L’interception et ses lois de contrdle

Quelles informations pour réguler les deplacements

2.2. Complémentarité des lois de controle
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The complementary use of laws of control*®

ABSTRACT

The aim of this study was concerned with the predsswhich participants select laws
of control in interceptive task while we biased #wf-motion velocity. We used a virtual
environment coupled with a treadmill to test twogeptual strategies involved in interceptive
action: the Constant Bearing Angle (CBA) and thediled Required Velocity (MRV). We
manipulated the curvature of the ball's trajectorend the display of these trajectories.
Participants were asked, if necessary, to modigyr twalking velocity in order to intercept a
ball while we biased the self-motion velocity by miulating the Global Optical Flow Rate
(GOFR). Results showed a large effect of the cureatbn walking velocity when the
trajectory was not displayed, which was a signatfraise of the CBA strategy. On the
contrary, the walking velocity produced was leds@éd by displaying the trajectory, which
suggested the use of the MRV strategy. Results stt@oved that biasing the self-motion
velocity entailed longer velocity regulations whére MRV strategy was used than when
participants used the CBA strategy. However, contta the predictions of the MRV model,
the effect of the manipulation of GOFR lasted utitié middle of the trial and the subjects
were able to perform the interception. This suggésat subjects used the MRV model until

they realized the failure was imminent and theytavad to the CBA model.

1 Francois, M., Morice, A.H.P., Bootsma, R.J., Magmte, G. The complementary use of laws of control
(submittedl
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INTRODUCTION

The perceptual control of goal-directed behavios bhaen addressed in a large set of
studies over the last decade. These studies hawmnlyoallowed for a better understanding of
the perceptual-motor dialogue underlying the cdrafdhe action. They have also given rise
to the formalization of laws of control proposingeguivocal (and hence testable) accounts of
the mutual dependency between motor and percemomdponents in different tasks.
Conceptually, these laws of control are taken tiblece the operation of organizational
(perceptual-motor) principles and theoreticallpwallseveral categories of agents to perform a
given task under a wide variety of experimental dibons. Morice, Francois, Jacobs et
Montagne, (2010) recently questioned the presurobdstness of one such a law of control
(known as the Constant Bearing Angle strategyhendomain of interceptive tasks performed
by humans. According to this law of control (Eqoatil) (Figure 40A), the strategy of
maintaining constant the angle subtended by theecurposition of the target and the

direction of displacement of the observer gives tasinterception of the ball:

1

Y = k, x
1+ 20C x e

-xg+k, xY (Equation )

In this equationy is the walking speed (in m/s}, is the acceleration (in m/s¥, is
the rate of change of the bearing angle (in degjts, & >0 indicating an increase ), k1 is

a parameter that modulates the strength of the licoupetweenY andé, and k2 is a

. . 1 :
parameter that modulates the strength of the dagrteim. The function . IS

NEPTETEY
an activation function. The damping term with itsiation function acts so as to mimic the
gradual chacracter of changes in velocity stemninogn neurophysiological delays and
biomecanical inertia that lead agent to zero oanges in bearing angle in a stable manner.
This law of control has been demonstrated to adctamthe observed adjustments in
walking speed in order to intercept laterally agmiting targets under a variety of different
task and environment constraints, varying eitheéhwior between trials (e.g., Bastin, Calvin,
& Montagne, 2006a; Bastin, Craig, & Montagne, 200Bhstin, Jacobs, Morice, Craig, &
Montagne, 2008; Bastin & Montagne, 2005; Charderddontagne, Buekers, & Laurent,
2002; Chardenon, Montagne, Laurent, & Bootsma, 2@ardenon, Montagne, Laurent, &

Bootsma, 2005; Lenoir, Musch, Janssens, Thiery,y&dmhove, 1999a; Lenoir, Savelsbergh,
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Musch, Thiery, Uyttenhove, & Janssens., 1999b; kreridusch, Thiery, & Savelsbergh,
2002).

In a recent contribution however, Morice et al. 1@D provided evidence that
participants did not always rely on the CBA strgtdg their study they evaluated the effects
of presenting the future spatial path of the badldifferent types of ball trajectory (rectilinear
or curvilinear). Interestingly, according to the £Btrategy manipulating the curvature of the
ball path should influence displacement velocityjuatinents in a specific way (cf.,
Predictions section of Chapter 1, section 3.3.3.2P4esenting the future ball path, on the
other hand, should not affect the regulation beatraef the participants as this manipulation
does not affect the time course of the rate of ghan bearing angle. The results speak in
favor of the operation of the CBA strategy when bladl path is not depicted, as manipulating
the curvature of the ball’s trajectory was foundnftuence displacement velocity adjustments
in the way predicted by the CBA strategy. In costiravhen the ball path was depicted the
walking kinematics were less affected by the cumeatmanipulations. Moreover, under those
conditions a modified Required Velocity (MRV) se&gy (Equation 2 and 3)(Figure 40B)
provided a better explanation of the regulationavetr produced by the participants than the
CBA strategy:

Y =k x (kz XYeq _Y) Equation 2
with
Yo = (Y|p —Y)/TTC (Equation 3

wherey , v , and,y are the participants’ actual position, speed, arcklerationy,

1 re

. is the
required walking speedy, is the future interception positiomyC is the time remaining
before the ball reaches, andk; andk; are constants.

The study by Morice et al. (2010) thus allowed winscribing the field in which the
CBA strategy operates, through the identificatidrboundary conditions; it also provided
results compatible with an information-driven switicetween two laws of control. Because
the MRV strategy (but not the CBA strategy) taket® iaccount the participant’s walking
speed, a more direct test of the operation of tiVMtrategy in informationally-enriched
environments can be obtained by manipulating thiécapcorrelates of either participants’

current or required speed. The aim of the predewlyss precisely to question the operation
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of the MRV strategy, particularly in informatiomglenriched environments, through the

manipulation of one of the optical correlates afrent displacement velocity.
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Figure 40 : Schematic sketches of the experimentlyout. Participants walked on a rectilinear path and
aimed to intercept balls that travelled toward ther displacement axis. (A) The natural informative catent
of the agent-ball environment includes the bearingngle @), which forms the informative support of the
CBA strategy. The CBA strategy holds that the agerg velocity is regulated so as to cancel change n
(B) When the ball track is displayed on the screerthe informative content of the visual scene is eiwhed
according to natural conditions. The distance to th interception point (IP) is part of the informative
support of the MRV strategy.

It is now well established that two optical cortekof displacement velocity, Global
Optic Flow Rate (GOFR) and Edge rate (ER), are usgdparticipants to judge their
displacement velocity (e.g., Larish & Flach, 199@arren, 1982) and to control their velocity
while performing a perceptual-motor task (e.g.eRaR005b ; Frangois, Morice, Bootsma &
Montagne,under revie)y. GOFR corresponds to the (average) angular ugladi texture
elements in the environment. GOFR is inversely propnal to eye height and independent
of texture density. ER corresponds to the numbeteafure elements that pass by the
observation point in a given visual direction. ERndependent of eye height and dependent
on texture density. In a recent study, Francoa.dunder review) (cf., Chapter 2, section 2.2)
showed that both GOFR and ER are indeed used hyaittieipants to control walking speed
but also that biasing GOFR induced larger modiiicet of walking velocity than biasing ER.
On the basis of this latter result, we decidedhia present experiment to bias GOFR while
participants attempted to intercept a moving bakither normal or informationally enriched

environments. If the MRV strategy is indeed usethaenriched environment, biasing GOFR
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(i.e., an optical correlate of displacement speéd;quation 2) should affect displacement
velocity adjustments. Conversely, the same mantumashould not affect the regulation
behavior of participants in the normal environmexd,participants would rely on the CBA

strategy (cf., Equation 1) that does not depenthermperception of self-motion speed.

METHOD

Participants

Eight male students (mean age 22.75 + 2.86 yeans) their informed consent before
participating in the experiment. They all had ndroracorrected-to-normal vision while their
experience in ball games varied. A local ethics wuitee approved the experimental

protocol.

Apparatus

The virtual reality set-up (Figure 41A) consistddwo PC Dell workstations (Intel®
Core™ 2 CPU 6400 1 Go RAM; Asus GeForce EN8400GS)ireadmill (Medical
Development), a video-projector (BARCO 1Q R500) amd2.3 m high x 3.0 m wide
projection screen. The participants walked on teadmill, equipped with a 0.80 m wide x
1.96 m long moving belt that glided over a flat argld surface, and wore headphones in
order to avoid potential use of auditory information walking speed emanating from the
treadmill. Participants were attached to the bddk®e treadmill by means of a weight-lifting
belt and a rigid rod, which allowed small vertieald sideward movements while participants
walked on the treadmill (Figure 41A). This set-Upwaed participants to exert horizontal
forces on the treadmill belt so as to regulate mgllspeed. The velocity of the treadmill belt
was sampledia an optical encoder (200 Hz) and sent by a RS-28al g®rt to the first host
computer that monitored the velocity of the beld @omputed the position of participants in
the virtual scene on-line. Virtual positions weenisby a RS-232 serial port to the second
host computer in charge of generating the corredipgnvisual scene. Images were back-
projected (refresh rate 60 Hz) onto the screenitipned 0.70 m in front of the participants
(providing a 117° x 130° field of view). The scer@nsisted of a textured ground plane made

up of black and white squares (1.15 m x 1.15 m) artidl m wide red displacement axis
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(Figure 41A). The end-to-end latency of the virtsed-up was estimated to be at maximum 30

ms.

A

B
'Preparation Phase | Rest Test Phase Rest | Preparation Phase ] Rest
: & ek Period Walking | Interception Period (2 minutes) Period
30s 45 s 5s 305 30's

Figure 41 : (A) Overview of the virtual reality setup and the visual scene that was projected onto ¢h
screen in front of the participants; (B) Representton of the different phases of the experiment.

Experimental Procedure

Before beginning the experiment proper, participamére asked to walk 5 minutes on
the treadmill in order to familiarize themselvesttwthe apparatus. Participants were then
asked to walk as naturally as possible during 3utex Their preferential walking velocity
was recorded and both the mean and variability (&§Rlisplacement velocity computed. We
used the experimental protocol developed by Frangti al. gnder review which
corresponded to a preparation phase followed lestaphase, separated by a 30 s rest period
during which participants stood upright in the défigure 41B).

The inclusion of the preparation phase was esdgntieethodological. By forcing the
participants to adopt several different speedsnguttie preparation phase, we expected them
to rely on the visual information available duritigg test phase when they had to reproduce
their preferred walking speed. During the preparatphase preceding each test phase,
participants were asked to walk at an imposed Vtglomorresponding to 80%, 100% or 120%

of their preferred velocity, during 2 minutes (Rigy1B). To drive the participants to walk at
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the imposed velocity, a visual feedback was pravithy a green or red environment if
participants walked, respectively, slower or fagit@n the prescribed velocity.

The test phase comprised two different tasks. I fibst part of the test phase,
participants were asked to walk at their prefermealking velocity during 45 seconds
(walking task). In the second part of the test phparticipants were to intercept a moving
ball, appearing on the right hand side of the \liseane, by modifying, if necessary, their
displacement velocity (interceptive task). At thedeof each interception trial, successful
interception was indicated to participants by thpesmrance of a green square, whereas a miss
was indicated by a red square. The ball alwaysagmed while moving from right to left,

and patrticipants were forced to move forward.

Independent variables

During the test phase, we manipulated the Curvaititbe ball path (two modalities),
the Display Condition of the ball path (two modak) and the Eye Height (three modalities).

The balls could approach along a rectilinear path ¢urvature condition) or along a
curved path (negative curvature conditions) (Figt2B). In the curved conditions, a constant
curvature of - 0.2  was achieved by making the ball move along (aigorbf) an
imaginary circle with a radius of 5 m, passing tigb the departure and arrival points of the
ball. In half of the trials, the ball-path-displayeondition, the spatial ball path was depicted
in the virtual environment throughout the trial diion, as a 0.2 m wide line situated 0.4 m
below the ball path (cf., Morice et al., 2010, Ctesy8) (Figure 42A). In the remaining trials,
the ball-path-not-displayed condition, the ball mggzhed without its path being depicted in
the virtual environment. Finally GOFR was manipeththrough variations in Eye Height that
corresponded either to the participants’ veridiegg height (control condition)(EH) or was
multiplied (EH 2) or divided (EH 0.5) by a factoRigure 40A).
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Figure 42: Experimental variables manipulated in ths experiment: (A) screenshots presented to
participants of the different conditions of Eye Heght (upper panels) and Display Conditions (lower
panels). Eye height could be veridical (control) mitiplied by two (EH 2) or divided by two (EH 0.5).
Moreover in half of the trials, the trajectory of the ball was displayed (Path-Display) while in the tber
half of the trials the ball's trajectory was not displayed (No-Path-Display). (B) The balls could apmrach
along a rectilinear path (no curvature condition) @ a curvilinear path (negative curvature conditions.

The 36 experimental conditions (3 Preparation MVaesx x 3 Eye Heights x 2
Curvatures x 2 Display Conditions) were repeateuin®s each, giving rise to a total of 108
trials per participant. For each of these 108 griataintaining the initial velocity unchanged
would have allowed the participants to intercep thall (Offset 0). In order to prevent
participants from anticipating the future arrivaliqt of the ball, we randomly interspaced the
experimental trials with 24 catch trials with baffsets corresponding to +2 m or —2m. In the
absence of changes in participant walking veloditg, balls would make contact with the
head in the 0-m offset condition, pass 2 m in frfithe head in the 2-m offset condition, and

pass 2 m behind the head in the —2-m offset camditi

Data analysis and dependent variables

The analyses focused on the two tasks of the teasey the walking task and the

interceptive task.

Walking task

The analyses of the walking kinematics were basethe position-time series (sampled
at 200 Hz) for each experimental trial of each ipgrant. Position date were filtered using a
second-order low-pass Butterworth filter with a aift frequency of 10 Hz that was ran
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through twice (in opposite directions) in orderrntegate the phase shift and differentiated
using a three-point central difference technique &Veraged the walking velocities every 5
seconds over the last forty seconds of the triging rise to 8 Time Intervals.

Interceptive task

The analyses focused both on the performance atigeonalking velocity.

Performance

We used the Success Rate (SR) and the final CdnStaor (CE) as descriptors of
participant’s performance A trial was considereacgssful when the Euclidian distance
between the center of participants’ head and théecef the ball was equal or less than 0.30
m at the moment the ball crossed the participagitghlacement axis. Constant error was
calculated as the average signed distance alongatieipants’ displacement axis between
the center of the head and the center of the bafleemoment at the ball crossed the axis of

displacement.

Walking velocity

Position time series were again filtered with a-affit frequency of 10 Hz and
differentiated using a three-point central diffesertechnique. The velocity time series were
averaged over intervals of 500 ms (correspondinyamately to one step; for a similar
methodology, see Warren et al., 2001) giving rigel® Time Intervals, with data being
synchronized with the moment at which the centehefball crossed the participant’s axis of

displacement.
Statistics
Repeated-measures ANOVAs were used to analyze rpafece (SR and CE) and

walking speed. Partial effect sizes were computgg) @nd post-hoc comparisons were

conducted using newman-keuls tests. plvalue for statistical differences was set at 0.05.
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Predictions

Walking task
In accordance with our previous study (Francoisletunder reviey, manipulating

GOFR via Eye Height should give rise specific spesljustments. More particularly,
participants should decrease their walking spedtiercase the displacement speed specified
by GOFR (EH 0.5) is higher than the actual disptaeet velocity andice versa

Interceptive task

Numerical simulations allow several predictionsb® made for each strategy (Figure
43). These simulations were based on the averagé&aents (k and k, cf., Equations 1 and
2) found by Morice et al. (2010) and the bias imcp&ved velocity found by Francois et al.
(under review). Following the results of Moriceagt (2010), the different display conditions
should favor the use of a specific law of conttnlthe No-Path-Displaycondition the use of
a CBA strategy should give rise to distinct displaent velocity profiles for the different
curvature conditions. Moreover, Eye Height shoudluence the displacement velocity
profiles moderately; more precisely manipulating égight should influence essentially the
initial conditions (i.e., the participant’s velogitvhen the trial begins). In theath-Display
condition the use of a MRV strategy should leadgasicipants to produce the same velocity
profile whatever curvature condition. Converselygmpulating Eye Height should give rise
to clearly distinguishable velocity profiles withvaeery slow convergence of the curves as
compared to theéNo-Path-Displaycondition. Finally, it is worth noting that the loeity
adjustments resulting from the use of a CBA styasdgpuld lead the participant to succeed in
the task under all experimental conditions, wthile tperation of a MRV strategy should lead
the participant to fail when Eye Height is increchee decreased, relative to normal, with final

errors in the order of +/- 0.8 m.
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Figure 43 : Numerical simulations of the walking sped provided by the CBA (A) and the MRV (B)
models, as a function of ball path Curvature and Eg Height.

RESULTS

Walking task

A three-way repeated measures ANOVA (3 Preparatelocities x 3 Eye Heights x 8
Time Intervals) with displacement speed as depdndanable revealed significant main
effects of Eye Height (k14) = 109.55, P < 0.0%2, = 0.94) and Time Intervals fag) =
12.60, P < 0.054%, = 0.64), but no significant effect of Preparat{®ip,14)= 0.30, P > 0.05,
n% = 0.04). A posteriori comparisons revealed that participants increabed twalking
velocity (Figure 44) when Eye Height was increaded 2), in comparison with theontrol
condition (EH) (1.30 vs. 1.19 m/s, P < 0.05). Casedy, participants decreased their walking
velocity in comparison with theontrol condition when Eye Height was decreasedl (0.9

(0.93 vs. 1.19 m/s, P < 0.05). These results aegreement with those obtained by Francois
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et al. nder review, decreasing Eye Height gives rise to an overegion of walking speed
and as a consequence to a slowing down of locom@iaze (andice versqa Moreover, the
fact that velocity of walking during the preparatiphase does not affect speed adjustments

during the test phase led us to remove this fdobon the remaining analyses.
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Figure 44 : Average walking velocity during the loomotion task of the test phase as a function of Eye
Height conditions. Participants’ walking velocity was higher in EH 2 condition than in the control
condition. Participants’ walking velocity was lowerin EH 0.5 than in the control condition. The errors
bars represent between-participant standard deviatns.

Interceptive task

Performance

Three-way repeated-measures ANOVAs (3 Eye Heigh®s Gurvatures x 2 Display
Conditions) with Success Rate as dependent variaviealed a main significant effect of
Display factor (k,7) = 15.06, P < 0.05;%, = 0.69) (Figure 45A). A posteriori comparisons
revealed that participants performed better inRath-Displaycondition than in th&lo-Path-
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Display condition (81.7 vs., 75.5 %, respectively). A tgay repeated-measures ANOVAs
(3 Eye Heights x 2 Curvatures x 2 Display Condgjowith Constant Error as dependent
variable revealed a main significant effect of Guwe (f7) = 29.70, P < 0.0%%, = 0.81)
(Figure 45B). Aposterioricomparisons revealed that participants arrivaghtlif early at the

interception point (negative errors: -0.1 m) witkgative curvature and slightly late (positive

error: 0.18 m) with rectilinear trajectory.
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Figure 45 : Average success rate (A) and constanter (B) as a function of ball path display and bal path
curvature. (A) Participants performed better in the Path-Display condition than in the No-Path-Display
condition. (B) Participants reached the interceptio point (negative errors) with negative curvature
slightly early and late (positive error) with rectilinear trajectory.

Kinematics

A four-way repeated-measures ANOVA (3 Eye Height® €urvatures x 2 Display
conditions x 10 Time Intervals) with walking spessidependent variable revealed significant
main effects of Eye Height (F14)= 69.67, P < 0.054%, = 0.91) and Curvature () = 46.65,

P < 0.0543% = 0.87). We also found significant interactionsween Eye Height and Time
Intervals (kus,126) = 27.92, P < 0.05¢4%, = 0.79), Curvature and Time Intervalsg(fz) =
116.58, P < 0.05;%, = 0.94), Display and Time Intervals{ks)= 22.66, P < 0.05;%, = 0.76).
and Eye Height, Curvature, Display and Time fac(®{gs 126)= 2.14, P < 0.05¢%, = 0.23).
Post-hoc analyses performed on this last intenagkwealed several important effects. First
of all, the time course of walking speed is affdatifferently by the curvature manipulations
depending on the presence (or not) of ball-patplays In theNo-Path-Displaycondition (left
panels in Figure 46), theegativecurvature condition gave rise to more pronoundeahges

in displacement speed than the rectilinear conditMore precisely, th@egativecurvature
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conditions gave rise to a decrease in displacenelucity in the first part or the trial
followed by a pronounced increase in displacemetboity in the second part of the trial
(P<.05). Conversely, in thaall-path displaycondition, the reverse picture was observed. The
displacement velocity changes were more pronounicedhe rectilinear condition in
comparison with those produced in the negativeature condition. In this last condition, an
increase in displacement velocity was observedchanfirst part of the trial, followed by a
pronounced decrease in velocity during the secantgb the trial (P<.05).

Finally, the marked difference in initial displacem velocity in the three Eye Height,
conditions whatever the experimental condition.(i@urvature and Display Conditions),
indicated that we had succeeded in manipulatingpaical correlate of displacement velocity.
Interestingly aposteriori comparisons indicate a late convergence of thecitgl profiles
corresponding to the three Eye Height conditionth@Path-Displaycondition in comparison
with the No-Path-Displaycondition (red zones in the Figure 46). While tledoeity profiles
can still be differentiated 3 seconds after theirbr@gg of the trial in thePath-Display
condition, the convergence appears earlier (afcdnds) in th&lo-Path-Displaycondition
(P<.05).
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Figure 46 :The time course of the average walkingpged produced as a function of the ball-path-Displa
the ball path Curvature and the Eye Height (x,A and e symbols, correspond to veridical Eye Height, Eye
Height multiplied by two and Eye Height divided bytwo, respectively). The red zone represents the tien
interval during which the velocity profiles can stll be differentiated
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DISCUSSION

In line with the previous work of Morice et al. (B0) and Francois et al. (under review),
the aim of the present study was to question theratipn of the MRV strategy in
informationally enriched environments, through thanipulation of one of the constituting
component of the strategy, i.e., an optical coteelaf current displacement velocity. We
asked participants to modify, if necessary, th&plhcement velocity so as to intercept with
their head approaching virtual balls, while balthp&urvature, ball path display and eye
heights were manipulated. As shown by Francoisl.e{uader review, manipulating eye
height should lead participants to misperceive-salfion speed and as a consequence to fail
in the task when a MRV strategy is used to corttrelaction. Moreover, in the case a MRV
strategy would be used, ball curvature should rtdcathe regulation behavior of the
participants and the velocity profiles exhibited éach eye height condition should be clearly
distinguishable. The results provide mitigated supm favor of these predictions and will be
discussed in the following sections.

Walking Task

In agreement with the results obtained by Frangb@l. (under review(see also Fajen,
2005b; Larish & Flach, 1990) manipulating eye heighve rise to specific displacement
velocity changes illustrating the functional roleyyed by GOFR in the visual control of
locomotion speed. Decreasing eye height gave asantoverestimation of walking speed
(due to an increase of GOFR) and as a consequeraeslbwing down of locomotion pace,
while the opposite result was obtained in the adsan increase in eye height. This result is
important as it demonstrates that we have succegdédiasing self-motion speed in this
experiment; as a consequence, if a MRV strategpvslved in the perceptual control of
interceptive tasks, manipulating eye height shagileé rise to considerable changes at the
level of both the overall performance and the dispient kinematics.

Interceptive Task

First of all the overall performance was found &orbarginally affected by the display-

conditions, with the participants producing a dliglbetter performance when the ball path
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was depicted (81.7 % vs., 75.5 %). Remember thttarcase the participants would use the
MRYV (in particular in the ball-display-condition)erexpected large errors in the order of +/-
0.8 m. At first sight, this result thus speaks aghithe operation of the MRV strategy
whatever the path-display condition. The result® akvealed several displacement velocity

adjustments in the different experimental condgitimat need to be considered in more detalil.

Combined effects of ball path display and curvatwe displacement kinematics

In the case a CBA strategy would operate in a agrommodified environment (i.e.,
no-path-display) the ball path curvature shoulé@ftlisplacement kinematics. Our results are
in agreement with this prediction, with negativevaiure giving rise to an overall decrease in
displacement speed in the first part of the trdlofved by an overall increase in speed in the
second part of the trial. This result is in accomawith a number of recent studies in which
ball path curvature was manipulated (e.g., Badtial.e 2006b, 2008; Morice et al., 2010).
When the ball-path is added to the environment feerént picture emerges. While the
operation of a MRV strategy would have led paracifs to exhibit the same displacement
kinematics whatever ball path curvature, the disgii@ent velocity profiles did differ over the
curvature conditions. Even if these differences swaller in comparison to the no-path-
display condition (see also Morice et al., 2010yvature clearly had an effect on
displacement kinematics even when the trajectodected. To conclude this section, while
the results of the no-path-display condition unagubusly reflect the operation of a CBA
strategy, the results of the path-display condiiomot speak in favor of the exclusive use of
given perceptual-motor strategy.

Effects of eye height manipulations on displacemdatematics

Manipulating eye height was particularly importamthis study as it allowed us to de-
correlate one of the constituting components of MRV strategy. This manipulation was
supposed to leave the behavior unaffected in thesgmce of a normal, unmodified
environment but to affect displacement kinematickemv ball path was depicted. The
regulation behavior was indeed not affected by lkgmght manipulations in the no-path-
display condition. This result strongly supports thperation of the CBA strategy (which is
independent of eye height manipulations) in a ngromamodified environment. Once again,

in the path-display condition our results are lgssr, even if the velocity profiles can still be
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differentiated 3 seconds after the beginning ofttla, while the convergence of the velocity
curves occur a second sooner in the no-path-dismagition. This last result is compatible
with the operation (at least at some point) of M@V strategy when the environment is

enriched.

CONCLUSION

Taken together our results clearly demonstrateofferation of a CBA strategy in the
presence of a normal, unmodified environment. Wbeh path is depicted, we would like to
advocate the use of a more complex strategy. Té®ia pure MRV strategy should have led
the participants to largely fail on the task wheye dneight was manipulated, but also to
produce distinct velocity profiles during the ovetaal. This last prediction was confirmed at
least at the beginning of the trial (first 3 sec®ndvhile the former is not. These results
suggest that the participants’ relied on a MRV tetgg at the beginning of the trials and
modified their displacement velocity accordinglytopa moment (around 2 s before head-ball
contact) where it became clear that the curreatesgy would not allow them to succeed the
task. The perceived inadequacy between the curegndation behavior and the adjustments
required to succeed in the task probably droveptiréicipants to use another strategy. In the
end, this unexpected result mirrors once again fteribility of the perceptual-motor
organization underlying the control of goal-direttbehavior, in the sense that not only
different laws of control can operate depending tbe informational content of the
environment, but also that different laws of cohtran operate jointly during the completion
of the task to the benefit of the participant. Ex@ing the conditions of this complementarity

offers a very challenging perspective for futurerkvo

- 119 -



