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Abstract

How do we extrapolate the final position of hand trajectory that suddenly vanishes behind a wall? Studies showing maintenance of corti
activity after objects in motion disappear suggest that internal model of action may be recalled to reconstruct the missing part of the trajectc
Although supported by neurophysiological and brain imaging studies, behavioural evidence for this hypothesis is sparse. Further, in humans,
unknown if the recall of internal model of action at motion observation can be tuned with kinematic features of movement.

Here, we propose a novel experiment to address this question. Each stimulus consisted of a dot moving either upwards or downwards,
corresponding to vertical arm movements that were masked in the last part of the trajectory. The stimulus could either move according to biolog
and or non-biological kinematic laws of pointing tasks. We compared subjects’ estimations of the stimulus vanishing or final positions aft
biological and after non-biological motion displays. Subjects systematically overestimated the vanishing and final position for the twes directio
(up and down) and the two kinematics displayed (biological and non-biological). However, estimation of the final position decreased in precisi
and increased in variability for movements that violated the kinematic laws of arm pointing task.

The results suggest that motion inference does not rely only upon visual extrapolating mechanisms based on past visual trajectory informa
We propose that motion estimation relies on internal models that contain specific kinematic details of vertical arm movement, which can be rapi
recalled during motion observation.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction because of complex relationships between motor commands,
musculo-skeletal system and external loads, kinematic of living
Spatiotemporal discontinuity of the visual input, such as abject motion is mainly non-line&B4]. The remaining solution
moving object suddenly vanishing behind a wall, is an everydayo overcome this difficulty would be to use extra-retinal input
occurrence that challenges motion extrapolation. A local mechée.g. prior experience and internal models) to reconstruct invis-
anism in which the future trajectory is assessed through timéle part of the displacement.
integration of the visible part of the trajectory is one possibility = Human and animal capacity for “object permanence”, that is
to predict future state of the moving object. In most cases w¢o say “the experience that objects persist through space and time
are able to deduce objects’ position that move out of sight, adespite the fact that their presence in the visual field may be dis-
for instance a falling object. Nevertheless, visual extrapolatiortontinuous’[5] is an illustration of perceptual inference. Thus,
of biological motion becomes considerably more challengingstatic or moving object occlusion can lead to a strong impres-
than non-biological motion relying on linear kinematic. Indeed,sion of object or motion permanence even when the observer
knows that there is no permanent object presg2is Perrett
and co-worker$4,20], have found neurophysiological support

* Corresponding author. Tel.: +33 380396756; fax: +33 380396702. to this idea. They reported perc.eptual cells in the superior tem-
E-mail address: thierry.pozzo@u-bourgogne.fr (T. Pozzo). poral sulcus of monkey responding when a walker subject moves
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behind an occluder with many cells showing their highest levwhere only movement without target to reach is displayed)
els of activity after object is completely hidden from view. seems determinant to match visual perception of motion onto
The authors’ conclusion was that such cells could contribute tthe motor repertoire.
perceptual capacity of object permanence and awareness main-The current work tries to answer the two following questions:
tenance. Neuronal activity in the absence of visual stimulus hashat is the capacity of human subjects to reconstruct the hidden
also been observed in parietal cortex by Assad and Maunsghlart of a moving target? To what extent trajectory reconstruction
[3] during inferred motion trials in which moving target briefly is related to specific motor competence?
disappeared and reappeared. To this end we developed a new psychophysical experimental

Interestingly, a population of motor neurons in the monkey’sparadigm. Subjects were asked to estimate the vanishing position
pre-motor area (area F5) has been found responding both to tleethe final position of a moving dot representing a hand reaching
execution and the sight of grasping an object, and continues tmovement that was masked in the last part of its trajectory after
respond even if the final part of the action is occluded frombiological and after non-biological motion display. Subjects’
the sight[42]. The authors pointed out the capacity of mirror indications of the final positions in both types of displays were
neurons to be activated by hidden actions, provided that thetompared. A pure visual extrapolation mechanism will predict
outcome can be predicted and that visual extrapolation might béhe same estimation of the final position for biological and non-
mediated by the action system. In other words, perception of vishiological movements. In contrast, according to the visual-motor
ible and invisible biological motion seems to strongly depend orinkage hypothesis, erroneous position judgement should occur
motor competence, an idea also supported by decade of reseamhen observed motion do not correspond to the subjects’ motor
in psychology[26,43] More recently, it has been demonstratedrepertoire.
that visual cues can be used to make cognitive prediction, like to
explicitly determine the forthcoming letter after a partial hand-2, Materials and methods
writing display[21].

Recent neurophysiological studies provide strong evidence i. Apparatus and stimuli
that action observation and execution share common neural sub-
strate[37]. According to the direct matching hypothesis, such For all experimer_ns the stim_uliwere Qisplayed on acglou.r flat screen (black
motion permanence when visual input is transiently disruptegackgrou‘nd, resolution 1024 pﬂlxels?68 pixels, where a pixel is a rect_angle of

. . .37 mm in length by 0.39 mm in height) connected to a PC. Each stimulus con-

would result from cortical mechanisms that map an observe isted in a white dot (five pixels in diameter, about’@Rvisual angle) moving
action onto an internal model of that action. either upwards or downwards. This motion corresponded to arm movements per-

Nevertheless, the functionality of action-perception matchingormed in the vertical plane. The motion displayed on the screen corresponded
system has been mainly demonstrated for general aspect of tR@y to the first 60% of the total arm pointing movement.

task (action meaning or intention understanding) and an impor: Four kinds of motion were displayed. For the first twp kinds of motlorls, th_e
ot moved on the screen upwards or downwards according to a normal biological

tant gap remains between this g_eneral'ty a.-nd the §peC|fICIty Qlie (U for upward biological motion, D for downward biological motion), i.e.
the motor program that allows action execution. For instance, Wgith their kinematic corresponding, respectively to the upward and downward

do not know if action observation can generate, beside high leveklocity profiles recorded during vertical arm pointing movem¢s23. Previ-
of action representations, detailed kinematic parameters of tHd's experimental data demonstrated finger invariant kinematic during vertical

movement. Further. itis not clear to what extent the direct matChL_Jpward and downward arm pointing movements. More precisely, in contrast to
’ ’ alogous horizontal pointing movements, velocity profiles of vertical move-

. . . a

ing system implements motor programs equivalent to those us‘#?ents were asymmetric: upward displacement has a shorter acceleration phase
in action. Finally, what cues does the visual system use to catompared to downward displacement of the same duriid@2] (seeFig. 1).
egorize movement as biological or non-biological remains an Inthe two other motions, a conflict was introduced between motion direction
open question (see REEE]). and velocity profile. The upward motion was displayed with the velocity profile

The matching system activation appears strongly dependeﬁ?rresponding to a downward arm movement (UN for upward non-biological

. . . motion). Inversely, the downward motion was displayed with an upward natural
on the wsgal Conte).(t and O.n SOp.h'St'Cated V'SU?I analyses th.%locity profile (DN for downward non-biological motion). The trajectories dis-
lead to action meaning and intention understanding. Although iglayed were slightly curved with horizontal and vertical excursions, respectively
is clear that the matching system activation in monkey requiresf 11 mm (0.45 of visual angle) and 113 mm (10.4f visual angle, seBig. 2.
goa| directed tas[<L2] studies in human seem to be controversial . The path Iength along the tra_jectones was 159 mm. Total movement dgratlon
Fadiga et aI[lO] and Maeda et a[25] for instance found no dif- was 1.21 s with a mean velocity of 131 mm/s (&PHand a maximum velocity

. . . . o . of 238 mm/s (15.6s) (se€Table ).

ferences in cortical—spinal excitability between transitive versus
intransitive hand action. In contrast, a poor disftby], a hand

reaching performed by a robpt0] or an observation in virtual

reallty_condltlon[35] are all |_nadequate _'[0 elicit motor repre- Atotal of 33 healthy subjects gave their informed consent and volunteered to
sentation or do not fully activate the mirror argas,22,23] participate in this study. Each participant sat at a comfortable viewing distance
Moreover, recording of eye movements performed during actiofrom the screen (about 70cm) in a room with a dim lighting. Each subject
observation suggests that the mirror system is activated onhyas informed that the motion displayed on the screen corresponded to the
when observers view an object-oriented goal-directed task adaotion of the finger extremity of the outstretched arm performing a pointing

. . . . task in the sagittal plane (angular displacement equaltp 8hen a hair cross
notwhen the observer views Only its kinematic Compon@jﬂs (10 pixelsx 10 pixels) appeared at the centre of the screen, the subject should

Actually the motor context given by the visual input (i.e. gisplace his sight and fixate the cross. After 1s the cross disappeared and was
the physical presence of a goal in contrast to intransitive actiofllowed by a random blank interval between 0.25 and 1.5 s. The subject should

2.2. Procedure and design
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B | Table 1

; Not displayed Durations of the different phases of the stimulus displayed for the two directions
(up and down) and the two kinematics (biological and non-biological): MT, total
movement time of the display; MT/AT, ratio of total movement time on accel-
eration time; TV, time of the visual input; TVD, time of the visible deceleration

phase
MT (ms) MT/AT TA (ms) TV (ms) TVD (ms)
U 1210 44.6 540 726 186
UN 1210 48.8 591 726 136
ey D 1210 48.8 591 726 136
2 DN 1210 44.6 540 726 186
o
=

and 4) and two control experiments (Experiments 5 and 6). Experiment 2 (van-
ishing point (VP) estimation) was introduced in order to compare the estimation
performance when the subjects were forced (Experiment 1) or not (Experiment
2) to actively infer the final position. Subjects participated either in Experiments
1, 3 and 5 or in Experiments 2, 4 and 5. The control Experiments 5 and 6 were
always the last to be carried out (6 after 5) whereas the other two experiments
were submitted in a random order. In all experiments the basic experimen-
tal design was a two factors (motiendirection) within subject design with

Fig. 1. Velocity profiles of the four kinds of moving stimulus used in the six 12 replications per cell. Both factors have two levels: biological versus non-
experiments. For the first two kind of motions, the dot moved on the screefpiological for the motlonfgctor, and downvyard versus upyvards for the direction
upwards or downwards according to a normal biological rule (biological dis-factor- Thus, each experiment was constituted by 48 trials. Experiments were
plays, B-grey curves), i.e. with their kinematics corresponding, respectively t&onducted in accordance with ethical guidelines laid down by the Unigetsit

the upward and downward velocity profiles of the finger recorded during a verBoUrgogne.

tical straight arm pointing movements. In the two other motions, a conflict was

introduced between motion direction and velocity profile. The upward motion2.2.1. Experiment I—EP, end point estimation

was displayed with the velocity profile corresponding to a downward arm move-  Ten subjects (five men and five women,258) participated in the experi-
mentand inversely for the downward direction (non-biological displays, N-blackment. They had normal vision or were corrected for normal and wéwesto
curves). The motion displayed on the screen corresponded only to the first 60%e purpose of the experiment. The experimental task consisted in placing the
of the total arm pointing movement. Occluded part of the motion is indicatedhair cross cursor where the motion would have stopped if it were completely
by a grey rectangle. Abbreviations of calculated kinematic parameters for theisplayed (remember that only the first 60% of the whole motion was visible!).
four displays: MT, total movement time of the display; TA, time of acceleration Subjects confirmed their estimation by pressing the mouse button.

phase; TV, time of the visual input; TVD, time of the visible deceleration phase

(seeTable 1for corresponding values).

2.2.2. Experiment 2—VP, vanishing point estimation

Eleven subjects (five men and six women423) participated in the exper-
continue to gaze at the centre until with appearance of the stimulus, which tool"€nt. They had normal vision or were corrected for normal and wekes#o
place always on the right side of the screen. The end of the stimulus presentfl® purpose of the experiment. The experimental task consisted in placing the
tion was again followed by a random blank interval between 1.5 and 2.55s. Thhair cross cursor where the dot vanished. All the other experimental conditions
subject gave his or her response by using the mouse. remained the same/identical.

This study consisted in six experiments: two experiments on position estima-
tion (Experiments 1 and 2), two experiments on time estimation (Experiments 3.2.3. Experiment 3—ET, end point time estimation

The same subjects of Experiment 1 participated in this experiment. One sub-
ject was removed because was unable to accomplish the task. The experimental

+i - task consisted in a first pressing of the mouse button to initiate the display of the
+ + +4+ moving dot and, after the disappearing of the stimulus, in a second pressing to

D DN t'-h-t ++ estimate when the motion would have stopped if it were completely displayed

¥ o+ :

bN 1 All the other experimental conditions remained the same/identical.
3.5 cm 2.2.4. Experiment 4—VT, vanishing point time estimation

The same subjects of Experiment 2 participated in this experiment. The
experimental task consisted in a first pressing of the mouse button to initiate the
y display of the moving dot, and in a second pressing as fast as possible at the

%’t + + vanishing of the moving dot. All the other experimental conditions remained the

+ identical.
* Ty U UN
+

2.2.5. Experiment 5—control

Fig. 2. End point estimation of one typical subject (Experiment 1). From leftto  Twelve subjects participated in this experiment. They had normal vision or
right: downward biological (D), downward non-biological (DN), upward bio- were corrected for normal and weréves to the purpose of the experiment. They
logical (U) and upward non-biological (UN) motions displayed. Black and greywere divided in two groups: the first group saw solely partial motions whereas the
curves show, respectively the visible and the hidden parts of the display. Blackecond one saw full motion. Pairs of motion were displayed (one after the other)
dots located at the end of the curve correspond to the ending position of thi®r each subject in a random order. The six possible combinations were: D/DN,
stimulus. Crosses correspond to the estimated end-points given by the subjdatD, DN/DN, U/UN, U/U, UN/UN. Thirty pairs were displayed among which 15

by pressing on the mouse button. of these pairs were identical and the others 15 were different. The task consisted
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in detecting if the pairs displayed (the two successively presented motions) weré5%, 83.4%, 84% and 88% of the total trials, respectively
identical or different. The aim of this control experiment was to obtain a roughfor D, DN, U and UN. The average PCE was 1%8mm
estimation of our sensibility in discriminating the weak differencesin kinematics(PVE =10.6+ 1.6 mm) that corresponded to 13.7% of the total
between the types of motions used in previous experiments. : - j . '
yp P P vertical displacement. An ANOVA on vertical PCE showed an
. effect of motion £(1,9) = 14.37, MSE =412%,=0.004) and an
2.2.6. Experiment 6—control ff f di . _ _ _

Almost all the subjects who participated in previous experiments (17) Wert._E ect 0_ Irection F(l'g) - 9.33, MSE =438, = 0'013)' No
tested in the control experiment (9 of Experiments 1-3 and 8 of Experimentéteraction reached significance. From an ANOVA on PVE, only
2-4). The full motion was displayed until it stopped. After the dot disappearedthe motion factor reached significané¢€1,9) = 10.7, MSE =74,
the subjects were asked to place the hair cross cursor where the motion stoppgg= 0.009).Fig. 3 (right panel) represents PCEs and PVEs with
Subjects confirmed their estimation by pressing the mouse button. their dispersionsin the four experimental conditions. From a post
hoc analysis on PCE with tiieheffe’s test all the pair wise com-
parisons reached the significance but U versus DN. In the whole,

Accuracy in estimating the end point (EP) stimulus position (position con-PCE was greater for UPward (1%'4'5 mm) than dow_nwar_d
stant error, PCE) was defined as the difference between the actual position aRdotion (11.9+-4 mm) and PCE was greater for non-biological
the true position. Analogously, accuracy in estimating the stimulus time (time(19.8+ 4.8 mm) than for biological motion (114 3.3 mm).
constant error, TCE) was defined as the difference between the estimated dura-
tion and the true duration for each motion. Subjects’ precision in estimating the . o ) . )
position of the stimulus end point (position variable error, PVE) was defined as’-2. Experiment 2—vanishing point estimation

the S.D. of the 12 replications measured for each of the two directions and two
motions. Subjects’ precision in estimating the stimulus duration (time variable3 2 1. Horizontal displacement

error, TVE) was defined analogously. Vgrtical and horizqntal PCEs and PVEs The estimated VPs were slightly displaced inside the trajec-
were separat(_ely anal_ysed. The _te_ingent_llne gt the end point was used to evalu?(t)ery (i e. on its convex side) Inward estimations were respec-
inside or outside horizontal position estimation. ) e : '

tively 72.7%, 68.9%, 89.3% and 59.8% of the total trials for
D, DN, U and UN with an average PCE of 42.1mm
(PVE =3.84£ 0.3mm). This value significantly differs from the
value obtained in Experiment £(1,19) =25.3, MSE =920954,
p<0.001. An ANOVA on horizontal PCE solely showed an

Fig. 2illustrates the results of one typical participant. Gener-eﬁeCt of motion £1(1,10)=5.2, MSE =9283p=0.045). An

ally, the final position of the dot overshoots for the two directions’o"\lovA on horizontal PVE did not reveal any systematic effect.
and the two motions. Vertical and horizontal PCEs and PVEs

were separately analysed (see left and right panel dfithed).  3.2.2. Vertical displacement
As in previous experiment a generalized overshooting of the

3.1.1. Horizontal displacement VP was observed in all experimental conditions (overestimations
The estimated EPs were consistently displaced inside thwere respectively 67.4%, 79.5%, 78%, and 72.7% of the total
trajectory (i.e. on its convex side, s€@. 2). Inward estima- trials for D, DN, U and UN). The mean PCE was &3.6 mm
tions were 97.5%, 95.8%, 94.2% and 95% of the total trials(PVE =5.9+ 0.6 mm), which is sensibly lesser than the value
respectively for D, DN, U and UN with an average PCE of Observed in the previous experiment without being statistically
26.7+ 3.5mm (VE = 14.6t 1.1 mm). An ANOVA on horizon- differ from it. An ANOVA on PCE did not showed any system-
tal PCE solely showed an effect of direction({,9)=5.53, atic effect.Fig. 4 (right panel) represents PCEs and PVEs with
MSE =6381p =0.043). An ANOVA on horizontal PVE did not their dispersions in the four experimental conditions.
reveal any systematic effect.

2.3. Data analysis

3. Results

3.1. Experiment 1—end point estimation

3.3. Experiment 3—end point time estimation
3.1.2. Vertical displacement
For the vertical component of the estimated displace- Mean TCE of ET was 29& 68 ms, which corresponds to
ment there was a generalized overshoot. Overestimations we?5% of the total duration, and the actual duration of the move-

Horizontal Vertical
M Constant

O variable

Hﬁiﬂiﬂ lennk

Fig. 3. Histogram of mean constant and variable errors in end point estimation (Experiment I) along horizontal (left panel) and vertical are=/(yightpe two
directions (down and up) and the two kinematics (biological and non-biological) of the display. Stars indicate significant statistical difference.

Estimation Error (pix)
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Fig. 4. Histogram of mean constant and variable errors for the vanishing point estimation (Experiment 2) along horizontal (left panel) ankatight panel)
for the two directions (down and up) and the two kinematics (biological and non-biological) of the display.

ment was mainly overestimated (88%, 89%, 81.5% and 90%cal PCE was-0.17+ 0.4 mm (VE =2+ 0.1 mm). An ANOVA
of the 108 trials were overestimated in D, DN, U and UN,on TCE and TVE did not reveal any effect.

respectively). Mean TVE was 1#06 ms indicating a poor pre-

cision but aremarkable consistency among subjéas b, right 4. Discussion

panel). An ANOVA on TCE and TVE did not reveal any effect.

Mean intra-subjects variability was150 ms. In the present study, we assessed participants’ capacity to
estimate the vanishing point of a moving target or the final loca-
3.4. Experiment 4—vanishing point time estimation tion of the target when an occluder interrupts the spatiotemporal

continuity of target motion. We found a consistent overestima-

Mean TCE of VT was 232 23 ms (VE = 6%t 8 ms), which  tion in both vanishing and end point estimations. However, the
corresponds to 30% of the visible motion duration, occurrence afain result obtained in our experiments is the significant effect
subject response being always after the vanishing pbigt &  of displayed kinematics on occluded motion estimation. The
left panel). An ANOVA on TCE showed an effect of motion bias in end point estimation was increased by the non-biological

(F(1,8)=16.3, MSE =247394,=0.004). displays while this variable had no consequences on the van-
ishing point estimation. The following discussion will consider
3.5. Experiment 5—control successively the potential mechanisms involved in visual infer-

ence and the role of attention and implicit mechanisms involved
The mean percentages of correct responses weli@ motion recognition.
48.3+10.6% for the full motion group and 34435.6%
for the partial motion group. Both values are below the chance. . Potential mechanisms involved in motion inference
level of correct responses (50%), indicating that subjects were

very poor in detecting differences between motions. We found systematic overshoot of position estimation for
vanishing point estimations. This resultis in agreement with pre-
3.6. Experiment 6—control vious observation made with apparent linear motion. Nijhawan

[27,28]found that the perceived position of target moving with
All subjects were very accurate and precise in their estimarespect to the retina was extrapolated along its trajectory, leading
tion, confirming that the PVE of previous Experiments 1 andthe observer to perceive the target ahead of its actual position.
2 is not a side effect of memory and the different PCEs arélhis author explains this illusion by motion anticipation mech-
a direct effect of experimental manipulations. Mean horizontabnism achieved in the retina that compensate for neuronal delay
PCE was-0.07+ 0.4 mm (VE=2.14+ 0.2 mm), and mean ver- between the retina and visual areas. Similarly a recent $jdy

Vanishing point End point
—_ M Constant
@
E’ i 600 O variable
s
-
L
=L
= 400
e
‘=
=
.E -
= 200
=
w
£
[ 0

D DN U UN

Fig. 5. Histogram of mean constant and variable errors in time estimation of the vanishing point (Experiment 4, left panel) and of the end poirer{EXpeght
panel) for the two directions (down and up) and the two kinematics (biological and non-biological) of the display.
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that described such illusion at the starting point of a moving Brain imaging experiments could be designed to give neural
target also supports the idea of a low-level visual mechanismmeaning to this proposal. For instance, the correlation between
Interestingly, the present overshoot was recorded with decelethe discharge of neurons in premotor cortex with biological and
ating motion in contrast to constant velocity applied to previouson-biological displays will reveal decisive information about
visual stimulus. Past visual trajectory information may be usedhe sensibility of mirror neurons to kinematic features of an
until the stimulus disappears on the basis of local visual meaaction.
surements and temporal derivative operations. More surprising Eye movements can also contribute to subject’s estimation
is the finding of a similar overshoot at end point estimationof the final position of occluded target movement. In a simi-
suggesting potential intervention of similar visual extrapolatinglar study, Wexler et al[44] showed a significant contribution
mechanisms in position judgment. of eye movement to the prediction of trajectories of moving
Our results reveal that performance in estimating the finabbjects. In the same way, Flanagan and Johangsgrfound
position ofthe target decreased in precision and increased invathat when subjects observe a reaching task, the coordination
ability for displayed movements that violated kinematic laws.between their gaze and the actor’s hand is predictive, rather than
This result suggests that motion extrapolation does not relyeactive, suggesting a direct matching between motor represen-
exclusively on local visual input, and that end point estima-tation and action observation. On the basis of these studies one
tion also result of external to internal signal interaction. In othercan hypothesize that the present differences in estimation are
words, the priming of the visual input by an internal model of associated with tracking inefficiency because of irrelevant inter-
arm pointing movement would allow for motion permanencenal drive signal that cannot enhanced eye pursuit in the case
after trajectory occlusion. Indeed, in the case of purely visuabf non-biological display. De’Sperati and Viviani 's findifig]
extrapolation, the visible part of the trajectory should determinghat passively observed biological trajectories are easier to track
end point estimation, especially the deceleration phase. Cotkan trajectories following other velocities profiles supports this
sequently, the displays presenting longer visible deceleratioprediction.
phase would lead to greater precision and accuracy in end point In contrast to position estimation, time estimation (Experi-
estimation than displays with shorter visible deceleration phasenent 3) did not differ with respect to the direction (up versus
Such prediction was neither confirmed for downward directiondown) or the motion (biological versus non-biological). Because
where estimation of display showed greater precision compareaf equal motion duration in the four conditions tested (U, UN, D
to DN display, nor for U motion that presented longer visibleand DN) this result seems a priori reasonable. However, one can
display and showed lesser precision compared to D display. also expect higher variability in time estimation for NB display
This result is in line with the idea of a close interconnec-under the hypothesis of improves motion inference due to inter-
tion between perception and motor representdti®@B87]anda  nal model matching. Nevertheless, in the present experimental
“common coding” of perceptual and motor evefig]. Alarge  conditions precise time estimation of short duration visual events
body of experimental evidences demonstrated that visual pefd s) is difficult (the CE was about 25% of the total duration) and
ception elicits activation within a brain network closely related tocould mask a significant effect of motion display. This possibility
that one that participates in motor behaviours (see RR8s39). could be verified with experiments showing movement displays
In the present experimental condition, we propose that thevith longer durations.
brain’s motor system generates an internal representation of Our results indicate a better precision in end point estima-
potential action related to the stimulus: as soon as the targ¢ion for downward motion compared to upward motion. This
disappears, the observer would simulate a reaching movemergsult may be the consequence of a visual effect due to the dif-
in the sagittal plane. The visual input would resonate with togferent velocity profiles displayed for the two directions. Because
down inputonly if the kinematic of the two inputs are sufficiently upward biological display presented longer visible decelera-
similar. Current observed velocity profiles would be comparedion phase compared to downward display (186 ms and 136 ms,
to multiple stored kinematics engrams concerned with verticatespectively), this hypothesis seems not acceptable. Alterna-
motions covering different acceleration—deceleration ratios. Thévely, the direction effect could be due to asymmetries in the
remaining difference would be projected back to the action sysrepresentation of upper and lower portions of the visual field
tem, in order to adjust the implicit motor simulation. From the [7,36]. According to these authors, lower visual field would
simulated movement, the forward model that predicts the serbe more efficient in visual signal processing for the control of
sory consequence of the movement could be used to compensatany goal directed movements. Moreover, it has been argued
the lack of visual input due to occlusion. Recentmodellhg9]  that attention has a higher resolution in the lower as compared
and experimentall3] studies support the plausibility of this to the upper visual field16,41]) Together these differences in
view. attention and perception processes across the vertical extent of
Note that our results strengthen the view that subjects arthe visual field might explain the greater error in EP estimation
able to internally simulate, namely without making any move-for upward than downward motion.
ment, the dynamic context, that is the interaction of gravity with
the moving limb. According to this, previous findings from our 4.2. Implicit motion recognition
group[6,14,31,33] showed that subjects are able to accurately
integrate gravity and inertial constraints during mental simula- Our results demonstrate that motion reconstruction was pos-
tion of arm and whole body movements. sible despite a poor visual context where spatial relation between



T. Pozzo et al. / Behavioural Brain Research 169 (2006) 75-82 81

effectors and target to reach is broken (object to grasp or targét Conclusion

to reach). This demonstrates that a low-level visual attribute

of motor activity such as the kinematic features of a sim- The present study quantifies the human ability to reconstruct

ple dot is used by the visual system to categorize movemerand estimate the missing section of the trajectory of a decelerat-

as biological or non-biological and thus reaches (or not) théng visual stimulus. Our results indicate that kinematic features

motor system of the observer. Interestingly, we found thabf the motion provide a memory template for motion recogni-

subjects were not able to explicitly recognize biological andtion. The motion display of a single dot that respects biological

non-biological motion (see Experiment 5) suggesting that fastaws is sufficient to evoke implicitly internal model of action.

processing pathway leads to immediate link between predicthe finding of a rapid mechanism that converts kinematic terms

tion of upcoming events and a representation of correspondf the visual scene into potential motor representations would

ing motor programs. Kinematic laws constraining action orgive a strong biological advantage when reaching moving preys

object motion in the vertical plan could facilitate an automaticthat suddenly disappears.

matching between perception and action. Indeed, kinematics in

the vertical plane from living (i.e. arm or whole body move-

ment, seq30,32) and non-living object (i.e. a ball projected

upwar dor fa!llng dpwn) presept drastic d|ﬁgrences (asymmetr 'C" This work was supported by grants from the French Research

velocity profiles with successive acpeleratlon and dgceleratlow/gnistry (ACT Cognitique 179B) the Conseil Rgional de

ph?‘ses versus C(_)nstant acceleration or dece_leratlon phaselg urgogne, the INSERM and the Centre National d’Etudes Spa-

This means that in terms of frequently occurring features, Fales (CNES).

clever viewer that grew up on earth (in a gravitational force

field) would not be surprised at the observation of vertical

motions. Thus, the perceptual expertise of the observer caReferences
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