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Background

> In dynamic task environments (         |          |         ): 
task demands can fluctuate widely over time

> In response, mental workload can shift along a continuum:
mental underload  optimal workload  mental overload1

> Quantification of mental workload: essential for system 
evaluation and adaptive technologies (e.g., flexible automation)2

Research Question

Conclusion

Multi-Attribute Task Battery3,4:

Monitoring Task Tracking Task

Communication Task Resource Management Task

Apparatus:

Task performance

Subjective Workload

Eye-Tracking (120 Hz)

Electrocardiography (130 Hz)

Respiration (10 Hz)

Outcome Domains:

N = 42 healthy subjects |  15 m, 27 f, 0 nb |  Mage = 25.28 (SDage = 2.63)

Procedure: Baseline Measurement (6min) Training (14min)

Task Load 1 (6min) Task Load 2 (6min) Task Load 3 (6min)

Dependent Variable                                     p η2
p L → M M → H L → H

HRa: RR intervals (ms)                                       *** 0.243 ** *** **

HRVb: RMSSD (ms) ns 0.065

HRV: SDNN (ms)                                                                  * 0.087 *

HRV: LF (ms2) ns 0.036

HRV: HF (ms2)                                                                           ** 0.163 ** **

Pupil diameter (mm)                           *** 0.673 *** *** ***

Fixation duration (ms)            ** 0.209 ** *

Blink duration (ms)                                      * 0.113 *

Blink rate (blinks/min)                                  ** 0.248 *** **

Respiratory rate 
(breaths/min)  

*** 0.485 ** *** ***

Performance: low > medium  > high task load (all p < .01)

a heart rate        b heart rate variability

* padj < .05; ** padj <.01; *** padj < .001
p-values FDR-adjusted for multiple comparisons

*** ** * ns * ** ***

> strong linear effect of task load on psychophysiological measures were found for: 
heart rate (RR intervals), pupil diameter, respiratory rate 

> surprisingly: respiratory rate showed high sensitivity and consistent effects across participants
→ its low cost and minimal intrusiveness make it a strong yet underestimated candidate for assessing  

mental workload
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Which psychophysiological markers, 
derived from electrocardiography, 
eye-tracking, and respiration, are

sensitive to broad variations in 
mental workload?

Task Load (Independent Variable):
low  —  medium  —  high

counterbalanced within-subjects design

Did the manipulation work?1.
Which psychophysiological measures were
sensitive to the task load manipulation?2.

Subjective Workload:

decrease ( ) increase ( )

Main effect
task load

Post-hoc 
comparisons

decrease ( ) increase ( )

Individual participants:

Group mean ± SE:
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