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Abstract

With the rapid popularization of artificial intelligence technology in various fields, Al
systems increasingly assume an important role of autonomous decision-making, but its
complex, opaque and constantly self-evolving characteristics make the traditional legal
framework based on static and single subject responsibility face severe challenges. It is
difficult for existing models to effectively trace decision errors and biases caused by
multiple factors such as data processing, algorithm design and dynamic update. Based
on representative judicial precedents such as State v. Loomis and Google Spain, and
combined with academic discourse, this paper explores in depth the legal and technical
difficulties in Al decision-making accountability. By establishing mandatory
transparency and detailed documentation mechanisms, building dynamic oversight and
adaptive legal standards, promoting collaborative accountability among developers,
data providers, and users, and redefining responsibilities for automated systems, a new
regulatory framework can be built that ADAPTS to the dynamic evolution of Al
technology. Research shows that only with the cooperation of law, technology and
regulation can we effectively bridge the accountability gap, protect the public rights and
interests, and provide solid legal support for the healthy development of artificial
intelligence technology.
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1. Introduction

In the context of the rapid development of artificial intelligence technology today, Al systems
are increasingly taking on autonomous decision-making tasks in various fields,greatly
improving efficiency and productivity. However, this technological advance comes with a host
of legal and ethical challenges. The traditional legal liability model mainly relies on the theory
of liability identification for human behavior and static products, which is difficult to cope with
the complex, multi-level and constantly self-learning characteristics of Al systems. Both judicial
precedents and academic research have shown that the existing legal framework is clearly
inadequate in holding Al decisions accountable, and there is an urgent need to build a new
accountability system that reflects the dynamic evolution of Al technology while ensuring
transparency and multi-stakeholder participation.

For example, in State v. Loomis, the Wisconsin Supreme Court dealt with a proprietary risk
assessment tool in the conflict between trade secret protection and judicial transparency.
Because the internal operation mechanism of the tool has not been disclosed to the public, it is
difficult for the court to fully assess whether there is bias, which affects the fair judgment of the
case [7]. Similarly, the Google Spain case requires that digital platforms must ensure that their
algorithms are sufficiently transparent so that those affected can clearly understand the

51



Frontiers in Humanities and Social Sciences Volume 5 Issue 3, 2025
ISSN: 2710-0170

decision-making process and, if necessary, challenge it. These cases not only exposed the
accountability problems brought about by the "black box" operation, but also provided an
important legal basis for promoting the reform of the legal responsibility mechanism in the
digital era [4].

At the same time, scholars point out that as Al systems continue to self-learn and evolve, their
decision-making mechanisms are highly dynamic and diverse, making it difficult to apply a
single model of accountability. Citron and Pasquale argue that automated prediction systems
may undermine due process by hiding key causal relationships [2]; However, Selbst and
Barocas emphasize that liability traceability should not only cover the initial design of the
system, but also extend to all aspects such as subsequent maintenance and data update [6]. To
solve this problem, Wachter et al [8]. put forward the counterfactual interpretation method,
which provides effective technical support for judicial review and liability traceability by
showing how small changes in input data affect the final decision on the premise of not
disclosing trade secrets.

In the face of this series of challenges, the legal and academic community has generally called
for a rethink and adjustment of the existing legal framework, and the construction of a multi-
level and dynamic accountability mechanism that can adapt to the new technological
environment. Based on this background, this paper, through a comprehensive analysis of
important judicial precedents and scholars' views, aims to explore how to establish and
improve the legal accountability mechanism in Al decision-making, so as to promote
technological innovation while ensuring the effective protection of public interests and judicial
justice.

2. The Accountability Challenge In Al Systems

Although the introduction has outlined the problem of responsibility identification brought by
Al systems in autonomous decision-making, in practical applications, the problem is more
complex and multi-layered, and needs to be discussed in more detail.

First, the inner workings of Al systems typically involve multiple stages - from data acquisition
and pre-processing to model training and final decision-making - each of which may involve a
different responsible body. Citron and Pasquale pointed out that automatic prediction systems
often hide the causal relationship between input data and final output [2], which makes it
difficult for affected people to obtain sufficient basis when challenging decisions, thus
weakening the guarantee of due process. For example, in some credit approval systems, if the
scoring algorithm does not disclose its specific weight and judgment criteria, it may lead to
some groups suffering from implicit bias, and they are difficult to effectively hold accountable.
Second, State v. Loomis further revealed the accountability dilemma of proprietary risk
assessment tools in judicial practice. In this case, because the details of the algorithm are
protected by trade secrets [7], it is difficult for the court to fully assess whether there is systemic
bias, which exposes the limitations of the traditional legal liability determination model in the
face of highly complex and dynamically changing technology. As Selbst and Barocas highlight,
as Al systems continue to learn from themselves, the decision-making mechanism may change
significantly during operation [6]. This forces responsibility tracing to consider not only the
original designer, but also the subsequent maintenance and data update process. The single
accountability model used in the past is obviously difficult to cope with this multi-level
decentralization of responsibility.

Moreover, the Google Spain case offers a significant insight into the importance of algorithmic
transparency in ensuring effective accountability [4]. The counterfactual interpretation method
proposed by Wachter et al. is a technical approach designed to address this lack of transparency
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[8]. It can reveal how input data affects the outcome of decisions without exposing trade secrets,
thereby providing technical support for judicial review.

3. Integrating Legal Precedents With Scholarly Critique

In the process of building a modern Al accountability mechanism, the dual perspectives of legal
jurisprudence and academic criticism provide us with profound insights, revealing the
fundamental limitations of the traditional accountability model and the direction of
improvement. From the perspective of judicial practice, the precedents show how courts weigh
between protecting trade secrets and maintaining justice when hearing Al-related cases. The
questioning of "black box" algorithms in some decisions reflects the challenges judges face
when dealing with complex technical issues. These challenges not only highlight the
inadequacies of traditional legal frameworks in adapting to a rapidly changing technological
environment, but also trigger deep reflection on whether existing laws can respond flexibly to
emerging issues.

In this context, the judgment in Google Spain is significant. The ruling states that digital
platforms must provide those affected with sufficient algorithmic transparency so that
individuals can understand how their rights and interests are affected and have the right to
challenge relevant decisions. The ruling broke with the traditional "black box" mode of
operation and set a new legal standard for accountability mechanisms in the digital age.
Inspired by this, Wachter et al.proposed a "counterfactual interpretation" approach [8]. The
method does not require the disclosure of a company's trade secrets, but indirectly reveals the
logic and rules of Al decision-making by showing how small changes in the input data affect the
output results. This approach not only provides a technically viable tool for judicial review, but
also makes part of the key decision-making process public, thereby increasing the possibility of
pursuing bias and error in decision-making.

At the same time, academics have sharply criticized the limitations of traditional legal
frameworks in the age of Al. Chen points out that the traditional product liability model is a
static liability identification method that cannot cover the entire life cycle of Al systems from
design and deployment to self-learning and evolution [1]. With the continuous iteration of
technology, it is difficult for a single and fixed legal theory to effectively deal with the problems
that may occur in each stage. Therefore, he advocates a fundamental reform of the existing
accountability model. Gless further emphasizes that the decision-making of Al systems usually
involves the participation of multiple parties, such as developers, data providers and users [3].
If only a single accountability model is adopted, it is difficult to accurately define the specific
responsibilities of different subjects in decision-making errors, and it is easy to lead to
responsibility shirking and regulatory vacuum.

In addition, Mittelstadt pointed out that relying solely on ethical principles and moral
constraints cannot truly solve the problem of decentralization of responsibility in Al decision-
making, and must be complemented by enforceable legal standards and regulatory mechanisms
[5]. Only in this way can the liability of the parties concerned be quickly and clearly clarified in
the event of error or damage. His views provide the theoretical basis for building a dynamic,
inclusive and multi-layered regulatory system. This system not only requires technology
providers to fully consider potential legal risks at the design stage, but also requires continuous
monitoring and evaluation during the operation of the system to ensure that legal liabilities are
constantly adjusted as technology advances.

In general, judicial precedents and academic criticism have shown a complementarity in
discussing the accountability of Al decisions. The combination of the legal requirements in the
case and the technical improvement proposals put forward by the academic community
constitutes the dual driving force to promote the innovation of the accountability system. Only
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by establishing a new regulatory framework that reflects the dynamic evolution of Al systems
and ensures transparency, fairness and effective accountability, based on the collaboration of
legal, technical and social sectors, can we truly solve the problem of liability traceability in the
current Al decision-making process and safeguard the public interest and judicial justice.

4. Toward an Adaptive Regulatory Framework

To bridge the accountability gap, we propose a multi-pronged approach:

4.1. Mandatory transparency and detailed documentation

Drawing on the experience of State v. Loomis, all Al systems should be required to establish
strict documentation at all stages of design, development, training, and deployment. This
includes not only the algorithm architecture, data sources, data preprocessing processes, model
parameters, and decision rules, but also changes and updates at each stage. Through
comprehensive and systematic records, it can provide a clear basis for judicial review and help
to quickly trace the root cause of the problem. At the same time, the counterfactual
interpretation method proposed by Wachter et al. provides a feasible technical path for
displaying key decision logic without disclosing trade secrets, so that the public and regulators
can partially understand the internal operation of the system and improve the overall
transparency [8].

4.2. Dynamic supervision and adaptive legal standards

With the rapid development of Al technology, its application scenarios and functions are
constantly updated, and a single, static legal standard is difficult to meet the practical needs.
Therefore, it is necessary to build a dynamic regulatory system that can respond to
technological advances in real time. The system should include periodic review mechanisms,
technical evaluation procedures and expert consultation systems to ensure that regulatory
standards can be adjusted in a timely manner and in line with the latest technology. As
advocated by Selbst and Barocas, the dynamic supervision mechanism can effectively capture
new risks and problems arising from the operation of Al systems, so that the identification of
legal liability is always in a constantly updated and improved state [6].

4.3. Multi-party collaboration and joint accountability mechanism

Given the complexity and multi-stakeholder nature of Al systems, it is often difficult to attribute
the outcome of decisions to a single responsible entity. Therefore, there is a need for a multi-
stakeholder accountability framework that apportioned responsibility among developers, data
providers, system operators, and users. To this end, an independent oversight committee could
be set up, with the participation of legal, technical, ethical and civil society representatives, to
conduct joint supervision and evaluation of all aspects. As pointed out by Gless, this cross-
disciplinary and joint accountability model helps to quickly locate the responsibilities of all
parties when problems arise, avoid a single entity being forced to bear excessive risks, and
promote the clear division of labor among the responsible parties at the early stage of system
design and operation to prevent the accumulation of potential risks [3].

4.4. Redefine the responsibility of the automation system

Traditional product liability models focus on fixed, predictable product defects, but Al systems
often cannot be defined by a single liability model due to their self-learning and evolving nature.
In order to deal with this situation, it is necessary to construct a mixed liability model, which
includes the application of strict liability and takes into account the sharing of responsibility at
various stages such as technology research and development, system maintenance and data
update. In particular, during the design phase, developers should fully assess the potential risks
of the algorithm; During the operational phase, the system manager is responsible for data
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processing and real-time monitoring. In the follow-up maintenance, all parties should bear joint
responsibilities according to the specific degree of participation and control. Chen emphasizes
that only when responsibilities are clearly divided in each link can the subject of responsibility
be quickly and accurately determined when problems occur in the system, and reasonable
compensation be made according to actual damages, so as to establish a legal accountability
framework that conforms to the actual operation law of Al systems [1].

5. Conclusion

To sum up, as artificial intelligence technology gradually assumes the role of independent
decision-making in various fields, the existing legal liability identification system is facing
unprecedented challenges. The complexity, opacity, and constant self-learning and evolving
nature of Al systems make it difficult for traditional legal frameworks based on single agent and
static product responsibility to adapt to the needs of the new era. Through important judicial
precedents such as State v. Loomis and Google Spain, we can clearly see that the opacity and
multi-party participation of algorithms make traceability of accountability extremely difficult;
At the same time, academic research has revealed this phenomenon from different angles and
called for a fundamental reform of the existing legal model.

To close the accountability gap in Al decision-making, a new, dynamically adaptive regulatory
system must be built. First, it is necessary to ensure that the decision-making process at each
stage can be traced through mandatory transparent and detailed documentation, and to reveal
the basic logic of the algorithm through technical means such as counterfactual interpretation;
Secondly, the establishment of dynamic supervision and adaptive legal standards can keep pace
with technological progress. Third, the multi-party collaborative accountability mechanism
requires developers, data providers, operators and users to share the responsibility, forming a
cross-field joint supervision model; Finally, it is necessary to redefine the responsibility of the
automation system and build a hybrid responsibility model, so as to reasonably distribute the
problems that may arise in the technology life cycle. Only through the concerted efforts of legal,
technical and regulatory parties to establish a legal accountability framework consistent with
the dynamic evolution of Al systems can we effectively protect the rights and interests of
individuals, ensure justice, and promote the sustainable development of Al technology in
innovation and application.
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