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This paper focuses on stakeholder identification as per the value sensitive design (VSD)
approach applied to the context of quantum technologies (QT) and contributes to a
better understanding of the complex and dynamic nature of the QT landscape. We pro-
vide two comprehensive lists of stakeholders as starting points for VSD researchers and
practitioners. These lists encompass a diverse range of organizations, including private
companies, government agencies, NGOs, partnerships and professional/trade organiza-
tions. Our aim is to facilitate the recognition, legitimation and understanding of stake-
holder interactions in the development of QT. These stakeholder lists lay a foundation
for designing and implementing policies and strategies that promote the ethical and
responsible development of QT, considering the values and interests of various stake-
holders. Furthermore, these lists enable empirical and technical studies on specific QT
innovations using an ethics-by-design approach like VSD.

Keywords: Stakeholders; quantum technologies; quantum computing; value sensitive
design.

1. Introduction

Numerous industries, including healthcare, banking, energy and others, stand to
benefit from quantum technologies (QT). QT refer to a spectrum of innovations
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and tools developed based on the principles of quantum mechanics. At the core,
they leverage the unique behaviors of particles at the quantum level, such as
superposition (where a quantum system can exist in multiple states simultane-
ously) and entanglement (where particles become interlinked and the state of one
instantly affects the state of the other, regardless of distance). These technologies
include but are not limited to:

• Quantum Computing which exploits quantum principles to process information
in ways that classical computers cannot, offering potentially exponential speed-
ups for certain computational problems.

• Quantum Communication, where quantum mechanics is used to secure commu-
nication, is a notable example of quantum key distribution ensuring the secrecy
of transmitted information.

• Quantum Sensing, Metrology and Imaging encompass a range of technologies that
leverage quantum principles to push the boundaries of accuracy and sensitivity
in various fields. Quantum Sensing and Metrology utilize quantum principles to
develop sensors with unparalleled accuracy, applicable in areas such as gravi-
tational wave detection and precision time-keeping. Simultaneously, Quantum
Imaging employs quantum properties like entanglement to devise imaging tech-
niques that transcend classical limits, further expanding the potential of QT in
diverse applications.

QT have a plethora of possible uses, from developing novel materials to more
effective batteries,13 enhancing medicine discovery,14 and transforming cryptogra-
phy.9 The number of businesses engaged in the development of QT is increasing
along with the field.7 These organizations originate from a variety of industries,
including private businesses, governmental institutions, nongovernmental organiza-
tions, partnerships and professional/trade associations. Each has its own objectives
and ideals.

For understanding and guiding the development of QT it is important to com-
prehend who these organizations are, how they interact and what their individual
responsibilities are in the QT environment. The ethical and responsible develop-
ment of QT can be augmented by identifying stakeholders, validating their interests
and figuring out how they interact.12 This is done while taking into account the
values and interests of various stakeholders.

In order to investigate the goals, formation and motivations of the numerous
organizations working in the field of QT, this paper provides a classificatory matrix
of the various organizations currently engaging in QT research and innovation.
This article offers insights into the various stakeholder roles and responsibilities
in the development of QT to help facilitate researchers to determine how their
interactions can influence the field’s future, using tools and insights from the value
sensitive design (VSD) approach. In employing the VSD approach, we conduct a
conceptual investigation — a key component of VSD that involves a philosophically
informed analysis of the central constructs and issues under investigation. This type
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of investigation explicitly addresses questions such as “What are values?”, “Whose
values are impacted by QT?” and “How are these values supported or diminished by
specific technological designs?”. It allows us to engage in a detailed examination of
the underlying values of different stakeholders without yet committing to extensive
empirical analyses. By focusing on conceptual clarity, we establish a foundation
for comparing results across research teams and setting a basis for the coherent
development of policies.

At a cursory glance, the technological landscape might be replete with usual
stakeholders. However, the uniqueness of QT necessitates a fresh perspective.
Beyond the fascinating science, there’s an intricate web of organizations, objec-
tives and ideals. The stakes are high, and these entities’ values can be the bedrock
on which QT thrives or the hurdles that stifle innovation. The results of this study
provide a conceptual investigation of the complex and dynamic nature of the QT
environment, which can be used in further empirical investigations to determine
important stakeholder engagement and collaboration dynamics that will shape the
development of those systems. Following VSD principles, our identification of stake-
holders in QT is rooted in a conceptual investigation. We critically examine how
various stakeholder groups, including both direct and indirect stakeholders, are
socially impacted by technological designs. This analysis has informed our classifi-
cation of stakeholders, focusing on their values and how QT might affect them. By
delineating these roles and responsibilities, we provide a nuanced framework that
aids in understanding the multifaceted interactions within the QT ecosystem.

Few studies27,40 have performed a thorough examination of the various organi-
zations involved in the development of QT despite the rising body of research on
the ethical, social, and legal implications of these technologies (e.g. see Refs. 18, 19,
26 and 38). By providing a conceptual investigation of for-profit businesses, gov-
ernmental organizations, nongovernmental organizations, partnerships and trade
associations active in QT, this work adds to the body of literature.

This study offers insights into the various stakeholders influencing the devel-
opment of QT by examining the goals, formation, purposes and values of these
organizations. Additionally, by taking into account the values and interests of stake-
holders, the VSD approach utilized to identify these stakeholders in this paper can
assist in creating policies and strategies that support the ethical and responsible
development of QT. As a result, this research contributes usefully to the litera-
ture by emphasizing the significance of stakeholder involvement and cooperation
in determining the course of QT.34 While this paper is framed within the VSD
approach for identifying and engaging QT stakeholders, the insights provided are
not confined to VSD practitioners alone. The classification matrix and the discus-
sion of stakeholder roles and responsibilities are tools that can be applied in vari-
ous contexts, informing a wide audience interested in the responsible development
of QT.

In order to do this, this paper is organized in the following way. In the next
section, we outline the various theoretical tools that emerge from VSD that are
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apt to identify the various stakeholders, legitimatea them, and determine how they
interact with one another in potentially meaningful ways. Section 3 lays out the
methodology used in this study to classify the numerous organizations involved
in QT research and innovation. Section 4 provides some initial insights given this
classification project, detailing how further conceptual as well as empirical inves-
tigations can benefit from this preliminary stakeholder identification. Section 5
discusses some of the limitations of this research and potentially fruitful avenues
for further investigation. The final section provides conclusions.

2. Tools for Stakeholder Identification, Legitimation
and Interaction

The VSD method is a framework for creating technologies that are aligned with
and embody stakeholders’ values and interests. The approach acknowledges that the
creation of new technologies is not value-neutral and that these developments may
have both intentional and unforeseen effects on people, organizations and society
as a whole. In order to make sure that technologies reflect users’ beliefs, interests
and needs, VSD aims to involve stakeholders in the design process.

In the 1990s, Friedman et al. created the VSD approach.10 They understood
that the design process for developing technologies needed to be more sensitive to
the requirements and values of stakeholders because it was common for these tech-
nologies to be developed without taking ethical, social, or environmental concerns
into account. They argued that in order to better understand stakeholders’ beliefs
and incorporate them into the design process, designers needed to interact with
them. For this reason, the VSD approach to technology development is crucially
dependent on stakeholder identification, legitimation and interaction tools which fall
under the rubric of conceptual investigations, one of the three main phases of any
VSD application. Identification of all parties with an interest or stake in the devel-
opment of the technology, as well as those who may be impacted by it, is known
as stakeholder analysis.11,23 This technique enables designers to comprehend the
variety of viewpoints and interests that could affect the technology’s conception,
application and use. This article engages in a conceptual investigation as per VSD,
where we delve into the philosophical underpinnings of stakeholder values. This
approach, distinct from empirical analyses, offers a structured exploration of how
the design and use of quantum technologies can affect stakeholders both directly
and indirectly.

aLegitimation, in the context of stakeholder identification, refers to the process of acknowledging,
validating, and justifying the relevance and importance of various stakeholders in a given domain
or field. This process not only recognizes the existence and roles of stakeholders but also endorses
their rightful place in the discussion, decision-making and development processes. It involves
an understanding of the interrelationships, power dynamics and value propositions of different
entities, ensuring that their voices and interests are appropriately represented and considered.
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After stakeholders have been identified, legitimation strategies are employed to
guarantee that their interests are regarded as valuable and genuine during the devel-
opment process.1 By highlighting the significance of stakeholders and their connec-
tions to the technology, the stakeholder analysis tool, for instance, is a potent means
to legitimize stakeholder interests. Prioritizing which stakeholders in the develop-
ment process should receive greater attention or resources can also be helpful.

Then, interaction tools are employed to encourage stakeholder engagement and
communication. One such tool is the stakeholder tokens tool. According to Yoo,42

the stakeholder tokens tool provides a tangible or digital representation of individ-
ual stakeholders or stakeholder groups. These tokens can be used in collaborative
settings such as workshops, brainstorming sessions, or decision-making meetings.
Stakeholder tokens offer a mechanism to track and record stakeholder contribu-
tions over time, ensuring that a comprehensive record of their inputs, concerns and
suggestions is maintained. Additionally, these tokens serve as an avenue for stake-
holders to express their values, opinions, interests and preferences, thus promoting
transparency, inclusivity and active participation in the development process.

QT can be developed in ways that are in line with the significant values of
stakeholders by using the VSD approach and its accompanying tools. More broadly
speaking, VSD can be used in at least the following ways concerning QT:

• Identification of stakeholders: It is crucial to identify all parties who could be
impacted by the development of QT, including investors, users, regulators and
advocacy groups. To make sure that these stakeholders’ viewpoints are taken into
account during the design process, VSD can help identify these stakeholders and
their interests. In this study, we will primarily focus on the question of how to
formulate a core list of relevant stakeholders. This often takes on the form of a
literature review to create a preliminary list of stakeholders that is then revised
given subsequent empirical investigations.

• Stakeholder legitimation: When stakeholders have been identified, VSD can be
used to validate their viewpoints and interests. The stakeholder analysis tool, for
instance, can assist developers in determining the significance of various stake-
holders and their connections to the technology (cf., Ref. 43). This can make
sure that during the design process, the interests of all stakeholders are taken
into consideration.

• Stakeholder interaction: Due to the complexity of QT, a number of stakeholders
with various specialities may need to work together. By the use of tools like
stakeholder tokens, VSD may assist in fostering collaboration and communication
between stakeholders. This tool can aid in organizing and facilitating stakeholder
interactions, making sure that everyone involved has the chance to voice their
opinions (cf., Ref. 17).

• Values: QTs have the potential to have a big impact on society, including eth-
ical, societal and environmental issues.5,31 To make sure that these values are
taken into account during the design process, VSD can be used to identify and
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prioritize them. For instance, ethical problems with the collecting and use of
private information in quantum sensing can be found using VSD.

3. QT Stakeholders in the literature

The emerging literature on the ethical, legal and societal aspects (ELSA) already
discuss to some extent the role of stakeholders in the development of QT. In this sec-
tion, we survey this literature, collecting the presented views on the identification,
legitimation of and interaction with stakeholders.

3.1. Literature search method

To identify the relevant literature, we initially adopted a bibliometric approach,21

utilizing the Scopus database with the following queryb on 10 October 2022 and
ended up with 11 articles. After reading the abstracts of each article, we only found
five of them to be relevant to QT. Next, we tried relaxing the query conditions
by removing the “AND (“responsib*” OR “stakeholder*”)” part. This led to 160
articles; however, a majority of these articles were technical papers, mainly on
quantum key distribution due to the keyword “legal” being used in a different
context. Removing this keyword reduced the results to 53, and after reading the
titles and abstracts, we identified 15 of them as relevant literature.c From previous
literature,41 we knew that there should be somewhere around at least 20 articles. At
this point, we ran co-citation and bibliographic coupling analysis on the 15 articles
we have, which identifies articles that were cited by multiple articles in our dataset,
and which articles were cited together in the references section of the articles in our
dataset. This led to the identification of four more relevant articles. At this point,
we checked the list and realized that some papers known by the authors are not
present in the list.

Next, we manually investigated the references sections of the papers at hand
and also the articles known by the authors. We realized two key points: (i) some
of the articles were published in new journals, meaning they couldn’t be discovered
via a Web of Science (WoS) or Scopus literature research because the journal is
not indexed yet (one example is the journal Digital Society, which published its
first issue in July 2022), (ii) any attempt to cover all the ELSA keywords together
with relevant quantum keywords would eventually lead to orders of magnitude more
false positives than true positives, this is mainly due to the difference in the size of
literature in QT versus the ELSA of QT. The QT literature has more than 84.000

bQuery: ((“quantum tech*” OR “quantum comput*” OR “quantum sensing” OR “quantum sen-
sor*” OR “quantum simulation” OR “quantum cryptograph*” OR “quantum communication”)
AND (“ethic*” OR “legal” OR “societal”)) AND (“responsib*” OR “stakeholder*”).
cWe searched for the terms “ethic*” and “responsib*”, and selected those papers that employ
these words in a meaningful manner, not just a mere passing mention or used in a different
context (especially for the term “responsib*”).
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scholarly works in Scopus-indexed journals (utilizing the keyword from Ref. 35),
while ELSA of QT has less than 50.

After all the steps above, we ended up with a list of 39 scholarly works indexed
by Scopus. Next, we downloaded each paper/book and ran searches for keywords
“Responsib*” and “Ethic*”, and read the paragraphs and sections to identify in
which contexts these words were present in the text. We identified 18 from the list
containing the concept of responsibility/responsible, and 19 contained the concept
ethics/ethical in the contexts we were aiming for, 14 of the concepts contained both
works. Therefore, we focused our attention on these 14. In each, we searched for the
keyword “stakeholder” and highlighted the relevant section. Our highlights of these
sections and the following takeaway messages are below, provided in chronological
order depending on the publication years. The summary of the information on these
articles can be found in Table 1.

3.2. Literature summary and general points

Vermaas38 argues that for a societal debate on QT to be effective, stakeholders
need to have a reasonable understanding of the technologies in question. Quan-
tum theory is notoriously difficult to understand, but philosophers of physics can
help provide stakeholders with the necessary understanding to participate in the
debate. He suggests that current RRI approaches need to be expanded to include
all stakeholders in the debate on QT. He also recommends organizing the debates
in a manner which should distinguish between issues that arise during the transi-
tional phase of introducing new QT and those that have a more permanent impact
on society. By engaging in open dialogue and considering a range of perspectives,
stakeholders can work together to guide the development of QT in a direction that
is beneficial for all.

Coenen and Grunwald5 propose the implementation of a “strong” RRI approach
to ensure the responsible development and commercial viability of QT. This
approach involves linking core policy processes to stakeholder dialogues, decision-
supporting public engagement and a wide variety of other public communication
activities. The authors emphasize the importance of engaging with a wide range
of stakeholders at an early stage, including industry, early adopters and key stake-
holders, as well as the general public, in order to ensure that the development of
QT aligns with societal values and interests. They also stress the need for proactive
engagement with stakeholders throughout the lifecycle of QT, not just closer to
the market. They caution against using uncertainties surrounding QT as an excuse
to delay or avoid dialogue, as this could allow others to shape the narrative in
unhelpful ways. Instead, the authors advocate for mutually informative dialogue
with all stakeholders to give a broader picture of public perception and foster a
shared narrative that is widely recognized and welcomed. In summary, Coenen and
Grunwald5 argue for a societal debate on QT that involve open dialogue and con-
sideration of a range of perspectives. This can help guide the development of QT in
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a direction that is beneficial for all and ensure that the research delivers results that
are socially desirable and undertaken in the public interest, while helping to avoid
large parts of the general public learning about QT via unfounded and potentially
frightening speculations.

Roberson et al.30 argue that the concept of “public good” in research should
focus on the diversity of stakeholders and their engagement to ensure that research
outcomes benefit society as a whole. The authors propose a “public good test” that
includes three elements: research agendas, social orders and research-society net-
works. These elements should be diverse to pre-empt narrow outcomes that may
harm certain groups, and stakeholders should be involved in exploring different
agendas and outcomes. In their article, they emphasize that research funding, insti-
tutions of research utilization and public communication of science play a crucial
role in shaping research’s capacity to address the public good for all stakeholders.

Holter et al.37 argue that responsible innovation (RI) requires engagement with
stakeholders in the development of QT. Their case studies suggest that identify-
ing stakeholders is not limited to ultimate users but also includes peers within the
research team and similar fields. In their article, they also emphasize the importance
of managing expectations and representing QT in a nonhyperbolic way to stake-
holders, including funders and policymakers as well as the general public. Widening
the pool of stakeholders consulted is necessary to develop a better understanding of
the possible effects and impacts of quantum-based technologies. Engagement should
not only happen with the public but with all interested stakeholders, including regu-
lators, contingent industries and other branches of the academy. Overall, their work
emphasizes that identifying and engaging with stakeholders is critical for developing
and implementing QT responsibly.

Wolbring41 argues that involving stakeholders is crucial in building literacy in
the societal impacts of QT. Some quantum policy documents indicate the need
to involve stakeholders in reviewing the potential impacts of QT on society,28,40

and some countries have already carried out public consultations on their quantum
strategies.3 Since QT research is still a relatively recent topic for many governments,
the discussion among stakeholders is still ongoing, and several European countries
have yet to develop social, ethical and legal parameters.28 Wolbring suggests that
mapping out the “social” within a differentiated map of the applications allows
for social risk to be mapped out in a meaningful way as well as to build literacy
in the societal implications. He argues that a mapping exercise could also be used
as a pedagogical tool in EDI curricula content and other courses, engaging with
the concept of stakeholder and citizen engagement in society. He highlights the
importance of involving stakeholders and building their understanding of QT to
support meaningful societal debate and decision-making.

Ritter29 highlights the rarity of open dialogue among technology and legal
stakeholders regarding how to innovate and govern. Krishnamurthy20 stresses how
governments can create the conditions for successful self-regulatory and multi-
stakeholder initiatives in order to address the human rights impacts of QT. Finally,
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Meyer et al.22 point out that QIS researchers and stakeholders from technical back-
grounds, although accepting that ethical issues undeniably emerge in QT, they
believe these issues do not diverge significantly from those of other areas of engi-
neering and technology and are perhaps better suited for philosophy departments
rather than the public domain.

In summary, from the previous literature in the articles published in Scopus-
indexed journals, we can list the following points to be taken into account when
getting involved in stakeholder identification and engagement:

• Involving stakeholders in reviewing the potential impacts of QT on society to
support meaningful societal debate and decision-making.

• Mapping out the “social” within a differentiated map of the applications to allow
for social risk to be mapped out in a meaningful way, build literacy in the societal
implications, and be used as a pedagogical tool in EDI curricula content and other
courses.

• Providing stakeholders with a reasonable understanding of the technologies in
question through engagement with philosophers of physics and open dialogue
that considers a range of perspectives.

• Implementing a “strong” RRI approach that involves engaging with a wide range
of stakeholders at an early stage and throughout the lifecycle of QT to ensure
the development aligns with societal values and interests.

• Focusing on the diversity of stakeholders and their engagement to ensure research
outcomes benefit society as a whole through a “public good test” that includes
research agendas, social orders and research-society networks.

• Engaging with stakeholders, including peers within the research team and similar
fields, regulators, contingent industries and other branches of the academy, to
develop a better understanding of the possible effects and impacts of quantum-
based technologies.

• Managing expectations and representing QT in a nonhyperbolic way to stake-
holders, including funders and policymakers as well as the general public.

• Collaboration between certain stakeholder groups are seen as more important
or necessary by some authors, the role of governments as facilitators is stressed
upon and no consensus on where discussions on ethical issues arising from QT
should be tackled is hard to locate.

Further condensing these points raised in the literature into the basis of a framework
for identifying, legitimating and interacting with QT stakeholders, we identified the
following elements covered in the literature:

(1) Early and continuous engagement: Implement an RRI approach that
involves diverse stakeholders throughout the lifecycle of QT, ensuring align-
ment with societal values and interests.

(2) Stakeholder literacy and social impact mapping: Provide stakeholders
with a reasonable understanding of QT, manage expectations and create a
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differentiated map of QT applications to identify social risks and build societal
implications literacy.

(3) Inclusive engagement and collaboration: Encourage collaboration across
sectors and emphasize the role of governments as facilitators in the stakeholder
engagement process, fostering a comprehensive understanding of QT impacts
and addressing ethical issues.

3.3. Ethical orientations and interests of stakeholders in QT

Understanding the roles and interests of stakeholders is foundational. However, to
create a comprehensive framework that addresses both stakeholder identification
and ethical considerations, we must dive into the ethical orientations, interests and
potential conflicts that stakeholders might harbor regarding QT.

• Industry players: These stakeholders primarily aim for technological advance-
ment and commercial viability. However, their interests might sometimes prior-
itize profit over broader societal benefits, leading to ethical concerns like data
privacy, monopolization, or the rapid deployment of under-tested technologies.
While industry players are essential for technological advancement, their primary
focus on commercial viability may at times conflict with the broader societal val-
ues, such as privacy and equity. This tension highlights a potential area of conflict,
particularly when profit motives might overshadow ethical considerations. Such
scenarios underscore the need for a vigilant regulatory framework that ensures
the alignment of QT development with societal values.

• Philosophers of physics: They focus on the foundational understanding of
QT. Ethically, they strive for accurate, nonhyperbolic representations of QT’s
capabilities and implications, ensuring that society has a realistic view of what
QT can and cannot achieve.

• General public: Their ethical concerns center around the direct and indirect
effects of QT on daily life. This includes potential surveillance concerns, impli-
cations for employment (like job losses due to automation), and the societal
consequences of major technological shifts.

• Government bodies: While they aim to foster innovation, they must also pro-
tect citizens from potential harm. Ethically, their position is often a balancing act
between facilitating technological growth and ensuring societal safety and equity.

• Research teams and academia: Their primary objective is knowledge expan-
sion. Ethical concerns for this group include ensuring research integrity, avoiding
hyperbolic claims and considering the broader societal implications of their find-
ings, beyond just the academic realm.

• Early adopters: They are often excited about the possibilities of new technolo-
gies. However, their enthusiasm might overlook potential ethical pitfalls, such
as adopting systems that might later prove to have privacy concerns or other
unintended consequences.
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• Regulators: They play a crucial role in creating a safe landscape for QT deploy-
ment. Their ethical considerations revolve around ensuring that new regulations
protect society without stifling innovation. Regulators are pivotal in managing
the complex dynamics between innovation and societal welfare. Their role often
involves navigating the conflicting interests of various stakeholders, including rec-
onciling the industry’s drive for rapid technological deployment with the public’s
need for thorough vetting of new technologies for safety and privacy concerns.
This positions regulators as key mediators in potential conflicts, emphasizing
their significant influence on the responsible evolution of QT.

By examining these ethical orientations, we can identify potential conflicts. For
instance, industry players might be in disagreement with regulators about the speed
at which a new QT should be rolled out. Philosophers of physics might challenge
research teams on their claims about the potential of QT, advocating for more
grounded and realistic public communications. Understanding these ethical posi-
tions is crucial not just for effective stakeholder engagement, but also for antici-
pating potential challenges and conflicts as QT continues to evolve and permeate
society. Future research should focus on developing strategies and frameworks to
navigate these ethical concerns, ensuring a holistic and responsible advancement
of QT.

In the following section, we delve into the topic of identification of stakeholder
groups that are directly or indirectly affected by the development and deployment
of QT. By identifying the wide diversity of the stakeholder groups, we aim to
emphasize the necessity of a multi-faceted approach to address the diverse range
of ethical, social and environmental issues that arise from the development and
implementation of QT.

4. QT Stakeholder Communities

4.1. Existing listings of stakeholders

In the relevant literature, only a few studies exist that explicitly emphasize who
these stakeholders are. One such study is the WEF Quantum Computing Gover-
nance Principles. Authors identify seven key stakeholders in their report (Ref. 40, p.
7); (i) governments, (ii) academics and universities, (iii) international organizations,
(iv) corporations and private entities that are using the technology, (v) corporations
and private entities that are developing the technology, (vi) developers (individuals)
and (vii) consumers (individuals). Another study, focusing on the quantum gover-
nance stack (Ref. 27, p. 2) identifies again seven key stakeholder groups; (i) states
(governments) as the primary agents of regulation and their role in (a) international
and (b) national formal (legislative) regulation; (ii) multilateral institution(s); (iii)
national instrumentalities, such as parliaments and administrative agencies; (iv)
industrial and commercial stakeholders; (v) universities and academia; (vi) indi-
vidual producers/consumers of QT and (vii) civil society and technical community
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groups. A different study focusing on the needs of the quantum industry (Ref. 16,
p. 2) identifies five stakeholders; (i) students, (ii) university educators and admin-
istrators, (iii) policy makers, (iv) funding agencies and (v) quantum companies.
One final study that explicitly focuses on the list of stakeholders is a study con-
ducted in the context of QT outreach and education,36 where the stakeholders are
asked to be identified and ranked by participants of the study. The resulting list
contains (i) universities, (ii) research institutions, (iii) scientific associations, (iv)
science centers, (v) high schools, (vi) companies/industry, (vii) student associations,
(viii) museums, (ix) secondary schools, (x) professional associations, (xi) nonformal
educational bodies, (xii) local communities and (xiii) municipalities. These already
extensive lists still omit some key stakeholders, such as investors, media and jour-
nalists and affected communities, among possibly others, either by omission or
counting them under other categories (like civil society or industry).

Acknowledging that identifying stakeholders can be a challenging process is
crucial for a more comprehensive understanding of the QT ecosystem. These studies
provide a starting point, but the omission of certain obvious stakeholders highlights
the complexity of this task. The dynamic nature of technology and its societal
impacts requires continuous reassessment and adaptation of stakeholder lists to
ensure inclusivity and effective collaboration. By recognizing the inherent difficulties
in stakeholder identification and striving for a more encompassing approach, we
can better address the multifaceted concerns and opportunities that arise in the
development and application of QT.

Furthermore, stakeholder identification relies heavily on the context and the
aimed model. A good example of this can be observed in a detailed previous work27

covering also the duties and rights-based approach of quantum governance. Stake-
holder identification and engagement are explicitly included in this model (Ref. 27,
pp. 12–13), and an extensive table titled Quantum governance stack (Ref. 27, p.
41) with a detailed matrix for different quantum stakeholders versus types of gov-
ernance instruments, denoting the category, agents, objectives/risks, instruments,
rights/interests, powers/duties and an example for each stakeholder can be found.
However, media and journalists are only mentioned in this framework once (Ref. 27,
p. 37) and only as civil society stakeholders in their relation to setting agendas, high-
lighting risks, and drawing attention to issues requiring governance responses, as the
model prioritizes governance-related relations over others. Different contexts and
models highlight and constraint the roles and significance of potential stakeholder
configurations.

4.2. Stakeholder identification

In the context of VSD, a stakeholder can be defined as any individual, group, or
entity that has a direct or indirect interest in, is affected by, or can influence the
design, development and use of technology, considering its ethical, social and envi-
ronmental implications.2,12,23 As is typical in VSD conceptual investigations, we
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adopt both extant stakeholder groups that have previously been identified in the
literature as well as ones that may be particular to QT more specifically. Such cate-
gorizations are then revised in light of subsequent empirical investigations. Although
our methodology is inspired by VSD, it offers a structured classification that can

Table 2. Stakeholder groups, their role and significance and the reasoning behind including
them.

Stakeholder group Role and significance Reasoning

Researchers and
developers

Individuals and organizations
directly involved in the
creation and advancement of
QT; responsible for aligning
their work with ethical,
social and environmental
considerations

Their work shapes the
technology’s design and
development, and they need to
consider the ethical, social and
environmental implications of
their work to align with the
values of other stakeholders

Educators and
training
providers

Individuals and institutions
responsible for teaching and
training students, researchers
and professionals in the field
of QT. Their role is essential
in building a skilled
workforce that understands
the ethical, social and
environmental implications of
QT development and use

They are vital stakeholders
because they shape the
knowledge, skills and values of
future QT professionals. Their
expertise aids in designing
effective educational programs
and resources, ensuring
preparedness to address
complex challenges. In the
context of VSD, their influence
on ethical considerations
makes their inclusion in
decision-making processes
crucial

End-users and
adopters

Individuals or organizations
utilizing QT in various fields;
their experiences, values and
needs must be considered for
useful and responsible
technology development

They are affected by the design
and functionality of QT, and
their experiences, values and
needs must be taken into
account to ensure the
technology is useful and
responsible

Regulators and
policymakers

Governmental entities creating
laws, regulations, and policies
governing QT development
and use; responsible for
protecting public welfare and
promoting RI

They have the responsibility to
ensure that QT is developed
and used in a way that aligns
with society’s values and
interests, protecting public
welfare and promoting RI

Investors and
funders

Public and private funding
sources for QT research,
development and
commercialization; influence
the direction and focus of QT

development and ensure
alignment with societal
values

Their financial support influences
the direction and focus of QT
development, and they have an
interest in ensuring that the
technology is developed

responsibly and provides a
return on investment that
aligns with societal values

(Continued)
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Table 2. (Continued)

Stakeholder group Role and significance Reasoning

Industry partners
and suppliers

Companies and organizations
providing resources,
infrastructure, or expertise to
support QT development;
their involvement can
influence the design,
availability and adoption of
the technology

Their involvement in the QT
ecosystem can influence the
design, availability and
adoption of the technology,
and their values and interests
should be considered in the
development process

Ethics and societal
experts

Individuals and groups focusing
on ethical, social and legal
aspects of QT; help identify,
analyze and address potential
implications of QT to ensure
alignment with societal
values

They help identify, analyze and
address potential ethical,
social and legal implications
of QT, ensuring that the
technology is developed and
used in a manner consistent
with societal values

General public and
affected
communities

Wider society and specific
communities impacted by
QT development and
applications; their values,
concerns and potential
should be considered for
responsible and inclusive
technology development

They have a stake in how QT is
developed and used, as it
may impact their lives,
environment, or social
structures. Their values,
concerns and potential
benefits should be considered
throughout the design
process to ensure responsible
and inclusive technology

development
Media and

journalists
Professionals communicating

news, updates and critical
analysis of QT to the public;
facilitating dialogue and
raising awareness of QT’s
implications and potential
impact on society

They play a crucial role in
shaping public opinion,
raising concerns and
generating constructive
discussions that can guide
the development and use of
QT in a way that aligns with
societal values. By accurately
and responsibly reporting on
QT, they help ensure that
the wider public stays
informed and engaged with
the technology’s progress and
ethical considerations

be utilized beyond the immediate scope of VSD. This versatility allows for broader
application in stakeholder analysis within QT development, potentially serving as a
tool for those not exclusively using the VSD framework. It is our intention that the
methodologies and insights presented here, while emerging from a VSD perspective,
will also be valuable to a wider audience concerned with the ethical and responsible
advancement of QT. A revised list of stakeholders with their roles and significance
highlighted, and with the reasoning for including them, is given in Table 2.
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While the list provided offers a comprehensive overview of the main stakeholders
in the QT domain from a VSD perspective, it is essential to acknowledge that the
landscape of stakeholders can evolve over time, and the identification of stakeholders
highly depends on the context. New stakeholders may emerge, and the roles and
interests of existing stakeholders may change as QT develops and becomes more
integrated into society. Moreover, it is challenging to create an exhaustive list of
stakeholders that captures every individual or group with a potential interest in
or who may be impacted by QT. Therefore, it is important to continually reassess
and update the list of stakeholders as the field advances and new insights emerge.d

For this reason, conceptual investigations like this remain iterative, reformulating
as novel and potentially conflicting empirical data is considered.

As an example of the way the list can be constructed differently, one can argue
that educators and training providers could be considered as part of (a) Researchers
and developers, as they are often involved in academic institutions, and research
organizations responsible for the creation and advancement of QT. Although they
play a crucial role in educating and training the next generation of professionals in
the field, they are traditionally considered a subgroup under academics as academics
and industry R&D teams handle most emerging technologies-related education and
training. However, it is possible to emphasize their role separately by including them
as an additional stakeholder category, as in the QT community, there are many
global education and training programs that cannot be classified as a subgroup of
researchers and developers.

4.3. Stakeholder sampling

There is limited literature specifically addressing stakeholder sampling in the con-
text of VSD. However, stakeholder sampling can be informed by general principles
and strategies found in many other resources which aligns with VSD’s commitment
to adopting best practices of extant methodologies. For the purpose of this work, we
introduce three widely utilized and adopted sampling strategies4 which are snow-
ball, maximum variation and purposive sampling. A summary of the strategies and
their respective shortcomings for VSD purposes can be found in Table 3.

These shortcomings can be overcome by using a combination of sampling strate-
gies, tailored to the specific context and goals of the specific VSD research at
hand. By employing a mixed-methods approach, VSD practitioners can leverage
the strengths of each strategy while minimizing their limitations. One such path
could be to start with purposive sampling to ensure that a wide range of stake-
holder perspectives and expertise are included. This will help address potential
bias by selecting individuals or groups that the researcher believes will bring valu-
able insight into the study. The following step can be the use of maximum variation

dA foundational precept of the VSD is exactly the point of the dynamic nature of society and
technology, and, as a result, any design project should be open to continual reevaluation.12
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Table 3. Sampling strategies and their shortcomings.

Sampling strategy Description Shortcoming

Snowball Initial stakeholders are asked to
recommend additional
stakeholders to be involved in
the process. This approach
can help to identify
stakeholders who may not
have been initially recognized
but have valuable insights
and perspectives to offer

May result in a biased sample,
as stakeholders who are
already connected or share
similar perspectives are more
likely to be included,
potentially overlooking less
connected or minority
viewpoints

Maximum variation Aims to include stakeholders
representing the widest
possible range of perspectives
and experiences. It helps to
capture diverse viewpoints
and identify common
patterns across different
stakeholder groups

May limit the depth of
understanding in VSD
research, as it focuses on
including diverse stakeholder
perspectives, but might not
fully explore each
stakeholder’s nuanced
opinions, values, or
experiences in detail

Purposive Involves selecting stakeholders
based on specific criteria
relevant to the VSD process,
such as expertise,
demographics, or roles within
an organization. This
approach can help to ensure
that stakeholders with the
necessary knowledge and
experience are included in
the VSD process

May be subject to researcher
bias, as the selection of
stakeholders is based on the
researcher’s judgment, which
can inadvertently exclude
important perspectives or fail
to represent the full range of
stakeholder values and
concerns

sampling to further diversify the sample and ensure that both majority and minor-
ity viewpoints are represented. This will help to reduce the risk of overlooking less
common or less connected perspectives (Ref. 25, pp. 234–235). Finally, employing
snowball sampling as a third step can expand the sample and uncover additional
stakeholders who might have been missed in the initial selection process. This will
help to ensure that the study includes a broader network of stakeholders and cap-
tures a more comprehensive range of opinions, experiences and values. By combin-
ing these sampling strategies in a systematic way, practitioners can create a more
robust and representative sample of stakeholders, ultimately enhancing the validity
and relevance of the VSD research for their respective fields of QT.

One caveat here might be also to emphasize when a stakeholder belongs to
multiple groups. It is essential to recognize and address the multifaceted roles and
interests of such stakeholders. One approach is to create a distinct category that cap-
tures their unique combination of roles and explains how this combination influences
their perspective on the technology. Alternatively, one could mention their multiple
affiliations within the stakeholder descriptions, clarifying their diverse connections
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and contributions to the technology’s development and application. Acknowledging
these overlapping roles will help ensure that they are not reduced to a single role.

4.4. A stakeholder search

For researchers and practitioners aiming to work on VSD for QT, we have gener-
ated two lists of potential stakeholders and access points for them to utilize in their
projects. Please note, as mentioned above, it is essential to acknowledge that the
landscape of stakeholders can evolve over time, and the identification of stakehold-
ers highly depends on the context. New stakeholders may emerge, and the roles and
interests of existing stakeholders may change. That being said, our list of stakehold-
ers provides a good starting point for those aiming to follow the three-step sampling
process of purposive, maximum variation and snowball strategies.

In line with typical VSD conceptual analyses concerning stakeholder identifi-
cation, the first dataset we present consists of results obtained by analyzing the
76,724 publications selected from the WoS core collection utilizing a search query
(see Appendix A) previously utilized in the literature32 on 6 April 2023. Anyone
with access to the WoS interface can re-run our query and obtain an updated ver-
sion of our dataset. But for those that do not want to take that route, our dataset
can be accessed via.35 The details on the content of our dataset are listed in Table 4.

For all the data types, except conference titles, we selected the cut-off point
as 50, meaning that only affiliations, funding agencies, grant numbers, publication
titles and publisher with at least 50 publications out of the 76,724 publications
selected from the WoS core collection via the query. For conference titles, the cut-
off point was selected as 15, due to the low number of entries per conference title
in the dataset. These cut-off points are rather arbitrary but beneficial in cutting
the numbers down into manageable and meaningful sizes for their potential uses in
stakeholder sampling strategies. As mentioned above, any researcher or practitioner
interested in the full set can re-run the search query on the WoS interface and obtain
the full lists.

In the following step, we embarked on a more manual process to create what
we called a “Preliminary QT Stakeholders” list.34 Initially, we aimed to follow
previously formulated lists and categories in the literature, such as those found in

Table 4. Information on the contents of our
dataset obtained from the WoS core collection.

Type of data Number of entries

Affiliations 772
Funding agencies 256
Conference titles 120
Grant numbers 184
Publication titles 179
Publishers 54
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Refs. 27 and 40, or as shown in Table 2. However, we encountered difficulty in
assigning many of the stakeholders to just one category or even to any category at
all. As a result, we opted to provide the raw list with our preliminary categorization,
leaving the more detailed categorization (i.e. adapting this list to the specific context
of a research question or project) to our audience and VSD designers engaging in
empirical investigations. Our dataset also builds upon those found in the literature,
such as Dargan8 for venture capital and Seskir et al.33 for start-ups. Table 5 presents
some details on the content of our second dataset.

Combining the information found in both datasets, summarized in Tables 4
and 5, researchers and practitioners of VSD can gain access to a comprehensive
range of QT stakeholders. These datasets can also be used in conjunction with
existing resources that focus on specific groups or subfields of QT. A list of such
resources can be found in Table A.1. This integration offers interested parties a
solid foundation and multiple options for implementing a mixed-methods approach
to sampling strategies in their VSD applications.

4.5. Discussion on methodological approach

While our study provides an extensive list of stakeholders actively engaged in the
QT realm, we acknowledge the methodological limitation of our work. By using
the WoS core collection, we have predominantly captured stakeholders who are
deeply and actively contributing to the QT literature. This method inherently
leans towards stakeholders who are potentially very positive towards QT. It’s cru-
cial to note that while these active contributors play a significant role in shaping
the QT landscape, they represent only one facet of the vast array of stakeholders
affected by the rise of QT. Many stakeholders, especially those who might expe-
rience the broader societal, economic, or ethical impacts of QT, may not neces-
sarily be publishing extensively on the topic but still hold significant stakes in its
development and implications. The stakeholder classification, while derived from

Table 5. Information on the contents of our prelimi-
nary QT stakeholders dataset.

Type of data Number of entries

NGOs/communities 42
QT start-ups and SMEs 460
Public organizations 5
Venture capital 127
Professional/trade association 5
Partnership/consortia 14
Manifestos/reports 8
Major companies involved in QT 19
ELSA researchers 34
ELSA groups 20
Media and journalists 5
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a VSD perspective, provides a versatile understanding of the QT landscape. This
classification is relevant for policymakers, researchers and industry professionals
who may not employ VSD but still require a comprehensive overview of stakehold-
ers. It serves as a foundational tool for engaging a broader audience in the discourse
on QT, facilitating a more inclusive and ethically responsible development of these
technologies.

In considering these varied interests, ethical dilemmas, such as the trade-off
between advancing QT and protecting individual privacy, are indicative of the
underlying conflicts between stakeholders. Investors, for instance, may push for
a swift rollout of new technologies to maximize returns, which can be at odds with
the regulators’ duty to ensure public safety and privacy. These dilemmas highlight
areas that future research should explore, particularly in understanding how to
reconcile the fast-paced growth of QT with the imperative to safeguard societal
values. For a more comprehensive view, future research may consider integrating
methods like surveys, interviews, or focus groups targeting sectors not represented
in our dataset. Engaging in public discourse or hosting public forums could also shed
light on concerns, values and interests of individuals and groups who are indirectly
affected by QT. A good example of this approach is the quantum technologies public
dialogue report.24 By combining insights from both active contributors and broader
society, we can work towards a more holistic understanding of the QT stakeholder
landscape, ensuring that its development is both inclusive and ethically responsible.

Furthermore, as our study primarily focuses on the identification of stakeholders,
we recognize that exploring the complexities of their interactions and relationships
is a subject for future research. This study’s conceptual nature does not provide
detailed guidance on operationalizing the stakeholder lists for specific VSD applica-
tions, but offers a sampling strategy as a starting point. We invite future research
to refine these categorizations and conduct empirical studies to better understand
stakeholder dynamics within the QT domain.

The stakeholder lists provided, while comprehensive, may not be exhaustive. The
rapidly evolving landscape of QT may result in the emergence of new stakeholders or
changes in the roles of existing ones. Additionally, the categorization of stakeholders
is based on our analysis and understanding, which may not perfectly align with
every research context or project. Therefore, researchers and practitioners should
be aware of these limitations and adapt the lists according to their specific needs and
requirements. This is often the case in VSD applications where further empirical
investigations are conducted to determine if conceptual investigations like the one
conducted in this study are legitimate, and revisions often take place.

Second, our study focuses primarily on identifying stakeholders rather than
delving into the complexities of their interactions and relationships. While this
provides a valuable starting point, it leaves room for further exploration in under-
standing how stakeholders engage with each other and collaborate in developing
QT. Furthermore, as the study is conceptual, it does not provide detailed guidance
on operationalizing the stakeholder lists for specific VSD applications. However, it
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details a sampling strategy as a tool for operationalizing this (or any) stakeholder
list. Future research could address these limitations by refining categorizations,
conducting empirical studies on stakeholder interactions and their implications and
developing methodologies to integrate the stakeholder lists into the context of VSD
more effectively. A host of tools form part of the VSD repertoire geared exactly
toward these kinds of empirical investigations to determine better such interactions
and their relevance to any given system design.12

5. Conclusions

In the rapidly evolving domain of QT, a nuanced understanding of the landscape is
crucial. This article, grounded in the VSD methodology, particularly through con-
ceptual investigations, aims to provide a foundational stakeholder list as a starting
point for deeper engagement and alignment with societal values. We are aware, how-
ever, that this list is part of a larger toolkit necessary for navigating the complex
ethical and societal challenges QT presents. As a component of the VSD approach,
this tool — one among many — must be leveraged alongside ongoing dialogue,
empirical research and cross-sectoral collaboration to ethically and responsibly har-
ness QT’s potential. The stakeholder list, informed by conceptual investigations for
stakeholder identification, serves as a preliminary guide to inform decision-making
processes. This paper thus contributes to the broader conversation on QT devel-
opment, encouraging further research and collaboration. As QT advances, we must
refine our stakeholder engagement strategies and broaden our research methodolo-
gies to address the field’s societal implications adequately.
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Appendix A.

TS = (“quantum simulation” OR “quantum imaging” OR “quantum sensing”
OR “quantum sensor” OR “quantum computation” OR “quantum computing”
OR “quantum computer” OR “quantum coding” OR “quantum programming”
OR ‘quantum error correction” OR “quantum error correcting” OR “quantum cir-
cuits” OR “quantum algorithm” OR “quantum algorithms” OR “quantum net-
work” OR “quantum networks” OR “quantum channel” OR “quantum channels”
OR “quantum cryptology” OR “quantum cryptography” OR “quantum key” OR
“quantum teleportation” OR “quantum information” OR “QT” OR “QT” OR
“quantum gates” OR “quantum register” OR “quantum contextuality” OR “quan-
tum decoherence” OR “quantum communication” OR “quantum memory” OR
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“quantum memories” OR “quantum repeaters” OR “quantum state transfer” OR
“quantum zeno dynamics” OR “qubit” OR “qutrit” OR “qudit” OR “quantum
correlations” OR “quantum entanglement” OR “quantum discord” OR “quantum
noise engineering” OR “quantum state engineering” OR “quantum protocols” OR
“quantum annealing” OR “quantum logic gate” OR “quantum internet” OR “quan-
tum repeater” OR “quantum memory” OR “quantum photonics” OR “quantum
photonic” OR “quantum biology” OR “quantum machine learning”)

OR

TI=(“quantum simulation” OR “quantum imaging” OR “quantum sensing”
OR “quantum sensor” OR “quantum computation” OR “quantum computing”
OR “quantum computer” OR “quantum coding” OR “quantum programming” OR
“quantum error correction” OR “quantum error correcting” OR “quantum circuits”
OR “quantum algorithm” OR “quantum algorithms” OR “quantum network” OR
“quantum networks” OR “quantum channel” OR “quantum channels” OR “quan-
tum cryptology” OR “quantum cryptography” OR “quantum key” OR “quantum
teleportation” OR “quantum information” OR “QT” OR “QT” OR “quantum

Table A.1. A list of complementary data resources for QT stakeholders.

Provider Context Stakeholders Link

Quantum

Computing

Report by CGI

Limited to quantum

computing

Government/NonProfits,

Private/Startup

Companies, Public

Companies, Universities,

Venture Capital

https://quantum

computingre-

port.com/players/

QURECA Public initiatives in QT Public Organizations,

Funding Agencies

https://qureca.com/

quantum-initiatives-

worldwide-update-

2023/

The Quantum

Insider

Commercial dataset

(paid access)

Private/Startup

Companies, Public

Companies, Venture

Capital

https://app.thequantum

insider.com/

Inside QT Commercial dataset

(paid access)

Market Reports, Historical

Data

https://www.inside quan-

tumtechnology.com/

data-services/

National Quantum

Initiative

Detailed reports but no

curated dataset

available

Academic and Industrial

Stakeholders

https://www.quantum.

gov/publications-and-

resources/publication-

library/

European Patent

Office

Detailed patent

analytics report with

some available

curated datasets

Industrial (patent holding)

Stakeholders

https://www.epo.org/

searching-for-patents/

business/patent-

insight-reports.html

Quantum Flagship A self reported

directory of QT

stakeholders in

Europe

QT Stakeholders in Europe https://qt.eu/about-

quantum-flagship/the-

european-community/

directories

Ref. 17 A focused study on the

quantum workforce

development

Education Initiatives,

Conferences, Courses

https://doi.org/10.1117/

1.OE.61.8.081806
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gates” OR “quantum register” OR “quantum contextuality” OR “quantum deco-
herence” OR “quantum communication” OR “quantum memory” OR “quantum
memories” OR “quantum repeaters” OR “quantum state transfer” OR “quantum
zeno dynamics” OR “qubit” OR “qutrit” OR “qudit” OR “quantum correlations”
OR “quantum entanglement” OR “quantum discord” OR “quantum noise engi-
neering” OR “quantum state engineering” OR “quantum protocols” OR “quan-
tum annealing” OR “quantum logic gate” OR “quantum internet” OR “quantum
repeater” OR “quantum memory” OR “quantum photonics” OR “quantum pho-
tonic” OR “quantum biology” OR “quantum machine learning”)

ORCID

Steven Umbrello https://orcid.org/0000-0003-2594-6313
Zeki C. Seskir https://orcid.org/0000-0001-6779-8676
Pieter E. Vermaas https://orcid.org/0000-0002-8175-9179

References

1. A. Borning, B. Friedman, J. Davis and P. Lin, Informing public deliberation: Value
sensitive design of indicators for a large-scale urban simulation, in ECSCW 2005:
Proc. 9th European Conf Computer-Supported Cooperative Work, eds. H. Gellersen,
K. Schmidt, M. Beaudouin-Lafon and W. Mackay, Paris, France, 18–22 September
(Springer, Dordrecht, 2005), pp. 449–468, https://doi.org/10.1007/1-4020-4023-7 23.

2. A. Borning and M. Muller, Next steps for value sensitive design, in Proc. SIGCHI
Conf. Human Factors in Computing Systems, Austin, Texas, USA, 5–10 May (ACM,
2012), pp. 1125–1134, https://doi.org/10.1145/2207676.2208560.

3. G. Brennen, S. Devitt, T. Roberson and P. Rohde, An Australian strategy for
the quantum revolution (2021), https://s3-ap-southeast-2.amazonaws.com/ad-aspi/
2021-05/Quantum%20revolution-v2.pdf?VersionId=tST6Nx6Z0FEIbFDFXVZ2bxrG
p2X8d.iL.

4. A. Bryman, Social Research Methods (Oxford University Press, 2016).
5. C. Coenen and A. Grunwald, Ethics Inf. Technol. 19 (2017) 277, https://doi.org/

10.1007/s10676-017-9432-6.
6. C. Coenen, A. Grinbaum, A. Grunwald, C. Milburn and P. E. Vermaas, Nanoethics

16 (2022) 1, https://doi.org/10.1007/s11569-021-00409-4.
7. M. A. Cusumano, Commun. ACM 61(10) (2018) 20, http://dx.doi.org/10.1145/

3267352.
8. J. Dargan, 21 of the World’s Top Quantum Investors in 2022, The Quantum Insider

(2022), https://thequantuminsider.com/2022/06/08/quantum-investors/.
9. T. M. Fernandez-Carames and P. Fraga-Lamas, IEEE Access 8 (2020) 21091,

https://doi.org/10.1109/ACCESS.2020.2968985.
10. B. Friedman, P. Kahn and A. Borning, Value sensitive design: Theory and methods,

University of Washington Technical Report 02-12-01 (2002).
11. B. Friedman, P. H. Kahn Jr., J. Hagman, R. L. Severson and B. Gill, Hum.-Comput.

Interact. 21(2) (2006) 235.
12. B. Friedman and D. G. Hendry, Value Sensitive Design: Shaping Technology with

Moral Imagination (MIT Press, Cambridge, MA, 2019).

2450012-23

In
t. 

J.
 Q

ua
nt

um
 I

nf
or

m
. 2

02
4.

22
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 S

te
ve

n 
U

m
br

el
lo

 o
n 

11
/0

5/
24

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.

https://orcid.org/0000-0003-2594-6313
https://orcid.org/0000-0001-6779-8676
https://orcid.org/0000-0002-8175-9179


October 14, 2024 10:33 WSPC/187-IJQI 2450012

S. Umbrello, Z. C. Seskir & P. E. Vermaas

13. F. Giustino, J. H. Lee, F. Trier, M. Bibes, S. M. Winter, R. Valent́ı and S. Roche,
J. Phys.: Mater. 3(4) (2021) 042006, https://doi.org/10.1002/adma.201808256.

14. S. Gupta, S. Modgil, P. C. Bhatt, C. J. C. Jabbour and S. Kamble, Technovation 120
(2023) 102544, https://doi.org/10.1016/j.technovation.2022.102544.

15. D. G. Hendry, B. Friedman and S. Ballard, Ethics Inf. Technol. 23 (2021) 39,
https://doi.org/10.1007/s10676-021-09579-x.

16. C. Hughes, D. Finke, D.-A. German, C. Merzbacher, P. M. Vora and H. J.
Lewandowski, arXiv:2109.03601.

17. M. Kaur and A. Venegas-Gomez, Opt. Eng. 61(8) (2022) 081806, https:// doi.org/
10.1117/1.OE.61.8.081806.

18. M. Kop, Establishing a legal-ethical framework for quantum technology, Yale
Journal of Law & Technology (YJoLT), The Record, Yale Law School (2021),
https://yjolt.org/blog/establishing-legal-ethical-framework-quantum-technology.

19. M. Kop, M. Aboy, E. De Jong, U. Gasser, T. Minssen, I. G. Cohen, M. Brongersma,
T. Quintel, L. Floridi and R. Laflamme, Towards responsible quantum technology
(2023), http://dx.doi.org/10.2139/ssrn.4393248.

20. V. Krishnamurthy, Quantum Sci. Technol. 7(4) (2022) 044003, https://doi.org/
10.1088/2058-9565/ac81e7.

21. M. K. Linnenluecke, M. Marrone and A. K. Singh, Aust. J. Manag. 45(2) (2020) 175,
https://doi.org/10.1177/0312896219877678.

22. J. B. Meyer, N. D. Finkelstein and B. R. Wilcox, Ethics education in the quantum
information science classroom: Exploring attitudes, barriers, and opportunities, in
Proc. 2022 ASEE Annual Conf. Exposition, Minneapolis (ASEE, 2022), pp. 1–16,
https://doi.org/10.48550/arXiv.2202.01849.

23. L. P. Nathan, B. Friedman, P. Klasnja, S. K. Kane and J. K. Miller, Envision-
ing systemic effects on persons and society throughout interactive system design,
in Proc. 7th ACM Conf. Designing Interactive Systems (ACM, 2008), pp. 1–10,
https://doi.org/10.1145/1394445.1394446.

24. NQIT, Quantum Technologies Public Dialogue Report, Networked Quantum Infor-
mation Technologies (2018), https://nqit.ox.ac.uk/content/quantum-technologies-
public-dialogue-report.html.

25. M. Q. Patton, Qualitative Research & Evaluation Methods, 3rd edn. (Sage Publica-
tions, Thousand Oaks, CA, 2002).

26. E. Perrier, arXiv:2102.00759.
27. E. Perrier, Digital Soc. 1 (2022) 22, https://doi.org/10.1007/s44206-022-00019-x.
28. QuantERA, Quantum Technologies: Public policies in Europe (2020), https://

quantera.eu/quantum-technologies-public-policies-in-europe/.
29. J. Ritter, Digital justice in 2058: Trusting our survival to AI, quantum and the rule

of law, 8 J. Int’l & Comparative Law (2021), http://dx.doi.org/10.2139/ssrn.3778678.
30. T. Roberson, J. Leach and S. Raman, Quantum Sci. Technol. 6 (2021) 025001,

https://doi.org/10.1088/2058-9565/abc5ab.
31. S. Satanassi, Il Nuovo Cimento C 43(4–5) (2020) 1, https://www.sif.it/riviste/sif/

ncc/econtents/2020/043/04-05/article/24.
32. Z. Seskir and A. Aydinoglu, Int. J. Quantum Inf. 19 (2021) 2150012, https://doi.org/

10.1142/S021974992150012X.
33. Z. C. Seskir, R. Korkmaz and A. U. Aydinoglu, EPJ Quantum Technol. 9 (2022) 27,

https://doi.org/10.1140/epjqt/s40507-022-00146-x.
34. Z. C. Seskir, S. Umbrello and P. E. Vermaas, QT Stakeholder Preliminary List [Data

set], Zenodo (2023a), https://doi.org/10.5281/zenodo.7848884.

2450012-24

In
t. 

J.
 Q

ua
nt

um
 I

nf
or

m
. 2

02
4.

22
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 S

te
ve

n 
U

m
br

el
lo

 o
n 

11
/0

5/
24

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.



October 14, 2024 10:33 WSPC/187-IJQI 2450012

Communities of quantum technologies

35. Z. C. Seskir, S. Umbrello and P. E. Vermaas, QT Stakeholder WoS [Data set], Zenodo
(2023b), https://doi.org/10.5281/zenodo.7848870.

36. Z. C. Seskir, S. Goorney and M. Chiofalo, Eur. J. STEM Educ. 9(1) (2024) 03.
37. C. T. Holter, P. Inglesant and M. Jirotka, Technol. Anal. Strateg. Manage. 35 (2021)

844, https://doi.org/10.1080/09537325.2021.1988070.
38. P. E. Vermaas, Ethics Inf. Technol. 19 (2017) 241, https://doi.org/10.1007/s10676-

017-9429-1.
39. K. E. Watkins, A. Borning, G. S. Rutherford, B. Ferris and B. Gill, Transportation

40 (2013) 961, https://doi.org/10.1007/s11116-013-9450-0.
40. World Economic Forum (WEF), Quantum computing governance principles (2022),

https://www.weforum.org/reports/quantum-computing-governance-principles/.
41. G. Wolbring, Societies 12(2) (2022) 41, https://doi.org/10.3390/soc12020041.
42. D. Yoo, Stakeholder tokens: A constructive method for value sensitive design stake-

holder analysis, in Proc. 2017 ACM Conf. Companion Publication on Designing Inter-
active Systems (ACM, 2017), pp. 280–284, https://doi.org/10.1145/3064857.3079161.

43. A. B. Sainz, Quantum Sci. Technol. 7 (2022) 044004, DOI: 10.1088/2058-9565/ac82c4.
44. M. Kop, M. Aboy and T. Minssen, J. Intellect. Prop. Law Pract. 17(8) (2022) 613–

628, https://doi.org/10.1093/jiplp/jpac060.
45. P. Inglesant, C. Ten Holter, M. Jirotka and R. Williams, Technol. Anal. Strateg.

Manag. 33(11) (2021) 1364–1376, DOI: 10.1080/09537325.2021.1988557.
46. R. de Wolf, Ethics Inf. Technol. 19(4) (2017) 271–276, https://doi.org/10.1007/

s10676-017-9439-z.
47. F. S. Grodzinsky, M. J. Wolf and K. W. Miller, Quantum computing and cloud

computing: Humans trusting humans via machines, 2011 IEEE International Sym-
posium on Technology and Society (ISTAS), Chicago, IL, USA, 2011, pp. 1–5, doi:
10.1109/ISTAS.2011.7160598.

2450012-25

In
t. 

J.
 Q

ua
nt

um
 I

nf
or

m
. 2

02
4.

22
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 S

te
ve

n 
U

m
br

el
lo

 o
n 

11
/0

5/
24

. R
e-

us
e 

an
d 

di
st

ri
bu

tio
n 

is
 s

tr
ic

tly
 n

ot
 p

er
m

itt
ed

, e
xc

ep
t f

or
 O

pe
n 

A
cc

es
s 

ar
tic

le
s.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


