
 La signature émotionnelle d’un mouvement 

volontaire complexe : l’initiation de la marche. 
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«	Dans	quelle	mesure	nos	travaux	permettent-ils	de	dégager	des	conditions	qui	doivent	
être	 réalisées	 par	 un	 dispositif	 robotisé	 pour	 reproduire	 ou	 simuler	 des	mouvements	
corporels	humains	?	»	



Une anecdote :  
Centre Pompidou – Metz 
Expositions : « Une saison Japonaise » 



L’initiation	de	la	marche	?	

?	
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Figure 1. An example of forward step execution data. The following events are marked; Tap cue (C); Initial lateral deviation of
centre of pressure towards the swinging foot (A); Foot-off (FO); Foot contact (FC) with the ground completing the step. Fy =
Ground reaction forces (shear forces) in antero-posterior direction. Fz = Vertical ground reaction forces, COPx = Medio-lateral
centre of pressure, N = Newton, mm = Millimetre.

and non-fallers as the dependent variable. Based on the
coefficients of the logistic regression model we developed a
score that used a weighted sum of the predictors for falls
(BBS, TUG, Single and Dual Step). For each predictor, the
antilog of the coefficient was multiplied by the predictor
to create a weighted score in which the contribution of
each predictor is based on its actual contribution to the
log likelihood of falling. Then the area under the receiver
operating characteristic (ROC) curve calculated. Sensitivity
and specificity were calculated based on the ROC curve. The
sensitivity of the model was defined as the percentage of
fallers who were correctly identified by the test as compared
with their reported falls in the last year. Multiple fallers
were defined as fallers in the model. Alternately, specificity
was defined as the percentage of non-fallers that were
correctly identified. The sum of sensitivity and specificity
defined as the validity of the dual task test (area under the
curve), as compared with the single-task test and a combined
score.

Results
Subject characteristics
Of the 100 aged 65–91 years old who participated in
the study, 11 were multiple fallers (2 or more falls), 71
non-fallers, and 18 elderly persons fell only once during
the past half year. Table 1 describes the physical, mental
and performance characteristics of the 82 participants,
and the differences in performance test scores between
fallers and non-fallers. There were significant age differences
between fallers and non-fallers, surprisingly, as fallers were
younger 74.7 ± 5.1 than non-fallers 78.9 ± 5.5 (P = 0.019)
suggesting that biological age is a more important variant than
chronological age. Table 1 shows no significant differences
in BBS and TUG (50.5 ± 4.6 versus 52.5 ± 3.4 and
9.4 ± 3.4 versus 7.98 ± 2.3 respectively), in mini mental
state examination score, number of medications taken and
physical characteristics.

Step reaction times
There were no statistically significant differences between
non-fallers and fallers across all step execution parameters

534

 by guest on O
ctober 31, 2011

http://ageing.oxfordjournals.org/
D

ow
nloaded from

 

Figure	adaptée	de	Melzer	et	al.,	2007	
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*	Ajustements	posturaux	anticipés	
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Figure	adaptée	de	Melzer	et	al.,	2007	

L’initiation	de	la	marche	?	

Posture	debout	 Cycle	de	marche	

Pourquoi	?	Double	intérêt	:		

Ø  Comment	l’être	humain	s’adapte	à	son	environnement	
(interaction	non	verbale)	?	

Ø  Chutes	chez	la	personne	âgée,	Parkinson	
?	



La	question	posée		

L’initiation de la marche a-t-elle une composante émotionnelle ? 
 

Dans quelle(s) condition(s) ?  

L’initiation de la marche dépend d’une intention. 



Le	mouvement	émotionnel	

Stimulus émotionnel 

Système 
motivationnel activé 

Tendance à l’action 

Plaisant Déplaisant 

Appétitif Défensif 

Approche Evitement 

La théorie biphasique des émotions (Lang et al., 1997) 



Approcher dans un contexte plaisant 
Eviter dans un contexte déplaisant 

 
 

Condition congruente 

Approcher dans un contexte déplaisant 
Eviter dans un contexte plaisant 

 
 

Condition non congruente 

La	notion	de	congruence	

Effet de congruence 

Facilitation du mouvement en condition congruente 

Ø  Flexion/extension de l’avant bras (tirer/pousser un levier) 
(Chen & Bargh, 1999 ;  
Duckworth et al., 2002) 



La	notion	de	congruence	

Ø  La représentation du soi (adapté de Markman & Brendl, 2005) 

Pousser 
Eloigner  
Déplaisant 
697 ms 

Pousser 
Approcher 
Plaisant 
769 ms 

Pousser 
Eloigner 
Plaisant 
966 ms 

Tirer 
Approcher 
Déplaisant 
1033 ms 

Pousser 
Approcher 
Déplaisant 
1031 ms 

Tirer 
Eloigner 
Plaisant 
994 ms 

Tirer 
Eloigner  
Déplaisant 
678 ms 

Pousser 
Approcher 
Plaisant 
723 ms 



La	conceptualisation	retenue	

L’IM : un mouvement d’approche permettant la réduction de la 
distance séparant le corps du stimulus  
(Markman & Brendl, 2005 ; Eder & Rothermund, 2008) 

Mur

Image projetée : 
0,95 x 1,60m

Plateforme de force

3,25 m

Zone à atteindre

Construction d’un modèle intégré : émotion et production d’un mouvement volontaire de l’ensemble du corps. 
Une application à l’initiation d’un simple pas. 

 49 

Section 2 Matériel et méthode 

 

I Les participants 
 

18 jeunes femmes âgées de 18 à 34 ans (âge moyen : 22 + 6 ans) ont participé à 

l’expérience. Elles étaient droitières en indiquant qu’elles utilisaient préférentiellement le pied 

droit pour commencer à marcher. Elles étaient étudiantes à l’université de Paris Ouest 

engagées dans des cursus variés (droit, sciences économiques, STAPS, lettres). Aucune ne 

connaissait à l’avance les objectifs de l’expérience et le déroulement du protocole.  

 

II Les conditions expérimentales 
 

A partir d’une posture debout, les bras le long du corps, la tâche consistait à réaliser un 

simple pas vers l’avant ou vers l’arrière avec le pied droit ; le pied gauche étant ramené à coté 

du pied droit à l’issue du pas. Le mouvement se déroulait face à un mur blanc sur lequel 

étaient projeté des images. Pendant la posture initiale, la position des pieds du sujet était 

repérée à l’aide d’un calque collé sur la plateforme. Le milieu de la base de sustentation du 

sujet correspondait au milieu de la plateforme. La distance séparant le milieu de la plateforme 

du mur était de 1.75 m. La largeur de l’image était de 1.60 m et sa hauteur de 0.95 m (figure 

1.7).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.7. Représentation schématique du protocole utilisé dans l’étude A 

 

Mur

AR

Image projetée : 
0,95 x 1,60m

Plateforme de force

AV

1,75 m



Le	centre	des	pressions	:	un	marqueur	émotionnel	

58 C.H. Hillman et al. / Biological Psychology 66 (2004) 51–62
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Fig. 1. Center of pressure movement (cm) in the anterior–posterior direction for females and males across the three
picture valence categories. Positive values indicate COP movement in the anterior direction and negative values
indicate COP movement in the posterior direction. A zero value would indicate no change in COP.

9.3, S.E. = 0.17). A Valence main effect was also observed, F(2, 64) = 217.0, P < 0.001,
ε = 0.70. Post hoc analyses indicated that all three categories were significantly different
from each other, t’s (1, 33) ≥ 11.2, P < 0.001. Valence ratings were highest for pleasant
pictures and lowest for unpleasant pictures, with neutral pictures falling in-between (see
Table 1).

Table 1
Means (S.D.) for females and males for the startle-blink reflex (z score) and subjective ratings of valence and
arousal (measured along a 0–20 point scale) for each picture category

Measure Picture category

Females Males

Pleasant Neutral Unpleasant Pleasant Neutral Unpleasant

Startle-blink reflex −0.14 (0.3) −0.04 (0.2) 0.13 (0.3) −0.09 (0.2) −0.06 (0.2) 0.1 (0.3)
SAM valence 13.9 (2.0) 10.3 (0.8) 3.6 (2.2) 14.7 (2.3) 9.9 (0.6) 4.8 (2.0)
SAM arousal 10.3 (1.9) 6.6 (2.1) 14.8 (2.8) 11.7 (3.2) 6.3 (3.3) 14.4 (2.1)

Ø  Inclinaison	du	corps	en	arrière	

Figure	adaptée	de	Hillman	et	al.,	2004	



Ø  Inclinaison	en	arrière	

Ø  Immobilité	

BMC Neuroscience 2007, 8:83 http://www.biomedcentral.com/1471-2202/8/83
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Pairwise t-tests between pictures of mutilation and all
other picture categories revealed in all instances in the
unipedal condition a significant (p < .05, uncorrected)
difference.

Discussion
The aim of this study was to test whether the limbic-motor
interaction would show up as behavioral adjustments of
body posture in response to emotion eliciting images.
Based on neuroanatomical knowledge and on previous
studies using a similar paradigm we predicted that espe-
cially unpleasant emotions would have a discernible
effect on body sway. The results revealed only modest
effects of emotion on the COP. We were unable to repli-
cate the findings of Hillman et al. [9]. However, we were
able to partially replicate the results of previous studies
[10,11], in that our pictures of mutilation resulted in a
shorter total sway path compared to the other pictures, at
least in the unipedal stance condition. This finding is con-
sistent with the hypothesis that perception of threat
results in some degree of bodily "freezing", also known as
fear bradycardia, or "attentive immobility" [15], which
can be described as a state of hypervigilance. This state is
characterized by heart rate deceleration and a concommit-
tant increase in attentional processing [16].

There may be several reasons why the observed effects of
emotion on COP changes were reduced compared to pre-
vious studies. First, it could be the case that our procedure
involving randomization of the stimuli somehow 'washed
out' the emotion inducing effects. The rapid and unpre-

dictable succession of pleasant, unpleasant, and neutral
images may simply not have left enough room for clear
and powerful emotions to become manifest. However, we
believe this is unlikely because other studies have success-
fully adopted randomization in this context: Coombes et
al. [17] induced an emotion-movement interaction using
complete randomization of IAPS images (neutral, pleas-
ant, and unpleasant), and it was found that the magnitude
of sustained contraction of hand muscles was greater with
unpleasant images than with the other categories. Further-
more, Bradley et al. [18] obtained reliable psychophysio-
logical changes as a function of picture category, again
employing a complete random order of IAPS images.
Thus, even when emotion eliciting images are presented
in a random order they can still yield clearly measurable
effects.

Second, it could be that the adopted stimuli were not suit-
able for our audience of Dutch viewers. After the experi-
ment some participants remarked that some of the
pictures displaying scenes of attack and of erotica were
awkward, and that they rarely resulted in strong emo-
tional feelings. The IAPS was validated with American
viewers, and cultural differences render it possible that the
IAPS is more suitable for an American audience than a
European one. Our assessment of the same IAPS-images
with an independent group of Dutch viewers yielded clear
effects of valence and arousal in the expected direction.
However, the overall valence scores and arousal scores
were significantly lower than the scores reported in [9],
who used the same stimuli. Thus, it could be that the

Representative time series of the COP from one participant in unipedal stance while watching a scene depicting mutilation (left) and a picture of a household object (right)Figure 2
Representative time series of the COP from one participant in unipedal stance while watching a scene depicting mutilation 
(left) and a picture of a household object (right). AP is anterior-posterior; ML is medio-lateral.
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Figure	adaptée	de	Stins	et	al.,	2007	

Le	centre	des	pressions	:	un	marqueur	émotionnel	



Ø  Inclinaison	en	arrière	

Ø  Immobilité	

Figure	adaptée	de	Facchinetti	et	al.,	2006	

Ø  Rigidité	ou	«	freezing	»	

54 L.D. Facchinetti et al. / Neuroscience Letters 410 (2006) 52–56

aligned with the subject’s center of gaze. The session on the
force platform lasted uninterruptedly for 7 min 12 s.

Posturographic and electrocardiographic (ECG) recordings
were collected simultaneously at a sampling frequency of
200 Hz. Data acquisition and analysis employed LabView 5.0
(National Instruments, Austin, TX) and Matlab 5.3 (Math-
works), respectively. Signals from the force platform were sam-
pled (12 bit A/D conversion) and low-pass filtered with a second
order Butterworth filter with a 5 Hz cutoff frequency. The dis-
placement of the center of pressure was assessed by computing
the three vertical components of the ground reaction forces and
their associated torque. The same 12-bit analog-digital converter
used for the stabilometric system digitized the electrocardio-
graphic signal from bipolar surface electrodes at the subject’s
fifth intercostal space.

Two parameters were computed from the displacement of the
center of pressure separately for anterior–posterior (A–P) and
medial–lateral (M–L) axes: standard deviation and mean power
frequency. The latter was computed from the power spectral
density of the signals, which was estimated using fast Fourier
transformation. For ECG analysis, off-line peak detection algo-
rithm (derivate plus threshold) located the R-wave [14]. R–R
interval series and interpolation of discrete event series by cubic

spline function followed the recommendations of the Task Force
of European Society of Cardiology and the North American
Society of Pacing and Electrophysiology [26]. The sampling
frequency of interpolation was 2 Hz.

Each of the recorded stabilometric parameters and heart rate
were analyzed comparing each emotional block with its matched
neutral block with a paired two-tailed Student t-test. All the
analyses were performed with Statistica 6.0 software (StatSoft,
USA, 2001). A value of p < .05 was used to indicate statistical
significance. All values are given in mean ± standard deviation
(S.D.).

In comparison to that of the matched neutral ‘a’ block, the
presentation of affiliative pictures induced a decrease in standard
deviation (p = .03; t = 2.28) and an increase in mean power fre-
quency (p = .004; t = 3.02) in the anterior–posterior axis (Fig. 1).
There were no significant differences between the blocks of pic-
tures either in standard deviation (p = .42; t = 0.81) or in mean
power frequency (p = .8; t = 0.24) in the medial–lateral axis.

For the presentation of mutilation pictures, besides the
expected heart rate deceleration (p < .001), we observed a reduc-
tion in standard deviation (p = .03; t = 2.28) and an increase in
mean power frequency (p = .01; t = 2.67) in the medial–lateral
axis, when compared to neutral ‘b’ matched pictures (Fig. 2).

Fig. 2. Recordings during the presentation of mutilation (black) and neutral ‘b’ (gray) pictures. (a) Qualitative data from one participant illustrating in the medial–lateral
axis (M–L) the displacement of the center of pressure and the spectrum of frequencies of sway. Arrows indicate individual values for standard deviation and mean
power frequency for each condition. (b) Average data for all participants indicating a reduced amplitude and increased frequency of sway for the viewing of mutilation
compared to neutral pictures. Bars indicate standard errors. Two-tailed Student t-test, *p < .05.
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Mur

Image projetée : 
0,95 x 1,60m

Plateforme de force

3,25 m

Zone à atteindre

•  15 jeunes adultes sains (9 femmes, âge moyen : 24,3 ans) 
•  Paradigme go/no-go 

o  No-go : « ne pas bouger lorsqu’un objet est présenté » 
o  Go : « initier la marche avec le pied droit le plus tôt possible » 

	

	

	
IAPS (Lang et al., 2005) 

	



FC 
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«	Dans	quelle	mesure	ses	travaux	permettent-ils	de	dégager	des	conditions	qui	doivent	
être	 réalisées	 par	 un	 dispositif	 robotisé	 pour	 reproduire	 ou	 simuler	 des	mouvements	
corporels	humains	?	»	

CONCLUSION	

1. Le robot initie-t-il la marche de la même manière que l’être 
humain ? 

2. Il s’agirait pour le robot :  
•  d’évaluer la valence et l’intensité des informations visuelles 

présentes dans l’environnement 
•  de décider du « timing » du mouvement à effectuer : lent ou 

rapide ? Chute ? 


