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Abstract An event-related potential (ERP) experiment
was conducted in order to investigate the nature of any
cross-modal links in spatial attention during tool use. Tac-
tile stimuli were delivered from the tip of two sticks, held in
either a crossed or an uncrossed tools posture, while visual
stimuli were presented along the length of each tool. Partic-
ipants had to detect tactile deviant stimuli at the end of one
stick while trying to ignore all other stimuli. Reliable ERP
spatial attention eVects to tactile stimuli were observed at
early (160–180 ms) and later time epochs (>350 ms) when
the tools were uncrossed. Reliable ERP attention eVects to
visual stimuli presented close to the tip of the tool and close
to the hand were also observed in the uncrossed tools
condition (time epoch 140–180 ms). These results are
consistent with the claim that tool-use results in a shift of
visuospatial attention toward the tip of the tool and also to
attention being focused by the hand where the touch is felt.
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Introduction

When attention is directed to a particular location where task-
relevant events happen to be presented within one (primary)
sensory modality, target performance is also enhanced when
stimuli are presented in another (secondary) modality at the
same location as well (e.g. Driver and Spence 2004; Eimer
and Driver 2000; Giard and Peronnet 1999). Event-related
potential (ERP) studies have provided evidence that cross-
modal links in spatial attention exist at early, sensory-related
processing stages, starting around 100 ms post stimulus-
onset or even earlier (see Hillyard et al. 1984; Eimer 2001).
When stimuli are presented at attended locations, they evoke
enhanced ERPs as compared to situations in which the same
stimuli are presented at an unattended location (or side), irre-
spective of whether they belong to the task-relevant modality
(unimodal spatial attentional eVect), or to the currently task-
irrelevant modality (cross-modal spatial attentional eVect;
Eimer et al. 2001; Hötting et al. 2003).

Cross-modal links in spatial attention have now been
extensively studied for both endogenous (voluntary) and
exogenous (involuntary) spatial attention (see Driver and
Spence 2004; Eimer and van Velzen 2005; Spence et al.
2004). For instance, Kennett et al. (2001) used an exogenous
spatial cueing paradigm, in which spatially non-predictive
tactile cues were presented to the hand, shortly before to the
visual targets. They found that the visual N1 was enhanced
when tactile stimulation was presented from the same rather
than from a diVerent location to a visual target event. Mean-
while, other researchers have also provided evidence for the
existence of cross-modal links in endogenous spatial atten-
tion between vision and touch (e.g. Eimer and Driver 2000;
Spence et al. 2000). For example, the participants in a study
by Eimer and Driver had to detect tactile or visual targets on
the attended side and had to ignore the irrelevant modality
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experiment. One participant had to be excluded due to poor
behavioral performance (failing to detect more than 60%
of the targets). The data from the remaining 14 participants
(8 females, aged 21–39 years; average age: 28.2 years)
were analyzed. All of the participants had normal or
corrected-to-normal vision, normal hearing, and normal
tactile sensitivity by self-report. The participants received
course credits or were paid 7 Euro per hour for taking part
in the study. The participants all gave their informed
consent before taking part in the experiment.

Stimuli and design

Two tactile stimulators (Oticon bone conductor BC461-0/
12, Oticon Ltd., London, UK) were attached to the tips of
the tools (wooden sticks, 1.3 cm in diameter, and 40 cm in
length). The tactile stimuli consisted of 167 Hz vibrations.
The standard tactile stimulus was presented for 200 ms.
The tactile deviants (25% of all tactile stimuli) were pre-
sented for 200 ms as well, but they included a 10 ms gap
95 ms after stimulus onset. The faint noise associated with
the operation of the tactile stimulators was masked by white
noise presented from two loudspeaker cones located on the
center of the table. Light emitting diodes (LEDs) were used
to present the visual stimuli (duration: 200 ms). Four LEDs
were mounted on each tool (see Fig. 1): One at the tip of
each tool, one near the participant’s hand, and two spaced
equally along the shaft of a tool (one closer to the tip, the
other nearer to the hand).

Procedure

Participants sat in a dimly lit experimental chamber. They
had to put their chin on a chin-rest, and had to maintain
central Wxation throughout each block of trials.

There were four task conditions: (1) attend to the tactile
stimuli presented in the left hemiWeld; tools uncrossed; (2)
attend to the tactile stimuli presented in the right hemi-
Weld; tools uncrossed; (3) attend to the tactile stimuli pre-
sented in the left hemiWeld; tools crossed; (4) attend to the
tactile stimuli presented in the right hemiWeld; tools
crossed. The visual stimuli (60% of all stimuli) and the
tactile stimuli (40% of all stimuli; 75% of the tactile stim-
uli were standards, and 25% were deviants) were pre-
sented in a random order. Four experimental blocks of
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eVects were absent for visual stimuli presented along the
shafts of the tools. Holmes et al. (2004) required partici-
pants to discriminate the elevation of vibrotactile stimuli
presented to either their thumb (‘upper’) or foreWnger
(‘lower’) of either hand, while trying to ignore random,
irrelevant visual distractors presented in either an upper or
lower location. Participants performed this task in diVerent
tool-use conditions, with uncrossed tools. Holmes et al.
(2004) observed visual–tactile interactions for these loca-
tions at the tool that was important for performing an
action. Moreover, they always observed visual–tactile
interactions for the hand holding the tool. Thus, the present
study provides support for the claim that tool use is accom-
panied by very speciWc shifts of visual spatial attention. Our
data suggest that tool-use results in a shift of visual atten-
tion toward the tip of the tools where the tactile stimuli
were delivered and also to attention being focused by the
hand where the vibration was detected.

The diVerent cross-modal attention eVects observed for
the four visual stimuli suggest that the distribution of atten-
tion in peripersonal space is certainly not uniform along the
length of hand-held tools. Interestingly, we observed the
most reliable and most pronounced cross-modal attention
eVect for visual stimuli presented at the tip of the sticks,
rather than at the hand, i.e., the location where the tactile
stimuli were actually perceived.

In one experiment of Holmes et al. study (2007), the par-
ticipants had to discriminate between single and double
vibrotactile stimuli presented via one or two tools held in
one or two hands, respectively. Participants held one tool
on each side, either both uncrossed or both crossed across
the midline. Single or double visual distractor stimuli pre-
sented at the tips of the tools had to be ignored. Holmes
et al. (2007) reported that visual–tactile interactions were
stronger on the anatomical side of space when the tools
were crossed (i.e., vibrations felt at the right hand were
more aVected by visual distractors on the right side). It
should be noted that these results are not entirely consistent
with those of either Holmes et al. (2004) or the results
reported here. This diVerence might well be related to the
non-spatial nature of the participant’s task used in Holmes
et al.’s (2007) study (as compared to the spatial discrimina-
tion task used in the other two studies).

It might be argued that the use of an external reference
frame in the present study was forced by the instruction
given to the participants, i.e., to detect tactile stimuli deliv-
ered in either the left or right hemiWeld. Since some authors
used an attend-hemiWeld instruction (Eimer et al. 2001),
while others used a attend-hand instruction (Röder et al.
2008), but obtained similar ERP crossing eVects, we think
that the remapping of tactile stimuli into an external refer-
ence frame is rather task-independent and automatic even
when tools are used (though see Gallace et al. 2008).

Furthermore, the lack of any ERP attention eVects in response
to visual stimuli in the crossed tools condition might be
attributed to the more diYcult (and therefore less auto-
matic) simultaneous remapping process for tactile stimuli
into a common external coordinate system. Alternatively,
the need to distribute tactile spatial attention across both
hemiWelds might have exhausted the available attention
resources resulting in a lack of crossmodal attention eVects.
The latter post-hoc explanation could presumably be tested
by systematically manipulating processing load.

It should be noted that since we used sticks which were
crossed in half of the trials, the hands (i.e., the sensory epi-
thelium that was physically stimulated) never changed
hemiWeld. Thus, if the left vibrator was operated in the
crossed stick condition, the right hand holding the stick
touching the left vibrator was stimulated. This touch is pro-
jected to the left hemisphere. Thus, visual stimuli originat-
ing in the left hemiWeld would gain preferred processing if
the hemispheric account would hold. We did, however, not
observe any attention eVect for visual stimuli in the crossed
stick condition at all. This result argues against a hemi-
spheric account but against the exclusive use of an external
reference as well.

When externally and anatomically anchored reference
systems are placed into conXict, as when tools are crossed
at the midline, both early tactile and early (<200 ms) visual
spatial attention eVects were eliminated, while late tactile
attention eVects remained unchanged, thus suggesting a
parallel activation of an anatomical and an external refer-
ence frame at early stages of stimulus processing but a
dominance of an external frame of reference at later
(>200 ms) processing stages. Thus, our data suggest, in
agreement with a recent study by Holmes et al. (2004), that
tool use does not simply ‘extend peripersonal space’.
Instead, it appears to result in a shift of visual spatial atten-
tion toward the tip of the tool as well as to attention being
focused by the hand where the touch is felt.
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