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Anterior and posterior attentional control systems use
different spatial reference frames: ERP evidence from
covert tactile-spatial orienting
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Abstract

To investigate whether processes controlling preparatory covert shifts of spatial attention operate within external and
anatomically defined spatial coordinates, lateralized event-related potentials components sensitive to the direction of
attentional shifts were measured in response to visual precues directing attention to the relevant location of tactile
events. Participants had to detect infrequent tactile targets delivered to the hand located on the cued side. In different
blocks, hands were uncrossed or crossed, so that external and anatomical codes specifying task-relevant locations were
either congruent or incongruent. With uncrossed hands, an anterior directing attention negativity and a posterior
directing attention positivity were elicited in the cue-target interval contralateral to the side of a cued attentional shift.
Although the posterior effect was unaffected by hand posture, the anterior effect was delayed and reversed polarity
with crossed relative to uncrossed hands. This pattern of results provides new evidence that different spatial coordinate
systems may be used by separable attentional control processes. It is suggested that a posterior process operates on the
basis of external spatial coordinates, whereas an anterior process is based primarily on anatomically defined spatial codes.
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brain potentials

It is well known that covertly directing spatial attention to a
particular location enhances the sensory processing of stimuli
within the current focus of attention. Numerous event-related
potential (ERP) studies have shown that early, modality-specific
sensory components show larger amplitudes for stimuli pre-
sented at covertly attended versus unattended locations. This has
been demonstrated repeatedly for vision (e.g., Mangun &
Hillyard, 1991), audition (e.g., Alho, 1992), and touch (e.g.,
Garcia-Larrea, Lukaszewicz, & Mauguicre, 1995). The combi-
nation of ERP and hemodynamic imaging methods has now also
revealed detailed information about the likely neural generators
of such attentional effects on the amplitude of early sensory-
specific ERP components (e.g., Hopfinger, Jha, Hopf, Girelli, &
Mangun, 2000; Mangun, 1995).

Although research on spatial attention has primarily been
focused on sensory modulations, there has recently been an
increasing interest in identifying preparatory control processes
responsible for such attentional effects on stimulus processing.
Numerous functional imaging studies have consistently found
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fronto-parietal networks to be involved in the control of
attentional shifts (for recent reviews, see Corbetta & Shulman,
2002; Kastner & Ungerleider, 2000). ERP measures have also
been used to examine preparatory control states arising in
anticipation of expected stimuli at specific locations. In these
studies, ERPs were measured during the anticipatory orienting of
visual-spatial attention in the interval between a symbolic cue
directing attention to the left or right side and the onset of a
subsequent peripheral visual event (cf. Harter, Miller, Price,
LaLonde, & Keyes, 1989; Hopf & Mangun, 2000; Hopfinger,
Buoncore, & Mangun, 2000; Mangun, 1994; Nobre, Sebestyen,
& Miniussi, 2000; Yamaguchi, Tsuchiya, & Kobayashi, 1994,
1995). Several lateralized ERP components were found contral-
ateral to the direction of a cued attentional shift. An early
negative deflection at contralateral occipital electrodes (early
directing attention negativity or EDAN) was followed by an
enhanced negativity at contralateral frontal electrodes (anterior
directing attention negativity or ADAN), and an enhanced
contralateral positivity at posterior electrode sites (late directing
attention positivity or LDAP). These lateralized effects were
assumed to reflect successive phases in the control of covert
visual-spatial orienting, such as the decoding of the attentional
cue, the initiation of an attention shift, and the preparatory
activation of visual cortex.

However, more recent experiments (Eimer & Van Velzen,
2002; Eimer, Van Velzen, & Driver, 2002; Eimer, Van Velzen,
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Forster, & Driver, 2003; Van Velzen, Forster, & Eimer, 2002) have
demonstrated that these lateralized ERP components are not only
elicited during visual-spatial orienting, but can also be observed
during anticipatory attentional shifts toward expected locations of
auditory or tactile events.! This suggests that these components
may at least in part reflect supramodal attentional control processes
(see Driver, Eimer, Macaluso, & Van Velzen, in press; Eimer &
Driver, 2001; Eimer et al., 2002, for more detailed discussion).

Although potential correlates of preparatory attentional
control processes have been identified with fMRI as well as
ERP measures, the nature of these processes is still poorly
understood. An important unresolved question concerns the
spatial coordinates used in the control of spatial orienting.
Attentional shifts toward expected visual stimuli on the left or
right side or toward tactile stimuli delivered to the left or right
hand may be based on representations in external or body-
centered space (i.e., representations of task-relevant locations
relative to the body midline). Alternatively, shifts of attention
may be mediated by representations of anatomical space (i.e., left
and right retinotopic space for shifts of visual attention;
somatotopic representations of the left and right hand for shifts
of tactile attention). A third possibility is that both external and
anatomically defined spatial coordinate systems are involved in
the control of attentional orienting.

The relative roles of external and anatomical spatial codes in
the control of spatial orienting can be investigated by studying
attentional control processes under conditions where these codes
are in conflict. A simple way to induce a conflict between external
and anatomical codes is to vary hand posture. When hands and
arms are crossed, these codes are incongruent, because the
anatomically left hand is located on the right side of external
space, and the right hand on the left side. In contrast, external
and anatomical codes are congruent when hands and arms are
resting in their normal uncrossed position. It is well known that
such variations in hand posture have strong effects on behavioral
performance. Choice reaction times (RTs) are delayed when
hands are crossed relative to an uncrossed hand posture, and this
“hand posture effect”” is assumed to result from conflicting
external and anatomical spatial codes (cf. Nicoletti, Anzola,
Luppino, Rizzolatti, & Umilta, 1982; Nicoletti, Umilta, &
Ladavas, 1984; Riggio, Gawryszewski, & Umilta, 1986).

In the present experiment, hand posture was manipulated to
investigate the role of external and anatomical spatial codes in the
control of attention shifts toward the location of relevant tactile
stimuli delivered to the left or right hand. More specifically, we
studied lateralized ERP components elicited during preparatory
attentional orienting (ADAN, LDAP) when these spatial codes
were either congruent or incongruent. On each trial, a central
symbolic precue instructed participants to direct attention to the
left or right side of external space to detect infrequent tactile
targets delivered to the hand located there. In the uncrossed
hands condition, both hands rested in their standard position,
with the left hand on the left side, and the right hand on the right.

"It should be noted that although ADAN and LDAP components
were reliably elicited in these recent experiments, no posterior EDAN
component was observed. This discrepancy with previous findings may
be due to the fact that asymmetrical visual precues were employed in
earlier studies, whereas auditory cues or fully symmetrical visual cues
were used in our recent studies. Instead of reflecting genuine attentional
processes, the EDAN is likely to represent a lateralized response to
asymmetric visual cue stimuli (such as arrows; see Van Velzen & Eimer,
2003, for ERP evidence supporting this view).
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In the crossed hands condition, the left hand was placed to the
right of the body midline and the right hand to the left. Thus,
external and anatomical codes specifying task-relevant locations
were congruent with uncrossed hands, whereas these codes were
incongruent when hands were crossed.

With hands uncrossed, ADAN and LDAP components
elicited in the cue-target interval in response to cues directing
attention to the left or right side of external space were expected
to be similar to the effects observed in earlier studies on tactile-
spatial orienting (Eimer & Van Velzen, 2002; Eimer et al., 2002,
2003; Van Velzen et al., 2002). Crucially, to investigate for the
first time whether attentional control processes mediating
attentional shifts (as reflected by ADAN and LDAP compo-
nents) operate within external or anatomically defined space,
lateralized ERP components observed in the uncrossed hands
condition were compared to ERPs elicited when hands were
crossed. If these control processes were mediated exclusively by
representations of external space, the polarity of ADAN and
LDAP components elicited in response to cues directing
attention to the left or right side of external space should be
unaffected by manipulations of hand posture. That is, in the
crossed hand condition, anterior negativities (ADAN) and
posterior positivities (LDAP) should still be elicited contralateral
to the cued side. In contrast, if these processes were to operate on
the basis of anatomically defined spatial coordinates, hand
posture should have a strong effect on polarity of these
preparatory components. With crossed hands, ADAN and
LDAP should be elicited contralateral to anatomical side of the
relevant hand, and thus should be observed ipsilateral to the cued
side of external space. In other words, when considered in terms
of external space, the polarity of these components should
reverse for crossed relative to uncrossed hands.

Another aim of the present study was to investigate the
contribution of attentional factors to the hand posture effect
observed in previous behavioral studies. It is possible that the
conflict between incongruent external and anatomical codes
arising when hands are crossed may disrupt the attentional
selection of task-relevant effectors. If this disruption was already
present during preparatory attentional shifts, this could be
reflected in systematic effects of hand posture on the latency of
preparatory ERP components (ADAN, LDAP) observed during
the cue-target interval. If conflicting spatial codes were to interfere
with the attentional processing of tactile stimuli, effects of tactile-
spatial attention on somatosensory ERPs elicited in response to
peripheral tactile events should be attenuated and/or delayed when
hands are crossed. Initial evidence for this comes from a recent
ERP study investigating crossmodal links in spatial attention
(Eimer, Cockburn, Smedley, & Driver, 2001). Here, attentional
modulations of somatosensory ERPs elicited when hands were
crossed were substantially delayed relative to an uncrossed hand
posture. To confirm these observations and extend them to a
unimodal tactile task, the present experiment also compared
attentional effects on ERPs elicited in response to tactile stimuli at
cued versus uncued locations with uncrossed hands to attentional
modulations elicited in the crossed hands condition.

Methods

Participants
Twenty-two paid volunteers participated in the experiment. Two
participants were excluded due to poor eye fixation control in the



926

cue-target interval (see below), and 2 other participants were
excluded because of artefacts during EEG recording (large drifts
at lateral electrodes; excessive occipital o wave activity). Thus 18
participants (8§ women, 10 men, aged 20-39 years with a mean of
28 years) remained in the sample. Seventeen participants were
right-handed and 1 was left-handed, and all had normal or
corrected-to-normal vision by self-report.

Stimuli and Apparatus

Participants sat in a dimly lit experimental chamber, wearing a
head-mounted microphone. Tactile stimuli were presented using
12-V solenoids, driving a metal rod with a blunt conical tip to the
radial side of the middle phalanx of the index fingers, making
contact with the fingers whenever a current was passed through
the solenoid. The solenoids were attached to the fingers with
white medical tape, which also prevented visibility of the rod
movements. White noise (65dB SPL, measured from the
position of the participant’s head) was continuously present to
mask any sounds made by the tactile stimulators.” Two adjacent
triangles, presented centrally on a computer screen at a viewing
distance of 55cm (total visual angle covered: 3.5° x 2.5°; visual
angle of each triangle: 1.2° x 2.5°), served as cue stimuli. One
triangle was red (luminance: 14 cd/m?), the other blue (lumi-
nance: 19 cd/m?), and they always pointed in opposite directions
(<€ » or » <«). A central fixation cross, located between both
triangles, was continuously present throughout the experimental
blocks. Tactile nontarget stimuli consisted of one rod contacting
a finger for 200 ms. Tactile target stimuli had a gap, where this
contact was interrupted for 10 ms after a duration of 95 ms.

Procedure
The experiment consisted of 12 blocks, each consisting of 64
trials. Each trial started with a 100-ms presentation of the cue.
Six hundred milliseconds after cue offset, a tactile stimulus
(200 ms duration) was presented to the left or right hand.
Intertrial interval was 1,000 ms. Participants were instructed to
keep their gaze focused on the central fixation cross, and to
respond vocally (‘“‘yes’’) whenever a target (gap) stimulus was
detected on the cued side. This task-relevant side was cued by the
direction of one of the triangles. For 9 participants, blue triangles
were relevant, and red triangles were relevant for the other 9
participants. Relevant left-pointing or right-pointing triangles
were presented with equal probability to the left or right of
fixation. In 48 trials, nontarget stimuli were presented with equal
probability to the left or right hand, and were preceded with
equal probability by a left or right cue, resulting in 12 trials for
each of the four combination of cued location and stimulus
location. The remaining 16 trials contained gap targets, and these
were equally likely to be delivered to the left or right hand and to
be preceded by a left or right cue. Thus, eight targets were
delivered on the cued side and thus required a vocal response, and
eight targets were delivered on the uncued side.

Hand posture was varied between block, with six successively
presented blocks where hands rested in their normal uncrossed
position and six successive blocks were hands were crossed. In the

2The noise intensity level sufficient for complete masking was
determined in a pilot study, where 2 participants were seated next to
each other. Tactile stimuli were delivered at variable intervals to the left or
right hand of 1 participant, while the other participant had to report any
audible occurrence of tactile stimulation. With white noise at 65 dB SPL,
participants were consistently unable to detect tactile stimulus presenta-
tion.
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crossed hands condition, the left hand was thus located to the
right of the body midline and the right hand on the left side. The
order in which these two hand posture conditions were delivered
was balanced across participants. In both conditions, hands were
placed on a table, so that the index finger of each hand was
located approximately 26 cm to the right and left of the body
midline.

Recording and Data Analyses

EEG was recorded with Ag—AgCl electrodes and linked-earlobe
reference from 23 scalp electrodes. Horizontal EOG was
recorded bipolarly from the outer canthi of both eyes. Electrode
impedance was kept below 5kQ, and efforts were made to
equalize the impedance of the earlobe electrodes. Amplifier
bandpass was 0.1-40 Hz, and digitization rate was 200 Hz. Trials
with eyeblinks, horizontal eye movements, or muscle artefacts
were excluded. Separate analyses were conducted for ERPs
obtained in the cue-target interval, and for ERPs in response to
tactile nontarget stimuli.

ERPs in response to cue stimuli were averaged relative to a
100-ms precue baseline for the time interval between cue onset
and 700 ms after cue onset (corresponding to the onset of the
subsequent tactile stimulus), for all combinations of hand
posture (uncrossed vs. crossed) and cue direction (left vs. right).
Averaged HEOG waveforms obtained in the cue-target interval
in response to cues directing attention to the left versus right hand
were scored for systematic deviations of eye position, indicating a
tendency to move the eyes toward the cued side. Two participants
were disqualified due to residual HEOG deflections exceeding
+3uVv.

ERP mean amplitudes obtained in the cue-target interval
were analyzed with repeated measures ANOVAs, separately for
lateral anterior (F7/8, F3/4, FC5/6), lateral central (C3/4, T7/8,
CP5/6), and lateral posterior sites (OL/R, P3/4, P7/8), for the
factors electrode site, hand posture, cue direction, and hemi-
sphere (left vs. right). In these analyses, ERP lateralizations
sensitive to the cued direction of an attentional shift will be
reflected by Hemisphere x Cue Direction interactions. As in
previous studies, these analyses were based on ERP mean
amplitudes obtained between 350 and 500 ms, and between 500
and 700ms after cue onset. Initial analyses of cue-target ERP
waveforms were conducted with order of hand posture condition
(uncrossed followed by crossed hands, or vice versa) as the
between-subject factor. As no main effects or significant
interactions of this factor with other factors were observed
(reflecting the absence of any systematic task order effects), this
factor was not included in the main analyses.

ERPs to tactile nontargets (tactile stimuli without gaps) were
averaged relative to a 100-ms prestimulus baseline for all
combinations of hand posture, cue direction, and stimulated
hand (left vs. right). ERP mean amplitudes were computed
within successive measurement windows centered on the latencies
(in milliseconds poststimulus) of early SEP components: P45
(35-55ms), N80 (60-90ms), P100 (90-120ms), N140 (130-
160 ms). To investigate longer-latency effects of attention, mean
amplitudes were also computed between 200ms and 300 ms
poststimulus. Statistical analyses were restricted to recording
sites close to somatosensory areas (F3/4, Fz, FC5/6, C3/4, Cz,
CP5/6), where early ERP components are maximal. Because
these early components are strongly lateralized in response to
left-hand and right-hand tactile stimulation, separate analyses
were conducted for midline electrodes, as well as for electrodes
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contralateral and ipsilateral to the anatomical side of the
stimulated hand. Initial analyses of somatosensory ERP wave-
forms were conducted with the factor order of hand posture
condition (uncrossed first vs. crossed first) as the between-subject
factor. No main effects or significant interactions of this factor
with other factors were observed, and this factor was therefore
not included in the main analyses. Here, mean amplitude values
were analyzed with repeated measures ANOVAs for the factors
hand posture, attention (stimulus at attended vs. unattended
side), stimulated hand, and electrode site (frontal vs. frontocen-
tral vs. central vs. centroparietal for contralateral and ipsilateral
electrodes; Fz vs. Cz for midline sites). When appropriate,
Greenhouse—Geisser adjustments to the degrees of freedom were
performed. When interactions between attention and electrode
site were found (for brevity, these are not reported in full),
additional analyses were conducted for single electrode sites. For
vocal response times (RTs; recorded with a voice key, and
measured relative to the onset of the target-defining gap) and
arcsin-transformed error rates, repeated measures ANOVAs
were performed for the factors hand posture and stimulated
hand.

Results

Behavioral Performance

Vocal RTs to correctly detected infrequent gap targets at
attended locations were faster when hands were uncrossed
(495 ms) than with crossed hands (530 ms), and this was reflected
in a main effect of hand posture, F(1,17)=10.1, p<.0l.
Participants missed 4.2% and 3.6% tactile targets at attended
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locations with uncrossed and crossed hands, respectively, and
this difference was not significant. False alarms to targets
presented to the unattended hand occurred on less than 1% of
these trials, and false alarms to nontarget (nongap) stimuli were
virtually absent (less than 0.2% of all trials).

ERP Correlates of Anticipatory Spatial Orienting

in the Cue-Target Interval

Figures 1 and 2 show ERPs elicited in the interval between the
onset of the central visual cue and the onset of the subsequent
peripheral tactile stimulus. ERPs are displayed separately for
cues directing attention to the left versus right side of external
space, with hands either uncrossed (Figure 1) or crossed (Figure
2). When hands were in their normal uncrossed position, the
expected ERP lateralizations sensitive to the direction of
attentional shifts were present (Figure 1). At frontocentral
electrodes, a negativity contralateral to the direction of an
attentional shift (anterior directing attention negativity; ADAN)
was observed, which appeared more pronounced over the left
hemisphere. In addition, a contralateral positivity was elicited at
lateral posterior sites (late directing attention positivity; LDAP).
When hands were crossed (Figure 2), the posterior LDAP
appeared similar to the LDAP elicited with uncrossed hands. In
contrast, the polarity of the ADAN component was found to be
reversed relative to uncrossed hands condition.

The presence of ERP lateralizations sensitive to the direction
of attentional shifts, and their sensitivity to manipulations of
hand posture, can be seen more clearly in the difference
waveforms shown in Figure 3, which were constructed to
simplify graphical presentation, not for formal statistics. These
waveforms were generated by first subtracting ERPs recorded
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Figure 1. Grand-averaged ERPs elicited in the uncrossed hand condition at lateral electrodes in the interval between cue onset and
the onset of the subsequent peripheral tactile stimulus in response to visual cues directing attention to the left side (solid lines), or cues
directing attention to the right side (dashed lines), showing a left-lateralized anterior directing attention negativity (ADAN) and a
bilateral late directing attention positivity (LDAP) contralateral to the direction of an attentional shift.
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Figure 2. Grand-averaged ERPs elicited in the crossed hand condition at lateral electrodes in the interval between cue onset and the
onset of the subsequent peripheral tactile stimulus in response to visual cues directing attention to the left side (solid lines), or cues
directing attention to the right side (dashed lines). Both anterior directing attention negativity (ADAN) and late directing attention
positivity (LDAP) are visible, but the polarity of the ADAN is reversed relative to the uncrossed hands condition.

during attentional shifts to the right side of external space from
ERPs elicited during leftward attentional shifts, to obtain
differential ERP responses during leftward versus rightward
attentional shifts at all recording sites. To visualize the lateralized
portion of these differential responses, difference waveforms
obtained for right-hemisphere electrodes were then subtracted
from the difference waveforms emerging at homologous electro-
des over the left hemisphere. In the resulting double subtraction
waveforms, a negativity contralateral to the direction of
attentional shifts is reflected by positive amplitude values
(downward-going deflections), and a contralateral positivity is
indicated by negative values (upward-going deflections). Figure 3
shows difference waveforms obtained for anterior (top), central
(middle), and posterior (bottom) electrode pairs, displayed
separately for the uncrossed hands condition (solid lines) and
the crossed hands condition (dashed lines). Whereas the poster-
ior LDAP component seems largely unmodulated by hand
posture, frontocentral lateralizations were strongly affected. A
negativity contralateral to the side of an attentional shift
(ADAN) was observed with uncrossed hands, starting at about
300ms after cue onset. In contrast, a lateralized activity of
opposite polarity was present in the final 200 ms of the cue—target
interval when hands were crossed.

These informal observations were confirmed by statistical
analyses. No systematic ERP modulations sensitive to the
direction of attentional shifts were observed within the first
350 ms following cue onset. In the 350-500-ms measurement
window, significant Hemisphere x Cue Direction interactions
were present at anterior and central electrode pairs,
F(1,17) = 25.8 and 10.9, p<.001 and .004, respectively. More
importantly, significant three-way interactions (Hand Posture x

Hemisphere x Cue Direction) were found for both sets of
electrodes, F(1,17)=24.0 and 8.2, p<.001 and .011, respec-
tively, due to the fact that an increased negativity contralateral to
the direction of an attentional shift (ADAN) was present with
uncrossed hands, but not in the crossed hands condition (see
Figure 3). This was confirmed by follow-up analyses, which
revealed significant Hemisphere x Cue Direction interactions at
anterior and central sites with uncrossed hands, F(1,17) = 35.5
and 13.2, p<.001 and .002, respectively, whereas no such
interactions were obtained for the crossed hands condition. No
Hemisphere x Cue Direction interactions were present between
350 and 500 ms at lateral posterior electrodes.

In the subsequent 500-700-ms measurement window
(corresponding to the final 200ms of the cue-target inter-
val), significant three-way interactions (Hand Posture x
Hemisphere x Cue Direction) were again present for lateral
anterior and central electrode pairs, F(1,17)=21.6 and 12.4,
p<.001 and .003, respectively. With uncrossed hands, Hemi-
sphere x Cue Direction interactions were found at lateral
anterior sites, F(1,17) =20.1, p<.001, reflecting the late phase
of the ADAN component (Figure 3, top). More importantly,
reliable Hemisphere x Cue Direction interactions were now also
obtained when hands were crossed, both at lateral anterior and at
lateral central electrode pairs, F(1,17) = 6.3 and 18.5, p<.022
and .001, respectively. As can be seen from Figure 3 (where
lateralized components are plotted with respect to the cued side
of external space), the polarity of the lateralizations observed in
the final 200 ms of the cue-target interval with crossed hands was
reversed relative to the ADAN obtained in the uncrossed hands
condition. Note that if frontocentral lateralizations had been
plotted in terms of the anatomical side of the cued hand, rather
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Figure 3. Difference waveforms obtained at lateral anterior (top), central (middle), and posterior (bottom) electrodes in the 700-ms
interval between cue onset and onset of the subsequent peripheral tactile stimulus in the uncrossed hands condition (solid lines) and
in the crossed hands condition (dashed lines), reflecting lateralized ERP modulations sensitive to the direction of attentional shifts.
Difference waveforms were generated by first subtracting ERPs in response to cues directing attention to the right side of external
space from ERPs in response to cues directing attention to the left side, and then subtracting the resulting difference waves at right
electrodes from the difference waveform obtained for the corresponding left-hemisphere electrode. Enlarged negativities
contralateral to the direction of attentional shifts are reflected by positive amplitude values (downward-going deflections), and larger
positivities at contralateral sites are reflected by negative values (upward-going deflections). The resulting waveforms show a
frontocentral directing attention negativity (ADAN) with uncrossed hands that reverses polarity in the crossed hand condition, and
a posterior directing attention positivity (LDAP) that is very similar for both hand postures.

than in terms of external space, no such polarity reversal would
have been present (although the onset of this lateralized effect
would still be substantially delayed with crossed hands).

As can be seen from Figures 1 and 2, the size of the ADAN
and “reversed ADAN” effects was considerably larger over the
left hemisphere than at right electrode sites. To further explore
this difference, additional analyses tested effects of cue direction
separately for left and for right frontocentral electrodes.
Significant effects of cued direction was present over the left
hemisphere between 350 and 500 ms with uncrossed hands and
between 500 and 700 ms with crossed hands, but these effects

failed to reach significance over the right hemisphere (see Eimer
et al., 2002, for similar findings).

The presence of a posterior LDAP was reflected in a
Hemisphere x Cue Direction interaction obtained at lateral
posterior electrodes in the 500-700-ms measurement window,
F(1,17)=25.4, p<.001. Importantly, there was no Hand
Posture x Hemisphere x Cue Direction interaction, indicating
that the LDAP component was unaffected by the manipulation
of hand position (see Figure 3, bottom). Accordingly, reliable
Hemisphere x Cue Direction interactions were observed for both
uncrossed and crossed hands, F(1,17)=26.3 and 15.9, both
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Figure 4. Grand-averaged somatosensory ERPs elicited in the uncrossed hands condition at midline electrodes and at sites
contralateral (C) and ipsilateral (I) to the anatomical side of the stimulated hand by tactile nontarget stimuli at cued locations (solid
lines) and uncued locations (dashed lines) in the 400-ms interval following stimulus onset.

p<.001. Additional analysis conducted separately for left and
right posterior electrodes in the 500-700 ms analysis window
revealed effects of cue direction for left as well as right recording
sites, both F(1,17)>7.3, both p<.015, thus confirming earlier
observations that the LDAP is elicited bilaterally during shifts of
tactile-spatial attention (Eimer & Van Velzen, 2002; Eimer et al.,
2002; Van Velzen et al., 2002).

Effects of Spatial Attention on Somatosensory ERPs in Response
to Peripheral Tactile Nontarget Stimuli

Figures 4 and 5 show ERPs elicited in response to tactile stimuli
without gaps (nontargets) at attended (cued) and unattended
(uncued) locations, displayed separately for midline electrodes
and for electrodes contralateral (C) and ipsilateral (I) to the
anatomical side of the stimulated hand. Figure 4 shows
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Figure 5. Grand-averaged somatosensory ERPs elicited in the crossed hands condition at midline electrodes and at sites
contralateral (C) and ipsilateral (I) to the anatomical side of the stimulated hand by tactile nontarget stimuli at cued locations (solid

lines) and uncued locations (dashed lines) in the 400-ms interval foll

owing stimulus onset.
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somatosensory ERPs obtained in the uncrossed hand condition,
and Figure 5 shows ERPs elicited in the crossed hands condition.
Effects of spatial attention on somatosensory ERPs were
strongly affected by variations in hand posture. With uncrossed
hands, attentional modulations of the P100 and N140 compo-
nents were followed by a sustained negativity for tactile stimuli at
attended versus unattended locations (Figure 4). In contrast, no
effects of spatial cueing on early P100 and N140 components
appear to be present with crossed hands. Here, attentional effects
seem to be restricted to a sustained enhanced negativity for tactile
stimuli at cued locations beyond 200 ms poststimulus (Figure 5).

Again, these observations were confirmed by statistical
analyses. No effect of attention was found for the P45 and
N80 components. In the P100 measurement window (90—120 ms
poststimulus), significant attentional modulations were observed
with uncrossed hands at contralateral sites, F(1,17)=4.5,
p<.05, and at ipsilateral electrodes C3/4, F(1,17) = 5.2, p<.04,
reflecting enlarged P100 amplitudes for tactile stimuli delivered
to the cued hand (Figure 4). In contrast, no reliable effects of
attention on P100 amplitudes were found in the crossed hand
condition.?

In the N140 time window (130—-160 ms poststimulus), significant
Attention x Hand Posture interactions were found at midline
electrodes and at electrodes ipsilateral to the stimulated hand,
both F(1,17)>7.8, both p<.02, and this interaction was nearly
significant at contralateral sites, F(1,17) =4.0, p<.07. Signifi-
cant attentional enhancements of N140 amplitudes were present
contralaterally, ipsilaterally, and at midline sites when hands
were uncrossed, all £(1,17)>5.3, all p<.04, but were absent in
the crossed hands condition.*

In the 200-300-ms time interval, main effects of attention
were present contralaterally, ipsilaterally, and at midline
electrodes, all F(1,17)>11.2, all p<.004, and were accompanied
by Hand Posture x Attention interactions at all these sites, all
F(1,17)>12.6, all p<.002. A comparison of Figures 4 and 5
shows that sustained enhanced negativities for attended tactile
stimuli side beyond 200 ms poststimulus were more pronounced
when hands were in their usual uncrossed position than with
crossed hands. However, follow-up analyses revealed that
significant effects of attention were present at all analyzed
recording sites not only for the uncrossed hands condition, all
F(1,17)>14.0, all p <.002, but also when hands were crossed, all
F(1,17)>5.4, all p<.05.

Discussion

Although numerous studies using hemodynamic and electro-
physiological imaging methods have identified anterior and
posterior networks involved in the control of attention shifts, the
principles underlying the operation of these networks are not yet
well understood. The aim of the present experiment was to
investigate the role of external and anatomical spatial coordinate
systems in the control of spatial orienting. ERPs were measured

31t should be noted that although attentional effects on the P100
component were significant for uncrossed hands, but not for crossed
hands, this difference was not reflected in statistically reliable Atten-
tion x Hand Posture interactions in the P100 analysis window.

“#Figure 5 suggests that with crossed hands, N140 amplitude at Fz was
actually larger for stimulation of uncued relative to cued locations, and
this difference turned out to be significant, F(1,17) =5.2, p<.04. This
fully replicates an earlier finding by Eimer et al. (2001; Exp. 2) for
somatosensory ERPs and crossed hands in a crossmodal attention study.
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while participants were instructed to direct attention to the left or
right side (as indicated by a visual precue presented centrally at
the beginning of each trial) in order to detect infrequent tactile
target stimuli delivered to the index finger of the hand located on
the cued side while completely ignoring all tactile stimuli on the
uncued side. In different experimental blocks, hands either rested
in their standard uncrossed position, or were crossed, with the
left hand located on the right side of external space, and the right
hand on the left.

To find out whether control processes responsible for shifts of
attention to the location of relevant tactile events operate on the
basis of external or anatomically defined spatial codes, lateralized
ERP components (ADAN, LDAP) elicited during preparatory
attention shifts in the cue-target interval with uncrossed hands
were compared to ERPs elicited when hands were crossed. When
hands are uncrossed, external and anatomical spatial codes
representing the index finger of the left and right hand are
congruent. In contrast, these codes are incongruent when hands
are crossed. With uncrossed hands, ADAN and LDAP
components elicited in response to cues directing attention to
the left or right side of external space were very similar to the
effects observed in previous ERP studies of tactile-spatial
orienting (Eimer & Van Velzen, 2002; Eimer et al., 2002, 2003;
Van Velzen et al., 2002). In addition, these lateralized effects also
closely resembled results obtained in earlier experiments
investigating shifts of attention toward anticipated visual events
(Harter et al., 1989; Hopf & Mangun, 2000; Nobre et al., 2000;
Yamaguchi et al., 1994, 1995). A frontocentral directing
attention negativity (ADAN) was observed contralateral to the
direction of the cued attentional shift. This effect was maximal
between 350ms and 500ms after cue onset, and remained
present, albeit in an attenuated fashion, during later phases of the
cue-target interval (Figure 3, top). At lateral posterior sites, an
enhanced positivity contralateral to the direction of an atten-
tional shift was observed in the final 200 ms of the cue—target
interval (Figure 3, bottom), again in line with observations from
earlier experiments. This pattern of results again confirms that
these effects are not restricted to visual-spatial orienting, but are
also elicited during shifts of attention in anticipation of relevant
tactile events.

The central aim of this study was to compare ERP
modulations obtained in the cue-target interval with uncrossed
hands to results obtained in the crossed hand condition, in order
to find out whether attentional control processes reflected by
lateralized ERP components elicited during covert attentional
shifts operate within coordinate systems based on external or
anatomical space. If these processes were mediated by repre-
sentations of external space, variations in hand posture should
have no systematic effects on ADAN and LDAP components.
That is, the polarity of these components (when considered in
terms of the side of an attentional shift in external space) should
remain unchanged regardless of whether hands are crossed or
uncrossed. In contrast, if attentional control processes operate on
the basis of anatomical spatial coordinates (i.e., code the
direction of an attentional shift with respect to the anatomical
identity of the cued hand), the polarity of ADAN and LDAP,
again defined in terms of the cued side of external space, should
reverse when hands are crossed.

The ERP results obtained for the cue-target interval in the
crossed hand condition revealed a striking dissociation in
the effects of hand posture on the frontocentral ADAN and
the posterior LDAP component. The LDAP was virtually
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unaffected by the hand posture manipulation. When hands were
crossed, enhanced posterior positivities were elicited contral-
ateral to the side of an attentional shift, and these lateralized
effects were very similar in terms of amplitudes and latencies to
the effects observed with uncrossed hands (Figure 3, bottom).
This pattern of results strongly suggests that the attentional
control processes responsible for the LDAP component operate
on the basis of representations of external space, are not sensitive
to the anatomical identity of the task-relevant hand, and are also
unaffected by the incongruency between external and anatomical
spatial codes in the crossed hands condition.

A very different pattern of results was obtained for the
frontocentral ADAN component. When hands were crossed, no
significant lateralizations were obtained between 350 and 500 ms
after cue onset, when ADAN amplitudes were maximal in the
uncrossed hands condition. In the final 200 ms of the cue-target
interval, a reliable lateralized effect was present at frontocentral
electrodes with crossed hands, but the polarity of this lateraliza-
tion (considered in terms of the direction of an attentional shift in
external space) was opposite to the polarity of the ADAN
observed when hands were uncrossed (Figure 3, top). In other
words, when the left hand was located on the right side and the
right hand on the left, an anterior directing attention negativity
was elicited contralateral to the anatomical side of the relevant
hand, and thus ipsilateral to the cued side of external space. This
result indicates that in contrast to the LDAP, the ADAN
component is primarily sensitive to the anatomical identity of the
task-relevant hand and not to the cued location of relevant tactile
stimuli in external space.

Overall, these ERP results obtained during anticipatory
covert shifts of attention to the location of tactile events strongly
suggest that both external and anatomically defined spatial co-
ordinate systems are involved in the control of attentional
orienting. Most importantly, results indicate that different spatial
codes are utilized independently by separable attentional control
mechanisms. Anterior and posterior attentional networks, as
identified in functional imaging studies (see Corbetta & Shulman,
2002; Kastner & Ungerleider, 2000), are often linked to different
subprocesses involved in the control of spatial attention (cf. Posner
& Petersen, 1990). If one assumes that the ADAN and LDAP
components observed in this study and in previous ERP
investigations of spatial orienting reflect the operation of anterior
and posterior attentional networks, respectively, the present
results indicate that these subprocesses differ not only with respect
to their anatomical substrate (anterior vs. posterior, as reflected by
the scalp distribution of ADAN and LDAP), and their time course
(with the onset of the anterior process preceding the onset of the
posterior process), but also, perhaps most importantly, with
respect to the format of the spatial representations involved.
Whereas the anterior process (reflected by the ADAN) appears to
operate predominantly on the basis of anatomically defined
representations, the posterior process (indicated by the LDAP)
seems to be exclusively based on coordinates of external space.
This latter observation is consistent with recent findings from
single-cell recordings in monkeys, which demonstrated that
regions of posterior parietal cortex encode the direction of
planned reaching movements in eye-centered coordinates, rather
than with respect to a limb-centered reference frame (for a
review, see Andersen & Buneo, 2002).

Another aim of the present study was to investigate whether
the ““hand posture effect” (delayed response latencies when
hands are crossed) is related to attentional factors. Vocal RTs to

M. Eimer, B. Forster, and J. Van Velzen

infrequent tactile targets at cued locations were delayed with
crossed as compared to uncrossed hands, thus replicating the
effect of hand posture observed in earlier behavioral studies
(Nicoletti et al., 1982, 1984; Riggio et al., 1986). If conflicting
external and anatomical spatial codes disrupted attentional
selectivity, this may be reflected in effects of hand posture on
preparatory ERP components elicited during the cue-target
interval, as well as on attentional modulations of somatosensory
ERPs in response to subsequent peripheral tactile stimuli. Such
effects were indeed observed. Anterior lateralizations triggered in
the cue-target interval were substantially delayed with crossed as
compared to uncrossed hands (Figure 3, top). This delay may
indicate an adverse effect of incongruent external and anatomical
spatial codes on the timing of attentional control processes
involved in selecting the task-relevant hand.

In addition, attentional modulations of somatosensory ERPs
in response to subsequent peripheral tactile stimuli were delayed
and attenuated with crossed as compared to uncrossed hands.
With uncrossed hands, attention enhanced the amplitudes of
sensory-specific somatosensory P100 and N140 components,
and then resulted in a sustained negativity starting at about
200 ms poststimulus (Figure 4; cf. Garcia-Larrea et al., 1995;
Michie, Bearpark, Crawford, & Glue, 1987, for similar results).
In the crossed hands condition, attentional P100 and N140
modulations were absent, and although a sustained attentional
negativity was reliably elicited, it was reduced in amplitude
relative to the uncrossed hands condition (Figure 5).

These results suggest that the attentional selection of one hand
versus the other is strongly affected by changes in body posture.
Attentional modulations of somatosensory processes are delayed
and attenuated under conditions where crossing the hands results
in mismatching external and anatomical codes (for similar
findings, see Eimer et al., 2001). This observation is in line with
the hypothesis that conflicts between external and anatomical
spatial coordinates defining a task-relevant location disrupt the
operation of spatial attention, and that this may also be
responsible for the hand posture effect observed in earlier
behavioral studies.

In summary, the present study provided novel findings that
strongly suggest that anterior and posterior attentional control
systems differ with respect to the spatial coordinates used to
guide covert shifts of spatial attention. Whereas the anterior
system appears to operate on the basis of anatomically defined
codes, the posterior system employs representations of the
location of relevant events in external space. The observation
that attentional selectivity is disrupted when external and
anatomical codes are incongruent indicates that both spatial
coordinate systems are relevant, and may interact during covert
attentional orienting. These preliminary conclusions need to be
substantiated in future experiments, where target modalities
other than touch should be included. For example, to study the
relative contributions of retinotopic versus head- and body-
centered spatial coordinates to covert visual-spatial orienting,
ERP correlates of anticipatory attentional shifts toward relevant
visual events should be measured while gaze direction is
systematically varied.> Overall, the present findings show that
ERP measures can be extremely useful tools when studying
functional properties of covert attentional control processes.

5 As gaze direction was held constant in the present experiment, the
relative roles of head-centered and eye-centered spatial coordinate
systems could not be dissociated.
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