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IMPACT OF Al ON OPERATIONAL
CYBER WORK

Artificial intelligence (Al) is transforming, not replacing, the cybersecurity workforce. As Al systems
spread across energy grids, water treatment, health care, manufacturing and transit, frontline staff
must evolve into active Al collaborators who can validate, contextualize and govern machine outputs in
safety-critical settings. @ The World Economic Forum (WEF) underscores that human oversight will be
as decisive as technical tooling this decade, while the National Institute of Standards and Technology
(NIST) highlights the need for human-Al teaming, prompt design and ethical oversight as explicit
workforce skills. %

The Urgency: 2025-2030
Two major forces are reshaping operational cyber work:

+ Automation of detection and response. Al now drives anomaly detection, predictive
maintenance and triage, yet also introduces new failure modes (bias, hallucinations, poisoned
data, adversarial manipulation). s

+ Human-Al integration. Resilience depends on people who can test Al against process reality,
understand model limits and escalate safely. Without this, operators risk overreliance on
opaque tools in operational technology (OT)/industrial control systems (ICS) environments. «

68]

Core Operational Al Competencies (T/K/S mapped)

Ground these skills in NICE v2.0.0 tasks (T), knowledge (K) and skills (S) and crosswalk to
International Electrotechnical Commission (IEC) 62443 and with International Organization for
Standardization (ISO)/IEC 27001/27002 controls for auditability. 42 4 47.4.57.70

+ Validate Al outputs (T/K/S). Treat Al alerts as advisory; cross-check against sensor/process
data and safe states. (e.g., T-Al-01 Validate outputs; K-Al-01 Failure modes; S-Al-02 Detect
hallucinations/bias). e .2e.47.57.¢s.70

+ Interpret in operational context (T/K). Judge whether model recommendations align with
physical interlocks, setpoints and safety envelopes. (T-OCL-01 Report anomalies; K-OCL-03
Safety implications). «.7

+ Flag ethical/adversarial risks (S). Recognize bias, fabrication or adversarial inputs;
document and escalate via playbooks. (S-Al-02; S-OCL-03). w.e

+ Exercise human-Al teaming (T/K/S). Use Al as a copilot in drills, maintenance and incident
response; humans retain final accountability. (T-FCS-05 Log and justify overrides). 7.7



+  Prompt for OT contexts (T/K). Query Al systems precisely for troubleshooting, anomaly
triage, risk reporting and change control. 7.4 e

Control alignment examples: 62443-2-1 (program requirements), 62443-3-3 (system SRs), ISO
27001/27002 (access, change/patch, logging, supplier competence). . .44

Emerging Al-Enabled Roles (lllustrative)
+ Al-Powered Threat Intelligence Curator: Fuses machine learning outputs with geostrategic
context; translates signals into actionable decisions. =

+ Behavioral Cyber Analyst: Focuses on human factors, disinformation, insider risk, cognitive
overload, augmented by Al patterning. =

+ Cyber-Ecosystem Orchestrator: Builds trust across suppliers and public-private coalitions,
managing interdependent resilience. ©

+ Digital Ethics and Neuro-Privacy Officer: Governs biometric/clinical/Al-derived data to
protect safety and rights in operational workflows. ez

Sector Signals (2025-2030)
1. Energy and Utilities: Validate Al anomaly flags against telemetry and protection schemes to
avoid cascading failures. we.et.e

2. Health Care: Biomedical techs oversee internet of medical things (loMT) patch cycles and
alert triage to protect patients when Al misclassifies. ©.s

3. Transportation: Supervisors interpret Al models for global positioning system (GPS)
spoofing/comms disruption and maintain manual fallback. ue.2s.7

4. Finance and Public Services: Teams pair Al analytics with human validation to counter fraud
and misinformation while preserving continuity. te e

Career Journey Implications
By 2030, Al fluency is a core milestone across operational roles:

+ Foundational Al Literacy: Limits, failure modes, oversight duty s s.7

* Applied Human-Al Teaming: Predictive maintenance, anomaly detection, triage drills with
OVerSight Iogs 45, 47, 69, 70]

+ Advanced Hybrid Leadership: Auditing algorithmic decisions, shaping governance and
aligning OT controls with Al risk us 47,4469

Global initiatives, EU Cybersecurity Skills Academy and Singapore’s (SG) Cyber Talent, are already
embedding Al competencies into national pathways and stackable credentials. e 2¢0.¢a



The Path Forward

Operationalizing Al is inevitable; doing so safely is a choice. Empower frontline staff, from utility engineers
to clinical techs, to act as Al collaborators, validators and ethical stewards. Extend NICE with Al-aligned

T/K/S, microcredential these competencies, drill them in scenario-based exercises and log oversight to
create auditable assurance. .+.«s.7

Key Takeaway: The future of resilience won’t be decided by who deploys more Al, but by who equips
humans to remain the final arbiters of trust, safety and ethics in Al-driven operations. ze.s7.4s.4.69.70.96)
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TURNING WORKFORCE

CAPABILITY INTO OPERATIONAL
READINESS

Frontline cybersecurity and Al-era resilience do not come from training alone; they are achieved when
skills are embedded into the daily, repeatable processes that govern real-world work. 1. 4 4 47. 4 70.73. 74
Volume 3 builds on Volumes 1 and 2 by showing how frontline competencies become consistent, reliable
actions under operational pressure.«.s.n.71 |n cyber-physical environments, energy, health care, water,
transportation, pipelines and manufacturing, safety and continuity depend on workers who can validate
Al outputs, detect anomalies, execute manual fallback and escalate issues quickly. @ 124 467074 Thig
volume brings together drills, tabletop exercises, management of change (MoC), secure maintenance
procedures, KPIs, readiness heat maps, operational tools, incident response structures and cross-
sector coordination into a unified operational blueprint. 12«28 4.47.45 70727499 By aligning these practices
with the role and competency frameworks defined in Volume 2, organizations create the conditions for
resilient, safe and Al-informed frontline performance across all critical infrastructure settings. ©.2¢57.4.61.70.73

Workforce Readiness & Cyber-Physical Talent Development

Al is reshaping the workforce, automating routine tasks, blurring IT/OT boundaries and shortening
skill half-lives, creating urgent demand for verifiable, cross-domain competencies while increasing risk
for employers and uncertainty for workers. 2.4 4. 47,5 0,755 Cyber literacy must now be the baseline,
including OT-aware safety and configuration practices, secure workflows with connected assets,
human-Al teaming skills (validation, escalation, audit trails) and precise incident handoffs tied to site
playbooks. 11324 43.47.60.70,74

Equally essential are transferable capabilities: systems thinking, an entrepreneurial mindset for testing
and improving solutions and human skills, communication, collaboration, judgment, ethics and
resilience, that turn tools into real operational impact. vz« The challenge is clear: within the next
year, every role will shift toward Al-enabled, cyber-literate operations; there are no spectators; every
operator becomes a cyber operator and systems-minded teammate. .2.47.70.

Workforce Gap, By the Numbers
+ The latest ISC2 global study estimates a workforce gap of approximately 4.76 million
cybersecurity professionals worldwide (T19% year-over-year (YoY)), with the sharpest rises in
APAC and Europe. ="

+  The World Economic Forum (WEF) Global Cybersecurity Outlook 2024 notes a 12.6%
expansion of the cyber workforce from 2022-2023, yet still concludes approximately 4 million
additional workers are needed globally. e

+ Regionally, governments report persistent gaps: the United Kingdom cites incident-
management shortfalls (48%) and basic technical skills gaps across approximately 44%
of businesses; the European Union is standing up a coordinated skills response; Australia
reports more than 50% of agencies face critical cyber skills shortages. 22404



Most Pressing Concerns: Employers & Candidates

Employers’ top concerns: time-to-competency on the plant floor; verifying hands-on skills
(not just certifications); safety/mission impact from OT errors; compliance exposure (NIST/
IEC 62443); clearance and badging bottlenecks; retention of cross-trained staff. ©.1.2.4.47.48.73.72,

95]

Candidates’ top concerns: clear entry ramps into OT/cyber roles; return on investment
(ROI) of microcredentials; paid, job-embedded practice vs. unpaid training; credential
portability across agencies/vendors; transparent leveling and pay bands; mentorship and
career mobility. 20244870791

Where the World Is Investing, Research & Programs To Watch

NIST introduced an Al Security Competency Area aligned to NICE, defining knowledge/skills
for human-Al teaming, oversight and assurance in cyber roles (public comment, June 2025).

[70]

The EU’s Cybersecurity Skills Academy is coordinating role profiles, training pathways and
visibility/attestation; industry bodies (International Information System Security Certification
Consortium (ISC2), Information Systems Audit and Control Association (ISACA), Fortinet)
have pledged large-scale training and certification access. w05

Singapore’s (SG) Cyber Security Agency (CSA) is scaling the SG Cyber Talent (bootcamps,
mentoring, conversion programs); Australia’s Public Service (APS) plan advances whole-of-
government cyber workforce development. 38093

ISA/IEC 62443 remains the primary global reference for industrial automation and control
systems, an anchor for the OT-centric upskilling and microcredentials proposed here. v.1.4.47.72

10



OPERATIONALIZING FRONTLINE
CYBER & Al READINESS

Volume 3 moves the workforce model from design to execution, showing how frontline cyber and Al skills
become consistent, repeatable behaviors in real operations. 1=« 4 4.4 7.7 Building on the imperatives
of Volume 1 and the workforce architecture of Volume 2, this volume highlights the daily practices that
enable workers to detect anomalies, validate Al outputs, shift to manual fallback and escalate issues
accurately. e zen0.7.74 |t provides an operational blueprint covering drills, shift routines, incident workflows,
MoC integration, secure maintenance, microlearning, frontline KPIs and readiness heat maps. ts.4.47.56.57.70.72,
1 Together, these elements turn competency into action and make cyber-physical resilience measurable
across plants, hospitals, transit hubs, data centers and field environments. we.+.779 Appendix F provides
an Al-augmented cybersecurity glossary of terms.

11
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EVOLVING WORKFORCE

ROLES IN CYBER-PHYSICAL
ENVIRONMENTS

Digital transformation has expanded frontline responsibilities, blending operational, cybersecurity, safety
and Al oversight functions. ©.«.4«..5.70.95 Across energy, health care, manufacturing, water, transportation
and public services, the traditional divide between OT and IT has disappeared as cyber-physical systems
shape daily work. t=+.7 Frontline staff must now recognize abnormal system behavior, respond to Al-
influenced alerts, perform secure maintenance, validate sensor and Al outputs, escalate incidents and
execute manual fallback when needed. o124 .47.60.70.73.74

These expectations, once limited to cybersecurity or engineering teams, now fall on operators,
technicians and supervisors who must act in real time, requiring embedded cyber literacy, Al oversight
skills and point-of-work training tools. 1= ««.7.7 New hybrid OT-cyber-Al roles, such as Cyber-Resilient
Plant Operator, Secure Maintenance Technician, Biomedical Device Security Specialist, Transportation
Cyber Supervisor and Cyber-Ecosystem Orchestrator, reflect this convergence. =570 Volume 2 details
how workforce pathways, job descriptions and training requirements adapt to these emerging roles. =

pressmaster-stock.adobe.com
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BUILDING A FRONTLINE-CENTRIC,

Al-ERA CYBER WORKFORCE
COLLABORATIVELY

No single organization can close the cyber workforce gap or align OT/IT/Al practices alone; cross-
sector collaboration is the essential force multiplier. 1. 2.28.47.40.52.73.74. 95,561 [t harmonizes policy, accelerates
workforce development, standardizes operational processes and reduces technology risk across all 16
critical infrastructure sectors, ensuring every operator, technician, dispatcher and engineer becomes
both cyber-aware and Al-literate. ©.20.47.51.99

Frontline resilience requires more than training; it depends on a coherent, multilayered system that
aligns expectations, skills, behaviors and tools. i« « 4 4470774 The four-layer model, Policy, People,
Process and Platforms, provides this structure. Policy sets the standards and incentives; 2 2.5 7
People mechanisms build skills and microcredentials; 2+« 44573 Process turns skills into action through
drills, MoC and after-action reports (AARs); ts«.5.77 and technology delivers adaptive microlearning,
simulations, quick response (QR) code job aids and Al oversight tools. eee.7.7 Together, these layers
create an integrated framework that scales frontline cybersecurity and Al readiness reliably and
sustainably across all operational environments. t2.47.73.74.98

How to read the heat map as depicted in Figure 1. @314 4444748617389
*  Rows list the 16 critical infrastructure sectors
+ Columns are Policy, People, Process, Technology [Platforms].

*+ 1 (low) — 5 (very high)

13



Critical Infrastructure — Emphasis Overview Heat Map

Chemical

Commercial Facilities
Communications

Critical Manufacturing
Dams

Defense Industrial Base
Emergency Services
Energy

Financial Services

Food & Agriculture
Government Facilities
Healthcare & Public Health
Information Technology
Nuclear Reactors/Materials/Waste
Transportation Systems

Water & Wastewater Systems

Policy People Process Technology

Figure 1 : Heat Map Operational Context Emphasis

Yellow Cells = highest priority of emphasis over the next 12-24 months for that sector. For example: Chemical
/ DAMs / Defense Industrial Base (DIB) / Financial Services / Government Facilities / Nuclear / Water (Policy);
Emergency Services / Health Care (People); Financial Services / Government Facilities / Nuclear / Transportation
(Process); Communication / Critical Manufacturing / DIB / Energy / Financial Services / Health Care & Public
Health / IT / Nuclear / Transportation (Technology [Platforms]).

Aqgua Cells = Next highest priority of emphasis for a particular sector area. For example: Chemical / DAMs /
DIB / Financial Services / Government Facilities / Nuclear / Water (Policy); Emergency Services / Health Care
(People); Financial Services / Government Facilities / Nuclear / Transportation (Process); Communication / Critical
Manufacturing / DIB / Energy / Financial Services / IT / Nuclear / Transportation / Water (Technology).

Dark Blue cells = lowest priority of emphasis for a particular area. For example: Commercial / Critical Manufacturing
/ Food & Agriculture (Policy); Chemical / Critical Manufacturing / DAMs / DIB / Energy / Financial Services /
Government Facilities / IT / Water (People); Commercial / Communications / Food & Agriculture (Process);
Commercial / DAMs / Emergency / Food & Agriculture (Technology).

14



Objectives

The following four objectives distill how we’ll make the workforce model portable, scalable and provably
effective across sectors.

1.

Harmonize roles and credentials with NICE v2.0.0 (T/K/S) crosswalked to IEC 62443 and
ISO/IEC 27001/27002 for portability. ©s «.«.7

Industrialize training supply via unions, community colleges and vendors, leveraging EU
Cybersecurity Skills Academy, SG Cyber Talent and aligned certifications. w9250

Operationalize human-Al teaming, role-based oversight, explainability and safe manual
fallback in OT contexts. ee.7o.m

Share evidence fast and sanitize incidents/exercises into reusable playbooks and metrics
through collaborative forums. o.2e.s

Execute these four objectives in disciplined phases and measure what matters, credential coverage,
drill performance, Al-oversight quality and time-to-safe state. When roles are harmonized, training
is industrialized, human-Al teaming is operationalized and evidence is shared; resilience becomes
portable across sectors and borders, not a promise, but a provable outcome. This is how we turn
today’s workforce gap into tomorrow’s distributed advantage. &=

Collaboration Models

Collaboration is the multiplier that turns standards into skills, drills and assurance at scale, especially
across OT/IT/Al environments where no single organization can do it alone. The seven models below
give leaders ready-to-launch structures that harmonize roles and credentials, industrialize training
supply, operationalize human-Al oversight and extend resilience into the supply chain and across
borders. ©7.4.44.47.70.73

1.

Union-Apprenticeship and Certification Alliance: job-embedded microcredentials (e.g.,
secure maintenance tech, cyber-resilient plant operator) and badge standards tied to site
aCCeSS [7, 37, 43, 44, 47, 50, 73, 87]

Regional Workforce Coalition: shared exercise calendar, scenario library (PLC compromise,
GPS spoofing, comms outage) and mutual credential recognition. s«

NICE-Standards Crosswalk Working Group: public T/K/S < 62443/27001 crosswalks, audit
checklists, assessor rubrics. 2 .4.47.73

Public-Private OT Cyber Training Labs: digital twins/simulation ranges; loaner kits for rural/
under-resourced sites. ©e.7

Al Literacy and Oversight Consortium: role-based Al oversight T/K/S, OT-aware prompting
guides, override logs, ethics checklists. #e.e.7

15



6. Supplier and Contractor Enablement Network: OT security clauses, minimum credential
thresholds, shared training seats, joint drills. ©.222a

7. International Reciprocity and Mobility Pact: credential portability and fast-track RPL
across regions. ©.24

Taken together, these collaboration models form a coherent operating system for workforce resilience:
unions and colleges build capacity, 1= 2 4« « a0 za standards bodies ensure portability, @+ 4 4 4747379
labs and exercises harden practice, e« 7.7 and supplier networks push competence to the edge. .2
=44 Stand up one model now, add the next each quarter and measure lift in credential coverage, drill
performance and Al-oversight quality. =« 77 Then export what works via reciprocity agreements &.27
for implementation checklists, templates and governance cadence.

Operating Architecture

The operating architecture is designed to be lightweight, open and collaborative, guided by a small
steering committee spanning operators, unions, colleges, standards bodies, regulators, vendors and
insurers. " Shared artifacts include NICE v2.0.0 role matrices, " cross-sector OT/Al playbooks aligned
to IEC 62443, NIST CSF 2.0 and CISA CPGs t=+.57 and mutual-recognition rubrics based on the NICE
< |EC 62443/ISO 27001/2 crosswalk. .2« .47 |[ncentives such as insurance credits, procurement
preferences, grant matching and regulatory recognition (Network and Information Security Directive 2
(NI1S2)/Digital Operational Resilience Act (DORA)/Federal Financial Institutions Examination Council
(FFIEC)) encourage adoption. =27 Equity measures —including stipends, flexible cohorts, multilingual
materials and mobile labs—expand access and patrticipation. s Appendix E provides templates, artifact
examples and responsibility assignment matrix (RACIs) details.

Measurement & Cadence

Measurement turns ambition into accountability. This cadence makes progress visible, comparable and
course-correctable across sites and sectors.

+ Quarterly: number of credentialed frontline staff; percentage of sites completing tabletop +
fallback drills; Al-oversight log utilization. v

+ Biannual: Sector readiness heat maps (Policy/People/Process/Technology); supplier
compliance; AAR items closed (via Joint Cyber Defense Collaborative (JCDC)/European
Union Agency for Cybersecurity (ENISA) sharing). ve.z

+ Annual (public): Cross-sector benchmarks; portability adoption; reductions in Mean Time to
Detect, Mean Time to Repair, Mean Time to Recovery, Mean Time to Resolve, Mean Time to
Respond and time-to-safe state. es.74

By rhythmically publishing these metrics, leaders can spot gaps early, reward what works and sustain
a compounding cycle of readiness year over year.

16



2030 Milestones

These end-state targets define what “good” looks like by 2030, clear thresholds that convert strategy
into measurable, auditable outcomes.

+ Coverage: More than 70% of OT-touching frontline roles credentialed; reciprocity active in
three or more regions (U.S./EU/APAC). .27

+ Practice: Each critical site runs two OT/AIl drills per year (one tabletop, one digital twin/live-
OpS). 128, 70]

+ Portability: Audits reference public NICE-IEC-ISO crosswalks; suppliers meet minimum
credential thresholds. r22s 447,47

+ Outcomes: Lower downtime and incident severity; higher Al-override accuracy and near-
miss reporting. nem.74

When coverage, practice, portability and outcomes all register at these levels, resilience has moved
from initiative to institutional norm, durable, verifiable and ready to scale. ©»

For partner roles, deliverables, incentives, sample MOUs and success metrics for each model (Union—
Apprenticeship Alliance, Regional Workforce Coalition, NICE-Standards Crosswalk Working Group
(WG), Public—Private OT Labs, Al Literacy & Oversight Consortium, Supplier Enablement Network,
International Reciprocity Pact), see Appendix C: Collaboration Models & Operating Architecture. 2 2.4

44, 47,50, 73, 87]

17



CONCLUSION

Volume 3 shows that frontline cyber and Al resilience is built not through policy alone, but through the
daily, repeatable actions of the workers who keep critical infrastructure running. Serving as the bridge
between the workforce architecture in Volume 2 and the assurance model in Volume 4, this volume
focuses on the operational layer, drills, shift routines, incident workflows, secure maintenance and
human-Al teaming, where strategy becomes lived behavior. 112 .2s.5.43,44.47.48,70,73, 70

Its frameworks reinforce a core truth: resilience comes from structured practice. Tabletops sharpen
decision-making; drills validate manual fallback; escalation workflows strengthen communication; shift-
handover routines ensure continuity; MoC prevents unsafe changes; and KPIs with heat maps create
accountability. Together, these mechanisms turn competencies into reliable habits that safeguard
safety, uptime and public trust. o 22704 75The gppendices included with this volume provide the
practical tools necessary for field execution.

Appendix A provides ready-to-deploy checklists and pocket guides that help frontline workers execute
secure, consistent actions under pressure. Mapped to NICE v2.0.0 and aligned with IEC 62443 and ISO/
IEC 27001/2, these job aids reduce cognitive load and standardize secure maintenance, remote access,
shift handover, Al oversight and manual fallback. 1z «.4.47.4¢.73.74

Appendix B showcases 5-7 minute microlearning modules that reinforce frontline cyber and Al behaviors
through quick, practical lessons. Each module includes storyboard flows, knowledge checks and
downloadable job aids, shifting training from periodic events to continuous task-aligned reinforcement.

[7, 13, 43, 47, 56, 57, 70, 73, 74]

Appendix C outlines the multisector partnerships, unions, regulators, operators, vendors and standards
bodies required to scale and sustain operational readiness. These collaboration models create a shared
ecosystem for credential reciprocity, joint drills, Al oversight and cross-sector learning, ensuring no
organization faces cyber-physical threats alone. t 112242531, 42 43,44, 475051, 60,73,75. 85, 67,95, 50

Appendix D summarizes the major risk scenarios frontline workers face, such as cyber-physical
compromise, communication loss and unsafe Al outputs, and how these differ across critical infrastructure
sectors. It also identifies the workforce tools (job cards, QR modules, checklists, flow charts) that convert
these risks into consistent, repeatable frontline actions. . 1212 .4 47.e2.60.70.71.73, 74

Appendix E consolidates how cyber and Al readiness embed into daily operations through secure
logins, equipment checks, maintenance protocols, drills, MoC steps and incident response routines. It
emphasizes that manual fallback, Al oversight, KPIs and cross-sector coordination work together as a
continuous system that reinforces frontline competence in real-world conditions. 1122334 41.47.48.70.73.74,75)
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Together, the operational practices in Volume 3 and the practical tools in its appendices complete the
middle of the four-volume arc, moving from strategic intent (Volume 1) and workforce design (Volume 2)
into daily operational execution. They establish the mechanisms by which frontline workers build muscle
memory, develop confidence in human-Al teaming and execute safe actions under stress. i 2.2 4.47.70.73.74

Volume 4 builds on this momentum, translating these operational practices into sector-specific readiness,
detailed implementation pathways for all 16 critical infrastructure sectors and an assurance model,
Standards — Skills — Drills = Assurance, that validates performance and provides regulators and
leaders with measurable evidence of frontline resilience. 10.1.2.2s.43.47.46.70.73,74, 75

Through the combined guidance of Volumes 1—4, organizations can build a frontline workforce that is not
only trained, but truly ready, capable of defending the nation’s most essential systems with consistency,
precision and Confidence by 2030 [3, 6,10, 13, 24, 28, 43, 47, 48, 70, 73, 74, 75, 95, 96]
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APPENDIX A: JOB AID
TEMPLATES

Purpose: Job aids are short, practical references that let frontline personnel embed cybersecurity
directly into daily work. They lower cognitive load, standardize execution and provide just-in-time
reinforcement at the point of work. Adapt by sector/role/site. e «.4.4.74

1) Cyber Hygiene for Maintenance Technicians, Quick Guide
+ Audience: Secure Maintenance Tech/Frontline Cyber Support

+  When: Before, during, after servicing OT/ICS equipment

Before maintenance
« Confirm identity and badge/SCADA access.
+ Verify vendor toolchain integrity (firmware, patches, signatures). s

+ Log work order in cyber-MoC. 14

During maintenance
+ Apply lockout/tagout plus cyber checks (disable unused ports, verify setpoints). s
+ Use authorized media only (no personal universal serial bus (USB/phones). 3.4

+ Document all changes in real time. =

After maintenance
+ Verify safe state and return-to-service. #.7
+ Update asset inventory (version/patch status). e«

* Report anomalies via escalation protocol. 17

NICE v2.0.0 mapping: T-OT-02 (secure maintenance); K-OT-04 (vendor/firmware integrity); S-OT-01
(LOTO + cyber checks). m

2) Secure Remote Access, Checklist
+ Audience: Operators, supervisors, contractors

+  When: Before any remote connection to OT/enterprise systems
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o)

o

MFA-enabled and tested. 2.4

Connect only via approved virtual private network (VPN) or zero-trust gateway. vs74
Verify session logging is active. ©

No credential/token-sharing; no password reuse. 0

Check endpoint compliance (patched, AV, secure configurations). = 74

Fully end session; confirm no persistent tunnels.

NICE v2.0.0 mapping: T-OCL-01 (report suspicious remote access); K-OCL-02 (escalation paths);
S-OCL-02 (secure connection setup).

3) Cyber—Aware Shift Handover, Guide
Audience: Shift leads, operators, supervisors

*  When: Every shift change

o

0]

0]

0]

0]

Verify system status (normal/alerts/manual fallback). «.74
Review anomalies (Al alerts, overrides, incidents). ee.7o.m
Confirm patches/work orders completed and logged.
Ensure comms are operational (primary and backup). w7

Highlight open incidents needing escalation. =74

NICE v2.0.0 mapping: T-OCL-04 (tabletops/fallback drills); K-OCL-03 (safety implications); S-OCL-03
(document with operational context). r

4) Al Oversight & Override Log, Pocket Card
Audience: Operators using Al-driven tools

+  When: Any time Al recommendations are applied or overridden

(o}

o

Record Al recommendation and context (alert type, process, time).
Validate against process data and physical conditions.

If overriding, document rationale (safety, inconsistency, anomaly). .7
Submit log to oversight dashboard end of shift. m

Review prior overrides for bias/recurring issues. ©71
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NICE v2.0.0 mapping: T-Al-01 (validate Al outputs); K-Al-01 (failure modes/adversarial risk); S-Al-02
(detect bias/hallucination); S-Al-03 (dual-check validation).

5) Emergency Response, Manual Fallback Protocol (Condensed)

Audience: All frontline staff in OT-heavy environments

When: Comms outage, ransomware or OT disruption

o Switch to alternate comms channel (radio, satphone, paper log). =74

o Isolate affected system; move to manual/“island” mode. s+

o Activate safe-state procedures (shut valves, reroute power, stop line). #7.74
o Document every action; timestamp manual adjustments.

o Escalate to incident command immediately. © 1274

NICE v2.0.0 mapping: T-FCS-04 (island-mode); K-OCL-03 (safety impacts); S-FCS-03 (run OT drills);
S-OCL-01 (recognize anomalous behavior).

How To Deploy These Templates (at a glance)

Post laminated cards in control rooms, maintenance shops, dispatch offices. =
Embed digital versions in tablets/mobile apps and via QR codes on equipment. 1
Localize/translate for workforce inclusivity. [APS Workforce Plan; EU Skills Academy]
Use as drill injects during tabletops/live exercises. e

Tie use/completion to credentialing and site access controls. 4.7

Figure 2 presents exemplary job aid templates, including secure maintenance checklists, remote-access
steps, shift-handover cards and Al-override logs, optimized for quick, point-of-work use.
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Cyber Hygiene for
Maintenance
Technicians

Before Maintenance

Confirm Identity Credentials

Verify vendor credentials

Log work order in portal

During Maintenance

Verify safe state or over-ride via
escalation protocol

NICE v2.0.0 Mapping

T-OT-02: Apply secure
maintenance steps

K-OT-04: Vendor maintenance and

firmware integrity

5-0T-01: Conduct secure
lockout/tagout + cyber checks

Secure Remote
Access Checklist

Checklist
Multifactor authentication enabled
and tested
Connect only via approved VPN or

server gateway

Verify session logging level active

Do not share credentials or tokens;

neverreuse personal passwords

NICE v2.0.0 Mapping

T-OCL-01: Identify & report
suspicious HMI behavior

K-OCL-02: Local escalation &
comms protocols

Cyber-Aware Shift
Handover Guide

Checklist
Record Al recommendations and
context (alert type, process,

timestamp)

Validate against process-data and
physical cenditions

If overriding, document rationale
(safety, inconsistency, anomaly)

Submit log to oversight dashboard at
end of shift

NICE v2.0.0 Mapping

T-Al-01: Validate outputs
K-Al-01: Failure modes

S-Al-02: Detect hallucinations/bias

Figure 2: Exemplary Job Aid Templates

Emergency Response
Manual Fallback
Protocol

Checklist

Switch to alternate comms
channel

Isolate affected systems
Activate safe-state procedures

Document every action;
timestamp manual adjustments

NICE v2.0.0 Mapping

T-FCS-05: Log & justify overrides

K-OCL-03: safety impacts
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APPENDIX B: MICROLEARNING

MODULE EXAMPLES
(STORYBOARD FLOW)

Module: Staying Alert, Cyber Threats in Daily Plant Operations (5-7 min). This microlearning orients plant
operators to the everyday cyber risks embedded in email, SCADA and Al-assisted tools and frames their
role as first-line defenders who validate, document and escalate. ©7.5.57.70.75.74

Intro: On the plant floor, every click and acknowledgment matters. Phishing can open doors; SCADA
alarms can mislead; and Al can be confidently wrong, so resilience starts with you, the operator who
cross-checks signals, records context and escalates when safety is at stake. w7774

Phishing awareness: Learn to spot mismatched senders, urgent-money or password-reset ploys and
risky links/attachments. Then report, don’t click by forwarding to security; a quick “spot-the-phish” habit
reduces compromise without slowing work. 1 4.«

Validating SCADA alerts: Treat flashing alarms as hypotheses. Cross-check against process trends;
confirm sensor plausibility and physical limits; and escalate if the reading doesn’t match reality;
acknowledging after validation preserves safety and uptime. w7727

Al oversight & red flags: Use Al recommendations as decision support, not directives. Validate against
actual readings; watch for hallucinations or inconsistent outputs; document any override with your
rationale; and submit to the oversight log so models and procedures improve.  47.e.70.71

Knowledge check: Reinforce the habits with three quick questions; identify a phishing red flag; choose
the first step after a SCADA alarm (cross-check, then escalate if mismatch); and select the safe response
to an unsafe Al recommendation (validate = document override), with instant feedback tied to standards.

19, 12, 74]

Wrap-up & job aid: Download the one-page “Cyber Hygiene for Plant Operators” checklist and
remember: cybersecurity is part of every role, validate, cross-check, document and escalate; your
vigilance and human-in-the-loop judgment keep operations safe in an Al-enabled world. vz

Figure 3 showcases exemplary cybersecurity microlearning modules, compact 5-7 minute lessons on
phishing red flags, SCADA alert validation and Al oversight/override logging, complete with interactive
knowledge checks and a downloadable operator checklist for just-in-time reinforcement. m
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STAYING ALERT: CYBER THREATS IN DAILY PLANTOPERATIONS

INTRODUCTION PHISHING AWARENESS

6 A
¢ Mismatched
sender address

= e = o &e=0o—)
; ; Urgent payment
Every day plant operators interact with * “I% paym _sca;are_,-fa;a,m
systems that attackers attempt to exploit. ~ ©OF resetrequests

Cyber resilience starts with you, spotting * Suspicious links

phishing emails, validating SCADA alerts ~ Or attachments

and overseeing Al operations. CHOOSE > CROSS-CHECK > ESCLATE
VALIDATING SCADA ALERTS Al OVERSIGHT & FLAGS

e Cross-check alarm against process e Validate Al recommendations against
trends actual readings

Watch for hallucinations (unsafe or

inconsistent outputs)

e Escalateifalarm doesn't match reality A[ways document overrides and

rationale

o Verify sensor plausibility

CHOOSE > ACKNOWLEDGE

KNOWLEDGE CHECKS WRAP-UP & JOB AID

o Which of these is ared flag?

e Cybersecurityis part
What's the first stepwhena E Ofygvery role rep
e SCADA alarm tng@fs‘? $ — % Always Va”date;
How should you respond to an V e cross-check; re-
e Al fool recommending a non- calculate
secure action?
Feedback: Correct/ incorrect / short Cyber “hydene” ensures safetyin an Al-
explanation driven world.

Figure 3: Microlearning Module Examples
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APPENDIX C: COLLABORATION

MODELS & OPERATING
ARCHITECTURE

No single organization can close the workforce gap, align OT/IT/Al practices and scale credentialing
alone. Collaboration is the multiplier that harmonizes policy, accelerates people pathways, standardizes
process and de-risks technology adoption across all 16 critical infrastructure sectors. 11.20.43.44.47.51.73.95.96)

Core Collaboration Models

Use these 2030 benchmarks as a practical North Star, the few metrics that turn strategy into day-to-
day management and executive oversight.

1) Union-Apprenticeship + Certification Alliance 2 2« w.4.4.47.50.73.7

+ Partners: Trade unions, apprenticeship programs, community colleges, ISA Global
Cybersecurity Alliance (IEC 62443), certification bodies. #e.sn

+ Deliverables: Microcredentials (e.g., Secure Maintenance Tech, Cyber-Resilient Plant
Operator), badge standards tied to site access.

*  Benefit: Scales frontline capacity; bakes “cyber-by-trade” into contracts and competency
audits. 1 447,731

2) Regional Workforce Coalition for Critical Infrastructure . 1.28.31.«2.51.60.75.89

« Partners: Operators (energy, water, health care, transport), regulators, workforce boards,
vendors, insurers.

+ Deliverables: Shared exercise calendar and scenario library (PLC compromise, GPS
spoofing, comms outage), mutual recognition of credentials.

+ Benefit: Pooled costs, common language, faster multisector adoption.

3) NICE-Standards Crosswalk Working Group 2«4 .47.7.79
+ Partners: NIST/NICE, ISA/IEC 62443, ISO/IEC 27001/27002, EU Skills Academy reps.

« Deliverables: Public T/K/S < |IEC 62443/I1SO 27001 crosswalks, audit checklists, assessor
rubrics.

+ Benefit: Portability across borders/standards, simpler audits and assurance.

4) Public-Private OT Cyber Training Labs s .77

+ Partners: State labs/universities, original equipment manufacturers (OEMs), cloud providers,
sector ISACs.
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+ Deliverables: Digital twins/simulation ranges for OT/Al drills; loaner kits for rural/under-
resourced sites.

+ Benefit: Safe practice for human-in-the-loop operations; democratized access.

5) Al Literacy & Oversight Consortium .e.7.71
+ Partners: Chief data/Al officers, site ops leaders, regulators, academia.

+ Deliverables: Role-based Al oversight T/K/S, OT-aware prompting guides, override logs and
ethics checklists.

+ Benefit: Trustworthy Al in safety-critical environments; documented human accountability.

6) Supplier & Contractor Enablement Network 1222224344
« Partners: Prime operators, suppliers/contractors, procurement, insurers.

+ Deliverables: OT security clauses, minimum credential thresholds, shared training seats,
joint drills.

+ Benefit: Extends resilience into the supply chain; reduces third-party risk per regulatory
expectations.

7) International Reciprocity & Mobility Pact s.et.2«.7

« Partners: National skills bodies (EU Skills Academy, APAC), industry alliances, defense/
public works agencies.

+ Deliverables: Credential reciprocity; fast-track recognition of prior learning (RPL) for
veterans/displaced workers.

+ Benefit: Moves talent to where risk is highest; accelerates surge capacity across regions.

Hitting them confirms a resilient operating system in practice: broad workforce coverage, habitual drills,
portable credentials and sustained outcome gains that endure beyond any single audit cycle.

Operating Architecture (Annotated)

+ Governance: Lightweight steering committee (operators, unions, colleges, standards bodies,
regulators, vendors, insurers) with quarterly public minutes, mirrors collaborative models like
JCDC. ro

« Shared artifacts (open where possible)

o NICE v2.0.0 role matrices (T/K/S for Operational Cyber Literacy and Frontline Cyber
Support).
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o Cross-sector playbooks (ransomware + manual fallback, PLC compromise, comms loss)
aligned to IEC 62443/CSF 2.0/CPGs. us.4.7

o Assessment rubrics and mutual-recognition criteria for microcredentials
(NICE<IEC62443/ISO 27001/2 crosswalk). s 4 4.47.4.73

Incentives: Insurance premium credits, procurement preferences, grant matching for labs/
equipment and regulatory recognition in audits/licensing (e.g., NIS2/DORA/FFIEC contexts;
CSF 2.0 outcomes). 222,23 47.54.55.74

Equity & Reach: Stipends, evening/weekend cohorts, multilingual materials, mobile labs, in
line with public-sector workforce plans. &z

Chayada-stock.adobe.com generated with Al
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APPENDIX D:
INTEGRATION FACTORS

D1 Risk Scenarios and Operational Impact

Appendix D1 outlines the operational risks frontline workers face during cyber-physical and Al-related disruptions,
framing how organizations should design drills, job aids and escalation pathways.

The risk scenarios fall into several core categories:

D.1.1 Cyber-Physical Compromise

Scenarios where:
+ PLCs behave unexpectedly
+ Sensors provide anomalous readings
+ Equipment does not respond to automated commands

+ Al-driven recommendations conflict with physical indicators

Frontline actions required:
+ Manual verification
+ Cross-checking with physical gauges
* Immediate escalation

* Documentation for review

D.1.2 Communications Disruptions
Situations where:

+  Wireless links drop
« Control room connectivity degrades
« Al-enabled dashboards fail to update

+ Dispatch systems become unreliable

Required responses:

+ Switching to backup communication channels
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+ Following manual logging procedures

+ Coordinating with supervisors for safety-critical decisions

D.1.3 Automated System Malfunction or Unsafe Al Output
Examples include:

+ Misprioritized alarms
+ Incorrect predictions
+ Unclear or contradictory recommendations

+ Al failing to recognize known operational patterns

Frontline oversight tasks:
+ Verifying through manual checklists
+ Overriding Al recommendations when necessary

+ Escalating to supervisors for situational assessment

D.1.4 Environmental or Safety Hazards Influenced by Digital Systems

Where equipment behavior is affected by:
+ Environmental instability
+ Safety interlock failures

+ Integrity issues within monitoring tools

Frontline focus:
+ Adhering to safety-first protocols
+ Using job aids for rapid hazard checks

+ Escalating deviations based on predefined triggers

These Appendix D1 scenarios underpin every training, drill, performance requirement and job aid

referenced throughout Volume 3.
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D2 Frontline Implications
Each sector faces unique frontline implications, such as:

D.2.1 Energy (Electricity, Oil & Gas, Pipelines)
+ Manual fallback for grid operations

+ Verification of SCADA anomalies
+ Maintenance standards aligned to NERC CIP and TSA directives
D.2.2 Health Care & Public Health
+ Verification of device integrity
+ Biomedical equipment cybersecurity
+ Al oversight for clinical alerting systems
D.2.3 Transportation (Aviation, Rail, Maritime, Transit)
+ Cyber-physical coordination with scheduling and routing systems
+ Incident response during communications outages
+ Integration with FAA/ICAO/IMO requirements
D.2.4 Water & Wastewater
+ PLC anomaly detection
+ Manual water flow control
+ Rapid escalation procedures
D.2.5 Manufacturing
+ Al-supported maintenance oversight
+ Device rebaselining after updates
+ Verification of robotics or automation behavior
D.2.2.6 Emergency Services
+ Continuity of operations during outages
+ Secure communication channels

+ Cross-agency coordination
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D.2.7 Financial Services
* Incident reporting to FFIEC-aligned structures

» Verification of automated alerts

+ Operational impact of Al triage models
D.2.8 Government Facilities

+ Secure maintenance

+  Workforce credentialing

+ Al-enabled building management systems

D3 Sector-Specific Workforce Implications
Across all sectors, Appendix E identifies key impacts:

+  Workforce must interpret both digital and physical indicators.

+ Al literacy becomes a universal requirement.

+ Manual fallback is essential for continuity.

+ Frontline workers become critical sensors in cyber-physical environments.
+ Supervisors must lead escalation and coordination across teams.

+ Readiness depends on drills, checklists and cross-sector knowledge flow.

This integration forms the operational core of Volume 3.

D4 Workforce Tools for Operational Execution

Appendix D4 provides operational tools that strengthen frontline readiness. These include:

D.4.1 Job-Embedded Reinforcement Tools
+ Laminated station cards

+ QR-code microlearning modules
+ Escalation flowcharts
+ Task-specific reminders for hygiene steps

+ Role-specific prompts for operators, maintainers and supervisors

These tools convert training into daily action.
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D.4.2 Templates and Checklists

Operational templates listed in Appendix D ensure consistency across:

+  Shift turnover

+ Equipment checks

+ Maintenance cycles

* Incident reporting

« Al oversight verification

+ Escalation documentation

Consistency reduces ambiguity and supports safety, compliance and resilience.

D.4.3 Structured Training Artifacts
These include:

+ Lesson frameworks

+ Practice scenarios

+ Skills demonstration checklists
+ Reflection tools

+ Supervisor sign-off sheets

These artifacts support training progression and validation of competence in task-level skills.
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APPENDIX E: EMBEDDING

CYBER READINESS INTO
OPERATIONAL PROCESSES

Operational readiness is achieved when cybersecurity and Al oversight become inseparable from daily
work, embedded into maintenance routines, equipment checks, shift turnover, dispatch and rounds.
ns 20,4, 47,4859, 73,74 This appendix consolidates the operational integration elements from the white paper
and demonstrates how frontline workers transform competencies into consistent, measurable behaviors
across all critical infrastructure environments. 22517095

Cyber-physical systems in energy plants, hospitals, water facilities, transit systems, pipelines and
manufacturing sites require frontline personnel to detect anomalies early, validate Al outputs, execute
safe fallback and escalate issues confidently. @ s e 0. 1e-2 52 0060 Embedding these actions into operational
processes strengthens resilience, reduces time to mitigation and ensures that secure behavior is not
episodic but habitual. i 4.47.4.74.961

Daily Operational Tasks

Daily tasks ensure that frontline workers recognize abnormalities as they occur and respond quickly
and appropriately. These routine actions include:

+ Logging into systems using secure authentication practices
+ Verifying equipment status and sensor health

+ Monitoring Al-supported dashboards for anomalies

+ Completing task-level cyber hygiene steps

+ Reviewing job aids or QR-based microlearning modules for task-specific guidance

These integrated behaviors form the first line of defense, positioning frontline workers to detect deviations
before they escalate into safety, reliability or cyber incidents. 601012202428, 43,47, 45, 52,63, 4. 70,72, 74, o5

Planned Maintenance & System Updates

Maintenance cycles and change events introduce elevated operational and cyber risk. Frontline workers
must:

+ \Validate firmware or software updates

+ Follow secure maintenance procedures aligned with IEC 62443

+ Confirm vendor integrity, toolchain authenticity and version verification
+ Document all changes for management-of-change (MoC) review

+ Validate Al-enabled system behavior after updates or retrofits
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Embedding cyber checks into routine maintenance ensures the integrity of cyber-physical infrastructure
and prevents unsafe conditions introduced through updates or vendor actions. . 1.20.24. 43 41,47.48.51,70. 73,74, 95

Incident Response and Escalation
Effective incident response begins with clarity about when and how to escalate. Workers must know:

+  When to escalate (trigger conditions)

+  Who to notify (supervisors, control room, cybersecurity teams)
+  What information to provide (context, indicators, anomalies)

+ How to shift safely to manual fallback

*  Which playbook or procedure applies

By normalizing escalation pathways in daily practice, organizations shorten the detection-to-mitigation
window and reduce the impact of operational, cyber or Al-related anomalies. . 12.20.24 43,44, 47,48, 51,7073, 74, 5)

Drills, Exercises & Operational Stress Testing

Readiness must be tested under realistic, high-pressure conditions. Volume 3 identifies two categories
of exercises essential to frontline resilience.

Tabletop Exercises for Supervisors and Managers
Quarterly tabletop exercises simulate high-risk scenarios, such as:

+  GPS spoofing

+  PLC compromise

+ Ransomware affecting OT equipment

+ Al system malfunction or unsafe recommendations

*  Communications blackouts

These exercises draw from scenario libraries used by NERC CIP, TSA, IAEA, IMO, FAA/ICAO and ENISA.
Supervisors and managers practice decision-making, escalation pathways, fallback coordination and
cross-functional communication, skills essential during real disruptions. .1 20.22.23,43. 44,47, 6,51, 59,70, 73,74, 95, 56]

Frontline Response Drills

Hands-on drills prepare operators, technicians, biomedical personnel and field crews to act decisively
under pressure. Drills validate:

« Manual fallback execution
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Escalation accuracy and timeliness

Communications continuity
Equipment status verification
Use of job aids and microlearning tools

Response to unexpected system behavior

These exercises ensure frontline workers can perform critical tasks during cyber incidents, equipment
failures or Al malfunctions. w.20.4.47.51.70.75.74.57.951

Management of Change (MoC) Integration

MoC acts as a critical operational safeguard, ensuring system changes do not introduce vulnerabilities.
Key MoC steps include:

Cyber checks for all hardware and software modifications
Verification of vendor updates and retrofits
Documentation aligned with ISO/IEC 27001/2

Validation of Al-enabled system behavior post-change
Confirmation of secure configuration settings

Reference to IEC 62443 program and system requirements

Integrating cyber steps into MoC reduces the risk of unsafe system states and strengthens change-
control discipline across OT and Al-enabled environments. 1 134 44.47.48.70.73,74, 56

Readiness Heat Maps & Workforce Metrics

Quarterly readiness heat maps provide leaders with visibility into workforce capability and operational
performance. These heat maps assess:

Microcredential attainment

Participation in drills and exercises
Performance in scenario-based assessments
Al literacy progress

Hygiene adherence

Escalation accuracy

Secure maintenance compliance
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Metrics align with ISC2 indicators, World Economic Forum workforce insights and CSF 2.0 outcomes.
Heat maps reveal gaps and prioritize investments that improve workforce and system resilience. 722

28, 24,70, 74, 87, 95]

Frontline KPIs

KPlIs translate expected behaviors into measurable performance indicators. The white paper identifies
KPIs that reinforce cyber-physical and Al oversight behaviors, including:

* Hygiene adherence (task-level cyber checks)
* Near-miss reporting quality

+ Secure maintenance compliance

+ Al override accuracy

+ Incident escalation timeliness

* Anomaly recognition rates

+ Completion of job-embedded microlearning

These KPIs strengthen accountability and align frontline actions with desired outcomes. i 20.47.51.70.73.74. 67

Knowledge-Sharing Loops, Cross-Sector Coordination & Operational Assurance

Knowledge-Sharing Loops

Continuous learning is essential for organizational resilience. Effective knowledge-sharing structures
include:

+ Sanitized after-action reports (AARs) documenting what occurred and what improved
+ Lessons-learned repositories accessible across teams

+ Feedback cycles updating microlearning, job aids and playbooks

« Standardized reporting templates capturing operational and Al-related data

+ Knowledge-exchange mechanisms coordinated with sector and government partners

These loops ensure that organizations learn rapidly from incidents, drills and anomalies, turning
experience into institutional wisdom. 1.s.22.2s.2.59.70.e7

Cross-Sector Operational Coordination

Critical infrastructure sectors are interconnected; disruptions in one sector can cascade to others.
Coordination mechanisms include:

- Shared multisector drills

+ Participation in information exchange bodies (JCDC, ENISA, CSF-aligned platforms) 37



+ Engagement with sector-specific regulators (NERC, TSA, IAEA, FFIEC, FDA, IMO, FAA/ICAO,
CISA)

+ Alignment to common frameworks (CSF 2.0, CPGs, NICE, IEC 62443, ISO/IEC 27001/2)

These mechanisms promote synchronized readiness and help operators anticipate cross-sector
impacts_ [4, 13, 22, 23, 47, 59, 74]

Incident Reporting and After-Action Reviews (AARs)

AARs capture operational insight and strengthen readiness. Effective AARs are:
+ Sanitized
+  Structured
+ Timely (within 72 hours)
+ Accessible

* Actionable

They reinforce manual fallback readiness, escalation quality, secure maintenance practice and
understanding of Al failure modes, feeding improvements back into training, job aids and exercises. ©

7,8,22,23,24]

Operational Assurance Mechanisms

Assurance validates that frontline and supervisory actions align with organizational expectations. & 1.4

44, 47, 48, 70, 73, 74, 96]

1. Internal Controls
+ Secure maintenance steps
+ Al output validation
+ Access control auditing
+ Change-control documentation

+ Equipment and system verification

2. Workforce Assurance
+ Credential verification
+ KPI tracking
+  Dirill participation

+  Heat map scoring

38



3. Process Assurance

+  MoC approvals
+  SOP audit trails

« Incident and near-miss completeness checks

4. Technology Assurance
+ Device and firmware integrity
+ Al oversight dashboards

+ Digital twin and simulation validation

Together, these controls ensure a resilient operational environment.

Incident Escalation, Manual Fallback, Al Oversight & Operational Reinforcement

Incident Escalation Pathways

Escalation protocols must be simple, visual and embedded into job aids, playbooks and microlearning.

They include: o.4.47.51.70.74)
+ Trigger conditions
* Notification hierarchy
+ Documentation requirements

+ Cross-functional communication steps

Clear escalation reduces uncertainty during critical events.

Manual Fallback and Continuity of Operations

Fallback readiness ensures resilience when systems fail. Workers must be proficient in:

+ Manual control of equipment
+ Physical indicator verification
+ Paper-based logging

+ Alternative communications

+ Safety procedures

Drills strengthen muscle memory and reduce risk when automation or Al degrades. ©s.47.51.70.73.74
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Integration of Al Oversight Into Operations

Al oversight is a frontline operational duty. Workers must:
+ Compare Al outputs with real-world conditions
+ ldentify hallucinations or unsafe recommendations
+ Document human overrides
+ Escalate anomalous Al behavior

+ Update playbooks with lessons learned

Frontline personnel act as the final safety check in Al-supported operations. i 2.47.70.7.s7.95

Vadym-stock.adobe.com generated with Al
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APPENDIX F: GLOSSARY OF

Al-AUGMENTED
CYBERSECURITY TERMS

Glossary (annotated)

This glossary defines key terms used in Al-augmented cybersecurity workforce development. It draws
on NIST frameworks, IEC/ISO standards and global practice across critical infrastructure to provide
shared language for policy, training and collaboration. s« 4.47.70.73,s5

Adversarial Machine Learning (Adversarial ML):

Techniques that manipulate Al/ML models via poisoned data, perturbed inputs or model-stealing to
cause misclassification or unsafe outputs, high-risk in OT where spoofed sensor data can trigger unsafe
states. es.70m

Al-Augmented Cybersecurity:

Use of Al to automate detection, triage and response with humans retaining accountability for validation,
escalation and ethics. e.e. 707174

Al Oversight Log:

Structured record of when operators validate, accept or override Al recommendations, with rationale;
supports auditability and continuous improvement of human-Al teaming: .«

Cognitive Load Management:

Interface, alerting and training design that prevents overload from Al-driven data streams, reducing
error rates in safety-critical ops. .

Digital Ethics Officer/Neuro-Privacy Officer:

Emerging governance role overseeing ethical use of biometric/neural data and Al; aligns with human-
rights and privacy frameworks. s«

Hallucination (Al):

Al outputs that are fabricated, incorrect or unsafe for context; in OT, this can surface as false alarms or
dangerous recommendations. .7

Human-Al Teaming:

Collaborative pattern where humans supervise Al, validate outputs and make final decisions; requires
skills in prompting, bias detection and override protocols. 7.7
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Hybrid Role Pathway:

Career model where frontline roles (e.g., plant operators, biomedical techs) add cyber and Al
competencies to form OT-aware hybrid positions critical to resilience. w71

Operational Cyber Literacy (OCL):

Baseline cyber/Al literacy for all personnel interacting with cyber-physical systems, anomaly recognition,
secure access, phishing awareness and escalation. v+

Frontline Cyber Support (FCS):

Advanced operational roles bridging OT expertise and cybersecurity, secure maintenance, firmware
validation, Al oversight and manual fallback execution. t.47.73.e.e

Model Failure Modes:

Predictable ways Al fails (bias, drift, adversarial manipulation); frontline staff must recognize and
escalate safely. m7

Neuro-Privacy:

Protection of data from BClIs, neural signals or biometrics used in ops; rising priority as human-
performance tools enter workplaces. e

OT Digital Twin:

High-fidelity virtual replica of physical systems (grid, plant, ward) for simulation, training and incident
rehearsal, often Al-enabled for predictive modeling. ©.27.2.47.57.72

Prompt Engineering (Operational Context):

Designing structured prompts that inject domain data (SCADA telemetry, maintenance logs) to elicit
reliable, auditable Al outputs for OT use. ©.m

Shadow Al:

Unapproved use of Al/ML tools bypassing governance, akin to Shadow IT but with added ethical and
adversarial risk. 4.4

Trust Calibration:

Aligning human trust with real system reliability to avoid automation bias (over-trust) or algorithm
aversion (under-trust); foundational for safe Al oversight. .7
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