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Workload in ATC

v “Workload is hypothetical construct
that represents the mental cost
incurred by a human operator to
achieve a particular level of
performance” (Hart & Staveland 1988)

v Task load translates to workload
v Moderated by

— Skill

— Individual state (e.g. fatigue)

v Problem: Self-estimation not reliable
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Frame Grabbing

Electrocardiogram (ECG)

Eye Tracking

Electroencephalogram (EEG)
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PVT & SSS
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Multi-Modal Approach
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Experimental Setup

v/ 18 ATCOs (9 male /9 female)

v Expose to 3 Conditions (low, medium, high traffic volume)
v 42 min (about) per condition

v Within subject, crossover design

v"Mean age 46 years

v"Mean experience 19.7 years

v"Sector Whiskey
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STATISTICAL ANALYSIS OF EYE-TRACKING
VARIANCE AND FEATURES

Fredrik Windmark
Helene Alpford Wylde
Lothar Meyer
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Concept Hypothesis

v"H1: Ocular and head movement metrics respond to varying degrees of task load
— Workload

— Fatigue/Sleepiness

The following predictors moderate the relation between task load and workload
v"H2: Order

v H3: Time-on-Task

v H4: Time-of-day

v H5: Age

v H6: Gender

v H7: Years of experience
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Operationalize the Concept of Workload and Fatigue

Method

CPHP

PVT
SSS

Eye Tracking
Eye Tracking

Eye Tracking

Eye Tracking

Eye Tracking
Eye Tracking

Eye Tracking

Eye Tracking

Measured Object

Subjective State

Reaction Time
Subjective State

Blink Behavior

Blink Behavior

Blink Dynamics

Blink Dynamics

Oculomotor Behavior

Head Movement

Pupillometry

Saccadic Dynamics

Indicator

Workload Rating

Mean Reaction Time
Sleepiness Rating

Blink Duration, Blink
Frequency

PERCLOS
Closing/ Opening

Construct

Workload

Vigilance / Alertness
Sleepiness

Fatigue / Reduced Vigilance

Fatigue / Drowsiness

Amplitude (Left, Right) [Eyelid Kinematics / Fatigue

Closing Speed, Opening

Speed (Left, Right)

Fixation Duration

Head-Yaw Speed
Pupil Diameter (Left,
Right)

Saccade Peak Velocity

Eyelid Kinematics / Fatigue
Visual Attention
Allocation/Workload

Visual Scanning/Workload
Autonomic Nervous
System/Workload

Visual Attention / Arousal

Workload/
Fatigue
+

+
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Correlation Analysis

Table 3

2 Way Multilevel Correlation for CHS, PVT mean reaction time and SSS, listing the Spearman’s rank correlation coefficients
(p). ** p < 0.01, * p < 0.05

CHS.rwg PVT.rwg 55S5.rwg

Blink Duration [ 470 ) -1 107
Blink Frequency — 428** —-073 —.046
PERCLOS — 504** —.107 017
Fixation Duration e —238)  —.080
Head-Yaw Speed —.053 —028 -.073
Left Blink Closing Amplitude 146* 053 004
Left Blink Opening Amplitude 178+ 073 —.035
Left Blink Closing Speed 047 066 039
Left Blink Opening Speed 034 005 095
Right Blink Closing Amplitude 197 118 074
Right Blink Opening Amplitude 162+ 188 071
Right Blink Closing Speed —.023 088 —.034
Right Blink Opening Speed 058 109 092
Left Pupil Diameter 365%* 077 —.167
Right Pupil Diameter .348* —.094 -.071
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Correlation Analysis

Table 4

2 Way Multilevel Correlation for CPHP (within group) based on -180 0 window, updated 2026-01-28, mean, median, std,
min, max, ** p < 0.01, * p < 0.05

p (mean) p (median) p (std) p (min) p (max)
Blink Duration — A70%* —.444** —.387* —.066 —.397*
Blink Frequency — 428%*
PERCLOS —.504**
Fixation Duration 076* 129%* 024 —.074 019
Head-Yaw Speed —.053 035 —. 118** —.121*
Left Blink Closing Amplitude 146 1107 —.069 l 214 —.018
Left Blink Opening Amplitude 78 135%* —.103 220%* — 056
Left Blink Closing Speed 047 154 —.149** 156% —.201*
Left Blink Opening Speed 034 A12% —.161** 143 —.212*
Right Blink Closing Amplitude 197+ 191** —.093" l 2257 —.025
Right Blink Opening Amplitude 162%* 175% —.029 137+ —.043
Right Blink Closing Speed —.023 155%* —.175%* 156% —.257*
Right Blink Opening Speed 058 165* —.194** 176% —.228*
Left Pupil Diameter 365% 339 —.133* 73 236%*

Right Pupil Diameter 348+ 328 —.094* 192% 213




Regression Analysis using LMM
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Table 6

The baseline model is expressed as

Yij = By + By Scenario;; + uy,; + &

Summary of results for the baseline model and a range of time resolutions.

blink duration
blink _frequency

fixation

head yaw

left pupil dia
right _pupil dia

left close amp
right close amp
left _open amp
right _open amp

left close speed
right close speed
left open speed
right _open_speed
saccade

10s 30s 60s 180s

Rﬁ‘la{g Rgoruj Ri‘la{g Rgund Ri]arg Rgund Rﬁ]ar Rgond

0.192 0.372 0.202 0.383 0.211 0.409 | 0.229 | 0.435

0.036 0.722 0.035 0.719 0.036 0.739 | 0.039 | 0.771

0.000 0.453 0.000 0.478 0.000 0.495 : 0.525

0.000 0.183 0.000 0.180 0.000 0.183 0.002 0.193

0.006 0.777 0006 0.776 0.006 0.774 0.007 0.791

0.019 0.684 0.020 0.683 0.020 0.685 | 0.023 | 0.704

. : 0.001 0.891 0.001 0.895 0.001 0.899 “-8-886~" 0.905
0.001 0517 0.001 0877 0.001 0.878 0.001 0.876 0.001 0.887
0.001 0.464 0.001 0.854 0.001 0.859 0.001 0.862 0.001 0.871
0.004 0.486 0.001 0.849 0.001 0.852 0.001 0.849 0.001 0.869
0.001 0.004 0.016 0.108 0.019 0.108 0.018 0.117 0.020 0.129
0.000 0.002 0.006 0.049 0.006 0.051 0.006 0.046 0.005 0.040
0.000 NA 0.005 0.013 0.004 0.009 0.004 NA 0.002 NA
0.000 NA 0.000 0.016 0.001 0.014 0.001 0.014 0.001 0.010
0.000 0.013 0.003 0.633 0.002 0.643 0.003 0.6368 0.001 0.596
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Regression Analysis using LMM

Table 5
The single parameter models used.

Formula

m1l
m2
m3
m4
mb5

m6

et metric ~
et _metric ~
et metric ~
et _metric ~
et _metric ~

et _metric ~

scenario * order + (1 | subject)
scenario * ToT + (1 | subject)
scenario * timeofday + (1 | subject)
scenario * gender + (1 | subject)
scenario * age + (1 | subject)

scenario * experience + (1 | subject)
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Regression Analysis using LMM

Table 7
Summary of results for single parameter models, time resolution 10s .
m1l m2 m3 m4 m5 m6
2 2 2 2 2
A Rm,,: A Rmarg A Rma_rg AR ... AR .
blink duration 0.093 | 0.035 0.035 0.086 | 0.074 M1: Order
blink _frequency 0-016 0.001 0.001 0-0066 0.005
fixation [0.060 0.091  0.001 0.008  0.012 M2: ToT
head yaw 0.017  0.013 0.0I3 0.003  0.000
left pupil dia 0.031 0.007 0.007 0.025 0.030 M3: ToD
right_pupil_dia 0.021 0.045 0.045 0.031  0.040 '
left close amp 0.016 0.000 0.000 0.024 0.023 M4: Gender
right close amp 0.026 0.002 0.002 0.034 0.027 |
left open amp 0.014 0.002  0.002

0.023 0.023 M5: Age

right open amp 0.016 0.001 0.001 0.024 0.017

left close speed 0.000  0.003  0.003 0.005  0.010 M6: Experience
right close speed  0.000 0.002  0.002 0.001  0.001
left _open speed 0.007  0.008  0.008 0.013  0.011
right open speed 0.006 0.015 0.015 0.001 0.005
saccade 0.067 | 0.000  0.000 0.004  0.005
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Conclusion

Blink duration most robust work load indicator

— Cooper Harper
— Effect of Scenario (Low, Medium, High)

Pupil Diameter 2nd most robust

Gains in explaining variability (predictor validity)
1. Order of scenarios (blink duration, fixation duration and saccade velocity)
2. Gender (fixation duration and pupil diameter)
3. Experience (blink duration)
4. Age (blink duration)
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