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Abstract We compared quantitatively the psychometric
capacity of human subjects to detect path-guided apparent
motion (PAM) and the accuracy of cell ensembles in area
7a to code the same type of stimuli. Nine human subjects
performed a detection task of PAM. They were instructed
to indicate with a key-press whether they perceived a
circularly moving object when five stimuli were flashed
successively at the vertices of a regular pentagon. The
stimuli were presented along a low contrast circular path
with one of 33 speeds (150-600°/s). The average
psychometric curve revealed that the threshold for PAM
detection was 314°/s. The minimum and maximum
thresholds for individual subjects were 277° and 378°s,
respectively. In addition, the activity of cells in area 7a that
were modulated by the stimulus position in real or
apparent motion was used in a multivariate linear regres-
sion analysis to recover the stimulus position over time.
Real stimulus motion was decoded successfully from
neural ensemble activity at all speeds. In contrast, the
decoding of PAM was poor at low stimulus speeds but
improved markedly above 300°/s: in fact, this was very
close to the threshold above for human subjects to
perceive continuous stimulus motion in this condition.
These results suggest that the posterior parietal cortex is
part of a high-level system that is directly involved in the
dynamic representation of complex motion
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Introduction

When an object is flashing with the appropriate timing and
spatial distance, the visual system creates a motion percept
(called apparent motion) that reflects a built-in knowledge
of the properties of the physical world (Anstis 1980;
Shepard 1984). Experimental psychologists have studied
this phenomenon for more than a century, determining the
physical properties of intermittent stimuli that can produce
the “fill-in” process associated with motion perception. A
wide variety of stimuli has been used, ranging from
flashing bars to alternating photographs of the human
body in different positions (Chatterjee et al. 1996; Kolers
1972; Ramachandran and Anstis 1983). An example of a
complex motion percept is the path-guided apparent
motion (Shepard and Zare 1983; Yantis and Nakama
1998). This type of apparent motion is produced when a
curved gray path is flashed between two alternately
displayed black dots, which create a strong illusion of a
single dot moving back and forth along that path. In fact
under this condition the interstimulus interval (ISI)
necessary to produce an apparent motion illusion increases
linearly with the length of the path (Shepard and Zare
1983).

Many neurophysiological studies have used apparent
motion to investigate the neural mechanisms underlying
the critical features of the stimulus that can produce a
motion percept. Cells in the middle temporal area (MT)
respond selectively to the direction of visual motion. This
directional selectivity is maintained when bars are flashed
with the ISI and spatial separation that give rise to
apparent motion perception (Mikami 1991; Newsome et
al. 1986). In addition, functional magnetic resonance
imaging studies have demonstrated that the MT human
homolog (hMT") is activated when apparent motion is
perceived (Muckli et al. 2002; Sterzer et al. 2002).
Nevertheless MT is only one node of a distributed system



engaged in visual motion that involves also the medial
superior temporal area and various areas of the posterior
parietal cortex, including the lateral intraparietal area,
ventral intraparietal area, and area 7a (Andersen et al.
1990; Felleman and Van Essen 1991). Recently it was
found that the activity of direction selective cells in three
visual motion areas can predict the perceived direction of
complex perceptually bistable apparent motion stimuli
(Williams et al. 2003). However, these cells were more
common in the lateral intraparietal area, less common in
the medial superior temporal area, and practically
nonexistent in MT. This pattern suggests that the neural
activity is better correlated with the perception of complex
apparent motion in higher parietal areas, which fits in with
the anatomical hierarchy of these areas in the parietal
visual stream (Andersen et al. 1990). These experiments
support a late instead of an early cortical locus for the
perceptual filling-in during apparent motion (Liu et al.
2004). In fact psychophysical as well as lesion studies
have suggested that motion perception depends on two
motion systems. A low level system that is effortless and
passive, and which probably depends on the activity of
neurons in V1 and MT, and a high level system that
requires attention and has been linked to posterior parietal
areas (Batelli et al. 2001; Cavanagh 1992; Lu and Sperling
2001).

In the present study we sought to determine the
capabilities of ensembles of neurons in area 7a to decode
continuous circularly moving stimuli as well as the
perceptual reconstruction of path-guided apparent motion
stimuli with a circular path. The hypothesis here was that
the fidelity of population representation of circular motion
in area 7a should be strictly linked to the perception of real
and path-guided apparent circular motion. The results
showed, first, that populations of area 7a cells can
accurately reconstruct the circular trajectory of real
moving stimuli for the range of speeds tested. In addition,
we found a tight correlation between the neurophysiolo-
gical and psychophysical responses to path-guided
apparent motion, in that the ISI for detection of path-
guided apparent motion in human subjects was similar to
the ISI at which neural ensembles decoded properly the
perceptual reconstruction of the stimulus.

Materials and methods
Psychophysics in human subjects

Nine healthy human subjects (two women, seven men; age
range 24-44 years) participated in this experiment as
volunteers. Subjects had normal or corrected visual acuity.
The experimental protocol was approved by the institu-
tional review board, and informed consent was obtained.
The subjects’ informed consent was obtained according to
the Declaration of Helsinki.
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Visual display

A computer color monitor (Gateway2000 model Crystal-
scan 1024) was used to display the visual stimuli. It was
placed 57 c¢cm in front of the subjects and run at a 60 Hz
refresh rate; 1 cm on the screen subtended approximately
1° of visual angle. The apparent moving stimuli consisted
of black circles (1.7 cm in diameter) that were flashed
successively for 16.7 ms, at the vertices of a regular
pentagon. The stimuli were presented on a low contrast
circular annulus of 15.2 cm outside diameter and 1.7 cm
width. Thirty-three ISIs (the period between the onsets of
consecutive stimuli) were used, ranging from 120 to 480
ms and corresponding to a stimulus speed of 150—-600°/s.
All the stimuli traveled counterclockwise and the starting
point was 0° (3 o’clock).

Apparatus and behavioral task

The subjects pressed one of two keyboard buttons to
indicate whether the stimulus was moving with apparent
motion. At the beginning of the trial a fixation point (0.5
cm in diameter) was presented in the center of the low
contrast path, and then after a delay period (300 ms) the
stimulus began to move. The subject pushed the key no. 1
to indicate apparent motion perception, considered as
smooth motion of the stimulus across the low contrast
path, or the key no. 2 instead, to indicate that the stimulus
was perceived as a jumping dot illuminated sequentially in
an interrupted fashion at the vertices of the pentagon.
Subjects were instructed to fixate the FP, although the eye
position was not recorded. In addition no time constrains
were imposed on the subjects to indicate their perceptual
decision. All possible stimulus speeds were presented in a
pseudorandom order inside a repetition. Ten repetitions
were collected in each subject. Several practice trails were
performed before the actual collection.

Neurophysiological experiments in monkeys

Experiments were performed in two male monkeys
(Macaca mulatta, 4 and 7 kg BW). Impulse activity of
single neurons was recorded extracellularly from the left
area 7a (for details see Merchant et al. 2001). Animal care
conformed to the principles outlined in the Guide for Care
and Use of Laboratory Animals (National Institutes for
Health publication no. 85-23, revised 1985). The experi-
mental protocol was approved by the institutional review
board.

Visual stimuli

The stimuli were back-projected on a tangent screen using
an LCD projector (NEC Multisync MT 820/1020). The
tangent screen was 69x69 cm and was placed 48.5 cm in
front of the animal. The moving stimulus was a black
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circle of 1.44 cm [1.7° of visual angle (DVA)], and
traveled on a low contrast circular annulus of 15.2 DVA
outside diameter and 1.7 DVA width (Fig. 1). The stimuli
could move in the real or the apparent motion conditions
(Fig. 1A) with one of five angular velocities: 180, 300,
420, 480, and 540°/s. In the real motion condition the
stimulus was displayed every 16.7 ms, resulting in a
smooth stimulus motion, which was indistinguishable
from a continuously moving stimulus. In the apparent
motion condition five stimuli were flashed successively
for 16.7 ms at the vertices of a regular pentagon. The ISI in
this condition was 400, 240, 166.6, 150, and 133.4 ms for
the speed of 180, 300, 420, 480, and 540°/s, respectively.
All the stimuli traveled counterclockwise.

Task

Monkeys were seated in a primate chair with the left arm
loosely restrained, and operated a semi-isometric joystick
(Measurement Systems, Model 467-G824, Norwalk
Conn., USA) with the right arm. This joystick was a
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Fig. 1 A Stimuli in the real and apparent motion conditions. A
smooth real moving stimulus was produced in the real motion
condition. In the apparent motion condition five stimuli were flashed
at the vertices of a regular pentagon. All stimuli traveled counter-
clockwise, through a circular low contrast path. B Psychometric
curve of apparent motion detection (mean +SD) using the
performance of nine human subjects for 33 different ISIs. The
inset shows the distribution of apparent motion detection thresholds
(P=0.5) for individual subjects

vertical rod placed in front of the animal and controlled a
net force feedback cursor which was displayed in the
monitor as a circle of 1.7 DVA in diameter. The feedback
cursor was deflected constantly by 1.7 DVA upward to
simulate a bias force of 0.108 N. At the beginning of the
trial, the animal had to place the force feedback cursor
within a red circle of 3.4 DVA in diameter (“center
window,” located at the center of the screen) by exerting a
minimum of 0.108 N in the downward direction, and to
keep it there for a variable delay period (1-3 s). After the
delay period the stimulus began to move for 2 s. Monkeys
received a liquid reward if the cursor was maintained
inside the center window throughout the entire duration of
the trial. The monkeys were trained to fixate within 2 DVA
a yellow dot (1 DVA in diameter) located in the center of
the center window for the duration of stimulus presenta-
tion. Thus the arm and eye position were constrained
during the stimulus presentation. The x-y eye position was
monitored using an oculometer (Dr. Bouis, Karlsruhe,
Germany). Both the eye and the joystick positions were
sampled at 200 Hz. The different combinations of stimulus
speeds and motion conditions were interleaved and
presented in a pseudorandom order. A repetition consisted
of five trials in the real and five trials in the apparent
motion condition. At least five repetitions were collected.

Data analysis
Cell Tuning

The preferred stimulus angular location for each cell was
computed as follows (see Merchant et al. 2004a). First, an
angle was assigned to each action potential during the
visual stimulation period. This angle corresponded to the
actual (real motion) or the “illusory” (apparent motion)
stimulus location in the circular path when the action
potential occurred. Figure 2B illustrates a typical example
of a spatiotemporal circular raster. The second step was to
compute the mean direction using the angles assigned to
each action potential. Finally, we used a bootstrapping
technique to determine whether the cells were significantly
tuned to the stimulus location. For this purpose the length
of the mean resultant (R ) was calculated first using the
data of the five repetitions collected. Then a bootstrap
sample was generated by assigning randomly a new angle
(with replacement) to each action potential recorded
during the analyzed stimulus revolution, and its mean
resultant R R" calculated. A cell was considered to be
significantly tuned to the stimulus location if the discharge
rate during first revolution was larger than 10 spikes/s and
the length of R was greater than 95% of the lengths of R*
(k=5000 bootstrap samples). This corresponded to a
chance probability of P<0.05.



Fig. 2 A Discharge rate (mean
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Multivariate multiple linear regression for the
stimulus position

We used a linear system analysis to estimate the “true”
value of the stimulus position over time on the basis of the
discharge rate of cell populations tuned to the stimulus
angular position. The regression model that was used for
the reconstruction of the stimulus location in real motion,
using the activity of a population of cells was the
following:

N T
Ry =b+ Y > AyVi(tej—6) +e, (1)
=l =0

where R is the cosine (x) or sine (y) of the stimulus angle,
b is a constant, N is the number of analyzed neurons, T is
the time length (width) of the kernel window, A are the
coefficients of the regression that define the kernel, t, is a
specific time period of visual stimulation (binned every 15
ms), and 0 is the time lag between t, and the beginning of
T, and V' is an estimate of the instantaneous firing rate at
the time t,— 6. Finally, ¢, is the error term. This equation
defines a linear system that determines the coefficients of
the transfer function or kernel 4. When A4 is convolved
with the spike trains V] the result is an estimate of the x and
y components of the stimulus position R.

For the real motion condition we used a cross-validation
(leave-one-out) method to determine the validity of the
regression models using different time lags (J), kernel
window durations (T), and number of neurons in the model
(N). This method avoided overfitting and consisted of

finding the coefficients of the regression of Eq. 1 using
four of the five trials recorded for a particular stimulus
speed. Then the regression was solved using the neural
activity of the trial that was removed and the sum of
squared errors (SSE) was estimated as follows:

SSE

“Y (R -R0) + X (R0 -R0) @

t

where R, is the cosine of the stimulus angle and R, is the
predicted stimulus position in the x dimension, and the
subscript y in the second term of the equation correspond
to the stimulus position in the y dimension. In addition, the
total sum of squares (SST) was calculated as:

SST

=3 (R0) - fex(z))z > (R0 - :y(l‘))2 3)

where R, is the mean stimulus position in the x dimension

and R, is the mean stimulus position in the y dimension.
This procedure was carried out for each trial in the data
set, accumulating the SSE and the SST for a total of five
five iterations. The coefficient of determination (R?) then
was calculated as:

2 SST — SSE

T TssT “)
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This computation of R is approximately the average R’ of
the regression models with a single trial left out, is very
robust to overfitting, and controls the bias variance trade-
off effectively.

For the apparent motion condition, first, we estimated
the coefficients A of the regression model in Eq. 1 using
the activity of an ensemble of neurons during the five trials
of real motion for a particular stimulus speed. Then the
regression was solved using the neural activity recorded
during the five trials of apparent motion and the SSE, SST,
and R’ were calculated.

Results
Path-guided apparent motion detection

In order to establish the detection threshold for path-
guided apparent motion perception in human subjects we
varied the ISI of dots flashing consecutively at the vertices
of a regular pentagon (Fig. 1). These stimuli were
presented on a low contrast circular annulus in order to
produce path-guided apparent motion along the circular
path. A psychometric function was calculated by plotting
the probability of apparent motion detection as a function
of the ISI for each subject, and a sigmoidal regression was
fitted to these data. The distribution of ISI thresholds (at
P=0.5) is showed in the inset of Fig. 1B and indicated that
despite the intersubject variability the ISI threshold was
close to 220 ms. In fact the ISI detection threshold
obtained from the all-subject mean psychometric curve
was 229.3 ms (Fig. 1B), which corresponds to a stimulus
speed threshold of 314°/s (since the distance between dots
was kept constant).

Neural coding of stimulus position

Our database consisted of 780 cells in area 7a that fulfilled
the criteria for number of trials and strength of responses
during the task (see Merchant et al. 2004a). The analysis
described below was performed on an ensemble of 90
(90/780, 11.5%) cells, the activity of which was
significantly modulated by the stimulus position during

Fig. 3 Circular raster of a
neuron with a significant pre-
ferred stimulus angular location
(PSAL) in all stimulus speeds in
the real motion condition and
with a significant PSAL in the
fastest stimulus speeds in the
apparent motion condition. The
vector from the center cross to
the circular raster represents the
significant PSAL (for more de-
tails see Merchant et al. 2004a) -

Table 1 Number of significantly tuned cells for the noted stimulus
speeds in the real and apparent motion condition

Stimulus speed Real motion Apparent motion

180 64 55
300 66 59
420 68 54
480 64 63
540 68 58

the task in both motion conditions (see “Methods”).
Specifically, these neurons showed at least one significant
preferred angular position for a stimulus speed in the real
and the apparent motion conditions. Table 1 shows that in
this ensemble more than 50 neurons were significantly
tuned to the angular position in all combinations of
stimulus speeds and motion conditions. Figure 2 shows the
discharge rate (mean + SEM) of these neurons as a
function of the stimulus angle centered at the preferred
angle for each cell. The neural activity was clearly tuned to
the stimulus angle in both motion conditions and all the
stimulus speeds. In addition, the distribution of preferred
directions was evenly distributed, although slightly
skewed to the left (contralateral hemifield) in this neural
population (Fig. 2C). Figure 3 shows a typical example of
a neuron tuned to the stimulus angle in both motion
conditions. An extensive description of the basic physi-
ological properties of these neurons, including receptive
field position and size, directional, and velocity selectivity,
and responses to rectilinear stimuli is published elsewhere
(Merchant et al. 2001, 2004a).

The main purpose of this study was to estimate the
circularly moving position of the stimulus on the basis of
the spike activity of population of cells tuned to the
stimulus angular position. To this end the neuronal activity
was analyzed using a multivariate linear regression model
(Wessberg et al. 2000). This analysis was designed to find
a transfer function or kernel which, when convolved with
the spike trains of the population, would provide an
estimate of the stimulus position over time. The predicted
stimulus position using a particular cell ensemble is
depicted in Fig. 4. The stimulus reconstruction was very
accurate for all stimulus speeds in the real motion
condition. In contrast, in the apparent motion situation

Real Motion

o Apparent Motion

420

480

Stimulus Speed (degrees/s)



Fig. 4 Predicted stimulus po- R
sition using an ensemble of ten
neurons during the real (R) and
apparent (4) motion conditions )
and for the five different stimu-

lus speeds. The kernel size
window was 300 ms, and the
time shift was +20 ms

180

the quality of the reconstruction was speed-dependent.
Next we examine more specific aspects of this finding.
Three main variables could be controlled to optimize the
performance of the linear algorithm: the number of
neurons included in the model, the kernel size, and the
time lag between the stimulus position and the neural
activity. Thus the first step was to estimate the minimum
number of neurons necessary to produce an accurate
stimulus position reconstruction. For this purpose a
bootstrap technique was used in which the multiple

420
Degrees/s

regression model was performed for a fixed number & of
neurons taken randomly (without replacement) from the
ensemble of 90 neurons. A total of 1000 repetitions for
each gopulation number were carried out. Figure 5 shows
the R“cumulative distribution for linear models carried out
using a cross-validation method in both motion conditions
and for the different stimulus speeds. The highest fits were
obtained using 10—15 neurons.

Next we estimated the best kernel size and the best time
lag between the stimulus position and the activity of a
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particular ensemble of 20 cells (Fig. 6) by varying these
two parameters systematically. Three main results were
obtained. First, the stimulus position reconstruction was
adequate for real moving stimuli at all stimulus speeds
tested. Second, the coding of stimulus position in apparent
motion was speed-dependent. Only at stimulus speeds
above 300°/s was the reconstruction of the linear models
accurate (R%above 0.5). In fact poor coding was also was
observed on the stimulus speeds of 180° and 300°/s in the
apparent motion condition, when the relationship between
the goodness of fit and ensemble size was determined (Fig.
5). Finally, the best fit was obtained at kernel sizes around
250 ms, and the best time shift between stimulus position
and neural activity was around 0 ms.

The number of neurons and the kernel size are variables
that define the complexity of the linear model. Although
the optimization of these variables is important, the
goodness of fit of the models is also influenced by the
amount of data available (number of training trials and
length of the time series). Therefore there is a trade-off
between the degrees of freedom of the data available and
the degrees of freedom of the parameters of the model. For
example, a linear system analysis carried out on a data
base with more and longer trials would probably achieve
better fits than the obtained here with a more complex
model (more neurons and longer kernels). Taking these
statistical constraints into consideration, the best number
of neurons and the kernel size reported in present study are
optimized for the available data, and do not necessarily
represent the “absolute” best.

Neural coding and psychophysics

We compared the psychometric curve of apparent motion
detection (mean +SD) as a function of the stimulus speed
with the sigmoidal function obtained from R’ values of the
linear model during the apparent motion condition (Fig.
7). The two functions showed a very similar shape. The
stimulus speed at detection threshold in human subjects
was almost identical to the stimulus speed at half the
maximum R’ (314° and 320°s, respectively). The R’
(mean £SD) values in this case were obtained from the
100 of 10,000 regression models with the highest fits.
These models were tested on a set of 20 neurons which
yielded the best results, using a kernel size of 150 ms and
time lags that were randomly chosen for each neuron
ranging from —240 to 180 ms, in steps of 60 ms. This
analysis was performed with the purpose of taking into
consideration the possibility that the response latencies of
the neurons used were different. Nevertheless, the stimulus
speed at half the maximum R’ from an analysis using a
kernel size of 270 ms and a lag of 0 ms was 334.8%s.
Finally, the coding performance for real motion stimulus
was highly accurate for all the stimulus speeds (Fig. 7,
diamonds).

Discussion

This study provides the first direct comparison between
physiological and psychophysical responses to path-
guided apparent motion. The detection of path-guided
apparent motion in human subjects was tightly correlated
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to the correct reconstruction of the stimulus position by
ensembles of neurons in area 7a using a multivariate linear
regression model. For both measures the performance
followed similar S-shaped functions, with thresholds that
were almost identical.

A fundamental problem in neuroscience is to determine
how different aspects of behavior are represented by
neurons in the CNS. In this sense a basic principle had
been postulated: the information of wvariables is not
encoded by single cells but rather by populations of
neurons. For instance, a basic property of single cells is
that they are tuned to a particular range of values of a
variable or variables. Therefore a population of cells is
needed to cover the entire extent of the parameter. Tuning
has been observed in practically all the sensory modalities
as well as in the motor and cognitive systems. Now the use
of decoding techniques has made it possible to estimate
the true value of an external variable on the basis of
recording of spike data from tuned populations of cells.
Various decoding procedures have been developed,
including the population vector (Georgopoulos et al.
1986, 1989, 1992), the Bayesian, and the maximum
likelihood inference methods (Dayan and Abbott 2002;
Pouget et al. 2003). Decoding is a very useful approach to
understand how the brain processes information to
accomplish behavior through the interaction of neural
populations. In the present study we used a spike-train
decoding method to reconstruct a time-varying parameter:
the position of the stimulus in time (Dayan and Abbott
2002; Humphrey et al. 1970; Wessberg et al. 2000). We
used the decoded position of the stimuli as a signal that
could reflect the perceptual capabilities of monkeys to
detect PAM. This signal may reflect the ability of the
posterior parietal cell populations to code circularly
moving stimuli under real and apparent motion conditions.
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Single cell encoding of real and apparent motion have
been reported elsewhere (Merchant et al. 2004a).

The strategy of combing psychophysical and neuro-
physiological data, pioneered by Mountcastle and colla-
borators in the 1960s and 1970s (LaMotte and Mountcas-
tle 1975; Mountcastle et al. 1972; Talbot et al. 1968), has
proved a very fruitful approach in the study of perception
in all sensory modalities (Parker and Newsome 1998). The
similarity in the psychometric performance in humans and
in nonhuman primates has justified this type of compar-
ison. With respect to stimulus motion it has been shown
that the perception of motion in monkeys is similar to that
of humans (De Valois and Morgan 1974; De Valois et al.
1974; Golomb et al. 1985; Merchant et al. 2003a).
Therefore it is reasonable to suppose that the detection
threshold of path-guided apparent motion in monkeys is
similar to the detection threshold in human subjects
quantified here. Indeed, direct correlations between the
physiological and psychophysical responses in the same
monkey have been reported recently with great success in
tactile and visual motion discrimination and categorization
tasks (Britten et al. 1992; Hernandez et al. 2000; Merchant
et al. 1997).

The present results suggest that an explicit visual
representation of a moving stimulus changing dynamically
in the perceived circular path of motion is created by
ensembles of neurons in area 7a during the apparent
motion condition. This dynamic representation is similar
to the one observed with real circularly moving stimuli
only when the spatiotemporal characteristics of the
apparent motion stimuli produce a compelling perception
of path-guided apparent motion. It has been shown that
neurons in area 7a respond to visual motion, including
complex stimuli such as optic flow (Merchant et al. 2001,
2003b; Siegel and Read 1997). In addition, these cells
have large receptive fields and are modulated by the
attentional load of the visual stimuli (Constantinidis and
Steinmetz 2001; Motter and Mountcastle 1981). Thus
these properties indicate that a high degree of convergence
and integration of visual motion information is taking
place in this area, which make area 7a a structure well
suited to represent a high-level stimulus such as path-
guided apparent motion. Indeed, the present results
support the late cortical locus model for perceptual
filling-in during path-guided apparent motion (Liu et al.
2004). It has been suggested that the perception of
apparent moving stimuli depends on a high-level system
that includes the parietal cortex and depends on attention
mechanisms (Cavanagh 1992; Battelli et al. 2001; Lu and
Sperling 2001; Sterzer et al. 2002). Psychophysical
experiments indicated that the high-level system is based
on position signals (Lu and Sperling 2001; Seiffert and
Cavanagh 1998), and that it is different from a low level
system that is passive, effortless and based on velocity
changes. Thus the coding of the stimulus position over
time by populations of cells in area 7a could be an explicit
neural mechanism for high-level motion perception.

We have demonstrated that neurons in area 7a are
involved in the interception of real and path-guided
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apparent moving stimuli, and that the stimulus position
can be used to trigger the interception movement
(Merchant et al. 2004b). Therefore the dynamical coding
of the perceived circular trajectory of the stimulus by cell
ensembles in area 7a is not only a possible neural
mechanism for apparent motion perception but also a
signal that can be used to drive the behavior towards or
away from the perceptual representation of a moving
object.
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