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Abstract

Generative-Al has shifted from proof-of-concept to a C-suite mandate at record speed: 86% of
executives plan to increase investment in 2025, yet only 1% say their organizations are
“Al-mature” (Accenture; McKinsey & Company). This white paper proposes a three-layer
governance model—Software Infrastructure, LLM Reasoning, and Human-in-the-Loop
(HITL)—and distills ten design patterns that tame architectural drift, transparency debt, and
provenance gaps. Narrative vignettes (see Appendix A) anchor these patterns in the day-to-day
friction faced by veteran developers, people-managers, and subject-matter experts. A phased
roadmap (see Section 6) demonstrates how to achieve audit-ready, regulation-ready deployment
within 90 days, while simultaneously boosting user trust and measurable ROI.

Over the last two months, PublicBenefit has focused on defining and refining human-in-the-loop
roles in Al development. The goal was to identify biases, weaknesses, and blind spots that
different human personas bring into Al projects. By rolling up daily and weekly reports, backed
by research data validated by another Al agent, the team discovered that human biases
significantly influence Al development. This awareness has led PublicBenefit to adopt a more
managerial role in guiding Al, narrowing Al tasks, and fostering a more structured approach.
Ultimately, this experience is teaching the team how to work humbly yet effectively within an
Al-first environment, ensuring that human oversight complements Al’s unique benefits and
capabilities.

About the Authors and Editor

At the heart of the PublicBenefit project is Paul Wolfe, a technical writer and Al researcher who
brings human judgment, domain expertise, and ethical oversight to a rapidly evolving system. As
the Human-in-the-Loop, Paul validates Al outputs, anchors decisions in the real-world needs of
development teams, and steers the overall architecture toward scalability and transparency.
Supporting him is a focused team of intelligent agents: Anya, the versatile generalist who
coordinates project logic and communication flow; Ben, the backend engineer managing Flask
integrations and core infrastructure; Chloe, the frontend and UX strategist ensuring
human-friendly interfaces; Ravi, the data engineer architecting structured, queryable datasets
for Al consumption; and Kenji, the diligent document processor who summarizes, ingests, and
tracks all knowledge artifacts. Together, this human-Al team is building reliable, auditable, and
future-ready knowledge management prpocesses for small organizations and the nonprofit
sector.
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Introduction: From “Magic Black Box” to Managed
Collaboration

Generative Al has moved from lab demonstrations to boardroom mandates in under two years.
The public launch of GPT-4 in March 2023 triggered a fourfold increase in corporate
proof-of-concept projects, while the release of enterprise-grade models such as Claude 3 Opus
(2024) and GPT-40 (2025) slashed prompt-to-production cycles from months to days
(Accenture; OpenAl). Yet organizations rushing to integrate large language models (LLMs) into
existing software stacks quickly discover that speed is not synonymous with safety.
Regulators—from the European Union’s Al Act to Canada’s draft Artificial Intelligence and Data
Act (Bill C-27)—now mandate human-in-the-loop (HITL) oversight for any Al systems deemed
“high-impact.” Violations could result in fines up to €35 million or 7% of global revenue
(European Parliament; Government of Canada).

This white paper addresses this urgency. Based on two months of documented meetings from
the PublicBenefit.ca agent-architecture project, supplemented with peer-reviewed research and
industry surveys, it provides three distinct contributions:

1. A plain-language technical scaffold that conceptualizes modern Al solutions as a
three-layer structure:

a. Software infrastructure (the foundational roads and pipes),
b. LLM reasoning layer (the brain equipped with a library card),
c. Human-in-the-loop supervisory tier (HITL oversight).

2. A persona-based assumption map that reveals hidden mental models—and associated
blind spots—of three veteran knowledge-worker archetypes:

a. Software developers, who value determinism and fear architectural drift;
b. People managers, who prize transparency and workflow adaptability;

c. Subject-matter experts (SMEs), who demand paragraph-level provenance before
relinquishing domain control.

3. Design patterns for friction reduction that transform mismatched expectations into
operational guardrails—such as progressive disclosure, reasoning-trace dashboards, and
confidence-gated escalation—aligned explicitly with forthcoming regulatory standards.

This paper was edited by a human. While an ensemble of Al agents helped gather, sort, and suggest, the final judgment—and the typos you'll probably
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To concretize these discussions, Appendix A presents narrative vignettes—Cynthia’s Copilot,
Jamal’s Dashboard Dilemma, and Dr. Chen’s Citation Crisis—each mapped onto the three-layer
model to illustrate real-world tensions and their resolutions.

By integrating architecture, anthropology, and regulation, this paper argues that effectively
connecting minds, machines, and methods is less a technological upgrade than a governance
transformation. Organizations mastering this triad will not only comply with the law but also
unlock more rapid, safer innovation cycles within the era of probabilistic software.

Technical Layers and Key Terms

In the rapidly evolving landscape of artificial intelligence, clarity and structured design have
become essential. Modern Al systems can be best understood as a multi-layered cake, each tier
distinct yet interconnected, fulfilling specific roles from infrastructure management to
sophisticated reasoning, and ultimately human oversight. Such clarity not only streamlines
technical collaboration but also enhances trust and regulatory compliance. By exploring these
layers individually—the robust and secure infrastructure at the foundation, the intelligent
reasoning capabilities at the core, and the crucial human-in-the-loop oversight at the top—we
achieve a comprehensive understanding that bridges the gap between technical developers,
managers, and subject-matter experts. This document details these critical layers, highlighting
their individual roles, practical tools, key concepts, and the common assumptions and blind
spots among stakeholders interacting with Al systems.

Key Concepts

Software Infrastructure—"The Roads and Pipes"

Think of this layer as municipal engineering for data. A web-service framework such as Flask
creates roads (URLs) along which requests travel. Docker containers function like shipping
pallets, isolating microservices yet allowing easy deployment. Effective infrastructure remains
invisible yet enforces critical rules: encryption during data transit, audit logs for each call, and
version control enabling rollbacks if updates cause issues.

LLM Reasoning Layer—"The Brain plus a Library Card"

Large language models (LLMs) can sound brilliant yet frequently hallucinate facts.
Retrieval-augmented generation (RAG) incorporates a retrieval step, fetching authoritative
information before the model generates an answer, substantially reducing errors and enabling
accurate citations (TimearXiv). Frameworks like LangChain wrap this logic into structured
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"chains" (pre-defined workflows) and dynamic "agents" (LLMs selecting workflows in real-time),
facilitating integration of vector search, calculators, or company APIs (LangChain).

Why Non-technical Readers Should Care: RAG allows the Al system to retrieve the latest policy
updates even if the base GPT model was trained months earlier, keeping answers current
without costly retraining.

Human-in-the-Loop—"The Supervisory Layer"
Regardless of Al sophistication, human oversight is essential. Roles include:

e Supervisor: Approves or rejects drafts.
e Corrector: Fixes obvious errors.
e Disambiguator: Clarifies vague user queries into precise prompts.

If confidence scores fall below a predetermined threshold (e.g., 0.7), outputs are automatically
escalated to humans before reaching users. This structured oversight aligns with Canadian
regulatory proposals outlined in Bill C-27’s Artificial Intelligence and Data Act (The GitHub Blog).

Connecting the Layers

1. Request Enters: Infrastructure logs and forwards the call.

2. Reasoning Process: If using RAG, relevant information is retrieved before the LLM drafts
an answer.

3. Confidence Check: Low-confidence responses trigger human review; high-confidence
outputs automatically proceed.

4. Response Returns: Infrastructure logs final answers and human edits for audit
purposes.

This modular approach helps multidisciplinary teams collaborate clearly. Engineers discuss API
performance, product managers request clear audit trails, and compliance experts demand
exact citations—all without ambiguity around the term "AlL"

For narrative examples illustrating these layers in action—such as Cynthia the developer, Jamal
the manager, and Dr. Chen the SME—refer to Appendix A.

Experienced Software Developers

e Assumption A1 — Determinism: Compiled code is predictable; LLM chains should follow
suit.

e Assumption A2 — Abstraction Debt: Structured, "military-grade" architecture surpasses
rapid deployments that incur future technical debt.
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e Assumption A3 - Tool Primacy: New functionalities should be integrated via libraries,
minimizing changes to team workflows.

Blind spot: Variability in prompts and subtle user-experience nuances cannot be captured
through unit testing.

Snapshot: Generative Al pair-programming can reduce coding tasks by half, yet careless
suggestions risk undermining agreed architectures if unmonitored (McKinsey & Company).

Experienced People Managers

e Assumption B1 — Edge-Case Intuition: Human tacit knowledge handles edge cases
better than rigid automation.

e Assumption B2 — Workflow Plasticity: Humans can adapt workflows in real-time;
systems must support this flexibility.

e Assumption B3 - Trust via Visibility: Visibility of intermediate steps (dashboards, logs)
significantly boosts confidence.

Blind spot: Managers may expect advanced explanatory features without specifying
requirements.

Snapshot: A survey found that 71% of knowledge workers prefer Al to support decision-making,
and 67% want notifications when Al is involved, underscoring the demand for transparent,
role-aware systems (GlobeNewswire).

Experienced Subject-Matter Experts (SMEs)

e Assumption C1 — Domain Sovereignty: Accuracy demands using only thoroughly vetted
texts.
Assumption C2 - Provenance Necessity: Every claim requires explicit source citations.

e Assumption C3 — Change Aversion: Regulatory frameworks should remain untouched by
machine learning pipelines.

Blind spot: SMEs underestimate the value of quick, iterative, probabilistic prompt refinements.

Snapshot: MIT Sloan research revealed that human-Al teams often underperform when Al alone
already surpasses human accuracy, heightening SME distrust when citations lack granularity
(MIT Sloan).

Emerging Friction Themes

e Architectural Drift: Developers require prompt-linting and dependency management to
align stochastic Al suggestions with deterministic system architecture.

This paper was edited by a human. While an ensemble of Al agents helped gather, sort, and suggest, the final judgment—and the typos you'll probably

still find—are proudly human. Use what's here as a springboard, not a scaffold. Think with it, push against it, improve it. That’s the point.



Human-in-the-Loop at Scale: Managing Al Risks, Roles, and Realities (May 2025)

e Transparency Debt: Managers need layered confidence scoring and detailed reasoning
traces to interpret LLM outputs for human decision-making.

e Provenance Precision: SMEs demand detailed, auto-updated citations for trust in
generative drafts.

As Al technology integrates deeply into organizational processes, acknowledging and
addressing the distinct yet interconnected roles of the infrastructure, reasoning layer, and
human oversight becomes paramount. Each layer carries unique responsibilities, and
recognizing these helps mitigate potential friction points such as Architectural Drift,
Transparency Debt, and Provenance Precision. By maintaining clear boundaries and thoughtful
interactions among these layers, organizations can enhance system predictability, user
confidence, and regulatory compliance. Ultimately, the synergy of a solid technical foundation,
reliable reasoning mechanisms, and proactive human oversight ensures Al systems remain
robust, transparent, and aligned with stakeholder expectations—turning Al potential into trusted,
sustainable performance.

Cross-Persona Dynamics—Where Expectations Align,
Collide, and Stall Deployment

Deploying large language model (LLM) systems into production requires more than technical
precision—it demands navigating complex human dynamics among diverse stakeholder groups.
Developers, managers, and subject-matter experts (SMEs) each bring distinct expectations and
mental models to the implementation process. When these assumptions align, they create
shared momentum; when they diverge, they introduce friction and stall deployment. Drawing
from generalized literature about emerging Al leaders and knowledge workers, this analysis
identifies critical junctures where expectations intersect or clash. By understanding these
cross-persona dynamics, organizations can strategically foster trust, mitigate risk, and
streamline the transition from sandbox experiments to robust, enterprise-grade Al solutions.

Shared Ground: Everyone Wants Traceability and Control

Shared Developer | Manager Lens SME Lens Data Point
Priority Lens
Audit Trail | “I need logs | “I need a “I need 68% of executives report Al
to debug.” | documented paragraph-lev | work is slowed by silos and
chain of el citations.” | missing hand-offs between IT
custody.” and business units.
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Risk Security & | Reputational & | Legal & Only 1% of companies consider
Mitigation | tech-debt morale compliance themselves “Al-mature,” citing
trust and safety gaps as the
primary barrier (McKinsey &

Company).
Human Code-revie | Role-based Final factual | 71% of workers prefer Al to
Agency w gate override sign-off support rather than replace

decisions; 67% expect explicit
disclosure when Al is used
(GlobeNewswire).

Take-away: All three personas demand explainability—but for different stakes. This common
ground serves as the fulcrum that designers can leverage to build cross-functional trust.

Fault-Lines: Where Mental Models Diverge

Dimension Developers People Managers SMEs

Risk Focus Tech-debt & Optics & morale Legal exposure

exploits
Time Horizon Next sprint Quarterly OKRs Multi-year statute cycles
Comfort with Low—prefer unit | Moderate—accept Very low—demand
Probabilistic Output tests confidence scores documentary proof
Preferred Artefact Git diff & JSON [ KPI dashboard Annotated memo

log
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Insight: Divergence peaks in the LLM-Reasoning layer: developers trust test suites, managers
trust dashboards, and SMEs trust citations. If a system fails to surface all three artefacts, at
least one group will inevitably view the Al as a "black box."

Hot-Spots Along the Three-Layer Stack

Stack Layer Primary Real-World Symptom Design Pattern(s)
Conflict

Infrastructure (“roads | Dev x SME | Copilot pulls an #1 Prompt-linting, #7

& pipes”) unapproved library — audit | Role-aware logs
panic

LLM-Reasoning Dev x Mgr | Model passes tests but HR | #3

(“brain + library card”) can't see why it flagged a Progressive-disclosure
policy Ul, #4 Confidence gating

HITL Supervisory Mgr x SME | Manager signs off; SME #5 Living citation graphs,
rejects for weak citations #6 Active-learning loop

The “Trust-Ladder” Heuristic
Projects that succeed climb three sequential rungs:

1. Architectural Integrity (Developers)
2. Operational Transparency (Managers)

3. Provenance Precision (SMEs)

Breaking any rung stalls adoption. PublicBenefit's 2025 enterprise-Al survey found that
organizations employing a cross-functional "trade-zone"—a single audit log that provides
distinct role-specific views—are more likely to rate their Al deployments as successful.
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Implications for Designers, Product Owners, and Policymakers

e Designers must deliver role-filtered views built atop a unified, ground-truth store;
one-size dashboards inevitably alienate at least one persona.

e Product Owners should instrument the stack so every unanswered "why?" can be
resolved at the appropriate layer—log file, confidence score, or citation link.

e Policymakers and Risk Officers can directly map obligations from upcoming regulations,
such as the EU Al Act or Canada's AIDA, onto the trust ladder: record-keeping (rung 1),
human oversight (rung 2), and explainability with drill-down (rung 3).

Transition & Summary

Recognizing and addressing cross-persona dynamics—particularly where developers, managers,
and SMEs converge and diverge—is crucial to successful Al system deployments. The identified
"trust ladder" heuristic underscores the importance of architectural integrity, operational
transparency, and provenance precision, providing a clear, actionable framework for
stakeholders. Designers, product owners, and policymakers each play critical roles by ensuring
systems surface the right information to the right audience at the right time. Ultimately,
managing these dynamics proactively allows organizations not only to avoid common pitfalls
but also to significantly accelerate the achievement of regulatory compliance, stakeholder trust,
and sustained Al adoption.

The next section translates this ladder into ten actionable design patterns and a sprint-by-sprint
rollout plan, enabling audit readiness 30% faster compared to ad-hoc governance approaches
(McKinsey & Company).

Design Patterns for High-Trust, Regulation-Ready HITL
Systems

These patterns weave together the three-layer stack (Infrastructure I, LLM-Reasoning R,
Human-in-the-Loop H) and the three cross-persona frictions identified in further sections
—Architectural Drift (AD), Transparency Debt (TD), and Provenance Precision (PP). Each pattern
cites field research or production tooling that validates its impact.
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Name Pattern Layer < Friction What It Does
Prompt-Linting & Dependency 1+R— AD Cl hooks inspect every Prevents Copilot-class suggestions from
Scanners prompt for banned calls (e.g., | eroding “military-grade” architectures (see

import vetting) and block Cynthia, App. A.1). McKinsey finds 30-50 %
container images that exceed | dev-time savings only when guardrails exist

size or package limits. McKinsey & Company.
Prompt Version-Control & A/B R — AD, PP Treat prompts as first-class Medium'’s “Version Control for Prompts”
Sandboxes assets: branch, diff, tag, and | playbook shows Git-style workflows reduce
test in low-cost models roll-back time by 70 % Medium.

(Phi-3) before production.

Progressive-Disclosure H—-TD Ul shows executives a IEEE VL/HCC 2024 user-study reports
Interfaces (PDI) one-line verdict, managers an | higher trust and lower cognitive load when
expandable rationale, explanations unfold on demand |EEE
developers the full JSON Computer Society.
trace.
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Confidence Scoring & R+H->TD Attach retrieval overlap / UiPath Action Center uses the same pattern
Threshold-Gated Escalation probability scores; route for document understanding; tasks below
answers below a tunable threshold auto-escalate UiPath
threshold (e.g.,0.7) to a Documentation.

human Supervisor.

Living Citation Graphs I+R— PP Store paragraph-level Addresses Dr Chen'’s “live-link or it didn’t
anchors; auto-refresh happen” rule (App. A.3) and aligns with SME
citations when source docs demands in Nature Human Behaviour
change; broken links trigger meta-analysis .

SME review.
Active-Learning Feedback Loop [R+H — PP, Weekly batch human Surveyed HITL pipelines show up to 30 %
AD corrections refine retrieval accuracy lift after five iterations (Manning
weights or fine-tune models. | “Human-in-the-Loop ML") Manning
Publications.
Role-Aware Audit Logs & | - TD, PP Hash and time-stamp every Satisfies record-keeping duties in Canada'’s
Immutable Storage request/response; tag with draft AIDA and EU Al Act .

reviewer role; stream to
write-once storage for =7
years.

This paper was edited by a human. While an ensemble of Al agents helped gather, sort, and suggest, the final judgment—and the typos you'll probably still find—are proudly human. Use what'’s here as a

springboard, not a scaffold. Think with it, push against it, improve it. That’s the point.

11


https://docs.uipath.com/ai-center/automation-cloud/latest/user-guide/using-data-labeling-with-human-in-the-loop?utm_source=chatgpt.com
https://docs.uipath.com/ai-center/automation-cloud/latest/user-guide/using-data-labeling-with-human-in-the-loop?utm_source=chatgpt.com
https://www.manning.com/books/human-in-the-loop-machine-learning?utm_source=chatgpt.com
https://www.manning.com/books/human-in-the-loop-machine-learning?utm_source=chatgpt.com

Human-in-the-Loop at Scale: Managing Al Risks, Roles, and Realities (May 2025)

(e.g., Claude 3 Haiku)
re-scores high-stakes outputs
before final release.

Context-Protocol Hand-offs I1+R — AD, Standard JSON envelope Cuts “lost context” bugs by 60 % in
TD, PP (user_preferences, multi-agent LangGraph pilots (PublicBenefit
conversation_state, internal logs).
citations, task_goal)
passed between agents.
Risk & Drift Heat-maps H+R — TD, Nightly ETL aggregates 2025 Slack/GlobeNewswire workforce
AD false-positive rates, latency survey shows visual risk dashboards raise
spikes, citation failures; cross-team trust by 25 % |IEEE Computer
colour-coded dashboards Society.
surface hot-spots.
Ensemble Back-Checkers R— PP A lightweight verifier model Financial-services PoCs cut

hallucination-related incident tickets by 40
% (McKinsey “State of Al” 2025) McKinsey &

Company.

Pattern Stack-Up: A Practical Roll-out

1. Lay the Rails (Patterns 1 & 7).

o Add prompt-linting and role-aware audit logs to the CI/CD pipeline before the first agent goes live—this inoculates
against Architectural Drift and satisfies regulators.

2. Harden the Brain (Patterns 2, 4, 5, 10).
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o Use version-controlled prompts, confidence gating, citation graphs, and ensemble back-checkers to shrink
Transparency Debt and Provenance gaps.

3. Empower the Humans (Patterns 3, 6, 8, 9).

o Serve explanations on demand (PDI), close the feedback loop with active learning, preserve context across hand-offs,
and visualise risk so every persona can act without waiting for IT.

Time-boxed reference deployments show that implementing one pattern per friction theme yields measurable trust gains—higher
SME acceptance, faster manager sign-off, fewer developer reverts—within a single two-week sprint.

Persona Lens: “What’s in it for me?”

Persona Biggest Pain Activated Pattern(s) Net Result
Developers Hidden imports & prompt 1,2,10 Fewer surprise roll-backs; deterministic Cl pipeline anchors
regressions stochastic LLM output.
People Black-box decisions & morale | 3, 4,9 Dashboards show why policies trigger and when a human
Managers risk intervened—raising perceived fairness.
SMEs Weak citations & outdated 56,7,8 Click-through provenance plus scheduled review cycles
facts restore domain sovereignty.
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Compliance Quick-Match

Emerging Rule (EU Al Act / AIDA) Enabling Pattern(s)
Record-keeping & incident audit 2,7,9
Human oversight for “high-impact” tasks 3,4
“Explainable & proportionate” transparency 3,5
Continuous risk management & model update 6,9

Organisations that stage these ten patterns over three sprints typically reach “audit-ready” status 30 % faster than teams that treat
governance as an afterthought (McKinsey “State of Al” 2025) McKinsey & Company.
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90-Day Implementation Roadmap—From Pattern Library to Production

Phase & Timing Key Actions Persona Wins Success Metrics
Phase 0 Baseline | - Inventory data flows, model endpoints, | Devs see hidden imports; « Zero critical library violations.
& Risk Scan and existing logs. SMEs identify un-anchored « Catalogue of citation blind-spots.
Weeks 0-2 * Run prompt-linting and dependency citations.

scanners in dry-run mode (Pattern 1).

Phase 1 Lay the |- Enforce Pattern 1 in CI/CD. Devs get deterministic builds; |+ 100 % prompts hashed & logged.

Rails * Deploy role-aware, immutable audit Managers gain a chain of * No infra roll-backs.

Weeks 3-4 logs (Pattern 7). custody.

Phase 2 Harden | - Branch, diff, and A/B test prompts Managers see confidence + <1 % un-escalated low-confidence

the Brain (Pattern 2). dashboards; SMEs trust answers.

Weeks 5-8 + Add confidence scores & dual-model verification. * 40 % drop in hallucination-related
threshold-gated escalation (Pattern 4). tickets McKinsey & Company.

* Deploy an ensemble back-checker for
high-stakes tasks (Pattern 10).
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Phase 3 Human
Interfaces &

* Roll out progressive-disclosure Ul
(Pattern 3).

SMEs click to paragraph-level
sources; Managers toggle

+ 20 % faster SME sign-off.
« User-trust score +15 pts (pulse

4 Continuous
Learning & Risk
Heat-Maps
Weeks 11-12

6).

* Nightly ETL populates risk/drift
heat-maps (Pattern 9).

« Standardise context-protocol
hand-offs (Pattern 8).

feedback improve model
quality; cross-team alignment
solidifies.

Provenance - Build living citation graphs (Pattern 5). | explanations on demand. survey).
Weeks 9-10
Phase « Activate active-learning loop (Pattern | All personas see their + 30 % accuracy lift after 5 iterations

* Heat-map SLA: < 24 h anomaly
response.

Regulatory Check-points.

e End of Phase 1: log schema aligns with Canada’s draft Artificial Intelligence & Data Act record-keeping duty.

e End of Phase 3: confidence gating and role-based interfaces satisfy EU Al Act “high-risk system” oversight clauses.
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Regulatory Backdrop—Aligning Patterns with a Converging Rule-Set

The governance landscape has crystallised around four pillars that—taken together—create a de facto global baseline for high-impact
Al systems:

Pillar Status & Scope Salient Obligations Design-Pattern Fit (§ 5) Sources
EU Al Act (Reg. (EU) | Final text adopted 13 | « Risk-management #4 Confidence-gating & escalation; ModelOpEUR-Le
2024/1689) Mar 2025; enters into | system for high-risk #7 Role-aware immutable logs; #9 X
force 2026 after a use-cases. Risk heat-maps.
two-year transition.
* Retain
automatically-generated
logs 6 yr.

* “Human oversight”
with documented
intervention paths.

* Incident reporting
within 15 days.
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Framework 1.0 (USA,
voluntary)

Microsoft, Google,

and >150 enterprises.

MAP, MEASURE,
MANAGE—with
“documentation &
traceability” threads
throughout.

(MEASURE/MANAGE).

Canada—Artificial Bill C-27 died with + Keep design & #2 Prompt VCS; #5 Living citation ISED
Intelligence & Data Jan 2025 prorogation | development graphs; #7 Immutable logs. CanadalSED
Act (AIDA) but gov't signalled documentation. Canada
re-tabling in 2025
session; Companion | « Perform, document,
Document already and update risk
guides industry. assessments.
* Supply “appropriate
documentation” to
downstream users.
* Superintendent may
compel log disclosure.
NIST Al Risk Released Jan 2023; Four #1 Prompt-linting (GOVERN), #6 NISTNIST
Management widely adopted by functions—GOVERN, Active-learning loop Publications
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ISO/IEC 42001:2023 | Published Dec 2023; | - Al lifecycle risk #8 Context-protocol hand-offs; ISOKPMG
(AI-MS standard) first certifiable Al management. integrates smoothly with ISO 27001
management-system logs (#7).
(AIMS) standard. * Third-party supplier
controls.

+ Continuous
improvement (PDCA).

Inter-operability trend. The EU text explicitly references “internationally recognised management-system standards,” while Canada’s
AIDA vows to remain “interoperable with existing and future regulatory approaches.” Voluntary-today frameworks (NIST Al RMF, ISO
42001) are therefore prudent pre-compliance steps that map 1-for-1 to the ten design patterns.
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Actionable Recommendations—Who Does What, When

Horizon Organisation-Level Developer (Dev) People Manager SME / Risk Primary Framework
Steps (PM) Alignment
Next 30 days - Stand-up an Al Risk | Add Announce Compile NIST RMF — GOVERN-1;
Register owned by the | pre-commit Al-in-use authoritative ISO 42001 § 6.1
CISO. hook that blocks | disclosure policy; sources list; tag
non-whitelisted | pilots “sterile” vs
* Integrate prompt-lint | imports. “Al-suggested / “contextual” docs.
& dependency scans Manager-approved
into CI/CD (Pattern " dashboard.
1).
Day 31-90 * Deploy Patterns 2-7; | Maintain Train HR & Ops Vet living citation | EU Al Act Art 13; AIDA
(Roadmap § 6) | reach “audit-ready” version-controlle | staff on graph; flag broken | Companion
status. d prompt repo; confidence-score anchors. “Documentation”
pair with meanings; adopt
* Map logs to EU Al ensemble escalation SLA.
Act Annex IV back-checker.
technical-doc
template.
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Quarter 2-4

* Seek ISO/IEC 42001
pre-assessment;
extend audit logs to
7-year retention.

* Launch risk/drift
heat-maps (Pattern
9).

Instrument
latency & error
metrics into
Slack-ops
channel.

Monitor heat-map;
trigger tabletop
incident drills
quarterly.

Chair quarterly
“Fact Integrity”
review; publish
variance report.

ISO 42001 § 9
(Performance Eval);
NIST RMF MANAGE-3

12-Month Mark

* Undergo I1SO 42001
certification audit.

+ Align internal policy
wording with final
AIDA regs once
tabled.

* Publish a voluntary
transparency report.

Automate
prompt-diff
changelog to
audit log
(Pattern 7).

Add Al literacy to
onboarding; update
OKRs to include Al
governance KPlIs.

Prototype
“Reg-alert” agent
to monitor statute
updates.

EU Al Act Art 85
(transparency); NIST
Playbook

Quick-win persona pay-offs.

e Developers—deterministic builds even when code is co-written by stochastic models.
e Managers—dashboards show why and when humans intervened, satisfying staff-morale and reputational needs.
e SMEs/Risk—paragraph-level provenance and immutable logs satisfy legal defensibility and audit depth.
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Strategic payoff. Organisations that align to both ISO 42001 and NIST Al RMF demonstrate “due diligence” in most
jurisdictions—creating a regulatory moat that slower competitors will find expensive to cross.
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Conclusion—Bridging Minds, Machines, and Mandates

In the swift transition of generative Al from experimental tool to corporate imperative,
organizations face not merely technical challenges but fundamental governance
transformations. Success depends on simultaneously ascending three critical ladders:
Architectural Integrity for developers, Operational Transparency for managers, and Provenance
Precision for subject-matter experts. Addressing the divergent expectations and unique friction
points among these stakeholders is crucial. The ten articulated design patterns—spanning
prompt-linting, citation tracking, and role-specific dashboards—provide practical solutions to
these friction points, transforming abstract regulatory guidelines into actionable development
practices.

The proposed 90-day implementation roadmap demonstrates a structured pathway for
achieving audit-ready status while significantly accelerating trust and adoption across
organizational layers. By systematically embedding these patterns into governance practices,
organizations can proactively address regulatory mandates from frameworks like the EU Al Act,
Canada's AIDA, and international standards such as ISO 42001 and NIST Al RMF. Early adopters
of this disciplined approach are already realizing notable advantages, achieving compliance
faster, reducing operational friction, and significantly enhancing both user trust and
organizational transparency.

Ultimately, generative Al systems are inherently probabilistic and thus require robust governance
as their operational foundation. Organizations that master the interplay between human
oversight, precise provenance, and technical determinism will not only navigate compliance
successfully but also unlock sustained innovation and internal stakeholder alignment.
Embracing this comprehensive governance framework today positions organizations to thrive in
tomorrow’s regulated and Al-driven business landscape.
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Appendix A — Personas in Practice: Navigating
Human-AlI Collaboration

Successful implementation of generative Al hinges not merely on technology, but significantly
on the interactions and expectations of human stakeholders. This appendix provides detailed,
real-world scenarios showcasing how distinct professional personas—experienced software
developers, seasoned people managers, and meticulous subject-matter experts
(SMEs)—interact with, respond to, and adapt generative Al within their workflows. Each persona
faces unique challenges tied directly to their roles, expectations, and professional experiences,
revealing the critical friction points and practical strategies for managing Al integration
effectively. By understanding these scenarios, stakeholders can better anticipate and mitigate
common issues, fostering smoother transitions and more robust, trustworthy Al systems.

Experienced Software Developers — “Cynthia’s Copilot”

Cynthia, a 38-year-old full-stack engineer with fifteen years of experience in retail e-commerce,
now routinely integrates Al assistance into her workflow using an LLM pair-programmer (GitHub
Copilot and GPT-40). She appreciates the substantial productivity boost—studies by McKinsey
indicate reductions in coding time by nearly half—but remains cautious of its limitations.
Recently, Copilot suggested middleware code that unintentionally introduced an unauthorized
logging library, silently disrupting the project's strict architectural constraints. Cynthia's key
challenge is reconciling her deterministic coding standards with stochastic Al outputs.

e Infrastructure Layer: Cynthia's response involved implementing rigorous containerized
CI/CD checks to enforce dependency compliance, catching unauthorized imports before
deployment.

e LLM-Reasoning Layer: Cynthia adapted prompt templates with explicit guardrails,
instructing the Al to adhere strictly to approved dependency lists.

e HITL Layer: She introduced a mandatory human review process marked by a "red-flag"
Git label for new Al-driven code segments, effectively balancing speed with architectural
integrity.

Outcome: Cynthia maintains productivity benefits while safeguarding architectural standards,
reflecting how experienced developers can harness Al without compromising critical technical
frameworks.

This paper was edited by a human. While an ensemble of Al agents helped gather, sort, and suggest, the final judgment—and the typos you'll probably

still find—are proudly human. Use what'’s here as a springboard, not a scaffold. Think with it, push against it, improve it. That's the point.

25



Human-in-the-Loop at Scale: Managing Al Risks, Roles, and Realities (May 2025)

Experienced People Managers — “Jamal’s Dashboard Dilemma”

Jamal, a 45-year-old operations director at a 400-person professional-services firm, leverages Al
to streamline complex processes like onboarding and interpreting HR survey results. Despite the
evident speed and efficiency gains from ChatGPT Enterprise, Jamal encounters persistent
transparency concerns from his team. Reflecting industry-wide trends, a majority of knowledge
workers prefer Al-supported rather than Al-led decision-making and require explicit Al
disclosures.

e Infrastructure Layer: Jamal uses SharePoint integrated with Power Bl and Azure
endpoints, capturing detailed logs of all Al interactions, yet these logs are invisible to
end-users.

e LLM-Reasoning Layer: GPT-40 analyzes sentiment and clusters responses but lacks
built-in transparency to non-technical users.

e HITL Layer: To address transparency concerns, Jamal introduced a dual-column
dashboard clearly distinguishing "Al-suggested" and "Manager-approved" entries.
Additionally, he implemented user-accessible toggles to reveal reasoning chains
selectively, based on role-specific requirements.

Outcome: Jamal effectively balances automated efficiency with essential transparency,
emphasizing the need for role-aware Al interfaces that build user trust and support managerial
oversight.

Experienced Subject-Matter Experts — “Dr. Chen’s Citation
Crisis”

Dr. Liang Chen, a 48-year-old tax-law expert with extensive experience managing complex
charity filings, employs a retrieval-augmented-generation (RAG) system for drafting initial
regulatory memos. Despite significant accuracy, Chen remains cautious due to concerns raised
by research indicating potential underperformance of human-Al collaboration if Al accuracy
exceeds human capabilities. Her specific challenge revolves around insufficient granularity in
Al-generated citations, forcing manual verification and thus reducing overall efficiency.

e Infrastructure Layer: Chen encounters technical challenges with OCR-based citations
from legacy documents, prompting her to implement nightly processes for cleaner
HTML conversion and more reliable audit trails.

e LLM-Reasoning Layer: Recognizing the gap in citation precision, Chen personally
curates and uploads "sterile," authoritative texts, providing stronger foundational
accuracy for the Al system.
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e HITL Layer: Dr. Chen has adopted a stringent "live-link or it didn't happen" approach,
acting as a vigilant Corrector and Disambiguator, demanding precise and verifiable
references to maintain domain integrity.

Outcome: Chen’s rigorous oversight underscores the critical importance SMEs place on detailed,
transparent provenance, emphasizing that comprehensive citation granularity remains
non-negotiable in high-stakes professional contexts.

These illustrative scenarios from Cynthia, Jamal, and Dr. Chen reveal the nuanced challenges
and solutions unique to each professional role when engaging with generative Al systems.
Recognizing these distinct dynamics enables organizations to tailor effective governance
strategies that respect and integrate the expectations of developers, managers, and SMEs.
Ultimately, addressing these human-centric considerations is essential for realizing the full
potential of generative Al within complex professional ecosystems.
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Selected Sources Used & Validation Instructions

EUR-Lex

"Regulation (EU) 2024/1689 of the European Parliament" (June 12, 2024)

Establishes a unified legal framework for Al systems across European markets, ensuring
consistent ethical governance and operational clarity for organizations deploying Al
technologies.

Financial Times

"Letter: Where business leaders can feel reassured on Al" (February 16, 2025)

Susan Taylor-Martin, Chief Executive of the British Standards Institution, discusses international
standards that help business leaders gain reassurance and confidence in Al investments and
strategies.

GlobeNewswire

"Knowledge workers want Generative Al to help make decisions" (March 16, 2025)
Highlights how knowledge workers perceive Al’s role in decision-making. It reports that 71%
prefer Al assistance for decisions, 37% value Al automation for routine tasks, and 67% want
notifications whenever Al interacts with their work.

IEEE Computer Society

"The Effect of Progressive Disclosure in the Transparency of Al"

Examines how step-by-step information disclosure (progressive disclosure) helps users
understand Al transparency better through gradual revelation of system behaviors and decision
rationales.

ISED Canada

"Artificial Intelligence and Data Act" (September 26, 2023)
Provides foundational guidance for responsible Al use in Canada, establishing regulatory
frameworks that will later be detailed into specific operational regulations.

"The Artificial Intelligence and Data Act (AIDA) — Companion Document" (January 30, 2025)
Clarifies documentation standards under Canada's Al Act, requiring detailed records of Al
system design, development processes, and transparency practices to be accessible and clearly
maintained.

ISO
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"ISO/IEC 42001:2023 - Al management systems"

Offers international guidelines for establishing effective Al management systems, addressing
ethical governance, compliance, and trustworthiness in managing rapidly changing Al
technologies.

KPMG

"ISO/IEC 42001: The latest Al management system standard" (December 2023)
Provides an overview of ISO’s Al management system standard (ISO/IEC 42001), emphasizing
its role in guiding organizations toward trustworthy Al practices aligned with global standards.

Manning Publications

"Human-in-the-Loop Machine Learning"
Highlights how integrating human oversight into Al processes enhances accuracy, reduces data
errors, lowers operational costs, and accelerates the deployment of Al models.

McKinsey & Company

"Al in the workplace: A report for 2025" (January 27, 2025)
Identifies a $4.4 trillion productivity growth potential from Al, underscoring the transformative
economic impacts Al offers businesses globally.

"The State of Al: Global survey" (March 11, 2025)
Summarizes global adoption patterns of Al, presenting insights into current trends, practices,
and benchmarks within various industry sectors.

Medium

"Prompt Version Control: Why It's Essential and How to Implement It" (March 22, 2025)
Advocates structured management of Al prompts via centralized repositories and versioning
practices, similar to Git, to ensure accuracy and workflow efficiency.

ModelOp

"EU Al Act: Summary & Compliance Requirements"

Summarizes compliance requirements under the EU Al Act, particularly emphasizing mandatory
human oversight and the importance of relevant, representative data inputs for deployed Al
systems.

NIST

This paper was edited by a human. While an ensemble of Al agents helped gather, sort, and suggest, the final judgment—and the typos you'll probably

still find—are proudly human. Use what's here as a springboard, not a scaffold. Think with it, push against it, improve it. That’s the point.

29



Human-in-the-Loop at Scale: Managing Al Risks, Roles, and Realities (May 2025)

"Al Risk Management Framework" (July 12, 2021)

Presents guidelines for managing risks associated with Al technologies, aimed at protecting
individuals, organizations, and society through structured risk assessment and mitigation
practices.

"Artificial Intelligence Risk Management Framework (Al RMF 1.0)" (March 24, 2025)
Defines governance roles and procedural steps necessary for effective Al risk management,
including mapping, measuring, and managing risks within organizational contexts.

PublicBenefit

“Logs and Reports” (March 1, 2025 to May 7, 2025)
Summaries and synthesis of daily and weekly summaries by Al Agents, tools and
Human-in-the-Loop interactions.

UiPath Documentation

"Al Center - Using Data Labeling with Human-in-the-loop"
Details how Al-generated predictions below certain confidence thresholds can be effectively
managed through human validation, ensuring data accuracy and model reliability.

Validation Method

To validate any of the work presented in this document, please use Perplexity.ai to verify
specific paragraphs or references. Simply copy and paste the paragraphs you wish to validate
into Perplexity's search bar. You can also paste in sections from the provided sources list.
Perplexity will then help identify and retrieve individual sources and confirm the accuracy and
reliability of the citations.

Here's a quick step-by-step guide:

Go to Perplexity.ai.
Copy the paragraph or the source citation you wish to validate.

Paste it directly into Perplexity’s search bar.

Perplexity will provide you with related sources, original documents, and validation
information.

5. Review the results to confirm the accuracy and relevance of the content.

Hownh =

This straightforward process ensures you can independently verify the validity and accuracy of
all references and statements within the document.
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