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Human-machine relationships
in automated driving: active vs 
passive driving.

Jordan Navarro, Lyon, France
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Humain-Machine relationships in 
cognitive sciences
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Homo Sapiens VS tools/technology

Tools/technologyHomo Sapiens

Phase 1

Phase 2
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Navarro, J. & Hancock, P.A. (2023). Did Tools Create Humans? Theoretical Issues in ergonomics science.
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Cognitive ergonomics - Human
Factors
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Experimental
control

Ecological
validity

Theory

Practice
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Driving
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A brief Hierarchical Task Analysis (Stanton et al., 2001)
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Perceptivo-motor
control

Eye-hand 
coordination

Visual 
explorations

Human-Machine 
cooperation

Cooperation
modes Warning mode Warning model Cooperation

mode selection Neuroergonomics

Human Machine cooperation
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Experimental

control

Ecological

vaidity

Perceptivo-
motor
control

Eye-hand 
coordination

Visual 
explorations
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Steering

Eye-hands coordinations
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Goal 1 : eye-hands relationship

Goal 2: tangent point role

Hyp 1: Geometric relationship with bend
curvature (Land & Lee, 1994)

Hyp 2: Direction of the point in the 
environment where to pass (Wann & 
Swapp, 2000; Wilkie & Wann, 2003) 
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Contrôle actif

Contrôle passif
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eye-hands relationship

tangent point role

Hyp 2: Direction of the point in the environment where to pass (Wann
& Swapp, 2000; Wilkie & Wann, 2003) 

This point is close to the tangent point.

Mars, F., & Navarro, J. (2012). Where we look when we drive with or without active steering wheel control. PloS One.

14



16/01/2024

8

Pas de mouvements du 
volant ni des mains mais 
guidage complétement 

automatique
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Navarro, J., Hernout, E., Osiurak, F., & Reynaud, E. (2020). PloS One.
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Noton & Stark, 1971

- Conduite manuelle (MD)
- Conduite hautement 
automatisée (HAD)

Lappi & Mole, 2018

17

Backwards Polling 
(48.58%)

Guidance 
(18.85%)

Forward Polling 
(11.75%)

Speed Monitoring 
(16.85%)

Road Scenery 
(3.96%)

En conduite manuelle (longueur scanpath 4 AOIs)
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Navarro, J., Lappi, O., Osiurak, F., Hernout, E., Gabaude, C., & Reynaud, E. (2021). Scientific Reports
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Human-Machine 
cooperation

Cooperation
modes Warning mode Warning model Cooperation

mode selection Neuroergonomics

23



16/01/2024

11

Neuroergonomics in driving

=
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Schnebelen, D., Reynaud, E., Ouimet, M. C., Seguin, P., & Navarro, J. (2024). A neuroergonomics approach to driver’s
cooperation with Lane Departure Warning Systems. Behavioural Brain Research, 456, 114699. 

Active driving with
unprovoked lane
departures
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LaneExcursion > OnLane

Schnebelen, D., Reynaud, E., Ouimet, M. C., Seguin, P., & Navarro, J. (2024). A neuroergonomics approach to driver’s
cooperation with Lane Departure Warning Systems. Behavioural Brain Research, 456, 114699. 
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Schnebelen, D., Reynaud, E., Ouimet, M. C., Seguin, P., & Navarro, J. (2024). A neuroergonomics approach to driver’s
cooperation with Lane Departure Warning Systems. Behavioural Brain Research, 456, 114699. 
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Schnebelen, D., Reynaud, E., Ouimet, M. C., Seguin, P., & Navarro, J. (2024). A neuroergonomics approach to driver’s
cooperation with Lane Departure Warning Systems. Behavioural Brain Research, 456, 114699. 
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A Meta-analysis in 
neuroergonomics

Experim
ental

contro
l

Ecolog
ical

vaidity
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Quantitative meta-analysis rational

« Fruts »

« driving »

30

Coordinate Based Meta Analysis, quantitative 
analysis

1- a single experimental = a table of brain
coordinates + a number of participants

2- ALE map with activation gaussians centered on 
peaks and standard deviation function of the sample
size
3- combinaison of individual ALE maps à
transformed in a p values map of activation peaks
consistency
4- Contrats between maps possible

ALE Meta-analysis
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ALE Meta-analysis
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What happens in the human brain of a drivenger?

Drivenger. In 
real life 
conditions TOR 
and associated
difficulties
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Distinct visual pathways

Milner & Goodale, 2006

What & How
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Brain coordinates available
reexamined through the 

passive/active lens
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Active driving > passive driving

Somatosensory area
Motor area
Gesture, motor coordination and grasping
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Passive driving > active driving

Areas V1, V2, V5, MT & IT: 
vision, objects recognition
Frontal area (BA10): 
supervision, transition between
tasks
Frontal area (BA6): action 
observation (reaching/grasping)
Cerebellum: movement
perception
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Discussion

Automatic switch from active to passive:

« Driving control » & « driving monitoring »: two different tasks

A single source of visual information: two processes
action / identification

Active driving: dorsal stream, vision for action
Passive driving: ventral stream, vision for identification

During passive driving, the vision for action is no longer used: 
the drivenger is no longer a driver
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Human factors perspective

Merat, N., Seppelt, B., Louw, T., Engström, J., Lee, J. D., Johansson, E., Green, C. A., Katazaki, S., Monk, C., Itoh, 
M., McGehee, D., Sunda, T., Unoura, K., Victor, T., Schieben, A., & Keinath, A. (2019). The “Out-of-the-Loop” concept 
in automated driving: proposed definition, measures and implications. Cognition, Technology & Work.

Active driving

Strategic Tactic operationnal

Visual analysis
Moto control

Sensorimotor integration

Motion planning
Optical flow

Re-allocation of attention
Task-switching

Maintaining a goal

Passive driving
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Homo Sapiens VS tools/technology

Tools/technologyHomo Sapiens

Phase 1

Phase 2
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Thanks
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