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The cognitive continuum’ hypothesis [Pastor, 00]
dysexecutive syndrome [Eustache, 00] (e.g. Parkinson
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an inhibition impairment caused by irremediable loss of an

associated neural network or a temporary loss of an executive
functlon mduced by stress and emotion [Slmpson&al 2()01] |
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(PhD thersis- M. Cavusse 2006-2009)
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Mental workload and executive

functioning

ac Pre Frontal Cortex (PFC) activation during
cognitive “saturation” situations:

a¢ fatigue : PFC deactivation [Smith & al, 99,05]

(EE

stress : DLPFC deactivation and WM

impairment[Qin et al, 09] ¢vr)

emotion : DLPFC deactivation [Simpson et al,
2001], WM impairment [Dolcos, 06] (rnmp

multi-tasking : DLPFC deactivation [Goldberg et
al, 98] arm - hyper-actlvatlon [Jaeggi et al, 03?
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Phd thersis 6. Durantin (201 2)

a2 TINIRS: functional Near Infra Red Spectroscopy

S

2¢ portable system for measuring mental workload

under lab & field conditions [Ayaz et al, 2011]
safe, user friendly, low cost’ fMRI:

Al

2¢ cerebral hemodynamic response: changes n

blood oxygenation (Hb02 converts to HH

s¢ correlated with fMRI measurements [Cui et al,

2011]
good spatial resolution compared to EEG (1 cm?)

¢ slow optical signal: poor temporal resolution -
hemodynamic response
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Light Detector
Light Source (LED)

oxygenated hemoglobin

Measurement of blood concentrations —— 5 deoxygenated hemoglobin
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Increased oxygenation with neuronal activity
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as Aviation: task difficulty (landing/crosswind)
[ Takeuchi, 11]
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Increased oxygenation with neuronal activity

2 Aviation: task difficulty (landing/crosswind)
| Takeuchi, 11]
ZcUAV: sustained attention [Menda et al., 11]

FATC: task difficulty (# of planes)[Ayaz et al.,
11]

SEATC: processing load [Ayaz et al., 11]
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Mental workload and executive functioning:
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Inattentional deafness

Al

zc  Cry wolt” effect leads the pilots to mistrust the alarms
(Shapiro, 1994; Song & Kuchar, 2001; Sorkin, 1988
A

as aggressive, distracting, and disturbing nature of auditory

alarms (Doll, Folds, & Leiker, 1984; Edworthy et al.,
1991, Peryer, et al. 2005).
Al

Ze vision 1s dominant over hearing (Colavita et al., 79, Sinett

et al. 2007, ...) especially under high visual load (Mc
Donald et Lavie, 2011)
L—— Inattentional deafness

RNA . . . . .
2 DBrain imagery studies reveals that visual processing may

attenuate auditory processing (Lebib et al., 2003, Kramer et
al., 1995) via direct visuo-auditory connections (see

Macaluso et al., 2005)
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Inattentional deafness: flight simulator

Status 0K £

SCENARIO :
P e S [Landing gear failure: 900ft
L Triple Chime Alarm (86.3 dB)
Windshear

T‘l : y 1]
) { 4
,q kT -.‘
I ﬁ ‘(J \ II“
L™ '!h‘-:'

28/86/2811 - TS 15:38:58:29 - TC 68:81:39:25

14 participants (PPL) : 8 “deafness” vs 6 “alarm”
v*(1) = 7.02, p = .008, @=.708 (35 times more chance to perform go around
if the auditory alert 1s perceived)

[Dehais et al., Human Factors, in Press]
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Carter, & Brown, 1992), “stressed” subjects (Tracy, Mohamed, Faro,
Tiver, Pinus, & Bloomer, 2000).
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Perseveration/attentional impairment

Parietal lobe
(DISENGAGE)

Superior
colliculus
{SHIFT}

Pulvinar
(ENGAGE)

Inability to disengage attentional focus (Pulvinar) : patients (LaBerge,

Carter, & Brown, 1992), “stressed” subjects (Tracy, Mohamed, Faro,
Tiver, Pinus, & Bloomer, 2000).

A

zis Cognitive countermeasure: a means to mitigate a cognitive bias

Remove the information/display on which the pilot 1s
excessively focused

R
7

¢ Replace it with an accurate warning message

(“The GUI disengages/shifts the pilot’s attentional focus”)




MAIA project (2007-201 1)

DGA fundings : “modelling cognitive conflicts
in human operator/unmmaned vehicles interactions ”

Objective : developpment of an experimental set-up to study,
detect and solve authority sharing conflicts
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The vser’s GUI
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WM performance and to adapt interaction
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Working Memory (WM) 1s a key executive function to operate aircraft

[Causse et al., 11] especially during ATC Communication [Causse et al., 10;
Taylor et al., 05]

WM is fundamentally limited: design of a “passive” BCI dedicated to predict

WM performance and to adapt interaction
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fleurocockpit project: eye movement

Real-Time Detection

of "Explore/Exploit" Extrema

Human Factors and
Neuroergonomics Team

ISAE, Toulouse, 2013




Eye camera
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Go Around Study: BEA/Air France/Nirbus

g




Eye metrics : BEA study
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