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Have You Ever Asked...

What Can Your Operators No Longer Do Because
of the Automation You Have Given Them?

Why Are They Still the Ones Held Responsible
When the System Fails?
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: **" Abstract
Over the past decade, high-reliability organizations such as aviation, maritime, and the energy sector have transitioned from a
* * narrow focus on individual human factors to a broader understanding of human performance (HP) as a critical component within

'***

socio-technical systems. This paper introduces a novel framework for identifying and measuring HP, using safety assurance tech-
niques to link individual factors with organizational outcomes. The framework incorporates layers of influence, including individual
variability, talent management, infrastructure, and cultural dynamics, connected to key metrics such as workload, stress, and fa-
Eu rop ean tigue. A case study involving a European air navigation service provider demonstrates how this framework elevates HP to a key

performance indicator (KPI), integrating a "human performance index’ with a *fatigue risk index” and operational data like traffic

co mm i S S io n complexity and rostering. The study illustrates the framework’s utility in creating actionable KPIs that support growth management,

I_ea Tra m pltSCh‘Vl nk - 1 7 .06.202 6 variance identification, and proactive system design, thereby enhancing overall safety and performance.
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Humans will remain...for now...

Over 50 years of research have concluded that when compared to machines we excel in
the following:

1. Weare good at Complex Decision Making (of a certain type... when Ethics o
meets Safety meets Demand...) '
Adaptable and Flexible

We have Ethics and Moral Responsibility (mostly!) —
We have excellentintuition... but why? (Error detection( ":-;f JHE
We are great communicators, able to convey great depth, sometimes witha | =
single look...
We can push through when we should have long ago stopped...
/. Our diversity makes us superhuman when we work together!

\~
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much?
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But people can become vulnerable.. at unexpected times justd 7 minds

Figure 2. Two contrasting shifts, side by side

Two real shifts of equal length and run count. Different complexity profiles, different cumulative exposure. Breaks are visible as grey bands.

Shift A — high intensity, high variability (0909-04) Shift B— low intensity, lower variability (1408-01)
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0 100 200 300 400 500 0 100 200 300 400 500
Time since shift start (min) Time since shift start (min)
—— C_t — momentary complexity exposed to controller —— C_t — momentary complexity exposed to controller
m— CCC X 100 — accumulates + decays across breaks m— CCC X 100 — accumulates + decays across breaks
break period (off position) break period (off position)
Mean Cx (shift) Variability (SD) Cumulative (A_max) Mean break Mean Cx (shift) Variability (SD) Cumulative (A_max) Mean break

32.3 15.8 719 50 win 16.9 10.8 412 47 min

How to read the curves. Red line drops to zero in grey bands = controller off position. Navy line decays but does not collapse = CCC carries prior exposure forward across breaks. Run peaks and slope visible within each on-position
segment.

Note. Both shifts span 571 minutes and comprise five runs. C_t = momentary complexity as exposed to the controller (zero on break). CCC = recursive accumulation with p_on = 0.95 on position and p_off = 0.95 off position. To make the two shifts visually comparable, both
CCC curves are normalised against the larger of the two shifts' maxima (A_max = 719 from Shift A) and scaled x100. Raw A_max for each shift is reported in the annotation cards.

Lea Trampitsch-Vink - 17.06.2026 6
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AVIATION IN NEED OF MORE
HUMAN PERFORMANCE...

-Soaring Demar
-New Airspace L

unpredictability

purpose

performance
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d, retiring workforce. ..
sers, increasing task

-Traditional performance metrics no longer fit for

-Regulations designed to limit loss of service and



The moving ladders problem...

More Automation may make things worse

- Transition could be more dangerous!
Current Automation Levels by Operation

Action Implementation
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What does ‘Automation’ mean to Humans?

We a limited to “getting info in,”

/]

“analysing that info,” “making decisions
From information to action with that info” and “doing something with it”

A B C D Increasing automation often decreases

INFORMATION INFORMATION DECISION AND ACTION | ACTION human performance...
ACQUISITION ANALYSIS SELEC TION IMPLEMENTATION

Bainbridge (1983) - On the Ironies of
Automation

Increasing automation

Endsley (2023) - On the Ironies of Al

Gamma Activity Decreases as Task Complexity Increases
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Aviation and ATM ata turning point...

. . Future
-Soaring Demand, retiring workforce. .. \
- New Airspace Users, increasing task unpredictability | | E—

-Traditional performance metrics no longer fit for purpose
- Regulations designed to limit loss of service and
performance

Current
Performance

Loss of Safety

and
,We can‘t have change Performance
without loss, which is why so = pain
often people say they want ‘
change but nontheless stay O
exactly the same” o
— Lori Gottleib

Lea Trampitsch-Vink - 17.06.2026 10



The trouble with licences..

Automation can remove capability while leaving liability behind.
e Safety-critical law requires a responsible agent.

e Al cannot be summoned, punished, or licensed.

e Growing mismatch between capability and accountability.

Machine cannot meaningfully bear responsibility.

e Manufacturers cannot absorb all operational liability.
e Operator organisations face residual risk.

e Licensed operators increasingly lack genuine control.

>EASA

European Union Aviation Safety Agency

ROADMAP 2.0

Lea Trampitsch-Vink - 17.06.2026

ARTIFICIAL INTELLIGENCE

Human-centric approach to Al in aviation

The Licence Fiction

Why artificial intelligence cannot lawfully replace the licensed
operator

| THE MOVING LADDERS
MAY 25, 2026
The law has no place to put the consequences
of an act committed by a thing that cannot be summoned,

that cannot be punished, that cannot stand in a courtroom,

and that cannot, in any meaningful sense, have done otherwise.
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Re-imagining the concept of operations and assurance

ATCOs do not conceive of all the parts of their system individually.. nor should we in ¢"ta or assurance terms...

-The concept of operations must evolve
-from a static network model to a

Human
Performance

. . - Teamwork,
dyn a m I C, CO m p ‘ eX I ty ba S e C WO r‘ d Wg k]O.a(.] :and Situatlona] Communi_ COI]ﬁdchC
ognitive o . and
. Awareness cation and "
Drivers S . . Resilience
upervision
N
Selection, Recruitment, Training, Skills and Experience
/
Jobs/Roles vs Processes and Tools, Ergonormcs External
Tasks Procedures Technology and Physical Factors and
and HMIs Environment Pressures

Culture — Shared beliefs and behaviours (Safety, Just and Organisational)

Vink, L. S., & Walzl, B(2025)

Lea Trampitsch-Vink - 17.06.2026 13
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Redefining ATM Performance

From throughput to thinking - measuring what really matters!

Old KPI: "number of 12 hours of Human Performance based on system data and New KPI: “cumulative
aircraft per hour” predictive algorithms... complexity”

’ |

ol ‘
il H WMMMA UWA/\JJWA, ﬁ b MM w\w%/\ i M ol

Workload, Fatigue, Complexity...

Up next: Effort, boredom and human error...

Lea Trampitsch-Vink - 17.06.2026 14
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https://www.youtube.com/watch?v=vSFBuf6IdAk
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Developing Cumulative Cognitive Complexity

This new construct paves the way for understanding cognition in 4-dimensions with resultant, predictable outcomes...

What is CCC? e o

B Moderate CCC 49<89¢ zone
B lLow CCC <40
20 -

47 min

ACCUMULATION

Task demand doesn't just hit you now — it builds. CCC tracks how complexity stacks up across your entire time
on-position.

15 -

Human error rate (%)

PARTIAL RECOVERY it ot ol ot el s et VL

Breaks help, but they don't fully reset the clock. CCC decays during breaks — slowly — reflecting real cognitive
recovery.

0 2IO 4I0 6IO 8IO
TEMPORAL VULNERABILITY

Time on-position (minutes)
The same airspace complexity hits differently at minute 10 vs minute 80. CCC captures that difference. Momentary
workload cannot.

125 controllers - 3 CCC bands - bold lines show band medians

Lea Trampitsch-Vink - 17.06.2026 16



Cumulative Cognitive Complexity
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Data-driven Human Performance prediction using real-time Task Complexity

TWO CLOCKS. TWO TIMESCALES.
TWO VERY DIFFERENT EFFECTS.

CLOCK 1: FAST & LOCAL CLOCK 2: SLOW & ACCUMULATING
THE ACCUMULATION CLOCK

THE MOMENT-TO-MOMENT CLOCK

»
L

J\ﬂJ\/\A = '.\'z
PRESENT COMPLEXITY
DEMAND BUILDS uP

f B
RECENT ONLY PARTIALLY
ERROR RECOVERS
IMMEDIATE
SHAFED BY
VIORKLOAD WHAT CAME
BEFORE
INSTANTANECUS WA 2 R i )
ASSESSMENTS _ OPERATIONAL N FREDICTS ERROR
= _ PERFORMANCE ; : IN THE FUTURE
r (R . I
WHAT WE MEASURE WELL e o WP depends on both WHAT WE'VE BEEN BLIND TO
Explairs performance RIGHT NOW. = _£4 Explains performance LATER.
, Shart memery, Local effects. Long memery. Curwlative effects. —
. — - . s « B P ‘.
‘ WHY IT MATTERS ' s ation P Tt g AN
Same chift. Same hours. < 2
Very different risk. o~
| s
: "
L) MEUMULATION HIGH ACCUMULAT N
Lomer “utare arvor risk Fagher futuare error visk | . ,_ .
— ———— . N i e ¥ T i < L

IT IS NOT THE LENGTH OF THE SHIFT THAT PREDICTS FAILURE. IT IS WHAT HAS ACCUMULATED WITHIN IT.

Lea Trampitsch-Vink - 17.06.2026

load

run 1 run 2 run 3

accumulator (slow glock)

s~ \
Te el error 9-30 min ahead
instantaneous complexity (fast C]OCk)/\/\/\
break break

— time on shift

Figure 2

The two clocks. Instantaneous complexity (grey) is spiky and local; it is absorbed moment
to moment. Cumulative Cognitive Complexity (navy) integrates that input with finite
retention, building within a run and decaying only partially across a break, and it is this

slow, accumulated quantity that forecasts operational error 9 to 30 minutes ahead (red).

The partial, duration-dependent decay across breaks is the dashed segment.

17



If bandwidth permits - demonstrate model

/ Sector Constraints p = 0.0097**

Complexity p = 0.046*

Weather Complexity Task Complexity /

p =0.002*
p =063

Air Traffic
Complexity
Traffic Volume p =0.64
o Xi

p = 0.069

p =0.0078**

p =0.0082*
p=0.0091" el it

v p="0.083
p = 0:046"

p =0.079

p =0.043*

Delta Waves

Theta Waves

end
- Opposite
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p =0.0089*

p = 0.052

p = 0.078

p = 0.0083*

Beta Waves

» = 0.0081**

b =0.069
H
p=0.070 .
p =006 A

p =.0.070
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CANSO

The Synapses Model

Our studies involving over 85 ATCOs (Roughly 45% of ACC
ATCOs) over five studies found the following:

Air Traffic Complexity = Task Complexity
Task Complexity accurately predicts Workload

Workload + time-in-position accurately predicts
Cognitive Fatigue and Risk of Human Error

Situational Awareness degrades regardless of

compensation measures taken against fatigue or
Workload

Time-in-position, Length of Breaks and Boredom as well
as Task Complexity itself all moderate Workload and
Fatigue... this is the ultimate finding!!

18 different Psychometric measures including EEG were
used to validate this model

We can accurately predict fatigue and human error
probability based on Complexity

Cumulative Complexity = Human Performance Index

18
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Tracking Cognitive Overloads

Fatigue

ramramremremed Complexity

Lea Trampitsch-Vink - 17.06.2026 19




2023 09 23 W2 Sector @ 1820 UTC

Predicting potential human error occurrences before
they happening

LOVVW16

Overload predicted
accurately at 1820

UTC

—

A0l

— === - | R e = = —— - A f= , ——

[ o )
18:00 19:00

18:00 o 19:00
LOVVWI3

T - e
18:00 19:00

ACC supervisors have
access to this view.

The can see peaks and
troughs in Total Complexity
as well as to look into what

1s driving it.

It predicts using machine
learning with relative
accuracy.

Using the Human
Performance Spider
Diagrams, we can recreate
analysis of occurences and

see them before they happen.

Lea Trampitsch-Vink - 17.06.2026

Situational Awareness

Acute Fatigue
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Workload
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Human Performance Index
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Vigilance
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Al is the opportunity, Complexity is the key

To implementAl ethically, we must rethink how we We can tell better stories with Complexity
define performance e [ Foticmma Dicl
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The power of CCC for Performance... just® z minds

Figure 2. Two contrasting shifts, side by side

Two real shifts of equal length and run count. Different complexity profiles, different cumulative exposure. Breaks are visible as grey bands.

Shift A — high intensity, high variability (0909-04) Shift B— low intensity, lower variability (1408-01)

o o
2 Run 1 Run 2 Run 3 Run 4 Run 5 2 Run 1 Run 2 Run 3 Run 4 Run 5
X break break break break X break break break break
N 60 min 60 min 40 min 40 min ~ 60 min 38 min 39 min 49 min
L) 100 L) 100w
O )
@) O

80 - 80 -

60 - ’ 60 -
5. 40 - 5. 40 - /
1 r=
»4 4 > ' )
&) O
3 20 - 3, 20 - /
o ) ‘
Q O = | | | | | U O 1 | | | | |

0 100 200 300 400 500 0 100 200 300 400 500
Time since shift start (min) Time since shift start (min)
—— C_t — momentary complexity exposed to controller —— C_t — momentary complexity exposed to controller
m— CCC X 100 — accumulates + decays across breaks m— CCC X 100 — accumulates + decays across breaks
break period (off position) break period (off position)
Mean Cx (shift) Variability (SD) Cumulative (A_max) Mean break Mean Cx (shift) Variability (SD) Cumulative (A_max) Mean break

32.3 15.8 719 50 win 16.9 10.8 412 47 min

How to read the curves. Red line drops to zero in grey bands = controller off position. Navy line decays but does not collapse = CCC carries prior exposure forward across breaks. Run peaks and slope visible within each on-position
segment.

Note. Both shifts span 571 minutes and comprise five runs. C_t = momentary complexity as exposed to the controller (zero on break). CCC = recursive accumulation with p_on = 0.95 on position and p_off = 0.95 off position. To make the two shifts visually comparable, both
CCC curves are normalised against the larger of the two shifts' maxima (A_max = 719 from Shift A) and scaled x100. Raw A_max for each shift is reported in the annotation cards.

Lea Trampitsch-Vink - 17.06.2026 22
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Open html - visualise the data

file:///Users/leavink/Desktop/Presentations/CCC research/LGA_risk_radar_v2_dynamic_boundary-2.html

Components:

1. Task (Air Traftic) Complexity Algorithm

2. Synapses Human Performance (CCC) Algorithm

3. Fatigue Risk Management Algorithm (and Rostering)

4. Post-Ops analysis link and algorithms (linked to outcomes)

Lea Trampitsch-Vink - 17.06.2026 23



just® zZminds

Allowing us to look into other effects

This new construct paves the way for understanding cognition in 4-dimensions with resultant, predictable outcomes...

Available online at www.sciencedirect.com -
Transportation

Research

Procedia

www.elsevier.com/locate/procedia

ScienceDirect

Transportation Research Procedia 88 (2025) 81-88

European Association for Aviation Psychology Conference EAAP 35

Time Flies When You’re Watching the Skies?
Investigating Boredom in Aviation

Maximilian Peukert**, Florian Ott®, Lea-Sophie Vink®

“Air Navigation Services of Sweden (LFV), Malmo, Sweden
bTechnical University of Dresden, Dresden, Germany
AustroControl, Vienna, Austria

Abstract

In aviation, routine and quiet days often lead to boredom for operators, whose roles typically involve repetitive tasks despite
training for high-pressure situations. This study explored the prevalence of job boredom and boredom proneness through an
online survey of N = 318 aviation professionals, primarily Air Traffic Controllers and civil pilots, from over 25 countries. The
survey consisted of quantitative and qualitative methods. Results indicate widespread boredom across all aviation professions.
Male operators were significantly more likely to experience boredom than female colleagues. Operators working as on the job
training instructor had less boredom proneness than colleagues not having this role. No significant differences for age, cultural
background and job tenure were found. Most participants evaluated boredom as an unpleasant and negative state, impacting
work. Moreover, participants linked boredom primarily to work environment and tas
conditions and lack of human interaction were consistently rated as major factors fo

© 2024 The Authors. Published by ELSEVIER B.V.
This is an open access article under the CC BY-NC-ND license (https://creativeg

Peer-review under responsibility of the scientific committee of the European
EAAP 35

Keywords: Aviation; Air Traffic Control; Pilot; Boredom; Monotony

1. Introduction

Aviation professionals are trained to handle critical situations under high workload, but an often-overlooked
hazard in routine situations is boredom. The prevalence and triggers of boredom in aviation are largely unknown.

Lea Trampitsch-Vink - 13.05.2026

Boredom

ORIGINAL ARTICLE

Reaching for Distraction: Navigating Boredom and Monotony in
High-Reliability Organisations

Lea Sophie Trampitsch-Vink®P, Sjir Uitdewilligen®, Maximilian Peukert?, and Florian
Ott®

2 Austro Control, Vienna, Austria; PJustMinds Institute, Vienna, Austria; “Faculty of
Psychology and Neuroscience, Maastricht University, The Netherlands; Air Navigation
Services of Sweden (LFV), Malmo, Sweden; ®Technical University of Dresden, Dresden,
Germany

ARTICLE HISTORY
Compiled May 11, 2026

ABSTRACT

High-reliability organisations depend on operators who remain cognitively prepared
for rare, high-stakes events during long stretches of low demand, a paradox automa-
tion and artificial intelligence are sharpening across every safety-critical domain.
This study examines how aviation professionals cope with boredom during oper-
ational tasks, and whether their chosen strategies carry consequences for safet,
Mixed-methods analysis of 270 qualitative responses from a multinational surve
aviation professionals yielded an eight-category taxonomy of boredom g
ics. Operators with the highest state boredom scores were significant
eport digital distraction strategies (DUBS M = 2.86 vs. 2.54, p
onsistent with distraction being recruited reactively rather tha
, and one strengthened by the absence of any parallel trait-levg
en users and non-users. Pilots reported social coping more often t
rollers (63% vs. 34%, x* = 12.76, p < .001), a difference explai
access to collegial interaction rather than disposition. Ninety-one p8
ent of respondents reported no formal organisational policy on boredo
ement, and 95.9% had received no dedicated training. The data reframe digital
raction as a probable safety signal of a high-risk boredom state, rather than a
discipline failure, and provide significantly strengthened evidence that single-pilot
and remote-tower configurations, by removing the colleague from the operational
environment, simultaneously intensify the boredom condition and remove its most
effective countermeasure.

KEYWORDS
aviation; air traffic control; boredom; monotony; coping strategies; high-reliability
organisations; automation; underload; safety

Available online at www.sciencedirect.com

Transportation
Research

Procedia

www.elsevier.com/locate/procedia

ScienceDirect

Transportation Research Procedia 66 (2022) 201-213

34th Conference of the European Association for Aviation Psychology

A new methodology for assessing human contributions to occurrences (MAHCO)
in Air Traffic Management utilising a Bayesian hierarchical predictive coding
approach to the brain, and the benefits for just culture
Lea Sophie Vink® *

* Human Performance Lead, Austro Control, Schnirchgasse 17, 1030 Vienna

Investigations

Abstract

The traditional approaches to classifying Human Error have provided a strong and beneficial approach to understanding the roles
of humans in safety occurrences. However, as the demand for human performance has increased and with the rise of more
automation, the line between man and machine continues to become increasingly blurred. Traditional Human Error analysis
techniques are no longer sufficient for extracting the most valuable learning data from occurrences. Furthermore, there is a
continuing need to strengthen Safety and Just culture. One means to achieving this is through developing ever greater trust in the
ability of organisations to accurately investigate and report occurrences. This paper outlines a new 10 step approach to investigating
human contribution to occurrences which is based on a version of predictive situational awareness in the brain that is derived from

i icaloredictive coding approaches. Utilising statistically based induction, the steps allow investigators to make an objective
ious human error analysis and integrate it with traditional subjective feedback on conscious decisions
g that can provide further evidence to support the reconstructions is also discussed. This approach
) human factors related occurrences in Air Traffic Control in 2021/2022 and the results are
sing a refined approach and educating operators on the approach can significantly benefit Just
t and frequency of reporting because it will allow for the removal of biases by individual
ocus on validating the approach against current methods and testing it for occurrences further
5 in non-safety related decision making.

SEVIER B.V.
e CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0)
Pt the scientific committee of the 34th Conference of the European Association for Aviation
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What can we do with this?

When systems fail together — the accident that statistics predicted
Air Canada Express Flt 8646 - Runway 4 - 2338 local

Tower
Complexity x

System
Performance x
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HF Field Toolkit justi "z minds

JustMinds Human Factors Field ToolkKit

Measure what matters in the field.

Single Test My Study Research Study

Run once and see your results Track your performance across Configure a study for multiple
immediately. multiple sessions on this device. participants with QR code access.

Build Your Battery

Available now

Fatigue Risk Battery

Five validated tasks — PVT, Flanker, Go/No-Go, Rule Switch, and subjective ratings — producing a two- 10 min
dimensional Fatigue Risk Score and visual risk map across Speed & Alertness and Control & Stability.

Sustained Attention & Context Tracking

O Two validated tasks — a context monitoring paradigm and the SART sustained attention test — 8 min
producing an Attention & Context Index as a behavioural proxy for situational awareness components.
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New approaches for HF Assurance

The Moving Ladders
Problem

The Moving Ladders Problem Lea Trampitsch-Vink- JustMinds Institute, Vienna e |uly 2025- Deputy Chair, EC Expert Group ¢ Human Dimension in Aviation
automation moves the goalposts; liability stays fixed

“The ladders of life that we scale merrily
Human Performance Pyramid Cumulative Cognitive Complexity

Move mysteriously around
culture - talent = individual variability temporal accumulation of task demand

So that when you think you’re climbing up, man
In fact you’re climbing down.”

Synapses causal network
23 nodes - 34 validated connections - EEG + PVT The Paradox Visualised

HF Field Toolkit STORMS

. A
P Bl : -time supervisor decision support - live ADS-B - error
Go/No-Go - Rule-Switch

’---------------- -.------------*

Human Performance Assurance

-
.
. ®
.
.
. ®
»

assess - predict - intervene - verify — auditable, regulatory-grade

.......... The Moving Ladders
e-""""" liability exceeds capability
>
- Human recovery capability «allkEgal liability (fixed)

Safety & Human Performance

measured before incidents, not after them

The Moving Ladders Paradox — as automation increases, human capability to recover from failure falls and failure-

Lea Trampitsch-Vink- 17.06.2026 mode workload rises, while legal liability remains anchored to the human operator. © JustMinds 2025 8
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Conclusions

The question is not "how much automation should we add?" It is "what are we taking away from the human, and have we measured the gap?"

1. Every automation and design decision is simultaneously a human performance decision.
Embraer makes both, whether it intends to or not.

2. The Moving Ladders Problem is not a training issue. It is a design issue, a certification issue, and

under EU Requlation 2024/2853, increasingly a liability issue.

3. Human performance is measurable, predictable, and manageable in real time. We have proven
this with 85 controllers across five studies. The same logic applies to every cockpit you build.

4. CCCand STORMS exist because we stopped asking “how tired is this operator?" and startec
asking "how much cognitive demand has this system imposed on this human, and what
happens next?" That question belongs in your design process.

5. The organisations that will lead the next decade of aviation are not the ones that automate the

most. They are the ones that automate with the clearest understanding of what the human can
still do, and must still do, when the automation reaches its limit.

Lea Trampitsch-Vink - 13.05.2026
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"THE MOST DANGEROUS MOMENT IN
ANY AUTOMATED SYSTEM IS NOT
WHEN IT FAILS. IT IS WHEN IT HAS
BEEN WORKING SO WELL, FOR SO
LONG, THAT NOBODY IN THE COCKPIT
REMEMBERS HOW TO TAKE OVER."
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