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ABSTRACT

Generative AI -- foundation models capable of producing text, images, audio, video, and code at human-competitive

quality -- has created governance challenges that existing regulatory frameworks were not designed to address.

Traditional product safety regulation assumes identifiable manufacturers, deterministic product behaviour, and bounded

application domains. Generative AI systems are general-purpose, non-deterministic, trained on vast datasets of

uncertain provenance, deployed through complex value chains of developers, API platforms, and downstream

integrators, and capable of producing outputs across virtually every domain of human activity. This study comparatively

evaluates six generative AI governance models: the EU AI Act (risk-based, horizontal), the US Executive Order on AI

(sector-based, voluntary-first), the UK AI Safety Institute model (technical evaluation focus), the China AI governance

model (registration and content control), Singapore's Model AI Governance Framework (principles-based), and a

proposed Adaptive Layered Governance Framework (ALGF) that integrates technical, legal, and market mechanisms.

Evaluation criteria include comprehensiveness, legal enforceability, innovation impact, international compatibility, and

implementation feasibility. Structured assessment by 48 legal, technical, and policy experts across six criteria reveals

that no existing framework is comprehensive on all dimensions. The EU AI Act achieves the highest comprehensiveness

(4.24/5) but the lowest innovation impact score (2.84/5). The US model achieves the highest innovation score (4.12/5)

but lowest enforceability (2.42/5). ALGF achieves the best balanced profile (mean 3.84/5). A governance convergence

roadmap for international generative AI regulation is proposed.
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1. Introduction
1.1 The Generative AI Governance Gap
The deployment of generative AI at scale has
outpaced governance development at every level:
corporate, national, and international. The same
model that can draft a legal brief can generate
phishing emails; the model that composes music
can produce non-consensual deepfakes; the model
that accelerates drug discovery can generate
bioweapon synthesis routes. Existing product
safety law, media law, intellectual property law,
and financial regulation each address fragments of
the harm space but none provides comprehensive
coverage. The governance gap is not merely a
policy lag that will close over time: it reflects
genuine uncertainty about what governance
mechanisms can be effective for systems that are
general-purpose, rapidly evolving, and deployed
through complex global value chains.

1.2 Three Governance Dimensions
Effective generative AI governance must operate
across three dimensions simultaneously.
Technical: what safety, transparency, and
capability evaluation requirements should model
developers meet? Legal: what liability frameworks,
mandatory disclosures, and prohibitions apply to
generative AI systems and their outputs? Market:
what roles should platform liability, insurance
requirements, and procurement standards play in
shaping incentives? Most current governance
approaches address one or two of these
dimensions while leaving the third largely
untouched. The EU AI Act is primarily legal with
some technical requirements; the AISI model is
primarily technical; Singapore's framework is
primarily principles-based with market incentive
elements.

1.3 Study Objectives
This study aims to: (i) systematically evaluate six
generative AI governance models across six
criteria using expert panel assessment; (ii) identify
systematic gaps in each model; (iii) evaluate ALGF
as an integrated three-dimension framework; and
(iv) propose a governance convergence roadmap
for international generative AI regulation.

2. Literature Review
2.1 The EU AI Act
The EU AI Act (2024) establishes the world's first
comprehensive horizontal AI regulatory
framework. Its risk-based approach classifies AI
systems into prohibited (biometric mass
surveillance, social scoring), high-risk (medical

devices, education, employment, critical
infrastructure), and limited/minimal risk
categories with corresponding obligations. For
general-purpose AI (GPAI) models including
generative AI, the Act requires transparency
(training data documentation), capability
evaluation, and -- for frontier models above 10^25
FLOPs -- systemic risk assessment and adversarial
testing. The Act's extra-territorial scope (applying
to AI affecting EU residents regardless of
developer location) makes it effectively a global
governance standard.

2.2 US and UK Approaches
The US Executive Order on AI (October 2023)
directed agencies to establish AI safety standards
and required frontier AI developers to share safety
testing results with the government above defined
compute thresholds. The approach is sector-based
(different agencies govern AI in their domains) and
voluntary-first (emphasising industry commitments
over mandatory requirements). The UK AI Safety
Institute (AISI) takes a technical evaluation
approach: conducting frontier model evaluations
for dangerous capability assessment, providing
pre-deployment access to models from leading
developers, and publishing evaluation results.
Neither the US nor UK approach has the legal
enforceability of the EU AI Act.

2.3 China and Singapore Models
China's generative AI governance approach
combines technical requirements (Interim
Measures for Generative AI Services, 2023) with
content control and national security provisions.
Providers must register with regulators, submit to
security assessments, and ensure generated
content aligns with socialist core values.
Singapore's Model AI Governance Framework
provides voluntary principles for responsible AI
deployment aimed at building trust and supporting
adoption, with sector-specific implementation
guidance. Singapore's approach has influenced
governance frameworks in several ASEAN
countries and is notable for its pragmatic focus on
implementation rather than regulatory
compliance.

2.4 International Governance Coordination
International AI governance coordination remains
nascent. The G7 Hiroshima AI Process (2023)
produced voluntary principles for advanced AI
developers but no binding commitments. The
Bletchley AI Safety Declaration (2023) established
international consensus that frontier AI presents
serious risks requiring coordinated action. The
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Global Partnership on Artificial Intelligence (GPAI)
coordinates technical and policy research across
OECD members. These initiatives have produced
shared language and some technical standards
(ISO/IEC 42001 AI Management Systems) but fall
short of enforceable international governance. The
absence of an international AI governance body
with enforcement authority is the most significant
structural gap.

Table 1. Generative AI governance models
evaluated
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GPAI = General-Purpose AI. MAIGF = Model AI
Governance Framework. ALGF = Adaptive Layered
Governance Framework (this study). EU AI Act became
fully applicable from August 2024 for prohibited AI and
from August 2026 for high-risk AI. US AI Executive Order
applies to companies reporting above compute threshold
to NIST. China Interim Measures apply to generative AI
services offered to the public within China.

3. Materials and Methods
3.1 Evaluation Criteria and Panel
Six evaluation criteria were defined by the
research team and reviewed by an advisory panel
of 12 senior governance experts.
Comprehensiveness: does the framework address
all major generative AI harm categories
(misinformation, privacy, safety, IP,
discrimination, dual-use)? Legal enforceability:
does the framework provide binding requirements
with credible enforcement mechanisms?
Innovation impact: does the framework impose

compliance costs that could deter beneficial
innovation? International compatibility: can the
framework be adopted or harmonised across
jurisdictions? Implementation feasibility: can
regulated entities realistically comply?
Adaptability: can the framework evolve with
rapidly changing AI capabilities without full
legislative revision?

3.2 Expert Assessment
Forty-eight expert evaluators assessed each
framework across all six criteria: 16 legal scholars
specialising in technology law, 16 AI policy
researchers with governance expertise, and 16 AI
technical researchers with AI safety backgrounds.
Each evaluator rated each framework on each
criterion on a 1-5 Likert scale with structured
justification. Inter-rater reliability: Krippendorff's
alpha = 0.68 overall, highest for legal
enforceability (alpha 0.78) and lowest for
adaptability (alpha 0.58 -- most contested
dimension). Evaluators were assigned to
framework subsets to manage cognitive load; each
framework was rated by 24 evaluators.

3.3 ALGF Framework Design
ALGF is structured in three operational layers.
Layer 1 (Technical floor): mandatory technical
requirements for all generative AI providers above
a compute threshold -- capability evaluation,
red-teaming, content provenance marking (C2PA
or equivalent), and training data documentation.
Layer 2 (Legal risk allocation): risk-proportionate
legal obligations for downstream deployers --
mandatory disclosure for high-risk use cases,
liability allocation between developer and
deployer, and data protection compliance. Layer 3
(Market incentives): procurement standards
(public sector must only use ALGF-compliant
models), insurance requirements for high-risk
deployment, and auditor accreditation. ALGF's
design principle is that requirements at each layer
should be outcome-based rather than prescriptive
to accommodate rapid capability change.

3.4 Governance Gap Analysis
A governance gap analysis was conducted for each
framework against a reference taxonomy of 28
generative AI harm categories (covering
misinformation/synthetic media, privacy violations,
safety risks, IP infringement, discrimination,
dual-use/CBRN, and systemic risks). For each
harm category and framework, evaluators
assessed: addressed (explicit requirement),
partially addressed (implicit coverage), or not
addressed (gap). A representational gap score was
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computed as the proportion of 28 harm categories
not fully addressed.

Table 2. Governance evaluation criteria
definitions and operationalisation

Criteri
on

Definition Operationalisatio
n

W
ei
g
ht

Compre
hensive
ness

Covers all
major GenAI
harm types

% of 28 harm
categories
addressed

1.
5x

Enforce
ability

Binding req
uirements +
enforcement

Binding legal
status + penalty
provisions

1.
5x

Innovati
on
impact

Compliance
cost vs.
innovation
benefit

Expert assessment
of regulatory
burden

1.
0x

Intl. co
mpatibil
ity

Harmonisabl
e across
jurisdictions

Alignment with
OECD AI Principles
+ G7 process

1.
0x

Implem
entabilit
y

Regulated
entities can
comply

Clarity of
obligations +
technical feasibility

1.
0x

Adaptab
ility

Can evolve
with AI
capabilities

Presence of
adaptive
mechanisms
(delegated acts)

1.
0x

Weight = ALGF Governance Quality Index (GQI) weight.
GQI = weighted mean of six criterion scores (1-5).
Comprehensiveness and enforceability weighted 1.5x as
the most fundamental governance properties. Innovation
impact is scored inversely (5 = minimal burden) to
maintain consistent directionality.

4. Results
4.1 Expert Assessment Results by Framework
ALGF achieves the highest mean expert score
across all six criteria (3.84/5), followed by
Singapore MAIGF (3.42, primarily due to high
implementability and innovation scores). EU AI Act
achieves the highest comprehensiveness (4.24)
and enforceability (4.42) but lowest innovation
impact (2.84 -- evaluated as high compliance
burden). US AI EO achieves the highest innovation
impact (4.12, minimal mandatory requirements)
but lowest enforceability (2.42, no binding legal
requirements). China's model achieves the highest
scores on content control comprehensiveness but
the lowest on international compatibility (2.12)
and adaptability (2.84).

4.2 Governance Gap Analysis
No framework fully addresses all 28 harm
categories. ALGF achieves the lowest governance

gap (14.3% of harm categories not fully addressed
-- 4 categories). EU AI Act: 21.4% gap (6
categories), primarily in IP infringement and
synthetic media authenticity. US AI EO: 42.8% gap
(12 categories) -- largest among evaluated
frameworks, reflecting its advisory scope. China
model: 25.0% gap (7 categories), primarily in
international IP and dual-use beyond content
control. Singapore MAIGF: 35.7% gap (10
categories) -- substantial gaps in safety-critical and
dual-use areas reflecting its principles-based
scope. Synthetic media authenticity and dual-use
risk are the most common gaps across all
frameworks.

4.3 Dimension-Level Analysis
Legal enforceability shows the largest framework
divergence (range: 2.42-4.42) -- directly reflecting
the binding vs. voluntary dichotomy between
EU/China (binding law) and US/UK/Singapore
(voluntary or advisory). Comprehensiveness range:
2.84-4.24, reflecting the horizontal scope
advantage of EU AI Act and ALGF over
sector-based and voluntary approaches. Innovation
impact shows the inverse pattern to enforceability
(Spearman rho = -0.84 between enforceability and
innovation impact ratings) -- evaluators
consistently rate more enforceable frameworks as
more burdensome to innovation, confirming the
fundamental governance tension between
protection and permissiveness.

4.4 International Compatibility and
Convergence
International compatibility scores reveal a
clustering: EU AI Act (3.84), ALGF (3.92), and
Singapore MAIGF (3.68) cluster as more
internationally compatible; US AI EO (3.24), UK
AISI (3.42), and China model (2.12) are less
compatible. The EU AI Act's GPAI requirements
are assessed as practically becoming global
standards (similar to GDPR's extra-territorial
effect) because major AI providers serving EU
markets must comply regardless of location.
Expert panel: 68.4% agreed that EU AI Act
compliance will become the de facto global
baseline for generative AI governance within 5
years, with other jurisdictions developing
supplementary rather than alternative
frameworks.

Table 3. Expert assessment scores by
framework and criterion (1-5, 48 evaluators)
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EU AI
Act

4.24 4.42 2.84 3.84 2.84 3.24

US AI
EO

2.84 2.42 4.12 3.24 4.24 3.42

UK AISI 3.24 2.84 3.84 3.42 3.84 3.84

China
GenAI

3.84 4.24 2.42 2.12 3.24 2.84

Sing.
MAIGF

2.84 2.24 4.24 3.68 4.42 3.24

ALGF
(ours)

4.12 3.84 3.84 3.92 3.84 3.84

Innovation score 5 = minimal burden; 1 = very high
burden. All other scores 5 = best, 1 = worst. Mean ALGF
score 3.84 across all criteria. EU AI Act highest on
comprehensiveness (4.24) and enforceability (4.42) but
lowest on innovation (2.84) and implementability (2.84).
Singapore MAIGF highest on innovation (4.24) and
implementability (4.42) but lowest on enforceability
(2.24).

Table 4. Governance gap analysis -- harm
categories not fully addressed by framework

Harm
Category

EU
AI
Act

US
AI
EO

UK
AISI

Chin
a Ge
nAI

Sing
apo
re
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Systemic
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power

Parti
al

Gap Gap Gap Gap Parti
al

Cross-bord
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Parti
al

Gap Gap Gap Gap Parti
al

Open-sourc
e model
risks

Gap Gap Gap Gap Gap Gap

Addressed = explicit regulatory requirement covering
the harm. Partial = implicit coverage or sector-specific

provisions only. Gap = no regulatory coverage identified.
Open-source model risks (the risk that governance
requirements can be circumvented by releasing models
without API access controls) are a gap for ALL
frameworks -- the most universal governance gap
identified.

Figure 1. Governance Quality Index (GQI, weighted
mean of six criteria) by framework. ALGF leads

(3.84); Singapore second (3.42).

Figure 2. Enforceability vs. innovation impact
(inverse): strong enforceability correlates with lower

innovation scores (rho = -0.84).

Figure 3. Governance gap (% of 28 harm categories
not fully addressed). US AI EO largest gap (42.8%);

ALGF smallest (14.3%).
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Figure 4. Governance framework profile (0-10
normalised). ALGF vs. EU AI Act vs. Singapore

MAIGF.

5. Discussion
5.1 The Enforceability-Innovation Trade-off Is
Real but Manageable
The -0.84 Spearman correlation between
enforceability and innovation impact ratings
reflects a genuine tension, not merely evaluator
bias: binding legal requirements create
compliance costs that more burdensome
regulation imposes disproportionately on smaller
developers and open-source projects. However,
ALGF's score of 3.84 on both enforceability and
innovation demonstrates that this trade-off is not
fixed. Outcome-based rather than prescriptive
requirements, tiered obligations based on model
capability and deployment risk, and regulatory
sandboxes for innovators can maintain
enforceability while moderating compliance
burden. The EU AI Act's lowest innovation score
(2.84) reflects concern that its specific technical
requirements (rather than outcome-based
obligations) may lock in current compliance
approaches in ways that become obsolete as
technology evolves.

5.2 Open-Source Models Are the Universal
Governance Gap
The finding that open-source model risks are a
governance gap for all six evaluated frameworks --
including ALGF -- reflects a genuinely difficult
governance problem. Regulatory requirements
(capability evaluation, safety testing, content
moderation) can be imposed on API-accessible
model services but not on model weights
distributed openly. A developer that releases

model weights without API controls effectively
places the compliance burden on downstream
users, who may lack the technical capacity to
implement safety measures. Compute-threshold
approaches (only models above 10^25 FLOPs
regulated) partially address this by targeting only
the most capable models, but smaller models can
be fine-tuned for harmful capabilities. Open-source
governance requires novel mechanisms beyond
traditional product regulation.

5.3 EU AI Act Is Becoming the De Facto
Global Standard
Expert consensus (68.4% agreement) that EU AI
Act compliance will become the global baseline for
generative AI governance within 5 years is
consistent with the historical pattern of EU
product regulation (GDPR, medical device
regulation, chemical safety) becoming de facto
global standards through the Brussels Effect.
Global AI developers serving EU markets -- which
includes most major AI providers -- must meet EU
requirements. If compliance costs are similar to
developing for EU vs. non-EU markets, developers
are incentivised to build EU-compliant systems
globally rather than maintaining separate
compliance tracks. This has implications for
governance strategy: investing in EU AI Act
compliance is likely the most internationally
transferable governance investment for non-EU
organisations.

5.4 Limitations
Expert evaluators were predominantly from
European and North American academic and
research institutions; perspectives from Global
South countries are underrepresented.
Governance frameworks evolve rapidly;
assessments reflect the frameworks as of
mid-2025. ALGF is a proposed framework
evaluated by the research team; the 3.84 mean
score may reflect familiarity advantage. Legal
enforceability assessment requires legal expertise
that varies across evaluators; the lower inter-rater
reliability on this dimension (alpha 0.78) reflects
genuine expert disagreement.

6. Conclusion
6.1 Summary
Six generative AI governance frameworks were
evaluated by 48 experts across six criteria. ALGF
achieves the best balanced GQI (3.84/5). EU AI Act
leads on comprehensiveness (4.24) and
enforceability (4.42) but has the highest
compliance burden (2.84 innovation). US AI EO
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leads on innovation (4.12) but has the largest
governance gap (42.8%). Open-source model risks
are a universal gap across all frameworks. 68.4%
of experts predict EU AI Act will become the global
governance baseline within 5 years.

6.2 Recommendations
For regulators: adopt ALGF's three-layer approach
to integrate technical, legal, and market
governance mechanisms. Use outcome-based
rather than prescriptive requirements to maintain
adaptability. Develop specific provisions for
open-source model risks -- the most critical
universal gap. Prioritise international
harmonisation with EU AI Act as the practical
baseline. For AI developers: invest in EU AI Act
compliance as the most internationally
transferable standard. Engage proactively with
AISI evaluation programmes. Publish training data
and evaluation transparency reports regardless of
jurisdiction requirements.
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Appendix A
Adaptive Layered Governance Framework

(ALGF) -- Implementation Guide

This implementation guide provides operational detail
for regulators and organisations seeking to adopt or
align with ALGF.




