of existing
biases, violation of intellectual property rights, and reduction of
researchers' analytical skills are examples of these difficulties. Faced with
this complexity, the global community is striving to establish a balance
between encouraging innovation and managing the risks associated with
this technology by developing legal frameworks and regulations such as
the European Union Artificial Intelligence Act, the Bletchley Declaration,
the Committee on Publication Ethics, and the recommendations of the
Organization for Economic Cooperation and Development. This article
examines the pros and cons of artificial intelligence in scientific writing
and analyzes relevant international regulations to present a path for the
responsible, transparent, and effective use of this tool in advancing science.
Iran's national guidelines for Al use in research emphasize transparency
and full disclosure of its application.
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Scholarly publishing, as a central mechanism for producing, validating, and
disseminating knowledge, has faced structural, technological, and ethical
transformations. The rising number of submissions, pressure on peer review,
need for visibility, financial concerns, and expanding use of artificial
intelligence have moved editors beyond management toward scientific
policy-making, ethical oversight, and technology governance. The study
adopted a descriptive—analytical approach. The research population
consisted of editors-in-chief, managing editors, editorial board members,
reviewers, and active researchers involved in reputable scientific journals in
the country.

Data were collected through a five-point Likert-scale questionnaire. Of 110
questionnaires, 60 complete responses were analyzed. Findings showed that
financial challenges were the concern in journal sustainability, followed by
content quality, human resources, technical infrastructure, and policy-
making. For improving citation impact and visibility, targeted indexing was
the most effective strategy, followed by scientific and media marketing,
internationalizing editorial boards, peer-review quality improvement, and
open access policies. The main artificial intelligence concerns were
plagiarism, lack of user skills, and declining scientific quality. Future editors
were viewed as scientific policy-makers, ethical supervisors, and artificial
intelligence monitors. Overall, improving scholarly journals requires an
integrated approach focused on resources, human capacity, infrastructure,
visibility, and responsible artificial intelligence policies.
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China’s rapid ascent from marginal scientific player in 1949 to the world’s second-largest R&D
investor and leader in patent filings and high-impact publications (especially since the mid-
2000s) vividly demonstrates the possibility of deliberate, state-led transformation of scientific-
technological capacity into comprehensive national power.

Science and Technology in Soft Power and National Branding advanced science and
technology significantly contribute to national branding and international prestige. Three
paradigmatic success stories are examined:

e Japan — rebuilt its post-war image from militaristic to peaceful, high-quality, and
technologically sophisticated through (Sony, Toyota), science diplomacy, and the “Society
5.0” vision.

e South Korea — combined cutting-edge digital infrastructure with the global Hallyu
(Korean Wave) cultural export to create a modern, creative, and attractive national identity.

e Germany — leveraged scientific excellence, engineering reputation, and value-based
foreign cultural policy to transform from post-Nazi pariah to respected normative power
and Europe’s innovation hub.

These cases illustrate that sustained investment in R&D, coupled with effective cultural
narrative and science diplomacy, can generate durable soft-power capital even in the absence
of overwhelming hard-power resources.

Science Diplomacy and International Scientific Prestige Scientific leadership enhances
international credibility and facilitates agenda-setting in global institutions. Countries elevate
their standing through sustained R&D investment (>2.5-5% of GDP), high-quality and highly-
cited publications, international awards, leadership in “big science” projects (CERN, ITER,
ISS), and active participation in transnational scientific networks.

Conclusion and Outlook In the 2Ist century, genuine and sustainable national power
increasingly depends on the effective integration of knowledge production, technological
competitiveness, and strategic diplomatic exploitation of scientific achievements. Nations that
master this triad (transforming material resources into intangible assets of scientific prestige,
technological sovereignty, and attractive national identity) are best positioned to shape the
future global order. For developing countries, the transition from reliance on tangible assets
toward investment in high-quality science, talent retention, international academic
collaboration, and active science diplomacy constitutes the most viable long-term path toward
enhanced international standing, resilience, and both hard and soft dimensions of national
power. Iran, can leverage its rich language and literature, traditional art, culinary culture, and
historical attractions as highly valuable assets while simultaneously leveraging its scientific
and technological capabilities more effectively. This approach can enhance its soft power and
cultural appeal globally, facilitate the transformation of tangible and intangible assets into
highly valuable assets, strengthen the country’s international credibility, influence, and
deterrence, and position Iran in the modern global creative arena while simultaneously
enhancing its attractiveness and standing on the world stage.
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Extended Abstract
The Role of Science and Technology in Strengthening National Power and Global Credibility

Introduction

In contemporary global order, science and technology have transcended their traditional role
as drivers of economic development to become foundational pillars of national power and
essential instruments of modern diplomacy. Science provides systematic, testable, and self-
correcting knowledge about the world, while technology transforms this knowledge into
practical, repeatable, and goal-oriented tools and systems. These two domains form a dynamic,
mutually reinforcing cycle: scientific breakthroughs enable novel technologies, which in turn
provide more precise instruments for advancing scientific discovery.

This virtuous cycle has produced transformative historical examples, including the journey
from quantum physics to transistor and modern computing, and from the discovery of DNA
structure to recombinant DNA technology and genetically modified organisms (GMOs). Such
cases illustrate how fundamental knowledge can rapidly translate into profound economic,
military, and societal power.

Theoretical Framework Drawing on Joseph Nye’s paper analyzes the contribution of science
and technology to three interrelated dimensions of power:

e Hard power — through advanced weapon systems, superiority in critical supply chains
(e.g., semiconductors), and economic dominance via technological standards and export
controls

e Soft power — via enhanced national attractiveness, prestige, cultural credibility, and
science diplomacy

e Smart power — the strategic integration of hard and soft resources to produce more
flexible, legitimate, and sustainable influence

Today, technology is no longer merely a means of national development; it has become a
primary pillar of geopolitical competition and a central factor in redefining the global balance
of power.

Science and Technology in Hard Power The military—industrial significance of science
became fully institutionalized during World War II and the Cold War, with massive state-
funded “big science” projects (radar, penicillin, etc.). In recent decades, dual-use technologies
(AI, quantum computing, 5G, biotechnology) and the spin-on phenomenon (civilian innovation
feeding back into military applications) have blurred the boundary between civilian and
defense R&D.

Economically, leadership in strategic technologies determines control over global value
chains, standards, and intellectual property. The ongoing U.S.—China technology discourse
especially regarding semiconductors, Al, and 5G exemplifies how technological superiority
translates into economic coercion.
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Science and technology in the modern era are among the fundamental pillars
of national power and diplomacy and constitute some of the most valuable
assets of nations. Science seeks to achieve an accurate, systematic, and
reproducible understanding of the world, whereas technology transforms this
knowledge into practical and purposeful tools and solutions. Moreover, these
two domains reinforce each other through a dynamic and synergistic cycle:
scientific advances lead to the development of new technologies, while
technological innovation, by providing more precise tools, enables the
expansion and deepening of scientific knowledge. Examples such as the
transition from quantum physics to the invention of the transistor and modern
computers, as well as the discovery of the structure of DNA and the
subsequent development of biotechnology, clearly demonstrate how
fundamental knowledge can be transformed into economic and social power.
Science and technology simultaneously strengthen both hard power and soft
power, thereby contributing to the formation of smart power. Countries often
leverage science and technology when seeking to rebuild their national
brand, enhance their international credibility, or establish a stronger position
in economic and geopolitical competition. Investment in education and
research, scientific infrastructure, and science and technology diplomacy can
gradually transform scientific achievements into cultural attractiveness,
political and social influence, and a source of national pride.
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In the era of scientific specialization and the complexity of transdisciplinary
issues, the transition from the isolated activities of scientific societies toward
institutional networking and synergy is a strategic imperative. Adopting a
historical-analytical approach, this article examines the roots of the formation
of scientific societies worldwide and in Iran. It explains the development of
"Federations of scientific societies" or "society of societies" as a response to
this imperative. Global experiences from the International Science Council
(ISC) and specialized federations (unions) such as I[UPAC and FASEB
demonstrate that institutional convergence, while preserving the independence
of members, provides the capacity to address the complex issues.

In Iran, the evolution of scientific societies from the era of the
comprehensive University of Gondishapur to the Nezamiyeh schools, and
then from the Dar ul-Funun era to the present, has reached a stage of
quantitative maturity (nearly 600 scientific societies), making networking
inevitable. The establishment of the Council of Iranian Scientific
Associations (CISA), the pioneering experience of the Federation of Iranian
Biological Sciences (FIrBS), and the societies subsequently formed as non-
governmental organizations offer a practical model for this synergy. The
article emphasizes that institutional networking within a tripartite framework
comprising an "umbrella council", "convergent federations" and "specialized
societies" with a precise division of responsibilities (federations engaging
only in matters beyond the capacity of a single society), constitutes an
effective strategy for advancing science in the country. Finally,
recommendations are offered to develop legal frameworks, establish an
umbrella council for federations, support the membership of societies within
federations, and strengthen connections with international networks to steer
Iran's science ecosystem toward greater dynamism and effectiveness.
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The world today stands at a critical juncture of scientific and technological
transformation, where nations' capacities to develop resilient sciences and
technologies have become the principal determinants of their power,
sustainability, and ability to shape the future. Resilience is no longer merely
an environmental or crisis-centered concept; rather, it has evolved into a
national strategy for managing scientific, economic, and social complexities
and for navigating growing uncertainties. Within this framework, national
science policy should be redesigned on the basis of convergence among basic
sciences, engineering, biotechnology, data science, the bioeconomy, and the
humanities. At the heart of this strategy lies the development of wise,
creative, capable, and ethical human capital. Cultivating a new generation of
scientists and researchers equipped with systems thinking, resilient emerging
sciences, and ethical values is essential for the effective governance and
advancement of the nation.

Accordingly, strategic investment in basic sciences, as a form of scientific
exploration into the invisible and unknown dimensions of nature, constitutes
the foundation for the expansion of strategic knowledge and advanced
resilient technologies. Simultaneously, the development of research
infrastructures, sustained support for interdisciplinary research, and the
creation of attractive career pathways for scientific talent are indispensable
for preventing brain drain and strengthening the country's innovation
ecosystem and national security.

In the domain of science governance, transparency in science policy, genuine
partnerships between universities and industry, and equitable systems for
supporting, valuing, and retaining scientific talent should be pursued as
national priorities. Human resource development should be designed to foster
systems thinking, creativity, lifelong learning, adaptability, and resilience.
Ultimately, resilient sciences and technologies are an imperative whose
realization depends upon investing in knowledgeable people, fundamental
science, and a long-term commitment to the future of science and pioneering
research.
Ali A. Moosavi- Movahedi
Editor-in-Chief
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