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The rapid advancement and adoption of artificial intelligence technologies are fundamentally transforming the
landscape of the aviation industry. From flight planning to aircraft maintenance, Al-driven tools like machine
learning, natural language processing, and computer vision are being integrated across nearly every aspect of
modern aviation. While Al innovation holds great promise for augmenting human capabilities and enhancing safety
and efficiency, it also poses new challenges for aviation education and training. This paradigm shift requires
aviation professionals to possess competencies in emerging technologies and their applications in order to be
effective in increasingly Al-mediated work environments. An analytical methodology and competency framework is
provided to help educators address this gap. Producing graduates equipped with Al literacy and collaboration skills

will be key to aviation’s intelligent future.
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semantic analysis

| 1. Introduction

The aviation industry is under increasing pressure to adopt artificial intelligence technologies (Al) to improve
efficiency, safety, and competitiveness. Major aviation organizations like the International Civil Aviation
Organization (ICAO), European Union Aviation Safety Agency (EASA), and Federal Aviation Administration (FAA)

have called for the implementation of Al to transform operations and address challenges.

While Al innovation holds great promise for augmenting human capabilities and enhancing safety and efficiency, it
also poses new challenges for aviation education and training. This paradigm shift requires aviation professionals
to possess competencies in emerging technologies and their applications to be effective in increasingly Al-
mediated work environments.

However, for the aviation sector to successfully integrate Al, there needs to be a sufficient talent pool of graduates

with the required skills and knowledge. The research objective is to analyze transforming aviation education for an

Al-driven future. It is timely and important for two key reasons:

1. The aviation industry is looking to universities to produce graduates with Al competencies to fill the growing
demand for Al skills across operational domains.
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2. For aviation programs to remain relevant and aligned with industry needs, they must evolve curricula to include
Al-related content that develops students’ capabilities in this critical area.

The findings will provide insights into how prepared European aviation graduates are for the Al transformation and

what competencies are needed for the next generations of aviation professionals (NextGen) for the efficient

operation of the next technologies of the aviation industry (NextTech) to produce the Al talents needed for the

aviation sector.

2. Artificial Intelligence in Aviation Operations and
Infrastructure

Extensive research demonstrates Al is transforming humerous aspects of aviation operations and infrastructure:

e In air traffic management, Al techniques optimize traffic flow, enhance air traffic controllers' situational
awareness, and enable more automated coordination of aircraft movements and communications.

« For aviation safety, Al tools analyze flight recorder data, identify emerging risks or anomalies, and assist in
investigating incidents and accidents.

« In maintenance, Al enables predictive diagnostics of potential equipment failures, automated visual inspection
using computer vision, and ongoing condition monitoring.

« For unmanned aerial vehicles (UAVs), Al increases autonomy in navigation, communications, threat detection,
and decision-making.

o Key civil aviation authorities recognize Al's pivotal role and emphasize the need to build workforce expertise
through education and training initiatives.

However, academic discourse specifically examining the integration of Al into aviation education programs remains

limited. The few studies available highlight Al's substantial potential to enhance pilot training simulations, air traffic

control tutorials, and other instructional contexts. However, these works also emphasize the current lack of

comprehensive focus on developing aviation-specific Al competencies within most existing university curricula.This

research gap in the literature prompted researchers to not only review available sources but also undertake original

analysis to contribute much-needed insights into this underrepresented area at the intersection of Al and aviation

education.

| 3. Competency Gap in the Aviation Bachelor's Programs

The analysis revealed that current aviation bachelor’s programs do not adequately focus on building the Al literacy
and competencies increasingly required by the industry as it adopts these technologies. While basic digital skills
are incorporated into most curricula, focused instruction in core Al areas like machine learning, data science, and

human-Al interaction appears generally lacking but critically necessary.

Several factors likely contribute to this competency gap:
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» The cutting-edge nature of extensive Al adoption across aviation means programs are still assessing workforce
needs.

» Lack of coordinated competency requirements from industry makes curriculum design challenging.

» Specialized skills required for Al literacy do not fit neatly into traditional aviation engineering curricula.

» Faculty themselves often lack exposure to Al to guide students in these rapidly evolving topics.

As the field continues maturing, researchers may see dedicated bachelor’'s programs in aviation-focused Al

emerge to produce graduates holistically skilled in this area. But waiting for the technology and workforce needs to

fully stabilize risks aviation education lagging behind industry advancements. The proposed framework offers a

guide to help programs proactively develop graduates ready to understand and utilize Al tools.

The framework identifies the core conceptual knowledge, technical abilities, and human-Al collaboration skills
aviation professionals need to complement Al technologies safely and effectively. It can be integrated through new
courses, modules in existing topics, and collaborative initiatives between academia, industry, and government. The
implementation roadmap provides guidance to competency analysis, curriculum redesign, and ongoing updating as

innovations continue accelerating.

More cross-sector collaboration can help define Al competency requirements for various aviation roles to spur
curricular innovation. But forward-looking programs can already use the framework to equip students with

capacities aligned with aviation’s digital future.

4. Al Competences in Aviation Industry and Aviation
Education

The iterative, grounded theory-based methodology produced the following key findings:

» The aviation industry comprises diverse sectors such as airlines, airports, maintenance, training institutions, and
aircraft/engine manufacturers.

e Current aviation curricula cover foundational areas like piloting, engineering, air traffic control, and
management.

e Al is rapidly transforming multiple facets of aviation, including flight planning, predictive maintenance,
passenger experience enhancement, and training simulations.

» Aviation professionals require new competencies in conceptual Al knowledge, technical Al skills, and human-Al
collaboration abilities to work effectively in increasingly Al-driven environments.

» Al competencies can be mapped to established digital competence frameworks like the European Digital
Competence Framework (DigComp) to provide structure.

» Analysis of 16 aviation engineering bachelor's programs across Europe indicated a limited focus on building Al
literacy and competencies, with more emphasis on foundational digital skills.

» Reasons for this gap include the relative newness of extensive Al adoption in aviation, lack of coordinated

competency requirements from industry, and specialized nature of Al skills.
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» The proposed competency framework identifies essential conceptual knowledge, technical abilities, and human-
Al collaboration skills aviation professionals need in an Al-capable era.
A detailed implementation roadmap was developed to guide the integration of Al competencies into aviation

curricula in a methodical, phased approach.

| 5. Conclusion

Current aviation bachelor’'s programs generally do not focus sufficiently on developing the specialized Al
competencies and literacies required as the industry adopts these transformative technologies. While foundational
digital skills remain relevant, focused instruction in Al areas like machine learning, data science, and human-Al

interaction is urgently needed but still emerging.

Bridging this competency gap will require proactive efforts by aviation educators to analyze industry needs, map
required competencies, redesign curricula, upskill faculty through training, and collaborate closely with technology
leaders and regulators. Aviation higher education must keep pace with the field’s accelerating digital
transformation. Equipping the next generation with relevant knowledge and abilities will allow human expertise to
complement aviation Al technologies synergistically rather than be displaced. This will enable the intelligent future
of air transportation.

The research provides an initial conceptual framework and implementation roadmap aimed at guiding aviation
training institutions to systematically prepare graduates for this Al-driven era. But realizing the vision will require
sustained commitment to research, creativity, cross-sector partnerships, and continuous improvement as both the
technologies and resulting competency needs rapidly evolve. This necessitates an agile, lifelong learning mindset
from both educators and aviation professionals. With proactive coordination, aviation education can lead the field

into an innovative yet human-centric intelligent future.
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