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Abstrak
Kemajuan teknologi kuantum dan integrasinya dengan sistem digital telah
menghasilkan perubahan besar dalam masyarakat, memberikan peluang
baru untuk memajukan berbagai bidang seperti kecerdasan buatan, internet
of things (IoT), dan komputasi kuantum. Namun, konsekuensi etis dari
teknologi ini belum diselidiki secara memadai, sehingga menimbulkan
kekhawatiran tentang kemungkinan pengaruhnya yang berbahaya bagi
masyarakat. Penelitian ini mengkaji konvergensi fisika kuantum,
metaetika, dan era digital untuk menentukan implikasi dari teknologi-
teknologi ini dan menawarkan kerangka kerja etis untuk mempertahankan
masyarakat yang adil dan setara. Ini akan menganalisis kendala yang
dihadapi oleh penggunaan teknologi kuantum di era digital, termasuk
kekhawatiran yang berkaitan dengan privasi, keamanan, dan kemungkinan
pengambilan keputusan yang bias, melalui analisis menyeluruh terhadap
literatur yang relevan. Laporan ini kemudian menyelidiki kemungkinan
pendekatan multidisiplin yang menggabungkan prinsip-prinsip mekanika
kuantum dan metaetika untuk mengatasi masalah-masalah ini dan
membangun  kerangka kerja etika yang menekankan nilai-nilai
kemanusiaan. Laporan ini menunjukkan bahwa strategi komprehensif yang
memprioritaskan isu-isu etika sangat penting untuk pengembangan
teknologi  kuantum di era digital. Hal ini membutuhkan upaya
terkoordinasi di antara para pemangku kepentingan dari berbagai sektor
seperti teknologi, etika, kebijakan, dan tata kelola. Artikel ini memberikan
kerangka kerja etika lengkap yang menggabungkan prinsip-prinsip
mekanika kuantum dan metaetika untuk memastikan bahwa keuntungan
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dari teknologi baru dapat direalisasikan sambil membatasi konsekuensi
negatifnya.
Kata kunci: Mekanika kuantum, metaetika, era digital, etika, pendekatan
interdisipliner.

Abstract
The advancement of quantum technologies and their integration
with digital systems has resulted in enormous changes in society,
providing new opportunities for furthering subjects such as artificial
intelligence, the internet of things (IoT), and quantum computing.
The ethical ramifications of these technologies, however, have not
been adequately investigated, raising worries about their possible
harmful influence on society. This research examines the
convergence of quantum physics, metaethics, and the digital era in
order to determine the implications of these technologies and to
offer ethical frameworks for maintaining a just and equitable society.
It will analyse the obstacles faced by the employment of quantum
technologies in the digital era, including concerns relating to
privacy, security, and the possibility for biased decision-making,
through a thorough analysis of relevant literature. It then
investigates the possibilities of multidisciplinary approaches that
combine quantum mechanics and metaethics principles to overcome
these issues and construct ethical frameworks that emphasize
human values. The report suggests that a comprehensive strategy
that prioritizes ethical issues is critical for the development of
quantum technologies in the digital era. This necessitates a
coordinated effort among stakeholders from many sectors such as
technology, ethics, policy, and governance. The article provides a
complete ethical framework that incorporates quantum mechanics
and metaethics principles to ensure that the advantages of new
technologies are realized while limiting any negative consequences.

Keywords: Quantum mechanics, metaethics, digital era, ethics, interdisciplinary
approach.
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INTRODUCTION

Quantum physics and metaethics are interwoven in the digital
age and have important ethical consequences. Quantum mechanics
concepts and their implementations in emerging technologies such
as quantum computing and quantum communication have the
potential to revolutionize our environment in unimaginable ways.
With immense power, however, comes considerable responsibility,
and it is critical to evaluate the ethical implications of new
technologies.

Quantum mechanics has fundamentally challenged our view
of the world. The concepts of quantum entanglement and quantum
complementarity have revealed the relevance of decision-making
connectivity, interdependence, and trade-offs. These principles
have important implications for metaethics since they compel us to
think about the ramifications of our acts beyond the immediate
effects.

Emerging quantum mechanics-based technologies, such as
quantum computing and quantum communication, have the
potential to provide enormous societal advantages. They do,
however, present a slew of ethical concerns about data privacy, Al
governance, and the use of quantum technology for military
objectives. Metaethics principles give us the skills we need to
negotiate these ethical dilemmas and create ethical frameworks that
can guide the development and deployment of new technologies.

The link between quantum physics and metaethics is crucial
for creating a just and equitable world in the digital age.
Understanding the ethical implications of emerging quantum
mechanics-based technologies allows us to work toward a future
that benefits all members of society while taking into consideration
our world's interconnection and interdependence.

Current research in the discourse surrounding ethics and
quantum technology is evolving rapidly. Scholars are examining the
potential ethical impacts of quantum technology on various sectors,
including security, privacy, and the broader societal implications.
There is a growing recognition of the need for comprehensive
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ethical frameworks that address these concerns. By exploring the
intersections between quantum physics, metaethics, and the digital
era, this paper aims to highlight the necessity of multidisciplinary
approaches in tackling ethical challenges.

Technology's fast growth has led us to the brink of a new
digital era. In this paper, we look at the connections between
quantum physics and metaethics, as well as their relevance in
creating a just and equitable digital society. We investigate
emerging technologies with implications for these sectors, as well as
how they may be used to create a more morally responsible and
equitable digital future. What are the potential repercussions of
failing to reconcile the potential benefits of quantum technology
with the need for ethical considerations? How might a better
understanding of the link between quantum physics, metaethics,
and the digital era help to build more just and equitable societies?
What role do multidisciplinary methods, such as the integration of
quantum physics and metaethics, play in tackling the digital era's
ethical challenges?

DISCUSSION

Quantum physics has opened up technological possibilities,
with discoveries such as quantum computing and quantum
communication technologies promising to revolutionize the digital
era. The potential advantages of these technologies, however, must
be evaluated against ethical concerns, since their influence on
society and the environment might be enormous.

1. Keeping our lives in balance

Quantum entanglement, which emphasizes the importance of
interconnection and interdependence, is one idea that is particularly
significant in this context. When the two particles get entangled,
their characteristics become linked to the point that the qualities of
one particle are reliant on the properties of the other, even though
the particles are separated by huge distances (Brody, 2020, p. 74;
Duarte, 2022, pp. 1-6). This serves as a reminder that the acts we



214 Jurnal Filsafat, Vol. 34, No. 2, August 2024

take in the creation and implementation of new technologies can
have far-reaching effects, for which we must accept responsibility.

Quantum complementarity is also important in weighing the
benefits of quantum technology against ethical concerns. This
concept implies that some quantum particle attributes are
complementary and cannot be examined concurrently with perfect
precision (Bayat et al., 2022, p. 214; Jaeger, 2019, p. 92). This indicates
that various values may have intrinsic trade-offs and that tough
judgments must be made to favour some ethical concerns over
others.

Another key term in this context is metaethics, which provides
us with the skills we need to think critically about the ethical
implications of emerging technology. Metaethics is a discipline of
philosophy concerned with the nature of ethical cognition and
language. Metaethics investigates the basic assumptions and
notions that underpin ethical reasoning, as opposed to normative
ethics, which focuses on identifying whether behaviours are right or
wrong. It examines the nature of moral reasoning, the justification
of ethical assertions, and the link between ethics and other fields of
philosophy such as epistemology, ontology, and language. The
examination of moral language is one of metaethics' primary
interests. Metaethicists are concerned with how moral language
works, what kind of meaning it has, and how it links to other types
of language. Another critical topic in metaethics is the nature of
moral objectivity. Meta-ethicists question whether moral facts are
objective in the sense that they are independent of human ideas and
attitudes, or subjective in the sense that they are dependent on
individual viewpoints or cultural norms (Haiming, 2020, pp. 49-75).
We may construct ethical frameworks that guide the development
and deployment of new quantum-based technologies by exploring
problems concerning the nature of ethics itself, such as the
objectivity or subjectivity of ethical values and the nature of moral
reasoning.

The repercussions of failing to reconcile the benefits of
quantum technology with ethical concerns are severe. They might
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include worsening existing inequities, degrading the environment,
and invading privacy and personal liberty. We risk creating a
technologically sophisticated, unfair, and unsustainable digital
society if we do not carefully explore the ethical implications of
emerging technology.

To combine the potential benefits of quantum technology with
the need for ethical concerns, we must use a comprehensive and
multidisciplinary approach that incorporates quantum mechanics
and metaethics concepts (Giannelos et al., 2022, p. 49). This will
necessitate collaboration with a wide range of stakeholders,
including quantum physicists, ethicists, politicians, and members of
the general public. We can create a digital world that is not only
technologically advanced, but also morally responsible and just,
encouraging human sustainability and thriving.

Many steps may be performed to adopt a comprehensive and
multidisciplinary strategy for a just and equitable society in the
digital era that blends quantum mechanics and metaethics concepts
(Fuchs, 2022b, p. 45). One such initiative is the creation and
implementation of ethical norms for quantum technology. These
standards, which should be founded on metaethics concepts, can be
produced by governments, research organizations, and
technological businesses.

With the usage of quantum technology, such rules should
include issues for privacy, security, openness, and responsibility.
Companies and researchers, for example, may be required by
guidelines to be upfront about how they are employing quantum
technologies, what data they are gathering, and if they have
sufficient security mechanisms in place to secure that data.

Education and public knowledge about the principles of
quantum mechanics and metaethics are essential for understanding
the ethical implications of emerging quantum technologies. This can
assist people and communities in making educated judgments
concerning quantum technologies and their ethical consequences
(Awari & Warjurkar, 2022, p. 90; Sorgner, 2021, p. 89). Workshops,
public lectures, and online materials that explain quantum physics
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and metaethics principles in understandable languages may be used
in education and public awareness activities. Educational tools, for
example, might explain the notion of quantum entanglement and its
possible uses, as well as the ethical implications of deploying such
technology.

Collaboration among specialists in quantum physics,
metaethics, and other important subjects such as computer science,
sociology, and law (Miladi, 2021, p. 15). Multidisciplinary
collaboration can aid in the identification and resolution of the
complex ethical issues that occur during the development and
implementation of quantum technology. Experts in metaethics and
law, for example, can collaborate with researchers and engineers to
set ethical rules for the use of quantum technologies, while
specialists in computer science and society can assist uncover any
unintended effects. These initiatives have led to the development of
a more just and equitable society in the digital era, capable of
balancing the potential benefits of quantum technology with the
need for ethical concerns.

2. Quantum mechanics in human applications

Quantum physics, metaethics, and the digital era all have
complicated and linked interactions, with one having a significant
impact on the other. A better understanding of this link can help to
build more fair and equitable societies in a variety of ways.

Firstly, a greater understanding of quantum mechanics can
lead to the creation of more powerful and efficient technology, such
as quantum computers, which can aid in the resolution of some of
society's most urgent problems (Osada et al., 2022, p. 78). Some sorts
of calculations may be performed tenfold quicker by quantum
computers than by classical computers, which might have
substantial ramifications in industries such as finance, healthcare,
and climate modelling. We can build more effective, precise, and
sustainable technology by harnessing the power of quantum
mechanics, contributing to the creation of a fairer and more
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equitable society, rather than allowing these technologies to be
employed solely by capitalists to generate more profit.

Nonetheless, the advancement of these technologies creates
serious ethical concerns. This is where metaethics enters the picture,
giving a framework for considering the ethical implications of
emerging technologies and their influence on society. What, for
example, are the possible implications of quantum computing for
data privacy and security, and how can we guarantee that these
technologies are developed and used in accordance with our values
and principles?

Quantum entanglement is one of the most intriguing notions
in quantum mechanics that is pertinent to these problems. This is a
phenomenon in which two particles become correlated to the point
that the qualities of one particle are reliant on the properties of the
other, even though the particles are separated by a significant
distance (Sovik, 2022, p. 293). Quantum entanglement has been
presented as a secure communication technique in which two
people can talk without fear of being eavesdropped on since any
attempt to monitor the transmission will upset the entangled
particles.

Quantum entanglement also has ramifications for our
awareness of interconnection and interdependence, emphasizing
the significance of accepting responsibility for our actions'
repercussions (Holland, 2023; What is Entanglement and Why is it
Important?, 2024). For example, in the context of climate change, our
activities affect not just ourselves but also people throughout the
world and even future generations. We can create a more fair and
equitable society that incorporates everyone's needs and viewpoints
by realizing the interdependence of our actions and the influence
they might have on others.

Quantum complementarity is another key notion in quantum
mechanics, which states that some attributes of quantum particles,
such as location and momentum, are complementary and cannot be
measured simultaneously with perfect precision (Viggiano & Brin,
2022, p. 95). This idea has consequences for our understanding of
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trade-offs and tough decisions, and it reminds us that there may be
intrinsic trade-offs between distinct values in some circumstances.

In the context of healthcare, for example, there may be a trade-
off between patient privacy and the necessity to exchange
information in order to create novel treatments and cures (Hare,
2022, p. 77). We may establish more just and equitable solutions that
take into account the needs and views of everyone concerned by
acknowledging the inherent trade-offs in these circumstances and
engaging in open and honest dialogues about the values and
principles at issue.

New technologies such as the Internet of Things (IoT) and
artificial intelligence (AI) have prompted significant ethical
concerns (Grunwald, 2021, p. 229; Rogerson, 2022, p. 124). How, for
example, can we guarantee that these technologies are created and
deployed in accordance with our values and beliefs, and that they
do not perpetuate prejudices and injustices?

Quantum mechanics can assist to answer these issues by
offering a framework for comprehending the complicated
interactions between different aspects of a system and emphasizing
the significance of accepting responsibility for the outcomes of our
actions. In the context of Al for example, quantum computing may
be utilized to construct more powerful and efficient algorithms that
can help address some of society's most urgent concerns today,
while simultaneously keeping the ethical implications of these
technologies in mind (Gonzalez, 2022, p. 65).

Additionally, quantum mechanics and metaethics can aid in
the egalitarian creation of new technologies. Quantum computing
and Al, for example, have the potential to transform healthcare by
enabling faster and more accurate diagnosis, as well as
individualized therapy based on individual genetic profiles
(Viggiano & Brin, 2022, pp. 43-49). Yet, there are fears that new
technologies would exacerbate existing inequities and prejudices,
especially if they are developed without regard for the ethical
consequences.
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The application of quantum technologies in the Internet of
Things is one example of how they might contribute to a more just
and equal society. IoT is a network of physical objects, automobiles,
household appliances, and other items that are integrated with
electronics, software, sensors, and connections to communicate and
share data (Rogerson, 2022, p. 202). By automating regular
operations, optimizing resource consumption, and allowing better
and more efficient decision-making, this technology has the
potential to improve quality of life.

The rapid deployment of IoT, however, raises issues regarding
data privacy and security. There is a risk that personal information
will be abused or compromised with so much data being gathered,
kept, and analysed. Quantum cryptography can help with this
problem by offering a more secure means of delivering sensitive
data (Schintler & McNeely, 2022, p. 123). Unlike standard
cryptographic approaches, which rely on mathematical formulas
that can potentially be cracked by a powerful computer, quantum
cryptography encodes and transmits data in an intrinsically safe
manner.

Apart from quantum cryptography, quantum computing has
the potential to have a significant impact on Al research. Binary bits,
which can only represent the values 0 or 1, are used in traditional
computing. Quantum computers, on the other hand, use quantum
bits, also known as qubits, which may exist in the superposition of
0 and 1 at the same time (Lawson, 2022, p. 93; Schintler & McNeely,
2022, p. 495). As a result, quantum computers may do certain
computations far faster than classical computers, making them
particularly useful for applications such as optimization and pattern
recognition.

Nonetheless, the advancement of artificial intelligence has
generated ethical problems. Al has the potential to reinforce existing
prejudices or make judgments that are not in the best interests of
society as a whole. Furthermore, there are worries regarding Al's
influence on employment, with some experts warning that Al might
result in widespread job displacement.



220 Jurnal Filsafat, Vol. 34, No. 2, August 2024

To solve these challenges, it is critical to understand the ethical
implications of Al and to create frameworks that ensure Al is
created and deployed in ways that are consistent with society
values. This is where metaethics comes in, giving a framework for
contemplating the nature of ethical ideals and the link between
ethics and technology (Haiming, 2020, p. 101). We can ensure that
ethical concerns are integrated into the design and deployment of
these technologies and that they are designed to enhance the well-
being of society as a whole by taking a metaethical approach to Al
research.

Quantum entanglement and quantum complementarity
emphasize the significance of interconnection, dependency, and
trade-offs in decision making, whereas metaethics provides a
framework for considering the nature of ethical principles and their
relationship to technology. We can ensure that future technologies
such as quantum computing, IoT, and Al are created and deployed
in a way that promotes human flourishing and society well-being
by applying these principles to their development.

3. The influence of quantum technology on human life

Quantum technology has had a tremendous influence on
human existence, notably quantum computers, IoT, and Al These
innovations have transformed how we interact, learn, work, and
even enjoy ourselves (Ashmarina et al.,, 2019, p. 185). Yet, the
development and deployment of these technologies have created
significant ethical concerns that must be addressed in order for them
to be utilized in a just and equitable manner.

Quantum mechanics and metaethics can help guide the
development and implementation of these technologies. Quantum
physics explains the principles behind these technologies, but
metaethics gives a framework for thinking about their ethical
implications (Cavelty & Wenger, 2022, p. 42; Di Martino, 2021, p.
154). The relevance of interconnection, dependency, and trade-offs
in decision making is highlighted by quantum entanglement and
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quantum complementarity, for example. This has significant
consequences for the development and application of IoT
technologies that are meant to link and integrate diverse objects and
systems.

The employment of quantum computers and Al has created
serious ethical concerns, specifically around privacy and prejudice
(Chun & Barnett, 2021, p. 103; Dunbar-Hester, 2020, p. 170). With its
capacity to handle massive volumes of data at many orders of
magnitude quicker than conventional computers, quantum
computers have the potential to substantially improve our ability to
solve complicated issues. This, however, implies that they have the
potential to divulge personal information that individuals may not
wish to share, and that they may be exploited to construct
surveillance and other monitoring systems.

Moreover, the employment of AI poses serious ethical
concerns about its prejudice and fairness. Data is utilized to train Al
systems, and the data used to train them frequently reflects human
biases and preconceptions (Henning, 2020, p. 29; Reijers &
Coeckelbergh, 2020, p. 249). This can lead to AI systems
perpetuating and amplifying these prejudices, resulting in
discrimination and inequity.

There have been countless cases in recent years showing
ethical implications of these technologies in everyday life. The
adoption of IoT devices in smart homes, for example, has prompted
worries about data privacy and security (Thuraisingham et al., 2022,
p. 67). These gadgets are intended to link numerous appliances and
systems, but they also capture large quantities of personal data that
may be utilized for a variety of purposes.

Furthermore, Al has been found to perpetuate and magnify
existing prejudices and inequities in a variety of applications,
including hiring and criminal justice systems. For example, a
ProPublica investigation discovered that a widely used algorithm in
criminal justice sentencing was more likely to predict incorrectly
that black defendants would re-offend than white defendants
(Abaimov & Martellini, 2022, p. 188).
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While quantum mechanics and metaethics provide useful
frameworks for evaluating the ethical implications of new
technologies, considerable effort needs to be done to guarantee that
they are employed in a just and equitable manner. This necessitates
not just adherence to ethical principles, but also continuous
contemplation, analysis, and modification in response to new
ethical issues.

The influence of quantum technology on human existence has
been enormous, and it is expected to rise further in the future years.
To guarantee that these technologies are used in just and equitable
ways, the ethical implications of their development and deployment
must be considered. We may work toward a future that is not only
technologically sophisticated but also morally responsible and just
by applying quantum mechanics and metaethics ideas to these
technologies.

The concepts of quantum mechanics and metaethics may be
used in a variety of ways to guarantee that quantum technology has
a good impact on human existence. The creation of ethical
frameworks that can govern the usage of quantum technology is an
important application.

For example, because quantum computers have the capacity to
undermine existing encryption methods, ethical issues may be
especially crucial in this scenario. Ethical frameworks can assist in
ensuring that quantum computing is utilized properly and that the
possible hazards and advantages are well evaluated.

Another critical use is the creation of quantum-resistant
cryptography systems (Fischerkeller et al., 2022, p. 107; Hettema,
2022, p. 101). Although quantum computing has the ability to
disrupt standard cryptographic systems, new cryptographic
methods that are immune to quantum assaults are also feasible.
These systems may assist in maintaining the security and privacy of
digital communications and transactions, and they can be designed
with metaethical concepts in mind to ensure that they are utilized in
fair and reasonable ways.
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Furthermore, the principles of quantum entanglement and
complementarity may be used to guarantee that digital systems and
technologies are linked, interdependent, and cognizant of trade-offs
(Lehto & Neittaanmaki, 2022, p. 173; Romaniuk & Manjikian, 2021,
p. 226). For example, these principles may be used to guide the
creation of IoT devices to ensure that they are both efficient and
effective while also being cognizant of any hazards and unforeseen
consequences.

The use of Al can be guided by these principles to ensure that
these systems are developed and deployed in ways that are fair,
transparent, and accountable. For example, the principles of
quantum entanglement and complementarity can be used to
develop Al systems that are interconnected and interdependent
with the broader social, political, and economic systems in which
they are embedded and developed, with an eye towards potential
trade-offs and unintended consequences.

The concepts of quantum mechanics and metaethics may be
used in a variety of ways to guarantee that quantum technology has
a good impact on human existence (Haiming, 2020, p. 14). We can
guarantee that quantum technologies are utilized to promote
human flourishing, social justice, and sustainability by establishing
ethical frameworks, quantum-resistant cryptographic systems, and
digital technologies that are conscious of interconnection,
interdependence, and trade-offs.

The "ethics of care" framework is one potential ethical
paradigm that might be applied to the usage of quantum technology
(Haiming, 2020, p. 36; Sorgner, 2021, p. 69). This paradigm stresses
the value of interconnectivity and interdependence, and elevates the
well-being of individuals and communities over individualistic
aspirations.

An ethics of care framework in the context of quantum
technologies might emphasize the creation and deployment of
technologies that prioritize the well-being and autonomy of persons
and communities over simply seeking technical advancement for its
own sake (Awari & Warjurkar, 2022, p. 20; Giannelos et al., 2022, p.
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104). This might entail developing quantum technologies that are
both accessible and inexpensive, while also prioritizing user privacy
and data security.

Another essential ethical concept to examine is the principle of
nonmaleficence, which states that we should try not to cause
damage with our acts. This might include prioritizing the
development and implementation of quantum technologies that do
not represent a considerable risk to individuals or society as a whole
(Montasari, 2023, p. 154). This might include, for example, taking
steps to avoid the abuse of quantum technologies, such as building
protections against cyberattacks or ensuring that these technologies
are not exploited to produce weapons of mass devastation.

Another key ethical issue to consider while developing and
deploying quantum technology is the notion of justice (Elliott, 2022,
p. 182; Uribe, n.d., p. 186). This concept highlights the significance
of treating individuals and communities equitably and ensuring
that new technologies benefit everyone. This might entail
emphasizing the development of technologies that are accessible to
everybody, regardless of socioeconomic class or geographic
location, in the context of quantum technologies.

As the use of quantum technology in human existence
expands, there is a need for an ethical framework to govern its
development and application. The "values-based approach" is one
of the most current ethical frameworks to emerge in recent years
(Fuchs, 20224, p. 125; Giannelos et al., 2022, p. 20; Haiming, 2020, p.
51). This strategy focuses on identifying and prioritizing the most
essential values in the development and application of new
technologies. Transparency, accountability, equity, and social
responsibility are examples of such ideals.

Organizations developing or employing quantum technology
can take a variety of tangible actions to put this strategy into action.
They can, for example, conduct ethical risk assessments to identify
and analyse potential ethical concerns linked with their technology.
They can also create codes of conduct that outline the ethical ideas
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and ideals that should drive their actions, as well as procedures for
reporting and addressing ethical problems.

Organizations may also foster trust and openness with their
users and other stakeholders. This might entail disclosing
information about the ethical consequences of their technology as
well as engaging in an open and honest discussion about ethical
problemes.

Another significant part of the values-based approach is the
concept of "designing for values," which indicates that firms should
deliberately aim to infuse ethical principles and values into the
design of their technologies (Fuchs, 2022a, p. 76; Haiming, 2020, p.
86, Miladi, 2021, p. 239). For example, they may build their
algorithms to be open and responsible, or they may prioritize the
privacy and security of user data.

Organizations may assist guarantee that their technology is
not just scientifically sophisticated, but also morally responsible, by
taking a value-based approach to the development and use of
quantum technology. This can eventually lead to the establishment
of a more just and equitable society in which technology is
employed to benefit all members of the community.

4. The position of mankind in the quantum age

Quantum technologies such as quantum computing, quantum
internet, and quantum cryptography have emerged in the digital
age. These technologies provide tremendous benefits but can raise
ethical concerns. To solve these issues, interdisciplinary techniques
that incorporate quantum mechanics and metaethics are required.

The merging of quantum mechanics with metaethics provides
for a more in-depth understanding of quantum technologies' ethical
implications (Gonzalez, 2022, pp. 133-137). Quantum mechanics
offers a fresh look at the nature of reality and the function of
observers in measurement. This insight can assist us in developing
a more sophisticated ethical framework that takes into account the
complexities of quantum technology.
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Metaethics, on the other hand, provides a philosophical
framework for examining ethical dilemmas. This assists us in
comprehending the foundations of ethical ideals and developing a
method for evaluating ethical judgments (Haiming, 2020, p. 40). We
may establish a holistic solution to the ethical concerns of the digital
era by merging these two domains.

In numerous ways, an interdisciplinary approach that merges
quantum mechanics and metaethics might assist address ethical
concerns in the digital era. For starters, it can aid in the development
of more sophisticated ethical frameworks that take into account the
complexities of quantum technology (Viggiano & Brin, 2022, pp.
240-243). Consider the concepts of quantum entanglement and
complementarity, for example, to gain a comprehensive knowledge
of the ethical implications of quantum technology.

Second, a multidisciplinary approach can aid in the
identification and correction of possible biases in the development
and application of quantum technology (Allday, 2022, p. 311). We
may assure the egalitarian and just development and use of
quantum technology by evaluating ethical problems from many
angles.

Lastly, an interdisciplinary approach can aid in addressing
quantum technologies' social and cultural ramifications (Viggiano
& Brin, 2022, pp. 32-36). We can gain a better grasp of the ethical
difficulties posed by quantum technologies by analysing their
influence on various groups and cultures.

To solve the ethical concerns of the digital era, it is essential to
integrate quantum physics with metaethics. An interdisciplinary
approach that examines ethical concerns from multiple perspectives
can contribute to the development of more nuanced ethical
frameworks, the identification and correction of potential biases,
and the consideration of the social and cultural ramifications of
quantum technologies (Ydri, 2021, p. 19). Only by taking a broad
and multidisciplinary approach can we assure that quantum
technology development and usage are just, egalitarian, and
sustainable.
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For instance, consider the development and deployment of
quantum cryptography. Quantum cryptography uses the principles
of quantum mechanics to create secure communication channels
that are theoretically immune to eavesdropping. While this
technology promises significant advancements in data security, it
also raises ethical questions regarding its accessibility and potential
misuse. By integrating metaethical analysis, policymakers and
technologists can evaluate who benefits from this technology and
who might be disadvantaged. For example, ensuring that quantum
cryptography is not only accessible to powerful governments and
large corporations but also to smaller entities and individuals can
prevent a deepening of the digital divide. Additionally, conducting
thorough ethical impact assessments, similar to Data Protection
Impact Assessments (DPIAs) required by regulations like the
GDPR, can help foresee and mitigate any adverse social impacts,
ensuring that the technology serves the broader good and upholds
privacy rights (General Data Protection Regulation, n.d.). The BRIN
Research Center for Quantum Physics in Indonesia is at the
forefront of advancing quantum computing and simulation
research. By collaborating with esteemed institutions such as the
University of Indonesia and the Asia Pacific Center for Theoretical
Physics, the center actively organizes workshops and initiatives
aimed at nurturing a talent pipeline in quantum science and
technology. This interdisciplinary effort underscores the
importance of combining scientific research with ethical
considerations to ensure that quantum technologies are developed
and utilized in ways that are equitable, just, and sustainable. By
fostering such collaborations, the BRIN Research Center exemplifies
how integrating quantum physics with ethical principles can
effectively address the complex challenges of the digital era
(Welcome to BRIN Research Center for Quantum Physics, n.d.).

An interdisciplinary strategy that incorporates quantum
mechanics and metaethics principles can be critical in tackling the
ethical concerns of the digital era. This method necessitates the
collaboration of specialists from numerous domains, including
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science, ethics, law, and philosophy, in order to develop a
framework that balances technical progress with ethical
considerations.

One step performed under this method is the formation of
interdisciplinary research teams, which bring specialists from many
domains together to work on a similar aim. Scientists, ethicists, and
legislators, for example, might work together to set standards for the
use of quantum technologies like quantum computing and Al that
emphasize human rights and ethical issues (Webre, 2022, pp. 367-
371). These principles will then be put in place by technology firms,
governments, and other stakeholders to guarantee that quantum
technologies are developed and utilized responsibly and ethically.

Another step entails incorporating ethical concerns into the
design and development of quantum technology. This entails
addressing a technology's possible ethical consequences throughout
its creation rather than as an afterthought (Sevik, 2022, p. 434).
While developing an Al system, for example, developers may
guarantee that the system prioritizes human values such as privacy
and openness.

Furthermore, this method entails the use of new technologies,
such as blockchain and quantum cryptography, to improve digital
privacy and security (Schintler & McNeely, 2022, p. 579; Stahl, 2021,
p- 97). Blockchain, for example, may be used to build decentralized,
transparent, and secure systems that help avoid data breaches and
improve data privacy. Quantum cryptography, on the other hand,
may be utilized to produce unbreakable codes and improve
cybersecurity.

An interdisciplinary approach that blends quantum mechanics
and metaethics can assist guarantee that quantum technology
development and usage are ethical, responsible, and sustainable.
Stakeholders may establish a framework that emphasizes human
values and promotes a just and equitable digital society through
collaborative research, ethical design, and the use of new
technologies.
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Several ethical frameworks have been proposed to emphasize
human values and create a just and equitable digital society, taking
into account the possible hazards and advantages of new
technologies such as quantum computing, Al, and IoT (Romaniuk
& Manjikian, 2021, p. 244). These frameworks seek to provide rules
for the development and application of these technologies, with an
emphasis on increasing human well-being while reducing damage.

The Value Sensitive Design method, for example, pushes for
the incorporation of ethical issues at every level of the design and
development process (Risjord, 2022, pp. 14-20). This entails working
with a wide range of stakeholders, including specialists in other
sectors, to define and prioritize human values such as privacy,
autonomy, and social justice. The purpose of incorporating these
values into the design process is to produce technologies that meet
human needs and promote beneficial social consequences.

The "responsible innovation" approach is another concept that
emphasizes the need for innovation to be led by a sense of duty and
accountability to society (Reijers & Coeckelbergh, 2020, pp. 14-20).
This entails analysing developing technologies' possible social and
environmental repercussions and taking actions to prevent their
negative outcomes. This framework also encourages the
participation of many stakeholders in decision-making, with an
emphasis on supporting democratic ideals and ensuring that the
benefits of innovation are divided evenly.

The human-centred Al approach is the third framework, and
it strives to guarantee that Al systems are created with human well-
being and dignity in mind (Housley et al., 2022, p. 21; Nyholm, 2020,
p- 51). This includes valuing principles like justice, transparency,
and responsibility, as well as taking efforts to avoid possible Al
threats like job displacement and algorithmic prejudice. This
paradigm also highlights the importance of continual
communication and involvement with a wide range of stakeholders,
including those who may be harmed by Al technology.

These frameworks all have the same purpose in mind: to
prioritize human values and promote a more fair and equitable
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digital society. It is possible to develop ethical frameworks that
consider the complex and evolving nature of emerging technologies
and ensure that they are designed and implemented in ways that
benefit all members of society by incorporating quantum mechanics
and metaethics principles, as well as engaging with
interdisciplinary approaches.

CONCLUSION

While we continue to embrace the possibilities offered by
quantum technology, we must also acknowledge ethical difficulties
and ensure that our values are prioritized in the development and
application of new technologies. Combining quantum physics with
metaethics principles gives a comprehensive and multidisciplinary
approach to tackling these difficulties, and the particular acts
outlined in this discussion serve as a starting point for this
integration. We can ensure that the advantages of quantum
technology are shared by promoting a just and equitable digital
society.

The advancement of quantum technology in the digital era has
the potential to substantially benefit humanity, but it also introduces
new ethical issues that must be addressed. The incorporation of
quantum mechanics and metaethics into multidisciplinary methods
can assist in ensuring that the development and application of these
technologies prioritize human values and foster a just and equitable
digital society.

As the quantum age progresses, we must ask ourselves, "Are
we prepared to meet the ethical concerns that these new
technologies present?” How can we ensure that the application of
quantum technology is consistent with our values and results in a
more just and equitable society? It is up to every one of us to prepare
for these questions and to take appropriate action in the face of these
new problems. Only in this way can we fully realize the potential of
quantum technology for human advancement.
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