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This study explored whether functional properties of the hand and tools influence the allocation of spatial at-
tention. In four experiments that used a visual-orienting paradigm with predictable lateral cues, hands or tools
were placed near potential target locations. Results showed that targets appearing in the hand’s grasping space
(i.e., near the palm) and the rake’s raking space (i.e., near the prongs) produced faster responses than did targets
appearing to the back of the hand, to the back of the rake, or near the forearm. Validity effects were found regard-
less of condition in all experiments, but they did not interact with the target-in-grasping/raking-space bias. Thus,
the topology of the facilitated space around the hand is, in part, defined by the hand’s grasping function and can
be flexibly extended by functional experience using a tool. These findings are consistent with the operation of
bimodal neurons, and this embodied component is incorporated into a neurally based model of spatial attention.

Humans have evolved to perform functional and adap-
tive actions in the world. We must respond quickly and
effectively when an enemy throws a rock or when a friend
tosses an apple at us. In these situations, the current loca-
tion of our limbs—and especially our hands—influences
the speed and success with which we can either knock
the rock away or grab the apple. These common examples
emphasize the dynamic nature of the environment and the
need for our spatial attention system to effectively coor-
dinate visual and bodily information. Thus, visual spatial
attention should be influenced by the current position of
the hand and the specific functions it performs.

Spatial attention refers to the cognitive process through
which certain visual stimuli are selected to the exclusion
of other stimuli on the basis of their spatial location (e.g.,
Vecera & Rizzo, 2003). One of the primary functions of
spatial attention is to select objects and locations in space
that are functionally relevant to what we are doing now or
are about to do (Tipper, 2004). Spatial attention may am-
plify signals associated with salient regions of space and,
thereby, improve perceptual processing (Braun, Koch,
& Davis, 2001; Pashler, 1998; Posner & Cohen, 1984).
Attention can be controlled in different ways. It can be
directed from bottom-up inputs such as visual cues, and
it can be directed on the basis of top-down sources such
as motivation and goals. It may also be directed on the
basis of inputs from the body. The current orientation of
our bodies and, specifically, the positions of our hands
change the salience of space by providing anchors or ref-

erences for upcoming actions. However, few studies have
examined how the actions of our hands and functional
capabilities affect the distribution of spatial attention. In
this article, we argue that the functional capabilities of our
hands and our functional experiences with tools facilitate
processing in the space relevant for upcoming actions.

We propose that theories of attention must include an
embodied component that addresses how our bodies help
shape the distribution of attention in space and how visual
events are processed as a result (Reed, Garza, & Roberts,
2007; Reed, Grubb, & Steele, 2006). The current con-
figuration of our body parts constrains our actions at any
moment. As a result, body part location should influence
where spatial attention is allocated across visual space.
Several studies in neurologically intact populations have
documented that attention and lateralized visual target de-
tection are biased by trunk orientation both when one is
standing and when one is walking (Grubb & Reed, 2002;
Grubb, Reed, Bate, Garza, & Roberts, 2008; Hasselbach-
Heitzeg & Reuter-Lorenz, 2002).

In addition to the trunk, hand location also affects pro-
cessing in regions of space in which functional actions can
be performed—namely, peripersonal space. Researchers
have distinguished among space on the body (personal
space), space near the body (peripersonal), and space far
from the body (extrapersonal) (e.g., Previc, 1998; Riz-
zolatti, Gentilucci, & Matelli, 1985). The importance of
objects in peripersonal space and, especially, in perihand
space is that one can grasp them. They are candidates
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for action or potential vehicles for performing important
functions. As a result, both the presence of the hand near
an object and the way that we use our hands may change
the way that the object is represented and the way that at-
tention is distributed to that region of space. In this study,
we investigate whether attention to space near the hand is
differentially influenced by the functional capabilities of
the hand and our functional experience with tools.

Neurophysiological, neuropsychological, and psycho-
logical studies suggest that attention might be influenced
differentially by visual targets appearing near the hand,
in part because of bimodal neurons that respond to tac-
tile stimulation on the hand, as well as to visual stimuli
located near the hand (Graziano & Gross, 1994, 1995).
Consequently, a visual target near the hand is represented
not only by visual neurons representing visual targets, but
also by bimodal neurons that are specific to the region on
and near the hand. As a result, visual targets appearing
in space near the hand may be represented more strongly
than targets appearing far from the hand. The locations
of these bimodal neuron populations in the ventral intra-
parietal sulcus, polysensory zone, and putamen form a
multimodal neural network that is situated to prioritize
space for upcoming action (Graziano & Cooke, 20006).
If bimodal neurons serve the purpose of coordinating vi-
sual and tactile—-motor systems when interaction with the
world is required, the distribution of attention may be dif-
ferent for target locations around the hand. In other words,
this bimodal neural network may provide information rel-
evant to future actions and bias the attention system to
attend to space near the hand. An open question is whether
functional experience using the hand changes the relative
contribution of this additional processing to regions that
correspond with the grasping space of the hand, relative
to less functional regions around the hand.

Consistent with the idea that these bimodal represen-
tations of space support functional action, research with
primates has demonstrated that the extent of these periper-
sonal, bimodal representations is malleable. Iriki, Tanaka,
and Iwamura (1996) found that if a macaque monkey
used a rake to manipulate objects, the receptive fields
of bimodal cells that previously encoded the location of
objects relative to the hand expanded to code for objects
relative to the rake. Both functionally and neurally, the
rake became an extension of the monkeys’ hands. Thus,
the receptive fields of bimodal neurons in monkeys can
be modified by functional experience.

Similar plasticity of functional space has been indicated
from brain-damaged patients. Farné and Ladavas (2000)
reported that spatial representations of peripersonal space
in tactile extinction patients can be modified through func-
tional interactions with objects, such as tools. They found
that visual stimuli near the ipsilesional hand extinguished
tactile stimuli on the contralesional hand but that visual
stimuli at greater distances did not. However, after pa-
tients had used a tool to manipulate objects outside of their
reach, visual stimuli presented near the tool held in the
ipsilesional hand extinguished tactile stimuli on the con-
tralesional hand. The representation of peripersonal space
appeared to have expanded to incorporate the tool’s extent.

This suggests that representations of multimodal periper-
sonal space can be modified by performing goal-directed
movements through a physical extension of the hand.

Recently, research in neurologically intact humans has
demonstrated that the allocation of spatial attention is in-
fluenced by hand location. Using a purely visual, predic-
tive covert-orienting task, Reed et al. (2006) demonstrated
that passive hand position influenced spatial attention,
even though the hand was completely irrelevant to the
task. Participants held one hand next to one of two lateral-
ized target locations. Hand location changed attention to
the space near the hand: The participants were faster to
detect targets appearing next to the hand. However, hand
location did not influence cue effectiveness, as measured
by the size or presence of the validity effect.

The Present Study

In this study, we explored whether the way we use our
hands and tools influences the distribution of attention in
perihand, peripersonal, and extrapersonal space. In four
experiments, we investigated whether the distribution of
spatial attention would be influenced by the hand’s func-
tions and, if so, whether the functional topology was mal-
leable so as to extend beyond the hand’s reaching space,
using grasped tools. Extinction research from neurologi-
cal patients (e.g., Ladavas, Pellegrino, Farné, & Zeloni,
1998), single-cell recording research from primates (e.g.,
Iriki et al., 1996), and behavioral cross-modal research
from neurologically intact humans (e.g., Holmes, Calvert,
& Spence, 2006; Maravita, Spence, Kennett, & Driver,
2002) suggest that it may. Using a predictive covert-
orienting paradigm (Posner, Walker, Friedrich, & Rafal,
1987; Reed et al., 2006), we examined whether hand and
tool function would affect the distribution of spatial at-
tention. Would the ways in which we use our hands and
tools bias spatial attention in perihand and peripersonal
space, and could this biased allocation be extended via
tool use to include extrapersonal space? In Experiments 1
and 2, we manipulated the type of interaction that could be
performed by the hand while the hand’s distance from the
target was held constant. In Experiment 1, we examined
the detection of targets that the hand could either grasp
or hit. In Experiment 2, we examined the extent to which
the biased allocation of attention was specific to the space
around the hand. In Experiments 3 and 4, we investigated
whether this functional space could be flexibly extended
outside of peripersonal space via the use of a tool. Our
primary hypothesis was that the functional capabilities of
the hand in peripersonal space would change the spatial
distribution of attention.

EXPERIMENT 1
Functional Topology of Attentional Bias

To the human, the importance of objects in peripersonal
space is that you can grasp them—and they can grasp you!
Either you want to grab them and work with them, or you
want to hit them, avoid them, or push them away. As a
result, the presence of the hand near an object changes
the functional implications of the object and, potentially,
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the need to attend to that object. In Experiment 1, we
used a predictive covert-orienting paradigm to investigate
whether hand function would influence spatial bias for
selective attention. Objects near the body are candidates
for action. That action can be grasping or avoidance (e.g.,
Cooke & Graziano, 2004). Correspondingly, the visual
receptive fields of primate bimodal neurons around the
hands are often mapped to include an equal proportion
of space around the hand that can be relevant for both
types of actions (e.g., Graziano & Gross, 1995). Primates
may have less of a bias for objects in front of the palm.
However, in humans, objects in front of the palm are more
typically acted on than are ones behind the hand. Alterna-
tively, we more often use the palm of our hand to interact
with objects than the back of our hand. This suggests that
there may be a bias for humans to attend more to objects
in front of the palm, as a result of functional experience in
interacting with objects.

In this experiment, we determined whether effects of
hand position are specific to the manipulation capabilities
of the hand. The position of an object relative to the limb
affects how we can interact with it. According to Graziano
and Gross (1995) and others (Berti & Frassinetti, 2000;
Vaishnavi, Calhoun, & Chatterjee, 1999), body-part-
centered representations serve to facilitate the interaction
between the body part and nearby objects. The kinds of
actions one needs to perform to interact with an object in
front of the palm are different from those required for an
object behind the back of the hand. For example, we can
immediately grasp an object that is in front of our palm
but cannot grasp an object that is the same distance from
the back of our hand without moving the hand first.

We compared two conditions that varied in terms of
whether targets appear in the hand’s grasping space (i.e.,
near the palm) or back-hand space. In the pal/m condition,
the hand was placed to the outside of the target position,
so that the target appeared on the palm side of the hand. In
the back-hand condition, the hand was placed to the inside
of the target position, so that the target appeared on the
back side of the hand. If the biased space around the hand

is equally distributed around the hand, we should find
facilitated target detection for both the palm (i.e., grasp)
and back-hand conditions. However, if the more extensive
experience of grasping objects changes the distribution of
spatial attention, we should find facilitated target detec-
tion for grasp conditions only.

Experiment 1 also explored the effects of hand function
on different inputs affecting the allocation of attention. Do
hand position and the peripheral visual cues act indepen-
dently or combine to influence attention? In other words,
the distribution of attention can be affected by hand posi-
tion, the peripheral cue, or both. In this paradigm, cues
and target boxes appeared on the left and right sides of
fixation; targets appeared within the boxes. Our purpose
was to demonstrate lateralized response differences cor-
responding to the location of a single hand. To do this,
participants either placed the right hand next to the right
target box or placed the left hand next to the left target
box. If hand function biased space near the hand, a three-
way interaction of hand position (grasp, back), hand side
(left, right), and target side (left, right) would be expected
that did not interact with cue validity (i.e., all conditions
would show equivalent validity effects). Thus, evidence
that both hand presence and hand function contribute to
facilitated processing would be that targets appearing on
the same side as the hand are detected more quickly than
targets appearing away from the hand or to the back of
the hand. Alternatively, if both hand function and periph-
eral cues affected attention, there should be a four-way
interaction of validity with hand function, hand side, and
target side.

Method

Participants. Twenty-seven right-handed undergraduates (16 fe-
male, mean age = 20.10 years) from the University of Denver par-
ticipated for extra credit.

Procedure. The participants performed a standard covert atten-
tion task (see Figure 1; Posner et al., 1987). Stimuli were presented
on a 17-in. monitor using E-Prime 1.0 software (Psychological Soft-
ware Tools, Pittsburgh, PA). The participants were presented with a
central cross (2°), flanked by two empty squares (2°) located 5° to

Progression of Trials in Covert-Orienting Paradigm

Valid Cue Condition

O+ 0= |0+0|= |0+ R
Invalid Cue Condition

O+ 0 |= |0+ 0 |= + [

Figure 1. Progression of trials in the visual covert-orienting task. Each trial begins with a fixation cross be-
tween two boxes. Attention is validly cued to one of the box locations by a brightening of one of the boxes. For
valid trials, the target appears within the cued box. For invalid trials, the target appears in the opposite box.



GRAB IT 239

Figure 2. Experimental conditions for Experiment 1. In the
palm conditions, the hand was held so that the target box was in
front of the hand. In the back-hand conditions, the hand was held
so that the target box was in back of the hand. In both conditions,
the target box was the same distance from the hand.

either side. On each trial, the participants were instructed to fixate
on the cross. Between 1,500 and 3,000 msec after the beginning of
the trial, one square’s border darkened. On valid trials, the target
(i.e., a solid black dot; 1.8°) appeared within the cued square. On
invalid trials, the target appeared in the square on the opposite side
of the fixation cross. In addition, during catch trials, one square was
cued, but no target appeared. Within each condition, 70% of the tri-
als were validly cued, 20% were invalidly cued, and 10% were catch
trials. For noncatch trials, the target appeared 200 msec later. The
participants were instructed to respond as quickly and accurately as
possible to the target by pressing the mouse button on the table.
The comparison of performance in two experimental conditions
indicated whether the functional properties of the hand influenced
spatial attention: The side of the hand on which the target appeared
was manipulated (see Figure 2) in the palm and back-hand condi-
tions. For example, in the palm conditions for the left hand, the
participants placed their left hand next to the outer edge of the left
square with their palm facing the square; they responded by pressing
a button with their opposite hand. In the back-hand conditions, the
participants placed their left hand next to the inner edge of the left
square with the back of their hand directed toward the square; the
participants responded with their opposite hand. In both conditions,
the participants held their hands so that their fingertips touched the
computer screen and the thumb was directed up in a relaxed grasping
position (Figure 2). In both conditions, the fixation and the target/
target box were clearly visible without eye movement. The arm was
supported comfortably by a brace, and the experimenter made sure
that the shoulder was relaxed. There were two blocks of trials for

each condition (i.e., palm left, palm right, back left, back right) for a
total of eight blocks of 50 trials each. Block order was randomized.

Results and Discussion

For each participant, mean response times (RTs) to tar-
gets were calculated for each side, cuing condition, and hand
condition. To eliminate anticipation and inattention errors,
trials on which the participants responded incorrectly or
outside a time window from 200 to 900 msec after the target
appeared were excluded from the mean calculation. Two
participants responded in excess of 25% of the catch trials
and were excluded from the analyses. Alpha was set at the
.05 level for this and all the subsequent experiments.

To determine whether hand function affected spatial
attention, a 2 X 2 X 2 X 2 repeated measures ANOVA
was conducted with factors of hand position (palm, back),
hand side (left, right), target side (left, right), and valid-
ity (valid, invalid). Confirming the basic paradigm, valid
trials (M = 341.92, SE = 8.54) were responded to more
quickly than were invalid trials (M = 370.76, SE = 11.56)
[main effect of validity: F(1,24) = 24.93, MS, = 3,335.47,
p <.0001]. Most important, performance was moderated
by the hand’s position relative to the target. Targets ap-
pearing next to the hand on the palm side were detected
relatively more quickly than were targets appearing next
to the hand but to the back of the hand [Figure 3; hand
position X hand side X target side interaction: F(1,24) =
7.38, MS, = 893.57, p = .012]. To assess the differen-
tial effects of hand position, separate hand side X target
side ANOVAs for palm and back-hand positions showed
that this interaction between hand position and target
side occurred only for the palm conditions [F(1,24) =
7.25, MS, = 396.86, p = .013] and not for the back-hand
conditions [F(1,24) = 2.10, MS, = 1,787.52, p > .16].
However, this hand position facilitation effect occurred
for both validly and invalidly cued trials: The four-way
interaction that included cue validity was not significant
[F(1,24) < 1, n.s.]. The hand space in which the target
occurred did not differentially influence the lateralized
cue effect. No other main effect or interaction approached
significance (p > .09).

400 10O Target left
390 - M Targetright
380 A
370 4
360 -
350 A
340 A
330 A
320 A
310

RT (msec)

Palm Left ~ PalmRight  Back Left

Hand Condition and Side

Back Right

Figure 3. Results of Experiment 1. The results indicate a three-
way interaction between hand position, hand side, and target side.
They show facilitated response times (RTs) for targets appearing
on the same side as the hand, but only when they appeared by the
palm in grasping space. Error bars indicate 95% within-subjects
confidence intervals.
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In sum, targets appearing in the grasping space of the
hand (i.e., palm side of the hand) were detected more
quickly than when they appeared by the back side of the
hand, at an equidistant location. This finding suggests that
our experience and functional use of our hands lead to
greater bias for space near our hands. The hand’s grasping
function, rather than its avoidance or hitting function, ap-
pears to facilitate the further processing of objects.

It is important to note that the validity effect was not
influenced by either the palm or the back-hand condition.
In the back-hand condition, the hand was placed between
the fixation and the target box. This hand location might
have potentially blocked attentional processing of the
cued target box locations (i.e., the finding of validity ef-
fects in the back-hand conditions), but this was not the
case. The data revealed no differential effects of validity
between the two hand conditions and revealed only effects
of target detection.

Thus, these results support previous findings that space
near the hand is biased for attention even if the hand is not
directly involved in the task, either in terms of task de-
mands (i.e., the task was purely visual) or responses (i.e., a
different hand performed the response). The results of Ex-
periment 1 extend our understanding of spatial attention
by documenting how spatial attention may be biased for
space around the hand, or perihand space. This attention
bias for perihand space appears to be asymmetric, with
priority given to targets appearing in grasping space.

EXPERIMENT 2
Functional Specificity of Grasping Space

In Experiment 2, we investigated whether attentional
bias is specific to grasping space near the hand. In other
words, is the bias greater in the space immediately next to
the palm than in the more general hand/arm action space
extending down the forearm? Both of these regions have
been documented in primates to have receptive fields that
are sensitive to visual and tactile stimulation, with some
neurons being more hand centered and others more arm
centered (e.g., Graziano, 2001; Graziano, Taylor, Cooke,
& Moore, 2005). In this experiment, we compared the de-
tection of stimuli appearing next to the palm/hand or next
to the forearm, using the same predictive covert-orienting
paradigm as in Experiment 1. The participants placed ei-
ther their hand or their forearm next to the outside of the
left and right target boxes. If the attention bias is directed
to arm-centered space or is more generally action centered,
we should find bias effects in both conditions. However, if
the functional experience of grasping differentially biases
attention in grasping space immediately near the palm, we
should find stronger effects in the hand condition.

Method

Participants. Thirty-four right-handed undergraduates (29 fe-
male, mean age = 19.93 years) from the University of Denver par-
ticipated for extra credit in psychology courses.

Procedure. The procedure was the same as that described in Ex-
periment 1, except for the experimental conditions. This experiment
had two conditions. In the hand condition, which was the same as the
palm condition in Experiment 1, the hand was held next to the target

Figure 4. Experimental conditions for Experiment 2. For the
palm conditions, the hand is held so that the target box is in front
of the hand. For the forearm conditions, the middle of the forearm
is held next to the target box in front of the arm.

box and the target appeared near the palm. The forearm condition
required the participants to hold their forearm against the computer
screen so that the target appeared next to the middle of the forearm
(see Figure 4).

Results and Discussion

The data were processed in the same manner as in Ex-
periment 1. Four participants responded in excess of 25%
of the catch trials and were excluded from the analyses.

To determine whether arm part affected attention, a
2 X 2 X 2 X 2 repeated measures ANOVA was conducted
with the factors of arm part (hand, forearm), arm side (left,
right), target side (left, right), and validity (valid, invalid).
Confirming the basic paradigm (M = 361.74, SE = 7.20),
valid trials were responded to more quickly than invalid
trials (M = 394.80, SE = 8.15) [main effect of validity:
F(1,28) = 71.64, MS, = 49,549.28, p < .0001]. For both
the hand and the forearm, the side of the arm influenced
target detection time [Figure 5; arm side X target side in-
teraction: F(1,28) = 7.18, MS, = 10,634.05, p = .012].
Similar patterns of facilitation might suggest a gradient
of facilitation that is stronger for the hand than for the
forearm region, but there was no three-way interaction of
arm part, arm side, and target side. Furthermore, separate
arm side X target side X validity ANOVAs revealed that
only the hand condition produced a significant interaction
[F(1,28) = 5.28, MS, = 506.01, p = .029]; the forearm
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Figure 5. Results of Experiment 2. The results indicate a hand
side X target side interaction, indicating facilitated response times
(RTs) for targets appearing on the same side as the palm or fore-
arm. Individual analyses of palm and forearm conditions revealed
that this interaction was significant only in the palm condition.
Error bars indicate 95% within-subjects confidence intervals.

condition did not [F(1,28) = 1.01, n.s.]. A marginal ef-
fect was found for arm part and validity [F(1,28) = 3.83,
MS, = 15,694.97, p = .06], suggesting a stronger validity
effect in the hand condition than in the forearm condition.
There were no other interactions [F(1,28) < 1]. Thus, the
bias was stronger for space near the hand than for that
near the forearm. Again, these results indicate that our
functional experiences in the world direct our attention to
functionally relevant regions of space.

EXPERIMENT 3
Functional Tool Use Extends Attention Bias
to Extrapersonal Space

In Experiments 1 and 2, we demonstrated that spatial
attention can be biased by hand function and experience.
The purpose of Experiment 3 was to investigate whether
functional tool use and experience could extend the at-
tention effect to space outside of the hand’s normal reach.
Iriki et al. (1996) reported that the receptive fields of hand-
centered bimodal cells in macaques expanded to repre-
sent space relative to a tool that the macaques held. Farné,
Pavani, Menghello, & Ladavas (2000) used cross-modal
extinction to investigate whether visuotactile representa-
tions in humans were similarly malleable. They found that
the visual stimuli presented near a tool that was held in
the ipsilesional hand were as effective in causing contra-
lesional tactile extinction as were stimuli presented near
the ipsilesional hand itself. If, as these studies suggest, the
representation of peripersonal space can be remapped to
account for the effective extension of the arm by the tool,
we should be able to induce the attention bias for stimuli
presented near a tool with which participants have had
functional experience. This bias should occur even if the
length of the tool puts targets at distances that are outside
of the hand’s reach in extrapersonal space.

We compared hand and tool conditions. In the tool con-
dition, the participants used a rake to manipulate sand in a
Zen garden prior to testing and then held the rake to touch

the computer screen. In the hand condition, the partici-
pants held their hand the same distance from the screen, but
without the rake. If attention bias can be modified through
functional experience, we would expect that the bias effect
should be extended to the end of the rake even though it is
outside of the participants’ peripersonal space.

Method

Participants. Thirty-six right-handed undergraduates (27 female,
mean age = 20.45 years) from the University of Denver participated
for extra credit in psychology courses.

Stimuli and Apparatus. The stimuli and visual displays were the
same as those in the previous experiments. In addition, the partici-
pants used an 18-cm wooden rake to make patterns in the sand of a
rock-filled Zen garden (20.32 X 35.56 cm).

Procedure. The procedure in Experiment 3 was identical to that
in the previous experiments in terms of the covert-orienting para-
digm, but hand conditions varied and participants practiced using
a rake in a Zen garden. Tool conditions were compared with hand
conditions. For the tool conditions, the participants held a small rake
in one of their hands, with one end touching the computer screen,
positioned next to the outer edge of the ipsilateral target box (see
Figure 6). The rake was held with the prongs facing inward toward

Figure 6. Experimental conditions for Experiment 3. Partici-
pants used a rake for 1 min prior to each block of tool trials. For the
tool conditions, the rake was held so that the target box was in front
of the rake in raking space. For the no-tool conditions, participants
held their hand as if they held the rake (i.e., in the same grasping
position and distance from the screen) but did not hold the rake.
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the target box and center of the screen. The participants held the
rake with the hand grasping the rake 13 cm from the screen. Before
testing in the tool conditions, the participants made sand designs of
their own choice with the rake for 1 min in a Zen garden.

In the hand conditions, the participants did not use the rake in the
Zen garden prior to experimental trials. They held their hand 13 cm
away from the computer screen in a grasp posture, as if they were
holding the rake outside the target box. In other words, the hand
condition was similar to the rake condition, with the exception that
the participants actually held the rake. There were two blocks of tri-
als for each condition (i.e., tool left, tool right, hand left, and hand
right), for a total of eight blocks of 50 trials each. Block order was
randomized.

Results and Discussion

The data were processed in the same manner as in Ex-
periment 1. One participant responded in excess 0f 25% of
the catch trials and was excluded from the analyses.

To determine whether functional experience using a tool
could flexibly extend facilitation outside of peripersonal
space, a 2 X 2 X 2 X 2 repeated measures ANOVA was
conducted with factors of tool (rake, no rake), tool side (left,
right), target side (left, right), and validity (valid, invalid).
Confirming the basic paradigm, valid trials (M = 379.31,
SE = 10.19) were responded to more quickly than were
invalid trials (M = 420.95, SE = 13.15) [main effect of
validity: F(1,34) = 79.82, MS, = 2,867.53, p < .0001]. A
tool side X target side interaction [F(1,34) = 5.99, MS, =
541.56, p = .02] was mediated by the following predicted
three-way interaction. Most important, the tool placed near
a target position changed performance, but the hand held in
the same position did not [see Figure 7; tool X tool side X
target side interaction: F(1,34) = 4.13, MS, = 646.36,p =
.050]. To confirm the differential effects of tool use, separate
tool side X target side X validity ANOVAs confirmed that
the tool side X target side interaction occurred only for the
rake condition [F(1,34) = 8.47, MS, = 718.00, p = .006]
and did not occur for the no-rake condition [F(1,34) < 1].

O Target left
W Target right
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Figure 7. Results of Experiment 3. The results indicate a three-
way interaction between tool use, hand side, and target side. They
showed facilitated response times (RTs) only for targets appear-
ing on the same side as the tool. Error bars indicate 95% within-
subjects confidence intervals.

This tool facilitation effect occurred for both validly
and invalidly cued trials: The four-way interaction that
included cue validity was not significant [F(1,34) < 1,
n.s.]. Tool use did not differentially influence the effect
of visual cues (i.e., validity effect). No other main effect
or interaction approached significance (p > .09). In sum,
the results of Experiment 3 suggest that the experience
and functional tool use can bias attention outside of peri-
personal space.

EXPERIMENT 4
Topology of Attention Bias in
Extended Peripersonal Space

In Experiment 4, we investigated whether the topology of
attention bias is altered through functional tool experience.
This experiment replicated the design of Experiment 1,
using the rake instead of the hand, in which the rake was
positioned so that either the prong side or the back side was
located next to the potential target locations. Before each
block of trials, the participants were given a 1-min period
of raking experience using the prongs of the rake to create
patterns in the sand. If functional experience with the rake
influences the distribution of attentional bias, as it does for
the hand, relatively shorter RTs should be observed for tar-
gets appearing next to the prong side of the rake.

Method

Participants. Thirty-two undergraduates (22 female, mean age =
20.70 years) from the University of Denver participated for extra
credit in psychology courses.

Stimuli and Apparatus. The visual stimuli were identical to
those used in the previous experiments. The rake and Zen garden
were the same as those used in Experiment 3.

Procedure. The procedure was similar to that used in Experi-
ment 1, with the exception that the participants always held a rake
up to the computer screen. The participants gained experience using
the rake, following the same procedure as that described in Experi-
ment 3. However, in this experiment, the rake was held in one of two
positions. In the prong condition, the rake was held so that the prong
side of the rake was held next to the outside line of the target box. In
the back condition, the rake was held so that the back (i.e., flat side)
of the rake was next to the inside line of the target box. For all the
conditions, the participant sat 60 cm from the screen, and the arm
was supported comfortably by a brace, with the shoulder relaxed.
There were two blocks of trials for each condition (i.e., prong left,
prong right, back left, and back right), for a total of eight blocks of
50 trials each. Block order was randomized.

Results and Discussion

The data were processed in the same manner as in Ex-
periment 1. One participant responded in excess of 25% of
the catch trials and was excluded from the analyses.

To determine whether tool function affected the topology
of attention bias in extrapersonal space, a2 X 2 X 2 X 2
repeated measures ANOVA was conducted with factors of
tool position (prong, back), hand side (left, right), target
side (left, right), and validity (valid, invalid). Confirm-
ing the basic paradigm, valid trials (M = 359.16, SE =
8.69) were responded to more quickly than were invalid
trials (M = 395.81, SE = 13.56) [main effect of valid-
ity: F(1,30) = 31.43, MS, = 5,298.67, p < .0001]. Most
important, the way the tool was placed near a target posi-
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Figure 8. Results of Experiment 4. The results indicate a three-
way interaction between tool position, hand side, and target side.
They show facilitated response times (RTs) for targets appearing
on the same side as the rake, but only when they appeared on the
prong side of the rake. Error bars indicate 95% within-subjects
confidence intervals.

tion changed performance (i.e., tool position, with targets
appearing to either the prong side of the rake or the back
side of the rake). A tool position X hand side interaction
[F(1,30) = 4.63, MS, = 1,011.44, p < .040] was me-
diated by the three-way interaction. Targets appearing to
the prong side of the rake were detected relatively more
quickly than targets appearing to the back of the rake [see
Figure 8; tool position X hand side X target side interac-
tion: F(1,30) = 4.37, MS, = 693.96, p = .045]. To con-
firm the differential effects of tool position, separate hand
side X target side X validity ANOVAs were conducted
for the prong and back conditions. The hand side X tar-
get side interaction occurred only in the prong condition
[F(1,30) = 5.25, MS, = 995.96, p = .029], not in the back
condition [F(1,30) < 1, n.s.].

In addition, the four-way interaction that included cue
validity was not significant [F(1,30) < 1, n.s.]; the tool
function bias effect occurred for both validly and invalidly
cued trials. The functional tool space in which the target
occurred did not differentially influence the effects of vi-
sual cues (i.e., the validity effect). No other main effect or
interaction achieved significance.

In sum, targets appearing on the functional side of the
rake (i.e., on the prong side of the rake) were detected
more quickly than when they appeared at a location equi-
distant from the rake but on its back side. The tool’s raking
function appeared to facilitate the processing of targets
appearing in “raking” space. These findings indicate that
attention bias can be extended outside of peripersonal
space via functional tool use. It is malleable to functional
interactions with tools and the way that we use them.

GENERAL DISCUSSION

This study demonstrates that our functional interactions
with the world shape our visual processing and empha-

sizes the importance of incorporating bodily inputs into
neurally based models of spatial attention. An embodied
theory of spatial attention implies that our bodies and our
experience using our bodies should help influence how at-
tention is distributed in space and, as a result, how visual
stimuli are processed (Reed et al., 2007). Recent work has
demonstrated that the current locations of our body parts
constrain our actions at any moment and influence where
spatial attention is allocated (Grubb & Reed, 2002; Reed
etal., 2006): Targets appearing near the hand tend to be de-
tected more quickly than targets appearing away from the
hand in other regions of visual space. Here, we investigated
the extent to which experience and hand function further
constrain and define attentional allocation in perihand and
peripersonal space. If attention helps prepare us for upcom-
ing action, hand function and experience with tools should
affect the topology of the attention bias around them.

Using a predictive visual covert-orienting paradigm
similar to that in Reed et al. (2006), we compared the
relative facilitation for targets appearing near different
regions around the hand. Our results showed a relatively
greater facilitation for targets appearing near the palm in
grasping space versus near the back of the hand. Stronger
facilitation was found for the space near the palm, rela-
tive to space near the forearm. These results suggest that
attention bias is directed by the functional properties of
the hand.

To confirm that the attention bias was related to func-
tional interaction in visual space, we extended these find-
ings to rake or tool use. We found that this same attention
bias could be extended beyond the hand (and peripersonal
space) to the end of a rake after participants had used the
rake. In addition, an analogous functional topography of
the bias was observed for targets appearing near prongs of
the rake, relative to the back bar of the rake. The plasticity
of attentional bias is more than a mere extension of hand
extent, since it is also related to how the tool is used. Thus,
the attentional facilitation of perihand/tool space appears
to be related to the affordances presented by the presence
of the hand or tool, as well as functional experience with
the hand or tool.

Although we found consistent validity effects (i.e.,
faster responses to validly cued targets, relative to inval-
idly cued targets) across all conditions and in all four ex-
periments, the presence and size of these validity effects
did not interact with hand or tool location. This is impor-
tant to note for two reasons. First, it indicates that hands
and tools change the distribution of attention for the space
in which targets appear because it is space in which those
targets can be acted upon. The location of a passive hand
or tool contributes to the control of attention, as does the
peripheral cue, but their inputs do not seem to interact
with each other. This is consistent with previous findings
(Reed et al., 20006).

Second, the lack of interaction of the validity effect
with hand or tool location in Experiments 2 and 4 refutes
an argument that the hand or tool placed between the fixa-
tion and the target box might keep attention from being
allocated past the hand or rake to the target boxes. Given
that the same validity effect occurred regardless of hand
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or tool position, it appears that an intervening hand or tool
does not affect the directing of attention. This provides
further support that it is the functional properties of the
hand or tool that produce the facilitation effect, rather than
the location of the hand inhibiting attention.

The present findings might also be explained by eye
movements. It is possible that the hand or tool acted as a
prepotent stimulus. If so, the bias effect could be explained
by participants’ moving their eyes to locations near their
hand or tool. To address this alternative explanation, we
tested a subset of participants in Experiment 1, using a
Tobii 120-Hz eyetracker (n = 8; Tobii Technology, Stock-
holm, Sweden). For each participant, fewer than 1% of
the trials for each of the participants were invalidated for
shifts in eye fixation. Thus, eye movements do not explain
the facilitated performance.

The present results from these spatial attention tasks
differ from those found from single-cell recordings in pri-
mates. The topology of attentionally biased space appears
to have a different shape from primate bimodal receptive
fields around the hand. Spatial attention emphasizes grasp-
ing space and functional tool space. In contrast, primate bi-
modal receptive fields appear to respond to visual stimuli
in both grasping and avoidance space that is distributed
more equally around the effector (e.g., Graziano & Cooke,
2006; Graziano & Gross, 1995). There are several reasons
why the topology of the regions biased by attention in our
experiments may differ from that in the primate data. First,
we are measuring attentional effects, which are at a differ-
ent level of analysis from the single-cell recordings of re-
ceptive fields. Second, there are some apparent experimen-
tal differences. In single-cell recording studies, it appears
that the hand is held flat against the surface of the table.
This hand orientation is different from that in our study,
in which participants held their hand on the side with the
thumb facing up. Thus, given the results of our study, hand
orientation may influence the topology of attentional dis-
tribution. Last and perhaps most important, human experi-
ence in the world may be different from that of primates. In
our controlled environments, humans may perform fewer
avoidance behaviors and perform disproportionately more
grasping behaviors to interact with objects. In contrast,
monkeys in the lab and in the wild may perform many
more swatting behaviors (e.g., to avoid other animals) and
relatively fewer functional grasps with objects. Thus, atten-
tion bias may be more evenly distributed across both sides
of the hand. In contrast, attention bias for the humans in
our study was greater in grasping space.

This study confirms that the body and its functions are
relevant to the allocation of spatial attention. How might
these findings be integrated into a neurologically based
model of spatial attention? The framework of the biased
competition model (Desimone & Duncan, 1995; Duncan,
20006) helps to explain the findings if multimodal contri-
butions to visual attention are added to the basic model.
In this model, inputs from multiple stimuli compete for
representation in the visual cortex. Sensory inputs from
the environment influence the competition from a bottom-
up direction. Top-down inputs from the frontoparietal net-
work, including action goals and task demands, bias the

competition in favor of relevant stimuli. The results of the
present paradigm suggest that bimodal neurons may bias
the competition for the side of space in which the hand or
effector is located. When one hand is held in visual space,
inputs from bimodal neurons that represent that location
in space may combine with the visual stimuli to create an
increase in attentional activation for the location of space
in which the hand is located, thereby biasing the system
for that location over other locations. Targets appearing
near the hand may benefit from being relatively closer to a
detection threshold than are targets in other parts of visual
space. The locations near the hand, with their combined
visual and bimodal spatial representations, alter the rest-
ing distribution of spatial attention.

Functional experience can influence this competition
in two ways. First, it can provide top-down inputs with
changes in expectations regarding where relevant stimuli
are likely to appear. Second, it can alter the distribution
of attention in perihand space, potentially arising from
changes in the receptive field properties of the bimodal
neurons. With experience using the hand or the tool, the
underlying spatial representation from the bimodal neu-
rons can be changed to reflect the optimization of action.

The influence of functional experience suggests that af-
fordances or hand—object interactions may also bias atten-
tion not only for regions of space near the hand, but also
for specific regions of space between the hand held in a
particular posture and the corresponding shape of the ob-
ject to be used. If the hand is held in the posture in which
one typically uses the object, there may be attentional ef-
fects in the form of hand—object affordances.

In conclusion, this study provides a novel addition to
the biased competition model of attention. Previous mod-
els do not account for the important role that the body and
its functions play in directing spatial attention. A primary
function of spatial attention is to plan physical actions, and
these actions are based on the current locations and func-
tions of our hands and tools. Together, our experiments
suggest that the processing of targets in functional action
space is facilitated to help us prepare effective responses
to visual events. Nonetheless, in these experiments, the
hand and tools are held in a static posture. Future research
is needed to examine how the actual actions of the hand
influence the dynamics of spatial attention.

AUTHOR NOTE

The authors thank Jeff Grubb for his insights and technical contribu-
tions. In addition, we thank Anna Vazquez, Nashwa Bolling, Carolyn
Nystrom, Josh Baker, George Park, and Casey Wieland for their help in
data collection. Correspondence concerning this article should be ad-
dressed to C. L. Reed, Department of Psychology, Claremont McKenna
College, 850 Columbia Ave., Claremont, CA 91711 (e-mail: clreed@
cmc.edu).

REFERENCES

BERTL A., & FRASSINETTL E. (2000). When far becomes near: Remapping
of space by tool use. Journal of Cognitive Neuroscience, 12, 415-420.

BrAUN, J., KocH, C., & Davis, J. L. (2001). Visual attention and cortical
circuits. Cambridge, MA: MIT Press.

COOKE, D. F,, & GrRAZIANO, M. S. A. (2004). Sensorimotor integration
in the precentral gyrus: Polysensory neurons and defensive move-
ments. Journal of Neurophysiology, 91, 1648-1660.



GRAB IT 245

DESIMONE, R., & DuNcCAN, J. (1995). Neural mechanisms of selective
visual attention. Annual Review of Neuroscience, 18, 193-222.

DuncaN, J. (2006). Brain mechanisms of attention. Quarterly Journal
of Experimental Psychology, 59, 2-217.

FARNE, A., & LADpAvAs, E. (2000). Dynamic size-change of hand peri-
personal space following tool use. NeuroReport, 11, 1645-1649.

FARNE, A., PAVANI, F., MENGHELLO, F., & LADAvAS, E. (2000). Left
tactile extinction following visual stimulation of a rubber hand. Brain,
123, 2350-2360.

GRAZIANO, M. S. A. (2001). A system of multimodal areas in the primate
brain. Neuron, 29, 4-6.

GRAZIANO, M. S. A., & CookE, D. F. (2006). Parieto-frontal interac-
tions, personal space, and defensive behavior. Neuropsychologia, 44,
845-859.

GRAZIANO, M. S. A, & Gross, C. G. (1994). Mapping space with neu-
rons. Current Directions in Psychological Science, 3, 164-167.

GRAZIANO, M. S. A., & Gross, C. G. (1995). The representation of ex-
trapersonal space: A possible role for bimodal visual-tactile neurons.
In M. S. Gazzaniga (Ed.), The cognitive neurosciences (pp. 1021-
1034). Cambridge, MA: MIT Press.

GRrAZIANO, M. S. A., TAYLOR, C. S. R., CookE, D. F., & MoOORE, T.
(2005). A map of complex movements in motor cortex of primates.
In G. W. Humphreys & M. J. Riddoch, Attention in action: Advances
in cognitive neuroscience (pp. 211-232). London: Taylor & Francis,
Psychology Press.

GRuUBB, J. D., & REED, C. L. (2002). Trunk orientation induces neglect-like
lateral biases in covert attention. Psychological Science, 13, 553-556.
GRUBB, J. D., REED, C. L., BATE, S., GARZA, J., & ROBERTS, R. J., JR.
(2008). Walking reveals trunk orientation bias for visual attention.

Perception & Psychophysics, 70, 688-696.

HASSELBACH-HEITZEG, M. M., & REUTER-LORENZ, P. A. (2002). Ego-
centric body-centered coordinates modulate visuomotor performance.
Neuropsychologia, 40, 1822-1833.

HoLMEs, N. P., CALVERT, G. A., & SPENCE, C. (2006). Tool use changes
multisensory interactions in seconds: Evidence from the crossmodal
congruency. Experimental Brain Research, 183, 465-476.

IriKI, A., TANAKA, M., & IwAMURA, Y. (1996). Coding of modified
body schema during tool use by macaque postcentral neurons. Neuro-
Report, 7,2325-2330.

LADAvas, E., PELLEGRINO, G., FARNE, A., & ZELONI, G. (1998). Neu-
ropsychological evidence of an integrated visuotactile representation
of peripersonal space in humans. Journal of Cognitive Neuroscience,
10, 581-589.

MARAVITA, A., SPENCE, C., KENNETT, S., & DRIVER, J. (2002). Tool-use
changes multimodal spatial interactions between vision and touch in
normal humans. Cognition, 83, B25-B34.

PASHLER, H. (1998). Attention. San Diego: Psychology Press.

PosNER, M. 1., & CoHEN, Y. (1984). Components of visual orient-
ing. In H. Bouma & D. G. Bouwhuis (Eds.), Attention and perfor-
mance X: Control of language processes (pp. 531-555). Hillsdale,
NJ: Erlbaum.

POSNER, M. 1., WALKER, J. A., FRIEDRICH, F. J., & RAFAL, R. D. (1987).
How do the parietal lobes direct covert attention? Neuropsychologia,
25, 135-146.

PrEvIC, F. H. (1998). The neuropsychology of 3-D space. Psychological
Bulletin, 124, 123-164.

REED, C. L., GARZA, J. P.,, & ROBERTS, R. J., JR. (2007). The influence of
the body and its actions on spatial attention. In L. Paletta & E. Rome
(Eds.), Attention in cognitive systems (pp. 42-58). Berlin: Springer.

REED, C.L., GrUBB, J. D., & STEELE, C. (2006). Grasping attention: Be-
havioral consequences of bimodal neurons. Journal of Experimental
Psychology: Human Perception & Performance, 32, 166-177.

Ri1zzoLATTI, G., GENTILUCCI, M., & MATELLI, M. (1985). Selective
spatial attention: One center, one circuit, or many circuits? In M. 1.
Posner & O. S. Marin (Eds.), Attention and performance XI (pp. 251-
265). Hillsdale, NJ: Erlbaum.

TIPPER, S. P. (2004). Attention and action. In M. Gazzaniga (Ed.), The
cognitive neurosciences (3rd ed., pp. 619-630). Cambridge, MA: MIT
Press.

VAISHNAVI, S., CALHOUN, J., & CHATTERIJEE, A. (1999). Crossmodal
and sensorimotor integration in tactile awareness. Neurology, 53,
1596-1598.

VECERA, S. P., & R1zzo, M. (2003). Spatial attention: Normal processes
and their breakdown. Neurologic Clinics of North America, 21, 575-
607.

(Manuscript received February 2, 2009;
revision accepted for publication August 19, 2009.)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


