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suggesting that the extension of peripersonal space is not 
uniform in regards to visual attention and that the visual 
attention component is perhaps dissociable from the remap-
ping of spatial representation by tools.
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Introduction

Handheld tools allow us to spatially interact with the world 
around us. Depending on the mechanical affordances a tool 
provides, this spatial interaction can occur outside our natu-
ral reach, close to our bodies, or transition objects between 
the two spaces. Peripersonal space can be defined as the 
spatial area immediately surrounding our body and limbs  
(e.g., the area within arm’s reach) from which we can most 
effectively interact with objects in our environment. Extrap-
ersonal space can be defined as the spatial area beyond 
peripersonal space (i.e., beyond arm’s reach; Previc 1998). 
In this study, we examined the role of visual attention on 
tool use and how it may be distributed along a tool depend-
ing on its position in peri- and extrapersonal space. We also 
examined how functional tool practice may change this dis-
tribution of attention in order to provide additional insight 
into how tools may remap the multisensory coding of perip-
ersonal space to extrapersonal space.

Peripersonal and extrapersonal space are dissoci-
ated from one another not only neurologically (Rizzolatti  
et al. 1983, 1997; Berti and Frassinetti 2000; Ackroyd  
et al. 2002), but functionally as well. Research has provided 
evidence that when a handheld tool extends our natural 
reach, it in turn modifies our body schema to incorporate 

Abstract This study investigated the distribution of visual 
attention along a handheld tool depending on functional tool 
practice and its position in peripersonal or extrapersonal 
space. We created a tool with two functional parts placed at 
the tool’s middle and end. Participants held the tool over a 
display such that functional parts were aligned with stimuli 
for a 50/50, go/no-go, target detection task. In Experiment 
1, two groups with no prior tool experience performed the 
task either in peripersonal (near the body; tool held hori-
zontally) or extrapersonal space (beyond arms’ reach; tool 
held straight). Faster response times (RTs) were found 
for targets at the tool’s end and for the peripersonal space 
group. In Experiment 2, participants used the tool’s mid-
dle part in a hockey-like game prior to the task to assess 
functional practice effects. Again, faster RTs were found for 
targets at the tool’s end and in peripersonal space. However, 
a tool part × space interaction suggested that mid-tool prac-
tice reduced performance differences between tool parts 
but only in peripersonal space. Experiment 3 confirmed the 
interaction effect when mid-tool practice was constrained to 
only extrapersonal space. Results suggest that visual atten-
tion is naturally drawn to the tool’s end but that functional 
tool use can redistribute attention when positioned in perip-
ersonal space. In extrapersonal space, no change was found 
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that tool and remap our multisensory coding of peripersonal 
space to extrapersonal space. Single-cell recording studies 
in macaque monkeys have demonstrated that neurons in the 
intraparietal cortex that typically respond only to stimuli 
presented in reachable space will respond to stimuli outside 
of reachable space after tool use (Iriki et al. 1996). Brain-
damaged patients with far space visual neglect can improve 
their visual attention to stimuli when using a handheld tool 
pointed into far space (Ackroyd et al. 2002). Correspond-
ingly, patients with near space visual neglect will manifest 
far space neglect for a line bisection task when holding a 
tool positioned in far space (Berti and Frassinetti 2000). 
Furthermore, brain-damaged patients exhibiting crossmodal 
(visuotactile) extinction near the hands will exhibit simi-
lar crossmodal extinction patterns when holding a tool in 
extrapersonal space (Farne and Ladavas 2000). These cross-
modal extinction patterns when measured along the length 
of the tool suggest a homogeneous expansion of periper-
sonal hand space to the tool-end (Bonifazi et al. 2007).

The expansion of peripersonal space by tools has also 
been documented in studies of normal humans using line 
bisection tasks (Longo and Lourenco 2006; Gamberini  
et al. 2008) and crossmodal (visuotactile) congruency tasks  
(Maravita et al. 2002; Spence et al. 2004; for additional 
reviews see Maravita and Iriki 2004; Ladavas and Serino 
2008; Cardinali et al. 2009). Recently, it has been proposed 
that the observed effects of tool use on crossmodal congru-
ency tasks may involve an attentional shift to the end of 
the tool rather than, or in addition to, a literal extension of 
peripersonal space that encompasses the entire tool length 
(Holmes et al. 2004, 2007, 2008; Humphreys et al. 2004; 
Holmes 2012). However, relatively little work has directly 
examined the visual attention aspects of tool use in both 
peri- and extrapersonal space.

In comparison with extrapersonal space, there appears to 
be a heightened advantage for the processing of visual infor-
mation in peripersonal space. Studies have indicated that the 
presence of visual stimuli in peri-hand space (i.e., the space 
around our hands) can elicit attentional shifting (Lloyd et al. 
2010), attentional prioritization of space (Reed et al. 2006), 
slower attentional disengagement (Abrams et al. 2008), and 
more accurate detection and discrimination of visual stimuli 
(Dufour and Touzalin 2008). Although peripersonal space 
reflects a high level of multisensory integration, the primacy 
of visual information over other relevant sensations (e.g., 
tactile, proprioception) in peripersonal space is most evident 
in studies where fake hands elicit the same peripersonal pro-
cessing effects as real hands despite contradictory proprio-
ceptive information (Farne et al. 2000; Pavani et al. 2000).

Despite the relative dominance of visual information in 
peripersonal space, the role of motor information begins to 
take increasing precedence when our hands start to wield 
a tool. The passive holding or perceptual assimilation of 

the tool does not in itself result in an expansion of peri-
hand space. Instead, a period of active tool use is required 
(Iriki et al. 1996; Farne and Ladavas 2000; Maravita et al. 
2002). Furthermore, the strength of tool-related expansion 
appears dependent on the level of active tool practice and 
the functionally effective properties of the tool as opposed 
to absolute tool length (Farne et al. 2005). Motor adaptation 
or learning of the functionally effective properties of novel 
tools has been shown to be an important factor in producing 
changes in the visual attention abilities of target stimuli to 
the tool tip positioned in extrapersonal space (Brown et al. 
2011). These studies suggest that changing the functional 
section of a tool with sufficient tool practice may in turn 
modify visual attention to different sections of the tool. 
However, few studies have examined how visual attention 
may be naturally biased or distributed between certain parts 
of a tool. Before a novel tool becomes integrated into the 
body scheme via active use, there must be an initial visual 
attention shift or bias. Since handheld tools by definition 
extend from the user’s hand and can be presumed to fol-
low a conservation of design (e.g., a prototypical hammer 
would not be designed with an extra piece of wood sticking 
out from its end), its functional affordance reliably occurs 
at the tool’s end. Through prior tool experience, our visual 
attention would therefore be naturally biased toward a tool’s 
end. Yet, it is unknown how strong this visual attention bias 
naturally occurs, how functional tool use (i.e., peri-hand 
space expansion) may change this attention bias along a 
tool’s length, and how that attention may be affected when 
the tool is moved from near to far space. Examining the role 
of visual attention while using tools may then inform our 
understanding of how peripersonal space is expanded by 
tools.

Current study

In this study, we investigated the aforementioned issues 
by creating a novel handheld tool that (1) had removable 
functional parts at the middle and end of the tool and (2) 
could be positioned in either peri- or extrapersonal space. 
Participants held the tool over a flatly laid monitor that pre-
sented a target detection task to measure visual attention to 
targets appearing at the tool’s functional end or middle part. 
By using a tool with two functional parts in a task where 
stimuli were equally likely to appear, we examined whether 
attentional distribution varies along the length of the tool 
depending on its position in peri- or extrapersonal space. 
To investigate whether functional experience using a tool 
could change this distribution of attention along the tool, we 
provided participants with functional tool practice (in either 
peri- or extrapersonal space) using only the middle part of 
the tool before performing the target detection task.
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This visual paradigm allows us to address three hypotheses 
regarding the distribution of visual attention along a tool in 
peri- and extrapersonal space. These hypotheses are based 
on those originally proposed by Holmes, Calvert and Spence 
(2004) regarding the effects of tool use on the visuotactile rep-
resentations of peripersonal space in crossmodal congruency 
studies. The first hypothesis is that the distribution of attention 
should be strongest near the hand when holding the tool. Atten-
tion should be biased for space near the hand if both bimodal 
and visual neurons are responding to that part of space. If this 
is true, then faster response times (RTs) should be observed for 
targets appearing at the middle part of the tool.

The second hypothesis is that attention is equally distrib-
uted along the tool, from hand grip to tool-end. If so, then 
RTs should be similar for targets appearing at the end and 
middle part of the tool. This may interact with functional 
tool practice with more tool use resulting in a better distribu-
tion of attention across the length of the tool.

The third hypothesis is that attention is automatically 
directed to the end of the tool. If tools are used to extend our 
mechanical abilities to functionally interact with the world, 
then the most relevant part of the tool for interaction is nat-
urally its end. If so, then RTs should be faster for targets 
appearing at the end of the tool.

Further, by manipulating participants’ interaction expe-
rience with the middle part of the tool, we can examine 
whether this distribution of attention along the tool varies 
with functional experience similarly in peri- and extraper-
sonal space. If peripersonal space is fully remapped with 
tool use, then extending the tool into far space should pro-
vide similar attentional distributions between spaces. If, 
however, the attention distribution in extrapersonal space 
remains similar to pre-tool practice distributions, then a 
complete remapping of peripersonal space may not be 
present.

Experiment 1

In Experiment 1, we investigated whether the distribution of 
attention along a novel tool varied between peri- and extrap-
ersonal space when participants had no functional experi-
ence with the tool. Since participants had never used this 
tool, we could examine if attention is biased to the tool-end, 
for regions near the hand (i.e., tool-mid), or equally distrib-
uted along the tool.

Methods

Participants

Sixty-eight right-handed participants (27 males, Mage = 19.7, 
age range: 17–27 years) participated for course credit in a 

lower-level psychology course. This study was approved by 
the Claremont McKenna College ethics review board.

Stimuli and materials

Participants performed a target detection task presented on 
a 17″ monitor laid flat on a table while holding a tool in 
their right hand and responding to visual targets with their 
left hand. The tool was a balsa wood stick (45 cm in length) 
with two shallow cups attached to the end and the middle, 
16.5 cm apart.

The target detection task was a 50/50, go/no-go task pre-
sented using E-Prime 2.0 software (Psychological Software 
Tools, Pittsburgh, PA). The task involved a grey-colored 
center fixation cross (1.3 × 1.3 cm) flanked by two similarly 
colored box outlines (3 × 3 cm) over a black background. 
The distance between the centers of each box was 16 cm 
and corresponded to the cup locations on the tool. Stimuli 
line thickness was approximately 2 mm. During each trial, 
the boundary lines of one of the boxes would change to the 
color yellow and a 1.2 cm gap would appear on the left or 
right side of the same box. Valid targets were when the gap 
appeared on the left side of either box, to which participants 
were instructed to press a designated keystroke as quickly 
as possible. Invalid targets were when the gap appeared on 
the right side of either box, to which the participant was to 
do nothing. Targets were displayed for 150 ms with a ran-
dom inter-stimulus interval of 2,500–3,100 ms. For one test 
condition, a total of 100 trials were presented with an equal 
number of valid/invalid targets and an equal number of 
right/left box targets. Therefore, the RTs for 25 trials were 
recorded for both the middle and end portions of the tool. 
One test lasted approximately 5 min. Figure 1 provides the 
target detection task sequence.

Procedure

Participants were randomly assigned to one of two groups: 
peripersonal space and extrapersonal space. As shown in 
Fig. 2, the tool was extended over a flatly laid monitor where 
task stimuli appeared next to each tool cup. For participants 
in the peripersonal space group, the monitor was near the 
body with the tool was held horizontally such that both tar-
get locations were equally distant from the subject. For par-
ticipants in the extrapersonal space group, the monitor was 
rotated 90° clockwise and moved beyond arms’ reach with 
the tool held straight away.

An orientation slideshow instructed participants how to 
hold the tool, position their body, and perform the target 
detection task. Participants remained standing during the tri-
als. To reduce arm fatigue, participants rested the tool on the 
monitor while holding it. Prior to testing trials, participants 
performed 16 practice trials in the peripersonal condition 
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while they were monitored for correct body/tool position 
and task performance. After the practice trials, the monitor 
was either left alone or re-positioned for those participants 
in the extrapersonal group.

Results and discussion

A mixed methods analysis of variance (ANOVA) was con-
ducted with a between-subject factor of tool space (2: perip-
ersonal, extrapersonal) and a within-subject factor of tool 
part (2: tool-end, tool-mid) for mean correct RT (ms). RTs 
outside of a 150–750 ms range were excluded as anticipa-
tion or inattention errors. Five participants with RTs two 
standard deviations above the grand mean were excluded, 
leaving 63 participants for analysis, α = .05. Mean error rate 

for the remaining participants was 2.22 % and indicated no 
speed-accuracy trade-offs with the RT data.

A significant main effect for tool space was found, 
F(1,61) = 6.06, p = .017, η2 = .090, indicating that the 
peripersonal group had faster target RTs (M = 434.82 ms, 
SD = 42.14 ms) than the extrapersonal group (M = 458.72 ms, 
SD = 44.50 ms). A significant main effect for tool part was 
also found, F(1,61) = 52.54, p < .001, η2 = .463, indicat-
ing that participants responded faster for targets presented 
at the tool-end (M = 432.64 ms, SD = 40.40 ms) compared 
to the tool-mid (M = 460.89 ms, SD = 44.45 ms). Figure 3 
provides the mean RTs for each tool space by tool part with 
95 % confidence intervals. No tool space × tool part interac-
tion was found, F(1,61) = .013, ns.

A paired sample t test was performed for each tool space 
group (peripersonal, extrapersonal) to confirm tool part dif-
ferences for mean correct RTs. For the peripersonal group 
(n = 36), a significant difference was found between the 
tool-end (M = 420.91 ms, SD = 36.39 ms) and tool-mid 
(M = 448.71 ms, SD = 43.36 ms) scores, t(35) = −5.10, 
p < .001. For the extrapersonal group (n = 27), a significant dif-
ference was also found between the tool-end (M = 444.37 ms, 
SD = 42.22 ms) and tool-mid (M = 473.07 ms, SD = 42.75 ms) 
scores, t(26) = −5.41, p < .001.

The results confirm a visual processing advantage for 
tool use in peripersonal space compared to extrapersonal 
space and our hypothesis that with no functional tool expe-
rience, visual attention is directed toward the end of the 
tool. This tool-end bias appeared whether the tool was posi-
tioned in extrapersonal or peripersonal space. If this visual 
processing advantage for peripersonal space was merely a 
function of visual targets in the peripersonal condition being 
physically closer (i.e., larger visual angles), we should have 
also observed RTs to targets presented at the tool-end in the 
extrapersonal condition to be slower. Instead, RTs to targets 
at the tool-end were faster despite being farther away. Corre-
spondingly, faster tool-end RTs in the extrapersonal condi-
tion suggest that the tool-end bias found in the peripersonal 

Fig. 2  Tool positioned over 
monitor in peripersonal space 
(a) and extrapersonal space (b) 
during the target detection task

Fig. 1  Target detection task sequence oriented for the periper-
sonal space condition. Participants pressed a key only when a target 
appeared in one of the two locations
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condition could not be readily explained by participants 
making target responses with the left hand positioned physi-
cally closer to the tool’s end (see Fig. 2). If this was the case, 
we should have also seen faster RTs for targets at the mid-
dle of the tool in the extrapersonal space condition, since 
the responding left hand is closer to that portion of the tool 
when extended away.

Experiment 2

In Experiment 2, we investigated whether functional experi-
ence with only the middle part of the tool could affect the 
attentional bias for the tool’s end observed in Experiment 1. 
Prior to performing the same target detection task, partici-
pants used the tool’s middle cup in a hockey-like game to 
potentially impart an attentional shift from the tool-end to 
the tool-mid location. If an interaction between tool space 
and tool part exists in the target detection data, it would sug-
gest that tool experience can influence the attentional dis-
tribution along a tool depending on the tool’s position in 
space.

Methods

Participants

Seventy-three right-handed subjects (28 males, Mage = 19.3, 
age range: 17–22 years) participated for course credit in a 
lower-level psychology course.

Stimuli and materials

The same tool and task were used as in Experiment 1. To 
provide functional practice to the middle part of the tool, a 

hockey-like game was created. A 51 × 152 cm sized card-
board “rink,” with small wooden spools (“obstacles”) and a 
wooden L-shaped goal at one end, was laid flat on a table 
(Fig. 4). The object of the game was to use the middle cup 
of the tool to manipulate a small puck through the obsta-
cle course and shoot at the goal as many times as possible 
within 3 min. Touching the puck with any portion of the 
tool other than the bottom, open-sided part of the middle 
cup was prohibited. Arrows on the cardboard (not shown 
in Fig. 4) marked the course path for participants to follow.

Procedure

The procedure was the same as in Experiment 1 except that 
participants played the hockey-like game prior to the tar-
get detection task. Prior to starting the game, the tool’s end 
cup was removed to ensure no interaction with this part dur-
ing the game. Participants were informed of the game rules 
and told that their score would be recorded. The number of 
course completions was recorded to ensure adequate tool 
use; most people completed the course 3–4 times within the 
allotted 3 min. After the game, the tool’s end cup was reat-
tached and participants were given the target detection task 
in both tool spaces. Half performed the task in the perip-
ersonal tool position first followed by the extrapersonal 
tool position and vice versa. The experimental session took 
approximately 30 min.

Results and discussion

A tool space effect (2: peripersonal, extrapersonal) × tool 
part effect (2: tool-end, tool-mid) within-subjects ANOVA 
was conducted for the mean correct RT (ms) for the tar-
get detection task. Six participants with RTs two standard 

Fig. 3  Exp. 1 mean RTs for each tool space by tool part with 95 % 
CI; no prior tool experience

Fig. 4  Experience using the middle portion of the tool consisted of a 
hockey-like game where participants used only the tool’s middle cup 
to manipulate a puck through an obstacle course in order to shoot for 
a goal at the end of the table as many times as possible within 3 min
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deviations above the grand mean were excluded, leaving 67 
participants for analysis, α = .05. Mean error rate for the 
remaining participants was 3.13 % and indicated no speed-
accuracy trade-offs with the RT data.

Similar to Experiment 1, significant main effects were 
found for tool space, F(1,66) = 50.32, p < .001, η2 = .433, 
and tool part, F(1,66) = 67.59, p < .001, η2 = .506. When 
holding the tool in the peripersonal position, participants 
had faster target RTs (M = 450.01 ms, SD = 50.90 ms) 
compared to the extrapersonal position (M = 474.08 ms, 
SD = 48.95 ms), suggesting better visual attention in perip-
ersonal space. Participants also responded faster for targets 
presented at the tool-end (M = 451.43 ms, SD = 47.81 ms) 
compared to the tool-mid (M = 472.66 ms, SD = 52.59 ms), 
confirming again an attentional bias toward the end of the 
tool after mid-tool practice in both peri- and extrapersonal 
space.

Unlike Experiment 1, a significant tool space × tool 
part interaction was found, F(1,66) = 5.54, p = .022, 
η2 = .077. This interaction suggests that after functional 
experience with the middle part of the tool, participants 
performed differently depending on the tool’s position 
and part during the tests (Fig. 5). Specifically, RTs were 
reduced for targets presented at the tool-mid location, 
but only in peripersonal space. The specific mean (stand-
ard deviation) values for each tool space by tool part are 
provided in Table 1 for Experiments 1 and 2. Note that in 
Experiment 1, a similar RT difference (~28 ms) between 
tool parts was observed in both tool spaces. In Experiment 
2, a similar difference was observed again when the tool 
was positioned in extrapersonal space (26.5 ms), but not 
in peripersonal space where a 10.5 ms drop in RT was 
measured. The results suggested that following mid-tool 
training, attention was more equally distributed across tool 
parts, but only in peripersonal space.

As shown in Fig. 4, tool practice was not restricted to 
using the tool strictly in either peripersonal or extraper-
sonal space. The rules of the game, however, in regards 
to the value placed on course speed and how the “puck” 
could be manipulated, led participants to keep their bodies 
close to the “rink” for easier tool manipulation. This likely 
caused tool practice to occur largely within the participant’s 
peripersonal space. Tool practice in only peripersonal space 
may have biased peripersonal space testing, resulting in the 
attentional redistribution found. An additional experiment 
was conducted to examine this.

Experiment 3

In Experiment 3, we addressed the question of whether the 
space in which tool practice occurred influenced the dis-
tribution of attention along the tool. Here, functional tool 
experience for the middle part of the tool was provided only 
in extrapersonal space. As in Experiment 2, participants 
used the tool’s middle cup in a hockey-like game prior to 
performing the target detection task. However, tool use dur-
ing the hockey-like game was restricted to being used only 
while it was extended into the participant’s extrapersonal 
space. If the same interaction pattern between tool space 
and tool part exists in the target detection data, it would sug-
gest that tool experience, regardless of practice in periper-
sonal or extrapersonal space, can influence the attentional 
distribution along a tool, but only in peripersonal space.

Methods

Participants

Thirty-three right-handed subjects (17 males, Mage = 19.2, 
age range: 18–22 years) participated for course credit in a 
lower-level psychology course.

Stimuli and materials

The same tool and task were used as in Experiment 1. The 
same hockey-like game was provided as in Experiment 2. 
Masking tape was placed on the floor lengthwise to the 
cardboard “rink” approximately 2 feet (61 cm) from the 
nearest edge of the cardboard.

Procedure

The same procedure from Experiment 2 was employed 
except that participants played the hockey-like game while 
always extending the tool out into extrapersonal space. Dur-
ing the hockey-like game instructions, participants were 
additionally told to keep their feet behind the tape line when 

Fig. 5  Exp. 2 mean RTs for each tool space by tool part with 95 % 
CI after tool practice with the middle tool part in peripersonal space
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manipulating the puck with the tool’s middle part such that 
the tool was always extending their natural reach. Partici-
pants were allowed to bend at the waist to extend their reach 
if necessary during the game. Average course completion 
rates were similar to those found in Experiment 2 with 90 % 
of participants completing the course at least 3 times within 
the allotted 3 min.

After the game, the tool’s end cup was reattached and 
participants were given the target detection task in both tool 
spaces. Half performed the task in the peripersonal tool 
position first followed by the extrapersonal tool position and 
vice versa. The experimental session took approximately 
30 min.

Results and discussion

A tool space effect (2: peripersonal, extrapersonal) × tool 
part effect (2: tool-end, tool-mid) within-subjects ANOVA 
was conducted for the mean correct RT (ms) for the tar-
get detection task. One participant with RTs 2.5 standard 
deviations above the grand mean was excluded, leaving 32 
participants for analysis, α = .05. Mean error rate for the 
remaining participants were 3.47 % and indicated no speed-
accuracy trade-offs with the RT data.

Similar to Experiments 1 and 2, significant main effects 
were found for tool space, F(1,31) = 9.21, p = .005, 
η2 = .229, and tool part, F(1,31) = 38.15, p < .001, 
η2 = .552. When holding the tool in the peripersonal posi-
tion, participants had faster target RTs (M = 465.71 ms, 
SD = 52.96 ms) compared to the extrapersonal position 
(M = 484.26 ms, SD = 52.42 ms), suggesting better visual 
attention to tool parts in peripersonal space. Participants 
also responded faster for targets presented at the tool-end 
(M = 462.21 ms, SD = 51.54 ms) compared to the tool-
mid (M = 487.76 ms, SD = 52.35 ms), confirming again 
an attentional bias toward the end of the tool after mid-tool 
practice in both peri- and extrapersonal space.

As in Experiment 2, a significant tool space × tool part 
interaction was found, F(1,31) = 4.79, p = .036, η2 = .134, 

suggesting that after functional experience with the mid-
dle part of the tool in extrapersonal space, participants 
performed differently depending on the tool’s position and 
part during the tests (Fig. 6). Specifically, RTs appeared to 
be reduced for targets presented at the tool-mid location, 
but only in peripersonal space. Table 1 provides the spe-
cific mean (standard deviation) values for each tool space 
by tool part. Despite practice with the mid-part of the tool 
in only extrapersonal space, the same pattern of RT score 
differences between tool parts was observed depending on 
the tool’s position in space. When the tool was positioned 
in peripersonal space, the RT difference between tool parts 
was lower (~18 ms) compared to when it was positioned in 
extrapersonal space (~33 ms).

General discussion

In this study, we investigated the role of visual attention on 
tool use and how it may be distributed along a tool depend-
ing on its position in peri- and extrapersonal space. We 
also examined how functional tool practice might change 

Table 1  Experiments 1–3 mean 
(SD) RTs (ms) by tool practice, 
space and part

Tool practice Tool space Tool part Tool part difference

End Middle

Exp. 1

 None Peri 420.91 (36.39) 448.72 (43.36) 27.81

Extra 444.37 (42.22) 473.07 (42.75) 28.70

Exp. 2

 Mid-tool in peri Peri 442.03 (48.40) 457.99 (52.43) 15.96

Extra 460.83 (45.66) 487.33 (48.86) 26.50

Exp. 3

 Mid-tool in extra Peri 456.68 (52.13) 474.74 (53.06) 18.06

Extra 467.75 (51.16) 500.78 (49.04) 33.03

Fig. 6  Exp. 3 mean RTs for each tool space by tool part with 95 % 
CI after tool practice with the middle tool part in extrapersonal space
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this distribution of attention. To do so, we created a hand-
held tool with two functional parts placed at the middle and 
end of the tool. Participants held the tool over a flatly laid 
monitor such that the functional parts were aligned with the  
stimuli for a 50/50, go/no-go, target detection task. In the 
peripersonal condition, the monitor was positioned near the 
body with the tool held horizontally (i.e., tool tip pointing 
left). In the extrapersonal condition, the monitor was rotated 
90° and moved away from the body beyond arms’ reach 
with the tool held straight out.

In Experiment 1, participants with no prior tool experi-
ence performed the target detection task in either peri- or 
extrapersonal space. For both groups, we found faster RTs 
for targets appearing at the tool-end compared to the tool-
mid locations. This bias toward the end of the tool was 
observed whether the targets appeared in peri- or extrap-
ersonal space. We also observed faster performance from 
participants who held the tool in peripersonal space com-
pared to those participants who held the tool in extraper-
sonal space, suggesting a general processing advantage for 
tool use in peripersonal space. This slower performance in 
extrapersonal space could not be explained by an overall 
depth effect since target detection at the spatially farther 
tool-end was faster than at the closer tool-mid location. 
Results are consistent with previous findings that there is 
a visual processing advantage in peripersonal space (e.g., 
Dufour and Touzalin 2008). Additionally, our results sup-
port the hypothesis that with no functional tool experience, 
visual attention is directed to the end of the tool.

In Experiment 2, we examined whether functional tool 
experience would affect the attention allocation along a tool 
depending on its position in peri- and extrapersonal space. 
Participants received practice using only the middle part 
of the tool in a hockey-like game before performing the 
same target detection task in both peri- and extrapersonal 
spaces. Similar to Experiment 1, results confirmed an atten-
tional bias for targets appearing at the tool-end compared to 
the tool-mid-part, as well as overall faster RTs for targets 
appearing in peripersonal space compared to extrapersonal 
space. However, the significant interaction found between 
tool space and tool part suggested that even brief (3 min) 
functional practice with a tool can alter the distribution 
of attention along that tool. In comparison with Experi-
ment 1, we found that practice using the middle part of the 
tool resulted in a lower attentional performance difference 
between tool parts when the tool was tested in peripersonal 
space but not in extrapersonal space.

In Experiment 3, we confirmed our results from Experi-
ment 2 by restricting functional tool experience to occur 
only in extrapersonal space. Tool practice in Experiment 2 
may have been biased to occur only in peripersonal space, 
causing in a potential testing bias in peripersonal space. 
To control for this, we modified the hockey-like game by 

making participants stand a certain distance from the “rink,” 
ensuring that the tool was always being used to extend the 
participant’s reach into extrapersonal space. Results con-
firmed the interaction effect found in Experiment 2 with 
mid-tool practice in extrapersonal space also resulting in 
a more distributed attention performance in the tool posi-
tioned in peripersonal space but not in extrapersonal space.

The results suggest that despite the general tendency for 
attention to be directed to the end of a tool, the malleabil-
ity of attentional distribution following functional tool use 
is present in peripersonal space but perhaps not when the 
tool is positioned outward in extrapersonal space. Follow-
ing active tool use with different tool parts, a more even 
distribution of attention along the tool can be achieved in 
peripersonal space. This redistribution of attention is likely 
due to peripersonal space being more plastic since sensory 
integration between hands occurs in this area (Cardinali  
et al. 2009) and stereoscopic vision is optimal (Previc 1998).

Why was no change observed in extrapersonal space? 
While our initial hockey game (Exp. 2) may have been biased 
for tool use in peripersonal space, we showed that biasing 
tool practice to extrapersonal space still did not appear to 
redistribute visual attention from the end of the tool when it 
was positioned in extrapersonal space for testing. It is pos-
sible that the mid-tool practice was simply not intensive or 
long enough to impart an attentional shift. Yet, the results 
more likely reflect a lifetime of experience with handheld 
tools. A strong attentional bias toward the end of handheld 
tools is logical since the functional portion of a handheld tool 
virtually always coincides with its mechanical reach advan-
tage—the tool’s end. Therefore, overcoming visual attention 
biases in extrapersonal space through increased practice may 
be extremely difficult. If it is possible, it may also require 
a markedly different kind of tool design than the one used 
for this study. Such a tool would not only have to dissociate 
its inherent functional advantage from its mechanical reach 
advantage, but also afford an entirely different kind of action 
in space.

Study implications

The examination of the attentional aspects of tool use has 
implications for our understanding of tool use in peri- and 
extrapersonal spaces. One implication of our data is that 
attention in peripersonal space is not fully extended or uni-
formly remapped when tools extended the body schema to 
extrapersonal space. If mid-tool training in our study was 
sufficient to change the distribution of attention of the tool 
in peripersonal space, then extending the tool into extraper-
sonal space should have produced a similar redistribution of 
attention, but it did not. Tools appear to elicit an extension 
of some properties of peripersonal space to extrapersonal 
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space, but perhaps not uniformly in regards to visual 
attention.

Another implication is that the visual attention com-
ponent may be dissociable from the remapping of spatial 
representation via tool use. This notion coincides with the 
recent study by Brown et al. (2011) where tool training 
and tool proximity to visual targets did not influence atten-
tional cueing effects in their testing paradigm. The authors 
reasoned that the processes responsible for tool proxim-
ity effects are perhaps independent from the processes 
responsible for the orienting of exogenous spatial attention.  
Additional research is needed to confirm our findings with 
different visual attention paradigms and assessing whether 
or not other established properties of peri-hand space (e.g., 
attention shifting, prioritization of space, attentional disen-
gagement) are also extended to a tool held into extraper-
sonal space.

Our approach of exploring the attentional distributions 
of tool use in both peri- and extrapersonal space may also 
account for some of the disparities in the crossmodal tool 
use literature. It has been suggested that the differential 
visuotactile patterns observed along the tool’s length (i.e., 
homogenous versus tool’s end) are perhaps related to the 
disparities in the kinds of tools and methods used for testing 
(Bonifazi et al. 2007; Holmes et al. 2007). Yet, why these 
disparities would matter remains unclear. One possible rea-
son is that studies using rake-like tools that involve moving 
an object toward the body into peripersonal space (Iriki et al. 
1996; Farne and Ladavas 2000; Bonifazi et al. 2007) elicit a 
more even attentional distribution along the tool. This would 
in turn allow crossmodal pattern results to reflect a homog-
enous distribution. On the other hand, crossmodal studies 
that involve tools performing discrete actions (e.g., button 
or peg presses) while remaining extended into extraper-
sonal space (Maravita et al. 2002; Holmes et al. 2004) may 
have had to contend with strong tool-end attentional biases 
as shown in our study. The resulting crossmodal pattern 
measured along the tool may have then reflected a differen-
tial tool-end distribution. Future research that manipulates 
the specific tool-related actions could confirm how visual 
attention distributions may differentially affect crossmodal  
patterns along a tool.

In conclusion, our study indicates that it is important to 
consider how visual attention interacts with spatial repre-
sentations during tool use. It is not enough to focus only on 
potential changes in the spatial representation when perip-
ersonal space is extended to extrapersonal space with tool 
use. Instead, research needs to consider how the tool is used, 
experience using the tool, and the role of attention in inter-
acting with these spaces.
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