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a b s t r a c t

Considerable attention has been devoted to behaviors in which tools are used to perform actions in
extrapersonal space by extending the reach. Evidence suggests that these behaviors result in an expan-
sion of the body schema and peripersonal space. However, humans often use tools to perform tasks
within peripersonal space that cannot be accomplished with the hands. In some of these instances (e.g.,
cooking), a tool is used as a substitute for the hand in order to pursue actions that would otherwise be
hazardous. These behaviors suggest that even during the active use of tools, we maintain non-isomorphic
representations that distinguish between our hands and handheld tools. Understanding whether such
representations are a human specialization is of potentially great relevance to understand the evolution-
ary history of technological behaviors including the controlled use of fire. We tested six captive adult
chimpanzees to determine whether they would elect to use a tool, rather than their hands, when acting
in potentially hazardous vs. nonhazardous circumstances located within reach. Their behavior suggests
that, like humans, chimpanzees represent the distinction between the hand vs. tool even during active
use. We discuss the implications of this evidence for our understanding of tool use and its evolution.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The ability to accurately control movements of our limbs is
believed to depend on the existence of a multimodal spatial rep-
resentation of the body (i.e., body schema) that is continuously
updated to reflect changes in posture. Evidence suggests that
experience-dependent changes in the body schema may accom-
pany the use of handheld tools (Berti & Frassinetti, 2000; Farne
& Ladavas, 2000; Maravita, Spence, Kennett, & Driver, 2002; Witt,
Proffitt, & Epstein, 2005). For instance, using sticks and rakes
to extend our reach appears to induce an experience-dependent
expansion of the body schema such that the representation of the
actor’s limb encompasses the space occupied by the entire tool, or
merely its end-effector (Holmes, Calvert, & Spence, 2004). Neuro-
physiological data from macaque monkeys appears to be consistent
with this limb remapping hypothesis (LRH). Although not natu-
ral tool users, through extended stimulus-response conditioning
macaques can be trained to use a rake to retrieve out-of-reach food
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items. Remarkably, during rake use, the visual receptive fields of
bimodal (visuo-tactile) parietal neurons, that initially code the loca-
tion of the hand, appear to expand to cover the tool (Iriki, Tanaka,
& Iwamura, 1996). As a result, space that was previously extraper-
sonal (beyond reach) is now represented as peripersonal (Maravita,
Husain, Clarke, & Driver, 2001; Maravita & Iriki, 2004).

In the extreme, the LRH might be taken to suggest that formerly
discrete representations of the hand or tool (or the space that they
occupy) become isomorphic during tool use. However, the abil-
ity of actors to switch between use of the hand and tool fluently
seems inconsistent with this possibility. Nevertheless, the issue
of whether maintain a parallel representation of the natural (i.e.,
pre-tool use) body schema even during tool use, or are somehow
capable of recalibrating the body schema instantaneously remains
unresolved. The LRH provides a compelling account of the repre-
sentations that may underlie the control of movements in which
handheld tools are used to extend the reach of the upper limb
into extrapersonal space. An argument can be made that, during
most activities of daily living, tools and utensils are used to perform
actions within our natural peripersonal space. Moreover, tools are
frequently used in ways that we would never employ our hands.
For instance, we will readily use a stick to stoke the hot embers
of a campfire, or stir a pot of boiling soup with a wooden spoon.
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In these circumstances, the target of the actions may be located
well within reach, but a tool is chosen as a substitute for the upper
limb in order to avoid harm. These examples suggest that we main-
tain separate non-isomorphic representations of the hand vs. tool
as concrete entities even when using handheld tools within our
normal peripersonal space.

Although this common form of tool-mediated behavior has
received little direct attention from body schema researchers (cf.
Cardinali et al., 2009), one can speculate that representations that
clearly demarcate the space occupied by the hand and the tool may
have played a pivotal role in the evolution of technological behav-
iors. Such representations would be necessary to open niches too
dangerous to exploit manually (e.g., animal burrows or submerged
areas), due to the potential presence of hidden dangers, to foraging
with tools (sticks). Perhaps more importantly, maintaining distinct
representations of the hand and tool would seem necessary to real-
ize the ability to interact safely with, and ultimately control, fire.
The fossil record indicates that the controlled use of fire by hominds
was present by the Plio-Pleistocene (James, 1989; Knecht, 1997;
Schick & Toth, 1993), and resulted in vast expansions of diet and
habitat.

Given the evolutionary significance of these tool-mediated
behaviors, it is of considerable interest to determine whether or
not similar evidence can be found in non-human species. It is
well-established that our closest living relatives, chimpanzees (Pan
troglodytes), manufacture and employ tools to probe for food in
otherwise unreachable locations (Goodall, 1986; McGrew, 1992).
However, it is currently unknown whether chimpanzees will elect
to use a tool to obtain a reward that is within reach, but in a context
that is perceived as potentially hazardous. If so, this would suggest
that, even when using a tool, chimpanzees maintain internal repre-
sentations that accurately differentiate the spatial properties of that
object from their limbs. Further, such evidence would demonstrate
that, like humans, chimpanzees’ use of tools is context-dependent,
i.e., sensitive to their perception of personal risk. Such a demon-
stration would indicate that these context-dependent behaviors,
predate modern humans.

To test this hypothesis, we investigated whether adult chim-
panzees would elect to use their hands or a stick to remove a cover
from a box that was well within reach, yet known to contain a food
reward and/or an alarming object.

2. Methods

2.1. Participants and testing environment

Seven adult chimpanzees (age range 11.2–12.1 years) with extensive expertise
using sticks and other tools to retrieve out-of-reach food rewards participated in this
experiment. The study was approved by the IACUC at the University of Louisiana.
The chimpanzees were living in a stable social group in a spacious indoor–outdoor
compound at the University of Louisiana. Details of their living and testing environ-
ment and their experience using tools are described by Povinelli (2000). The animals
were well trained to exit their social group so that they could be tested individually
in a familiar testing unit. During testing, each individual subject was separated from

the experimenters by a clear Lexan partition. The subjects could reach out of the
testing unit through several large holes cut into the Lexan partition.

2.2. Apparatus and materials

As illustrated in Fig. 1, a wooden box (46 cm × 40 cm × 28 cm), open on one
side, was constructed to present the task to the subjects. Sixteen different alarming
objects (AOs; e.g., rubber snakes, stuffed animals, etc.) were selected based on cri-
teria known to be aversive to chimpanzees (e.g., furriness, having eyes, etc.). Their
aversive effect was informally confirmed prior to testing with a separate group of
chimpanzees. An opaque cloth was used to conceal the contents of the box. Three
identical tools consisting of 50 cm straight lengths of 3/4 in. PVC tubing with end
caps were used.

2.3. Procedure

2.3.1. Pre-testing
Before the subjects were tested, their ability to use a tool to rake in distant food

rewards was verified. The subjects were required to use one of the tools to rake in a
cookie placed on the floor out of their reach on four consecutive trials. Six subjects
met the criterion within their first 4-trial sessions. Another subject (Mindy) did
not exceed three successful trials per session, but was advanced to testing after 25
sessions.

2.3.2. Familiarization
In this phase the subjects learned that a small box could contain either a highly

desirable food reward (a whole piece of fruit) or an aversive AO. As the subject waited
out-of-view, the box was placed just out of the subjects’ reach on the experimenter’s
side of the partition and the response holes were closed. The box was then covered
with a cloth and the subject was allowed into the test unit. Next, as the subject
watched, the box was uncovered revealing its contents. Subjects were administered
four 2-trial sessions. In each session, an AO was in the box on one trial, and a food
reward was present on the other (order randomized across trials).

2.3.3. Testing
The subjects were tested across 12 sessions. Each session consisted of six trials:

four standard food-retrieval trials and two test trials. Standard trials were identical
to those used in the pre-testing phase (mean attempt rate = 100%; mean success
rate = 82%). Test trials occurred on trials 3 and 6 of each testing session.

On test trials, subject waited out-of-view. Three identical stick tools were
present in the testing unit, and were placed (always in the same location) within
clear view of the subjects (see Fig. 1). Next, the box and its contents were arranged
in front of the test unit according to the test condition (see below). The box was
then covered with a cloth. Importantly, this cover was necessary because if the AOs
were visible, the animals were reluctant to enter the test chamber. After the subject
entered the test unit, the cloth was either immediately removed remotely (using a
string) by an experimenter (uncovered box conditions) or remained in place (cov-
ered box conditions). In all cases, the experimenter remained behind a wall, outside
of the subject’s view.

Three main types of test trials were presented to the chimpanzees: (A) box cov-
ered with either food alone (n = 4) or AO alone (n = 4), (B) box uncovered (by the
experimenter) with either food alone (n = 4) or AO alone (n = 4), and (C) box uncov-
ered (by the experimenter) with both food and AO (n = 8). On all test trials the box
was positioned in the exact same position where the contents were easily within
reach of the subjects’ hands.

3. Results

All sessions were recorded on video from two perspectives
(overhead and frontal). Two observers independently rated the tri-
als using standardized written instructions. They recorded: (a) the

Fig. 1. The experimental set-up showing the positioning of the box on all experimental trials. After the cloth has been removed by the experimenter the subjects sees that
there is an alarming object inside the box. The subject picks up one of the tools and explores the object with it.
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Fig. 2. Hand vs. tool use for uncovering the box in the box covered condition. The
bars show the number of trials a subject used the tool (black) or the hand (white)
to remove the cloth from the box.

number of trials on which the subjects used either the hand or tool
to remove the cloth (condition A), and (b) the mean number of
bouts in which the subjects used their hand or the tool to contact
the box’s contents (conditions A, B and C). One observer rated all
trials and the second observer rated all trials performed by two ran-
domly selected subjects. Inter-observer reliability was calculated
by using Cohen’s kappa. Agreement between observers was excel-
lent (k = .90), therefore only the results of the first observer were
used in the analysis.

When uncertain whether the contents of the covered box might
contain a reward and/or an AO (condition A), two distinct patterns
were observed. Three of the animals consistently used their hands
to remove the cloth and reveal the contents (M = 7.7/8 trials), while
the other three consistently elected to use the tool (M = 7.5/8 trials);
see Fig. 2. One subject (Jadine) never removed the cloth. Because
subsequent analyses depended on the subjects that exhibited a
response in this condition, Jadine could not be included. Impor-
tantly, for the six subjects that did remove the cloth, the hand vs.
tool use difference was related to their behavior in the other two
conditions (B and C) where the contents of the box were visible
(after the cover was removed by the experimenter): subjects who
preferred to use a tool to uncover the box in condition A also used a
tool significantly more often than the other subjects when contact-
ing the AO when only it was present in condition B (t = 6.634, df = 4,

p = 0.003), and significantly more often to contact the AO when both
food and AO were present in condition C (t = 7.402, df = 4, p = 0.002).
(A direct comparison with the food-only trials of condition A was
not possible because in this condition three of the subjects already
had a tool in their hands after having removed the cloth.)

Next, we examined the relationship between elective use of the
tool in condition A and subsequent use of the tool in conditions B
and C when the contents of the box were visible. We used a Pearson
correlation to determine if the use of the tool vs. hand in condition A
predicted behavior in conditions B and C when an AO was present
and visible. There was a significant positive correlation between
the percentage of trials that a subject used the tool to uncover the
box, and the percentage of bouts on which a subject used the tool to
contact an AO when only an AO was present (r = 0.95, n = 6, p = 0.003)
and when both AO and food were present (r = 0.97, n = 6, p = 0.001).
That is, the more a subject used the tool in condition A (when they
were uncertain of the box’s contents), the more likely he or she
was to use a tool (and not the hand) to contact AOs when the box’s
contents were visible in conditions B and C.

Recall that all subjects (except Mindy) were 100% successful in
retrieving the food from the floor in front of them on standard trials.
Even Mindy correctly oriented and deployed the tool on standard
trials, she successfully retrieved on only 50% of the trails before the
allotted trial length expired. Thus, all subjects were at least simple
tool users in the sense that they easily used a tool to retrieve an
out-of-reach reward Thus, we label the three subjects that used a
tool in the test conditions when an AO was present (or potentially
present) in the box, but not when only food was present, ‘context-
dependent tool users’ (CDTUs). We label the remaining three, who
showed no differential tool vs. hand use depending on the presence
on an AO in the box as ‘simple tool users’ (STUs).

A comparison between sub-conditions showed that on those
trials when only food was present (half of the trials in conditions
A and B), both groups used the hand to retrieve the food more
often than they used a tool (more than 90% of the bouts), a dif-
ference significantly above chance (STUs: t(2) = 6.500, p = 0.023;
CDTUs: t(2) = 7.604, p = 0.017). This consistent preference for the
hand demonstrated by all animals most likely reflects the fact that
use of the tool was simply more challenging than use of the hand.
However, in the trials of condition B when only an AO was present,

Fig. 3. Mean percentage of tool and hand bouts (+s.d.) per group of subjects. (a) The left graph shows the mean percentage of tool and hand bouts when only food was inside
the box. The right graph shows the mean percentage of tool and hand bouts when only an object was inside the box. (b) The left graph shows the mean percentage of tool
and hand bouts the subjects made to the food when both food and an object were inside the box. The right graph shows the mean percentage of tool and hand bouts the
subjects made to the object when both food and an object were inside the box. STU, standard tool users; CDTU, context-dependent tool users.
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the groups showed strikingly different patterns: STUs still used the
hand more often than the tool (t(2) = 3.555, p = ns) touching the
object on almost 75% of the bouts, whereas CDTUs used the tool
significantly more often than the hand (t(2) = 5.750, p = 0.029), con-
tacting the object with their hands on less than 8% of the bouts.
Similar differences emerged in condition C (when both food and
AO were present): STUs used the hand more than the tool (80% of
the bouts) to contact either food or object (t(2) = 7.604, p = 0.017),
whereas CDTUs used the tool as much as the hand to make contact
with the food, and significantly more often to contact the object
(t = 11.000, df = 2, p = 0.008), overall touching the AO on less than
5% of the bouts in condition C (see Fig. 3).

As discussed in detail below, these findings suggest that those
animals that did perceive the AOs as potentially hazardous (i.e.,
CDTUs) elected to risk the tool, rather than the hand, to reveal the
box’s contents. This demonstrates the context-dependent nature
of chimpanzee tool use and is consistent with what is expected if
these animals retain separate spatial representations of the hand
vs. tool even during active tool use.

4. Discussion

The purpose of this study was to investigate whether chim-
panzees, a species for whom the use of tools is natural, would elect
to use a tool rather than their hand when performing a task located
within peripersonal space, but perceived as potentially hazardous.
If so, then this would be evidence that chimpanzees, like humans,
maintain separate spatial representations of their hands and tools
even when actively engaged in tool use. Results are consistent with
this hypothesis. Our three main findings are discussed in detail
below.

First, all animals strongly preferred to use their hands (and not
the tool) when confronted with an open box that contained only a
food reward. This confirms that, even in these highly experienced
tool users, use of the hand is more efficient for acquiring objects
located within reach.

Second, when confronted with a covered box whose contents
were known to consist of either a food reward and/or an aversive
object, three of the six apes elected to use the tool to lift the cover
on virtually all trials. Consistent with our hypothesis, they chose to
use the tool in an apparent effort to avoid bringing their hands into
close proximity with an aversive stimulus. Importantly, the same
three subjects also strongly preferred to use the tool when they
could see that an AO was present (both in cases when food was
present or absent). Taken together, this behavior is consistent with
the existence of internal representations that clearly distinguish
between the hand vs. tool. This was true even after considerable
experience with, and during active use of, the tool. It demonstrates
that this information can be represented even in non-human tool
users.

The other three apes showed a very different pattern, preferring
to use their hands, rather than the tool, to remove the box’s cover
even when the contents were hidden from view. This verifies that
removal of the cover was certainly possible with the hand alone.
The basis of this opposite pattern remains uncertain, however. One
possibility is that during active tool use these individuals no longer
represented the distinction between space occupied by the hand
vs. tool. It is unclear why this would be true for these individuals
given the high degree of similarity in their environment and history
of tool use for all participants in the study. Another possibility is that
these particular animals were simply less proficient in the use of
tools, and that this outweighed the sense of risk in using their hands.
This seems unlikely as all animals had participated successfully
in numerous studies involving similar manipulanda, and demon-
strated expert proficiency in obtaining out-of-reach food rewards
during the familiarization phase and standard trials of testing dur-

ing the present experiment. The most plausible interpretation is
that these individuals simply did not perceive the AOs to be suffi-
ciently threatening to avoid risking contact with the hand. Support
for this hypothesis comes from the fact that even when the box was
uncovered and the aversive object was visible, these three animals
still elected to contact the objects with their hands on 75% of trials.

4.1. Tool use and the body schema

These findings are difficult to explain solely in terms of the
LRH. From this perspective, tool use is thought to alter the body
schema, causing an expansion of the limb representation to encom-
pass space occupied by the tool (Farne, Serino, & Ladavas, 2007).
An extreme interpretation of this view predicts that such a change
would leads actors to be no more likely to risk the tool than their
own hands in a situation perceived to be hazardous. Of course, as
noted at the outset, numerous examples from everyday human tool
use behaviors are inconsistent with this hypothesis. And, neither
the STUs or CDTUs in our study behaved in this manner. Instead, it
would seem that a representation of the hand must also be main-
tained even during active tool use. Another possibility is that the
type of spatial representations involved in the use of handheld tools
changes depending on where the actions are performed. Actions
performed within one’s natural peripersonal space may not alter
the body schema and thus make explicit the demarcation between
hand and tool, while this information is absent from spatial repre-
sentations that guide actions beyond natural reach (i.e., in what is
normally extrapersonal space).

While more work is necessary to understand the precise mech-
anisms, we suggest that the variety of tool use behaviors are
generally consistent with the view that several different body
schemata may exist in parallel and that humans and other primates
may rapidly switch between them depending on task demands
(Braun et al., 2001). Dexterous motor control requires a continu-
ally updated representation of the state of the effector (Wolpert
& Flanagan, 2001). This multi-sensory state representation of the
limb may indeed by modified to capture the spatial and dynamical
alterations that occur when manually wielding a tool (Shadmehr
& Krakauer, 2008). In addition, we submit that distinct representa-
tions of the limb and tool are also maintained and used for the
selection of context-appropriate actions. In contrast to the for-
mer, these latter representations may be accessible to mechanisms
involved in action selection, allowing the actor to elect to use a
tool to accomplish tasks that would otherwise be hazardous to the
limbs.

4.2. Implications for understanding primate tool use

These findings also suggest an interesting alternative interpre-
tation of the recent observations in the wild primate literature of
the so-called use of spears by chimpanzees (Pruetz & Bertolani,
2007). Chimps were observed using sticks to probe into the hol-
lows of dead tree trunks. On one occasion, a chimp was also seen to
eat a bushbaby (a small nocturnal primate). Although no observa-
tions were made of chimpanzees actually spearing a bush baby (or
any other animal), researchers hypothesized that the chimpanzees
were making and deploying simple spears. Our data suggests a dif-
ferent interpretation: namely that wild chimpanzees avoid using
their hands to reach into unseen spaces that could be dangerous
(i.e., hollows in which a deadly viper or small cat may be resting).
Instead, like humans, they may use a tool in order to forage in these
spaces without risking their bodies. This choice is possible because
they too can represent the spatial demarcations between hand and
tool. Rather than the result of premeditated hunting, the death of
the bush baby may have been an unintended consequence of this
exploratory foraging behavior.
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Finally, one of the most important cultural breakthroughs in
human history was the controlled use of fire (McCrone, 2000). The
representational system we have studied here may be one of the
prerequisites that enabled hominids to use fire for their benefit in a
number of important ways that shaped human evolution dramati-
cally.
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