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Workload in ATC

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

✓ Task load translates to workload

✓Moderated by

– Skill

– Individual state (e.g. fatigue)

✓ Problem: Self-estimation not reliable
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Multi-Modal Approach

Source
Giannakakis, Grigoriadis, Giannakaki, Simantiraki, & 
Roniotis, 2019
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Experimental Setup

✓18 ATCOs (9 male /9 female)

✓Expose to 3 Conditions (low, medium, high traffic volume)

✓42 min (about) per condition

✓Within subject, crossover design

✓Mean age 46 years

✓Mean experience 19.7 years

✓Sector Whiskey
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STATISTICAL ANALYSIS OF EYE-TRACKING 
VARIANCE AND FEATURES
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Concept Hypothesis
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✓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

✓H2: Order

✓H3: Time-on-Task

✓H4: Time-of-day

✓H5: Age

✓H6: Gender

✓H7: Years of experience 



©LFV

- Plats för beskrivande rubrik och fri placering av innehåll: bilder, grafer, illustrationer, tidningsurklipp etc.

12

Operationalize the Concept of Workload and Fatigue

Method Measured Object Indicator Construct Workload/
Fatigue

CPHP Subjective State Workload Rating Workload +

PVT Reaction Time Mean Reaction Time Vigilance / Alertness -
SSS Subjective State Sleepiness Rating Sleepiness +

Eye Tracking Blink Behavior
Blink Duration, Blink 
Frequency Fatigue / Reduced Vigilance +

Eye Tracking Blink Behavior PERCLOS Fatigue / Drowsiness +

Eye Tracking Blink Dynamics
Closing/ Opening 
Amplitude (Left, Right) Eyelid Kinematics / Fatigue -

Eye Tracking Blink Dynamics
Closing Speed, Opening 
Speed (Left, Right) Eyelid Kinematics / Fatigue -

Eye Tracking Oculomotor Behavior Fixation Duration
Visual Attention 
Allocation/Workload +

Eye Tracking Head Movement Head-Yaw Speed Visual Scanning/Workload -

Eye Tracking Pupillometry
Pupil Diameter (Left, 
Right)

Autonomic Nervous
System/Workload +

Eye Tracking Saccadic Dynamics Saccade Peak Velocity Visual Attention / Arousal ∩
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Correlation Analysis
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Correlation Analysis
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Regression Analysis using LMM
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Regression Analysis using LMM
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Regression Analysis using LMM

M1: Order

M2: ToT

M3: ToD

M4: Gender

M5: Age

M6: Experience
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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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