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EURAL CORRELATES OF PRIMING ON OCCLUDED FIGURE

NTERPRETATION IN HUMAN FUSIFORM CORTEX
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bstract—The visual system rapidly completes a partially
ccluded figure. We probed the completion process by using
riming in combination with neuroimaging techniques. Prim-

ng leads to more efficient visual processing and thus a
eduction in neural activity in relevant brain areas. These
reas were studied with high spatial resolution and temporal
ccuracy with focus on early perceptual processing. We re-
orded magnetoencephalographic responses from 10 human
olunteers in a primed same–different task for test figures.
he test figures were preceded by a sequence of two figures,
prime or control figure followed by an occluded figure. The
rime figures were one of three possible interpretations of
he occluded figures: global and local completions and mo-
aic interpretation. A significant priming effect was evident:
n primed trials as compared with control trials, subjects
esponded faster and the latency was shorter in the magne-
oencephalographic signal for the largest peak between 50
nd 300 ms after the occluded figure onset. Tomographic and
tatistical parametric mapping analyses revealed stages of
ctivation in occipitotemporal areas during occluded figure
rocessing. Notably, we found significantly reduced activa-
ion in the right fusiform cortex between 120 and 200 ms after
ccluded figure onset for primed trials as compared with
ontrol trials. We also found significant spatiotemporal dif-
erences of local, global and mosaic interpretations for indi-
idual subjects but not across subjects. We conclude that
odulation of activity in the right fusiform cortex may be a
eural correlate of priming in the interpretation of an oc-
luded figure, and that this area acts as a hub for different
ccluded figure interpretations in this early stage of
erception. © 2006 IBRO. Published by Elsevier Ltd. All rights
eserved.

ey words: priming, occlusion, magnetoencephalography,
usiform gyrus, perception, magnetic field tomography.

ur visual system rapidly completes a figure that is par-
ially hidden behind its occluder. We are usually not aware
hat this involves selecting one out of, in principle, infinitely
any possible completions. Different views exist on how

Corresponding author. Tel: �81-48-467-7218; fax: �81-48-467-9731.
-mail address: lichan@brain.riken.jp (L. C. Liu).
bbreviations: ERP, event-related potential; FG, fusiform gyrus; FS,
lled square; G, global figure; IC, illusory contour; ICA, independent
omponent analysis; ISI, inter-stimulus interval; L, local figure; LOC,
ateral occipital complex; M, mosaic figure; MEG, magnetoencepha-
i
ography; MFT, magnetic field tomography; ROI, region of interest; RT,
eaction time; SNR, signal-to-noise ratio; SQ, square control figure.

306-4522/06$30.00�0.00 © 2006 IBRO. Published by Elsevier Ltd. All rights reser
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he visual system is able to do this, depending on which
roperties of the occluded parts are considered relevant.
ome explanations emphasize local properties of the oc-
luded figure near the occluded region, such as good
ontinuation (Kanizsa and Gerbino, 1982; Kellman and
hipley, 1991), others emphasize global properties of the
ccluded figure, such as symmetry (Buffart and Leeuwen-
erg, 1981), and still others assume that both local and
lobal features play a role in completion (van Lier et al.,
995). In addition, an occluded figure together with its
ccluder could be seen as a mosaic without any occlusion.
ereafter we will use the term occluded figure interpreta-

ions to refer to the wider class of representations that
ncompasses local and global completions as well as
osaic representations of an occluded figure.

Behavioral studies have shown that responses to oc-
luded figures can effectively be primed by their previously
iewed unoccluded counterparts (Joseph and Nakayama,
999; Zemel et al., 2002). Priming leads to faster or more
ccurate processing of stimulus information, following prior
xperience with the same or a related stimulus (Tulving
nd Schacter, 1990). In neuroimaging studies, this is re-
ected in a decrease in neural response to previously seen
timuli, compared with novel ones. Most likely, this is be-
ause less neural activity is required to process a stimulus
fter earlier exposure (Henson, 2003). In the present
tudy, we used priming as a tool to study how the visual
ystem settles on an occluded figure interpretation. We
ecognize from the outset that occluded figure interpreta-
ion may involve brain activity in multiple neuronal net-
orks operating in parallel across time (Murray et al.,
004). Nevertheless, key nodes may exist that at specific
imes act as hubs in the network when figure interpretation
s resolved. If this is the case, priming an occluded figure
nterpretation should show up as a reduction in activity in
ne or more specific areas. In the simplest case, when one
ode at one time is involved for all three interpretations, we
ould be able to determine when and where the visual
ystem develops a bias for one of the three possible inter-
retations. Alternatively, each interpretation may have its
wn specialized area and time, a prospect consistent with
he demonstration that the mosaic interpretation can pre-
ede completion (Sekuler and Palmer, 1992).

To address the question of where and when occluded
gures are interpreted in the brain, we used a priming
aradigm in combination with neuroimaging. In most prim-

ng studies, the primed figure is also the decision target of
he task. Therefore in principle, priming may also influence
ome brain areas at a later stage of the process, for
nstance during a decision making stage. Some of the areas
ved.
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nvolved in these later stages of processing may be the same
s the ones involved in occluded figure interpretation. As a
esult, one cannot determine whether the primed response
eflects perceptual facilitation of occluded figure interpretation
r a later cognitive state. In order to separate priming from
ecision processes as much as possible, we used a pro-
edure introduced by Stins and van Leeuwen (1993). In-
tead of having a single prime preceding a target, a se-
uence of two primes preceded the target in each trial.
oth the first and second primes can facilitate the re-
ponse to the target. If they do so independently, the
acilitation effects on the target will add up. Alternatively,
he first prime may influence processing of the second and
ence together produce a super-additive effect on the
arget. In this case, the first stimulus must have facilitated
he second, prior to the onset of target-related processes.
his technique, therefore, enables us to observe priming
elations among non-target stimuli.

In the present study, we focused our analysis of brain
ctivity on the second stimulus and studied how it was
rimed by different first stimuli. We chose a procedure in
hich a simple figure was presented as a prime before a
omposite figure. The composite figure contained an oc-
luded shape that can be interpreted, in principle, in at

east three different ways: through local or global comple-
ion, or as a mosaic figure. The preceding simple figure
as related to one of these three interpretations, so that it
ould bias the interpretation of the occluded figure. This
ias was restricted to the following three conditions: (1) the
imple figure should be presented before the composite
gure, (2) the simple figure should be a possible interpre-
ation of the composite figure and (3) the second compos-
te figure should be presented briefly for 50 ms (Plomp and
an Leeuwen, in press).

Although the experimental design in the present study
s optimized to investigate early priming effects, stimuli are
ot precluded from further processing. We therefore need
neuroimaging technique with high spatial and temporal

esolution to observe these early processes uncontami-
ated by later cognitive processing or accumulated effects
f different processes. We used magnetoencephalography
MEG) to investigate neural correlates of priming on oc-
luded figure interpretation by comparing the MEG re-
ponses to primed and non-primed composite figures. We
sed statistical parametric mapping in conjunction with
agnetic field tomography (MFT) to characterize re-

ponses at all points in peristimulus time throughout the
rain. We found significantly reduced activity in the right

usiform cortex between 120 and 200 ms after composite
gure onset in primed as compared with control trials. Thus
e localized the effect of priming on the perceptual inter-
retation of occluded figures in the right fusiform cortex.
his applied to all alternative figure interpretations under

nvestigation, global and local completions as well as mo-
aic interpretation. In a separate analysis of the MEG
ignal we identified a stronger peak with a slightly earlier

atency for the evoked response of the second composite
gure when it was preceded by mosaic as compared with

ither local or global first figures (Plomp et al., in press). In t
he present study, we compared the tomographic esti-
ates of brain activity for the three different occluded

gure interpretations and found significant spatiotemporal
ifferences for individual subjects but no common area and

atency for all subjects together. We conclude that modu-
ation of activity in the right fusiform cortex is a neural
orrelate of priming in the interpretation of an occluded
gure, and that this area acts as a hub for different oc-
luded figure interpretations in early stage of perception.

EXPERIMENTAL PROCEDURES

ubjects

en healthy right-handed male subjects (mean age 35, range
5–62) volunteered for the MEG experiment. All subjects had
ormal or corrected-to-normal visual acuity and provided written

nformed consent to the experimental procedures as approved by
he RIKEN Research Ethical Committee.

xperimental design

he experiment had three types of runs: task, figure baseline and
ask baseline runs. In a task run, each trial comprised three visual
timuli: a prime and two targets. Subjects were shown the three
timuli in rapid succession. The first stimulus (the prime) was
ither a simple figure (Fig. 1A) or a control figure (Fig. 1B). The
econd stimulus (the first target) was a composite figure consisting
f a square partially occluding either a cross or a circle (Fig. 1A). This
gure was ambiguous and could be interpreted in three ways, cor-
esponding to the three simple figures. The interpretation could
herefore be “primed” by the simple figure used as the first stim-
lus. The simple figures were: global (G), local (L) or mosaic (M)
Fig. 1A). Both global and local primes were based on amodal
ompletion; occluded parts of a complete figure appear present
ven though the perceiver has no visual sensation of them. The
lobal prime maximizes the number of symmetry axes of
he occluded figure while the local prime keeps continuous lines at
he points of occlusion. The mosaic prime resembled a puzzle-cut
gure (i.e. no amodal completion). Hereafter the composite figures
re referred to as figure A (“occluded cross”) or B (“occluded
ircle”), and their corresponding preceding simple figures as AG,
L, AM, BG, BL and BM. The percentages of figure area occlusion
ere as follows: AG 25%, AL 15%, BG 22% and BL 32%. The
ontrol figures were: a square (SQ) or two small, separated filled
quares (FS) (Fig. 1B). SQ was the same as the square contained
n the subsequent composite figure and hence primed some of the
eatures of the composite. If priming of the occluded figure inter-
retation was effectively priming of figure features, then this con-
rol condition would have reproduced similar effects to a simple
gure. The small squares of FS were located at the virtual centers
f the two figures, mimicking their general locations and directions

n the composite figure. The squares thus primed for the occur-
ence of a composite figure, providing a cue that a composite was
bout to appear at this particular position. They serve as control
or attentional effects on the evoked response. The third stimulus
the second target) comprised a pair of simple figures and cued a
ame–different judgment about their relative figure shape. Fig. 1C
hows the temporal sequence of a task trial. Both the first and
econd stimuli were presented for 50 ms with an inter-stimulus
nterval (ISI) of 300 ms. The presentation time of 50 ms is above
he critical duration for which presentation time no longer influ-
nces visual acuity (Bartlett, 1965). Five hundred milliseconds
fter the second stimulus offset, the test figure was shown for one
econd. Before the first stimulus onset and during the ISI, a
xation dot was presented for 300–500 ms. After the offset of the

est figure, subjects were given visual feedback on the screen
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ollowed by a blank (gray) screen presented for 200 ms to mark
he end of a trial. Then the next trial began.

In the present MEG study, we analyzed the MEG response to
he first target (the second stimulus, as highlighted by the gray box
n Fig. 1C) and used the second target (the third stimulus) to
stablish priming behaviorally.

Sixteen task runs were recorded for each subject. There were
4 trials in each run, 8 trials for each of the simple and control
gures (AG, AL, AM, BG, BL, BM, SQ and FS). The composite
gure was either figure A or B, congruent with the preceding first
timulus. If the first stimulus was SQ or FS, the composite was
ither A or B, counterbalanced across all 16 runs. Within a run,
alf of the test figures consisted of “same” pairs, the other half of
different” pairs. The test figure was constructed from the six
imple figures (AG, AL, AM, BG, BL and BM) but was rotated
ounterclockwise from the original ones to minimize the effect of
verlapping features on subject responses.

In a task baseline run, the temporal sequence was the same
s in task runs, except both the first and second stimuli were
eplaced with a blank screen (shown for 50 ms). Subjects fixated
n the center of the screen and responded to test figures by lifting
he left or right index finger. There were 48 trials in each run and
ix runs were recorded. One baseline run was recorded after
very two task runs. We compared subject behavior responses to
he test figure from task baseline runs with those from task runs to
stablish the first and second stimuli primed responses to the third
timulus when the first two figures were related to the third.

The order of task and task baseline runs, and the assignment
f left-right index finger for same–different judgment were coun-
erbalanced across all 10 subjects. In both the task runs and task

ig. 1. Experimental design. (A) Examples of composite and simple fi
ccluded cross or circle in the composite figures. (B) Two control figu
ighlights the time period for the MEG data analysis, 100 ms before to 3
anel indicates the fixation at the central location of the screen; this w
aseline runs, since a test figure was shown for 1 s followed by a t
isual feedback, reaction times (RT) longer than 1.2 s were re-
ected in the behavioral data analysis. We also rejected trials with
T less than 250 ms or with multiple responses. The rejection rate
as 0.2%.

In a figure baseline run, subjects were instructed to view
ttentively the first simple or control figure (AG, AL, AM, BG, BL,
M, SQ, FS) followed by a blank screen (instead of a composite
gure as in the task runs). After the blank screen, the fixation dot
ppeared for 500 ms, and then the next trial started. There were
4 trials in each run, 8 trials each for the above eight first stimulus
ypes. Two figure baseline runs were recorded for each subject,
nce before and once after the 16 task runs and the 6 task
aseline runs. We analyzed the MEG response to the blank
creen from the figure baseline runs.

All stimuli were shown in black outlines on a gray background
contrast 87%) and were presented pseudo-randomly within each
un. The stimuli subtended the following visual angles: simple and
omposite figures, 2.5�2.5°; left and right figures in the test figure,
.5�2.5° with center-to-center distance of 4.5° along the horizon-
al meridian; fixation dot, 0.2°.

quipment setup

he subjects sat on a comfortable chair inside a magnetically
hielded room and were instructed to fixate on the center of a
creen (about 56 cm away) throughout the course of each run
about 4 min). The stimuli were presented using an XGA LCD
rojector (refresh rate of 60 Hz) and back-projected onto the
creen center using a mirror system. A photodiode was attached

mple figures are three interpretations (global, local and mosaic) of the
and FS. (C) The temporal sequence of a task run. The shaded area
fter the composite figure onset. For reference, the dotted circle in each
isible to subjects during the experiment.
gures. Si
res: SQ
o the screen to mark the exact onset time of each stimulus.
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EG signal recording

e recorded MEG signals using a whole-head Omega 151-chan-
el system (CTF Systems Inc., Vancouver, BC, Canada) with
dditional electrodes to monitor artifacts from vertical and horizon-
al eye movements and heart function. The eye movements were
onitored using one pair of EOG electrodes 1 cm above and
elow the left eye (vertical movement) and another pair 1 cm

ateral to the left and right outer canthus of the eyes (horizontal
ovement). The heart function was monitored using ECG elec-

rodes, placed at left and right wrists, left and right ankles and lead
2. The MEG signal was recorded 500 ms before the first trial and
00 ms after the last trial of each run (about 4 min). The recording
as made with low-pass filtering at 200 Hz and sampling at
25 Hz.

o-registration of MEG and MRI

igh-resolution anatomical images of each subject’s whole head
ere taken with a 1.5-T Siemens MRI system. For each subject,
1-weighted MRI images (voxel size of 1�1�1 mm3) were col-

ected. Before the MEG experiment, three head coils were at-
ached to the subject’s scalp, close to the nasion, the left and right
re-auricular points, respectively. The three head coils defined a
oil-based coordinate system. During each recording run, the
ubject’s head position was monitored with these three head coils.
f a subject moved excessively (3 mm or more) during a run, then
he recording for the run was repeated (in total five runs across all
0 subjects).

The subject’s head shape was scanned using a 3D digitizer
Fastrak, Polhemus, Colchester, VT, USA) and a 3D camera
ystem (Vivid 700, Minolta Co. Ltd., Japan). The digitized head
hape was fitted on the MRI to get a transformation matrix be-
ween coil- and MRI-based coordinate systems using Rapid Form
INUS Co. Ltd., Korea) and dedicated in-house software (Hi-
onaga et al., 2002). The co-registration accuracy was manually
hecked and matched up within 1–2 mm. If the error of the fit was
ore than 3 mm, the digitization process was repeated.

EG signal processing

ff-line, environmental noise was first removed from the MEG
ignal by forming the third gradient of the magnetic field. The
esulting data were filtered using the CTF software in the
–200 Hz band with notch filters to eliminate noise at 50 Hz and

ts harmonics from the power line, and at 90 Hz and its harmonics
rom the data projector. We then extracted trials from each run.
or the task runs, we extracted data from 500 ms before the first
timulus onset to 300 ms after the test figure onset; for the figure
aseline runs, we used data from 500 ms before to 1 s after the
rst stimulus onset. Trials with blinks and eye movements (as
ndicated by the EOG signals) around the image presentation (300

s before the first stimulus onset to 200 ms after the test figure)
ere rejected manually. Fewer than 3 trials were rejected for eight
ubjects and 5 to 10 trials were excluded in some runs for two
ubjects in the 64 trials per run. Of the remaining extracted MEG
ata, subjects’ artifacts such as heart function and eye blinks and
ovements (not around the image onset) were also removed
sing independent component analysis (ICA) (Jahn et al., 1999).

n each of the 16 task runs and two figure baseline runs, the
CA-cleaned data were averaged on the second stimulus onset
i.e. the composite figures in the task runs and the blank screen in
he figure baseline runs), based on the preceding first stimuli. In
he task runs there were five averages for each composite figure

and B (AG, AL, AM, BG, BL, BM, SQA, SQB, FSA and FSB). In
he figure baseline runs, there were eight averages (AG, AL, AM,
G, BL, BM, SQ and FS). There were eight trials in each averaged
ignal. If there were fewer than five trials available for averaging

or a condition, this condition was not included in further analyses. t
ince the purpose of this study was to examine the priming effect
f the first stimuli on the interpretation of the second partially
ccluded figures, we report here data from 100 ms before to 300
s after the composite figure onset (as highlighted by the gray box

n Fig. 1C).

FT analysis

FT is a distributed source method, producing probabilistic esti-
ates for the non-silent primary current density vector J(r,t) at
ach time slice of the MEG signal (Ioannides et al., 1990). The
FT algorithm relies on a nonlinear solution to the inverse prob-

em, which has optimal stability and sensitivity for localized dis-
ributed sources (Taylor et al., 1999). The MFT method has been
alidated by computer-generated data (Ioannides et al., 1990),

mplanted dipoles in humans (Ioannides et al., 1993), and numer-
us applications to real auditory, somatosensory and visual data
ets (Ioannides et al., 1995; Ioannides, 2001; Moradi et al., 2003).
or each subject, four hemispherical source spaces were defined,
ach covering the left, right, superior and posterior part of the
rain well. Sensitivity profiles (lead fields) used for the MFT anal-
sis were computed from a spherical head model for the conduc-
ivity of the head, defined separately for each one of the four
ource spaces. The center of the sphere was chosen by a best fit
o the local curvature of the inner surface of the skull below a set
f 90 MEG channels. MFT was used to extract activity separately
rom the signal corresponding to the 90 channels selected for
ach of the four source spaces. The spatially overlapping esti-
ates from the four source spaces were then combined and

tored in an 8�8�8 mm grid covering the entire brain. For each
ubject, we applied MFT to the eight averages in each of the 16
ask runs, from 100 ms before to 300 ms after the composite figure
nset at a step of 1.6 ms. The MFT solutions produced probabi-

istic estimates for the instantaneous current density J(r,t)
hroughout the entire brain, capturing time-locked activations
voked by the composite figures. For comparison, the same MFT
nalysis was also applied to the blank screen onset in the two
gure baseline runs, in which the blank screen replaced the com-
osite figures in the task runs.

ost-MFT statistical parametric mapping analysis

here are two ways that the processing of a stimulus can be
nfluenced by context: in our case the priming effect of first stimuli.
he priming effect could correspond, firstly, to activation that
hanges its location and/or timing depending on the prime. We
ested this by comparing directly the responses to composite
gures with different priming stimuli (e.g. AG vs. AM) and found no
ignificant spatiotemporal differences that were consistent across
ubjects. The second possibility, the one usually associated with
riming, is a modulation of the overall response in one or more
ask specific areas. To test for this possibility, we compared MEG
esponses to primed and non-primed (composite) stimuli. To con-
train the search for priming related effects, we first identified brain
egions showing a visually evoked response to the composite
gure by comparing all responses to the composite figure against

null stimulus (the blank screen in figure baseline trials). To
nsure that there was no anatomical bias in our interrogation of
he data, we used statistical parametric mapping in conjunction
ith MFT to characterize responses at all points in peristimulus

ime throughout the brain. Having identified regionally specific
isual evoked responses we looked at the significance of the
riming related effects in these areas.

In short, we analyzed the MEG data as follows. First, we used
ubject by subject statistical analysis of the tomographic solutions
o identify task specific areas. Second, we used transformation to
he Talairach space to identify common task specific areas across
ubjects. Third, we defined for each subject the corresponding

ask specific area and computed the time course of activity.
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ourth, we compared the activations corresponding to primed and
ontrol trials in task runs and thus identified brain areas sensitive
o the priming manipulation.

The MFT analysis of the average signal produced estimates
or the current density vector at each source space grid point and
ime slice for each condition in each run of each subject. All
verage signals were from more than five trials and most were
ased on eight trials. The basic elements for the statistical anal-
sis were the modulus of the current density vector at each grid
oint and each time slice for each condition. We tested whether
wo distributions of such elements were same or different. In
eneral the two distributions from two conditions (e.g. the second
timulus, a composite figure in task runs versus a blank figure in
gure baseline runs) had different sizes. We used the unpaired
-test for each comparison because this test takes into account the
ize of each distribution. This test is the quotient of two terms. The
ominator is the difference of the mean values while the denom-

nator is the standard error obtained from the pooled variance of
he two samples. The comparison was done for each grid point
nd at each time slice (from �100–300 ms relative to the com-
osite/blank figure onset). We applied the conservative Bonferroni
orrection to obtain a P-value corrected for multiple comparisons
cross grid points. The P-value corresponded to the confidence

evel for rejecting the null hypothesis of no significant change of
ctivity in the MFT moduli between the task and figure baseline
uns. The sign of the change was then inspected: a positive
-value was retained if the change was positive (i.e. task higher

han figure baseline), or a negative P-value was used to mark
ecrease of activity. We did not apply correction for multiple
omparisons across time slices because the statistical analysis
as already conservative and the results showed statistical sig-
ificance in sequential latency ranges. The statistical significance
chieved for each subject was extremely high and would easily
urvive double Bonferroni correction (for spatial and temporal
epetitions of the t-test). We used the Bonferroni correction only
or the spatial dimension when combining across subjects (see
ext sub-section) because we were interested in identifying the
rst time slice in each of such sequences with high temporal
ccuracy. We stress that this statistical analysis makes no a priori
ssumptions about any regional activity or timing because it iden-
ifies loci of significant changes of activity in a model-independent
anner: grid point-by-point statistical analysis throughout the en-

ire brain for each time slice. We describe next each statistical test
sed in this paper and provide details about the size of each
istribution.

First, we identified brain areas and latencies where the acti-
ations were significantly different for composite figures in the 16
ask runs as compared with the blank screen in the two figure
aseline runs, with both preceded by identical first stimuli. The
nalysis was done for each subject separately. Across the 16 task
uns, there were 10 conditions, corresponding to the 10 possible
timuli presented before the composite figure (six simple figure
onditions: AG, AL, AM, BG, BL and BM; four control figure
onditions: SQA, SQB, FSA and FSB). In each of the 16 runs, all
imple figure conditions were presented and so each condition
ad 16 repetitions in total. But for the control figure condition, it
as presented either before composite figure A or B in one run,
.g. SQ before A, FS before B, so in this run, only SQA and FSB
onditions were present. Thus each of the control figure condition
ad eight repetitions in total. Across the two figure baseline runs,
here were eight conditions, corresponding to the eight possible
timuli presented before the blank figure (AG, AL, AM, BG, BL,
M, SQ and FS). A separate test was made for each condition

rom the task as compared with the same condition from the
aseline run. The first distribution was made of 16 (e.g. for AG
ondition) or eight elements (e.g. for SQA condition), one element
or each repetition from the 16 task runs. The second distribution

as made of 500 elements, 250 from each baseline run. The 250 a
lements were from the whole 400-ms period, with a 1.6 ms
eparation between elements.

Second, we examined the priming effect of the first stimulus
n the second. That is, for the same composite figure, is there a
ifference in the interpretation of the occluded figures when they
re preceded by simple figures (G, L or M) versus control figures
SQ, FS)? For each subject across the 16 task runs, 12 compar-
sons were made from the four control figure conditions and the six
imple figure conditions: FSA vs. AG/AL/AM, then SQA vs. the
ame list. Next FSB vs. BG/BL/BM, then SQB vs. the same list.
he t-test was computed between two distributions: the first dis-

ribution consisted of eight elements from the eight repetitions for
ach control figure condition, while the second distribution con-
ained 16 elements from the 16 repetitions for each simple figure
ondition.

ommon significantly activated areas
cross subjects

or each subject, we used post-MFT statistical analysis to obtain
aps showing significant changes in activity at each time slice
etween two conditions. These individual maps were then trans-
ormed to a common Talairach space (Talairach and Tournoux,
988). We used the following three steps to identify common
ignificantly activated areas across all the subjects. First, for each
ubject, positive and negative P-values at each source space grid
oint and time slice were transformed to new values (Q-values) by
aking the natural logarithm [Q�ln (P)] and then smoothed sepa-
ately by a spatial smoothing algorithm based on the sigmoid
eight function:

Qsmoothed�

�
i

WiQi

�
i

Wi

here

Wi�
1

1�exp��Ri � c� ⁄ ��

smoothed is the new smoothed value; Qi is the value at the ith grid
oint located within a search radius of 1.5 cm from the smoothed
oint; Ri is the distance between the ith and the smoothed point;
and � are constants specified by the user, defining the shape of

he sigmoid weight function. For the present study, we used
�0.7 cm and ��0.2 cm. For each grid point, the highest
smoothed (least significance) over the time window of 6.4 ms was
elected, separately for the positive and negative P-values. The
moothed P-value was then obtained as P�exp(Qsmoothed) with
he appropriate sign signifying increase or decrease of activity.
ote the above spatial smoothing was only applied when we
earched for common significantly activated areas across sub-
ects, i.e. we did not alter MFT solutions and post-MFT statistical
nalysis results for individual subjects. Second, across all sub-

ects, for each grid point, we calculated percentages of common-
lity (0–1) as follows: percent_pos�Npos/Ncases, percent_neg�

neg/Ncases where Ncases is total number of cases (Ncases�10
ubjects�number of conditions from each subject), and Npos and
neg are the respective number of cases where significant in-
rease or decrease in activity was identified at the predefined
hreshold (P�0.05 in this study). Third, for each grid point, we
elected the higher absolute value between percent_pos and
ercent_neg as the output (retaining the appropriate sign).

egions of interest (ROI) and activation time courses

he MFT solutions provided estimates for electrical sources

cross the entire brain millisecond by millisecond. The post-MFT
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tatistical analysis was then used to form unbiased basis for
electing ROIs. Specifically, we used the foci of common signifi-
antly activated areas across subjects to guide the definition of
OIs for each subject based on functional criteria. First, these
ommon foci were labeled by their anatomical locations (e.g. the
usiform cortex) and then projected back to each subject’s MRI
ased on the Talairach coordinates of the foci. Second, around
he projected foci, for each subject, we identified by purely func-
ional criteria the subject specific foci of maximal activity from the
veraged current density vector (smoothed with a moving window
f 6.4 ms in a step of 3.2 ms) over the MFT solutions for each of
0 conditions (AG, AL, AM, BG, BL, BM, SQA, SQB, FSA, FSB)

n the 16 task runs. Since the functional foci defined from each
ondition were similar in location, we used the same ROI for all the
onditions. Third, we defined ROIs as spheres centered on the
unctionally defined foci with radii of 1.0 cm. Finally, for each of 10
onditions in the task runs, we calculated an ROI activation time
ourse M(t) from the modulus of the current density vector as a
unction of time, where

M�t���ROI �J(r, t) · J(r, t)d3r.

RESULTS

ehavioral results

e compared subject behavioral responses to the test
gures from task baseline runs with those from task runs to
stablish the priming effect on the third stimulus when the
rst two stimuli were related to it. In both task baseline and
ask runs subjects made judgment on the test figure by
aising the left or right index finger. In task baseline runs,
wo blank screens preceded the test figure. In task runs,
wo stimuli were shown before the test figure. In one case,
he first stimulus was a simple figure, which primed the
nterpretation of the composite second and the judgment of
ame–different in the third; in the other case, the first
timulus was a control figure, unrelated to the following
omposite figure and test figure. Behavioral responses
rom “same” trials provided evidence of a priming effect on
he second stimulus by the first (Plomp and van Leeuwen,

ig. 2. Mean RT (A) and error rate (B). Behavioral data were average
imple (G/L/M) and control figures (SQ/FS) preceded composite and
n press). In the present MEG study, subjects’ RT showed m
clear priming effect as well (Fig. 2A): RTs were signifi-
antly reduced by the congruence of the first two figures
ith the third test figure (task baseline, control and simple
gures in task runs), F(2, 18)�5.24, P�0.016 in a one
actor repeated measures ANOVA. In a subsequent ANOVA
e also included two more factors of the test figures to
ssess the presence of interactions. These two factors were
1) test figure type (G, L and M) and (2) test figure shape (A
nd B). The three factor ANOVA confirmed the significant
ffect of congruence, F(2, 18)�5.4, P�0.01. No interaction
etween the congruence and the other two factors was ob-
erved. There was an additional main effect of test figure
ype, F(2, 18)�44.4, P�0.001, due to longer response
imes for mosaic test figures. Test figure type interacted
ith shape, F(2, 108)�16.0, P�0.001. Local and mosaic

est figures yielded similar RTs for shapes A and B but
lobal test figures of shape B had longer RTs. No other
ffects reached significance levels.

None of the subjects showed a speed-accuracy
radeoff. Error-rates were nevertheless analyzed in the
ame way as RT. The error rate depended on congruence,
(2, 18)�11.4, P�0.001 in a one factor repeated mea-
ures ANOVA. As depicted in Fig. 2B: the error rate was
imilar between simple figures (mean error rate 3.5%) and
ontrol figures (mean 5.2%) in the task runs. In compari-
on, task baseline trials (mean 2.2%) had a lower error rate
han simple figures did. This may be because in the task
aseline runs the blank stimuli were presented before the
est figures so the subject experienced less cognitive load-
ng, while in the task runs the first two stimuli preceded the
est figure and so degraded performance. The three factor
NOVA confirmed the significant effect of congruence, F(2,
8)�9.16, P�0.01, and a second main effect of test figure

ype, F(2, 18)�9.16, P�0.01, indicating increased error rates
or mosaic test figures.

The effects of RT and error-rate on test figure type
ere in agreement; responses to mosaic test figures were

e 10 subjects for task baseline runs, as well as for task runs in which
es. Error bars indicate 2 standard errors.
ore difficult and took longer. The task baseline runs had
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ongest RTs due to lack of priming but lowest error rates
ue to reduced cognitive load. Most importantly, there was
congruence effect within task runs: RTs were longer

hen only the composite figure was congruent to the test
gure than when both simple and composite figures were
ongruent to the test figure (control vs. simple figures in
ig. 2A). This replicates our earlier findings from a recent
ehavioral study (Plomp and van Leeuwen, in press) and
uggests that processing of the composite figure is biased
y the preceding first stimulus. The current RT results

ustify an analysis of the evoked responses of the com-
osite figures under different priming conditions, e.g.
ontrol versus simple figures in the task runs. Further-
ore, we examined the role of learning on subjects’
erformance. As the experiment progressed, average
Ts across subjects were constant but the error rate
ropped, which indicated that some learning may have
ccurred during the experiment. In a recent study of
EG responses to primed and non-primed composite

gures (i.e. simple vs. control figures) (Plomp et al., in
ress), we specifically checked if learning influenced the
voked response. We found no evidence of such an
ffect; learning only affected the accuracy of behavioral
esponses to the third test figures, not the evoked re-
ponse to the second composite figures. The following
nalysis was therefore performed across runs on the
EG response.

ig. 3. Typical MEG signal waveform (A, B) and analysis of latency a
’s first run on the onset of composite figure A preceded by its simpl
omposite figure onset, with all 151 MEG channels shown superimpose
he latency (C) and amplitude (D) of the largest peak between 50 and 3

simple figures) and unprimed (control figures) condition. In (C, D), results for in
ll 10 subjects. Error bars indicate 1 standard error.
EG signal

e compared the averaged MEG signal around the onset
f the composite figures. These were preceded by the
espective six simple figures and two control figures (AG,
L, AM, BG, BL, BM, SQA or SQB, FSA or FSB) in each

ask run. For each subject, 128 averages (eight condi-
ions�16 runs) were constructed from eight trials in each
ondition within a run. Fig. 3A–B shows the typical signal
aveform from condition AG, run 1, subject 1. Within 250 ms
fter the composite figure onset, the MEG signal showed
eaks or dipolar patterns from 80 to 210 ms (Fig. 3A), ob-
erved mostly at occipital and temporal areas (Fig. 3B). We
urther analyzed the latencies and amplitudes from the 10
ost representative sensors which were selected in an ob-

ective, data-driven manner. Specifically, first for every con-
ition in each task run of every subject, we computed for
ach MEG sensor signal-to-noise ratio (SNR) in a 20 ms
indow with the center of the window moving every 1.6
s from 50 to 300 ms after the composite figure onset.
hen for every condition across all 10 subjects, we

dentified 10 sensors that showed the highest SNR. This
esulted in a selection of 16 sensors that most consis-
ently responded the strongest to the composite figure
cross all subjects. The mean SNR across the 16 sen-
ors was 6.0 (S.D.�3.4). For each of the 16 sensors, we
nalyzed the latencies (Fig. 3C) and amplitudes (Fig.
D) of the largest peak in the 50 –300 ms interval. For

ude of the signal (C, D). (A, B) The signal was averaged from subject
G (eight trials). Data were plotted from �50–250 ms relative to the
nd channel-by-channel in a head model in (B). From the MEG signals,
fter the onset of the composite figure were compared between primed
nd amplit
e figure A
d in (A) a
00 ms a
dividual subjects were first plotted and then the overall mean across
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omposite figures preceded by simple figures, as com-
ared with control figures, we found that the latencies were
ignificantly shorter (mean 129.5 versus 136.4 ms), F(1,
)�33.0, P�0.001, in a repeated measures ANOVA with two
actors, (1) congruence of the first stimulus with the second
omposite figure (control and simple figures) and (2) com-
osite figure shape (A and B). The amplitudes were margin-
lly lower (mean 382.7 versus 384.5 fT, F(1, 9)�3.4, P�0.1).
o interaction effects were observed.

We have reported elsewhere a direct comparison of
he MEG signals for composite figures preceded by the
hree types of simple figures: global, local and mosaic
rimes (Plomp et al., in press). We found reduced latency
nd increased amplitude for the evoked response of the
econd composite figure when the preceding stimulus was
mosaic as compared with either local or global interpre-

ation of the occluded figure. The earliest mean latency for
osaic first figure was 119 ms while for global and local

rst figure it was 125 ms.

ctivated brain areas and timing of activation

sing MFT analysis of the MEG signal, we were able to follow
ctivity across the entire brain millisecond by millisecond.
ollowing the composite figure onset, activations were ob-
erved in widespread occipital and temporal areas. Post-MFT
tatistical analysis showed significant changes in activity
etween conditions for each of the 10 subjects. These

ndividual significance maps were then transferred to a
ommon Talairach space and percentages of commonality
ere calculated to evaluate across all the subjects and
onditions how common the significant activations were.

We first identified brain areas and time periods
here the activity was significantly different between the
omposite figures in the task runs and a blank screen in
he figure baseline runs, with both the composite and
lank figures preceded by the same first figures. Fig. 4
hows the most common significant difference in the
hole brain by combining results from the 10 compari-
ons (AG, AL, AM, BG, BL, BM, SQA, SQB, FSA and
SB) in each subject. The common areas were around
ilateral V1/V2 and lateral occipital complex (LOC), and
ight fusiform gyrus (FG). For completeness, we also
howed the left fusiform area. The numbers at the bot-
om of each panel denote the percentage of commonal-
ty from the 100 cases (10 comparisons�10 subjects).
ased on these common significantly activated areas,
e defined three pairs of areas, one in each hemi-
phere, as ROI. ROIs were defined functionally and
eparately for each subject based on the MFT solution,
s shown for subject one with white circles in Fig. 4. The
alairach coordinates for the ROIs (x, y, z in mm;
ean�S.D.) from all 10 subjects are listed in the table at

he lower part of Fig. 4.

riming of occluded figure interpretation

ig. 5 shows the activation time courses for V1/V2, LOC
nd FG bilaterally, 100 ms before to 300 ms after the
omposite figure onset. For each ROI, we calculated the

rand-averages across all 10 subjects for each of the s
imple and control figure types preceding the composite
gure, as shown in different colors in the figure. Notably,
cross all the ROIs, only the activation in the right FG (bottom
ight in the figure) showed a marked difference between the
imple and control figures in the task runs: the activation for
he primed trials (G/L/M) was reduced in comparison with
he control trials (SQ/FS) between 120 and 200 ms. We
pplied ANOVA to determine whether the marked differ-
nce between the two groups of trials is significant or not.
he analysis was based on the right FG ROI activation

ntegrated in the latency range of 100 –200 ms, with two
actors (1) composite figure shape (A and B) and (2)
roup (simple and control trials). We found significant
ain effect of group (F(1,1262)�74, P�0.00001) and an

nteraction between group and shape (F(1,1262)�5.3,
�0.05). An additional multiple comparison test

Scheffé post hoc test) showed that the differences be-
ween simple and control trials for shape A or B were

ig. 4. Statistical maps for the comparison of composite figures in
he task runs with the blank screen in the figure baseline runs.
esult from 10 subjects, superimposed on the structural MRI from
ubject 1. Common areas of differential activation are around cal-
arine sulcus (V1/V2), LOC and FG. Numbers at the bottom of each
anel denote latencies and the percentages of commonality, with
.0 signifying all 10 conditions in each of the 10 subjects having
ignificant change in activity for the comparison (P�0.05) around
he identified area and latency. White circles represent ROIs that
e defined from the common significant change in activity. Ta-

airach coordinates for the ROIs are listed in the table at the lower
art of the figure.
ignificant (P�0.0005), but the differences between
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hape A and B for simple or control trials were not
P�0.6).

The significant difference between the two groups of
rials preceding the composite figures was also identified
n our post-MFT statistical analysis. Fig. 6 shows the
ommon significant differences in activity during task
uns for comparisons between control (SQ, FS) and
imple figures (G, L, M) preceding the same composite
gure A or B (e.g. FSA vs. AG, FSB vs. BL, SQA vs. AM
nd so on). For composite figures preceded by simple
gures, as compared with control figures, all 12 compar-
sons showed significantly reduced activity for at least 5
f the 10 subjects around the right posterior fusiform
rea. No other brain areas showed such a systematic
hange in activity. The reduced activation was observed
n two time ranges: 81–116 ms and 132–174 ms, with
igher percentages of commonality (more subjects) in
he latter time range. Note that the number of subjects
howing the above significant difference in the right
usiform area was obtained from the statistical analysis
erformed on the MFT instantaneous solution every 1.6
s and source space grid point over the entire brain.
ote also the latency ranges in Figs. 5– 6 are from
pecific ROIs while in Fig. 3C they are from the MEG
ignal of the most responsive sensors, observed mostly

ig. 5. Activation time courses for ROIs around V1/V2, LOC and FG in
f the 10 first stimulus types (shown in different colors) for all 10 subjec
ith control figures between 120 and 200 ms, as highlighted by the g
t the occipital area. i
DISCUSSION

he primed same–different task

e used a same–different task in which subjects were
hown rapid sequences of three stimuli: a simple or control
gure, a composite with a partially occluded shape, and a
est figure. The first simple figure was the global or local
ompletion, or the mosaic interpretation of the occluded
gure. The third stimulus was the decision target of the
ask: a pair of simple figures that could be identical or
ifferent. Using a sequence of three stimuli allowed us to
btain a perceptual priming effect on the second stimulus,

ndependent of decision-related processing, which was
one on the third stimulus. The behavioral data analysis
valuated the priming effect of the preceding stimuli on RT
o “same” trials. When the first prime figure and the second
omposite figure were congruent to the test figure, sub-

ects responded significantly faster than when control fig-
res (as in the task run) or blank figures (as in the task
aseline runs) preceded the test figure (Fig. 2A). The
ehavioral results, therefore, showed a clear priming ef-
ect. Although they were obtained on the third test figure,
nstead of directly on the second stimulus, evidence from
ur previous behavioral study showed that the second
timulus is primed as well. When evaluating the condition

mispheres. Curves were averaged on composite figure onset for each
le figures led to significantly reduced activity in the right FG compared
Note vertical scale is different for each panel.
both he
n which simple and composite figures were both congru-
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nt with the test figure against cases where only one or
one were congruent, a super-additive priming effect from
he preceding two figures on the third was obtained. In that
ase the reduction in RT was larger than the summed
ndividual priming effects (Plomp and van Leeuwen, in
ress).

The corresponding evoked MEG signal of the second
omposite figure in the present study showed this priming
ffect on the second stimulus directly: for the largest peak
etween 50 and 300 ms after the composite figure onset,

he latencies were shorter and the amplitudes were lower
or composite figures preceded by simple as compared
ith control figures (Fig. 3C–D). The most parsimonious
xplanation for the changes of the MEG signal is that in
rimed trials, brain activity in areas playing a key role in the
ccluded figure interpretation was earlier and reduced.

The priming effect on the occluded figure interpretation
eported in this work cannot be explained by overlap in
eatures between prime and composite figure because one
f the control figures was SQ which had more overlap with

he composite than the simple figures. The fact that the
riming effect was not observed in the control condition
Fig. 5) further confirmed that our experimental design was
ppropriate to address the question of priming on occluded
gure interpretation.

nterpretations of occluded figures

composite figure can be interpreted as a mosaic or a

ig. 6. Priming of occluded figure interpretation by comparing simple w
n task runs. The most common significant changes in activity when c
ommon area. Top numbers in each panel denote time ranges in which
nd, if greater than 0.5, the bottom numbers indicate the highest perc
artially occluded figure. The occluded figure can be com- r
leted locally or globally behind its occluder. Some psy-
hophysical studies suggest that occluded objects may

nitially be represented as mosaics (Sekuler and Palmer,
992; Murray et al., 2001), others report no evidence for an

nitial mosaic representation prior to completion, that is, the
epresentations begin to evolve toward completion almost
mmediately (Bruno et al., 1997). Furthermore, according
o Sekuler and Palmer (1992), the visual system requires
00–200 ms of processing time before the representations
f objects with 25% contour occlusion correspond to com-
leted forms. On the other hand, Murray et al. (2001)
uggested that the completion of partially occluded objects
ould occur within 75 ms. The existence of these variations
uggests that the time required for visual object completion
ay not be fixed within the visual system; instead it

hanges with a number of factors such as task require-
ent, individual differences among subjects and stimulus

ariables.
On the other hand, the great variability of completion

uration estimates obtained in these studies suggests that
ggregate measures such as RT may not have sufficient
esolution to determine the time course of perceptual com-
letion. In addition, they failed to make an appropriate
istinction between perceptual completion and decision
tages. In the present study we have made efforts to
emedy both problems. First, decision was separated from
erceptual priming by using a sequence of three stimuli.
econd, brain activity was studied with fine spatiotemporal

ol figures. Both types preceded the same occluded composite figures
simple (G/L/M) with control (SQ/FS) figures. Right FG was the only

nt activations are common to at least half of all the comparisons (0.5)
f commonality in each comparison and its corresponding latency.
ith contr
omparing
esolution. Our result shows that a specific area, the right
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usiform cortex, acts as a hub for different interpretations
local and global occlusions as well as mosaics) in an early
erceptual stage, between 120 and 200 ms after the onset
f the composite figure.

We note that for our presentation times (50 ms) a
ompletion was unlikely to be formed while the figure was
n screen. The reason why we chose this short presenta-

ion time was because our recent behavioral study showed
hat the priming effect, the first simple figure biased the
rocessing of the second composite figure toward one of

ts interpretation, was only observed when the composite
gure was presented briefly for 50 ms (Plomp and van
eeuwen, in press).

Had there been a clearly distinct mosaic stage, we
hould have observed an earlier effect of primed mosaic
han of primed completion interpretations. This however
as not evident; the MEG data as analyzed here showed

hat all the three different figure interpretations can be
qually primed in the fusiform cortex between 120 and 200
s after the composite figure onset (Figs. 5–6). No other
reas within the visual system showed a differential re-
ponse to mosaic primes at the same latency across sub-
ects. Yet, our MEG data provide some evidence of a
pecial status for the mosaic prime in the early part of the
ompletion process. In the latencies just preceding the
lear priming effect in the right FG, we found that mosaic
rime reduced the latency and increased the amplitude of
voked MEG signal more than the local and global primes
Plomp et al., in press). In the present study, direct com-
arisons between the tomographic estimates of activity for
he different primes (global, local and mosaic) showed
ignificant differences in striate and extrastriate areas, but
t different latencies and in different areas (even hemi-
pheres) for individual subjects. These preliminary results
uggest that processes relating to a mosaic interpretation
f the occlusion figure can dominate in an early stage of
isual processing. These processes should involve inter-
ctions between areas and they do not lead to single focus
f preferential activation at a common latency range. We
re using mutual information analysis to identify how the
ifferent primes influence the analysis of the composite
gure and the results will be described in a future publica-
ion. At any rate, the dependence of activity on the type of
he priming stimulus ends by about 130 ms, at least at the
evel of analysis used in the current study and in accor-
ance with Plomp et al. (in press).

ctivation areas related to occluded
gure processing

nderstanding the role of priming on occluded figure inter-
retation requires high-resolution spatial and temporal in-
ormation about brain activity. MEG offers the required
esolution. Spatially, it approaches that of fMRI, at least for
uperficial generators, while its temporal resolution is far
etter, allowing the evolution of brain activity to be tracked
illisecond by millisecond. In two recent MEG studies, we
emonstrated accurate localization at both cortical (Moradi
t al., 2003) and sub-cortical levels (Ioannides et al.,

005). In the present study, we used the same tomo- e
raphic analysis (MFT) as in these earlier studies. Apply-
ng post-MFT statistical parametric mapping, we further
dentified brain areas and latency periods when the activity
as significantly different between the task and figure
aseline runs or between two conditions in the task runs.
he loci of significant change in activations were defined in
model-independent manner. Following the onset of the

omposite figures, occipital and temporal areas were acti-
ated (Fig. 3–4). The comparison between the task and
gure baseline runs showed that the composite figures
licited significant change in activity compared with a blank
creen around the calcarine sulcus, LOC and fusiform gyri
Fig. 4). The identified LOC and FG areas were in excellent
greement with those reported in other earlier fMRI studies
n amodal completion (Lerner et al., 2002) and priming
Buckner et al., 1998; James et al., 2000; Henson et al.,
000; Koutstaal et al., 2001; Vuilleumier et al., 2002;
imons et al., 2003; Reber et al., 2005).

iming of occluded figure processing
nd priming effects

wo recent event-related potential (ERP) studies of
modal completion provide some information on timing.
sing illusory shapes, Murray et al. (2004) found activa-

ions within lateral occipital and posterior parietal cortices
rom 140 to 300 ms. Using successively less fragmented
mages, Doniger et al. (2000) found that bilaterally in oc-
ipitotemporal areas the perceptual closure processes

eading up to object recognition started at 230 ms and
eaked at 290 ms. The onset latency difference from the
wo ERP studies may be due to the fact that more complex
timuli and a different task were used in the Doniger et al.
2000) study. In the present work, we observed stages of
ctivations during occluded figure processing in the occipi-
otemporal areas (Fig. 5). Peak activity started in V1/V2 at
0 ms, in LOC at 100 ms on the left and 110 ms on the
ight, and in FG at 110 ms on the left and 160 ms on the
ight. Interestingly, in the right hemisphere, slightly weaker
ctivations in LOC and FG were also present at about 80
s and 90 ms, respectively. These latencies fit well with

he estimated required time to completion of occluded
bjects (60–200 ms) from previous psychophysical studies
Sekuler and Palmer, 1992; Murray et al., 2001). An ERP
tudy of illusory contour (IC) processing (Murray et al.,
002) reported that IC stimuli resulted in modulation of
arly visual evoked potentials (88–100 ms) over lateral
ccipital scalp bilaterally.

Recent monkey studies showed that neural response
uppression is rapid, with an onset latency in perirhinal
eurons that equals their visual response latency (70–80
s), and the mean population latency may be as short as
50 ms (Ringo, 1996). These latencies are considerably
horter than the latencies of priming-related effects mea-
ured with ERPs in humans, typically with onset around
50–300 ms (Rugg and Doyle, 1994). Although human

ntracranial ERP recordings in inferior temporal regions
how early object-specific (e.g. face-specific) potentials at
50–200 ms after stimulus onset (Allison et al., 1999), little

vidence has shown that these potentials are sensitive to
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rior experience with objects. With our present MEG work,
e showed that the onset latency of priming started from
20 ms, peaked at 160 ms and dissipated before 200 ms
Fig. 5). Our experimental design separated the priming
ffect in early perceptual stages from later decision-related
tages of processing. This may explain why the onset
atency of priming from our current study is shorter than
arlier ERP studies of priming effects, in which the primed

tems were also the decision target of the task.

emispheric asymmetries in priming
f occluded figures

ecent findings indicate a dominant role of right hemi-
phere in amodal completion and priming. Using calloso-
omy (split-brain) patients, Corballis et al. (1999) showed
hat amodal completion is more dominant in the right hemi-
phere than the left. In an ERP study, Murray et al. (2004)
ound a large right versus left hemi-scalp difference for
modal completion in healthy subjects.

Priming-related task facilitation has also been shown to
e anatomically selective (Buckner et al., 1998; James
t al., 2000). In neuroimaging studies, priming is often
ssociated with a decrease in activation in brain regions

nvolved in object recognition. This might be because prim-
ng causes a sharpening of object representations which
eads to more efficient processing and, consequently, a
eduction in neural activity. Recent fMRI studies on object
riming in humans have reported reduced activation in the

nferotemporal and occipitotemporal cortex after object
ecognition, which included the lateral occipital cortex and
G (Buckner et al., 1998; James et al., 2000; Koutstaal
t al., 2001; Vuilleumier et al., 2002; Simons et al., 2003;
eber et al., 2005). More specifically, two subsystems of
riming have been examined extensively, one represent-

ng form-specific information and the other representing
bstract form information (Marsolek et al., 1992). Form-
pecific representations preserve specific characteristics
f the lines of the stimuli themselves, while abstract rep-
esentations specify the identity of the stimulus. More re-
ently, psychophysical and neuroimaging studies indicate
hat abstract and specific visual form systems operate
ndependently in the brain. In the left hemisphere, an ab-
tract-category subsystem operates more effectively than

specific-exemplar subsystem, and in the right hemi-
phere, a specific-exemplar subsystem operates more ef-
ectively than an abstract-category subsystem (Marsolek
t al., 1992, 1996; Beeri et al., 2004). Decreased activity in
he right fusiform cortex associated with priming depends
n whether the three-dimensional objects were repeated
rom the same viewpoint (Vuilleumier et al., 2002), exem-
lar-specificity (Koutstaal et al., 2001; Simons et al., 2003),
r stimulus-familiarity (Henson et al., 2000). Furthermore,

n an fMRI study, the right FG exhibited reductions in
voked response that grew in magnitude for stimulus rep-
titions from the second to the eighth presentations (Reber
t al., 2005); this suggests a link between priming and the
evelopment of visual expertise. Our current results sup-
ort a dominant role for the right hemisphere in amodal

ompletion and priming. Using a form-specific priming task
hat presented a simple or control figure before an oc-
luded composite figure, we found that priming in the

nterpretation of occluded figures is correlated with signif-
cantly reduced activation in the right fusiform cortex be-
ween 120 and 200 ms after stimulus onset.
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