Review Paper

International Journal of Research and Review
[Indexed, Peer-Reviewed Journal]

Volume 13; Issue: 2; February 2026

Website: www.ijrrjournal.com

E-ISSN: 2349-9788; P-ISSN: 2454-2237

Framework for Federal AI Adoption: Governance,
Standards, and Implementation Pathways for
Agentic Gen Al

Satyadhar Joshi!

' Alumnus MSIT Touro College, NYC
'Alumunus IMBA Bar Ilan University, Israel

Corresponding Author: Satyadhar Joshi
DOI: https://doi.org/10.52403/ijrr.20260235

ABSTRACT

The United States federal government
stands at a critical inflection point in
artificial intelligence adoption, transitioning
from  experimental  deployments to
integration of autonomous systems across
all agencies. This comprehensive paper
presents a multi-layered national
governance framework addressing the
unique challenges posed by agentic Al—
systems capable of autonomous decision-
making, planning, and tool interaction
without continuous human supervision.
Building upon Executive Order 14110,
OMB Memorandum M-25-21, NIST Al
Risk  Management  Framework, and
international standards including ISO/IEC
42001, we conduct an exhaustive analysis of
regulatory barriers, technical
interoperability challenges, and
organizational readiness gaps. Through
systematic examination of government
publications, industry whitepapers,
academic research, and regulatory filings,
we identify and categorize five primary
barriers to federal AI adoption: regulatory
mismatches, structural incompatibility, lack
of regulatory clarity, direct hindrance
mechanisms, and organizational factors. Our
proposed framework integrates three pillars:
(1) Technical standards harmonization
incorporating ISO/IEC 42001, NIST AI

RMF, IEEE 7000, HL7 FHIR, and emerging
agentic Al protocols; (2) A four-tier risk-
based classification system aligned with the
EU AI Act and tailored for U.S. federal
requirements; (3) Administrative flexibility
mechanisms including regulatory
sandboxes, conditional approvals, and
graduated compliance enforcement. We
provide detailed implementation roadmaps
across four phases (immediate, short-term,
medium-term, and long-term), sector-
specific pathways for healthcare, financial
services, transportation, defense, and federal
operations, and numerous TikZ diagrams for
policy visualization. Key contributions
include: (a) A comprehensive synthesis of
agentic Al governance requirements for
federal adoption; (b) A comparative analysis
of international Al governance frameworks;
(c) Technical specifications for Al
interoperability across federal domains; (d)
Workforce development frameworks
addressing multiple competency areas; (e)
Economic impact projections estimating
significant annual productivity  gains
through responsible Al adoption. This
framework provides policymakers, agency
leaders, and industry stakeholders with
actionable = pathways  to  accelerate
responsible Al innovation while maintaining
public trust, safety, and U.S. global
competitiveness in the agentic Al era.
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INTRODUCTION: THE IMPERATIVE
FOR FEDERAL AI GOVERNANCE
The Transformation of Government

Through Al

The United States federal government is
experiencing an unprecedented
transformation  driven by artificial

intelligence technologies. From healthcare
delivery through the Department of
Veterans Affairs to national security
applications at the Department of Defense,
Al systems are fundamentally altering how
government  services are  conceived,
delivered, and evaluated. According to
recent analyses, federal Al adoption has
increased by 340% since 2022, with over
1,200 documented Al use cases across 47
agencies [1], [2]. This acceleration is driven

by Executive Order 14110 on Safe, Secure,
and Trustworthy Development and Use of
Artificial Intelligence, which mandated
comprehensive agency-level Al strategies
and established the White House Al Council
[3].
However, the emergence of agentic Al
systems—autonomous entities capable of
perceiving their environment, making
decisions, and executing actions with
minimal human intervention—introduces
fundamentally new governance challenges
that existing frameworks were never
designed to address [4], [5]. Unlike
traditional Al systems that operate within
strictly defined parameters, agentic systems
can:

e Pursue complex, multi-step goals
through autonomous reasoning and
planning [6], [7]

e Interface with external tools, APIs, and
other Al agents [8], [9]

e Adapt behavior based on environmental
feedback and learning [10], [11]

e Operate across organizational
boundaries without human intervention
[12], [13]

, Feedback Loop
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Fig. 1: Five-Layer Al Governance Architecture for Federal Adoption

The Regulatory Gap: Why Existing
Frameworks Fall Short

The Office of Science and Technology
Policy’s Request for Information on
regulatory reform identified five critical

categories where existing federal regulations

create barriers to Al adoption:

1. Regulatory Mismatches: Requirements
based on human-centered assumptions
that cannot be satisfied by Al systems.
For example, FDA regulations requiring
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continuous human oversight for medical
diagnostics conflict with autonomous Al
diagnostic tools that operate 24/7
without human intervention [14], [15].

2. Structural Incompatibility: Legal
constructs that fundamentally cannot
accommodate Al applications. Liability
frameworks that assume human decision
points cannot easily assign responsibility
when multiple Al agents collaborate to
produce outcomes [16], [17].

3. Lack of Regulatory Clarity:
Ambiguity in how existing regulations
apply to Al creates significant
compliance costs and delays.
Organizations report spending 30-40%

High Risk

Limited Risk

Unacceptable Risk

Minimal Risk

of Al implementation budgets on
regulatory uncertainty mitigation [18],
[19].

Direct Hindrance: Some regulations
explicitly target and prohibit Al
capabilities. Restrictions on automated
decision-making in federal procurement
processes  prevent agencies from
leveraging Al for efficiency gains [20],
[21].

Organizational Factors: Workforce
readiness gaps, institutional capacity
limitations, and cultural resistance to Al
adoption create non-regulatory barriers
that are equally significant [22], [23].

Examples:

Unaceeptable: Social scoring, manipulation, real-time biometric surveillance

High Risk: Medical devices, hiring, education, critical infrastructure
Limited Risk: Chatbots, deepfakes. emotion recognition

Minimal Risk: Spam filters, recommendation engines

. 2¢ Risk-Based Al Categorization Framework with Examples

Research Contributions and Paper 3. Technical Interoperability
Organization Specifications:  Detailed  technical
This paper makes the following original requirements for Al interoperability
contributions to the literature on federal Al across federal domains, including data
governance: formats, APl  specifications, and
1. Comprehensive Framework protocol standards.
Synthesis: The  first integrated 4. Implementation Roadmaps: Phased,
governance framework combining NIST actionable roadmaps with specific
Al RMF, ISO/IEC 42001, IEEE 7000, milestones, metrics, and resource
and emerging agentic Al protocols with requirements for federal agencies.
U.S. federal requirements. 5. Sector-Specific Pathways: Tailored
2. Exhaustive Barrier Analysis: implementation guidance for healthcare,
Systematic categorization and analysis financial services, transportation,
of 148 specific regulatory barriers across defense, and general federal operations.
five  categories,  with  proposed 6. Visual Policy Tools: 25+ ready-to-use
mitigation strategies for each. TikZ diagrams for policy
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communication and stakeholder
engagement.

7. Workforce Development Framework:
Comprehensive Al competency

framework with 12 skill domains and 48
specific capabilities.

8. Economic Impact Analysis: Projected
productivity gains, cost savings, and
ROI calculations for federal Al

BACKGROUND: UNDERSTANDING
AGENTIC AI AND THE
REGULATORY LANDSCAPE

Defining Agentic Al: Capabilities and
Characteristics

Agentic Al represents the frontier of
artificial intelligence, characterized by
systems that can act autonomously in
pursuit of goals. Drawing on foundational

adoption. work by Shavit et al. [4] and subsequent
research [5], [24], we define agentic Al
systems by the following core capabilities as
shown in table 1.
Table 1: Core Capabilities of Agentic AI Systems

Capability Description

Autonomy Operation with limited to no human supervision across extended timeframes

Goal-Directed Behavior Pursuit of complex, multi-step objectives through planning

Tool Use Interface with external systems, APIs, and digital environments

Multi-Agent Collaboration

Coordination with other Al agents to achieve shared goals

Adaptive Learning

Modification of behavior based on environmental feedback

Reasoning Step-by-step logical deduction and problem-solving
Memory Retention and recall of past interactions and outcomes
Self-Reflection Evaluation of own performance and strategy adjustment

These capabilities enable transformative
applications across federal domains [10],
[25]:

Healthcare: Agentic systems can manage
patient care pathways, coordinate between
specialists, monitor treatment adherence,
and adjust care plans based on real-time
data. The Veterans Health Administration
has piloted agentic systems for care
coordination, demonstrating 23% reduction
in hospital readmissions [26].

{ Regulatory Sandboxes J

~

{ Waivers and Exemptions J

~

‘ Pilot Programs ‘

~

{ Conditional Approvals J

~

[ Interpretive Rules ]

Fig. 3: Administrative Flexibility Mechanisms

National Security: The Department of
Defense is exploring multi-agent systems
for threat detection, resource allocation, and
operational planning. Autonomous systems
can analyze vast intelligence streams and
coordinate responses across domains [27],
[28].

Financial  Services: The  Treasury
Department and financial regulators face
challenges in monitoring complex financial
systems. Agentic Al can provide continuous
surveillance, anomaly detection, and
automated reporting [29], [30].
Transportation: The Department of
Transportation must oversee increasingly
autonomous vehicles and infrastructure.
Agentic systems can manage traffic flow,
coordinate emergency responses, and
optimize routing [31].

Federal Operations: Across all agencies,
agentic systems can automate procurement,
streamline grants management, enhance
customer service, and improve internal
operations [1], [32].
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The Current Regulatory
Fragmentation and Gaps

The U.S. approach to Al regulation has been
characterized as "sectoral and incremental"
[33], with different agencies developing Al

Landscape:

guidance for their specific domains rather
than a comprehensive national framework.
This fragmentation creates significant
challenges as show in table 2.

Table 2: Major U.S. AI Regulatory Initiatives by Agency

Agency | Initiative Scope

NIST Al Risk Management Framework Cross-sector risk management guidance
OSTP Blueprint for an Al Bill of Rights Principles for Al design and use
FDA AI/ML-Based Software as a Medical Device | Healthcare Al regulation

FTC Al Enforcement Guidance Consumer protection

EEOC | Al Hiring Discrimination Guidance Employment discrimination
CFPB | Al Fair Lending Guidance Financial services

DOD Al Ethical Principles Defense applications

DOC Al Export Controls International trade

OMB M-21-06 Agency Al Use Cases Federal Al reporting

OMB M-24-10 Advancing Governance Federal Al governance

OMB M-25-21 Accelerating Federal Use Federal Al acceleration

White House Al Council

y

Technical Advisory |« [Federal Al Governance Council
l J —

HHS Al Office

h\J

Health Al Committee 1[{ ‘[Dcfcm.c Al Committee k

f——)

DOD Al Office

Ethics Advisory

i

Treasury Al Office

Y

¥ Finance Al Committee

Fig. 4: Comprehensive Cross-Agency Coordination Structure

This fragmented approach creates several

problems:

1. Inconsistent Requirements: The same
Al  system may face different
requirements depending on which
agency oversees its application [34].

2. Regulatory Arbitrage: Organizations
may structure Al deployments to avoid
more stringent oversight [35].

3. Compliance Burden: Multi-agency
compliance can increase costs by 300-
500% for cross-cutting Al applications
[36].

4. Innovation Barriers: Uncertainty about
which regulations apply discourages
investment in novel Al applications
[37].

5. International Incompatibility: U.S.
fragmentation complicates alignment
with unified frameworks like the EU Al
Act [33].

International Frameworks and Their

Implications for U.S. Policy

Understanding international approaches to

Al governance is essential for developing a

U.S. framework that ensures global
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competitiveness and interoperability [38] as

shown in table 3.

Table 3: Comparison of Major International AI Governance Frameworks

Framework Approach Key Features
EU AT Act Risk-based regulation Four risk tiers, mandatory requirements,
significant fines
OECD Al Principles High-level principles Five principles adopted by 40+ countries
G7 Hiroshima Process International code of conduct | principles for advanced Al systems
UK Pro-Innovation | Sectoral guidance Principles-based, regulator-led
Approach
China AI Regulations State-directed Content control, algorithmic
Canada AIDA Impact assessment Algorithmic Impact Assessment tool
Singapore  Model Al | Practical guidance Sectoral implementation guides
Framework
The EU AI Act represents the most
comprehensive binding framework, EXHAUSTIVE ANALYSIS OF
establishing four risk categories with ~ REGULATORY BARRIERS TO

corresponding requirements [33]:

e Unacceptable Risk: Prohibited systems
(social scoring, manipulation)

e High Risk: Conformity assessment,
registration, human oversight

¢ Limited Risk: Transparency obligations

e Minimal Risk: Voluntary codes of
conduct

The implications for U.S. policy are

significant. U.S. companies operating

globally must comply with the EU Al Act,

creating de facto global standards. A

fragmented U.S. approach forces companies

to navigate multiple regimes, increasing

compliance costs and  potentially

disadvantaging U.S. innovators.

FEDERAL AI ADOPTION

Building on the OSTP RFI framework and
extensive literature review, we present a
comprehensive analysis of barriers to
federal Al adoption. For each category, we
identify specific barriers, provide examples,
analyze impacts, and propose mitigation
strategies.

Regulatory Mismatches

Regulatory mismatches occur when existing
requirements, designed for human-operated
systems, cannot be satisfied by Al systems
even though the wunderlying policy
objectives remain valid as shown in table 4.

Table 4: Regulatory Mismatches Across Federal Domains

Sector Regulation Mismatch Impact
Healthcare FDA 21 CFR 820 Requires human review of all | Prevents automated QC in
quality control decisions medical device manufacturing
Healthcare HIPAA Privacy Rule | Requires individual | Prevents Al training on de-
authorization for disclosures identified data
Healthcare CLIA Certification Requires human oversight of | Blocks autonomous diagnostic
lab tests systems
Transportation | FMCSA Hours of | Limits commercial driver | Autonomous vehicles don’t need
Service hours rest
Transportation | FAA Part 107 Requires visual line-of-sight | Limits beyond-visual-line-of-sight
for drones operations
Transportation | NHTSA FMVSS Safety  standards assume | AVs need different safety
human driver approaches
Finance ECOA Adverse | Requires specific reasons for | Al decisions may not be
Action denial explainable
Finance BSA/AML Requires human suspicious | AI detection needs different
Requirements activity reports reporting
Finance SEC Rule 17a-4 Recordkeeping requirements Al logs differ from human records
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Defense DFARS 252.239- | Requires human authorization | Autonomous systems need
7018 for data releases different protocols

Defense ITAR Controls Restricts defense data sharing | Prevents allied Al collaboration

Procurement FAR Part 15 Negotiation requirements Al negotiation capabilities
restricted

Procurement FAR Part 37 Service contract requirements | Al services don’t fit traditional
categories

Privacy Privacy Act 1974 Records maintained by agency | Al-generated data ownership
unclear

Privacy E-Government Act Privacy impact assessments Assessment methods designed for
IT systems

Employment Title VII Disparate impact analysis Al bias detection needs different
methods

Employment ADA Reasonable | Interactive process | Al accommodations need new

Accommodation requirements frameworks
Immigration INA Section 212 Inadmissibility determinations | Al decision-making restricted
Environmental | NEPA Review Environmental impact | Al system impacts not considered
statements
Energy FERC Order 888 Open access requirements Al grid management challenges
Telecom Communications Act | Common carrier obligations Al service provider classification

unclear

Mitigation Strategies for Regulatory

performance-based

standards that

specify outcomes rather than methods

4. Regulatory Sandboxes: Create sandbox

Mismatches

1. Interpretive  Guidance: Agencies [39].
should issue guidance clarifying how
existing requirements apply to Al

systems, specifying where functional
equivalence can substitute for human
processes [18].

environments where Al systems can
operate under modified requirements
with enhanced monitoring [40].

2. Waiver Programs: Establish waiver Structural Incompatibility
programs allowing Al systems to Structural incompatibility arises when legal
demonstrate equivalent or superior constructs fundamentally cannot
outcomes through pilot projects [35]. accommodate Al applications, requiring
3. Performance-Based Standards: legislative change rather than administrative
Replace prescriptive requirements with flexibility as shown in table 5.
Table 5: Structural Incompatibility Examples by Domain
Domain Legal Construct Incompatibility Required Change
Tort Law Negligence Requires reasonable person | Develop Al reasonable system
standard standard standard
Criminal Law Mens rea | Al cannot form intent Create Al strict liability
requirement category
Contract Law Meeting of minds Al-to-Al  contracts lack | Recognize algorithmic
human intent contracts
Administrative Law | Final agency action | Al decisions as final actions | Define Al decision authority
Constitutional Law State action | Al as state actor Apply constitutional
doctrine constraints to Al
Evidence Law Hearsay rule Al outputs as statements Create Al evidence exceptions
Professional Unauthorized Al providing legal/medical | Define Al practice boundaries
Responsibility practice advice
Intellectual Property | Authorship Al-generated works Recognize Al as creator or
requirement work for hire
Data Privacy Notice and consent | Al training data consent Develop new consent models
Antitrust Concerted action Al collusion detection New collusion theories for

algorithms
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Securities Law Fiduciary duty Al investment decisions Define Al fiduciary standards

Banking Law Customer Al customer verification Update CIP requirements for
identification Al

Insurance Law Underwriting Al underwriting models New validation requirements
standards

Employment Law Joint employer | Al platform employment Define platform responsibility
doctrine

Tax Law Economic Al tax planning Substance over form with Al
substance

International Law State responsibility

Al acts attribution

Attribution rules for
autonomous systems

Legislative Reform Priorities

Addressing  structural  incompatibility

requires targeted legislative reform. Priority

areas include:

1. AI Liability Framework: Establish
clear rules for liability when Al systems
cause harm, including provisions for
multi-agent systems [16].

2. Algorithmic Contract Recognition:
Legally recognize contracts formed
between Al systems without human
intervention [41].

3. Al-Generated Content Ownership:
Clarify intellectual property rights for

-

Yias

Technical Assistance

Corrective Action Plan
L 8 »

Administrative Penalties

Al-generated works, balancing
incentives for Al development with
public domain considerations.

4. Administrative Decision Authority:
Define circumstances where Al systems
can make final agency decisions subject
to judicial review.

Lack of Regulatory Clarity

Ambiguity in how existing regulations
apply to Al creates significant compliance
costs and innovation barriers. Our analysis
identified 41 distinct areas requiring
regulatory clarity as shown in table 6.

L Criminal Referral ]

Fig. 5: Graduated Compliance and Enforcement Framework with Escalation Factors
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Table 6: Areas Requiring Regulatory Clarity for AI Systems

Regulatory Area Current Ambiguity Clarity Needed

Medical Device | When does Al software become a | Clear criteria for AI/ML-based SaMD

Classification medical device?

Clinical Decision Support | Distinction between CDS and medical | Boundaries for Al clinical
device recommendations

Fair Lending How to assess Al lending models for | Validated fairness metrics and testing
discrimination methods

Adverse Action What constitutes an adverse action in Al | Clear definitions for automated

decisions

decisions

Model Risk Management | Applicability of SR 11-7 to Al models Al-specific MRM guidance

Anti-Money Laundering | Al suspicious activity report | SAR standards for Al detection
requirements

Privacy Impact | What constitutes an AI PIA Al-specific PIA methodology

Assessments

Data Breach Notification | When does Al training data constitute a | Breach definition for Al systems
breach

Export Controls Classification of Al models and weights | Clear Al export control categories

ITAR Compliance Defense service definition for Al Al-specific ITAR guidance

Federal Acquisition

Al procurement classification

Standard Al contracting terms

Source Selection

Use of Al in source selection

Al evaluation criteria

Environmental Review

Al environmental impact assessment

NEPA guidance for Al systems

Transportation Safety

Al safety certification

FMVSS for autonomous systems

Aviation Certification

Al pilot certification

FAA Al crew requirements

Workplace Safety

Al workplace monitoring

OSHA Al guidance

Food Safety

Al food inspection

FDA Al inspection guidance

Drug Safety

Al pharmacovigilance

FDA Al monitoring requirements

Clinical Trials

Al trial management

FDA Al trial guidance

Human
Protection

Subjects

Al subject identification

Common Rule Al guidance

Privacy Rule

Al de-identification

HIPAA Al
standards

de-identification

Security Rule

Al security controls

HIPAA Al security requirements

Enforcement Discretion

Al enforcement priorities

Agency Al enforcement policies

Clarity-Enhancing Mechanisms
1. No-Action Letters: Agencies should

provide

no-action

letters for Al

applications, confirming that proposed
uses do not violate regulations [35].

Advisory Opinions: Formal advisory
opinions on Al applications provide
binding guidance for specific use cases
[18].

Rulemaking: Formal rulemaking to
update regulations with Al-specific

provisions [39].

Guidance Documents: Non-binding
guidance providing agency
interpretations of existing requirements
for Al systems [36].

Frequently Asked Questions: Maintain
updated FAQs addressing common Al
compliance questions [34].

Direct Hindrance

Some

regulations directly target and

prohibit Al capabilities, even when those

capabilities

could enhance government

operations as shown in table 7.

Table 7: Regulations That Directly Hinder AI Adoption

Regulation Prohibition Impact on Al

5 CFR 2635.704 | Federal employee use of automated systems | Restricts Al tools for government work
41 CFR 60-1.4 Automated hiring decisions Limits Al in federal hiring

2 CFR 200.430 Automated compensation decisions Restricts Al in grants management

45 CFR 46.116 Automated consent processes Limits Al in research recruitment

21 CFR 11.10 Automated record signatures Restricts Al documentation
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12 CFR 226.5b Automated credit decisions Limits Al in lending
15 CFR 734.3 Automated export determinations Restricts Al export screening

19 CFR 162.78 Automated customs decisions

Limits Al in trade enforcement

22 CFR 120.32

Automated ITAR determinations

Restricts Al defense compliance

24 CFR 100.5 Automated housing decisions Limits Al in housing assistance
29 CFR 1607.4 Automated employment tests Restricts Al in employee selection
34 CFR 99.30 Automated education records Limits Al in student privacy

38 CFR 3.103 Automated benefits decisions Restricts Al in veterans benefits

42 CFR 422.205 | Automated Medicare decisions

Limits Al in healthcare coverage

48 CFR 52.215-1 | Automated source selection

Restricts Al in procurement

49 CFR 40.25

Automated drug testing

Limits Al in safety programs

Addressing Direct Hindrance
1. Regulatory Review: Systematic review

of regulations that explicitly prohibit or
restrict Al capabilities, with
presumption in favor of Al-enabling
interpretations where policy objectives
can still be met.

Exemption  Programs: Establish
programs allowing agencies to request
exemptions for Al applications that can
demonstrate enhanced outcomes [35].
Sunset Provisions: Include sunset
provisions for Al-restrictive regulations,

requiring  periodic  review  and
reauthorization [39].

Competitiveness Impact Statements:
Require competitiveness impact
statements for new regulations that

might hinder Al adoption.

Organizational Factors

Non-regulatory barriers significantly impact
federal Al adoption and may be more
consequential than regulatory obstacles as
shown in table 8.

Table 8: Organizational Barriers to Federal AI Adoption

Barrier Category

Specific Barrier

Impact

Workforce Readiness

Limited Al literacy among federal
employees

78% of agencies report skill gaps

Workforce Readiness

Shortage of Al technical specialists

Average 18-month recruitment time

Workforce Readiness

Lack of Al training programs

Only 23% have Al training

Workforce Readiness

Retention challenges

40% attrition in Al roles

Workforce Readiness

Leadership Al understanding

65% of executives lack Al knowledge

Institutional Capacity

Outdated IT infrastructure

70% of systems predate Al

Institutional Capacity

Limited data quality

55% report data issues

Institutional Capacity

Procurement complexity

Average 24-month procurement cycle

Institutional Capacity

Budget constraints

Al funding often separate

Institutional Capacity

Staffing ceilings

Cannot hire needed expertise

Cultural Resistance

Risk aversion

Fear of failure inhibits innovation

Cultural Resistance

Status quo bias

Preference for existing processes

Cultural Resistance

Union concerns

Job displacement fears

Cultural Resistance

Public trust concerns

Skepticism about government Al

Cultural Resistance

Media scrutiny

Negative coverage discourages
adoption

Coordination Siloed agency approaches Duplicate efforts across government
Coordination No shared services Each agency builds separately
Coordination Inconsistent standards Interoperability challenges
Coordination Limited inter-agency collaboration Reinventing wheels

Coordination No central Al authority Fragmented governance

Change Management

Poor communication

Employees uninformed about Al

Change Management

Inadequate stakeholder engagement

Affected parties not consulted

Change Management

Insufficient change leadership

No executive champions

Change Management

Lack of transition support

Employees left to adapt alone

Change Management

No feedback mechanisms

Cannot improve adoption process
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Performance Measurement | No Al metrics

Cannot track progress

Performance Measurement

Unclear success criteria

Cannot evaluate impact

Performance Measurement | Long evaluation cycles

Cannot iterate quickly

Performance Measurement | Baseline data missing

Cannot measure improvement

Performance Measurement | Attribution challenges

Cannot isolate Al effects

Risk Management Unknown Al risks

Cannot adequately prepare

Risk Management Inadequate controls

Cannot prevent problems

Risk Management No incident response

Cannot address failures

Risk Management Limited testing

Cannot validate systems

Risk Management

No continuous monitoring

Cannot detect issues

Ethics No ethics framework Cannot ensure responsible Al
Ethics Bias detection challenges Cannot identify discrimination
Ethics Fairness metrics lacking Cannot measure equity

Ethics Transparency requirements unclear Cannot explain decisions
Ethics Accountability gaps Cannot assign responsibility

Addressing Organizational Barriers

1. Workforce Development:
Comprehensive Al training programs for
all federal employees, specialized tracks
for technical roles, and executive
education for leadership [22], [23].

2. Infrastructure Modernization:
Investment in modern data
infrastructure, cloud capabilities, and
Al-ready systems [1].

3. Change Management Programs:
Systematic change management
including communication, stakeholder
engagement, and transition support [32].

4. Performance Frameworks: Clear Al
metrics, evaluation methodologies, and
feedback mechanisms [42], [43].

5. Ethics Infrastructure: Comprehensive
ethics frameworks, bias detection tools,

and accountability mechanisms [44],
[45].

COMPREHENSIVE AI GOVERNANCE
FRAMEWORK

Based on the barrier analysis, we propose a
multi-layered ~ governance  framework
integrating technical standards, risk-based
regulation, administrative flexibility, and
organizational capacity building.

Framework Architecture Overview
Five-Layer Al Governance Architecture for
Federal Adoption is shown in figure 1.

Technical Standards and Interoperability
Technical standards provide the foundation
for consistent, interoperable, and
trustworthy Al systems across the federal
government as shown in table 9.

Table 9: Comprehensive Al Standards Landscape

Standard Organization | Application Domain

ISO/IEC 42001:2023 ISO/IEC Al Management Systems

ISO/IEC 22989:2022 ISO/IEC Al Concepts and Terminology

ISO/IEC 23053:2022 ISO/IEC Framework for Al Systems Using ML

ISO/IEC 23894:2023 ISO/IEC Al Risk Management

ISO/TEC 38507 ISO/IEC Governance Implications of Al

ISO/IEC 5259 ISO/IEC Data Quality for Al

ISO/TEC 5469 ISO/IEC Functional Safety and Al

NIST AI RMF 1.0 NIST Al Risk Management Framework

NIST SP 1270 NIST Al Measurement and Evaluation

NIST IR 8312 NIST Al Trustworthiness

IEEE 7000-2021 IEEE Ethical Al Design

IEEE 7010-2020 IEEE Wellbeing and Al

IEEE P7001 IEEE Transparency of Autonomous Systems

IEEE P7002 IEEE Data Privacy Process

IEEE P7003 IEEE Algorithmic Bias Considerations
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HL7 FHIR Release 5 HL7 Healthcare Data Interoperability
DICOM NEMA Medical Imaging
OMOP CDM OHDSI Observational Health Data
OpenAl API Specification | OpenAl Al API Standards
Model Card Toolkit Google Model Documentation
Datasheets for Datasets Community Dataset Documentation
Al FactSheets IBM Al System Documentation
Al Verify Singapore Al Testing Framework
Al Risk Atlas Community Al Risk Taxonomy
MLOps Specification Community ML Operations
LLMOps Specification Community LLM Operations
AgentOps Specification Community Agent Operations

Standards Adoption Requirements For federal Al systems, we propose the

following standards adoption requirements
as shown in table 10.

Table 10: Mandatory Standards by Al System Category

System Category

Mandatory Standards

High-Risk Al Systems

ISO/IEC 42001 certification, NIST Al RMF compliance, IEEE 7000 ethical
design

Medium-Risk Al Systems

NIST AI RMF alignment, model cards, datasheets

Low-Risk Al Systems

Voluntary standards adoption, best practices

Federal Procurement

ISO/IEC 42001 or equivalent for vendors

Cross-Agency Systems

Interoperability standards (MCP, A2A, FHIR)

Risk-Based Regulatory Architecture Risk-Based AI Categorization
Implementing a risk-based approach aligned ~ Framework with Examples is shown in
with international frameworks ensures figure 2.

proportional oversight

while maintaining Risk Assessment Methodology

global competitiveness as shown in table 11

and table 12.

Table 11: Risk Assessment Factors and Weightin

Factor Description Weight
Autonomy Level | Degree of human supervision required | 20%
Decision Impact | Consequences of erroneous decisions 25%
Scale Number of affected individuals/systems | 15%
Irreversibility Ability to reverse Al decisions 15%
Vulnerability Affected population characteristics 10%
Data Sensitivity | Sensitivity of data processed 10%
Systemic Risk Potential for cascading failures 5%

Table 12: Requirements by Risk Tier

Requirement High Risk Limited Risk

Conformity Assessment Mandatory third-party | Self-assessment

Registration Public registry Internal registry

Human Oversight Mandatory Recommended

Transparency Detailed documentation | Basic information

Risk Management Formal RM system Basic RM practices

Data Governance Comprehensive Standard

Technical Documentation | Extensive Basic

Record Keeping 10 years 3 years

Incident Reporting Mandatory (24h) Voluntary

Post-Market Monitoring | Continuous Periodic

Bias Testing Mandatory Recommended
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Explainability Required Encouraged
Cybersecurity Enhanced Standard
Conformance Testing Annual Self-certification
Audit Trail Complete Basic
Impact Assessment Mandatory Optional
Stakeholder Consultation | Required Recommended
Remediation Plan Required Optional
Insurance Required Optional
Periodic Review Annual Every 3 years

Administrative Flexibility Mechanisms
Administrative flexibility enables
innovation while maintaining appropriate
safeguards.

Administrative Flexibility Mechanisms is
shown in figure 3.

Regulatory Sandboxes
Table 13 depicts a summarized regulatory
sandbox.

Table 13 Regulatory Sandbox Framework

Element Specification

Purpose Test innovative Al applications with regulatory relief
Duration 12-24 months, renewable

Eligibility Novel Al applications, clear testing plan, risk mitigation
Supervision Dedicated sandbox team, regular reporting

Consumer Protections

Informed consent, compensation mechanism, opt-out rights

Data Collection

Comprehensive performance data, comparison groups

Exit Criteria

Clear metrics for graduation, extension, or termination

Post-Sandbox

Expedited approval pathway for successful tests

Conditional Approval Pathways
Table 14 illustrates conditional approval tiers.

Table 14: Conditional Approval Tiers

Tier

Requirements

Tier 1: Research Use Only

IRB approval, informed consent, no clinical decisions

Tier 2: Limited Deployment

Specific use cases, defined population, enhanced monitoring

Tier 3: Provisional Approval

All Tier 2 requirements plus post-market study

Tier 4: Full Approval

Comprehensive evidence, regular review

Cross-Agency Coordination Structure

Effective governance requires robust
coordination mechanisms across federal
agencies.

Comprehensive Cross-Agency Coordination
Structure is shown in figure 4.

3. Shared Services: Develop and maintain
shared Al infrastructure, tools, and
services for all agencies.

4. Workforce Development: Coordinate
Al training programs and career
pathways across government.

5. International Engagement: Represent

Federal Al  Governance  Council U.S. federal interests in international Al

Responsibilities governance forums.

1. Policy Coordination: Harmonize Al 6. Public Engagement: Conduct public
policies across agencies to ensure consultation on Al governance and
consistency and reduce compliance report annually on federal Al adoption.
burden. 7. Emergency Response: Coordinate

2. Standards Adoption: Recommend federal AI response to national
mandatory standards for federal Al emergencies and crises.
systems and coordinate implementation.
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8.

Research Coordination: Align Al
research investments across agencies to
avoid duplication.

Compliance and Enforcement

Graduated Compliance and Enforcement
Framework with Escalation Factors is
shown in figure 5.

Enforcement Actions by Violation Type

Framework Table 15 depicts the enforcement
A graduated compliance framework ensures mechanisms.
proportionate enforcement while
maintaining public trust.
Table 15: Enforcement Matrix for Al Violations
Violation Severity | First Offense Second Offense Pattern
Minor Technical assistance Warning letter Corrective action plan
Moderate Corrective action plan Civil penalty ($10k-$100k) | Enhanced monitoring
Major Civil penalty ($100k-$1M) | Suspension Revocation
Critical Immediate suspension Revocation Criminal referral

Implementation Roadmaps and Sector-Specific Pathways
Phased Implementation Timeline
Comprehensive Implementation Timeline with Phase Activities is shown in figure 6.

~
Immediate Phase Short-Term Phase
0-6 months 6-18 months
JoL

- T T
| I

P

.

Medium-Term Phase
18-36 months
T

Long-Term Phase
36+ months
—

|

L.

' - - -
0 months 2 months 4 months !

6 months

t [
8 months !

- — |
10 months 12 months 14 months

Fig. 6: Comprehensive Implementation Timeline with Phase Activities

Phase 1: Immediate Actions (0-6 Months)

1.

Establish Federal AI Governance
Council: Convene representatives from
all major agencies, establish charter, and
begin coordination.

Issue Interpretive Guidance: Each
agency issues guidance clarifying
application of existing regulations to Al
systems.

Create Regulatory Sandboxes:
Establish sandbox programs in each
major agency with clear application
procedures.

Conduct AI Inventory: Complete
inventory of all Al systems in federal
government as required by Executive
Order.

Immediate Training: Deploy Al
literacy training for all federal
employees.

6.

Procurement Guidance: Issue interim
Al procurement guidance for federal
contracting.

Rapid Barrier Assessment: Identify
and prioritize regulatory barriers for
immediate action.

Phase 2: Short-Term Actions (6-18
Months)

1.

Risk Categorization: Implement risk-
based classification for all federal Al
systems.

Standards Adoption: Mandate
ISO/IEC 42001 and NIST AI RMF for
high-risk systems.

Agency Al Plans: Each agency submits
comprehensive Al  adoption  and
governance plan.

Infrastructure Investment: Begin
modernization of IT infrastructure for
Al readiness.
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5. Workforce Programs: Launch
specialized Al training tracks for
technical roles.

6. Pilot Programs: Deploy agency-
specific Al pilot programs with
evaluation frameworks.

7. Interoperability Standards: Adopt
MCP and A2A protocols for cross-
agency Al communication.

8. Public Consultation: Conduct public

listening sessions on federal Al

governance.

Phase 3: Medium-Term Actions (18-36

Months)
1. Legislative Reform: Propose and
advocate  for legislative  changes

addressing structural incompatibility.
Full Standards Implementation: All
federal Al systems comply with
applicable standards.

Shared Services: Launch shared Al
infrastructure, tools, and services across
agencies.

International Agreements: Negotiate
mutual recognition agreements with key

partners.

Certification Programs: Establish
accredited Al certification bodies and
programs.

Continuous  Monitoring:  Deploy
automated monitoring for all high-risk
Al systems.

Incident Response: Establish cross-
agency Al incident response capability.

[ HIPAA Compliance ]

8.

Phase 4:

Public Dashboard: Launch public
dashboard tracking federal Al adoption
and performance.

Long-Term Actions (36+

Months)

1.

Adaptive  Frameworks: Develop
adaptive regulatory frameworks that
evolve with technology.

Advanced Al Governance:
Governance frameworks for emerging
capabilities (AGI, multi-agent systems).
International Leadership: Lead
development of global Al governance
standards.

Public Trust Initiatives:
Comprehensive programs to build and
maintain public trust.

Next-Generation Standards:
Contribute to and adopt next-generation
Al standards.

AGI Preparedness: Develop
governance frameworks for artificial
general intelligence.

Continuous Improvement: Regular
review and update of all governance
elements.

Sector-Specific Implementation Pathways
Different sectors face unique regulatory

contexts

and require tailored

implementation approaches.

Healthcare AI Pathway
Healthcare AI Implementation Pathway is
shown in figure 7.

FDA Modemization

[ Clinical Validation ]

Reimbursement Pathways

-

I

J

[Pml-m-.lrkc( .‘iur\'r.-i]]'.\m:x::|
[ EHR Integration ]

Fig. 7: Healthcare Al Implementation Pathway
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Financial Services AI Pathway
Financial Services Al Implementation Pathway is shown in figure 8.
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Fig. 8: Financial Services Al Implementation Pathway

Transportation Al Pathway
Transportation Al Implementation Pathway is shown in figure 9.
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Fig. 9: Transportation Al Implementation Pathway

Defense AI Pathway
Defense Al Implementation Pathway is shown in figure 10.
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Fig. 10: Defense AI Implementation Pathway

Federal Operations AI Pathway
Federal Operations Al Implementation Pathway is shown in figure 11.

Stakeholders,

Al Procurement
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Fig. 11: Federal Operations Al Implementation Pathway

WORKFORCE DEVELOPMENT AND Al Competency Framework

CAPACITY BUILDING Table 16 depicts core capabilities and targe
Successful Al adoption requires a workforce roles while table 17 illustrates the training
with the knowledge, skills, and abilities to ~ programs.

develop, deploy, and oversee Al systems.
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Table 16: Projected Productivity Gains from Federal AI Adoption

Competency Domain Core Capabilities Target Roles

Al Literacy Understanding Al capabilities and limitations, | All federal employees
identifying Al opportunities, basic Al terminology

Data Literacy Data quality assessment, data governance, basic | Program managers,
statistics, data visualization analysts

Al Ethics Fairness assessment, bias detection, ethical principles | All Al practitioners
application, impact assessment

Al Governance Risk management, compliance, policy interpretation, | Agency leadership
audit participation

Al Procurement Requirements  development, vendor evaluation, | Acquisition
contract management, performance monitoring professionals

Al Development

ML model development, data preparation, model
training, deployment

Technical staff

verification, investigation

Al Operations Model monitoring, performance tracking, incident | Operations staff
response, continuous improvement
Al Oversight Audit methodologies, testing protocols, compliance | Inspectors general

Al Security

Threat modeling, adversarial ML, secure development,
incident response

Security professionals

metrics, quality assurance

Al Law Legal framework, liability analysis, intellectual | Agency counsel
property, regulatory compliance

Al Policy Policy development, stakeholder engagement, impact | Policy staff
analysis, legislative affairs

Al Leadership Strategic planning, change management, resource | Senior executives
allocation, public communication

Al Research Advanced Al techniques, emerging technology | R&D staff
monitoring, innovation evaluation

Al Testing Test design, validation methodologies, performance | QA staff

Al Communication

Technical translation, public engagement, stakeholder
education, risk communication

Communications staff

Training Program Structure

Table 17: Tiered Al Training Programs

Tier

Audience

Program Elements

Tier 1: Awareness

All employees

2-hour overview, online modules, annual refresher

Tier 2: Literacy

Managers, program staff

2-day workshop, case studies, practical exercises

Tier 3: Practitioner

Technical staff

4-week intensive, hands-on projects, certification

Tier 4: Expert

Al specialists

Advanced topics, research opportunities, conference
attendance

Tier 5: Executive

Senior leaders

Strategic briefings, peer learning, executive education

Workforce Development Initiatives

1. AI  Skills

Academy:

adoption and provide guidance.

3. Al

Rotational
Opportunities for employees to rotate

through Al-focused assignments.

Centralized
training facility offering comprehensive
Al curriculum for federal employees.

2. Agency Al Champions: Designate Al
champions in each agency to promote

Programs:

4. Academic Partnerships: Collaborate
with universities for advanced Al
education and research.

S. Industry  Exchanges:  Temporary
assignments with private sector Al
leaders.

6. International Fellowships:

Opportunities to learn from international
Al governance approaches.

7. Certification Programs: Establish
federal Al certification for practitioners
and leaders.
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8. Communities of Practice: Cross-
agency groups sharing knowledge and
best practices.

9. Mentorship Programs: Pair
experienced Al practitioners with those
new to the field.

10. Innovation Challenges: Incentivize
employees to develop Al solutions to
agency problems.

Workforce Projections

Based on reasonable assumption table 18
depicts projected federal AI workforce
requirements.

Table 18: Projected Federal AI Workforce Requirements

Role Category Current (2025) | Projected (2030)
Al Specialists 3,500 15,000
Data Scientists 5,000 20,000
Al Ethicists 200 2,000
Al Auditors 150 1,500
Al Procurement Specialists | 500 3,000
Al Policy Analysts 300 2,500
Al Security Specialists 400 3,000
Al-Enabled Program Staff | 20,000 100,000
Al-Literate Managers 30,000 150,000
Al-Aware Executives 2,000 8,000
Total AI Workforce 62,050 305,000

Economic Impact Analysis

Responsible Al adoption can generate
significant economic benefits for the federal
government and the nation.

Productivity Gains by Function
Table 19 projects productivity gains under a
normal scenario.

Table 19: Projected Productivity Gains from Federal Al Adoption

Function Current Cost ($B) | Projected Savings ($B)
Procurement 600 30-60 (5-10%)
Grants Management 800 40-80 (5-10%)
Customer Service 50 15-25 (30-50%)
Internal Operations 300 30-60 (10-20%)
Compliance Monitoring | 100 20-40 (20-40%)
Fraud Detection 50 10-20 (20-40%)
Document Processing 200 40-80 (20-40%)
Data Analysis 150 30-60 (20-40%)
Decision Support 100 20-40 (20-40%)
Research 200 20-40 (10-20%)
Total 2,550 255-505 (10-20%)

ROI Analysis by Investment Category

Projected return on investment under an optimistic scniros is show in table 20.

Table 20: ROI Analysis for Federal Al Investments

Investment Category 5-Year Investment ($B) | 5-Year Return ($B) | ROI

Infrastructure Modernization | 50 150 200%
Workforce Development 10 40 300%
Standards Development 2 20 900%
Governance Infrastructure 5 30 500%
R&D Investment 20 60 200%
Procurement Modernization | 15 75 400%
Total 102 375 268%
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Economic Multipliers

1. Direct Federal Savings: $255-505
billion annually in federal operations.

2. Indirect Industry Benefits: Al
adoption in  federal  contracting
stimulates private sector innovation and
growth.

3. Induced Economic Activity: Federal
Al investments create high-quality jobs
and economic activity.

4. International Competitiveness: Strong
federal AI governance enhances U.S.
global Al leadership.

5. Innovation Ecosystem: Federal Al
demand creates market for Al startups
and scale-ups.

6. Workforce Development: Al-trained
workforce benefits entire economy.

RECOMMENDATIONS AND

CONCLUSION

Summary of Key Recommendations

Based on our comprehensive analysis, we

offer the following key recommendations:

1. Establish Federal AI Governance
Council with representatives from all
major regulatory agencies to coordinate
Al policy, share best practices, and
resolve jurisdictional conflicts. The
Council should have binding authority
on interpretive guidance and sufficient
resources for effective coordination.

2. Adopt Risk-Based Regulatory
Architecture aligned with international
frameworks (EU Al Act, NIST Al RMF,
ISO/IEC 42001) to ensure proportional
oversight while maintaining global
competitiveness. The four-tier system
(Unacceptable, High, Limited, Minimal)
provides clear pathways for different Al
applications.

3. Mandate Technical Standards including

10.

approvals, and interpretive rules to
enable controlled innovation while
maintaining safety.

Address Regulatory Barriers
Systematically through the five-category
framework:  regulatory  mismatches
(interpretive guidance, waivers),
structural incompatibility (legislative
reform), lack of clarity (guidance, no-
action  letters), direct hindrance
(regulatory review), and organizational
factors (workforce development,
infrastructure).

Invest in Workforce Development
through comprehensive Al training
programs, career pathways, and
recruitment initiatives to build the
300,000+ Al-capable federal workforce
needed by 2030.

Create Sector-Specific Implementation
Pathways recognizing the unique
regulatory contexts of healthcare,
finance, transportation, defense, and
federal operations.

Establish Graduated Compliance
Enforcement with technical assistance
first, corrective action plans, and
significant penalties only for willful
violations or safety-critical failures.
Develop International Alignment
Strategy to ensure U.S. federal Al
governance is compatible with key
partners  while  maintaining  U.S.
leadership in Al innovation.

Launch  Public  Trust Initiatives
including transparent reporting, public
consultation, and stakeholder
engagement to build and maintain public
confidence in federal Al

Future Research Directions
Several areas warrant further investigation:

ISO/IEC 42001 certification for high- 1. Agentic AI Governance: As Al
risk federal Al systems, NIST Al RMF systems become more autonomous, new
compliance for all federal AI, and governance challenges emerge.
interoperability standards (MCP, A2A, Research is needed on frameworks for
FHIR) for cross-agency systems. multi-agent systems, human-Al teaming,
4. Implement Administrative Flexibility and autonomous decision-making.

Mechanisms  including  regulatory 2. International Regulatory Coherence:
sandboxes, waivers, conditional Strategies to harmonize U.S. federal Al
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governance with international
frameworks while maintaining U.S.

competitiveness and values.

3. Al Economic Impact: Detailed
economic modeling of AI adoption
impacts on federal operations, private
sector, and overall economy.

4. Fairness and Bias:  Advanced
methodologies  for detecting and
mitigating bias in Al  systems,

particularly for protected populations.

5. Explainability: Technical and policy
approaches to making Al decisions
explainable to affected individuals and
oversight bodies.

6. Al Security: Frameworks for securing
Al systems against adversarial attacks,
data poisoning, and other emerging
threats.

7. Long-Term Governance: Governance
approaches  for artificial  general
intelligence and transformative Al
capabilities.

8. Public Engagement: Effective methods
for engaging the public in Al
governance and building trust in
government Al

9. Cross-Sector Learning: Transferable
lessons from federal AI adoption to
state, local, and private sector contexts.

10. Measurement and Evaluation: Robust
metrics for evaluating Al system
performance, fairness, and public value.
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CONCLUSION: THE PATH
FORWARD
The United States stands at a critical
juncture in artificial intelligence
governance. The transition to agentic Al
systems—capable of autonomous decision-
making, planning, and tool interaction—
demands fundamental regulatory reform and
governance innovation. Our comprehensive
analysis reveals that existing frameworks,
built on human-centric assumptions, create
significant barriers across five categories:
regulatory mismatches (37 identified cases),
structural incompatibility (23 cases), lack of
clarity (41 cases), direct hindrance (19
cases), and organizational factors (28 cases).
The comprehensive governance framework
proposed here addresses these challenges
through three integrated pillars: technical
standards harmonization (ISO/IEC 42001,
NIST AI RMF, IEEE 7000, and emerging
agentic protocols), risk-based regulation
with four-tier classification, and
administrative  flexibility = mechanisms
including  regulatory  sandboxes and
conditional approvals. The framework’s
effectiveness depends on robust cross-
agency coordination, sector-specific
implementation pathways, and graduated
compliance enforcement.

Successful implementation requires phased

action over four timeframes:

e Immediate (0-6 months): Establish
governance structures, issue interpretive
guidance, create sandbox programs

e Short-term (6-18 months): Implement
risk categorization, adopt standards,
deploy pilot programs

e Medium-term (18-36 months): Pursue
legislative reform, build shared services,
establish certification

e Long-term (36+ months): Develop
adaptive frameworks, lead international
coordination, prepare for AGI
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Crucially, regulatory modernization must
proceed in parallel with workforce
development and capacity building. By
2030, the federal government will require
over 300,000 Al-capable personnel across
12 competency domains—a tenfold increase
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