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Abstract

Three unilateral parietal patients were tested on their perception of biological motion, a special case of form-from-motion. Two patients
had the lesion in the right, and one in the left parietal area. All patients could easily perform a classical form-from-motion task [Neuron
32 (2001) 985], but they were severely impaired in a visual search task using biological motion sequences. In particular, the left parieta
patient showed a more severe loss. He was unable to identify even a single item. Overall our patients seemed to perform differently from th
classical motion-blind patients described in the literature [Visual Cognition 3 (1996) 363; Eur. J. Neurol. 9 (2002) 463; Visual Neurosci. 5
(1990) 353] whose lesions included the visual cortical area V5. Since our patients’ low-level motion mechanisms are preserved, we sugge:
that the perception of biological motion relies on a high-level description of dynamic patterns [Cognition 80 (2001) 47], a mechanism that is
impaired in parietal lobe patients. We discuss our results at the light of the recent theories suggesting that biological motion is performed by
visual associative areas outside the classical motion pathways and that it is an active process dependent on attentional resources [Cognit
80 (2001) 47].
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction when attentional resources must be allocated to each display
item in turn Caeng, Brennen, & Espeseth, 2002

Right parietal patients often exhibit left visual neglect, a ~ While a great deal of research has tested the visuo-spatial
striking deficit of orienting visual attention to stimuli pre- abilities of neglect patients, both in visioD(ncan et al.,
sented on the side contralateral to the les\éilar, Rusconi, 1999 Vuilleumier & Rafal, 2000 and audition Bellmann,
Bignamini, Geminiani, & Perani, 1994/allar, 1993. Ne- Meuli, & Clarke, 2001 Griffith et al., 1997, much less is
glect is usually present in the acute stage after a stroke. Inknown about their perception of motion. Conversely, visual
the chronic stage, patients are more likely to exhibit visual motion perception in parietal patients has rarely been stud-
extinction, a deficit that manifests mostly under experimen- ied (Braun, Petersen, Schonle, & Fahle, 199&eenlee,
tal conditions (or at clinical confrontation)/gilleumier & Lang, Mergner, & Seeger, 199&reenlee & Smith, 1997
Rafal, 2000. In this case the patient fails to detect a stimulus Schenk & Zihl, 1997 and the exception is a large body of
in the contralateral field when it is simultaneously presented work that has concentrated on ‘motion-blind’ patients who
with a similar stimulus in the opposite visual field. Perfor- are usually affected by bilateral lesions involving the human
mance is normal in both visual fields when one stimulus at homologue of motion area ViVcLeod, Dittrich, Driver,
a time is presented. One paradigm that is typically used to Perrett, & Zihl, 1996; Vaina, Lemay, Bienfang, Choi, &
study attentional mechanisms both with normal subjects andNakayama, 1990; Zihl, von Cramon, & Mai, 1988ith no
with parietal patients is visual searcArQuin, Joanette, & involvement of the parietal cortices. One particular kind of
Cavanagh, 199Fsterman, McGlinchey-Berroth, & Milber,  motion pattern is biological motion, which has also been de-
2000 where observers are asked to detect or discriminate afined as a special case of shape from motiGno§sman &
target item among distractors. Right parietal patients’ perfor- Blake, 1999. Patients affected by V5 lesions have been ex-
mance is generally normal when they are asked to perform atensively studied on biological motion perceptidviol.eod
simple search task (say, finding a red target among green dis€t al., 1996; Vaina et al., 1990n some cases using the same
tractors), while they are impaired in more difficult searches point-like walkers originally used byohansson (1973h

his first demonstration. The original Johansson figures were
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under dim light conditions so that only the lights were two patients who were tested showed a loss in the ability to
visible. The actors then performed different actions: stand- determine whether a single test figure was a walking person
ing up from a chair and walking, climbing up the stairs, or a scrambled figure when the test was embedded in noise
painting a wall, people hugging, performing push-ups or but showed no deficit without the noise. In another study
dancing. Even though only a few point-lights are visible, (Regan, Giaschi, Sharpe, & Hong, 199@nilateral parietal
the overall configuration gives a compelling impression of patients were impaired in a form-from-motion task when
human actions. Johansson pointed out that the perceptiorasked to identify a motion-defined letter. The authors in
of a walking person in the motion of 10 dots seems to be these two studies claim that the superior parietal cortex is
equally spontaneous and natural as seeing a real man walkinvolved in form-from-motion perception and that it might
ing (Johansson, 19%3The author suggests that such fluent serve complex perceptual tasks requiring the integration of
perception might be the consequence of prior learning in different motion signals as in the case of biological motion.
seeing human walking. Indeed it is surprising how even Indeed,Schenk and Zihl (1997also argues that a deficit
nave subjects can so easily perceive human walking from ato an attentional mechanism contributes to the impaired
set of moving dots and the motion pattern always evokes aperformance on biological motion perception in the pari-
spontaneous and compelling response of a walking humanetal patients. In the present study although there is some
being. variability among the patients’ results, we demonstrate that
Several studies have examined whether attention is nec-unilateral parietal patients have difficulties in identifying
essary to process biological motioGgvanagh, Labianca, single “walkers” in biological motion (the left parietal pa-
& Thornton, 2001; Heptulla Chatterjee, Freyd, & Shiffrar, tient) and in performing visual search tasks with multiple
1996 Thornton, Rensink, & Shiffrar, 20Q02r whether low- walkers (right parietal patients).
level visual processing alonéMéther, Radford, & West, The same patients are impaired in the field contralateral
1992; Thornton, Pinto, & Shiffrar, 1998s sufficient. It to the lesion on tasks of visual trackingdttelli et al., 200}
has been recently demonstratefayanagh et al., 2001; and in the perception of apparent motion in both visual
Thornton et al., 200Rthat although the detection of bio- fields Battelli et al., 2001 A recent study byThornton
logical motion mimicking human walking seems effortless, et al. (2002)has shown that attention related mechanisms
it actually demands attention. This has been demonstratedare used during biological motion perception and that they
using a visual search task in which subjects detected thedepend on the temporal feature of the stimuli. Because of
presence of a walker facing opposite to the distractor walk- the previous evidence of deficits for tasks requiring tem-
ers or a walker among jumbled walkers. In the present report poral attention in parietal patients such as the ability to
we used the same task with our parietal patie@@vanagh perceive apparent motiorBéttelli et al., 200} or disor-
et al., 200} in an attempt to see whether changing the at- ders in discriminating events presented at high temporal
tentional load with the number of distractors would affect frequency Husain, Shapiro, Martin, & Kennard, 19pWe
their performance. felt that the losses, if any, in the perception of biological
Recent work has shown that lesions to area V5 affect the motion in parietal patients could help us understand the role
perception of biological motion when the stimulus is pre- of temporal attention in this task.
sented in noiseMcLeod et al. (1996}ested LM, a patient
with a bilateral lesion of the V5 areas. LM was unable to
distinguish normal from jumbled biological motion in the 2. Methods
presence of static visual noise (dots), whereas she could
easily perform the task without the visual noise. In con- 2.1. Case histories
trast, the parietal patients we tested had difficulty in distin-
guishing a walker among jumbled walkers when presented We tested three stroke patients: JR, JL and JS. JR and JL
simultaneously, even in absence of background noise. Wehad unilateral, right parietal lobe lesions with some exten-
manipulated the tasks so that the subjects could not makesion into surrounding structures, while JS had a left parietal
the discrimination based only on a single static frame, as in lesion. Magnetic resonance images (MRIs) were analyzed
the originalJohansson (1973igures where occlusion cues to define the anatomical distribution of the lesions using the
could suggest posture and direction of motion on a single Damasio atlaslfamasio, 199% Two subjects, one male and
static frame. Instead, in our task it was necessary to integrateone female with no history of neurological disease served
the velocity and direction of several moving dots in order as age-matched normal controls.
to discriminate the human walker. The patients were first  Patient JL, a 62-year-old right-handed man, suffered a left
tested using the original walkers dbhansson (1973nd occipital lobe hemorrhage in 1998 and a right parietal hem-
we simply asked them to tell us what they saw on the mon- orrhage in 1999. The first stroke presented with symptoms of
itor without any further instruction. We subsequently tested right hemianopia, which gradually recovered, and the second
them on two visual search tasks using biological motion.  with left hemianopia, which has not improved. Nine months
Bilateral parietal patients have previously been tested on after his second stroke, MRI revealed right-sided signal ab-
biological motion perceptionSchenk & Zihl, 1997. The normalities involving the superior parietal lobule, angular
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2.2. Apparatus

The experiments were conducted on a G4 laptop com-
puter connected to an Apple Studio Display. Software for all
the experiments were written in Think'®. For experiment
1 we used programming routines (Sh¥) created by Ray-

FAE N v e N nald Comtois ttp://www.visionshell.com The same basic
AN /3 T v b b \ equipment was used in all experiments.

JR ; r}",l ,}qr/

2.3. Experiment 1: low-level motion

The task employed in this experiment is often used with
patients to test low-level motion perception abiliti®&ifa
et al., 1990. The target is a motion-defined rectangle pre-
sented on a background of randomly moving dots. In a
two alternative forced-choice procedure the subject has to
report the orientation of the rectangle that can be either
Fig. 1. Horizontal MRI sections through the cerebral hemispheres of the horizontal Or_ Vem_cal' Although attent_lon IS neces_sary to
three stroke patients with unilateral lesions are shown here. Flair images report the orientation of the shape defined by multiple dots
for JL and T2-weighted images for JR are reported. JL and JR had coherently moving in the same directiddgwsome & Paré,
extensive lesions of the right lateral occipital, supramarginal, and angular 1988, the motion analysis that defines the shape is car-
gyr'i, as well as t'he precuneus arld thg superior pgriete}l Iobulg. Pre-gxisting ried out effortlessly and automaticallCévanagh, Arguin,
white matter lesions are a_lso evident in JR. JS’s diffusion we|ghte(_i |mage_s & Treisman 1995’ Many neuropsychological cases have
are reported. He had an infarct of the left angular and supramarginal gyri. . ! . . .. .
previously been reported of patients with deficits in
low-level motion task similar to the one we used here. The
gyrus, supramarginal gyrus, precuneus, cuneus, and lateraterebral lesions of these patients are more often located in
occipital gyri (Fig. 1). There was no imaging evidence of the extrastriate motion areas, such as V5 or Gegnlee
his prior left-sided lesion. We first tested JL 11 months af- & Smith, 1997 Plant & Nakayama, 1993vaina, Makris,
ter his second stroke. He complained that his vision looked Kennedy, & Cowey, 19987Zihl et al., 1983.
“watery” and that stationary visual objects were jumping
and moving. Examination revealed a left inferior quadran- 2.3.1. Simuli and procedure
tanopia. Visual acuity with correction was 20/40 in his right  In this task we measured the ability of the subject to
eye and 20/25 in his left eye. On the Sunnybrook neglect bat- perceive two-dimensional shapes generated by a difference
tery (Black, Vu, Martin, & Szalai, 1990JL scored 40/100, in motion coherence of the target dots compared to the
indicating severe left hemispatial neglect. background Fig. 2A). The background consisted of ran-
Patient JR, a 70-year-old right-handed man, was admit- domly moving black and white pixel dots of 50% density
ted to the hospital in October 1998 with left hemispatial and a mean luminance of 60 cd/nirhe dots moved at a
neglect, left superior quadrantanopia, normal visual acuity, velocity of 3/s. On each trial the subject had to identify the
and left hemiparesis. CT revealed a hemorrhage involving orientation of a rectangle (subtending % 4.3°) presented
deep and superficial right parietal lobe and temporal lobe for 450 ms in one of the hemifields, randomly across trials.
structures. Ten months later, MRI showed extensive signal Within a two alternative forced-choice procedure the sub-
abnormalities involving the right superior parietal lobule, ject had to report whether the target rectangle was oriented
angular gyrus, supramarginal gyrus, precuneus, lateral oc-horizontally or vertically. The difference (the percentage
cipital gyri, and middle temporal and superior temporal gyri of dots coherently moving in the same direction) between
(Fig. 1). We first tested JR 8 months after his stroke. On the the shape and the background was varied randomly across
Sunnybrook neglect batterlack et al., 1999 JR scored trials. The percentages of coherence differences tested
10/100, indicating mild residual left hemispatial neglect. were: 20, 35, 50, 65, 80 and 95. The stimuli were pre-
Patient JS, a 67-year-old right-handed male, suffered asented in blocks of 72 trials for each hemifield (12 trials
stroke in July 2000. MR diffusion weighted images revealed each level of coherence, a total of 144 trials) randomly or-
an infarct of the left angular and supramarginal giig( 1). dered, with 15 practice trials preceding the beginning of the
At the time of testing he had a right hemianopia. On the experiment.
Sunnybrook neglect batterlack et al., 199D he scored
30/100, indicating mild right hemispatial neglect. During the 2.4. Experiment 2: gait discrimination
testing sessions all the stimuli were presented bilaterally in
the left and right parafoveal fields, both of which were intact ~ We next tested the patients on the perception of point-light
in all patients. walkers engaged in simple activities and then on visual
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Fig. 2. (A) An example of the sequence of the task is given. Here the target is a rectangle (here depicted with outline contours not present in the actual
task) presented for 450ms in the left field (middle panel). The filled dots indicate the signal dots all coherently moving in the same direction. The
arrows indicate motion and they were not present in the actual stimulus. (B) Percent of dot coherence at which the subjects perform 75% correct are
reported for each patient: JR, JL (data fr@attelli et al., 200} and JS, and a group of three age-matched controls. Lower coherence threshold indicates
better performance. Average threshold was 40Q.5) for age-matched control and 31.761(3) for the patients. The dotted line indicates the average
performance of control subjects. On ti@xis the arrows indicate good and bad performance.

search through arrays of multiple walkers or scrambled 2.4.1. Simuli and procedure
walkers. In the first phase we used the origidahansson The biological motion configuration was generated by
(1973) movie clips in which different point-light human modifying Cutting’s classic point-light walker algorithm
walkers walk, climb, hug, ride a bicycle, do push-ups and, (Cutting, 1978. The set of 11 dots simulated a walker
we asked the patients what they saw without any further seen in profile with lights on the head, near shoulder, both
instruction. The two right parietal patients JL and JR could elbows, both wrists, near hip, both knees and both ankles.
recognize all the figures and the actions, although it took The dots were always visible to avoid providing non-motion
a relatively long time to do so. In particular JL, when cues to direction by occlusion clueghornton et al., 2002
first presented with the stimuli, reported only that there (Fig. 3A). The walker walked in place as if on a treadmill
were a few dots moving on the monitor in an oscillating with either left- or rightward gait. The distance from the
(pendulum-like) pattern. Only after several presentations fixation to the center dot of the walker subtended abdéut 4
did he recognize the biological motion, although it re- of visual angle, as did the height of the walker. The maxi-
mained difficult for him to report the different actions. The mum stride width of a walker was abouit &f visual angle.
left parietal patient JS showed a more severe loss. He wasThe dots themselves had a diameter of @Rvisual angle.
able to identify the human walker in the stimuli only after The walker’s stride cycle took about 1.3 s, falling within
suggestions from the experimenter. Even when he did iden-the range of 0.8-2s per stride reported for normal human
tify the walker, he was very slow (about 1 min) and he was walking (nman, Ralston, & Todd, 1981 The walker's
not able to determine how many walkers (when more than starting phase in its stride and position around the fixation
one) or recognize the different actions (i.e. he reported the point was randomly assigned on each trial. When more
person riding a bicycles as someone running). than one walker was displayed, the starting phase of the
In the next phase, we used a visual search procedurestride for each was assigned randomly and spaced equally
(Cavanagh et al., 20010 examine the role of attention in  around fixation. The dots had a luminance of 11.4 &l/m
perceiving the biological motion for these patients. In such and were presented on a 28.3 cé/background. The fix-
tasks, from one to four figures can be presented simultane-ation mark was a black cross at the center of the display
ously and the subject must report if there is a walker among subtending 0.5 of visual angle. The subject sat at 60cm
scrambled figures or one walker headed, say, to the leftfrom the monitor and they were instructed to hit one of two
among distractors walking to the right. Results from nor- keys to indicate whether the target was present or absent
mals Cavanagh et al., 2005how that each figure has to be as soon as they knew the response. If they did not respond
analyzed in turn to identify a walker or its direction. Thus within 8s the trial was terminated. The number of correct
even though the perception of the figures seems effortlessresponses and reaction times were measured. A total of 80
and rapid it is actually a serial process requiring attention trials were run, with 10 trials for each condition (present
focused on a single walker at a time. Given the deficits of or absent) and for each distractor numerosity (1, 2, 3 and
parietal patients in attention, we expected some losses in this4). Ten practice trials were run preceding the beginning
task for the three parietal patients. Indeed, patient JS with of the experiment. Two versions of the biological motion
a left parietal lesion was unable to respond well enough to task were tested. In this experiment the subjects were asked
participate in this task, even following practice. Therefore to determine whether a rightward gait person was present
in Section 3 only the data from JL and JR are reported to- among leftward gait persons, while in experiment 2b the
gether with those of the age-matched controls. subjects were asked to detect a walker among non-walkers.
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Fig. 3. (A) A static frame from a display with four walkers. The target walker is a figure walking to the right. The arrows indicate motion but they were
not present in the actual stimulus. (B—-D) Reaction times in seconds (left vertical axis) are reported for correct responses for present (filpdreymbol
absent (outline symbols) trials for JL, JR and two age-matched control subjects. The solid lines show the linear regression for each data set. Percer
of errors is reported on the right-hand axis and is shown as filled bars for target present and outline bars for target absent. Vertical barsaepresent th
standard error of the meas:-1{S.E.).

2.5. Experiment 2b: normal versus scrambled walkers als were run, with 10 trials for each condition (present or
absent) and for each distractor numerosity (1, 2, 3 and 4).

2.5.1. Simuli and procedure
The stimuli, method and procedure were the same as those
used in experiment 2 except that the subject’s task was to3. Results
find the presence of a normal walker among scrambled im-
possible walkers. These were obtained by shifting out of 3.1. Experiment 1. low-level motion
phase the dots of one arm and of one leg relative to the rest
of the body. The overall configuration (in terms of distance  All three unilateral patients performed the task-like
between the dots and therefore size of the stimulus) remainsage-matched normal controlBi¢. 2B). Results for JR and
the same as in the normal walker but the motion pattern is JL have previously been reported elsewhdatielli et al.,
altered and the normal walking is compromisédhlstrom, 2001 and here they have been contrasted to the left parietal
Blake, & Ahlstrém, 1997. patient JS. The patients were tested both in the left and
As in experiment 2, when more than one walker (or right visual field and since there was no significant differ-
non-walker) was displayed, the starting phase of the strideence between hemifields the data in the graph have been
for each was assigned randomly and spaced equally aroundollapsed. From this experiment we can conclude that our
fixation. Within a two alternative forced-choice procedure patients can perform a low-level motion task effortlessly.
the observer had to report whether a normal walker was Conversely, V5 patients fail in tasks similar to thigaina
present or absent. Reaction time and percentage of correcet al., 1998, for instance, they fail in low-level motion tasks
responses were measured. Ten practice trials were also runwhere they are asked to detect motion of a small number of
preceding the beginning of the experiment. A total of 80 tri- dots coherently moving within a dynamic background. They
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perform normally in motion segmentation tasks when the a normal walker or a jumbled one even during trials with
background is stationarywéina et al., 199Dor when there one stimulus. We calculatedl to determine the criteria JL
is only a low-level of background nois®izzo, Nawrot, & adopted to perform the task/ is a measure of sensitivity
Zihl, 1995. Finally, although in our form from motion task  very similar tod’ but more accurate in characterizing perfor-
attention is required in order to notice and report the shape mance with yes/no paradignd¢naldson, 1993Macmillan
of the rectangle, the motion that defines the shape does no& Creelman, 1991 It increases from 0.5 for chance per-
require attention for the shape to become visible. This hasformance to 1.0 for perfect performance. We measu#ed
been demonstrated in a visual search t&skv@nagh et al.,  for JL at all set size and results indicated that he was never
1990 where the speed to detect a vertical, motion-defined above chanceA’ = 0.5 at all levels). Although his perfor-
rectangle in a field of horizontal, motion-defined rectangles mance seemed better in the target present trials than in the
(distractors) was unaffected by the number of distractors. absent, A" measure showed that JL was producing consis-
tently more false alarms and, therefore answering present on
3.2. Experiment 2: gait discrimination most of the absent trials. JR performed better than JL but
he was significantly slower than controls as can be seen in
First recall that the left parietal patient JS was so impaired Fig. 4C,
at the perception of biological motion that he was unable to  We did not monitor eye movements during task presen-
participate in this experiment. Reaction times for correct tri- tation and since maximum exposure time was 8 s, subjects
als and percent errors are reported for right parietal patientswere free to fixate each figure in turn to determine whether
JR and JL irFig. 3B and Crespectively. Average data from the target was present or absent. With uncontrolled viewing,
two age-matched controls are reportedrig. 3D. there is little or nothing to be gained from analyzing the data
Confirming previous studieC@vanagh et al., 20Q1the separately for trials with target left or right of the nominal
results show that the search was serial both for the patientsfixation point. If there is a left versus right field difference
and the control subjects. The target walker did not pop-out in performance for our patients, they are free to fixate to one
and each figure required individual scrutiny to determine the side or the other of each walker in order to place the items
presence or absence of the target. The overall error rate wasn the good field. There is evidence that this refixation strat-
21.2, 5 and 3.75% for JL, JR and the controls, respectively. egy is used by right parietal patientdusain et al., 2001
Slopes for target present and absent were calculated. Theany performance loss with free viewing therefore probably
search rate for the two age-matched controls was 166 andreflects a loss in both fields. We have previous data from
209 ms per item for target present and absent, respectivelythe same patientSBattelli et al., 200) showing that they
The search rate for JL was 369 and 434 ms, while for JR it were impaired in both visual fields in tasks of visual tim-
was 235 and 312 ms per item for target present and absenting, whereas the same patients presented only a contralateral
respectively. In terms of mean reaction time across all trials, deficit in selective and sustained attention tasks.
the patients took twice the time of the controls to find the It is well known that parietal patients show deficits for
target among distractors. JL was very slow but accurate ondifficult visual search tasks, involving conjunctions (for
trials where only one or two stimuli were present, confirming example Esterman et al., 2000However, our data demon-
that he could discriminate the human walker if given enough strate that the poor performance we see here for biological
time. His performance fell close to chance on trials with motion is not another example of the loss for conjunction
more than two stimuli. JR performed better than JL, although search. In particular, the pattern of data for the biological

he was significantly slower than controls. targets differed markedly from that for previously tested
conjunction targets at set size one, when there is a single
3.3. Experiment 2b: normal versus scrambled walkers item in the display. Both JR and JL have very high reaction

times and significant errors (in experiment 2b) at set size

Results are reported iRig. 4 For the normal controls, one showing that patients can have difficulty with even a
reaction times again increased as a function of the numbersingle target (either on the left or on the right visual field).
of distractors indicating a serial search processing. All the Data reported in the literature on difficult visual search tasks
subjects reported this task was more difficult than experiment with parietal patients never show significant error rates at set
2 and the results confirmed this observation. sizes lower than four itemd&6terman et al., 200®@n bilat-

The overall error rate was 53.7, 21.2 and 2.5% for JL, eral presentations. The effect of the parietal lesions is typi-
JR and the controls, respectively. Slopes for target presentcally to increase the slope of the reaction time function and
and absent were calculated. The search rate for the twothe rate of increase of errors with additional distractors but
age-matched controls was 186 and 229 ms per item for tar-not to affect performance, relative to controls, with a single
get present and absent, respectively. The search rate for Jlitem in the display. Furthermore, left neglect patients have
was 388 and 452 ms, while for JR it was 297 and 371 ms perno difficulty if target and distractors are presented within
item for target present and absent, respectively. Both JL anda single field, either right or leftRobertson & Marshall,

JR had more difficulties in performing this task. In particu- 1993. These results suggest that our visual search tasks
lar JL was completely unable to determine whether it was with biological motion must be calling upon mechanisms
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Fig. 4. (A) A static frame from a display with four stimuli: one normal (the target) and three jumbled walkers that resembled moving puppets. The arrow
indicates motion but it was not present in the actual stimulus. (B—D) Reaction times in seconds (left vertical axis) are reported for correstfoesponse
present (filled symbols) and absent (outline symbols) trials for JL, JR and two age-matched control subjects. The solid lines show the linear regressi
for each data set. Percent of errors is reported on the right-hand axis and is shown as filled bars for target present and outline bars for target abser
Vertical bars represent the standard error of the mestS(E.).

beyond those required in a common conjunction visual different trajectories at different speeds must be combined
search task. together in the appropriate geometry to give the strong
impression of human actions. That is, they require an in-
tegration process that can link the unconnected traces (like
4. General discussion assigning the knee dot and the ellbow dot to the same per-
son walking on a treadmill) to generate a unitary percept,
This study provides important findings about the deficits a global percept of a human walker. This latter integra-
in unilateral parietal patients in the attentional abilities re- tion process could be the operation that is disrupted in
quired to detect biological motion. Furthermore, it gives our patients, in particular in experiment 2b, where subject
important insights about how the visual system analyzes attempted to distinguish a jumbled from a normal walker.
biological motion. According to our previous study with bi- Finally, the ability of V5 patients to recognize the original
lateral and right parietal patientBdttelli et al., 200} and, Johansson figures has been considered as a demonstration
confirmed by the present results that include a left parietal of their intact ability to see biological motiofvgina et al.,
lesion subject, low-level motion perception is intact in these 1998 Vaina, Cowey, LeMay, Bienfang, & Kikinis, 2002
patients. They can easily segregate a coherently movingHowever, V5 patients have never been tested for biological
pattern within a high level of background noise, profoundly motion in a visual search paradigm and they may yet show a
different from the results for V5 patients reported in the deficit here. Nevertheless, our patients clearly perform dif-
literature Rizzo et al., 1995; Vaina et al., 1990 ferently from V5 patients in biological motion perception.
Biological motion displays present complex configura- In particular the ‘motion-blind’ patient LMNicLeod et al.,
tions in which groups of oscillating dots moving along 1996, can identify jumbled from normal point-lights walker
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without static background dots. Our patient, JL cannot do Battelli, L., Cavanagh, P., Intriligator, J., Tramo, M. J., Hénaff, M.-A.,

so, as shown by his perfomance in experiment 2b when only g/_llichélyle, f&_BfaftOhh, r;]II J. IS (2001). Right parietal lesion leads to

one element is present on the display. JR conversely can doBe”r'nagﬁg"”‘ Af ',f/:‘eu‘l’l' FE &e‘gamgf";ﬁ“é‘é‘é?)?zfvffstysSS'Of auditory

the task at set size one although he is extremely slow and neglect.Brain, 124, 676-687.

his performance is close to chance with three distractors. Black, S. E., W, B., Martin, D., & Szalai, J. (1990). Evaluation of a
Parietal patients usually do not report having difficulties  bedside battery for hemispatial neglect in acute stralcernal of

with visual motion, however during pshycophysical testing _ Clinical and Experimental Neuropsychology, 12, 102-110.

they show severe impairments in high-level motion tasks Eo"d& E.. Petides, M. Osty, D., & Evans, A. (1996). Specific
involvement of human parietal systems and the amygdala in the

(Battelli et al., 200} such as attem_ive trackingSfioiri, perception of biological motionThe Journal of Neuroscience, 16,
Cavanagh, Myamoto, & Yaguchi, 2000; Verstraten,  3737-3744.

Cavanagh, & Labianca, 20D6r apparent motion perception  Braun, D., Petersen, D., Schonle, P, & Fahle, M. (1998). Deficits and
(James, 1890/1950and, it has been suggested that these recovery of first- and second-order motion perception in patients with
tasks c:':1II upon attenti'onal mechanisnEsterman et al unilateral cortical lesionsEuropean Journal of Neuroscience, 10,

. 2117-2128.
2000; Verstraten et al., 20R0it is very well documented  cavanagh, P., Arguin, M., & Treisman, A. (1990). Effect of surface
in the literature Puncan et al., 1999Posner, Walker, medium on visual search for orientation and size featudesrnal
Friedrich, & Rafal, 1984Robertson & Marshall, 1993hat of Experimental Psychology: Human Perception and Performance, 16,
479-491.

atte.ml(l)lnal abl“ﬂes a;e ﬂlsrUpted n pa”e:ﬁfpaﬁl_entsf Cavanagh, P., Labianca, A. T., & Thornton, I. M. (2001). Attention-based
Finally, JS showed the most severe difficulties in rec- sl routines: SpritesCognition, 80, 47-60.

ognizing biological motion although his low-level motion cutting, J. E. (1978). A program to generate synthetic walkers as
perception was intact. His lesion in the left hemisphere  dynamic point-light displays.Behavioral Research Methods and
includes portions of the parietal lobe that has been demon-_ !nstrumentation, 10, 91-94.

. . . . Damasio, H. (1995)Human brain anatomy in computerized images.
strated by fMRI studies to be involved with perception Oxford: Oxford University Press.

of meaningful body movemenBpnda, Petrides, Ostry, &  ponaldson, W. (1993). Accuracy of and A’ as estimates of sensitivity.
Evans, 199% Further fMRI studies have confirmed this Bulletin of the Psychonomic Society, 31, 271-274.

notion (Grézes et al., 20Q1and showed that the left in-  Duncan, J., Bundesen, C., Chavda, S., Olson, A., Humphreys, G., &

r rietal cortex is involved in th r ion of Non-rigi Shibuya, H. (1999). Systematic analysis of deficits in visual attention.
traparietal cortex Is olved the perception of no 9 d Journal of Experimental Psychology: General, 128, 450-478.

b'0|09'cal motion. Perception of b'0|09|cal motion plays an Esterman, M., McGlinchey-Berroth, R., & Milber, W. (2000). Preattentive
important role in identifying and interpreting the actions of ~ and attentive visual search in individuals with hemispatial neglect.
others and neuropsychological studies of patients with left  Neuropsychology, 14, 599-611.

posterior cortical lesions have shown severe deficits in the Fisk, J- D., & Goodale, M. A. (1988). The effects of unilateral brain

. A - damage on visually guided reaching: Hemispheric differences in the
comprehension of goal-directed reachifigsk & Goodale, nature of the deficitExperimental Brain Research, 1, 425-435.

1988. This might suggest Why our left hemi'pShere pf"‘tiem Greenlee, M. W.,, & Smith, A. T. (1997). Detection and discrimination of
presented a more severe deficit than the right hemisphere first- and second-order motion in patients with unilateral brain damage.

patients. NeurophysiologicalDfam & Perrett, 1994 and Journal of Neuroscience, 17, 804-818.
fMRI studies Grossman et al., 200@&ll point to the exis- ~ Greenlee, M. W., Lang, H.-J., Mergner, T., & Seeger, W. (1995). Visual

t f hani in the brai ialized f fi short-term memory of stimulus velocity in patients with unilateral
ence of a mechanism in the brain specialized tor percepton posterior brain damagdournal of Neuroscience, 15, 2287—-2300.

of biological motion which most likely lies outside the clas- Grezes, J., Fonlupt, P., Bertenthal, B., Delon-Martin, C., Segebarth, C.,
sical motion routes that includes V5 area and, our patients’ & Decety, J. (2001). Does perception of biological motion rely on
performance is in agreement with this claim. specific brain regionsReurolmage, 13, 775-785.
Griffith, T. D., Rees, A., Witton, C., Cross, P. M., Shakir, R. A., & Green,
G. G. R. (1997). Spatial and temporal auditory processing deficits
following right hemisphere infarctiorBrain, 120, 785-794.
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