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designed to investigate three different attentional networksóexecutive,
orienting, alertingóand the interactions between them. The results
revealed deficits in those with DD in the alerting network (DD partici-
pants showed a larger alerting effect than controls) and the executive
function network (DD participants showed a larger congruity effect). The
interaction between these networks (alerting and executive function) was
also modulated by group. These results imply specific attentional deficits
in the executive function and alertness network in those with pure DD.
This indicates that people having DD suffer from difficulties in recruiting
attention, in addition to the deficits in numerical processing. Moreover,
this suggests that DD is a non-unitary deficit. 
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CROSS-MODAL AND ATTENTIONAL MODULATION EFFECTS

IN THE THALAMUS AND EARLY SENSORY CORTICES David
Fegen1,2, Taraz Lee1,3, Jesse Rissman4, Bradley Buchsbaum1,3, David Badre5,
Mark D.Esposito1,2,3; 1Henry H. Wheeler Jr. Brain Imaging Center, University
of California, Berkeley, 2Helen Wills Neuroscience Institute, University of
California, Berkeley, 3University of California, Berkeley, 4Stanford University,
5Brown University — Previous studies have found that attention can mod-
ulate activity in the lateral geniculate nucleus (LGN) of the thalamus.
However, almost no studies have examined how different perceptual
modalities interact in the thalamus as a function of one’s attentional
goals. We aimed to examine the effects of modality-specific attention and
cross-modal conflict within the thalamus using high-resolution fMRI.
Eighteen participants viewed a moving Gabor patch that was presented
simultaneously with the sound of a musical instrument. In high-conflict
blocks, participants were instructed to make either an auditory or visual
speed judgment, which often were mapped to competing response alter-
natives. In low-conflict blocks, subjects had to make a visual width dis-
crimination or an auditory instrument discrimination. In these blocks, the
semantic decision space did not overlap between sensory channels. fMRI
analyses revealed trend-level attentional modulation in LGN, as well as
significant modulation of early visual areas, when visual stimuli were rel-
evant targets versus irrelevant distractors. In contrast, a conflict-depen-
dent suppression was only revealed in LGN and not other early visual
areas. This suppression effect is difficult to explain through a simple
attentional vigilance account, since LGN showed the lowest activity in
the most difficult condition (as confirmed by behavior). This effect may
be due to cross-modal interactions between thalamic nuclei, as predicted
by single-unit studies. In conclusion, these findings confirm that modal-
ity-specific attentional modulation occurs at multiple levels of early sen-
sory processing and further suggest that the thalamus may serve as a
gatekeeper to help mitigate cross-modal conflict.
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NEUROFEEDBACK TRAINING ENHANCES THE EFFICIENCY OF

CORTICAL PROCESSING IN NORMAL AGING Elena K. Festa1,
William C. Heindel1, Nina C. Connors1, Lawrence Hirshberg1, Brian R. Ott1;
1Brown University — The goal of the present study was to examine the
efficacy of neurofeedback training (NFT) in improving selective neu-
rocognitive measures of attention and sensory processing in normal
aging. Healthy elderly subjects received either: a) real-time feedback
linked to their individual brain activity (real-NFT group); or b) playback
recordings of the actual feedback obtained from demographically-
matched participants in the real-NFT group (mock-NFT group). Neuro-
feedback was based on a global z-score protocol in which participants
trained to normalize quantitative brainwave parameters across four cen-
tral posterior sites (C3, C4, P3, P4) that existed outside of a threshold as
determined by a normative database. All participants were administered
eight NFT sessions across four to six weeks, with mood and arousal mea-
sures and EEG recordings of resting brain activity obtained both immedi-
ately before and after each training session. To evaluate the effect of NFT
on cognitive functioning, a battery of neuropsychological tests, neurocog-
nitive tests of attention and sensory integration, and EEG recordings of
resting brain activity were obtained both prior to and after the eight train-

ing sessions. For the real-NFT participants, neurofeedback produced a
selective improvement in the efficiency of processing within the posterior
sensory cortical network, but not in those selective attention and execu-
tive control processes associated with more anterior cortical networks.
The mock-NFT participants showed either no change or a selective
impairment on all outcome measures. Taken together, these results indi-
cate that neurofeedback training can be effective in inducing changes in
cortical processing associated with improvements in specific aspects of
cognitive functioning.
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THE EFFECT OF AROUSAL ON HEMISPHERIC ATTENTION

Michael Minnema1, Eran Zaidel1; 1University of California, Los Angeles —
INTRODUCTION: The two normal cerebral hemispheres constitute two
independent cognitive systems, each orchestrated by its own attentional
networks. We explored the effect of arousal on the attentional networks
of the two hemispheres. We used a truncated, lateralized version of Pos-
ner’s Attention Network Test. Our test measures three networks of atten-
tion in each hemisphere: (1) executive attention/Conflict Resolution, (2)
spatial Orienting Cost and (3) spatial Orienting Benefit. METHOD: Forty-
five undergraduates completed the task under conditions of high, mild,
and no social arousal. Arrow targets pointing up or down were presented
tachistoscopically up or down to only one hemisphere. Targets were
flanked by congruent or incongruent arrows (Conflict) and preceded by
valid, invalid, or central/neutral cues. The advantage of valid relative to
neutral cues defines Orienting Benefit and the cost of invalid relative to
neutral cues defines Orienting Cost. Subjects had to indicate unimanually
the direction of the target arrow. RESULTS. There was a significant inter-
action of Arousal x Conflict, showing that Conflict decreased (improved)
under mild arousal, but increased under high arousal. There was also a
significant interaction of Arousal x target Visual Field (left, right) x spa-
tial Orienting, showing a larger Orienting Benefit and a lower Orienting
Cost in the right than the left hemisphere. CONCLUSION: Arousal fol-
lowed the Yerkes-Dodson law for Conflict in both hemispheres. How-
ever, arousal affected selectively spatial Orienting in the right
hemisphere. This conforms with the differential deficits in spatial atten-
tion observed in patients with left or right parietal lesions.

A13

VISUAL ATTENTION INTERACTS WITH CONGRUENCY OF

LETTER/SOUND COMBINATIONS IN LATE AUDITORY ERPS

Ulrike Zimmer1, Suksun Itthipanyanan1, Marty Woldorff1; 1Center of
Cognitive Neuroscience, Duke University, Durham, NC — Reading of writ-
ten letters can be slowed by incongruent, but speeded up by congruent,
letter-sound combinations. Neuroimaging studies, using attended task-
relevant stimuli, have revealed higher brain activity for incongruent than
congruent stimulation in auditory cortex. In contrast, studies using pas-
sive (i.e., "unattended") stimulation have found the opposite pattern.
However, these studies have all examined congruency effects for exclu-
sively attended or unattended stimuli. Here, we specifically asked how
selectively focused visual-spatial attention modulates ERP brain-activity
patterns for congruent versus incongruent letter-sound pairs. Subjects
attended to one of two concurrent streams of visual letters presented to
the left and right fields. On some stimulus trials, a task-irrelevant letter
sound was presented centrally, the responses to which were extracted by
a series of subtractions for the different conditions. The modulation of the
central-auditory letter-sound responses due to visual attention (i.e., being
presented with an attended versus unattended lateral visual letter) dif-
fered as a function of congruence, but only at later latencies. First, at
~250-300ms, a frontal negativity was elicited only by incongruent audi-
tory-letter sounds concurrent with attended visual-letter stimuli, consis-
tent with an anterior-cingulate conflict response. Second, at ~500-550ms,
another frontal negativity was observed revealing an attentional modula-
tion interaction for incongruent versus congruent auditory ERPs. More
specifically, the pattern suggests that if a visual letter is attended, a syn-
chronous incongruent letter sound seems to act as a distracter that cap-


