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Previous attempts to investigate the supramodal nature of attentional control have focused primarily on identifying neuroanatomical
overlap in the frontoparietal systems activated during voluntary shifts of spatial attention in different sensory modalities. However, the
activation of the same neural structures is insufficient evidence for a supramodal system, as the same
recorded from human subjects during audiospatial shifts of attention and to examine the timing and sequence of activities within several
regions of interest. We then compared the results to an analogous study of visuospatial attention shifts. Similar frontal and parietal
regionswere activatedduring visual and auditory shifts of attention, and the timing of activitieswithin these regionswasnearly identical.
Following this modality-independent sequence of attention-control activity, activity in the relevant sensory cortex was enhanced in
anticipation of the response-relevant target. These results are consistent with the hypothesis that a single supramodal network of frontal
and parietal regions mediates voluntary shifts of spatial attention and controls the flow of sensory information in modality-specific
sensory pathways.

Introduction
Voluntarily shifting attention to a spatial location in anticipation
of a stimulus will enhance our ability to detect or discriminate
visual stimuli appearing at that location, relative to stimuli ap-
pearing at unattended locations (Kastner and Ungerleider, 2000).
This enhancement of perception and performance is thought to
be the end result of control operations performed by a network of
frontal and parietal regions that modulates the transmission of
information in sensory-specific pathways. Functional neuroim-
aging methods, such as fMRI, have been used to identify the
cortical regions involved in controlling voluntary shifts of atten-
tion in visual space (Corbetta and Shulman, 2002; Corbetta et al.,





left hemisphere and the activity contralateral to the cued location over
the right hemisphere.

For each time interval, the collapsed beamformer output was sub-
jected to a nonparametric statistical analysis using random permutation
tests to determine activity significant across participants (Singh et al.,
2003). The statistically significant activity ( p � 0.001) was then displayed
on a surface-rendered brain using fMRI analysis software (AFNI) (Cox
and Hyde, 1997). Regions of interest (ROIs) of 2 � 2 � 2 cm were defined
around the centroids of the beamformer source activities to determine, in
a data-driven manner, the time courses of attention-control activities
within multiple discrete cortical areas. We then assessed the lateralization
of effects for each ROI pair [e.g., contralateral—superior parietal lobe
(SPL) vs ipsilateral SPL] for each 50 ms time window. No significant
lateralizations of activity were observed for any of the ROI pairs (all ps �
0.09). Because the locations and temporal patterns of activities were
nearly identical across hemispheres, we averaged the time courses from
the ROIs ipsilateral and contralateral to the attended location together to
examine the timing of the bilateral attention control network. Talairach
coordinates (x, y, z) of the ROIs were as follows: superior temporal gyrus
(STG): �55, �25, 12; SPL: �25, �55, 61; inferior parietal lobe (IPL):
�48, �55, 34; and inferior frontal gyrus (IFG): �48, 38, 10. ROI analyses
were performed using the raw averaged data, such that output values

were the power estimates for the shift-cue condition normalized by the
power estimate for the neutral-cue condition in the same time window
(average q values) averaged across participants for that ROI.

Results
Participants were faster to respond to validly cued targets (694
ms) than to invalidly (716 ms) and neutrally (718 ms) cued tar-
gets and performed satisfactorily on the probe task (hit rate on
valid trials, 76%), indicating that they did shift attention to the
cued location in preparation for the target. No difference in
response accuracy was observed (valid, 90.9%; invalid, 90.6%;
neutral, 90.7%), confirming that the response time facilitation on
valid-cue trials was not due to a speed–accuracy trade-off (for a
full analysis of behavioral results, see Störmer et al., 2009). As can



an early peak �150 ms and a late peak around 550 ms. Activity in
the SPL peaked early, around the same time as the initial peak
activation in IPL, but with no second peak later in the cue–target
interval. Activity in the IFG peaked in the middle of the cue–
target interval (�300–500 ms postcue onset) and was minimal
during the early and late phases of the cue–target interval. Thus,
activities in distinct cortical regions occurred in a specific se-
quence following the appearance of an attention-directing audi-
tory cue.

Discussion
The present study used EEG source imaging methods to shed
light on the cortical network involved in the control of audiospa-
tial attention. To isolate attention-control activity, theta-band
EEG oscillations elicited by spatially uninformative no-shift cues



attention network. Stages 1 and 5 occur in modality-specific cor-
tices, but they appear to represent the same general cognitive
operations: the attentional modulation of the sensory cortex rel-
evant to the processing of the cue (stage 1) and target (stage 5).

The present results—and the sequence of hypothetical control
operations outlined above—are consistent with the model of vol-
untary attention control presented in Figure 4b. Attention-
control operations in the frontoparietal regions are largely
bilateral, although in the case of visuospatial orienting, some
attention-control activities in these areas are lateralized with re-
spect to the to-be-attended location (Green and McDonald,
2008). Given the overlap of the frontoparietal control regions
identified here and in a previous study of visuospatial attention
(Fig. 4a), the data suggest that the same regions of frontal and
parietal cortex may mediate shifts of attention in auditory and
visual modalities. However, given the spatial limitation of the
electrical neuroimaging approach used here, the present data do
not distinguish between this possibility and the alternative that
different subregions of frontoparietal cortex participate in the
control of auditory attention and visual attention. Either way, the
present data do show the same sequence of control activities
within the same general frontoparietal network. This control ac-
tivity can be initiated by any cue stimulus that provides informa-
tion about a potential location of the impending target.
Ultimately, the frontoparietal control operations lead to an an-
ticipatory modulation of neural activity within the modality-
specific sensory pathways that are most relevant for processing
the impending target.
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