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Abstract

In the modern multipolar world economic order, traditionally leading economies
(specifically the key members of OECD) need to redesign their strategies for in-
ternational R&D collaboration schemes. The paper examines current trends in
these countries and assesses the effectiveness of their previous strategies, along
with their latest modifications. The research for this article, conducted through
a systematic literature review, entails a comparative, descriptive analysis of rel-
evant secondary data.

The authors analyse the previous positioning of these countries in the global
R&D ecosystem and how it has changed in the current context. They then explore
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further research and policy implications.
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1. Introduction, research questions, methodological clarifications

As the global economy transitions towards a multipolar framework, international
collaboration in science, technology, and innovation (STI) is undergoing a signifi-
cant transformation. Post-Cold War, the predominant global economies, particularly
the principal OECD members, regarded research and development collaboration as
a means to foster openness, mutual benefit, and transnational knowledge sharing.
Individuals worldwide perceive scientific collaboration as a means of maintaining
the stability of globalisation, which. It facilitated economic growth, technological
advancement, and collaborative efforts to address issues such as climate change and
public health.

This approach has developed over the past decade. The landscape of international
R&D cooperation is changing with the strategic importance of emerging technolo-
gies, the reorganisation of global value chains, and the intensification of geopolitical
rivalry. Today, scientific collaboration is perceived not just as a means to achieving
collective progress, but as a space connected to economic stability, industrial policy,
and technological superiority. This changing environment has led the world’s leading
advanced economies to rethink their partnerships with other countries on research
and technology.

Still, to understand this change we need to look beyond simple policy descriptions
and analyse them within a systematic conceptual framework. The development of
international R&D collaboration cannot be accounted for in terms of traditional ideas
of scientific internationalism, which refers to the dynamic interaction of three inter-
related concepts: a) innovative diplomacy, b) techno-nationalism, and c) strategic
interdependence.

In the past, international R&D cooperation was based on the idea of scientific
transparency. This is a view based on liberal institutionalism thinking supporting
that knowledge sharing is good for all and strengthens global security, implying that
scientists worked together without political interference, contributing to the construc-
tion of global public goods, such as climate change mitigation, health innovation and
digital infrastructure. It was in this context that innovation diplomacy was born as a
means for conceiving scientific collaboration as a soft force capable of generating
trust and reinforcing alliances (Flink & Schreiterer, 2010).

The global landscape of research and development has changed and the idea of
knowledge production and dissemination as neutral is less credible. The struggle of
states for technological dominance has increased with the geopolitical importance of
new technologies. Scientific collaboration is more entangled with larger geopolitical
competition, with new technologies, such as artificial intelligence, quantum comput-
ing, advanced semiconductors, and biotechnology, taking on a more prominent role
in strategic issues. This has led to techno-nationalism, the notion that technological
capability is an important element of economic and security power (Edgerton, 2007;
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van Manen et al., 2021). In this view, R&D collaboration is not only a matter of coun-
tries moving forward together, but also a domain that needs selective transparency
and protection of critical know-how.

One can see this shift in today’s policy talk as well. Countries are recalibrat-
ing their approach to global cooperation, using terms such as technical sover-
eignty, research security and supply chain resilience as examples of how they
are trying to find a path between openness and regulation. This duality is reflect-
ed in the EU’s ‘open strategic autonomy’ approach that promotes collaboration
while safeguarding key technology sectors. The U.S.’s pivot towards alliance-
based technology partnerships and industrial policies portends a retreat from
market-driven globalisation and a shift towards coordinated innovation systems.
This new order is more than a revival of technological mercantilism. Industrial
economies are finding new forms of organised interdependence, rather than retreat-
ing from cooperation. Countries want to shield themselves from problems, but in-
novation systems are inherently cross-national, something that is being increasingly
augmented through trusted networks, institutional arrangements, and purposeful
collaborations. From this perspective, current international research and develop-
ment (R&D) cooperation is based on a hybrid model of governance that integrates
elements of many governance regimes. Innovation diplomacy is the principal
method for solving global problems, delineated by technical and national factors
that determine partners for cooperation, areas of focus and regulatory frameworks.
This paper analyses the change in approaching international the R&D cooperation of
the main OECD players, namely the European Union, the United States, the United
Kingdom and Japan. The key objective is to analyse how these organisations have
adjusted their cooperation structures according to the changing global context and to
assess the impact of these modifications on the efficiency of collaborative innovation.

The analysis is based on three interconnected research questions, the first of
which is how the positions of these economies within the global R&D ecosystem
have evolved in recent times. The second one concerns how these economies have
altered their approach towards working with other countries, especially with respect
to transparency, security and technological independence, while the third investigates
the extent to which these changes improve or diminish the effectiveness of collabora-
tive innovation.

The study uses a comparative analytical approach based on a thorough review of
secondary sources such as policy documents, institutional strategies and international
data indicators. Complementing the qualitative analysis, descriptive data on the dis-
tribution of R&D funding, the structure of institutions, and the creation of partner-
ships are also provided. The paper examines the historical development and recent
policy changes of the actors selected to present a holistic overview of the evolution
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of international cooperation strategies in response to growing geopolitical and tech-
nological uncertainties.

The study identifies national initiatives within the broader evolution of the glob-
al innovation system and aims to move beyond a mere description of cooperative
mechanisms to investigate the processes and reasons behind these systemic changes.
This approach allows for a good analysis of the trade-off between transparency and
strategic independence, which is gaining importance in global R&D collaboration of
the 21* century.

2. Recent history of the positioning of key OECD members in the global R&D
framework

Since the beginning of the 21* century, the member nations of the Organisation for
Economic Co-operation and Development (OECD) have entered into bilateral agree-
ments across various domains, including science, technology, and business. During
the 2000s, the era of globalisation, the growth of the World Wide Web and the start
of free trade among many nations from the former “Eastern Bloc”, along with the
European Union’s expansion into Eastern Europe, created a favourable environment
for scientific transparency and international collaboration (Medvec, 2009).

Following the first decade of the 21% century, the global order began shifting from
its doctrine of openness to a multipolar world system. In this new global environ-
ment, countries aggressively pursued collaboration in economic and scientific fields
to gain dominance in strategic industries. This global trend has accelerated the secu-
ritisation of science, technology, and innovation (STI) with research security regula-
tions increasing in number from 12 to 41 between 2018 and 2025.

As Mathias Cormann, the OECD Secretary-General stated: “The challenge is to
achieve an appropriate equilibrium between security, openness, and innovation.” Re-
search and Development (R&D) have greatly promoted collaboration and innovation
among many countries that have adopted a cooperative approach. Pertinent benefits
are well documented in academic literature, showing that R&D encourage techno-
logical innovations and industrial applications and enhance the potential for income
stemming from these technologies. This results in higher welfare benefits for society
as an externality. Furthermore, R&D may play a key role in achieving the global
sustainability goals of this century by reducing emissions, improving well-being, and
protecting the environment.

Furthermore, challenges related to reduced R&D include, but are not limited to,
the unpredictability of profits for the private sector. This issue became more signifi-
cant after the Cold War, due to reduced incentives for quick technological advances,
in stark contrast to the 1960s, a period marked by significant government investment
in research and development. Many benefits stem from R&D, such as improvements
in industrial capabilities and collaboration among different sectors, and an initial
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breakthrough can bring major rewards for innovators while also offering great ad-
vantages to others.

Analysis of modern national policies is bolstered by recent data from the Global
Innovation Index 2025, emphasising a critical period for global innovation invest-
ment. Figure 1 illustrates a clear slowdown in worldwide R&D spending after the
strong recovery observed during 2021-2022. The growth rate, which was 6.3% in
2019, decreased to 4.4% in 2023, well below the pre-pandemic average. Projections
for the near future are more cautious, with global GDP growth expected to reduce
R&D spending to around 3% in 2024 and about 2% in 2025. This ongoing slowdown
indicates a shift in government and corporate priorities, as higher borrowing costs
and geopolitical uncertainties cause investors to become more cautious.

Figure 1. GDP Growth and total business R&D growth rates 2016-2025

GDP Growth and total business R&D growth rates
2016-2025 (source: WIPO)
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In general, the economy is slowing down but there is a big difference in Table
1. In 2024, the world’s top companies invested a record amount of $1.3 trillion in
research and development. A 3.2% nominal increase is a real increase of a mere 0.9%
after accounting for inflation, demonstrating the effect of inflation on the real value
of research funding. Crucially, the R&D intensity climbed to 5.5% not only because
of sound investment, but also because total business revenues dropped more quickly
than R&D spending. This suggests that large corporations view innovation as a stra-
tegic hedge during crises and keep investing in research and development even when
revenues are declining.
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Table 1. R&D and revenue growth rates of the top global corporate R&D spenders

2018-2024
R&D and revenue
growth rates of the R&D
top global corporate R&D Revenue —
R&D spenders 2018- y
2024
Year Nominal Nominal Real Nominal Nominal Real
(billion  growth growth  (billion  growth growth
usD) usD)
2018 804 18,130 4.50%
2019 874 8.70% 7.10% 18,430 1.70% 0.30% 4.80%
2020 961 9.90% 8.30% 18,205 -1.20% -2.60% 5.30%
2021 1,066 11.00% 7.30% 21,536 18.30% 14.10% 5%
2022 1,152 8.10% 2.90% 23,572 9.50% 4.30% 4.90%
2023 1,244 8.00% 4.60% 23,194 -1.60% -3.60% 5.30%
2024 1,284 3.20% 0.90% 22991 -090% -2.7% 5.50%

Source: WIPO: https://www.wipo.int/web-publications/global-innovation-index-2025/en/global-
innovation-tracker.html

The IT and communications sector is by far the largest one, as shown in Figure 2.
The Software & ICT Services sector is the fastest growing sector, having more than
doubled its spending since 2018. Meta and NVIDIA are leading the change here,
with the latter experiencing big growth in the aftermath of demand for artificial intel-
ligence. The automobile industry is in a troubling slump, with average R&D expen-
ditures down by 2.7% in 2024. Spending on research has been cut by major industry
brand names, like Stellantis and Volkswagen, with the sector’s growth being led by
electric vehicle specialists, like Tesla and BYD. These differences show that modern
innovation is not uniform but strategically focused on technologies that enhance digi-
tal leadership and support the energy shift, aligning well with the economic security
policies adopted by OECD countries.
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Figure 2. R&D Investment trends by industry 2018-2024 (source: World Intellectual
Property Organization. (2025). Global Innovation Index 2025: Global Innovation Tracker)

R&D investment trends by industry, 2018-2024
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USA analysis

The doctrine followed by the United States at the end of the 20" century and the be-
ginning of the 21% century emphasised the liberty and transparency of technological

sharing and growth. Applying laissez-faire principles further established the USA as
a global leader in science and technology.

Figure 3. GERD in the USA as a share of GDP, 2008-2019 (%)

GERD in the USA as a share of GDP, 2008-
2019 (%)
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Figure 4. GERD in the USA by sector of performance, 2017 (%)
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Figure 5. Share of business enterprise expenditure on R&D
performed by industry in the USA, 2003-2017 (%)
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Figure 6. Expenditure on basic research in the USA by sector, 2001-2017
(in USS$ millions)

Expenditure on basic research in the USA by sector, 2001~
2017 (in US$ millions)
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In 2008, when the Global Financial Crisis (GFC) began, fiscal pressures led many
states to cut back their higher education spending, prompting the U.S. government
to enact the American Recovery and Reinvestment Act (ARRA). This programme
supported the ongoing continuation of R&D investments, as shown in Figures 3, 4
and 5. Additionally, Figure 6 shows a clear increase in fundamental research, indicat-
ing a shrinking gap between the federal and private sectors over time, mostly due to
increased R&D activities in the private sector and stagnation or a slight rise in federal
government funding. In the late 2010s and early 2020s, the focus on technical coop-
eration shifted toward a protectionism approach, exemplified by investments in the
Chips and Science Act (CSA) aimed at maintaining U.S. leadership in technology.

UK analysis

Since the globalisation in the 2000s, the UK has adopted an open society ideology,
similar to that of the USA, with remarkable R&D investments and government sup-
port for the private sector. Nevertheless, Figures 7 and 8 show that UK spending
trailed behind that of the USA and Japan. Figures 7 and 8 also show that total spend-
ing seems to be stable, but firm-level innovation was much lower during the Global
Financial Crisis and the COVID-19 pandemic because the government was focused
on keeping the banking system running. This shift enabled large corporations to out-
compete others who didn’t have the financial wherewithal to ride out periodic crises.
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Figure 7. Business R&D Expenditure, Japan, USA, UK, (% GDP)
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Figure 8. Government R&D Expenditure, USA, Japan, UK, (% of GDP)
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The government aims to reach 2.4% of Gross Domestic Product (GDP) in re-
search and development (R&D) within the UK by 2027 to improve domestic R&D
initiatives. The National Security Investment Act (NSI), proposed in 2021 and en-
acted in 2022, functions as a Foreign Direct Investment (FDI) screening tool. The
NSI authorises the government to block and prevent the spread of strategic sectors,
including artificial intelligence and quantum technology.



M. D. TZOUVELEKAS, et al,, South-Eastern Europe Journal of Economics, Vol 23 (2025) 37-68 47

Additionally, the UK rejoined the Horizon Europe programme in 2024, which
acted as a catalyst for technological progress between the UK and the EU. Ursula Von
der Leyen said, “The EU and UK are key strategic partners and allies, and today’s
agreement proves that point. We will continue to be at the forefront of global science
and research”.

Ultimately, the UK has formed a trilateral agreement with the USA and Australia
(AUKUS), which not only includes a military cooperation pact but also influences
the research and development efforts of the countries involved. Through this pro-
gramme, the UK participates in collaborative research and development in cyberse-
curity, artificial intelligence, quantum technology, and military technologies.

Japan analysis

Japan has consistently been one of the most research and development-intensive
economies within the OECD, with expenditure-regularly exceeding 3% of GDP, as
illustrated in Figure 9 (OECD, 2023). The country’s post-WWII strategy relied on
strong corporate research and development and close cooperation between the gov-
ernment and industry, helping Japan become a technological leader in areas such as
electronics, automobile manufacturing, and advanced materials (Holroyd, 2008).

Figure 9. Japan: R&D expenditure by GDP (%)

Japan :Research and development expenditure (% of
GDP)
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Japan’s position in the global innovation system was determined by the METI-
MEXT institutional framework. The Ministry of Economy, Trade and Industry
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(METTI) formulated industrial and technological strategies, strengthened key sectors,
and encouraged technology transfer to industry. Scientific policy, funding for basic
research and cooperation between universities and research institutions were under
the control of the Ministry of Education, Science and Technology (MEXT). An effec-
tive centralised system of strategic direction was established through the cooperation
of the two ministries (Arimoto, 2024).

Since the early 2000s, Japan has been rethinking its place in the world through
various Basic Plans concerning Science and Technology, emphasising the need for
goal prioritisation, policy evaluation and international collaboration (Larrue, 2021).
The country’s prominence in publications and patents has declined with the rise of
China and other Asian economies, but it remains an important player in international
collaboration (Su, 2017).

Post-2015, the “Society 5.0” strategy aimed to reorient the Japan towards ad-
vanced segments like digital transformation, green transition and innovative tech-
nologies, combining social innovation with economic competitiveness (Carraz &
Harayama, 2019). Consequently, Japan moved from a relatively ‘inward-looking’
industrial model to a more internationalised and strategically orientated R&D system.

The country has a high level of R&D activity and strong institutional coherence
through the renowned METI-MEXT framework, aiming to adapting to an increas-
ingly polycentric and competitive global innovation environment.

E.U. analysis

Contrary to the Japanese model, the European Union (EU) operationalises a suprana-
tional framework for R&D aimed at reducing the fragmentation of EU Members’ na-
tional systems. The EU consistently invests in innovation, with total R&D spending
reaching €352 billion in 2022 as shown in Figure 10, or 2.2% of its GDP, as shown
in Figure 11 (Eurostat, 2024).

Despite this increase, the EU still falls short of its 3% target, trailing behind com-
petitors like the USA and Japan, which requires continuous strategic adjustments. The
main component of this approach is the European Research Area (ERA), established
in 2000 to create a “’single market” for knowledge and technology. The EU growth
in research and development has evolved from the initial Framework Programmes to
the ambitious Horizon Europe (2021-2027), with a budget of €95.5 billion (European
Commission, 2021). Horizon Europe is not only a financial instrument but also a
means of exercising “scientific diplomacy,” enhancing international cooperation, and

2, ¢

supporting the Union’s “open strategic autonomy”.
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Figure 10. R&D expenditure by sector, 2022

R&D EXPENDITURE BY SECTOR, 2022
(TOTAL 352BLN USD)(SOURCE: EUROSTAT)
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default/table

Figure 11. Gross Domestic Expenditure on R&D, 2012 and 2022
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Additionally, as shown in Figure 12, efforts to increase the number of think tanks
and researchers have led to a gradual rise since the COVID-19 pandemic; however,
this modest progress is promising for the future of research and development. Col-
laboration with Horizon Europe and the extension of the partnership with India until
2030 offer significant scientific potential and benefits for the future (European Com-
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mission. [2026, February 6]. EU and India launch talks on Horizon Europe Associa-
tion).

Figure 12. Researchers’ growth rate per year in the EU-27 between 2019-2023 (in %)
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Despite the unified European framework, research and development trends are
mainly shaped by national strategies of its strong economies, with Germany and
France leading the way. Germany, following its "High-Tech Strategy 2025”, focuses
on improving applied research through the Fraunhofer Institute network, which dem-
onstrates the integration of science and industry at a global level (BMBF, 2021).

France, with its “France 2030 initiative, is significantly investing in emerging
technologies, including the green energy and semiconductors domains and aiming
to restore its technological supremacy (International Energy Agency, 2024). These
countries are “bridges” for the EU, as their bilateral relations with Japan and the USA
often influence the overall European course, while they also seek to attract foreign
investment to their national innovation clusters.

Currently the EU is changing its approach to international cooperation, focusing
on protecting its own interests. The Horizon Europe initiative keeps up the global
cooperation, and the European Commission is now pursuing its “Open Strategy for
Autonomy”. The EU aims to cut back reliance on foreign countries in important do-
mains, such as those of semiconductors and artificial intelligence. To this end, the EU
has introduced stricter rules (under Article 22.5 of the Horizon Europe Regulation)
that allow for the exclusion of foreign companies from research projects deemed
critical for European security. The EU is moving from a strategy of “free coopera-
tion” to a strategy of “protected innovation”, selecting its international partners more
carefully.
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3. Contemporary Strategies for International Cooperations

The strategies taken in the global landscape during digitalisation in the 2000s were a
stepping stone for cooperation and sharing (Veugelers, 2010). However, the principle
of sharing technology became outdated in the late 2010s and the 2020s because of
contested technological dominance, the emergence of new tech giants and the chang-
ing global landscape, which is increasingly shifting toward a multipolar scientific do-
main. As shown in the previous section, current tactics of the countries studied in this
research indicate a transition from openness to a more protectionist and sovereignty-
oriented policy. The advent of the internet and wider connectivity between OECD
member countries have contributed to a change in policies favouring strategic coop-
eration and a period of increased R&D collaboration. The United States is a perfect
example of this method and its dominance in different scientific fields still influences
the global landscape (Ulferts, et al, 2021).

Over the last fifteen years, R&D internationalisation has emerged into a complex
layered system of bilateral agreements, multilateral frameworks and mission-driven
collaboration between the United Kingdom, the United States, South Korea and the
European Union. These partnerships are diverse in their level of intensity, institution-
alisation, and strategic effectiveness.

The most significant and stable partnership is the transatlantic partnership be-
tween the EU and the United States (European Commission - Bilateral cooperation:
Science and technology agreements with non-EU countries). This partnership is
underpinned by the EU-US Science and Technology Agreement, initially signed in
1998 and most recently renewed for a further five-year term in 2023. Over the last
15 years, this cooperation has evolved from a general scientific exchange to col-
laboration schemes focused on the domains of climate technologies, health systems,
digital standards and innovative materials. This has been achieved via broad mission
platforms, such as Mission Innovation and joint research prioritisation through the
Joint Consultative Group (European Commission - Bilateral cooperation: Science
and technology agreements with non-EU countries). This is a shift from science di-
plomacy to innovation policy, which is not one of disruption but of consistency since
2010 that demonstrates institutional resilience and strategic partnership.

The UK position in Europe marks/cuts a special route/path. The UK was a key
hub in European collaborative scientific networks during the Horizon 2020 period
(2014-2020). Brexit temporarily disrupted this integration, but UK’s return to Hori-
zon Europe in 2023 restored its capacity to lead and participate in projects as of 2024
(Lawless, 2023). This situation shows both the fragility and the resilience of deep
R&D cooperation structures. Empirical evidence shows that cooperation between EU
Member States and global partners, such as the UK, peaked around the major frame-
work cycle periods (2012 and 2018). This stuggestsfillustrates/indicates/confirms the
role of EU funding instruments in supporting international scientific networks. “On
the ground, frameworks of the Horizon-type are not only financial instruments, but
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integration tools that help keep the cooperation alive, especially in the context of
geopolitical tensions.”

The EU-South Korea cooperation has significantly deepened over the last 10 years.
The bilateral Agreement on scientific and technological cooperation, in force since
2007, is the basic legal framework for cooperation (European Commission - Interna-
tional cooperation with Korea in research and innovation: Association to Horizon Eu-
rope). The major strategic change happened between 2022 and 2025, when South Korea
negotiated and then signed its partnership agreement with Horizon Europe, becoming
the first Asian country to do so (Korea-EU Research Centre, 2024). Korea became an
Associated Country to Pillar II of Horizon Europe in July 2025. This means that it will
have the same access to joint financing for global challenges, such as climate neutrality
and digital transition. This is a shift from partner level participation (self-funded col-
laboration) to an integrated system participation (direct access to EU funding), greatly
enhancing the depth of cooperation.

Bilateral cooperation has been enhanced between the UK and the US, particularly
through institutional partnerships, such as joint funding between the US National Sci-
ence Foundation and UK Research and Innovation, including coordinated efforts in
emerging technologies, such as quantum science (Scholes, et al, 2024). These initia-
tives show a move away from the traditional exchange-based collaboration towards
“co-designed science agendas”.

In terms of time, three phases can be distinguished in the period 2010-2025. The
first phase (2010-2015) was marked by expansion through Horizon 2020 and steady
transatlantic cooperation. The second phase (2016-2020) was characterised by geopo-
litical disruptions, especially Brexit, but also by the continuity of scientific integration
through funding programmes. The third phase (2021- present) has witnessed strategic
realignments with new forms of association, such as the UK’s re-entry to Horizon Eu-
rope and South Korea’s full association as of 2025.

In addition, the South Korea-Brazil bilateral agreement on rare earth metals/ele-
ments and other issues in 2026 offers significant development opportunities for South
Korea by providing Brazil with technological expertise. In addition, there is scientific
collaboration in many research and development fields. The agreement also enhances
South Korea’s presence in Latin America and brings the Korean peninsula closer to this
South American continental region, according to Luiz Inacio Lula da Silva, President of
Brazil, who says: ”Today, we have elevated relations between Brazil and the Republic
of Korea to the level of a Strategic Partnership and launched an Action Plan with con-
crete initiatives for the next three years” (Government of Brazil, 2026).

The effectiveness of these cooperation strategies can be assessed in three fields:
network integration, funding leverage and mission alignment. It has been found that
EU framework programmes are very effective in maintaining levels of collaboration,
as shown by significant increases in co-publication networks following funding cy-
cles (Hladchenko, 2026). The EU-US agreement is efficient in durability and thematic
consistency, which allows for cooperation in strategically important domains, such as
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climate and health without full institutional integration (European Commission - Inter-
national cooperation with the United States in research and innovation).

Meanwhile, South Korea’s shift from external partner to associated participant ex-
emplifies a successful approach of incremental institutionalisation, which lowers trans-
action costs and facilitates direct participation in global innovation ecosystems.

By contrast, the UK experience shows the costs of political instability for efficiency.
The temporary exclusion from Horizon Europe caused missed opportunities and fund-
ing gaps until re-entry restored participation (Lawless, 2023). This proves that R&D
cooperation efficiency is very sensitive to governance stability.

As shown in Table 2, the strategic agreements and cooperation established by the
countries analysed are comparable. Additionally, the table presents a description of the
agreements’ core functions, goals, and areas of specialisation. Specifically, Table 2 in-
cludes an in-depth analysis of the strategies, which are evaluated based on six criteria.
These criteria are categorised as: Main Institutional Frameworks, Timeframe of Deep-
ening (last 15 years), Degree of Integration, Thematic Focus, Governance Mode, and,
finally, Efficiency Assessment. Each category clearly outlines information regarding
each Cooperation Axis, which is analysed in this paper.

Between 2010 and 2025, two distinct cooperation models emerged. The first one
was the framework-integrated model, exemplified by Horizon 2020 and Horizon Eu-
rope, which includes members or associates, such as the UK (both pre- and post-Brexit)
and more recently, South Korea.

This model is most effective where funding, governance and mission priorities are
integrated into one structure. Historically, empirical collaboration levels have peaked dur-
ing framework cycles, showing the structuring effect of programme-based cooperation.

The second model is the bilateral strategic alignment one. Examples include EU-
USA and UK-US cooperation. These arrangements are durable and flexible, but less
integrated. Their effectiveness depends on agenda coordination rather than systemic
integration of innovation.

The greatest/outstanding upward move in depth of cooperation in the last decade
has been the move of South Korea from a partner to an associated country. In contrast,
the UK case shows that political discontinuity can temporarily undermine the efficien-
cy of R&D systems, even those of a high scientific capacity.

In general, evidence suggests that institutionally embedded multilateral cooperation
schemes are more reliable than flexible bilateralism in sustaining long-term innovation
ecosystems, while bilateral mechanisms continue to be essential for fast technological
coordination in strategic sectors.

Alongside strategic partnerships there is a shift towards three distinct pathways as
illustrated in Table 3. Numerous pathways emphasise international, bilateral and hybrid
agreements. The USA and the UK have adopted a strategic approach to R&D, whereas
the EU and India have favoured cooperation over techno-nationalism. South Korea
and Japan employ a significant and sophisticated strategy that connects collaboration
between West and East.
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Table 3. Comparative table of the pathways OECD countries have followed (authors’

elaboration)

Cooperation Route

Pathway Type

Operational Rationale

Examples

Route A: Global /

Multilateral / Open
/ Mixed (Bottom-

Focus on “Global Public
Goods” and scientific trans-

Horizon Europe basic
research,

Hybrid Pathways

dence

trolled Interdepen-

Inclusive up with strategic | parency to address planetary | EU-India
steering) challenges partnership
Bilateral Shift toward .
Route B: Strategic / | (or Mini-lateral) “Techno-nationalism” and Ufaﬁ(?rg:&s ﬁﬁtKUS
Secured / Strategic / Top- | “Trusted Networks” to protect g ' ’
) ) UK NSI Act
down economic sovereignty
Hybrid / Con- Balancing “Open Strategic South Korea’s as-

Autonomy” with rigor-
ous vetting and reciprocity
standards

sociation with Horizon
Europe Pillar 11, EU
Article 22.5

Source: authors’elaboration

Additionally, Table 4 summarises the priorities identified and pursued by each coun-
try and the EU. Furthermore, the table presents the mechanisms and the end goals of
each country.

Table 4. Showcase of trends towards R&D of the USA, UK, Japan, and the EU

(authors’ elaboration)

Country

Primary Thematic
Attraction (R&D)

Strategic Modification Mechanism

Strategic Goal

USA

Semiconductors, Arti-

ficial Intelligence (Al),

Quantum Computing,
Biotechnology.

Financial Guardrails (CHIPS and Sci-
ence Act 2022): Large-scale subsi-
dies coupled with restrictive clauses
on cooperation with strategic rivals.

Maintaining techno-
logical primacy
and promoting indus-
trial reshoring.

United
Kingdom

Al, Quantum Technolo-

gies, Engineering Biol-

ogy, Future Telecoms,
Cybersecurity.

Trusted Alliances & FDI Screening
(NSI Act 2021 & AUKUS): Shift from
“open science” to selective, security-

focused partnerships.

Achieving "Science
Superpower” status
while protecting
national security
interests.

Japan

Robotics, Advanced

Materials, 6G, Next-

Gen Semiconductors,
Society 5.0.

Economic Resilience (Economic Se-

curity Promotion Act - ESPA): State

intervention to secure supply chains
and protect "Key Technologies”.

Ensuring economic
security and address-
ing demographic
challenges through
innovation.

European
Union

Green Transition (Clean
tech), Aerospace,
Digital Transformation,
Sustainable Energy.

Open Strategic Autonomy (Horizon
Europe & EU Chips Act): Balanc-
ing global scientific diplomacy with
reduced external dependencies.

Leading global green
transition while
fostering technological
sovereignty.

Source: authors’ elaboration
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The conclusions from Table 4 highlight a strong focus on semi-conductor tech-
nology (Japan, USA, EU), advancements in military applications (UK, USA), and
economic resilience along with scientific openness (Japan, EU). This suggests a nota-
ble shift away from traditional openness toward strategic partnerships, moving away
from unrestricted global cooperation.

Furthermore, as Table 5 depicts, the OECD countries analysed follow strategies
that show different focuses in a multipolar world. The United States and the United
Kingdom have approached a strategy which can be characterised as protectionist, in
contrast to South Korea, which is keener on cooperating with Brazil and the EU in
matters of natural resource extraction and scientific breakthroughs, respectively. Ja-
pan, at the same time, also focuses on openness, albeit with a strong focus on internal
affairs and economic resilience.

Table 5. Depicts toolboxes used and compares the strategies
and end goals of each strategy

Country | Strategic Approach Pr;:;';lrrx r::|l1ltcv Ig{:;::;‘ Function & Objective
Large-scale subsidies coupled
. Chips and . . with restrictive clauses (guard-
USA gffs%sralgtél;’rotect Science Act E'Qaﬂlca' f(:r& rails) on cooperation with
(CSA) g y strategic rivals to maintain
technological primacy.
Horizon Allows for the exclusion of for-
EU Defensive-Regu- Europe (Article Regulatory / | eign companies from research
0| latory 99 5)p Security projects considered vital to
’ European security.
Functions as a Foreign Direct
. Investment (FDI) screening
. _ | National Secu- | Regulatory
UK Scregmng & Eost rity Investment | (FDI Screen- tool to block or prevent the
Brexit Sovereignty (NSI) Act ing) spread of strategic sectors,
g such as Al and Quantum
technology.
Economic . L
Japan Economic Resil- Security Institutional S;iherilgtexenﬁlogha;mdaﬁg
p ience Promotion Act | & Regulatory N "pp y .
(ESPA) protecting "Key Technologies”.
Association Transition from partner-level
South Systemic Integra- | Agreements Diplomatic / pztrit(')(;'ﬁt'ﬁnd;[feg!izgsza{gc"
Korea tion (Horizon Eu- Integration .pt tional funding f
rope Pillar Il international funding frame-
works.

Source: authors’elaboration
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4. Key Findings and Challenges

Strategic governance and financing differences and similarities in objectives

A comparative analysis of the strategies adopted by the European Union, the United
States, the United Kingdom, and Japan reveals a fundamental and historic shift in
how major OECD economies are perceiving international scientific cooperation. The
‘open science’ model that prevailed in the post-Cold War era, with its emphasis on
free flow of knowledge, is out of step with today’s multipolar world that needs to fo-
cus on economic and national security. This ‘techno-nationalism’ is a common theme
and all sides involved are now seeking ‘strategic autonomy’ to protect their techno-
logical dominance from systemic rivals.

Still, governance mechanisms and funding pathways differ substantially along
this common direction, reflecting the different policy cultures of the individual mem-
bers. The United States is pursuing an aggressive “protect and promote” strategy with
the Chips and Science Act, including strict “guardrails” that block the flow of capital
and know-how to competitive powers. For example, the European Union is pursuing
a more regulatory approach to ‘open strategic autonomy’, where cooperation is still
the preferred option, but this is counterbalanced by regulatory tools, such as Article
22.5 of the Horizon Europe programme that allows for selective exclusion of third
countries from critical research fields. At the same time, the United Kingdom, aiming
to re-establish itself as a “Scientific Superpower” after Brexit, is using the NSI Act
to control foreign investment in dual-use technologies, while Japan is focusing on
the structural resilience of its supply chains, linking research and development to the
Society 5.0 vision for social and economic prosperity.

Quantitative Assessment: Trends in R&D intensity and investment

The effectiveness of national strategies is mirrored/reflected in countries’ ability
to maintain high levels of R&D during global crises, as shown in Table 6. Japan’s
economy is the most R&D intensive one among OECD member states, with R&D
expenditure steadily exceeding 3% of the country’s GDP. Meanwhile, the EU and the
UK still lag behind the 3% GDP mark, highlighting the need for a recalibration. One
of the key findings is the use of innovation as a “Strategic Safeguard”: while private
sector earnings fell by 2.7% in 2024, R&D spending increased by 5.5%, suggesting
that large-cap firms are investing in technology to protect themselves from financial
instability.
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Table 6. Quantitative R&D Performance Indicators (EU, USA, UK, Japan)

Measure (Metric) USA UK Japan EU
?,2‘%5";;’"8“" 3.08% (2019) | ~1.7% (2022) | 3.41% (2022) 2.2% (2022)
Government Spend N/A

~0.32% (2022) | ~0.15% (2022) | ~0.32% (2022)

(% GDP) (Supranational)
. Software & ICT Al & Quantum Electronics & Green & Digital
Dominant Sector Services Tech Automobiles Transition
. Strategic Recovery post- Institutional Fragmented

Revenue Correlation Safeguard Brexit Cohesion growth

Source: authors’elaboration

Qualitative Assessment: Deep Effectiveness Indicators

More qualitative indicators should be added to quantitative data in order to analyse
the effectiveness of these strategies in more depth. As shown in Table 7, Institutional
Cohesion is the main multiplier of efficiency, especially in the Japanese model, where
synergy between the METI and MEXT ministries creates a highly effective and cen-
tralised system of strategic guidance. The UK experience example, on the other hand,
points to the significant governance sensitivity embedded in R&D frameworks. The
brief disruption caused by Brexit;- proved that even a high scientific capacity cannot
fully compensate for costs and lost opportunities resulting from political instability.

Today’s economic data suggest that innovation has become a strategic hedge. Dur-
ing the recent periods of fiscal pressure, large-cap corporations increased research
efforts -with R&D intensity rising to 5.5%- treating technological development as a
long-term survival asset rather than a flexible expense. This effectiveness, however,
resulted in considerable structural disparities between sectors. Technological sectors,
particularly software and ICT, presented significant growth mostly attributable to Al
advancements. However, sectors such as the automobile industry have witnessed a
reduction in R&D expenditure, suggesting that contemporary effectiveness is incon-
sistent and increasingly focused on domains such as digital technology and energy
leadership.
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Table 7. Advanced Qualitative Indicators of Strategic Effectiveness

Evaluative Pillar Strategic Implication Poignant Finding from Analysis
Institutional Synergy between policy-making T?e METI'{\AEIXTga;t.nﬁTSh'#m Jipan tcre-
Cohesion and industrial execution ales a centralised, highly efticient system
for strategic guidance
Governance Vulnerability of R&D ecosystems 223 fLijcKczxZiﬂenf;nﬂ%??gr)np;?]stieﬂ;itr ?rC]L
Sensitivity to political instability C capacity o pensate 1
high costs of political discontinuity
Corporations maintain R&D efforts (in-
Strategic Innovation as a “shield” against | tensity at 5.5%) even when revenues fall,
Safeguarding economic downturns treating technology as a long-term survival
asset
Modern innovation is non-uniform,
Structural Uneven distribution of innova- | favouring digital leadership (IGT/Al), while
Asymmetry tion success across sectors traditional sectors (Automotive) face an
R&D spending decline

Source: authors’elaboration

Emergence of the “trust and reciprocity” mechanism and its implications for the
developing world

This restructuring of national strategies has led to the emergence of a new mechanism
of “trust and reciprocity” in international R&D cooperation.

In this sense, scientific exchange is no longer a purely horizontal process; it has
become a selective partnership between “trusted partners”. Trust is no longer just
a scientific issue, but rather one of democratic values, conformity to shared ethical
standards in research and, above all, reciprocity in access to infrastructure and mar-
kets. These “trusted networks” are emerging and creating closed or semi-open inno-
vation ecosystems that, on the one hand, reinforce cohesion among OECD members
but, on the other hand, create barriers to those who do not meet these strict standards
of security and intellectual property.

This development has inevitable spillover effects on developing countries. But
“innovation diplomacy” is still a tool in foreign policy, and cooperation with the
developing world is evolving. The transfer of advanced technologies is severely re-
stricted by concerns about ‘knowledge leakage’. Currently, collaboration, mostly
concerns global public goods, such as climate change or public health. At the same
time, emerging economies are under pressure to align their national data protection
and intellectual property regimes with OECD standards to remain competitive within
global value chains. This raises the prospect of countries unable to match the rapid
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pace of institutional strengthening, required by large economies, becoming techno-
logically isolated.

Spillover effects: cooperation with developing countries

International cooperation in science, technology and innovation (STI) fields between
OECD member countries and developing economies has undergone major changes in
the past decade. Current approach is based on the model of development aid, but with
a focus on creating mutually beneficial partnerships with significant spillover effects.
These benefits are not limited to technology transfer but also involve institutional
strengthening, new market creation, and tackling global challenges such as climate
change and pandemics (OECD, 2023).,

A key finding of this analysis is the emergence of ‘reverse innovation’. This con-
cept means that innovations are first developed in developing countries to meet lo-
cal needs at affordable costs and are then transferred to the developed economies
of OECD members. The knowledge-sharing process enables member countries to
improve the efficiency of their systems, particularly in the domains of health and
green energy. At the same time, working with developing countries provides OECD
researchers with unique data ecosystems and “natural laboratories” for research that
are vital for understanding issues, such as loss of biodiversity (United Nations Con-
ference on Trade and Development [UNCTAD], 2023).

Within the European Union, the Global Gateway strategy is the primary means to
generate such spillovers. With the Team Europe initiative for vaccine and medicine
production in Africa (MAV+), the EU aims to protect the health of the continent but
also to create a sustainable industrial ecosystem. The transfer of mRNA technology
to countries like Senegal and South Africa leads to spillovers in workforce develop-
ment and to new value chains, which further strengthen global supply security (Eu-
ropean Commission, 2021). Additionally, digital cooperation between the EU and
Latin America (EU-LAC Digital Alliance) has accelerated the digital transformation
among local small and medium-sized enterprises (SMEs), while giving European
technology companies privileged access to fast-growing markets (European Com-
mission, 2023).

Similarly, the United States has adopted an approach that links STI cooperation
with economic and national security. The iCET (Initiative on Critical and Emerging
Technology) initiative with India is a prime example of creating high-tech spillovers.
Cooperation on developing semiconductor factories and jointly advancing space
technologies not only strengthens the Indian defence industry but also enables the
US to diversify its supply chains away from competitive pressures. This sharing of
knowledge in critical fields, such as artificial intelligence and quantum computing,
establishes a common technological standard that supports long-term system interop-
erability. (British Council, 2023)
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In the United Kingdom, the strategy for international cooperation now aims to
establish the country as a “Global Science Superpower” through the UK Science
and Technology Framework. The British approach emphasises ”Open Science” and
builds equal partnerships with emerging economies. A key point of tension and op-
portunity is cooperation with the African Union to strengthen digital economy and
climate resilience. Side benefits of these efforts include creating common global
standards for the ethical use of Artificial Intelligence and improving access to cut-
ting-edge research infrastructure. Through these partnerships, the UK disseminates
expertise in critical areas while ensuring that British research priorities align with the
needs of rapidly growing international markets (Department for Science, Innovation
and Technology [DSIT], 2023).

Japan has created a cooperation model through the SATREPS programme to solve
social problems through science. Added benefits are mainly institutional and envi-
ronmental. For instance, cooperation with South Africa on carbon recycling has led
to patents that serve both the Japanese industry and the environmental policies of
developing nations (Japan Science and Technology Agency [JST], 2024). However,
there are major obstacles in generating and absorbing such spillovers. The most im-
portant one of these is the “absorptive capacity” of developing countries. Technology
transfer is superficial and does not promote domestic innovation without the neces-
sary infrastructure and human capital (OECD, 2023). In addition, the growing trend
across OECD countries to “securitise” technology is an obstacle to the dissemination
of knowledge. While strict export controls and restrictions on the transfer of dual-
use technologies can protect national security, they may also impede cooperation
concerning global public goods (UNCTAD, 2023). Another issue is the fear of “tech-
nological colonialism”, i.e., a situation in which developing countries serve only as
providers of data or raw materials, but do not share in the added value. Protection
of intellectual property rights and fair sharing of profits in joint research continue
to be the main issues of disagreement in international negotiations (European Com-
mission, 2021). In conclusion, the spillover benefits of STI cooperation have a great
potential to accelerate global growth, but their success depends on balancing the stra-
tegic interests of OECD members and the actual needs of their developing partners.

Process for building and ensuring long-term effectiveness of the mechanism

The new mechanism was developed on the basis of systematic institutionalisation of
“research security” at all levels of national policy. The countries examined did not
just bring in simple guidelines but also introduced binding national security clauses
into their funding programmes and established vetting services for international re-
search collaboration schemes. This approach has been strengthened by the develop-
ment of multilateral agreements and cooperation schemes that act as ‘safe havens’ for
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innovation, ensuring that R&D investments are not exploited by third parties to the
detriment of the economic or military strength of OECD members.

These countries are aiming at a fine balance between the need for global scientific
progress and “selective introversion” to make such strategies long-lasting. The suc-
cess of the mechanism is highly dependent on continuous monitoring of global tech-
nological trends and the capacity of developing states to build domestic competence
in critical areas. Moreover, the sustainability of such “trusted networks” depends on
reciprocity that is authentic and meaningful, delivering equal benefits to all partici-
pating partners. Finally, the effectiveness of these new policies will be measured by
their ability to safeguard national security without stifling the creativity and openness
that fuel scientific discovery around the globe.

In summary, the movement by major OECD members toward more securitised
and selective science and technology cooperation frameworks is part of a broader
structural evolution in the global geopolitical landscape. In these countries, tradi-
tional benefits of international R&D are being balanced with the increasing needs of
economic security, through a focus on strategic autonomy and the creation of trust-
based mechanisms. As this analysis shows, however, a shift away from universal
open science to a model of “trusted networks” has important implications not only
for the unity of the OECD but also for the future of global innovation equity. This
assessment provides the essential basis for the concluding remarks and policy recom-
mendations that follow, which aim to address the difficulties of operating within an
increasingly fragmented and complex research environment.

5. Conclusions and Proposals

After analysing the positions of many OECD nations regarding technology sharing,
R&D investments, and agreements, conclusions show that during the period of open-
ness, cooperation, technology sharing, and trust among member states, the outcomes
were positive. In domains, such as quantum technologies, chip manufacturing, Al de-
velopment, and energy and climate issues, countries like the USA, UK, the EU, and
South Korea reached significant milestones. However, considering recent scientific
advancements in China and India, many Western countries, especially the USA, have
gradually adopted a more protectionist stance on R&D matters.

Enacting the CSA act aims to limit semiconductors to potential adversaries, while
also focusing on strategic cooperation regarding technology with countries in the
Western Hemisphere, such as the UK, the EU, and South Korea. Additionally, despite
its complete departure from the EU in 2021, the UK has diverged from its policies
and rejoined the Horizon Europe programme, allowing UK and EU scientists to col-
laborate. Furthermore, efforts have been made to update the military-industrial com-
plex and strengthen R&D cooperation between Australia and the USA.
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This strategic development will not only help the UK move toward better and
more sustainable long-term cooperation agreements, but it will also serve as a cata-
lytic solution for its scientific autonomy. Continuing with the EU focus, there appears
to be a different approach through strategic agreements with India. The return of the
UK to Horizon Europe, along with the EU-USA tech cooperation, has shown signifi-
cant extroversion. Aiming to become a global scientific hub and a long-term leader in
Al development, the UK seeks technological autonomy by reducing dependency on
other nations. Lastly, let’s focus on Japan and South Korea, both of which have had
and continue to have significant positive effects on science, technology, and innova-
tion (STI). Japan plans to evolve as a hub of science and innovation through policies
and the institutional METI, MEXT framework. Furthermore, internal policies, such
as “Society 5.0 also strengthen Japan’s capacity to be a more outward-looking actor
on the international stage contrary to its former inward-looking traits. As for South
Korea, rare earth metals/elements are of great interest, with Brazil having made ma-
jor progress in this field in terms of scientific aid to optimise the use of critical materi-
als important to technology, medicine, agriculture and more.

Global analysis on R&D highlights a complex situation in relation to the need to
pursue national security doctrines and scientific openness. To prevent many countries
from adopting national security strategies that lead to “techno-nationalism” and result
in a fragmented technological ecosystem, the following policies are recommended:

Harmonisation of Research Security Standards. While the implementation of
mechanisms, like the NSI Act by the UK and the CSA by the USA, is vital for pro-
tecting technological primacy, the absence of an OECD-wide framework causes sig-
nificant bureaucratic delays. It is suggested that OECD member states adopt common
vetting protocols, combined with shared definitions of “critical threats®. By establish-
ing three standards, the reduction of transaction costs for researchers and the preven-
tion of the emergence of restrictive national barriers will favour seamless innovation
corridors over isolated R&D efforts between countries.

Adopting an “Inclusive Trust” Model for Developing Economies. In an effort to
minimise the risk of a “global technological divide”, similar to the Cold War status
between West and East, following the example of the agreement between South Ko-
rea and Brazil, in an effort to help further modernise third world countries by support-
ing them through advanced technologies, developed nations remain supportive of the
openness doctrine rather than fall into a strategic doctrine motive.

Bifurcation of R&D Streams: Protecting Security, Preserving Commons. An im-
portant challenge identified in this paper is the issue of securitisation as a means of
addressing global crises. It is proposed that policymakers should adopt a dual-track
cooperation model. This model would include strategic agreements on sectors like
semiconductors or quantum computing, while also promoting open science on is-
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sues that threaten the globe, such as public health, basic energy research, and climate
change.

Mitigating the “Chilling Effect” on Talent Mobility. Considering the rapid ad-
vancements in science during the 2000s, along with the openness doctrine of that
period, conclusions suggest that this progress was possible due to the mobility of
researchers and the ease of conducting research without strict government bans on
“sensitive technologies”. It is recommended that governments implement “Scientific
Talent Passports” to help reduce the negative effects that science polarisation might
cause.

Multilateral Supply Chain Monitoring and Resilience. The proposal is for the
OECD to set up a Multilateral Technology Resilience Hub building on Japan’s ESPA
and the EU Chips Act. This entity would track vulnerabilities in global supply chains,
particularly rare earth metals and semiconductors, and coordinate joint R&D efforts
in the field of substitution materials. OECD members can achieve “strategic autono-
my” through pooling resources for developing alternative technologies without being
completely isolated.

Integrated Framework for Institutional Resilience, Strategic Safeguarding, and
Global Reciprocity. To further advance the strategic effectiveness of STI policies,
OECD members need to move away from reactive toolboxes towards proactive struc-
tural reforms. To start with, following the Japanese example of high institutional
cohesion, countries should establish cross-ministerial ”Strategic Innovation Com-
mittees” to bridge the gap between basic research and industrial implementation,
thereby effectively reducing the fragmentation observed today in European systems.
Secondly, to address the governance sensitivity issue highlighted by the post-Brexit
experience, it is proposed that governments sign legally binding “Multi-annual Stra-
tegic R&D Covenants” with the aim of ensuring continuity of funding irrespective of
political instability and shifts. Furthermore, R&D act as a strategic safety net. Poli-
cymakers should introduce either ‘Innovation Insurance’ schemes or targeted tax in-
centives for private sector R&D spending, that they would increase during economic
downturns, viewing technology as a survival asset rather than a flexible expense.
Finally, hybrid paths need to be sustainable in the long term, requiring a “Dynamic
Reciprocity Audit” -a standardised mechanism to ensure that trust-based networks
maintain equitable and meaningful access to infrastructure and markets for all part-
ners involved.

To conclude, the way ahead for scientific developments is neither unrestricted glo-
balisation nor full scientific autarchy. Instead, the success of 21%-century R&D will
be determined by the ability to adjust to a certain level of openness that each member
can support. This model promotes balanced security through trust and reciprocity,
while also enabling essential work and scientific discovery through collaboration and
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diversity. Ultimately, the goal of international R&D policy must be to protect each
state without creating obstacles to innovation or risking its future prosperity.
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