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Abstract

Purpose — This study aims to clarify the status of national strategies regarding quantum computing (QC)
technology and evaluate whether and how governments worldwide are aware of potential threats and benefits,
as well as anticipate actions, drawing from recent experiences in artificial intelligence.

Design/methodology/approach — Extensive research was conducted on academic papers, national
strategies, policy documents, government official statements and reports and announcements from major
technology companies.

Findings — The geopolitical dynamics for QC reveal a complex scenario influenced by defence strategies and
research efforts aimed at gaining competitive advantages. However, a quantum future that addresses social
challenges seems weak in national strategies.

Originality/value — Given the paucity of the QC literature in public management, this study encourages
proactive governance research on disruptive technologies, such as QC.
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1. Introduction

Quantum computing (QC) will be foundational in next-generation digital ecosystems,
with significant economic and security implications [European Commission. European
Political Strategy Centre, 2025; Rath et al., 2024]. In current complex geopolitical
dynamics, quantum technologies have emerged as crucial enablers of national
competitiveness, offering revolutionary potential across numerous applications while
substantially impacting national security considerations (Mehmood et al., 2024).
Although these technologies have not yet been widely adopted, they are expected to
mature in the coming decade and coordinated efforts between public research institutions
and industry are accelerating their development trajectory. This joint advancement
underscores the growing recognition of the strategic importance of quantum technologies
in shaping future technological sovereignty and competitive advantage. Quantum
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technologies could add up to $1 trillion to the global economy by 2035 (The Quantum Transforming
Insider, 2024). A potential “quantum divide” between nations with established quantum Government:
technology programmes and those without may result in significant imbalances in key

) ’ People, Process
areas such as cybersecurity, defence, health care, finance and manufacturing (Ten Holter

etal., 2022). and Policy
Although QC is now central to substantial scientific literature in technical fields such as
computer science and physics, a significant gap remains in disciplines like management and 701

public administration. On December 30, 2024, a query of the Web of Science database using
the search term “quantum technology” returned 33,409 scholarly publications. When the
identical query was executed on 7 July 2025, the results had expanded to 44,610
publications, representing a 33.5% increase in just 6 months. However, most publications
still focus on computer science and physics, reflecting the field’s highly technical
foundations and the current emphasis on fundamental research and technological
advancement. Excluding conference papers, Management studies increased from 48 to 50
publications, while political science contributions rose from 12 to 14 articles.
Interdisciplinary social science publications increased from 22 to 28 and business
research articles rose from 29 to 32, while Public Administration remained stable at only 1
paper.

This disparity is notable, given that governments worldwide have invested heavily in
quantum technologies and have recently developed and are continuing to develop dedicated
national strategies.

While artificial intelligence (AI) continues to dominate academic discourse, the
implications of quantum technology require immediate government action, strategic
investment and proactive risk management. The potential consequences of knowledge gaps
or, more concerningly, misinformation about QC and its associated risks could be
detrimental to both government operations and societal well-being (Kop et al., 2024).
Contemporary research emphasises the need for anticipatory governance approaches to
quantum technologies, learning from the delayed regulatory responses observed in Al
development (Blanchard et al., 2024).

This research aims to contribute to the public management literature by:

+ analysing existing national quantum strategies across countries that have developed
comprehensive approaches; and

+ proposing future research directions in public management that also offer practical
support for policymakers.

The article is organised as follows. Firstly, an introduction establishes the research
context and outlines the study’s contribution to the emerging field of quantum
technology governance within the field of public management scholarship. The
theoretical background section provides essential contextual grounding through two main
components: first, a technical overview of QC fundamentals to understand the
transformative potential of these technologies and second, an examination of quantum
initiatives and investments in the current geopolitical and economic contexts. The
methodology section describes the research approach, detailing the document analysis
framework used to evaluate national quantum strategies. The results section presents
empirical findings through a structured analysis of 16 national quantum strategies,
organised around specific evaluative criteria (OECD, 2021). The paper concludes with
integrated discussion and conclusion sections that synthesise findings and outline
implications for both policy practice and academic scholarship.
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TG 2. Theoretical background

19,4 2.1 Quantum computing at a glance
Quantum technologies rely on the fundamental unit of qubits, which display physical
properties such as superposition, interference and entanglement. Qubits surpass classical
limits by concurrently occupying multiple states (the traditional binary “0” and “1”), thus
enabling parallel computation; furthermore, entanglement produces extraordinary nonlocal

702 correlations between particles regardless of physical distance (Nielsen and Chuang, 2012).

The computational advantage is clear in quantum algorithms, which can outperform
classical computation. Shor’s (1997) factorisation algorithm shows exponential speedup
when factoring large integers, a feat impossible with traditional methods. Similarly, Grover’s
(1996) search algorithm achieves quadratic acceleration when searching unsorted databases,
demonstrating the distinct problem-solving capabilities of QC.

Although fault-tolerant quantum machines are the primary focus of research in QC, their
potential applications and disruptive impact are clear now.

The cryptographic field faces two key prospects: the vulnerability of traditional
encryption methods and the opportunities for quantum-resistant protocols and secure
communications via quantum key distribution (quantum key distribution (QKD)) techniques
(Liu and Moody, 2024). Pharmaceutical research could benefit from unprecedented
molecular simulations, potentially transforming drug discovery timelines with more accurate
behavioural predictions than classical models allow (Golec et al., 2024). Any optimisation
problem could benefit from QC modelling in various domains such as logistics, finance,
vehicle routing optimisation and portfolio diversification strategies. The intersection with
machine learning appears particularly promising; quantum-enhanced algorithms
demonstrate superior pattern recognition across vast data sets (Ayoade et al., 2022),
potentially transforming image analysis, linguistic processing and predictive modelling
(Bayerstadler et al., 2021).

Climate science researchers anticipate improved modelling capabilities, where quantum
systems simulate complex environmental interactions with unprecedented accuracy, vital for
developing effective climate mitigation strategies (Bayerstadler et al., 2021). Recent
developments include quantum-powered satellites and autonomous vehicles, combining QC
with AT to achieve higher computational precision and secure data transmission pathways
(Golec et al., 2024).

international business machines (IBM) and Google have released roadmaps that highlight
notable qualitative advances. However, substantial challenges remain in industrial
deployment, especially regarding error correction techniques and the scalability of reliability.

Research priorities have shifted from demonstrating “Quantum Supremacy” to
establishing “Quantum Utility”. The former milestone was notably achieved through
Google’s 53-qubit Sycamore processor, which completed sampling calculations in roughly
200 seconds, tasks estimated to take millennia on traditional supercomputers (Arute et al.,
2019). However, identifying practical applications where quantum systems show clear
advantages remains the critical next step (McGeoch and Farré, 2024). Cloud-based access to
quantum prototypes has accelerated experimentation, enabling a wider verification of
potential applications (IBM Institute for Business Value, 2024).

As these technologies advance, cybersecurity concerns become increasingly significant,
especially regarding traditional cryptographic vulnerabilities (Mosca, 2018). In 2024, the US
National Institute of Standards and Technology (U.S. Department of Commerce,
www.nist.gov/) approved quantum communication protocols and post-quantum
cryptographic  (post-quantum cryptography (PQC)) standards, supporting transition
initiatives across financial institutions and defence organisations.
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The new paradigm of QC has significant implications across scientific fields and Transforming
industrial sectors; governments worldwide are adjusting their position, heavily influenced by Government:

geopolitical and defence considerations. People, Process

L , and Polic
2.2 Quantum initiative and investments y

Global public investments in quantum technologies (QT) reached $42 billion in 2023; while

China and the USA have dominated public investment in QT, new announcements from 703
Germany, the UK, South Korea and India created a more diverse global QT development
landscape in 2023 (McKinsey Digital, 2024). Asia leads with 53% of government
investments, followed by Europe (31%) and America (14%). However, American
investment patterns differ in their annual approach compared to those of others, who often
make multi-year commitments. The market is predominantly driven by private investment.
Within the European Union (EU), investment patterns exhibit significant fragmentation, with
only €1bn (11% of identified funding) originating from communal EU resources, while
individual member states contribute the remainder. The UK, Germany and France emerged
as the main European investors, with the Netherlands following closely behind (McKinsey
Digital, 2024). These nations set a clear goal to establish technological leadership in the
quantum sector. The US corporations maintain dominance (Riekeles, 2023), and the US
national quantum strategy is primarily inspired by national defence (Liman and Weber,
2023). The EU’s strategy is primarily based on collaborative projects and national initiatives
that align with the Quantum Flagship, aiming to enhance technological competitiveness
(Romaniuk, 2022).

Public funding has stimulated an expanding ecosystem involving private sector
participation, from technology startups to demand-side enterprises conducting early
experiments to secure future competitiveness benefits. The global chain of QC and
communication technology shows promising growth, with 458 active participants across the
technological spectrum, from hardware and enabling components to middleware
environments and software solutions (McKinsey Digital, 2024). Specifically, 78% represent
“quantum-native” enterprises founded with quantum-focused business models (McKinsey
Digital, 2024). National strategies often also include educational initiatives to bridge the gap
between academia and industry, ensuring a steady pipeline of skilled professionals (Kaur and
Venegas-Gomez, 2022).

2.3 Government urgency to act

Learning from AI’s development trajectory, governments should assess the threats and
opportunities of QC and define proactive strategies rather than respond retroactively (OECD,
2025).

In May 2022, the Biden administration publicly declared the potential of QC for various
fields, including materials science, pharmaceuticals, finance and energy, as well as the risks
posed by vulnerabilities in existing systems.

Firstly, QC’s ability to solve complex optimisation problems, enhance machine learning
and accelerate computations enables governments to address some of their most urgent
challenges (IBM Institute for Business Value, 2024; OECD, 2025). QC can significantly
improve emergency preparedness and response, particularly in managing natural disasters.
As climate change intensifies these events, quantum-enhanced analysis enables a more
accurate assessment of various options, thereby supporting effective decision-making.

Furthermore, QC can improve transportation systems. Quantum-driven routing and traffic
optimisation can increase transportation efficiency while simultaneously reducing climate
impacts. Additionally, quantum technology holds promise in detecting fraud, advancing
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TG precision medicine and supporting health-care research (IBM Institute for Business Value,
19,4 2024).

Secondly, the AT landscape has demonstrated how delayed government actions can hinder
economic growth and effective regulation. Evidence-based awareness campaigns and
balanced communication strategies help policymakers avoid unrealistic expectations while
supporting ongoing investment and development (Floridi, 2020). However, recent research

704 uncovers a significant gap in government awareness of QC’s most urgent threat: the
immediate vulnerability of current cryptographic systems, which necessitates urgent policy
actions to prevent potential cybersecurity crises in critical infrastructure and national security
systems (Kong et al., 2024).

Moreover, quantum technology is emerging as a vital frontier in geopolitical rivalry,
echoing earlier digital revolutions such as AT and cloud computing. Broadening access to QC
could be an opportunity to bridge some of the digital divides of the past and perhaps foster a
fairer future (Ten Holter et al., 2022; Liman and Weber, 2023). Quantum technology could
also further alter global power structures, making technological sovereignty increasingly
vital for national security and economic independence (European Commission. European
Political Strategy Centre, 2025; Baitulmal and Adem, 2023).

Balancing technological advancement with social impact is a government prerogative,
ensuring equitable access while addressing potential economic disruptions and security
challenges (Ukpabi et al., 2023; Marchant et al., 2024). However, current research on public
policy shows an intention to guide quantum research paths towards narrow commercial or
military ends rather than emphasising collective benefits (Roberson et al., 2021). Although
quantum scientific research considers potential uses and advantages across various
technology sectors, assuming commercial deployment, it also highlights societal benefits
(Gill and Buyya, 2024). In contrast, national strategies of major nations convey a sense of
competition and urgency (Roberson et al., 2021). Recent research articles have highlighted
this governance gap, with researchers advocating for stronger interdisciplinary dialogue
between technical and social science communities to ensure that quantum technologies align
with democratic values and societal needs (Seskir et al., 2023; Ten Holter et al., 2023;
Lukoseviciene, 2025). The emerging quantum governance literature identifies several
critical challenges, including the dual-use nature of quantum applications, the fragmentation
of international collaboration due to geopolitical tensions and the need for proactive ethical
frameworks before deployment (Biamonte et al., 2019; Coenen et al., 2022; Balarabe, 2025).

Governments are continually under pressure and must adapt effectively to maintain
resilience and position. At the same time, they should manage “the new speed of politics and
the politics of speed” to ensure equity and sustainability (Floridi, 2023). The quantum
governance literature emphasises the urgency of developing comprehensive legal-ethical
frameworks that address unique quantum challenges, including cryptographic
vulnerabilities, privacy implications of quantum communication systems and the potential
for quantum-enhanced surveillance capabilities (Hoofnagle and Garfinkel, 2022; van
Daalen, 2024).

3. Methods
The methodological approach adopted in this research addresses the challenges posed by
studying quantum technology policy in an emerging and rapidly evolving field.

Firstly, the innovative nature of quantum technology governance suggests an exploratory
approach due to considerable variation in policy document formats, scope and
developmental stages across different national contexts (Lukoseviciene, 2025). Traditional
comparative policy analysis methods, which depend on standardised data collection tools,
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may be insufficient depending on the current stage of national quantum strategies (Marchant Transforming
et al., 2024). Secondly, the decision to incorporate evaluation criteria from the Organisation Government:
for Economic Co-operation and Development (OECD) and the World Economic Forum
(WEF) is driven by the need to gather insights and evidence that are technically grounded, as
an established assessment framework in quantum governance is not yet available (Perrier,
2022). Thirdly, the systematic document analysis method enables the review of available
strategic documents, recognising that quantum technology policy development occurs within 705
diverse institutional frameworks, regulatory environments and political systems. The
qualitative approach is particularly suitable given the strategic and often classified nature of
quantum technology development, where quantitative indicators may be absent or
deliberately unavailable due to national security concerns (OECD, 2025). The primary focus
of this analysis is on countries’ national strategies that have outlined roadmaps towards
quantum technology autonomy.

People, Process
and Policy

3.1 Data collection

The national strategy documents were considered the main sources for analysis. When
unavailable, the data were supplemented with information from official government
websites. To include China in the research, secondary sources based on academic papers
were used, as no official strategy document in English has yet been identified. A structured
evaluation grid was used to analyse the national strategy documents. This grid incorporated
several criteria and sub-criteria based on established frameworks from reputable
organisations, such as the OECD Report “Applying Evaluation Criteria Thoughtfully”
(2021) and the WEF “Quantum Economy Blueprint” (2024). Criteria focused on relevance,
coherence, effectiveness, efficiency, governance quality and impact, as detailed in Table 1.
Each sub-criterion was scored on a scale from 1 (low) to 3 (high).

To close the evaluation process, the researchers who conducted individual assessments
then participated in discussions during regular meetings to reach a shared evaluation. The
analysis was further enhanced by incorporating strategic documents on postquantum
cybersecurity. This integration, subject to the availability of relevant documentation, aimed
to offer a comprehensive review. In particular, a substantial portion of the information used
in this analysis was obtained from the official websites of various governments, including
dedicated websites (US case).

4. Data analysis and results

QC’s transformative capabilities have garnered global government attention over the past
decade, attracting consistent public investments and associated national strategies since
around 2015. A total of 16 countries have been identified as having a declared national QC
strategy. Generally, sovereign interests in quantum technologies have driven comprehensive
national programmes that reflect geopolitical priorities and ambitions for technological
sovereignty. These initiatives often take the form of multi-year funding commitments,
collaborative research frameworks and specialised educational programmes aimed at
developing the necessary expertise within domestic scientific communities. united nations
educational, scientific and cultural organization (UNESCO) has designated 2025 as the
International Year of Quantum Science and Technology (IYQ) to help raise public awareness
of the importance and impact of quantum science and its applications in all aspects of life.
The year of QC will witness an evolving landscape of QC, and nations around the world are
adopting diverse strategic approaches to seize the opportunities and address the threats posed
by this transformative technology. A particularly urgent concern across national agendas is
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TG the quantum threat to cybersecurity, which has prompted various response strategies among
19,4 different countries.
Countries pursuing sovereign QC capabilities, such as (not an exhaustive list) the USA
(Raymer and Monroe, 2019), China (Omaar and Makaryan, 2024; Cricchio, 2024), Canada
(Sussman et al., 2019; Csenkey and Graver, 2024), India (Chakraborty et al., 2024), Russia
(Fedorov et al., 2019) and Australia (Roberson and White, 2019), have implemented
708 comprehensive national strategies supported by substantial public investments. China’s
quantum technology programme is arguably the most financially robust government
initiative globally, with declared public investments exceeding $15 billion, a figure that
likely underestimates total expenditure when considering classified defence research. This
financial commitment reflects Beijing’s strategic calculus regarding quantum science as both
an economic catalyst and a national security imperative, affirming China as a country that
adopts a strategy of technological leadership, similar to its approach in aerospace technology,
through selective integration into global industrial networks, development of domestic
technological capabilities in key areas and recognising the importance of balancing domestic
production with international collaboration to achieve technological and economic goals
(Karwowski et al., 2024). China’s 14th Five-Year Plan (2021-2025) (The Central
Commission for Cybersecurity and Information, 2022) explicitly positions quantum
information science (QIS) among its highest technological priorities. This formal elevation
within state planning documents signifies an institutional recognition of the transformative
potential of quantum technologies across civilian economic sectors and military applications.

China has become a leader in developing quantum communication infrastructure,
creating a network that links Beijing and Shanghai, through which data are reportedly
transmitted with complete security.

Furthermore, China is working on cutting-edge quantum communication satellites, the
Micius Satellite project, for quantum science experiments. The USA released its national
quantum strategy in 2018. It launched legislative initiatives that envisage a coordinated
approach at the federal level to improve research and development in quantum technology
for economic and national security purposes. For example, the USA has stressed the
importance of advancing the standardisation of quantum-safe cryptography protocols, which
involves developing new algorithms resistant to hacking, including those that can withstand
attacks from supercomputers. Global tech companies such as IBM and Google are emerging
leaders in hardware and software research in quantum technology, providing quantum
capabilities via their cloud platforms. Additionally, the National Quantum Initiative allocates
funding to support QIS research and development, as well as to tackle a broad range of
quantum challenges, including workforce development and industry engagement (https://
quantum2025.org/about/).

These nations are developing complete quantum ecosystems that encompass hardware
development, software innovation, research and commercial applications. This reflects a
strategic understanding that quantum sovereignty is crucial to national security and
economic competitiveness.

A second category of nations, exemplified by the United Arab Emirates, is seeking
quantum capabilities through strategic partnerships and commercial acquisitions rather than
domestic development. The UAE’s collaboration with Global Big Tech and quantum startups
illustrates how nations with significant financial resources but limited technical expertise can
access quantum technology: a pragmatic balance between achieving quantum capabilities
and resource constraints. The third approach, adopted by nations such as South Africa
(Forbes et al., 2021), relies exclusively on cloud-based QC services provided by established
quantum technology leaders. These countries focus on developing software capabilities and
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applications rather than competing in hardware development. This strategy allows them to Transforming
participate in the quantum revolution while minimising infrastructure investments but is Government:
substantially dependent on third parties in the quantum scenario.

The EU has adopted a hybrid approach that combines elements of sovereign development
with strategic partnerships. Through initiatives such as the Quantum Flagship programme
(2018) and Europe, the EU is working to develop quantum capabilities while ensuring
cryptographic resilience across member states (Riedel et al., 2019). As part of its overarching 709
digital transformation strategy, the Digital Decade, the EU aims to be at the forefront of
digital transformation cutting edge of quantum capabilities by 2030. The European Quantum
Communication Infrastructure Initiative aims to safeguard sensitive data and critical
infrastructure by using quantum communication technologies to establish a terrestrial fibre
network connecting strategic sites and providing secure connectivity via satellites
(infrastructure for resilience, interconnectivity and security by satellite (IRIS)). With its
nearly €7bn public investment in quantum, the EU ranks second only to China. Recognising
the strategic value and dual-use nature (civilian and military) of quantum technologies, the
Commission has identified them as critical for the EU’s economic security, as they are
considered the most sensitive and immediate risks related to technology security and
technology leakage. In March 2024, 21 Member States committed to making Europe the
“quantum valley” of the world by signing the European Declaration on Quantum
Technologies (De Luca and Reichert, 2024). The EU collaborates internationally on quantum
technology, for instance, with Canada, Japan, South Korea and the USA. Simultaneously,
many EU countries, including Germany, the Netherlands, France, Finland, Ireland and the
UK (Knight and Walmsley, 2019), are investing and planning a quantum roadmap to develop
their internal capabilities. Japan’s strategy exemplifies a balanced approach, combining
domestic research and development with international collaboration, particularly in the fields
of quantum cryptography and communications. The Japanese Government has prioritised
quantum-resistant cryptography while investing in internal QC capabilities (Yamamoto et al.,
2019). Regardless of their chosen approach, nations universally acknowledge the quantum
threat to current cryptographic systems, inspiring many initiatives in PQC and QKD. The US
National Institute of Standards and Technology (NIST) has been leading the development of
PQC standards, with many nations actively participating in this process.

This research focusses on nations that have developed formal national quantum strategies
and explicitly aim to achieve quantum supremacy and technological sovereignty through
targeted action programmes rather than merely allocating public or private investments.

Based on the research, Tables 2 and 3 provide a list of countries and documents that are
publicly available and analysed. Although the analysis provides an assessment of the
national quantum strategies published by various countries, it is essential to recognise that
the existence of published material does not mean that all ongoing initiatives are covered.

Russia has an active quantum strategy (Fedorov et al., 2019); however, no officially
published material was available for inclusion in the analysis. Similarly, for China, the
researchers were unable to find official government documents in English. Instead, they
relied on public announcements and secondary sources, such as academic papers, to inform
the evaluation, as well as a national strategy translated into English (The Central
Commission for Cybersecurity and Information, 2022). Despite this constraint, the analysis
recognises the importance of China’s quantum strategy and its potential impact, given the
country’s technological progress and stated ambitions to lead in this field. The final selection
of the strategic documents analysed is reported in Table 2 and the cybersecurity strategy or
policy document analysed is reported in Table 3.

People, Process
and Policy
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Figure 1. Quantum strategy assessment
Source: Authors’ own work

The findings highlight similarities and differences between countries based on established
evaluative criteria (Table 1), with key patterns shown in Figure 1.

4.1 Global landscape of national quantum strategies

Based on research conducted up to December 2024, 16 nations have officially published
quantum strategies, a modest number considering UNESCO’s designation of 2025 as the
International Year of Quantum Science and Technology and the associated financial
investments registered. Most countries have published their strategies recently in 2023 and
2024, while the USA established a dedicated governmental quantum infrastructure in 2018.
The US strategic foresight appears to follow a trajectory similar to the evolution of Al
Research ministries, scientific authorities and academic institutions are the primary authors
of national strategies based on the stage of development of the technology. Several countries
have formulated complementary PQC strategies through financial regulatory bodies and
cybersecurity agencies, as exemplified by Singapore, Japan and France, highlighting the
importance of proactive QC measures to prevent cybersecurity threats.

4.2 Evaluative analysis
Countries actively developing quantum strategies generally demonstrate strong awareness of
technological importance (Criterion 1), strategic alignment with larger national policies
(Sub- criterion 2.1), comprehensive stakeholder engagement (Sub-criterion 2.2) and
effective public—private collaboration frameworks (Sub-criterion 3.2). These strategy
documents typically outline clear resource allocation priorities (Sub-criterion 4.1), advanced
pathways for commercialisation (Sub-criterion 4.2), dedicated initiatives for skill
development (Sub-criterion 6.1) and explicit acknowledgement of economic growth
potential (Sub-criterion 6.2).

However, substantial variations emerge regarding governance structures (Sub-criterion
5.1), with relatively few countries establishing dedicated implementation bodies. More
concerning is the general absence of precise measurement frameworks (Sub-criterion 3.1),
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TG granular adoption roadmaps and articulation of societal benefits beyond economic
19.4 considerations (Sub-criterion 6.3).
b

4.3 Alignment with national goals (Sub-criterion 1.1)

Almost all the strategies examined demonstrate substantive alignment with broader national

economic and technological objectives. Fifteen countries have received the highest
716 evaluation (3) (see Figure 1). These documents explicitly connect quantum initiatives with
overarching national priorities. Australia’s strategy reports QC as a mechanism to
“modernise our economy, enhance our society, support national interests, and create high-
paying jobs for future generations”. Similarly, Canada’s framework aims to “amplify
Canada’s significant strength in quantum research; grow Canadian quantum technologies,
companies and talent; and solidify global leadership in quantum science and its
commercialisation”. Sweden received a moderate assessment (2), as its approach establishes
foundations for future strategic development rather than articulating immediate national
objectives.

4.4 Quantum safe cryptographic transition (Sub-criterion 1.2)

A total of 12 nations have established comprehensive cryptographic transition frameworks
and received the highest evaluations (3). Canada’s strategy exemplifies this approach,
establishing “ensuring privacy and cybersecurity for Canadians in a quantum-enabled world
through a national quantum-secure communications network and post-quantum
cryptography initiative” as a core mission. Australia, Denmark, Ireland and Sweden received
moderate evaluations (2), acknowledging cryptographic vulnerability without developing
detailed transition roadmaps.

4.5 Policy integration (Sub-criterion 2.1)

Most countries achieved the highest (3) evaluations of the integration of quantum
frameworks within existing scientific and technological policy architectures. Germany’s
strategy exemplifies comprehensive integration across its Digital Strategy, Research and
Innovation Strategy and Federal IT Security Research Framework. Denmark and Sweden
received moderate evaluations (2) due to limited articulation of policy integration
mechanisms.

4.6 Stakeholder engagement (Sub-criterion 2.2)

Most of the nations demonstrated extensive consultation processes involving industrial
partners, academic institutions and civil society, receiving the highest evaluations (3).
Denmark’s approach included “close dialogue with the other parties in the interministerial
quantum secretariat” alongside substantial input from “universities, research institutions,
organisations, and private and public research funding foundations”. China received a
moderate assessment (2) due to limited transparency with respect to stakeholder consultation
mechanisms.

4.7 Performance measurement (Sub-criterion 3.1)

France, Germany, Japan, the UK and the USA established sophisticated measurement
frameworks with specific indicators to track progress towards the objectives of quantum
capabilities, receiving the highest evaluations (3). Australia, Canada, Ireland, the
Netherlands, Singapore and South Korea received moderate assessments (2), illustrating
monitoring mechanisms without detailed performance metrics. China, Denmark, Finland,
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India and Sweden received lower assessments (1) due to the absence of specific performance Transforming

evaluation frameworks. Government:
People, Process

4.8 Research-Industry collaboration (Sub-criterion 3.2) and Policy

Most countries have established joint research programmes based on academic-industrial

partnerships, receiving the highest ratings (3). Germany’s approach highlights collaborative

innovation through dedicated hubs and competence networks. Denmark and India received 717

moderate ratings (2) due to limited implementation details, despite recognising the

importance of collaboration.

4.9 Resource allocation (Sub-criterion 4.1)

All countries examined, except Sweden, received the highest assessment (3) for prioritising
investments in areas with the greatest potential impact. The UK’s strategy exemplifies
detailed resource allocation, committing “£100m for research hubs”, “£70m for quantum
missions” and “£25m for fellowships”. Sweden received a moderate assessment (2), which
identified funding requirements without providing detailed allocation across priority
domains.

4.10 Commercialisation frameworks (Sub-criterion 4.2)

Most countries established targeted support mechanisms for quantum enterprises and
technology transfer initiatives, receiving the highest evaluations (3). Canada’s approach
exemplifies comprehensive commercialisation support, accelerating “development,
prototyping, and testing of strategic quantum products and services”, supporting “innovative
companies to help them grow and developing markets through government procurement.
Denmark and India received moderate evaluations (2) due to the limited specificity of their
implementation.

4.11 Governance architecture (Sub-criterion 5.1)

Most countries have established clear accountability frameworks for the implementation and
monitoring of the strategy, receiving the highest assessments (3). Canada’s governance
structure includes a dedicated Advisory Council that provides strategic guidance, domain-
specific working groups that develop implementation roadmaps and an interdepartmental
committee that ensures coordination. Australia, China, Finland, India and Sweden received
moderate assessments (2) due to limited articulation of governance mechanisms and
decision-making frameworks.

4.12 Workforce development (Sub-criterion 6.1)

Most countries established comprehensive educational initiatives at various levels of
expertise, receiving the highest assessments (3). France’s QuanTEdu-France programme
exemplifies this approach, involving 21 universities and targeting training for over 5,000
specialists across multiple domains. Denmark, China and India received moderate
assessments (2) due to limited implementation specifics.

4.13 Economic impact (Sub-criterion 6.2)

All countries, except China and Denmark, received the highest evaluations (3) for articulating
substantial economic development contributions through employment creation and acceleration
of innovation. Australia’s strategy projects that “quantum technologies could contribute
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TG $6.1 billion to GDP by 2045” while “directly employing 19,400 people”. Due to limited
194 quantitative projections, China and Denmark received moderate assessments (2).
b

4.14 Societal benefits (Sub-criterion 6.3)

Nine countries prioritised applications with significant social impact, receiving the highest

assessments (3). Germany’s approach articulates benefits across various domains, including
718 climate research, health care, mobility and security. Australia, Canada, France, Finland and
India received moderate assessments (2) due to limited prioritisation frameworks. China
received a lower assessment (1) due to the insufficient information collected and available on
the prioritisation of societal impact.

The final picture is shown in Figure 1.

Despite the relatively low number of published national strategies worldwide, many
governments are adopting comprehensive approaches that foster collaboration between
research and industry. The UK, the USA, Germany and Japan are notable for their clear
governance structures and a strong focus on economic and societal benefits. The transition to
PQC is a significant priority for governments to safeguard critical infrastructure, and most
countries are developing long-term quantum-safe transition roadmaps. However, the
assessment reflects the available official documentation, and due to the classified nature of
cybersecurity, it is likely to be quite partial and incomplete.

5. Discussion

The analysis carried out has revealed various factors related to governmental strategies for
developing QC technology. A common pattern emerges when comparing quantum strategy
approaches with AI adoption. Countries with strong Al ecosystems and innovative
technology strategies, such as the USA and China, have developed comprehensive, long-
term, structured quantum plans. Foundational capabilities and innovation approaches are
designed to create conditions and prerequisites to harness technological potentials for
exponential growth. Therefore, early development can lead to significant advancements in
the future. However, investment in emerging technologies offers advantages but may also
widen the global technological gap (Acemoglu and Johnson, 2023; Ten Holter et al., 2023),
and the QC initiatives so far appear to be retracing the path. Another important factor is the
participation of the private sector. The US private investments mainly support the QC
strategy, and Big Tech companies lead in QC research. The risk of governments becoming
codependent and the significant implications of this dynamic will require public sector
managers to navigate the complex political economy relationships between governments and
technology providers, while ensuring the responsible and effective deployment of these
technologies for public benefit (Margetts and Dunleavy, 2024; Ten Holter et al., 2023).

The link between technological leadership and economic prosperity has become more
evident in the modern global economy. An analysis of the EU-US productivity imbalance
published in “The Future of European Competitiveness, EU, 2024” identifies the
productivity gap between the EU and the USA, which emerged in the mid-1990s, as being
directly related to Europe’s limited capabilities during the first digital revolution. EU
productivity growth has matched that of the US over the past two decades when excluding
the technology sector. Technological leadership has become a primary driver of economic
growth in major economies around the world. QC appears to be a new opportunity for the EU
to establish technological sovereignty and a competitive edge. The emerging state of
quantum development remains sufficiently open for Europe to secure a leadership position,
provided it acts decisively and strategically (Riekeles, 2023).
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Another interesting consideration is that, although most national strategies are well Transforming
integrated into the overall strategy framework and supported by specific funds and actions, Government:
measuring achievements appears to have been overlooked. Sophisticated governance

. ) L . ; X People, Process
structures are insufficient to prevent underestimating social benefits, equity versus economic

growth and infrastructure defence (Roberson et al., 2021). Although the difficulty of and Policy
measuring the impacts of technologies, especially disruptive ones, has been acknowledged

for some time, a measurement framework for assessing impacts and related consequences, 719
both short- and long-term, still appears to be lacking, undermining efforts for anticipatory

governance.

This outcome is closely tied to the common trend of prioritising technological
sovereignty over wider societal benefits. To ensure that quantum technologies benefit the
public, it is essential to expand participatory networks by including a more diverse range of
social perspectives (Roberson et al., 2021; Seskir et al., 2023; Marchant et al., 2024).
Certainly, the current state of technological development does not permit a comprehensive
vision to predict long-term impacts, which many other factors may influence. However, the
competition and co-petition dynamics being created do not seem to be driven by potential
social benefits, such as climate change and health, but rather by national defence and the
threat of economic dependence or delay, derived from a reactive rather than proactive
approach (Floridi, 2022).

6. Conclusions

The purpose of this study was to analyse official national strategies as of the start of 2025, the
year officially designated by UNESCO as the IYQ. Currently, only 16 nations have
published an official national strategy, with differing approaches. The potential of QC,
particularly its exponential impact when combined with other technologies such as Al,
remains largely underestimated overall, except in countries that have made technological
innovation a key lever of power, including China and the USA.

6.1 Theoretical implication

This research explores the emerging field of quantum governance and reviews the current
status of national plans for quantum technology. A gap is apparent between the potential of
transformative quantum tools and their inclusion in public policies. According to earlier
studies on anticipatory governance, most countries have yet to fully develop their quantum
governance strategies (Coenen et al., 2022; Ten Holter et al., 2023). The concept of
responsible innovation provides a lens to analyse why these strategies primarily focus on
economic and security issues, rather than addressing broader societal concerns and
implications (Ten Holter et al., 2023; Kop et al., 2024). The results align with a governance
model that emphasises the importance of being forward-thinking, adaptable and
collaborative in dealing with new technologies (Marchant et al., 2024). Many current
strategies overlook the interdisciplinary approach, which involves integrating ethical, legal
and social aspects into quantum research and development (Kop et al., 2024).

6.2 Practical implications

This research provides insights for policymakers and public officials. The effects of quantum
technologies extend beyond the economy and require a path towards quantum resilience to
protect a country’s critical infrastructure. This path will require years of effort and investment,
so governments should think ahead instead of just reacting. Our findings suggest that today’s
national strategies do not fully address the dual-use risks of quantum technologies, a concern
that frequently appears in research (Blanchard et al., 2024; Kop et al., 2024). Governments need
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TG to establish robust frameworks that not only foster innovation but also manage risks, particularly
19,4 regarding cybersecurity issues that impact current encryption methods and overall legal
implications (Balarabe, 2025). Additionally, we identified a significant gap in public
involvement and efforts to democratise quantum strategies (Seskir et al., 2023).
Adapting existing digital governance models should open opportunities to explore new
approaches that can coexist with current ones and develop alongside technological
720 advancements in an adaptive rather than reactive way. This also considers the speed at which
technologies permeate society once introduced to the market and their capacity to promote
exponential innovation in combination with other innovations, such as AT (Floridi, 2022).

A broader perspective that incorporates societal challenges into quantum strategies,
moving beyond limited commercial or military considerations, should form part of the core
public management vision. Furthermore, as QC advances, longitudinal studies will be crucial
to evaluate the effectiveness of national strategies and their impact on society and resilience.

6.3 Limitations
The research carried out has several limitations.

Firstly, the research was based on declared sources and did not include interviews or data
collection that involved direct comparisons with technology producers, government
representatives or research institutions.

The dynamic nature of technology development roadmaps makes it challenging to
perform a thorough analysis over time; instead, research may become obsolete in a relatively
short period.

Finally, the qualitative nature of the document analysis, although supported by an analysis
framework and four researchers who had the opportunity to compare their findings, cannot
be entirely free of bias.
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