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Abstract—The unprecedented integration of artificial
intelligence (AI) across commercial aviation spanning
flight deck automation, air traffic management (ATM),
maintenance, repair and overhaul (MRQO), and airline
management is fundamentally reshaping three
interconnected pillars of the aviation workforce
ecosystem: leadership philosophy, digital literacy
requirements, and professional employability structures.
This paper presents a comprehensive secondary data
synthesis drawing on thirty authoritative sources
including the International Air Transport Association
(IATA), International Civil Aviation Organization
(ICAO), Boeing's Pilot Outlook (2023), the European
Union Aviation Safety Agency (EASA),
EUROCONTROL, McKinsey Global Institute,
Deloitte's Aviation Workforce Trends, the World
Economic Forum (WEF), and the European Cockpit
Association (ECA) to examine how Al is simultaneously
disrupting and creating opportunity across aviation's
human capital landscape. Applying a qualitative
interpretive research design with systematic thematic
analysis, the study identifies a critical 'triple
convergence' of leadership deficit, digital literacy gap,
and employability disruption that poses systemic risk to
aviation safety, operational resilience, and workforce
sustainability. Key findings reveal that 67% of pilots feel
inadequately trained for current automation levels
(ECA, 2022), 59% of air traffic controllers report
insufficient Al tool training (EUROCONTROL, 2023),
and 71% of MRO organisations struggle to recruit
digitally competent technicians (Deloitte, 2023). The
paper proposes the Aviation Intelligence Readiness
Framework (AIRF) a four-pillar conceptual model
integrating adaptive leadership, digital literacy,
employability resilience, and ecosystem support as a
strategic instrument for navigating aviation's Al
transition. Policy recommendations are advanced for
ICAO, national aviation authorities, approved training
organisations, airlines, and air navigation service
providers.

Index Terms—Aviation artificial intelligence, aviation
leadership, digital literacy, pilot employability, crew
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resource management, human-machine teaming, air
traffic management, MRO digitalisation, ICAO
competency framework, future of aviation work

I. INTRODUCTION

1.1 Background of the Study

Aviation has always existed at the frontier of human
technological ambition. From the Wright Brothers'
twelve-second flight at Kitty Hawk in 1903 to the
routinely safe, hyper-connected commercial aviation
system transporting 4.4 billion passengers annually
(IATA, 2023), the industry's history is one of
continuous technological mastery in pursuit of safety,
efficiency, and connectivity. Yet each technological
revolution in aviation has also been a human
revolution demanding that pilots, controllers,
engineers, and managers continuously reinvent their
professional identities, competencies, and leadership
approaches.

The artificial intelligence era is the most profound of
these revolutions. Unlike previous technological
advances the jet engine, fly-by-wire controls, glass
cockpits Al does not merely augment the human's
ability to perform existing tasks. It fundamentally
redefines which tasks humans should perform at all.
When an Al flight management system manages
trajectory optimisation, when a machine learning
algorithm detects engine anomalies before any human
instrument can, when Al-enhanced conflict detection
manages separation between aircraft the question is no
longer 'how does the human do this better?' but rather
'what is the irreplaceable human contribution in this
system?'

This question profound, urgent, and consequential for
aviation safety lies at the heart of this research.
Boeing's Commercial Market Outlook (2023) projects
demand for 602,000 new civil aviation pilots and
626,000 maintenance technicians over the next twenty
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years, even as McKinsey Global Institute (2023)
estimates that 55-65% of aviation-related tasks are
susceptible to Al automation by 2030. The
simultaneous existence of quantitative talent shortage
and qualitative role disruption creates a paradox that
conventional workforce planning frameworks are ill-
equipped to resolve.

The emergence of Al across aviation's value chain
from the flight deck to the operations control centre,
from the maintenance hangar to the revenue
management office intersects with three foundational
dimensions of the aviation workforce: how leaders
lead, how professionals maintain their digital
competence, and how individuals sustain their
employability across a career increasingly defined not
by accumulated hours but by adaptive learning

capacity.

1.2 Problem Statement

Despite aviation's tradition of rigorous, evidence-
based safety culture, the industry faces a widening gap
between the pace of Al adoption and the development
of human competencies required to govern, operate
alongside, and benefit from that technology
responsibly. Three specific problem dimensions are
identified through preliminary review of secondary
data.

First, a leadership crisis: aviation leadership
frameworks  including the Crew Resource
Management (CRM) model that has anchored aviation
safety culture since the 1980s were not designed for
environments in which significant decision-making
authority is shared with, or delegated to, algorithmic
systems. Deloitte's (2023) aviation survey found that
78% of aviation executives believe their leadership
model requires fundamental redesign for the Al era,
yet only 19% possess the internal capability to lead
that transformation. This is not merely an
organisational development problem in an industry
where leadership failures can be catastrophic, it is a
safety problem.

Second, a digital literacy deficit: the European Cockpit
Association (ECA, 2022) survey of 3,200 European
airline pilots found that 67% felt inadequately trained
to manage Al-enhanced systems on their current
aircraft type, with 41% reporting automation
confusion at least once in the previous year.
EUROCONTROL's (2023) ATM Workforce Survey
reveals that 59% of European air traffic controllers
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report insufficient training in Al-enhanced operational
tools. For MRO technicians, Deloitte (2023) identifies
digital literacy as the most difficult competency to
recruit for across the MRO workforce globally.

Third, an employability disruption: the linear career
pathways that have historically characterised aviation
employment structured progression through licence
grades, type ratings, and seniority systems are being
disrupted by Al automation that changes the nature of
roles faster than training frameworks adapt. The World
Economic Forum (2023) projects that 44% of core
worker skills will be disrupted within five years, a
figure particularly significant in a sector where
competency degradation carries safety-critical
consequences.

"The problem is not that artificial intelligence is
coming to aviation. It is already here. The problem is
that our frameworks for leadership, training, and
workforce development have not arrived with it."
ICAO Global Aviation Training Symposium, 2023

1.3 Research Objectives

This study is guided by four primary research

objectives:

e To examine how the integration of artificial
intelligence across aviation operations is reshaping
leadership paradigms, with particular focus on
flight crew leadership, air traffic management
supervision, and  aviation  organisational
management.

e To assess the current state and trajectory of digital
literacy competencies across key aviation
professional groups pilots, air traffic controllers,
MRO technicians, and aviation managers and
identify the most critical gaps relative to Al-era
requirements.

e To analyse the structural transformation of
employability in aviation's Al era, examining
implications for career development, workforce
planning, training system design, and professional
identity.

e To synthesise findings from the three preceding
objectives into a coherent, actionable conceptual
framework the Aviation Intelligence Readiness
Framework (AIRF) and derive evidence-based
policy and organisational recommendations.
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1.4 Significance of the Study

This study makes several contributions to aviation
management scholarship and professional practice.
Academically, it represents the first systematic
integration of leadership theory, digital literacy
frameworks, and employability research specifically
within the aviation Al context, addressing a notable
gap in aviation management literature where these
three constructs have largely been examined in
isolation. The Aviation Intelligence Readiness
Framework proposed here offers a novel conceptual
contribution with potential for both empirical testing
and practical application.

For aviation practitioners, the study synthesises
actionable intelligence from thirty authoritative
secondary sources that are rarely examined in
combination, providing airline executives, training
organisations, regulators, and individual aviation
professionals with a comprehensive, evidence-based
picture of the Al-era competency landscape and its
implications for strategic decision-making.

For aviation safety, the study's central argument that
the leadership, digital literacy, and employability
dimensions of Al integration are not merely workforce
development issues but safety-critical concerns
position this
fundamental value system, potentially informing
regulatory approaches that have to date focused
primarily on the technical certification of Al systems
rather than the human competency requirements for
governing them.

research within aviation's most

1.5 Scope and Limitations

This study examines the intersection of leadership,
digital literacy, and employability within civil
commercial aviation, encompassing the principal
professional communities of airline pilots, air traffic

controllers, MRO technicians, and aviation managers.
The research draws exclusively on secondary data
published between 2020 and 2024, encompassing
industry reports, regulatory publications, academic
frameworks, and organisational research from major
aviation industry stakeholders.

Several limitations require acknowledgement. First,
the secondary data consulted disproportionately
reflects the experience of major international carriers,
European and North  American  regulatory
jurisdictions, and large aviation conglomerates. The
perspectives of regional and low-cost carriers, aviation
workforces in the Global South, and general aviation
communities may differ significantly. Second, the
field's rapid evolution means that some cited statistics
may have been updated since publication. Third, as a
conceptual synthesis rather than an empirical study,
the AIRF framework proposed herein requires
subsequent primary research for empirical validation.
Fourth, the research does not examine military
aviation, which presents distinct leadership and
employability dynamics.

II. REVIEW OF LITERATURE

The following section presents a systematic review of
thirty secondary sources that form the evidential
foundation of this study. Sources are drawn from
regulatory agencies, international aviation
organisations, management consulting firms,
professional associations, and training organisations.
The review is organised thematically across the study's
three core domains leadership, digital literacy, and
employability before presenting the integrated insights
that inform the AIRF framework. Table 1 provides a
consolidated summary of all thirty sources reviewed.

Table 1: Summary of Reviewed Literature (n = 30)

No. | Source / Author Title / Document Key Finding Method
1 Boeing (2023) Pilot Outlook 2023-2042 | 602,000 new pilots needed; digital gap in Quantitative
current curricula forecast
2 IATA (2023) Annual Safety Report CRM 2.0 & human-Al teaming gaps in Secondary survey
airline operations
3 ICAO (2023) CBTA Framework Al literacy added to global competency Policy document
Update standards
4 EASA (2023) Highly Automated Automation paradox; pilot skill Regulatory review
Aircraft Report degradation under high automation
5 McKinsey GI (2023) Aviation Workforce 55-65% of aviation tasks susceptible to Quantitative
Transformation automation by 2030 analysis
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6 WEEF (2023) Future of Jobs Report 44% of core skills disrupted; learning Global survey
agility = top trait
7 Deloitte (2023) Future of MRO Report Digital MRO hubs; 71% struggle to Industry survey
recruit digitally skilled techs
8 EUROCONTROL ATM Workforce Survey 59% of controllers feel undertrained in Al- | Survey/interview
(2023) enhanced tools
9 ECA (2022) Pilot Survey on 67% of pilots feel inadequately trained for | Survey 3,200 pilots
Automation current automation
10 | Airbus (2022) Human Factors Bulletin 5 leadership behaviours for highly Observational
automated flight decks study
11 Oliver Wyman (2023) | MRO Forecast 2023— 34,000 pilot shortage in 5 years; digital Industry forecast
2033 skills premium 23-35%
12 | LinkedIn (2023) Workforce Learning Al skills grew 25x on platform; digital Big data analysis
Report leaders earn 28% more
13 | FAA (2022) Human Factors Design Al integration in ATM; CDM platform Technical standard
Std capabilities
14 | UNESCO (2022) DigComp 2.2 6-dimension digital literacy model Framework
Framework including Al literacy pillar analysis
15 | CAPA (2023) Aviation Workforce 'Digitally ambidextrous leaders' most Qualitative study
Outlook sought-after profile
16 | IBMIBV (2022) Al & the Workforce 3 leadership imperatives: tech fluency, Executive survey
human-centric, reinvention
17 | SESARJU (2023) Digital European Sky Al in ATM to increase capacity 30%, Simulation study
reduce CO2 10% by 2035
18 | ATAG (2023) Sustainable Aviation Green-digital convergence creates new Policy report
Workforce competency demands
19 | Gallup (2023) State of Global Al upskilling links to 2.4x engagement; Survey 125
Workplace 71% lower burnout countries
20 | PwC (2023) Workforce of the Future 'Augmented leaders' strategy; Al + human | Mixed methods
= best decisions
21 | ATD (2023) Talent Development Al-augmented leadership dev =31% Experimental study
Trends higher effectiveness scores
22 | Rolls-Royce (2023) TotalCare Digital Report | Al engine health mgmt; small teams Case study
oversee thousands of engines
23 | GE Aviation (2022) Digital Twin Technology | 90%+ failure prediction accuracy; 25% Technical report
reduction unplanned MRO
24 | FlightSafety Int'l Al Adaptive Training Real-time scenario adaptation improves Pilot study
(2023) Platform trainee outcome by 22%
25 | PABAR (2022) Type Rating & Current training frameworks misaligned Expert review
Automation Gap with automation demands
26 | Harvard/MIT SMR Human-AI Decision Human-AlI collaboration outperforms Experimental study
(2022) Making either alone by significant margin
27 | IATA (2022) Pilot Currency Post- 22-month shutdown caused manual skills | Longitudinal
COVID degradation across workforce analysis
28 | ILO (2023) Future of Work Aviation | Al risks exacerbating inequality without Policy analysis
targeted intervention
29 | Lufthansa Technik AVIATAR Platform Digital fleet support centre: fewer Case study
(2023) Report technicians, higher competency
30 | Qantas (2023) Future of Flying Digital literacy embedded in pilot career Programme
Programme progression; replicable model evaluation

Source: Authors' compilation from systematic secondary source review (2022—2024).

2.1 Leadership Transformation in Al-Era Aviation

The leadership literature on Al-era aviation converges
on a fundamental thesis: the command-authority
model that has governed aviation leadership since the
jet age is structurally insufficient for environments in
which consequential decision-making authority is
partially delegated to algorithmic systems. McKinsey
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leadership' characterised by critical Al engagement,
team cohesion maintenance, and ethical judgment as
the defining competency for senior aviation
professionals. IBM's Institute for Business Value

(2022) specifies three leadership imperatives:
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technology fluency, human-centric vision, and
continuous reinvention.

Airbus's Human Factors and Flight Safety Bulletin
(2022) provides perhaps the most operationally
specific leadership framework, identifying five
behaviours critical in highly automated flight
environments: automation  awareness, mode
consciousness,  appropriate  trust  calibration,
constructive challenge, and team sense-making. This
framework extends beyond individual pilot
competency to encompass the relational dynamics of
flight deck leadership how captains build crews that
collectively navigate automated environments rather
than merely individually operating automated
systems.

IATA's (2023) Annual Safety Report signals the
emergence of 'CRM 2.0' an evolution of the
foundational Crew Resource Management framework
that governed aviation safety culture from the 1990s.
Where original CRM addressed human-human
communication and coordination failures, CRM 2.0
addresses  human-machine interface failures:
automation surprise, mode confusion, inappropriate
automation trust, and the management of crews whose
attention is partially claimed by monitoring complex
automated systems. PwC's (2023) identification of
'augmented leaders' in aviation executives who
strategically leverage Al tools to enhance decision
quality extends this leadership evolution to the
organisational rather than purely operational domain.
The Association for Talent Development (ATD, 2023)
provides empirical support for the value of Al-
integrated leadership development, finding that
organisations investing in Al-augmented leadership
programmes achieve 31%  higher leadership
effectiveness scores. Deloitte's (2023) finding that
78% of aviation executives believe their leadership
model requires fundamental redesign, yet only 19%
possess the capability to lead that redesign, frames the
leadership gap as both a development challenge and a
strategic risk.

2.2 Digital Literacy as Aviation's New Airworthiness
Standard

The digital literacy literature in aviation reveals a
sector in which the pace of technological deployment
has consistently outstripped the development of the
human competency required to use that technology
safely and effectively. ICAO's (2023) wupdated
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Competency-Based Training and Assessment (CBTA)
framework, which explicitly incorporates Al literacy
as a core element of aviation professional competency
standards, represents regulatory acknowledgement of
this gap though the framework's implementation
varies significantly across jurisdictions.

UNESCO's (2022) DigComp 2.2 Framework provides
the foundational theoretical model for this study's
conceptualisation of digital literacy, identifying six
dimensions: information and data literacy, digital
communication, digital content creation, safety,
problem-solving, and critically for aviation Al literacy.
EASA's (2023) work on Highly Automated Aircraft
articulates what it terms the 'automation paradox': as
systems become more automated, human operators
must maintain deeper system understanding to manage
failures and edge cases, yet routine automation
simultaneously reduces the practise opportunities
required to maintain that understanding.

The European Cockpit Association's (2022) survey of
3,200 European pilots provides the most direct
empirical measure of the digital literacy gap in
commercial aviation, with 67% of pilots reporting
inadequate training for current automation levels and
41% reporting automation confusion experiences in
the past year. EUROCONTROL's (2023) ATM
Workforce Survey reveals parallel gaps among air
traffic controllers, while Deloitte's (2023) MRO
analysis identifies digital skills as the most difficult to
recruit for across the global MRO sector. FAA's (2022)
Human Factors Design Standard and SESAR Joint
Undertaking's  (2023) Digital European Sky
framework articulate the regulatory and operational
contexts within which these digital literacy demands
are rising.

FlightSafety International's (2023) work on Al-
adaptive training platforms demonstrates how
technology itself may be deployed to develop the
competencies required to operate technology a
virtuous cycle in which Al-enhanced training develops
Al-ready aviation professionals. Boeing's (2023) Pilot
Outlook is notable for introducing, for the first time, a
dedicated 'digital competency readiness' assessment
alongside the traditional quantitative demand
projections, signalling the industry's recognition that
headcount alone is an insufficient measure of
workforce adequacy.
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2.3 Employability Transformation in Aviation's Al
Transition

The employability literature in aviation's Al context
reveals a paradox unique to the sector: simultaneous
quantitative talent shortage and qualitative role
disruption. Oliver Wyman's (2023) MRO Forecast
projects a 34,000-pilot shortage within five years,
while  McKinsey  Global Institute  (2023)
simultaneously estimates that 55-65% of aviation-
related tasks are susceptible to Al automation by 2030.
These projections are not contradictory they reflect a
labour market in which the nature of remaining human
roles is changing faster than the professionals who
must fill them are being prepared.

The World Economic Forum's (2023) Future of Jobs
Report, while not aviation-specific, provides the
overarching framework: 44% of core skills disrupted
in five years, with 'willingness to learn' ranked by 73%
of employers as the most important professional
characteristic significantly ahead of specific technical
skills (67%). LinkedIn's (2023) Workforce Learning
Report documents a 25-fold increase in Al skill
additions to professional profiles and identifies a 28%
salary premium for aviation managers with digital
leadership competencies, providing direct economic
evidence for the 'digital leadership premium' in
aviation management.

IATA's (2022) longitudinal analysis of pilot currency
following the COVID-19 industry shutdown provides
cautionary evidence of skill degradation dynamics,
finding that the 22-month shutdown produced
measurable decline in manual flying proficiency the
very skills required when automated systems fail. The
International Labour Organization (ILO, 2023)
contributes a critical equity perspective: without
targeted interventions, Al-driven automation risks
exacerbating existing labour market inequalities in
aviation, with workers in routine and lower-skilled
roles experiencing disproportionate displacement.
Qantas's (2023) Future of Flying Programme provides
the most comprehensive organisational case study of
proactive employability development in aviation's Al
era, embedding digital literacy throughout pilot career
progression and offering a replicable model for other
carriers. CAPA's (2023) identification of 'digitally
ambidextrous leaders' combining operational aviation
expertise with genuine digital intelligence as the most
sought-after talent profile in aviation management
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distils the employability transformation into a clear
professional aspiration.

III. RESEARCH METHODOLOGY

3.1 Research Design

This study employs a qualitative, interpretive research
design. Qualitative methodology is appropriate when
the research goal is to develop conceptual
understanding of complex, multi-dimensional
phenomena in this case, the intersection of Al
transformation with human leadership, digital literacy,
and employability in aviation rather than to test pre-
specified hypotheses through numerical measurement.
The interpretive paradigm recognises that meaning is
constructed through systematic, critical engagement
with existing knowledge and data, which is the
epistemological foundation of secondary data
synthesis as a legitimate scholarly method (Creswell
& Creswell, 2018).

A conceptual framework development design is
adopted, specifically a systematic qualitative
synthesis. This approach involves the systematic
identification, selection, evaluation, and synthesis of
existing secondary data sources to construct new
conceptual understanding in this case, the Aviation
Intelligence Readiness Framework (AIRF). This
design is appropriate for research questions that seek
to integrate insights across a dispersed body of
literature and practice, and that aim to produce
frameworks useful for both theory development and
applied decision-making (Fink, 2019).

3.2 Research Approach

The study adopts a deductive-inductive iterative
approach.  Deductively,  existing
frameworks  including  McKinsey's  adaptive
intelligence leadership model, UNESCO's DigComp
2.2 digital literacy framework, and the WEF's
employability disruption thesis provide the initial
analytical lenses through which the aviation-specific
secondary data is examined. Inductively, patterns,
anomalies, and convergences emerging from the

theoretical

thirty-source literature corpus inform the development
of the AIRF as an aviation-specific conceptual
contribution that extends rather than merely replicates
existing frameworks.
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Table 2: Research Objectives, Data Sources, and
Analysis Techniques

Research Data Source Analysis
Objective Technique
Examine Al's IATA, McKinsey, Thematic
impact on Boeing, Airbus, content
aviation EASA reports analysis
leadership

paradigms

Assess digital EUROCONTROL, | Gap analysis
literacy gaps ECA, ICAO, &

across aviation | Deloitte workforce benchmarking
roles data
Analyse WEEF, ILO, Oliver Trend

employability | Wyman, LinkedIn synthesis &
shifts driven workforce reports triangulation
by Al

automation

Develop an All 30 literature Conceptual
integrated sources synthesised | framework
aviation Al modelling
readiness

framework

Source: Authors' research design (2025).

3.2.1 Source Selection Criteria

Sources were selected according to four criteria:
relevance direct bearing on aviation leadership, digital
literacy, or employability in Al-influenced contexts;
authority origination from recognised aviation
regulatory bodies, major international aviation
organisations, established consulting firms with
aviation practices, or peer-reviewed academic outlets;
recency publication between 2020 and 2024, ensuring
currency given the field's rapid evolution; and
diversity coverage across multiple aviation
professional groups (pilots, controllers, MRO,
management) and multiple geographic and

organisational ~ contexts to  provide broad
representative validity.

3.2.2 Data Analysis Method

Secondary data was analysed using thematic content
analysis (Braun & Clarke, 2022). The corpus of thirty
sources was systematically read and annotated, with
key findings, statistics, frameworks, and conceptual
propositions identified and coded. Codes were
organised into themes reflecting the study's three core
domains, and cross-domain themes were identified to
inform framework development. Triangulation across
sources identifying convergent findings, divergent
data, and explanatory gaps was used to strengthen
analytical validity. The AIRF framework was
developed through conceptual modelling, a method in
which theoretical constructs derived from the
synthesised literature are arranged into a coherent
relational structure that explains their interactions and
joint implications (Jaakkola, 2020). The framework's
aviation metaphor drawing each pillar from aviation's
operational vocabulary was deliberately chosen to
enhance accessibility and resonance for aviation
practitioner audiences.

IV. FINDINGS

The systematic synthesis of thirty secondary sources
across the three study domains yields findings
organised into three thematic clusters, followed by the
integrated Aviation Intelligence Readiness Framework
(AIRF). Table 2 provides a consolidated summary of
key quantitative findings.

Table 3: Key Quantitative Findings Across Domains

Domain Finding Statistic

Source

Leadership CRM 2.0 adoption gap

Only 19% of aviation orgs have Al leadership
capability

Deloitte, 2023

Digital Literacy | Pilot training misalignment | 67% feel inadequately trained for current
automation levels

ECA, 2022

years

Employability Pilot demand vs Al 602,000 pilots needed; 55-65% tasks automatable | Boeing/McKinsey,
disruption 2023

MRO Digital skills shortage 71% struggle to recruit digitally skilled MRO Deloitte, 2023

Workforce technicians

ATC Transition | Al tool underpreparedness | 59% controllers feel undertrained in Al-enhanced | EUROCONTROL,

ATM tools 2023

Leadership Digital leadership Digitally literate leaders earn 28% salary premium | LinkedIn, 2023
premium in aviation

Employability Skills disruption timeline 44% of core aviation skills disrupted within 5 WEF, 2023

Digital Literacy | Automation confusion rate | 41% of pilots report automation confusion at least | ECA, 2022
once/year
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Source: Compiled from systematic secondary source
analysis (2022-2024).

4.1 Finding 1: Aviation Leadership is at a Structural
Inflection Point

The most consistent finding across the leadership-
oriented sources is that aviation's established
leadership frameworks the CRM model, the
command-authority hierarchy of the Pilot-in-
Command, the procedural compliance culture codified
in SOPs while remaining foundational for safety, are
structurally insufficient for Al-era operational
environments. This insufficiency is not about the
principles of these frameworks, which remain sound,
but about their scope: they were designed for
environments where all decision-relevant authority
resided with human actors.

Al changes this fundamentally. When Boeing's (2023)
statistical analysis identifies automation-related
factors as contributing to a significant proportion of
commercial aviation incidents, and when Airbus's
(2022) Human Factors research identifies five specific
leadership behaviours required for highly automated
flight deck management, the evidence converges on a
leadership transformation that is simultaneously
technical, relational, and cognitive. The technically
competent captain who cannot 'read' the automation
and appropriately calibrate trust in algorithmic outputs
represents a novel form of leadership inadequacy with
no historical precedent in aviation safety literature.

At the organisational level, Deloitte's (2023) finding
that 78% of aviation executives recognise the need for
leadership model redesign but only 19% have the
capability to deliver it creates a strategic vulnerability
compounded by the talent shortage documented by
Oliver Wyman (2023). Airlines attempting to
simultaneously recruit, train, and retain scarce aviation
professionals while also transforming their leadership
cultures face compounding operational pressures that
make the leadership gap progressively more difficult
to close.

"The captain who trusts the algorithm without
understanding it is no safer than the one who distrusts
it without reason. Both represent failures of precisely
the calibrated judgment that aviation leadership must
now cultivate." Airbus Human Factors & Flight Safety
Bulletin, 2022
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4.2 Finding 2: Digital Literacy Has Become Aviation's
Missing Safety Layer

The digital literacy findings reveal a gap of both
breadth and depth across all major aviation
professional communities. The ECA's (2022) 67%
pilot inadequacy finding, EUROCONTROL's (2023)
59% controller under-preparation finding, and
Deloitte's (2023) 71% MRO digital recruitment
difficulty finding collectively indicate a system-wide
competency deficit that cuts across the diversity of
roles, functions, and regulatory jurisdictions in
commercial aviation.

Particularly significant is the EASA's (2023)
articulation of the automation paradox: the very
success of Al automation in reducing routine cognitive
demands on aviation professionals simultaneously
erodes the practise opportunities that maintain the
manual and systems-level competency required when
automation fails. This creates a form of collective skill
degradation that is invisible during normal operations
but reveals itself catastrophically at the margins the
moments when unusual, degraded, or failure
conditions require human intervention at precisely the
level of proficiency that automation has reduced.
ICAO's (2023) CBTA framework update adding Al
literacy as an explicit competency dimension
represents the regulatory system's recognition of this
gap. However, the gap between standard establishment
and standard implementation is considerable:
PABAR's (2022) expert review finds that current type-
rating programmes at most ATOs are not yet
operationalising the Al literacy requirements that
ICAO has outlined, meaning that newly licensed pilots
continue to enter the workforce with training
frameworks misaligned with their operational
environments.

The positive corollary of this finding is the
demonstrable impact of targeted digital upskilling
where it has been implemented. FlightSafety
International's (2023) Al-adaptive training platform
shows 22% improvement in trainee outcomes;
Boeing's (2023) global services digital training
investment has reached tens of thousands of
professionals; and Qantas's (2023) embedded digital
literacy model provides a proof of concept for
systemic transformation rather than piecemeal training
events. The technology for closing the digital literacy
gap exists the challenge is deployment at the scale and
speed that the gap demands.
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4.3 Finding 3: Aviation Employability is Bifurcating
Along the Digital Divide

The employability findings reveal a workforce in
which Al is not uniformly disrupting employment but
is instead bifurcating it: creating highly valued, well-
remunerated roles that combine aviation expertise
with digital intelligence, while exposing routine and
less digitally-adapted roles to displacement,
deskilling, or commoditization. LinkedIn's (2023)
28% digital leadership salary premium and Oliver
Wyman's (2023) 23-35% salary premium for digitally
certified MRO technicians provides direct evidence of
this bifurcation in the market for aviation
professionals.

The Boeing (2023) and McKinsey (2023) projections
together frame this bifurcation as a strategic risk: an
industry  facing quantitative talent shortage
simultaneously ~ faces  qualitative
misalignment, meaning that the large numbers of
aviation professionals projected to be needed are, in
significant measure, not the professionals that the
industry's Al-transformed roles actually require.
Addressing headcount without addressing competency

workforce

profile will not resolve the workforce challenge; it will
merely perpetuate it at larger scale.

The ILO's (2023) equity finding adds a social
dimension to this economic analysis: the bifurcation of
aviation employment along digital literacy lines risks
reproducing and amplifying existing social
inequalities in the sector. Aviation already reflects
significant  disparities in access to training,
professional progression, and geographic opportunity.
If digital literacy becomes the new determinant of
career resilience in aviation, and if digital literacy
development remains concentrated in well-resourced
carriers, major aviation training centres, and high-
income regulatory  jurisdictions, the social
stratification of aviation's workforce will deepen in
ways that undermine both industry resilience and
social equity.

4.4 The Aviation Intelligence Readiness Framework
(AIRF)

Synthesising the findings across all three domains, this
study proposes the Aviation Intelligence Readiness
Framework (AIRF) a four-pillar conceptual model for
understanding and developing the integrated
competencies required for aviation professionals and
organisations to navigate the Al era effectively. The
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framework draws its organising metaphor from
aviation: just as safe flight requires the simultaneous
management of interdependent systems propulsion,
navigation, communication, and structural integrity
Al-era aviation workforce readiness requires the
simultaneous cultivation of four interdependent
pillars.

Pillar 1 Cockpit Command (Adaptive Leadership)
The first pillar encompasses leadership capabilities for
commanding human-Al teams in aviation's safety-
critical environments. Building on CRM 2.0
principles, it encompasses: algorithmic critical
engagement the capacity to evaluate Al
recommendations with informed skepticism rather
than reflexive acceptance or override; human team
orchestration maintaining crew cohesion,
psychological safety, and shared situational awareness
in automated environments; and ethical Al
stewardship making principled judgments about when
Al authority should be followed, questioned, or
overridden. This pillar applies at every leadership
level, from flight deck to boardroom.

Pillar 2 Navigation System (Digital Literacy)

The second pillar represents the three-level digital
literacy hierarchy required for aviation professionals
to navigate Al-mediated work effectively. Operational
digital literacy proficient use of role-specific digital
tools (EFBs, SWIM platforms, condition monitoring
dashboards). Analytical digital literacy critical
interpretation of Al-generated outputs, understanding
their assumptions and failure modes. Strategic digital
literacy capacity to contribute meaningfully to
organisational decisions about Al adoption, workforce
implications, and regulatory compliance.

Pillar 3 Flight Envelope (Employability Resilience)

The third pillar defines the competency boundaries
within which aviation professionals maintain
sustainable, Al-era employability. Its central construct
is 'competency portfolio management': a conscious,
structured approach to professional reinvention across
the career lifecycle, including annual digital
competency self-assessment, structured exposure to
emerging technologies through simulation, and
deliberate development of meta-skills learning agility,
systems thinking, and collaborative problem-solving
that retain value across technological change cycles.
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Pillar 4 Ground Control (Ecosystem Support)

The fourth pillar recognises that individual and
organisational readiness requires the supporting
infrastructure of harmonised international standards
(ICAO), adaptive national regulation (NCAAs),
evidence-based training programmes (ATOs), and
proactive organisational upskilling investments
(airlines, ANSPs, MRO providers). Without this
ecosystem support layer, even the most motivated
individual aviation professionals cannot develop or
maintain Al-era competencies at the pace and scale
required.

V. CHALLENGES

5.1 The Automation Paradox and Deskilling Risk
Perhaps the most vexing challenge identified in this
study is the automation paradox articulated by EASA
(2023): Al automation simultaneously increases the
cognitive demands of exceptional situation
management while reducing the practise opportunities
that maintain the competencies required for that
management. As automated systems handle more
routine flight and traffic management tasks, the
occasions on which pilots and controllers must
exercise deep manual and systems-level skills become
rarer but the consequences of inadequate proficiency
in those rare moments are more severe, because they
typically arise in complex, degraded, or failure-mode
conditions that automation is precisely designed to
handle until it cannot.

This creates a training system design challenge with
no easy solution: how does an industry maintain and
regularly validate proficiency in skills that normal
operations rarely require to be exercised? Simulator
recurrent training provides a partial answer, but the
ECA's (2022) finding that 41% of pilots experience
automation confusion in real operations despite
simulator training indicates that current recurrent
training frameworks are not fully closing this gap.

5.2 The Speed-Safety Tension in Digital Upskilling

Aviation's safety culture is, appropriately, conservative
about change: new procedures, equipment, and
competency requirements are introduced through
extensively tested, regulatorily approved pathways
that prioritise risk minimisation over implementation
speed. Al technology, however, evolves at a pace that
is fundamentally incompatible with this conservative
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adoption rhythm. By the time regulatory frameworks
catch up with a generation of Al systems, the next
generation has already begun deployment.

This creates a structural tension for digital literacy
development: aviation professionals may complete
approved training for Al systems that the industry is
already moving beyond, while simultaneously lacking
approved training frameworks for the systems they are
actually operating. PABAR's (2022) finding that type-
rating programmes designed for 1990s automation
levels continue to certify pilots for 2020s aircraft
epitomises this speed-safety tension.

5.3 The Global Equity Challenge

Aviation is a global industry with profoundly unequal
distribution of training resources, regulatory capacity,
and organisational investment in workforce
development. The digital literacy and Al readiness
gaps documented in this study are likely significantly
worse in aviation markets outside the European and
North American jurisdictions that dominate the
secondary data sources reviewed. ILO's (2023)
warning about Al-driven inequality amplification
applies with particular force to aviation: carriers in
high-income markets with sophisticated training
infrastructure will move faster and further in Al-era
competency development, potentially creating a two-
tier global aviation workforce in which safety culture
diverges along economic rather than professional
lines.

5.4 Workforce Resistance and Professional Identity
Threat

A dimension of the Al transition that technical and
regulatory analyses often underestimate is the human
experience of professional identity disruption.
Aviation professionals particularly pilots have
historically  constructed powerful professional
identities around technical mastery, manual skill, and
direct control authority. Al automation that repositions
the pilot from operator to supervisor, or that distributes
decision-making authority between human and
machine, is not merely a competency challenge but a
psychological one. Gallup's (2023) finding that 44%
of workers across industries experience significant
anxiety about Al displacement is likely manifested in
aviation as resistance to, or ambivalence about,
automation advocacy even when that automation
demonstrably reduces workload and error rates.
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VI. POLICY IMPLICATIONS

6.1 For ICAO and International Regulatory Bodies
ICAO should urgently accelerate the development and
implementation of internationally harmonised Al
competency standards across all major aviation
professional licence categories. The current CBTA
framework update (ICAO, 2023) provides a
foundation, but implementation timelines and
harmonisation across contracting states require
specific mandates rather than voluntary guidance. A
dedicated ICAO working paper on 'digital
airworthiness' establishing minimum Al literacy
requirements as regulatory certification conditions
rather than training recommendations would signal the
institutional priority this challenge requires.

ICAO should also convene a multidisciplinary
working group on human-Al teaming standards for
aviation, drawing on expertise from human factors
science, Al ethics, and aviation operations research to
develop practical, evidence-based standards for the
design and evaluation of human-Al decision-making
systems across flight operations, ATM, and MRO
contexts. The existing ICAO Doc 9868 (PANS-TRG)
should be supplemented with specific provisions for
Al-enhanced training environments.

6.2 For National Aviation Authorities

National aviation authorities (NAAs) should mandate
structured Al competency assessment as a component
of initial and recurrent licensing for pilots, controllers,
and aircraft maintenance engineers. This does not
require prescribing specific technology platforms but
establishing competency outcome’s demonstrable
ability to critically evaluate automated system outputs,
manage automation failures, and exercise appropriate
authority over Al decision-support tools against which
approved training organisations are required to assess
and certify candidates.

NAAs in high-income aviation markets should
additionally ~ establish  bilateral cooperation
frameworks with counterparts in emerging aviation
markets to support digital literacy capacity
development sharing training resources, regulatory
expertise, and assessment frameworks in ways that
reduce rather than amplify the global equity gap
identified in this study.
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6.3 For Airlines and Air Navigation Service Providers
Airlines and ANSPs should reframe digital upskilling
from a training budget line item to a strategic safety
investment. The McKinsey (2023) evidence that
organisations investing in workforce digital capability
extract 40% greater productivity gains from Al
adoption compared to those implementing Al without
workforce development provides a compelling
business case alongside the safety imperative.
Structured multi-year digital upskilling programmes
tied to specific Al implementation milestones,
modelled on Qantas's (2023) Future of Flying
Programme, represent the most effective deployment
model identified in this study.

Leadership  development programmes should
explicitly integrate Al literacy as a core competency,
with senior executives assessed on their ability to
engage meaningfully with Al strategy decisions and to
model the adaptive leadership behaviours required for
Al-era operations. Human-Al teaming simulations
should be incorporated into all levels of CRM training,
and automation confusion incidents should be
systematically collected and analysed as safety data
equivalent to conventional precursor events.

6.4 For Approved Training Organisations

ATOs must fundamentally reconceive curriculum
architecture to integrate digital literacy and Al
competency development throughout every phase of
professional aviation training rather than appending Al
modules to type-rating programmes designed for
earlier automation generations. This requires not only
curriculum redesign but faculty development: training
instructors who themselves possess the Al-era digital
literacy competencies they are expected to develop in
their students. The use of Al-enhanced adaptive
training platforms as demonstrated by FlightSafety
International's (2023) work should be actively
supported by ATOs as both a training delivery
innovation and a pedagogical model for developing
critical engagement with Al systems.

VII. SUGGESTIONS

7.1 Establish a Global Aviation Al Competency Index
This study recommends that ICAO, in collaboration
with TATA, EUROCONTROL, and major airline
associations, develop and publish an annual Global
Aviation AI Competency Index a standardised, cross-
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jurisdictional measure of digital literacy and Al
readiness across key aviation professional groups.
Modelled on IATA's existing safety performance
metrics, such an index would create the performance
transparency and benchmarking infrastructure
necessary to drive systemic improvement in Al-era
competency development at the industry level.

7.2 Introduce 'Digital Airworthiness' as a Regulatory
Category

Drawing on aviation's central 'airworthiness' concept,
this study suggests that regulators introduce 'digital
airworthiness' as a formal -certification category
encompassing the minimum human competency
requirements for operating in highly automated
aviation environments. Just as aircraft must
demonstrate airworthiness before flight, aviation
professionals would demonstrate digital airworthiness
through competency assessment against defined Al
literacy standards as a condition of licence currency.
This reframing positions digital literacy not as a
training option but as a safety requirement, consistent
with aviation's foundational regulatory philosophy.

7.3 Create CRM 2.0 Training Mandates

ICAO and NAAs should mandate the incorporation of
human-machine teaming competencies into all
recurrent CRM training programmes for commercial
aviation. CRM 2.0 curricula should include:
simulator-based scenarios specifically designed to
produce automation surprise and mode confusion
events; structured debriefing frameworks for
analysing crew responses to automation failures;
assessment of 'constructive challenge' competency the
ability to appropriately question Al outputs with
evidence and reasoning; and team sense-making
exercises that develop shared mental models of
automated system states.

74 Fund Industry-Academia Digital Literacy
Research Partnerships

The relative scarcity of empirically grounded
academic research on digital literacy in aviation
contexts as distinct from the extensive practitioner
reports synthesised in this study represents a
significant knowledge gap. Industry bodies should
fund dedicated research partnerships with aviation
management and human factors academics to generate
primary empirical data on digital literacy
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development, competency assessment validity, Al-era
leadership effectiveness, and the long-term career
trajectory impacts of digital upskilling interventions.

7.5 Develop Aviation Al Ethics Framework

As Al systems assume greater decision-making roles
in safety-critical aviation contexts, the ethical
dimensions of human-Al authority relationships
require explicit professional and regulatory attention.
This study suggests the development of an Aviation Al
Ethics Framework developed by ICAO in consultation
with aviation professional associations, human factors
experts, and Al ethics scholars articulating the
principles governing when Al recommendations must
be followed, when they may be questioned, and when
human authority must override algorithmic output.
Such a framework would provide aviation
professionals with principled guidance for navigating
the ambiguous human-Al authority boundaries that
currently lack explicit regulatory treatment.

VIII. CONCLUSION

Aviation has always earned its safety record not by
avoiding complexity but by developing the human
competency to master it. The jet age, fly-by-wire
controls, TCAS, GPWS, glass cockpits each
represented a technological step-change that
demanded a corresponding human competency step-
change, and aviation's systematic, evidence-based
approach to developing that competency is why
commercial aviation remains one of humanity's safest
complex undertakings. The Al era is the next and most
profound of these step-changes.

This study has demonstrated, through systematic
synthesis of thirty authoritative secondary sources,
that the Al era simultaneously presents aviation with a
leadership crisis, a digital literacy deficit, and an
employability bifurcation three dimensions of a single,
systemic challenge that cannot be addressed in
isolation. The Aviation Intelligence Readiness
Framework proposed here with its four pillars of
Cockpit Command, Navigation System, Flight
Envelope, and Ground Control offers a conceptual
instrument for understanding these dimensions as an
integrated system and for designing responses that
address their interdependencies.

The findings are both sobering and clarifying.
Sobering because the scale of the gap between current
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competency provision and Al-era requirements is
large, and because the most vulnerable aviation
markets in terms of training resources and regulatory
capacity are precisely those where aviation growth is
fastest. Clarifying because the evidence on what works
CRM 2.0, Al-adaptive training platforms, embedded
digital literacy in career progression, structured
competency portfolio management is increasingly
robust and available for adoption.

Aviation's Al era does not require aviation
professionals to become technologists. It requires
them to become the most sophisticated users of
technology that any safety-critical industry has ever
needed to produce: professionals who understand
algorithmic systems well enough to govern them
wisely; who lead human teams with the empathy,
clarity, and purpose that algorithms cannot provide;
and who approach their own professional development
with the same evidence-based discipline that aviation
has always brought to its safety culture. The cockpit of
the future will not be piloted by the most technically
compliant human in the system. It will be led by the
most adaptively intelligent one.

"We do not make aircraft safe by making them simple.
We make them safe by making their human operators
extraordinary. The challenge of Al is to continue doing
exactly that at a new altitude, in new weather, and with
new instruments." Sir Tim Clark, President Emeritus,
Emirates Airline, 2023
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