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Abstract Quantum technologies (QT) are advanc-
ing rapidly, promising advancements across a wide
spectrum of applications but also raising significant
ethical, societal, and geopolitical impacts, includ-
ing dual-use capabilities, varying levels of access,
and impending quantum divide(s). To address these,
the Responsible Quantum Technologies (ResQT)
community was established to share knowledge,
perspectives, and best practices across various dis-
ciplines. Its mission is to ensure QT developments
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align with ethical principles, promote equity, and
mitigate unintended consequences. Initial progress
has been made, as scholars and policymakers increas-
ingly recognize principles of responsible QT. How-
ever, more widespread dissemination is needed, and
as QT matures, so must responsible QT. This paper
provides a structured, situated synthesis of the ResQT
community’s current work and identifies future direc-
tions from within this community perspective. Draw-
ing on historical lessons from artificial intelligence
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and nanotechnology, actions targeting the quantum
divide(s) are addressed, including the implementa-
tion of responsible research and innovation, fostering
wider stakeholder engagement, and sustainable devel-
opment. These actions aim to build trust and engage-
ment, facilitating the participatory and responsible
development of QT. The ResQT community advo-
cates that responsible QT should be an integral part
of quantum development rather than an afterthought
so that quantum technologies evolve toward a future
that is technologically advanced and beneficial for all.

Keywords Quantum Technologies - Responsible
Quantum Technologies - Quantum Divide -
Responsible Research and Innovation - Ethics -
Technology governance

Introduction

Quantum technologies (QT) are evolving rapidly,
promising groundbreaking advancements in com-
puting, communication and sensing [1]. However,
these innovations come with significant ethical,
social, and geopolitical implications that demand
careful and timely consideration [2, 3]. The
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Responsible Quantum Technologies community
(ResQT) was formed in 2021 as part of a workshop
series to ensure that QT developments align with
ethical principles, promote equity, and mitigate
unintended consequences.

This paper systematically documents the current
and future directions of the ResQT community. By
examining the ethical, social, economic, geopoliti-
cal, and environmental impact of QT, this work pro-
vides an overview of ongoing efforts and emerging
pathways for responsible QT innovation within the
community. Specifically, it maps the current direc-
tions within the ResQT community, capturing the
pressing questions across domains such as ethics,
governance, sustainability, education, and geo-
politics. Second, it identifies the envisioned future
impact and outcomes of responsible QT efforts,
including assessment strategies, ethical frameworks,
and best practices in education and international
collaboration. Lastly, it proposes the future priori-
ties for achieving these goals to guide QT develop-
ment as it becomes more integrated into societal
infrastructures.

By synthesizing normative and empirical research,
expert insights, and interdisciplinary collaboration of
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the respective authors, this work provides a reference
point for scholars and policymakers for responsible
QT innovation, ensuring that QT are formed with ethi-
cal foresight rather than reactive regulation. Through
this work, the ResQT community seeks to create a
foundation for future dialogue, action, and accounta-
bility in shaping the responsible development of quan-
tum technologies.

Motivation and Context

The various quantum technologies have developed
enormously in recent years across computing and
simulation, sensing and metrology, communication
and cryptography, and enabling hardware and soft-
ware. These areas differ in maturity, time horizons,
users, and governance-relevant risks: quantum com-
puting hardware is developing rapidly [4], the first
quantum sensors are ready for the market [5], and
developments in quantum communication are vis-
ible [6]. The vast array of potential applications are
attracting immense private and public investments,
leading to international initiatives such as the Quan-
tum Europe Strategy.! Other international efforts,
such as the International Year of Quantum Science
and Technology (IYQ)? are also emerging.

With QT starting to move out of the lab, research-
ers and policymakers are debating their real-world
usage and impacts, including potential dual-use or
military contexts [7]. Furthermore, there are signifi-
cant global disparities in investment levels, which
could lead to a widening gap in capabilities and
competitiveness worldwide, the so-called quantum
divide [8]. On a smaller level, within respective soci-
eties, certain population groups could be favored in
the development of QT, despite the fact that learn-
ing materials are often freely available, what we may
call the local quantum divide [9]. These geopolitical,
regional and local divides will potentially lead to fur-
ther-reaching effects in diverse sectors and applica-
tion areas. It is therefore essential to investigate the
political, economical and societal implications of QT,

! https://digital-strategy.ec.europa.eu/en/library/quantum-
europe-strategy

2 https://quantum2025.org/

so strategies for a responsible and beneficial opera-
tionalisation of QT can be developed [3, 10].

Since there is already some evidence of negative
consequences of QT, strategies need to be devel-
oped to anticipate and mitigate them. For example, a
downstream impact is notable in terms of who gets
access to the technology and for what reason, as well
as the impact of decisions to invest in QT rather than
other technologies or more immediate social needs.
There is therefore a growing recognition and demand
for adopting anticipatory governance approaches
towards emerging technologies [11] due to lessons
learned from social media and artificial intelligence
(AI) governance [12]. In the history of technology
assessment (TA), this situation is best identified by
David Collingridge in his book The Social Control
of Technology (1982), where he argues that early
stages of technology development cycles are when
the possibility of social control is the highest while
the evidence of social impact is scarce or non-exist-
ent [13] a phenomena known as the “Collingridge
dilemma.” The Collingridge dilemma is a constitutive
argument for the importance of research into poten-
tial social impact. It also highlights that research on
these topics, the social impact, cultural disruptions,
economic changes, changing power dynamics, etc.
should evolve together with the technology, which
we believe can best be practiced by keeping an active
engagement with technical communities involved in
developing these technologies.

As a response to these highly intertwined chal-
lenges and to foster the chances of positive outcomes
resulting from a responsible and sustainable devel-
opment of these technologies, the ResQT workshop
series was launched, with an initial workshop organ-
ised by ZCS in 2021 at the Institute for Technology
Assessment and Systems Analysis (ITAS) within the
Karlsruhe Institute for Technology (KIT).

The event became an annual event in Karlsruhe,
with the sixth workshop held in April 2026. During
these years, a community formed that was primarily
focused on discussing the social, economic, geopo-
litical and environmental impacts of QT. This coa-
lesced into a multidisciplinary environment consist-
ing of researchers in STEM (mostly physicists and
engineers involved in QT development), social sci-
ences and humanities (participants from science and
technology studies (STS), technology assessment
(TA), philosophy, sociology, anthropology, political
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science and similar backgrounds), and education
research (particularly physics education research)
fields, as well as practitioners such as artists, corpo-
rate outreach and community managers, and equity
diversity and inclusion officers.

Through the years, the event series has hosted
138 speakers and panelists from 70 institutions with
a wide range of backgrounds and gender-balance.
Most participants were either professionals (46),
professors (35) or doctoral researchers (31) and
the number of participants is continuously growing
(Fig. 1). In terms of affiliation the Delft University
of Technology (10), KIT-ITAS (7) and IBM (6) are
the most prominent institutions with PushQuantum
(5), Technical University of Munich (TUM) (5) and
the University of Bristol (4) following. Although
there are also participants from different world
regions, reviewing the affiliations reveals a bias
toward institutions from Europe, partly reflecting
the workshop’s location in Germany. This may indi-
cate that Europe is currently investing more heav-
ily in responsible QT initiatives, while other regions
are comparatively less represented in this area. The
community is aware of this imbalance, and resolv-
ing it is a focus for future activities. However, the
affiliations do not reflect nationality or diversity of
perspectives.

ResQT is organised in a highly inclusive way. It
has no rigid boundaries and only requires work on the
impacts of QT. In particular, there is no aim to reach a
common consensus on what responsible QT must be,
which effects are most likely, or which focus is most

important; instead, a plurality of opinions resulting
in a multifaceted perspective on urgent problems and
possible solutions are discussed openly.

Over these five years, a number of topics have
gradually taken shape through which the ResQT
community addresses the consequences of QT. They
developed iteratively through the preparation, dis-
cussion, and follow-up of the individual meetings, as
workshop organizers adjusted and consolidated recur-
ring themes in dialogue with participants. This pro-
cess drew on feedback, submitted contributions, and
the evolving focus of the community. The resulting
topics are therefore not rigid categories, but a practi-
cal structure that reflects how concerns were repeat-
edly articulated, refined, and expanded across the
ResQT process.

o In the context of ethics and Responsible Research
and Innovation (RRI), the fundamental ethical
questions regarding the development, application,
and use of QT are frequently discussed. These dis-
cussions include the learnings from other technol-
ogy ethics, the implementation of RRI principles
in the development process to address the chal-
lenges, benefits, and risks of QT development, in
return generating societal trust and promoting the
use of QT for the greater good.

Within equity, diversity, and inclusion (EDI),
the reasons for inequality in QT are analyzed,
and solutions to overcome these inequalities are
researched. These include initiatives to widen
access and reduce the quantum divide, increase
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Fig. 1 Demographics of participants of ResQT workshops
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representation and participation, and identify
methods and initiatives to address these issues.

e Regarding sustainability, the environmental
impact of current and future QT systems is being
studied. This includes energy consumption, sus-
tainable applications, and ways to implement sus-
tainability measures in the development process.

e In the geopolitical sphere, the impact of inter-
national power dynamics on the development
and access to QT is increasingly discussed. This
includes analyzing current trends, exploring strat-
egies to mitigate negative effects, and easing ten-
sions through collaboration. At the same time, the
dual-use nature of quantum technologies, spanning
military and civilian applications, poses unique
challenges for a ‘responsible’ quantum community,
raising questions of democracy, power balances,
and ownership of knowledge and technology.

e Within education and workforce development
the most effective ways to learn and teach QT,
including its societal and ethical dimensions, are
being examined. Different methods for under-
standing QT are studied here, as well as how to
train a global quantum workforce that includes
people in underserved regions.

e In outreach & science communication, the ques-
tions of how to best reach and inform the general
public about QT and how to include them in shaping
its development are being discussed. Questions arise
about which communication practices are accessible
to a larger audience while remaining scientifically
accurate and having a long-term impact.

e With art-science interaction, the tools to inform
and educate people about QT are being expanded,
as well as the tools to shape its development in an
ethical and socially acceptable way. It’s being dis-
cussed whether and how the arts can play a role in
co-creating QT and how they might bridge gaps to
societal groups that so far have not been included.

e Lastly, in governance, the question of how politi-
cal decisions can be made to fulfill ResQT’s goal
of responsible, sustainable, and socially accept-
able QT development is discussed. This includes
effective funding mechanisms, regulations, and
international cooperation that serve QT develop-
ment and society as a whole.

This overview is not a fixed taxonomy of respon-
sible quantum technologies. Rather, it is a way of

structuring recurring concerns within the ResQT
community. Therefore, it does not offer a domain-by-
domain assessment of QT. The relevance and urgency
of these concerns may vary across QT domains. For
example, quantum computing, quantum sensing,
and quantum communication differ in maturity and
therefore in the governance-relevant risks they raise.
Regional differences may also matter, as different lev-
els of maturity and QT development trajectories can
influence which risks are perceived as most signifi-
cant and which standardization practices emerge.

At the same time, the concerns addressed by ResQT
are not unique to QT. They partially overlap with
debates in computer ethics, Al ethics, nanotechnology
ethics, and broader Responsible Research and Inno-
vation. ResQT’s specific contribution lies in examin-
ing how familiar concerns, including dual use, hype,
unequal access, public engagement, sustainability, and
anticipatory governance, are reconfigured by QT-spe-
cific trajectories, such as dependence on specialized
infrastructures, security and geopolitical implications,
and uncertainty about the relationship between techni-
cal promise and near-term applications.

Nevertheless, the field and the community need to
continue to evolve. The use cases of QT are becoming
more concrete, the number of participants is increas-
ing, and as these technologies are near readiness, the
number of people potentially affected by QT develop-
ment is increasing [9, 14]. It is therefore not surpris-
ing that the implications of QT and responsible devel-
opment are being considered in a growing number
of policy documents, including central strategies for
developing and deploying.

QT adopted by the EU,? the USA,* the G7° and in
a variety of hackathons.®” This creates an opportu-
nity for the community to pay more attention to other
issues, such as the relationship between QT and other
technologies such as Al, or the implications of recent
geopolitical changes.

Members of the ResQT community are aware
of such developments and continue to explore ways

3 https://digital-strategy.ec.europa.eu/en/library/quantum-
europe-strategy

4 https://www.quantum.gov/

> https://www.consilium.europa.eu/media/312f1jtr/quantum-
en.pdf

® https://hackathon.nyuad.nyu.edu/
7 https://qtric.sut.ac.th/quantathon2025/
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to address them. Until now, these discussions have
largely taken place within workshops or events,
without being published in a structured or accessi-
ble form. To ensure that both the ResQT community
and related stakeholders, including researchers, poli-
cymakers, and societal actors, understand the impor-
tance of responsible research in QT, this knowledge
must be collected, systematized, and shared [15].
This effort requires three core dimensions which are
the objectives of this community statement:

1) Mapping current directions within ResQT, to
inform both internal and external audiences about
ongoing research, current works, and existing
expertise.

2) Articulating the envisioned impact of ResQT’s
work, outlining the societal, ethical, and scientific
contributions it aims to make.

3) Formulating the future priorities that address cur-
rently underexplored or overlooked areas, ensur-
ing that the field evolves in a responsible, inclu-
sive, and forward-looking manner.

Methods

A qualitative approach was chosen to gather
answers to the objectives. This means that only
ResQT members working on different issues related
to the effects of QT were involved in giving input
for the objectives on their respective topics. The

Fig. 2 Affiliated countries of authors

@ Springer

results were collected, summarised in thematic
small groups, and published in the same structure.

Specifically, all 138 participants of previous
ResQT workshops were invited via email to provide
input on the topics they were interested in through
an online form. The topics were pre-defined by two
of the authors on the basis of previous ResQT ses-
sions: ethics, RRI, EDI, sustainability, geopolitics,
education and workforce development, outreach and
science communication, art-science interaction, and
governance. Based on feedback from the authors,
these were iteratively expanded to include sustain-
ability, while ethics and RRI were combined due to
the similarity of responses.

Twenty-five people participated and are listed as
authors here. They are affiliated with 21 institutions
and are based in 12 countries spanning four conti-
nents, as shown in Fig. 2. This distribution reflects
the networks through which the ResQT workshop
series and this writing process developed, and
therefore should not be read as a representative map
of the broader quantum community. Figure 3 shows
that they come from diverse disciplines, including
STEM, social sciences and humanities, education
research, as well as practitioners like consultants,
artists and community managers. Around half of the
authors are affiliated with at least two disciplines.
Therefore, the authors represent a cross-section of
the ResQT community involved in this process,
while the paper remains a situated community
perspective rather than a generalizable empirical
account of responsible quantum technology debates.

Germany
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Switzerland
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France
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Fig. 3 Distribution of authors across disciplines. Multiple selections per author are indicated by consistent colors across different disciplines

The authors provided, on average, input on two to
three different topics. On the basis of further queries,
nine people — AS, CALL, CW, EH, IE, MWB, PV,
RC and ZCS — agreed to merge the contributions on
the individual topics. Based on a predefined uniform
structure, all those who had contributed to a topic
were then included by the group heads in order to gen-
erate a corresponding text of about 600-800 words.
These texts produced are the results presented. The
final version of this work was reviewed and approved
by all authors. As with the ResQT community itself,
the purpose of this community statement was not
to reach a final consensus, but rather to identify the
general lines of current and future inquiry. Therefore,
while all authors agreed on the main lines of action,
they may have slightly different perspectives and per-
sonal objectives. Thus, a given author may not agree
on all aspects included within the paper, and the
paper contents do not necessarily reflect the opinions
of the authors’ various institutions.

Results

What follows are the collected contributions, which
were curated and refined through feedback from all
authors. The contributions are structured according
to the three objectives to ensure coherence and focus.
Although arranged in a specific order, as explained in
Section "Methods", the topics are neither directly com-
bined nor built upon sequentially, allowing each to stand

on its own while leaving room for certain parallels. That
is, multiple subsections discuss similar themes, and this
has been left as-is instead of actively avoiding redun-
dancy, in order to inform the reader and broader com-
munity of the overlaps between these topics.

Ethics and Responsible Research and Innovation
Current Directions

The ResQT community is actively addressing ethical
questions of QT, with a particular need to focus on
quantum computing, communications and sensing as
dual-use technologies,® without being limited by the
discourse of dual-use. By drawing lessons from other
fields, such as nanotechnology, classical computing,
and Al, similar ethical challenges of QT applications
are currently being identified and explored through
how their ethical consequences bear similarities,
or diverge, from the aforementioned technologies
[17]. The work under ethics and RRI also includes
the operationalization of ethics and RRI principles,
identification of frameworks, tools, and methods best
suited to address practical implications for research-
ers, entrepreneurs, and policy makers. Ongoing work
also includes synthesizing those insights into a com-
mon understanding of what is meant by quantum eth-
ics, including best practices in ethics and RRI of QT

8 While this term has a broader meaning [16], in the quantum
case it predominantly implies technologies with both civilian
and military applications.

@ Springer
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and the commonalities and distinctions between QT
and other fields. Initial proposals for the definition,
such as responsible quantum computing, have been
made [18].

Additionally, the ResQT community is exploring
how to best engage with the general public and dif-
ferent stakeholder groups regarding QT, particularly
with regards to demystifying the technology and
understanding where resistance to its adoption may
arise [19, 20]. This includes reaching out to a broader
global ecosystem to counteract the tendencies of QT
being perceived as strange and complex. The devel-
opment of clear and transparent communication could
help foster public understanding of QTto equip them
to actively engage in discussions about challenges,
risks and benefits [21]. Such transparent communica-
tion is hindered by an over-reliance in the QT field
on promises and hype that, by nature, do not promote
honesty or lucidity, as well as the language describing
quantum theory as, e.g., “impossible to understand”
or “magic”, which cannot be easily interpreted by the
lay public [22, 23]. Further, dominant narratives, like
fear of bad actors, overshadow ethical risks that need
to be engaged deliberately [24]. Overall, the current
goal is that ongoing quantum innovation should align
with societal values so QT can serve the public good
responsibly and inclusively.

Envisioned Impact

In order for work in quantum ethics to be impactful,
the ResQT community emphasizes a community-
wide understanding and consensus of what quantum
ethics is and why it matters. Where challenges arise,
barriers to responsible QT should be highlighted and
addressed. The outcomes the community desires
focus on, first of all, is a clearer understanding of
what quantum ethics is, what key themes it (should)
address, and how it can be impactful.

Desirable outputs of this research would be a rank-
ing of the potential risks related to different appli-
cations of QT, guidelines for sustainable and open
development of QT, and an evolving understanding
of the societal impacts of QT. Additional desired out-
come centres on practical guidelines for the opera-
tionalization of responsible innovation in QT, starting
with awareness of potential risks, unintended conse-
quences, and mitigation strategies. For instance, this
could include a rewriting of the six RRI dimensions

@ Springer

(ethics, gender equality, open access, public engage-
ment, science education, and governance) [25] spe-
cific to the different aspects of QT, generating a
checklist to be used when evaluating the impact
of QT in making a decision, either at a scientific or
political level.

Future Priorities

To obtain the impacts discussed above, the responses
from the community can be broadly distilled into
seven research questions to be addressed as future
work: (1) What methods need to be developed for
understanding the ethical challenges in QT? (2) Can
we learn from past challenges and other emerging
technologies? (3) What is best practice for ethics
and RRI in quantum technologies? (4) How can it
be best communicated, operationalized, and imple-
mented? (5) How can the societal impact of QT best
be understood and shaped towards what many refer
to as “quantum for good”,” i.e., the concept of creat-
ing positive societal, environmental, and economic
impact through quantum technology? (6) How can we
ensure that access is equitable and global? (7) What
are the current and potential future opportunities and
risks associated with QT, including its dual-use and
military applications?

In order to be impactful, in answering these
research questions, the ResQT community under-
stands the need to move beyond abstract principles
and values to their operationalization in the form of
concrete design steps to be implemented by QT pro-
fessionals. Thus, the future work in this area will
focus on how to operationalize RRI and quantum
ethics in the development and deployment of QT,
including leveraging lessons from previous emerg-
ing technologies, while also ensuring the technology
itself performs as expected. A priority in order to be
impactful is to work closely with policy makers in
order for ethics and RRI to be included into national
strategies, while taking institutional realism into
account [26].

% https://quantumforgood.eu/
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Equity, Diversity, and Inclusion
Current Directions

The ResQT community notices that despite a rapid
expansion of QT, disparities in access to resources,
education, and opportunities — the quantum divide
— remain a significant barrier to achieving equity,
diversity, and inclusion [27]. Based on insights from
initiatives like the Strengthening and Entangling
Global Quantum Roots (SEGQuRo) project and the
Quantum Grassroots initiative,'® ResQT members
are involved in addressing these challenges through
grassroots community building, education, and ethi-
cal engagement.

Members of the ResQT community recognize the
importance of gaining a detailed and context-sensitive
understanding of the specific ways in which inequali-
ties in quantum technologies arise, how they are sus-
tained or exacerbated through systemic or structural
mechanisms, and what strategies or interventions
might effectively address them [9]. For instance, what
lessons from nanotechnologies or Al might guide
inclusive QT development? How can QT participa-
tion be made equitable, considering global dispari-
ties in funding and representation? How might the
increasing representation of women in the QT com-
munity influence EDI efforts [28]?

Additionally, the ResQT community is investi-
gating who currently has access to QT education
and how it is perceived across diverse cultural and
regional contexts. This includes reflecting on how
educational content might better align with local
knowledge systems, drawing inspiration from frame-
works like ethnomathematics, which aim to decolo-
nize STEM curricula by embedding cultural perspec-
tives into technical education [29].

Envisioned Impact

A more inclusive and equitable quantum future
should begin from the ground up. Grassroots initia-
tives play a key role by highlighting local barriers and
developing community-specific solutions — but for
lasting change, institutions need to take ownership
and embed these efforts into their structures. This

10" https://qdnl.nl/news/six-projects-funded-by-open-call-from-
the-centre-for-quantum-and-society

means supporting dedicated funding streams, such
as scholarships or fellowships, that are explicitly tied
to equity goals and open doors for underrepresented
groups. It also means building frameworks that ensure
EDI values are not just encouraged but formally inte-
grated into how quantum technologies are governed.

In order to understand what works and where pro-
gress is needed, long-term studies of how equity and
ethics evolve within quantum organizations should be
carried out. These can help shape future action. Open-
access resources designed specifically for underrep-
resented communities — along with hybrid events
that remove travel or language barriers — can further
reduce gaps in participation [30]. International col-
laborations that center ethics and shared responsibil-
ity will be key to shaping a quantum ecosystem that is
truly global, inclusive, and fair.

Future Priorities

In the coming years, the ResQT community should
continue expanding quantum education efforts to bet-
ter serve marginalized communities and support cul-
tural change across the field. A key priority is under-
standing where learners fall through the cracks in the
educational pipeline and developing strategies to sup-
port them. Making quantum technologies more rele-
vant to people’s lived experiences — through applica-
tions in health, the environment, or local economies
— can help engage communities often excluded from
the mainstream QT discourse [9].

Another important objective is to address how QT
priorities — often tied to military or high finance
applications — may limit participation or reinforce
existing inequalities. Research evaluation and funding
structures should also be re-examined to avoid con-
tributing to these disparities [8].

Grassroots initiatives like SEGQuRo have shown
how locally driven workshops, hackathons, and edu-
cation projects can build meaningful QT engagement
without exacerbating brain drain. These efforts iden-
tify culturally specific needs and create tools that are
relevant and sustainable. Expanding such programs
— especially in regions like Africa, South America,
and Asia — will be essential to a globally inclusive
QT ecosystem [28].
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Sustainability
Current Directions

Quantum computers are primarily being designed
to surpass classical systems in computational power
for niche applications. Recently, a growing research
focus explores their potential to provide an energy
advantage [31]. Establishing a standard for bench-
marking “performance per Watt” is vital for mean-
ingful assessments. The Quantum Energy Initiative
(QED'! and its associated IEEE working group,'?
in which members of the ResQT community are
involved, are centralizing the effort to both improve
physical resource efficiency (incorporating reduced
non-renewable material cost and waste) and create an
energy standard [32]. These initiatives currently focus
on creating these measures and researching how they
could be implemented broadly across the field.

Gathering input from high-performance computing
centers — anticipated to be primary users of quantum
computers and already operating under initiatives to
optimize energy efficiency — would provide valuable
perspectives on, for example, the trade-offs between
wet and dry cryogenics, weighing energy consump-
tion against operational simplicity, and support in
conducting larger lifecycle analyses of quantum tech-
nologies [33]. Beyond technical research, the ResQT
community looks to investigate social strategies, not
strict restrictions, to keep sustainability forefront
by trialling measures such as artificially expensive
energy with internal reinvestment, fostering friendly
lab competitions, or reporting CO2 equivalent costs
in publications.'?

Envisioned Impact

Any technical success in achieving energy efficiency
must be coupled with safeguards to ensure its ben-
efit is actually felt and it doesn’t instead suffer from
induced demand or rebound effects [34]. Transpar-
ency in reporting the environmental and energy
costs of quantum applications versus their benefits
is critical for determining whether the technology
delivers net sustainability gains. At this pivotal point

1 https://quantum-energy-initiative.org/
12 https://sagroups.ieee.org/qei/

13 https://scientific-conduct.github.io/
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of history, it is important to be part of the solution,
instead of adding to the problem.

On the application and adoption side, quantum
has been touted as a promising tool to solve relevant
issues such as energy grid optimization [35]. The
question remains, however: what guarantee is there
that quantum solutions would actually be imple-
mented where others have not been? The desired
future impact here would be the development of
effective policies, improved communication between
stakeholders (including the public), realistic analy-
sis, and concrete roadmaps that provide clarity on the
practical applications of QT and their way into the
market.

Achieving these goals will require sustained efforts
and collaboration. Every stakeholder must be trans-
parent and include some consideration of sustainabil-
ity in their work. Although all deep tech is inherently
high-risk, the field can at least act as a blueprint for
how technology should be responsibly developed.
Proactive action now, while solutions are still malle-
able, will help avoid resource bottlenecks and ensure
the longevity of QT.

Future Priorities

Many facets to the issue of sustainable development
are not unique to quantum, and existing regulations
should be adapted to include quantum technologies.
Ensuring sustainability can have additional benefits
for the field [36]. Supply chain transparency aids in
addressing scalability challenges. Carbon pricing —
already relevant to classical cloud computing — must
complement claims of quantum energy advantages in
order for any realization to be economically viable.
As quantum research moves from theoretical mod-
els to impactful real-world applications, the ResQT
community should continuously assess how stake-
holders can be incentivized to priorities projects with
tangible, long-term benefits over short-term financial
returns. Integrating innovations with legacy infra-
structures and aligning them with political will is cru-
cial. Frameworks'* and incentives should be explored
to guide companies toward sustainable decision-mak-
ing and promoting research into sustainable use cases.
For instance, portfolio optimization holds potential
ESG (environmental, social, governance) benefits,

14 https://www.pushquantum.tech/sustainability-guide
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but only a fraction of research in this area incorpo-
rates ESG considerations, underlining the need for
more comprehensive sustainability integration in
early quantum use cases.

Additionally, the ResQT community believes more
attention on the intersection of quantum workforce
development and sustainability is merited. What role
can workforce policies play in fostering inclusive job
markets, through which a wider range of sustainabil-
ity challenges are addressed [37], particularly those
related to human impacts within the supply chain?
How can economic benefits from quantum advance-
ments contribute to broader societal sustainability,
including public support for climate policies and
environmental justice?

While numerous challenges arise during the
growth stage, sustainability should not be viewed as
an additional burden. Instead, it should be embraced
as a guiding principle — a green blueprint for
conducting business. Sustainability is a strategic
approach rather than a problem to be solved. There-
fore, it is crucial to integrate sustainable practices
gradually and thoughtfully.

Geopolitics
Current Directions

Research on the geopolitics of QT, especially within
the ResQT community, can be grouped into analyti-
cal, normative, and methodological strands. Analyti-
cal work investigates how QT is framed as a sover-
eignty technology and a national security concern,
exploring whether this framing acts as a self-ful-
filling prophecy that fuels nationalism and global
competition [2]. It considers how geopolitical shifts
impact the organization of the QT ecosystem and
the implications for countries and communities not
yet engaged in QT development, particularly in
the Global South [38]. There is also concern about
whether QT may be entangled in future geopolitical
rivalries, with the US-China dynamic often used as a
focal case. This includes scenario planning for states,
considering access to knowledge, workforce, materi-
als, and funding.

Normative research focuses on identifying ways
to mitigate the negative consequences of these geo-
political dynamics [39]. It asks how tensions can be
mediated, how openness in research impacts out-
comes, and what role international collaboration
should play. Methodological reflection deals with
how to approach global technology assessment and
scenario planning in this complex landscape and how
to integrate these into proposals for political govern-
ance of QT that are inclusive, forward-looking, and
globally relevant [40].

Envisioned Impact

The aim of the community’s research is to foster
anticipatory international, multilateral dialogue,
increase openness, and promote collective awareness
about the geopolitical aspects of QT. It should con-
tribute to a well-articulated discourse that resonates
within both policy and quantum communities. Mak-
ing the potential geopolitical risks of QT applications
explicit and ranking them can inform practical strate-
gies and interventions. In collaboration with govern-
ments, this research should support the development
of normative responses to geopolitical tensions and
propose actionable guidelines.

The overarching goal is to ensure that QT does
not become a tool for division or conflict but instead
offers opportunities for cooperative advancement. By
articulating the risks and initiating informed public
and policy debates, research in this area aims to pre-
vent the onset of a new cold war driven by technolog-
ical rivalry and mistrust. Research may also examine
longer-term pathways toward preventing weaponiza-
tion, including treaty- or norms-oriented approaches
to QT governance. Such approaches should not be
understood as immediately feasible governance
instruments, but as horizons for norm-building, confi-
dence-building, and institutional learning. Their prac-
tical limits are recognized, since many QT capabili-
ties are dual-use and embedded in civilian research
and industrial infrastructures.

Future Priorities
To achieve this vision, future research must address
several strategic questions. One focus is on how tech-

nical standards in QT could contribute to the geopolit-
ical division of the world and whether these standards
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can instead promote global cooperation. Another line
of inquiry examines the extent to which QT research
is siloed or shared and how to ensure that access is
equitable and independent from political agendas. A
central concern is how QT can be made available to
the majority of the global population, emphasizing
inclusivity over exclusivity [14].

Research must also explore how policy frame-
works can keep pace with the rapid technical develop-
ments in QT, remaining agile and effective, and sup-
port norm-building and policy coordination towards
the non-weaponization of QT. These questions are
integral to shaping a QT ecosystem that is ethically
grounded, globally inclusive, and resilient to escalat-
ing geopolitical pressure.

Education and Workforce Development
Current Directions

Given the disruptive potential of QT, a wide range
of societal stakeholders — including policymakers,
industry leaders, educators, and the public — requires
varying levels of understanding to make informed
decisions, foster innovation, and anticipate societal
impacts. As a near-term starting point, the commu-
nity is generally interested in understanding how stu-
dents reason and learn about QT, as well as the devel-
opment of research-based curricular materials and
assessment tools. There is a robust body of literature
on how students reason about quantum mechanics
[41-43]. It remains to be seen, via discipline-based
education research (DBER) [44], how much of this
work carries over to QT, including experimental work
in QT [45] and teaching QT to non-physics audiences
[46, 47]. Likewise equitable and reliable tools to
measure the understanding of QT are currently being
developed, like the Quantum Computing Conceptual
Survey (QCCS) [48]; more such tools will be needed
in the future as the field develops. Equally important,
the community is developing assessment tools that
measure not only conceptual understanding but also
how well students are equipped to navigate the soci-
etal and ethical dimensions of QT [49].

Additionally, the community is investigating the
effect of metaphors for developing quantum intui-
tion and understanding, particularly with regards to
their scientific accuracy [50]. Similarly, we wish to
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understand the effects of quantum hype on educa-
tion [51], both positive and deleterious, especially in
the context of ethics and equity of access. Building
on the EDI concerns discussed in Section "Equity,
Diversity, and Inclusion", this includes incorporating
ethics and responsible innovation into QT education,
but also broadening the reach of different forms of
quantum education into communities that are tradi-
tionally underserved [28]. That is, we must widen the
global reach of QT education to overcome the rising
quantum divide both within and across nations [8, 9].
Finally, the community is focusing on how to develop
and retain a quantum-literate workforce [52-54]. This
includes understanding how quantum education com-
petes with other forms of technical education, what
kind of skills are needed for a quantum literate work-
force, and whether there are certain required skills
that might differ between different QTs.

Envisioned Impact

Broadly, the community wants to see, as concrete
outcomes, a robust core of literature on learning and
cognition for QT students [55], emphasizing teaching
methods and learning metrics that incorporate eth-
ics and responsible innovation within them. Based
on lessons learned from other fields (e.g., neurosci-
ence, Al), research-based curricula emphasizing
quantum ethics and social responsibility must be
developed. These in turn could serve as a blueprint
for other technologies. The community wants to see
these quantum education programs developed in an
inclusive, accessible, and equitable way, including
input from underserved communities [56, 57]. This
means involving scholars from communities in the
Global South, but also actors (e.g., social workers)
in regions who are leading QT development. These
programs may not be 100% scalable, but where pos-
sible, lessons learned and scaling methods should
be shared among the community. Finally, there is a
need to track the progress of QT-interested people
through their educational and career pathways, which
will inform future developments in QT education and
workforce training.

Future Priorities

In the longer-term, all aspects listed above persist,
showing that these cannot truly be solved in the



Ethics Soc. (2026) 20:28

Page 13 of 21 28

near-term. This work must be done in a responsible
and ethical manner, with an emphasis on learning
from other disruptive technologies (e.g., Al). There is
also an urgent need to diversify the DBER research
pool so that research institutions in the Global South
are more involved, thus meeting the needs of a future
global quantum workforce [58].

The QT community must also consider education
beyond (quantum) scientists and engineers. That is,
the community will need to reach a broader audience
and understand how these people can contribute to
QT, especially when considering ethics and responsi-
ble innovation. There is a need to educate people both
in other fields and within the general public, both for-
mally and informally. This could serve to lower the
perceived barrier to entry, but research other means to
lower this barrier should be considered.

Finally, the community is interested in scaling up
educational programs in an equitable way, including
understanding who should bear the cost burden. This
calls for work in understanding the efficacy and appli-
cability of alternative paradigms for understanding
quantum mechanics [59], including Quantum in Pic-
tures [46] and Explorable Explanations [60].

Outreach and Science Communication
Current Directions

The ResQT community notices that there is still
a missing consensus regarding what is considered
optimal outreach and science communication in QT
[61-63]. This includes explicit content as well as
the level of detail to address, depending on the spe-
cific audience. Therefore, the community is currently
exploring which practices work and which do not.
This includes understanding the misconceptions of
different groups to effectively explain opportunities,
risks and ethical implications of QT [47]. A major
concern is how communication failures can create
space for misleading or exaggerated claims to thrive,
distorting public understanding and expectations. In
particular, the need to achieve the necessary technical
depth while using inclusive language is a current key
research aspect.

Metaphors can play a crucial role in science com-
munication of QT [22, 64, 65]. The community is
therefore pushing beyond the traditional picture of

Schrodinger’s cat. The goal is to find more meaning-
ful metaphors and analogies that convey quantum
principles without oversimplifying them.
Additionally, mechanisms to support sustainable
outreach and science communication efforts are being
developed. This includes developing strategies that
empower societal stakeholders like actors from the
arts, museums, the media, or local communities in par-
ticipating in the discourse. By including different views
and designing tools or metaphors together, science
communicators and outreach practitioners can have
ideas at hand to reach the public effectively [28, 47].

Envisioned Impact

One of the community’s central goals is to enable pub-
lic understanding of QT through transparent and inclu-
sive communication practices. By striking the right
balance between hype and skepticism, the community
aims to equip society with the knowledge necessary
to discern realistic promises from overblown claims
[10]. This approach could ensure that QT’s potential
is appreciated while also fostering critical engagement
with its risks and limitations [66]. Collaborative plat-
forms could track evolving narratives while amplifying
diverse voices, including contributions from students
and stakeholders in underrepresented regions, ensuring
a holistic understanding of QT.

A key future goal is the creation of innovative
outreach formats that move beyond conventional
approaches such as museum displays and school les-
sons. The innovative formats could foster inclusive
engagement, integrating gender-sensitive approaches
to inspire future generations of scientists and ensuring
diverse societal participation. Workshops on science
communication would become a standard practice,
equipping researchers and different kinds of stake-
holders to communicate QT’s complexity clearly and
accessibly. The desired outcome is a global commu-
nity that understands QT’s societal implications, sup-
ports responsible development, and actively partici-
pates in addressing risks, opportunities, and ethical
challenges, ultimately guiding QT towards equitable
and sustainable innovation.

Future Priorities

To achieve these objectives, ResQT recognizes the
need to broaden and analyze the current discourse
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on QT while developing long-term visions for effec-
tive outreach and science communication. Central
questions are how narratives in the QT community,
as well as public perceptions, shape QT develop-
ment and influence governance, funding, and societal
engagement [23, 67]. Researchers are keen to under-
stand how public narratives have historically shaped
technology governance and how specific features of
QT might alter these dynamics. Particular attention
must be paid to how inadequate or misleading science
communication contributes to the spread of pseudo-
scientific claims in QT, potentially distorting public
expectations and policy decisions. Additionally, the
question arises as to whether reasoning based on
quantum principles differs from other types of rea-
soning and whether the wider adoption of QTs might
change the way humans understand the world in the
future.

Expanding the thematic scope of QT discourse is
essential. The focus should extend beyond comput-
ing; with more attention allocated to applications in
communication, sensing, and other domains; as well
as the integration of QT into other domains such as
high-performance computing. This includes address-
ing ethical concerns like dual-use scenarios in mili-
tary contexts and ensuring global equity in accessing
QT as it becomes increasingly costly. Building on the
concerns about access, dual-use, and global equity
discussed in Sections “Equity, Diversity, and Inclu-
sion”, “Geopolitics”, and “Education and Workforce
Development”, the questions should be investigated
as to what access to QT can mean, who the actual
users are going to be, if there are meaningful use-
cases for all individuals, and which use-cases will
affect which stakeholder groups. These efforts should
aim to engage a broader audience, including stake-
holders who might have been previously excluded
from QT dialogues.

Reaching these diverse audiences requires a vari-
ety of communication strategies. Therefore, outreach
must be tailored to specific groups, such as policy-
makers, educators, and the public. Strategic commu-
nication should also address misleading or exagger-
ated claims about QT by providing clear, accurate,
and accessible information. By addressing diverse
perspectives, ResQT seeks to foster inclusive and
informed discussions, aligning technological develop-
ment with societal needs and expectations.
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Art-Science Interaction
Current Directions

Current research in the ResQT community also
focuses on the emerging field of art-science interac-
tions in quantum technology. This includes tendencies
toward “quantum art”'> and its potential influence
on public perception and QT development [68-70].
Researchers are working toward understanding what
“quantum art” could mean, identifying key practition-
ers, and analyzing its evolution.'® They also contrib-
ute to the growing body of theater plays that explic-
itly or implicitly address quantum science [66]. They
explore how art can communicate QT’s complexi-
ties to diverse audiences while preserving scientific
integrity and advancing new forms of understanding
[71-73].

One central focus involves the study of QT rep-
resentations in popular culture, especially science
fiction [40]. This could mean building narratives to
authentically reflect the development of QT [74]. It
might mean investigating the role of metaphors, espe-
cially when it comes to how new metaphors could be
developed to provide a deeper understanding of quan-
tum phenomena [23].

ResQT researchers are looking beyond aesthet-
ics by investigating the capacity of “quantum art”
to engender an immersive experience that exceeds
the epistemic status quo and present constraints in
engagement [75]. The community is fostering and
facilitating collaborations between artists, scientists,
and stakeholders, as well as exploring how “quan-
tum art” could shape the future of QT!” [76]. This
includes stimulating innovation, inspiring the imagi-
nation, and providing a lens on ethical reflection into
quantum technologies.

Envisioned Impact

The ResQT community envisions a future where art
is integral to the engagement of diverse communities

15 https://medium.com/qiskit/theres-a-burgeoning-quantum-
art-scene-76119cca7144

16 https://medium.com/@adrian.schmidt.kit/quantum-compu
ters-and-art-how-and-why-20d9c¢979be13

17 https://www.goethe.de/prj/lqs/en/index.html
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in the development of QT [77]. Researchers could
leverage the arts to reach audiences traditional scien-
tific communication could not reach while empower-
ing them as knowledge co-creators. Art can provide
more than a single way of accessing the technical
intricacies of QT to individuals with varying thought
styles, fostering a broader range of understanding and
engagement.

At the end of the day, bringing together QT and art
is not just about science communication.'® One key
objective would be to establish collaborative projects
for artists to work on directly with societal groups
wherein art might be the medium for involving these
communities in the co-creation of QT. Such a partici-
patory approach democratizes the development pro-
cess, by ensuring that a broad spectrum of societal
perspectives could inform QT’s evolution. Develop-
ing best practices for integrating art into QT research
and outreach will underline the transformative poten-
tial of such collaborations.

Ultimately, the ResQT community aspires to
broaden QT’s opportunities beyond obviously repro-
ducing what the technical community already knows
or understands about the possibilities of QTs.!” By
embedding art-science partnerships into QT develop-
ment, the community aims to create new narratives,
amplify the societal impact of quantum innovation,
and align it with diverse cultural, ethical, and human
values, to foster a more inclusive and responsible
approach to quantum advancement.

Future Priorities

The ResQT community should delve deeper into the
intersection of art and science to explore how these
collaborations shape both expert and lay under-
standing of QT. The first critical area of focus is on
determining how art can make QT more visible and
accessible without reducing, oversimplifying or mys-
tifying. The deployment of certain approaches, such
as gamification [59, 78], could motivate the collabo-
ration between STEM and non-STEM experts.

18 https://arts.cern/exhibition/quantum-visions/

9 https://medium.com/original-philosophy/if-quantum-physi
cs-is-queer-what-does-it-mean-for-quantum-technologies-
9elcabc2f674

The second critical area of focus concerns how art-
ists could be effectively included in the co-creation
of QT as equals. Artists should be able to bring their
artistic practices into facilitating non-deterministic
developmental trajectories in QT, thereby reconstitut-
ing cultural narratives around QT. Such contributions
might foster the identification of methods and frame-
works for the meaningful integration of scientific
innovation and artistic expression.

Therefore, it is crucial for the ResQT community
to consider how art-science activities could influence
the eventual progression of QT while also shaping
public perception. By constructing visions and goals
that do not merely reproduce standard narratives, the
community can converge into a more nuanced com-
prehension of QT’s potential. Non-deterministic tra-
jectories and cultural narratives are outcomes and
driving forces of art-science interactions, thereby
shaping decisions necessary to responsible QT
development.

Governance
Current Directions

The governance of QT is challenging for various
reasons, including the uncertainty within the techno-
logical development trajectory, the speed of develop-
ment, and the tension between too-early vs. too late
regulatory efforts. The ResQT is currently addressing
a number of governance-related questions, which are
largely related to the topics above.

One major focus is on building effective funding
mechanisms that not only promote the development
of QT themselves, but also support the responsible
development and application of QT. This includes
designing strategic and detailed funding mechanisms
that effectively integrate the needs of different stake-
holders. A key question is how far civil society actors
can be actively involved, alongside the integration of
companies and researchers.

Aligned with the vision of Quantum for Good, as
suggested and promoted by the UN and the OECD,
the community critically reflects on whether regulat-
ing specific QT developments will safeguard progress
or, conversely, risk constraining the long-term evo-
lution of the field [79]. In this context, the levels of
government action need to be taken into account to
both reduce the risks of QT and exploit any available
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opportunities. Concrete efforts, situated both within
and beyond the community, draw on ELSPI as an
umbrella descriptor for ethical, legal, social, and
policy implications of QT. Related but distinct oper-
ational approaches include the SEA framework —
safeguarding, engaging, and advancing — which has
been proposed as a way to guide responsible quantum
innovation by addressing risks, involving stakehold-
ers, and enabling beneficial technological develop-
ment in parallel [80]. Key considerations also include
the further development of anticipatory governance
mechanisms, appearing to be more efficient than early
stage regulation, enabling the community to adapt
measurements for responsible and sustainable devel-
opment early on [81].

To examine how to align QT developments
with societal values, the community concentrates
on researching the influence of global governance
structures [26], the role of international cooperation
within the dispersion of knowledge as well as global
technology assessments and ecosystem analysis of
QT [40, 82].

Envisioned Impact

The themes that emerged within the governance con-
text align with many of the topics discussed in the
other sections of this paper. But rather than intro-
ducing separate concerns, governance work often
translates these cross-cutting issues into institutional
questions: how to bridge the quantum divide dis-
cussed in Section “Equity, Diversity, and Inclusion”
by integrating value-based aspects into the innova-
tion system; how to integrate sustainability consid-
erations from Section “Sustainability” by embedding
sustainability guidelines into decision-making; how
to respond to geopolitical and dual-use risks dis-
cussed in Section “Geopolitics” by assessing those
risks without exaggerating unnecessary worries; and
how to connect education and workforce development
from Section “Education and Workforce Develop-
ment” to broader governance practice by providing
materials and resources to citizens.”’ In this sense,
governance functions as a coordinating layer that can
support technology assessment, funding priorities,

20 First examples of such work in a pioneering phase include
https://www.quantiki.org/and www.quantworld.org
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openness, transparency, and accountability across the
different topics.

Future Priorities

To advance ResQT’s mission, particular empha-
sis must be placed on bridging the quantum divide,
developing resilient governance frameworks, and
designing effective funding structures. Equally impor-
tant are critical examinations of academic colonialism
and sustained efforts to raise awareness among poli-
cymakers, as these dimensions are pivotal for ensur-
ing an equitable and globally responsible quantum
future.

Regarding the quantum divide, more attention
must be given to the power dynamics of dominant
companies and governments and on the impact of
their private access to QT platforms. An important
research objective is how to best inform the QT com-
munity about the opportunities of QT while effec-
tively reducing the entry barriers. This issue is par-
tially connected to academic colonialism. Although
difficult to navigate, research should explore how
support from the Global North can be reframed —
not as aid to those “in need,” but as an equitable col-
laboration. One approach might be a better exchange
between academic institutions on how to collaborate
regionally and globally for developing a strong QT
field worldwide.

Resilient governance mechanisms are essential to
address the dual-use capabilities of QT and the pro-
found ethical, legal, and societal challenges they pose.
While quantum encryption, particularly quantum key
distribution, may provide unprecedented security for
financial and medical data, the same capability could
also destabilize international relations by rendering
existing cybersecurity infrastructures obsolete. Meet-
ing these challenges demands an integration of tech-
nical analysis with geopolitical dynamics and inter-
governmental cooperation, such as by methods from
technology assessment, to ensure the responsible
advancement of QT.

Lastly, to further develop funding strategies such
as new “first of a kind" and “public interest” funding
strategies alongside rising awareness for the strategic
impact of QT are central to the effective employment
of the community efforts. Balancing (responsible)
QT funding and other high-cost societal beneficial
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projects requires thoughtful discussion. Best practices
should be developed for informing policy makers
about potential impact of QT and how to strategically
fund the analysis and mitigation of future QT risks.
Questions may also arise about whether existing gov-
ernance frameworks or forms of “real-time govern-
ance” could lead to informed decisions, so further
developments in QT can be safeguarded.

Conclusion

Responsible quantum technologies are at a cross-
roads. This paper synthesizes insights from the
ResQT community, reflecting current research,
diverse perspectives, and emerging priorities. While
this paper offers a valuable overview of the topics
and pathways discussed in recent years, it should be
understood as a snapshot shaped by the perspectives
of its contributing authors — yet one that can be seen
as a significant representative of the community. The
eight topics outlined here offer guidance not only for
the community itself but also for adjacent researchers,
practitioners, and policymakers working at the edges
of the field.

Several recurring concerns cut across these top-
ics and help consolidate their overlaps into a more
focused agenda. The first is the need for assessment
strategies that are sensitive to the heterogeneity of QT
domains, their different levels of maturity, and their
distinct risk profiles. Such assessment should support
transparent risk-ranking and prioritization, so that
plausible and urgent concerns can be addressed with-
out neglecting longer-term ethical, social, economic,
geopolitical, and environmental questions. A second
recurring concern is the risk of a growing quantum
divide — disparities in access to QT education, fund-
ing, and applications — which calls for equity, diver-
sity, and inclusion to remain central. Sustainability is
another pressing issue: both technical innovations to
reduce environmental impact and policies that prevent
QT from deepening existing inequalities are required.
Trust and engagement are equally vital, ensuring that
QT develops in ways that benefit all. Lessons can and
should be drawn from past technologies such as Al
and nanotechnology, where governance struggled to
keep pace with innovation.

While this work underscores the necessity and
potential of ResQT, it reflects the nascent stage of
QT. This paper, therefore, is an intermediate step
in recognizing the accomplishments so far as well
as the future imperatives. The next step is to move
from identifying problems to implementing respon-
sible innovations in practice. That means fostering
inclusive dialogue among all stakeholders, creating
collaborative initiatives, and developing a truly mul-
tidisciplinary approach. Moreover, while the group
of authors effectively represents the currently active
ResQT community, the number of researchers is
continuously rising, and certain perspectives — for
example, from non-European countries — remain to
be included more directly.

Looking ahead, the rapid evolution of quantum
technologies makes it imperative that responsibility is
not treated as an afterthought but as a guiding princi-
ple. This paper has outlined the ethical, social, eco-
nomic, geopolitical, and environmental dimensions
of QT, highlighting both current directions and future
priorities identified within the ResQT community. By
bringing together normative and empirical research,
expert insights, and interdisciplinary collaboration, it
offers a reference point for scholars, practitioners, and
policymakers committed to ensuring that QT develop-
ment aligns with ethical principles, promotes equity,
and mitigates unintended consequences. In this way,
the ResQT community aims to establish a foundation
for sustained dialogue, collective action, and account-
able innovation as quantum technologies become
increasingly embedded in societal infrastructures.
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