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Abstract

Emerging technologies, including artificial intelligence (AI),
are rapidly outpacing traditional legal frameworks, exposing
regulatory gaps and weakening the effectiveness of conven-
tional governance mechanisms. This study examines liability
gaps stemming from algorithmic opacity, the distributed ar-
chitecture of AI systems, and the systemic and diffuse nature
of AI-related harms. These characteristics highlight the in-
adequacy of both fault-based and strict liability regimes in
addressing AI-specific risks. The analysis is situated within
the context of regulatory sandboxes, adaptive governance in-
struments designed to balance innovation and risk manage-
ment by permitting firms to test new technologies under reg-
ulatory supervision with temporary legal exemptions. While
such models effectively foster innovation, they leave unre-
solved questions of liability when harms arise from compli-
ant experimentation. By placing primary civil and criminal
responsibility on participating firms, sandbox frameworks fail
to account for the distinctive nature of AI-related harms, re-
sulting in compensation mechanisms that are often insuffi-
cient, delayed, and burdensome for affected parties. To ad-
dress this gap, the study advances the proposal of a state-
backed no-fault compensation scheme, modeled on the Vac-
cine Injury Compensation Programs (VICPs).

Introduction
The rapid advancement of artificial intelligence (AI) increas-
ingly outpaces the capacity of traditional legal and institu-
tional frameworks, creating regulatory lag and diminishing
the effectiveness of conventional governance mechanisms
(Dixon 2023; Ahern 2025). The unpredictability and opac-
ity of complex AI systems, particularly sub-symbolic mod-
els with black-box, non-linear architectures, pose signifi-
cant challenges to comprehensive risk assessment (Arrieta
et al. 2020; Karnow 2016). Under such conditions, conven-
tional ex-ante regulatory approaches often prove inadequate,
either failing to provide sufficient protection (Zhang et al.
2025; Scherer 2016; Rangone and Megale 2025) or becom-
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ing overly restrictive (Carvão et al. 2025), thereby stifling
innovation (Abiri and Huang 2023; Arnal 2025).

In this context, the emergence of regulatory sandboxes has
attracted global attention as a means of fostering innovation
in emerging technologies such as AI (Cornelli et al. 2024;
Qiu et al. 2025; Moraes 2025). By allowing selected entities
to test products, services, or business models in controlled
real-world environments, sandboxes temporarily relax cer-
tain compliance obligations while maintaining regulatory
oversight (Kilian, Jäck, and Ebel 2025; Morgan 2023). Con-
tinuous supervision and real-time evaluation generate empir-
ical insights that help regulators detect latent risks, emergent
behaviors, systemic biases, and complex socio-technical dy-
namics that often elude theoretical models and ex-ante as-
sessments (Zhang et al. 2025; Scherer 2016).

Despite these advantages, sandbox frameworks face in-
herent tensions between promoting innovation and safe-
guarding public and consumer interests. The temporary re-
laxation of legal obligations exposes third parties to height-
ened risks that would otherwise be mitigated under fully reg-
ulated conditions (Allen 2020; Knight and Mitchell 2020;
Ranchordas 2021). Moreover, existing liability and compen-
sation models remain inadequate, offering limited mecha-
nisms to ensure that individuals harmed by activities con-
ducted under experimental or exempted regimes receive
timely and appropriate redress.

Research Question and Objectives
The central research question guiding this study is:

In the context of regulatory sandboxes, how and why do
existing compensation mechanisms, whether fault-based or
strict liability, fail to address harms arising from AI systems,
and in what ways might a state-backed no-fault compensa-
tion scheme provide a more effective alternative?

To investigate this overarching question, the study sets out
the following specific research objectives:

• Critically examine the limitations of existing liability
regimes, both fault-based and strict liability, in address-
ing compensation for harms arising from AI systems.

• Evaluate the potential of state-backed no-fault compen-
sation schemes to address liability gaps within regulatory
sandbox frameworks.
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• Develop and assess institutional design options, sup-
ported by comparative case studies, to explore the fea-
sibility and adaptability of such schemes across diverse
legal and regulatory contexts.

Current Progress
The present research has generated several key insights, pri-
marily corresponding to Objectives 1 and 2. By contrast, the
aspects related to Objective 3 remain less developed and are
reflected in the “Future Work” section.

Compensation Liability Gaps in AI Regulatory
Sandboxes
Regulatory sandboxes provide a controlled environment for
testing emerging technologies, including AI, under regu-
latory oversight. Yet they cannot fully mitigate the inher-
ent risks of AI systems (Yoshikawa 2019; Kolt 2023). As
a result, participating companies typically remain liable
for third-party harms, reflecting a broader consensus that
firms should bear civil or criminal responsibility, though en-
forcement varies across jurisdictions (Carneiro 2024; OECD
2025). The challenge is not only whether companies should
be liable, but that they are often the sole bearers of respon-
sibility, both during sandbox trials and after regulatory ap-
proval. Whether public authorities should share this respon-
sibility remains unresolved, a concern compounded by the
inadequacy of traditional compensation mechanisms, which
are ill-suited to address the opacity, diffuse accountability,
and causation challenges characteristic of AI-related harms.

This research has highlighted the limitations of both strict
liability and fault-based liability regimes in addressing the
distinctive risks posed by AI systems within leading regula-
tory sandbox programs. It argues that current models, which
primarily assign civil and criminal liability to participating
firms, are inadequate for managing AI-related harms during
experimental deployment and after market approval. Three
principal shortcomings underpin this inadequacy. First, legal
exemptions granted within sandbox programs may restrict
access to traditional fault-based compensation, thereby nar-
rowing legal remedies for affected individuals. Second, the
opaque and decentralized nature of AI systems, often de-
scribed as “black box” technologies, hinders the clear at-
tribution of liability, even when causal links are evident.
Third, many AI-related harms are systemic, diffuse, and so-
cioeconomically far-reaching, making company-level liabil-
ity insufficient to capture their structural dimensions or en-
sure accountability. These challenges are particularly acute
for small and medium-sized enterprises (SMEs) in low- and
middle-income countries (LMICs), whose limited resources
constrain their ability to internalize or remediate such harms.

State-Backed No-Fault Compensation
This research also advanced a relatively underexplored yet
promising proposal in AI governance: the establishment of a
state-backed, no-fault compensation program for harms aris-
ing from experimentation within AI regulatory sandboxes.
Such a mechanism might operate in parallel with, and com-
plementary to, existing strict liability frameworks. It ac-

knowledges the limitations of traditional fault-based liability
principles, particularly the unrealistic expectation that com-
pensation must hinge on proving negligence, and mitigates
the potential chilling effect of imposing strict liability solely
on private enterprises. This concern is especially salient in
the AI context, where harms may stem from inherent risks
in system design and operation, even absent identifiable er-
ror or negligence.

Drawing on precedents such as the Vaccine Injury Com-
pensation Programs (VICPs), the proposed model advocates
a publicly funded, non-adversarial compensation scheme
that eliminates the need to prove fault, negligence, or prod-
uct defect (Yang and Reiss 2023). Its design reflects a de-
liberate policy choice to balance two core imperatives: en-
suring timely and fair compensation for parties harmed by
socially valuable technologies, and preserving the condi-
tions necessary for sustainable innovation and public wel-
fare (Yang and Reiss 2023; Mungwira et al. 2020). In this
respect, it offers a persuasive model for AI sandbox gover-
nance, which also requires mechanisms to manage the ten-
sion between experimental innovation and potential harm.

The rationale for this approach rests on four interrelated
grounds. First, by actively designing and supervising sand-
box environments, the state becomes a co-producer of legal
risk and therefore bears a principled duty to provide com-
pensation mechanisms. Second, a no-fault program would
overcome the evidentiary and legal challenges posed by the
opacity and distributed agency of AI systems, which often
disadvantage claimants under traditional liability regimes.
Third, the model would reduce compliance burdens on
SMEs, particularly in LMICs, thereby promoting more in-
clusive and equitable innovation ecosystems. Fourth, by of-
fering predictable and accessible avenues for redress, such
a framework could enhance public trust and regulatory le-
gitimacy, ultimately supporting the responsible development
and deployment of AI technologies in sandbox settings.

Future Work
Future research should pursue two complementary direc-
tions. The first is empirical: In-depth case studies of jurisdic-
tions that have implemented regulatory sandboxes for dis-
ruptive technologies would provide valuable insights into
how liability regimes function in practice and how they in-
tersect with AI-related risks. The second is normative and
institutional: further work should examine the practical path-
ways for implementing a state-backed no-fault compensa-
tion scheme. This includes clarifying whether such a mech-
anism should operate alongside and supplement existing lit-
igation and civil compensation processes or instead replace
them. Equally important is evaluating the feasibility of such
a scheme, including the state’s financial capacity to share
compensation responsibilities with private actors and the ap-
propriate allocation of liability between governments and in-
dustry participants in sandbox environments.
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