
Electrical Neuroimaging Reveals Timing of
Attentional Control Activity in Human Brain
Jessica J. Green*, John J. McDonald

Department



it has two important limitations with regards to identifying
attentional control activity. First, not all of the spatially
specific activities observed in the cue-target interval are
related to attentional control. Some of these activities have
been linked to low-level sensory responses elicited by the cue
[14,24], motor preparation [21], saccadic suppression [23],
and other nonattentional processes. Second, this method
cannot detect any activity that is associated with shifts of
attention to both left and right locations, because such
spatially nonspecific activity is subtracted away. If, for
example, activity in the right parietal lobe controls shifts of
attention to both left and right visual fields [27], then that
activity would go undetected.

To better isolate activity related to the control of attention
shifts, researchers have begun to compare activity associated
with the presentation of attend cues to activity associated with
the presentation of neutral cues that either provide no
information about the location of the impending target
(i.e., noninformative cues) [6] or signify that the target will
not occur (i.e., interpret cues) [4,14,28]. This method controls
for the presentation of the sensory cue stimuli and also
permits the detection of both spatially specific and spatially
nonspecific neural responses. ERP and fMRI studies using this
isolation method have provided converging evidence for
bilateral activity in frontal and parietal regions of cortex
[4,6,14]; but unfortunately, the seq
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We imaged neural sources of theta activity in



gyrus (MFG) peaked in the middle of the cue-target interval
(300–600 ms post-cue). The sequence of peak activations across
these ROIs suggests that an initial feed-forward sweep of
activity sends information to executive control areas in frontal
cortex, which then sends information back to lower areas.

Similar patterns of attentional control activity were
observed following shift-left and shift-right cues. In the case
of shift-left and shift-right cues, however, some of the
attention-related activity was lateralized (i.e., spatially specific).
As shown in Figure 4, initial occipital activity following these
cues was observed predominantly in the hemisphere contrala-
teral to the to-be-attended location (i.e., the right hemisphere
for shift-left cues and the left hemisphere for shift-right cues).
The early activity in SPL was bilateral, whereas the early
activity in IPL was greater in the hemisphere ipsilateral to the
to-be-attended location than in the hemisphere contralateral
to the to-be-attended location. Subsequent activations in MFG

and occipital cortex were also larger in the ipsilateral
hemisphere, whereas the late activity in IPL was bilateral.

The early occipital and parietal activations are inconsistent
with current models of top-down attentional control,
according to which the signal to shift attention originates
in frontal cortex [2]. Because our informative
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93% of the variability in attention effects on target
discrimination accuracy (R ¼ 0.97; R2 ¼ 0.93; p , 0.006).
That is, the net activity within the attention-control areas
identified here strongly predicts the level of attentional
improvement in visual processing across participants.

Discussion

The present study used a recently developed technique for
localizing the neural sources of scalp-recorded EEG to
investigate the time course of brain activity associated with
voluntary control of visuosp



errors in estimating the timing of ERP source activities.
Unfortunately, the combined ERP-fMRI approach also
eliminates the opportunity to use the fMRI data to evaluate
the validity of the ERP source model, because data from the
two methods are integrated.

We hypothesized that event-related cha



participants to attend to the cued location



its application to network analysis in functional brain imaging.
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