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Quantum
Ecology

Why and How

New Information Technologies
Will Reshape Societies

Quantum Ecology

Calzati & de Kerckhove 2024, MIT Press
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Onto-epistemological framework,
whose pillars are uncertainty,
complementarity, nonlocality,
superposition, entanglement

Technological paradigm, pivoting
around Quantum Information
Technologies (QITs)


https://direct.mit.edu/books/oa-monograph/5872/Quantum-EcologyWhy-and-How-New-Information

Ecology as a complex system

* “An ecology has effects but not causes in the ordinary sense of a
direct relationship between cause and effect.” (Calzati & de Kerckhove

2025)
—>complex system showing emergent behaviours

 Complexity is an issue of framing, “a way of observing systems, not
an absolute class of systems.” (Gershenson & Heylighen 2003)

—>Complexity is an observer-observed entanglement (Calzati 2026)



https://link.springer.com/article/10.1007/s44206-025-00228-0
https://link.springer.com/article/10.1007/s44206-025-00228-0
https://link.springer.com/article/10.1007/s44206-025-00228-0
https://link.springer.com/chapter/10.1007/978-3-540-39432-7_65
https://link.springer.com/chapter/10.1007/978-3-540-39432-7_65
https://link.springer.com/chapter/10.1007/978-3-540-39432-7_65
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=7325298

3 technological ecologies of sens-making

1) Language - based on meaningful world-sensing
(e.g., law)

Quantum
Partial onto-epistemological incommensurability ECOIOQY

Why and How
New Information Technologies
Will Reshape Societies

2) Digital > based on computable world-sensing
(formatting of sensing into Os & 15s)

Partial onto-epistemological incommensurability

3) Quantum - based on a probabilistic world-sensing " setmocan
(synthetic sensing) -~ B—



Wigner's friend thought experiment

1) Wigner’s friend performs the measurement of a particle
(e.g., spin) inside a laboratory

2) For her, the measurement yields a definite outcome
(e.g., spin up)

3) For Wigner, who is outside the lab and treats the entire
scenario as a quantum system, the outcome is not
definite yet, i.e., still in superposition

- Configurational realism: Different observers can
assign different “real” states to the same system - no
observer-independent physical phenomenon.

—~>Relational epistemology: Two observers can hold
complementary but equally valid knowledge claims
about a phenomenon.

—~>Nested inconsistent onto-epistemological
configurations (Frauchiger & Renner 2018)



https://www.nature.com/articles/s41467-018-05739-8
https://www.nature.com/articles/s41467-018-05739-8

Implications - 1




Problem-opening approach to

ethics of techs

“Technology is neither good nor bad; nor is it
neutral.” (Kranzberg 1985)

Technology as “"pharmakon” (at once, good and
bad; both poison and antidote).

—its use in complex scenarios produce value-
laden entanglements (good and bad) and

uncertain consequences (intended and
unintended).


https://www.cs.ucdavis.edu/~koehl/Teaching/ECS188/PDF_files/Kranzberg.pdf
https://journals.sagepub.com/doi/10.1177/20539517241270687
https://journals.sagepub.com/doi/10.1177/20539517241270687
https://journals.sagepub.com/doi/10.1177/20539517241270687

Research & design

Research

1) Identification of a case study (e.g., TU a) Project journal
Delft campus)

2) Framing of the case study (e.g., how it
is presented; how it works; etc. ) b) Artefact (e.g., physical/digital object

exposing/redressing the tensions

identified)
3) Data-value entanglements (e.
values in/excluded; data m/excluded)

4) Open-ended scenarios (e.g., possible c) Author’s statement describing the
un/intended consequences) artefact



Implications - 2




Quantum-driven approach to
QIT regulation

« Operationalisation of quantum principles and phenomena as
resources for:

- Complexity-informed policymaking (cf. Myeong 2025; Renda
2025)

—->Regulating QITs as a “"wicked” policy issue (Head 2022;
Moloney & Al-Kuwari 2025)



https://www.nature.com/articles/s41599-025-05019-z
https://www.intereconomics.eu/contents/year/2025/number/1/article/the-triple-transition-and-the-dawn-of-quantum-policymaking.html
https://www.intereconomics.eu/contents/year/2025/number/1/article/the-triple-transition-and-the-dawn-of-quantum-policymaking.html
https://library.oapen.org/handle/20.500.12657/53360
https://academic.oup.com/spp/advance-article/doi/10.1093/scipol/scaf065/8361814
https://academic.oup.com/spp/advance-article/doi/10.1093/scipol/scaf065/8361814
https://academic.oup.com/spp/advance-article/doi/10.1093/scipol/scaf065/8361814

ENSURING INNOVATION & DIGITAL
SOVEREIGNTY IN THE EU

OPEN DATA & INNOVATION GEOPOULITICAL MULTIPOLAR SCENARIO
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EU quantum internet for
fair(er) data sharing

« Currently, we miss symmetric cross-border
data sharing frameworks between the EU and
non-EU countries (Voss & Pernot-Lepay 2023)

—->How can the EU keep enacting internal data

sharing, while also preserving its outward data
sovereignty?

A Europe-level Quantum Internet as the
sociotechnical infrastructure establishing the

boundaries of a European data polity (Calzati

et al 2026)


https://dx.doi.org/10.2139/ssrn.4393008
https://dx.doi.org/10.2139/ssrn.4393008
https://dx.doi.org/10.2139/ssrn.4393008
https://www.sciencedirect.com/science/article/pii/S0308596126000728
https://www.sciencedirect.com/science/article/pii/S0308596126000728

Quantum
Republic
(QuRe)

How to operationalize a pharmakological governance of/through
QITs? (Calzati & Travagnin, under review)

* Nuclear Non-Proliferation Treaty & Quantum Game Theory
(Calzati & de Kerckhove 2024; Kop 2025; Perrier & Aboy 2026)

- Quantization of game theory can generate better-than-classical
outcomes for negotiating dilemmas (Eisert et al 1999)

+

* Republican approach to technology governance
(Susskind 2022; Calzati & van Loenen 2023; Hoeksema 2024)

- A republican governance seeks to enable a systemic
distribution of power, mutual accountability, and collegial
decisions



https://direct.mit.edu/books/oa-monograph/5872/Quantum-EcologyWhy-and-How-New-Information
https://doi.org/10.48550/arXiv.2505.11515
https://doi.org/10.1007/978-981-95-8371-3_7
https://doi.org/10.1103/PhysRevLett.83.3077
https://doi.org/10.1017/dap.2023.18
https://doi.org/10.1007/s13347-023-00618-7

Hybrid (quantum & classical) design

* Quantum game theory-based distributed ledger:

Authorisation tokens (entangled qubits) to access and use shared quantum
computation

Quantum zero-knowledge proof to validate declared computation

Cooperation boosts computational power for all actors; defection triggers a
shared computational cost

 Institutional arrangements (based on digital republicanism):

Treaty+global quantum observatory (= |1AEA; Kop 2025)

public quantum trusts (= public data trusts; van der Sloot & Keymolen 2022)
bodies of abitration (= Calzati & van Loenen 2023)

quantum registry (- OECD 2026; cf. patents)

auditing organ (> Susskind 2022)

quantum communes (= Susskind 2022; Calzati & van Loenen 2023)
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https://doi.org/10.48550/arXiv.2505.11515
https://doi.org/10.1017/dap.2022.36
https://doi.org/10.1017/dap.2022.36
https://doi.org/10.1017/dap.2022.36
https://doi.org/10.1017/dap.2023.18
https://legalinstruments.oecd.org/en/instruments/OECD-LEGAL-0508
https://doi.org/10.1017/dap.2023.18

 Low TRLs of quantum computing and quantum
communication

« Hard verifiability of quantum computation (even under ideal

conditions)
Irmi - Lack of auditing
Limits & |
~standards and benchmarks as pathway (cf. earlier
further work propositions)

- QGT remains theoretical and based on rational agents

—>simulation of complex scenarios (e.g., information
asymmetries, real-like geopolitical conditions, time-dependent
scenarios, non-rational behaviours, cf. Pothos & Busemeyer
2022)



https://doi.org/10.1146/annurev-psych-033020-123501
https://doi.org/10.1146/annurev-psych-033020-123501
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Stefano Calzati
Derrick de Kerckhove


https://stefanocalzati.com/
https://www.instagram.com/Hollandmilandia/
https://www.instagram.com/Hollandmilandia/
: https:/link.springer.com/collections/hafcjjejbd
: https:/link.springer.com/collections/hafcjjejbd
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