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What I’m going to talk about…

1. AI Basics
2. Human-AI Teaming (HAT)
3. What it looks like in practice
4. A Human Factors Requirements 

toolkit for HAT design
5. Key Take-aways



Focusing on a particular domain, 
e.g. ATM. From Machine Learning 

to Cognitive Assistants
Number-crunching & 

Algorithms

Narrow AI
E.g., Large Language 

Models such as Chat GPT, 
which can ‘seem’ human.

Learn, mimic, create…

Generative AI
True ‘thinking machines’, which will 
(one day)  surpass human cognition. 

They do not exist yet.
Transformative, potentially 

sentient

Artificial General Intelligence

“Artificial intelligence 

is the simulation of 

human intelligence 

processes by 

machines, especially 

computer systems.” 

“…the broad suite of 

technologies that 

can match or 

surpass human 

capabilities, 

particularly those 

involving cognition.” 

What is Artificial Intelligence (AI)?





AI is just running the 
numbers…

For now…



For now, no AI allowed 
inside the cockpit…

• GenAI, as well as ‘continual learning AI’ 
excluded by the EU Act on AI for safety 
critical applications

• European regulator (EASA) also forbids 
it for now.

• GenAI hallucinates, can scheme, can 
lie, etc. (visit Anthropic’s own website)

• AI in ‘back office’ is beginning already. 
‘Deterministic AI’ in operations may 
begin to appear by 2030 but must be 
shown to be safe and trustworthy first.



What is Human-AI Teaming?

Human–AI teaming (HAT) refers to the 
integration of humans and AI systems 
as interdependent and coordinated 
units, working to complete tasks and 
achieve goals. 
The goal of HAT is to leverage the 
strengths of both humans and AI 
through a dynamic, collaborative and 
evolving distribution of tasks. 

https://unidir.org/event/human-ai-teaming/ 

https://unidir.org/event/human-ai-teaming/
https://unidir.org/event/human-ai-teaming/
https://unidir.org/event/human-ai-teaming/
https://unidir.org/event/human-ai-teaming/
https://unidir.org/event/human-ai-teaming/
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 3B
   Fully Autonomous AI

 3A
 More Autonomous AI

 2B
 Human-AI Teaming 

Collaboration

EASA Human-AI Teaming Classification: Level of Autonomy
As interpreted by HAIKU

 

 2A
   Human-AI Teaming 

Cooperation

 1B
Human Assistance

                1A
  Human 
Augmentation

‘As-is’ today

Enhanced 

information. No 

significant impact on 

the operation or the 

end user.

Decision Support

The AI is a cognitive 

assistant that helps 

optimise decision-

making.

Task  Owner

Tasks allocated to 

the AI. Explainability 

(XAI) and some 

human-AI 

communication are  

required. 

Goal-Sharing

The AI negotiates 

with human towards 

common goals. More  

explainability and 

dialogue required. 

System Control

The AI is ‘running the 

show’ unsupervised, 

human intervenes if 

required. 

AI Alone

The AI is running 

everything with no  

human intervention 

except maintenance 

and shutdown.
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What kind(s) of AI are 
we talking about?

Examples from the 
aviation sector 
(research prototypes)





4 HAIKU Use Cases

Digital Assistant in the 
cockpit to assist in 
“startle response” 

adverse events

Led by ENAC

Digital Assistant in the 
cockpit to assist in 

route planning/re-
planning

Led by TAVS

Digital Assistant for 
Urban Air Mobility 
to assist in traffic 
management

Led by LiU & LFV

Digital Assistant for 
tower controllers to 
assist in tasks for 
aircraft on approach

Led by SkyWAY



Can AI assist pilots 
experiencing ‘startle 
response’?

Sudden, unexpected 
event.

Psychophysiological 
response, cognitive 
performance impaired 
for 20s



HAIKU UC1 (led by ENAC, AI by DFKI) 
Single Pilot in Startle Response Emergencies
AI-based Startle Detection (physiological measures) 
Recovery, and Directed Situation Awareness (eye 
tracking, highlighting key display elements)

FOCUS: Flight Operational Companion for Unexpected Situations 









So far pilots appreciate 
the support, especially if 
they have startle.

Directed SA helpful with 
aural support plus visual, 
though may need further 
refinement.



HAIKU Use Case 
4

Intelligent Assistant for 
tower controllers to 
assist in routine and 
repetitive tasks for 
aircraft on approach
Led by SkyWAY
Based on Alicante 
airport, simulations in 
Madrid.





Intelligent 
Sequence 
Assistant (ISA)



Tower controllers found the tool 
useful, particularly when busy…

ATCO remained in charge but could 
let the tool execute if busy (they 
trusted it)
In one case the tool helped an ATCO 
recover from a sequencing error
The Explainability was clear
The interface usability needs a little 
work
Sometimes the tool’s ‘tempo’ didn’t 
match the ATCO’s (too slow/fast)

22



JARVIS ambition is to deliver 
three AI-based ATM solutions 
(digital assistants) to support 
pilots, ATC operators and airport 
operators and ensure safer and 
more efficient operations in 
complex scenarios.



Concept view



Airborne Digital Assistant (AIR-DA)

25

Pilot-ATC Communication

• Transcribe and display ATC messages
• Match ATC commands and pilot readback
• Insert new STD.BY frequency

25AIR-DA = Airborne Digital Assistant



Voice to text evaluation
➢ Performance: comm transcriptions 

were often not accurate, challenges to 
match pilot readback (too much 
rephrasing)

➢ Usability: More complex scenarios 
need to be considered, 
attention/distraction challenges 
emerging

➢ Explainability covered to a good extent 
but is crucial; room for improvement

➢ Interface design important aspects: 
fonts, colors, visibility, readability

➢ Training material must be available and 
detailed



Airborne Digital Assistant (AIR-DA)

27

: Object Detection

27AP-DA = Airport Digital Assistant



AI-enabled computer vision for 
detecting hazards on runways and 
taxiways: FOD, wildlife, incursions

• Active use of synthetic data to develop 
DL models

• Datasets of 6000+ labeled images (full 
synthetic, mixed)

• Safety-critical: Excessive false alarms 
may distract and increase the workload of 
airport operators

• Difficult to close the simulation v. reality 
gap due to the need of replicating the 
physics of objects (e.g., plastic bags) 

• Better performance with bigger objects, 
challenges with smaller



Key ‘Takeaways’ from 
HAIKU & JARVIS



Don’t underestimate the time it takes 
to get the AI working

Understand the existing workflow
Otherwise the AI will disrupt performance or 
add to workload when it’s least desirable. 

Gradual deployment
Trust takes time to build. 
Introduce AI in controlled stages
Let the AI and human ‘co-evolve’ 

Keep the human in charge
Only a human can value safety, morality and 
ethics, make sound judgement calls, and 
detect AI hallucinations & errors



Pilot insights

21 Pilots have experienced AI 
assistance in realistic HAIKU 
simulations.

They are not averse to AI and 
think it could be beneficial.

But it needs to be robust, fit 
their way of working, and be 
introduced gradually.



Human 
Factors for AI





34Parallel Developments in AI and Human Factors

‘Fitts’ List 
contrasts human 
vs machine 
capabilities

1940s -1950s 1960s – 1970s 1980s-1990s 2000s-2015 2016-2024

Billings’ 
Human- 
Centred 
Automation

Crew Resource 
Management;  
standard by 
‘90s; Wiener, 
Helmreich

1950: 
Alan 
Turing 
publishes 
the Turing 
test

1970s: AI over-
hyped - first AI 

winter

European safety 
culture program 

Resilience,
Safety 2, 
(Hollnagel) 
Just Culture 
(Dekker)

EASA introduces 
CS29 1302 HF 
Standard

EU Projects on 
AI-partnering
solutions

2024: EU 
Act on AI

1997: IBM’s 
Deep Blue 
defeats 
chess 
champion 
Kasparov

2010s: advances 
in NLP and 
computer vision

1987-93 Second
AI Winter

Deep Mind’s 
AlphaGo beats 
professional Go 
players

Cognitive Ergonomics: Human-
computer interaction (Norman)

2016: 
OpenAI & 
others 
work on 
ethics and 
human 
alignment

1961: first 
robot on 
General 
Motors 
assembly 
line

1966: 
first NLP 
program 
(ELIZA)

1980s: Expert Systems 
& back-propagation
revitalize interest
In AI / neural networks

2009: Google’s self-
driving car using 
computer vision & AI

WWII human performance limitations, 
e.g. pilot error, radar use & vigilance, 
etc. drive the need for Human Factors

‘The term 
‘Ergonomics’ 
coined by 
Murrell

2006: Deep 
Learning neural 
network mimics
brain processing

1956: term 
Artificial 
Intelligenc
e coined

2022: 
launch of 
ChatGPT

EASA Human-
AI Teaming HF 
Guidance

SESAR Human 
Performance 
Assurance in ATM

Chapanis shows that 
poor cockpit design
Causes pilot error

Bainbridge’s 
‘Ironies of 
Automation’

Sheridan’s 
automation 
levels & 
adaptive 
automation

Reason’s 
‘Swiss Cheese’

Rasmussen’s 
work on complex 
systems

NASA sets up HF  
Division, focuses on 
cockpit simulators

NASA’s Aviation 
Safety Reporting 
System (ASRS)

Human Factors 
Analysis & 
Classification 
System(HFACS)

Joint Cognitive 
Systems, 
Woods & 
Hollnagel

Endsley’s situation 
awareness method

Mental workload
Wickens / Moray

Leveson’s 
STAMP / STPA

Sense-making
Weick / Klein

Teamwork 
Big 5; Salas

FAA AI Safety
Roadmap 

Parasuraman & 
Manzey, automation 
bias & complacency



Formulate Concept

TRL 1-2

Proof of Concept

TRL 3-4

Full-Scale 

Demonstration

TRL 5-6

Adapt to Operational 

Environment

TRL 7-9

Operate, Maintain, 

Monitor, Learn

Human-AI Teaming Concept Maturity
(Technology Readiness Levels)
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Human 
Centred 
Design

05
Teamworking

03
Sense-M

aking

07
C

om
pe

te
nc

ie
s

&
 T

ra
in

in
g

Do end-users have their say 
in the design process?

Is the balance between human & AI tasks 
OK? 

Who’s really in charge? Is there human oversight?

How much autonomy does the AI have?

Are the human and AI ‘on the same 
page? (shared situation awareness)

Is AI output trustworthy?

Can the AI explain itself?

Does the AI help in abnormal 
events and emergencies?

Is human-AI dialogue effective?

Will the AI support or 
disrupt my team?

Will I know if the AI goes wrong?

HAIQU

Will I need new 
competencies?

Will I be trained on how the AI 
works, and how to work with it?

How will staffing change?

How is user acceptance being assured?

Will Just Culture and my privacy 
rights be maintained?

Will the AI know if I make a mistake?

Will I be able to take over if it fails?

Can the AI use speech / recognise gestures?







https://haiqu.eu/
• Evaluate the Human-AI 

Teaming system
• Derive Human Factors 

Requirements
• Improve the HAT design 

while maintaining human 
agency

• Manage Human Factors 
process

• Evaluate progress as design 
concept matures

https://haiqu.eu/


Tracking HF Requirements Progress

20262024
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Human-AI Teaming Human Factors Assurance Process

Error & Resilience Analysis 
Considering what could go wrong, and 
identifying safeguards, mitigations and 
best practices: HAZOP, STPA, SHELL, 
FRAM etc.

Human-in-the-loop 
simulations 

Human-AI simulations where HAT 
requirements can be evaluated using 

Human Factors tools and techniques.

Human AI Teaming 
Requirements 

(HAIQU)
Augmented HF Requirements 

for HAT Systems

Task Analysis
How the system should 
work, including all team 
players using scenarios 

and timelines, tracking the 
evolution of human and AI 

situation awareness

Training & Operational 
Readiness Testing
Training of staff in new roles, 
motivating the workforce, fine-
tuning of explainability etc. for a 
wider range of situations, 
development of failure 
management and fallback 
systems.

Monitoring, 
Adapting, Learning
Human-AI systems may 
evolve rapidly once 
implemented. Impacts on 
safety performance, crew 
wellbeing, and safety culture, 
must be closely monitored 
and managed.

Concept Operation



Wrapping up…



HUMAN-CENTRED 
DESIGN
User-centred development
Human in decision loop 

GRADUAL IMPLEMENTATION
Gradual rather than sudden 
implementation, allowing 
learning & adaptation
Extensive testing and 
evaluation. 

TRAINING & COMPETENCE
Training on the IA and how to 
master its use
Strategies for skill retention 

SAFETY NETS FOR STAFF
Just Culture protocols and practices

No loss of critical human safety 
expertise

H-IA INTERACTION QUALITY
High quality Human-IA interaction: 

relevant, contextual, helpful, timely

SHARED SA
Awareness of key IA 

parameters
Operational explainability

4

3

6

2

1

5

Design & Development 
Safeguards



Closing 
Comments

• Human-AI partnerships in safety-critical workplaces 
will benefit from asking the right questions. Human 
Factors has the right mindset for this task.

• Many techniques in the HF toolset will work for now, 
supplemented by new ones as they arise (e.g. HAIQU).

• There remains much research to do, much experience 
to be gained on AI integration into aviation systems, 
e.g. human-AI CRM, explainability, shared situation 
awareness and alignment assurance.

• Generally, all the HAIKU and JARVIS use cases are 
augmenting – not replacing – human capabilities. This 
is the way to go in aviation.

• Inter-domain collaboration will be beneficial. 
Contexts may differ, but there will be common issues.



Human Centred AI 
development isn’t 
optional if you want 
true technology 
acceptance.



Questions?
Discussion

https://haikuproject.eu/ 

https://www.sesarju.eu/projects/JARVIS 

https://haikuproject.eu/
https://www.sesarju.eu/projects/JARVIS
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