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Supplementary Figure 1:
Memory-guided saccade task. Subjects performed the task at 8 different peripheral locations arranged 
clockwise around the fixation point.  Example of a 12 o’clock trial.  Subjects maintained fixation throughout 
the trial.  A target stimulus was presented at approximately 10º eccentricity for 0.5 s, the location of which 
subjects had to remember during the following presentation of a ring of distracters for 3 s at similar 
eccentricities.  Subjects were prompted to saccade to the remembered target location upon disappearance of 
the distracters, as schematically indicated by the arrow.
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Supplementary Figure 2:
Topographic maps in posterior parietal cortex. Activations obtained from two subjects (S1, S2) overlaid on 
inflated left and right hemispheres.  The color code is shown for voxels whose responses were correlated 
with the fundamental frequency of saccade direction, r<.2, indicating the phase of the response.  Boundaries 
between areas are outlined in white.  Broken lines indicate the representation of the upper vertical meridian, 
stippled lines that of the lower vertical meridian.
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Supplementary Figure 3:
Examples of object stimuli.  A. 2D-objects.  B. 3D-objects.  C. Line drawings of objects.  D. Line Drawings 
of tools.  E. 2D-Size.  Four different sizes of two stimuli are shown.  F. 3D-Size. Four different sizes of two 
stimuli are shown.  G. 3D-Viewpoint.  Four different viewpoints of two stimuli are shown.
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Supplementary Figure 4:
Mean signal changes of object-related activity in visual and frontal cortex.  Mean signal changes for each of 
the four adaptation conditions in the seven fMR-A studies from areas V2, V3, V4, V3A, MT, V7, and FEF 
were averaged across subjects (N = 6).  For each subject, mean signal change was defined as the average of 
the six peak intensities of the fMRI signal obtained during object presentations.  *, significant differences 
between the adapted (1) and the non-adapted (16) conditions, p<.05. 



Supplementary Figure 5:
Reaction times of luminance change detection at fixation: Reaction times during baseline periods, adapted, 
and non-adapted conditions during presentations of 2D-Objects and 2D-Objects in different sizes.  The 
reaction times during the adapted and non-adapted conditions were similar in both experiments (p>.05).  
Thus, attention appeared to be equally distributed across both conditions. 
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Supplementary Figure 6:
AI – attention control experiment. Positive index values indicate stronger responses to non-adapted than to 
adapted conditions, negative values indicate the opposite, and values around zero indicate the absence of 
adaptation effects.  Index values that were significantly different from zero are marked by asterisks.  
“Counting”: Subjects were asked to count the number of luminance changes at fixation; “Motor Response”: 
Subjects were asked to press a button to indicate the detection of luminance changes.



Supplementary Table 1: Talairach coordinates of parietal and frontal regions (N = 6) 

ROI X Y Z 

IPS1 +/– 24 (5) – 74 (5) 40 (7) 

IPS2 +/– 23 (6) – 72 (7) 48 (8) 

IPS3 +/– 32 (6) – 63 (6) 52 (6) 

IPS4 +/– 36 (7) – 64 (5) 46 (7) 

FEF +/– 37 (4) – 10 (5) 48 (4) 

IPS=intraparietal sulcus; FEF=frontal eye field.  Standard errors of the mean are 
indicated in parentheses. 





  

transverse occipital sulcus12.  The location and visual field representation within area V7 was 

also confirmed in the memory–guided saccade paradigm. 

 

Memory–guided saccade task.  The memory–guided saccade task was performed at 

eight peripheral locations arranged clockwise around a central fixation point.  During each 

trial of the task, subjects maintained fixation at a central cross, while a target stimulus (0.3°) 

was presented in one of the peripheral locations at approximately 10º eccentricity for 500 ms, 

the location of which had to be remembered, followed by distracters presented for 3 s.  The 

distracters were 100 dots (0.3°) randomly configured within an annulus spanning 9–11° 

eccentricity, with a new configuration displayed every 500 ms.  The disappearance of the 

distracters indicated to the subjects to execute a saccade to the remembered target location 

and then immediately back to fixation (750 ms).  Subjects had another 750 ms to prepare for 

the next trial, which started with the appearance of a target at a new location.  An example for 

a 12 o’clock trial is given in Supplementary Figure 1.  Each trial at a given target location was 

5 s.  The first target appeared at the right horizontal meridian and subsequent target locations 

were marked counterclockwise through eight equally spaced positions.  The peripheral 

locations were arranged clockwise, such that the target appeared at 12, 1:30, 3, 4:30, 6, 7:30, 

9, and 10:30 o’clock positions.  The position of each target was randomly jittered by up to 

2.5° in each direction to reduce the predictability of the task.  Each run was composed of eight 

40 s cycles of the sequence of the eight positions.  In addition, the task included 20 s of 

fixation at the beginning and at the end of each run. 

Data acquisition and analysis.  25 axial slices (TR = 2.5 s, TE = 40 ms, flip angle = 

90°, slice thickness = 2 mm, gap = 1 mm, voxel size = 2x2x2 mm3) covered the frontal, 

parietal, and dorsal occipital cortex and were acquired in eight series of 140 volumes.  A 

series of in–plane magnetic field map images were obtained in each scan to perform echo 

planar imaging undistortion. 
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Data analysis.  The functional images were motion corrected13 to the image acquired 

closest in time to the anatomical scan, undistorted using the field map scan, and spatially 

filtered with a 4–mm Gaussian kernel.  First, the linear trend in the fMRI time series was 

subtracted for each voxel, and the time series was transformed into percent signal modulation 

by dividing it by its mean intensity.  A mean time series for each voxel was calculated from 

the eight identical scanning runs within a session.  The volumes acquired during the blank 

periods at the beginning and end of each run were discarded to avoid transient effects of 

signal saturation and to allow the hemodynamics to reach a steady state, yielding a time series 

with 128 time points for each voxel. 

Fourier analysis was used to identify voxels activated by the tasks7,8,14.  For each 

voxel, the amplitude and phase—the temporal delay relative to the stimulus onset—of the 

harmonic at the stimulus frequency was determined by a Fourier transform of the mean time 

series of the voxel.  The correlation coefficient r, between the harmonic and time series, was 

computed as the amplitude of the harmonic component divided by the square root of the time 

series power.  To correctly match the phase delay of the time series of each voxel to the phase 

of the saccade direction/memorized location, and thereby localize to the region of the visual 

field to which the underlying neurons responded best, the response phases were corrected for 

the hemodynamic lag (5 s).  Statistical maps were thresholded at r>.2 (p<.01, uncorrected for 

multiple comparisons).  Contiguous clusters of activated voxels within parietal and frontal 

cortex showing a systematic representation of visual space in the memory–guided saccade 

task were defined as ROIs.  To report the Talairach coordinates, the statistical maps and 

structural images for each subject were transformed into Talairach space15. 

Topographic maps in posterior parietal cortex.  The IPS yielded four topographically 

organized areas each containing a representation of the contralateral visual field and separated 

by reversals in the visual field orientation.  Two areas were located in the posterior part of the 

IPS (IPS1, IPS2) and have been previously revealed by either a memory–guided saccade task 
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similar to ours16, covert shifts of spatial attention17, or retinotopic mapping6.  The other two 

areas were located in the anterior/lateral branch of the IPS (IPS3, IPS4) and have been 

roughly defined using retinotopic mapping techniques6.  Due to an optimized design of the 

memory–guided saccade task and optimized imaging parameters18, we reliably determined all 

four areas in each subject.  Supplementary Figure 2 shows the topographically organized 

parietal areas for two subjects (S1 and S2).  The color code represents the phase of the fMRI 

response corresponding to the position in the visual field.  The responses are lateralized such 

that the right visual field appears in the left hemisphere, whereas the left visual field appears 

in the right hemisphere.  Responses to the upper and lower vertical meridians appear in both 

hemispheres.  The boundary between IPS1 and IPS2 is formed by the upper vertical meridian, 

the boundary between IPS2 and IPS3 corresponds to the representation of the lower vertical 

meridian, and IPS3 and IPS4 are bounded by alternating representations of the upper and 

lower vertical meridians. 

Topographic maps in frontal cortex.  We found a topographic map in the superior 

branch of the precentral sulcus and caudalmost part of the superior frontal sulcus and thus in 

the region of the FEF18.  In this map, activated voxels coded for saccade directions and 

memorized locations predominantly in the contralateral hemifield with neighboring saccade 

directions represented in adjacent locations of the map.  Particular saccade directions were 

often represented in multiple locations of the map.  The mean Talairach coordinates for peak 

activation in parietal and frontal ROIs are given in Supplementary Table 1. 
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