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Abstract
This study examined the influence of experimenter position on hand use in gestural communication
in a sample of 127 captive chimpanzees. Hand use in gestural communication was recorded while
an experimenter was positioned either left, right, or directly in front of the subject. The type of gesture
was also recorded as either a food beg or whole hand point. Both hand use and gesture were consistent
across experimenter positions. Overall, a significant population-level right hand bias was found,
particularly for food beg gestures. These results are consistent with previous findings in chimpanzees
and suggest that lateralisation in gestural communication is left hemisphere dominant.

One of the more pronounced lateralised human behaviours is a left hemisphere dominance in
the perception and processing of symbolic information, particularly among right-handed
individuals (Rasmussen & Milner, 1977). Specifically, both speech perception and production
have been reported to be primarily performed within distinct regions of the left hemisphere
(Ojemann, 1991). Furthermore, clinical studies indicate that lesions to specific areas of the left
hemisphere can result in certain forms of aphasia, whereas lesions in the homologous regions
of the right hemisphere do not produce such deficits in linguistic processing (Damasio,
1991). Finally, there are neuroanatomical asymmetries in the left hemisphere, such as the
planum temporale and pars triangularis, that are thought to underlie the observed
specialisations in linguistic functions (Foundas et al., 1996; Geschwind & Levitsky, 1968;
Habib et al., 1995).

The initial studies examining lateralisation in linguistic functions primary focused on the
processing of auditory linguistic cues (i.e., speech) but recent studies have examined whether
similar functional asymmetries are observed in the processing of non-speech linguistic systems,
notably sign language (Grossi, Semenza, Corazza, & Volterra, 1996; Poizner, Klima, &
Bellugi, 1987). For example, there are some reports of aphasia, as indicative of the production
of meaningful signs, in right-handed but not left-handed signers (Corina et al., 1993; Poizner
et al., 1987). More recently, functional imaging studies have found that the production of certain
linguistic signs involves the left hemisphere (Corina, Vaid, & Bellugi, 1992). Taken together,
these data suggest that the left hemisphere dominance in linguistic functioning is not modality-
specific.

The relationship between sign language, speech, and hemispheric specialisation is not limited
to independent investigations of linguistic processing within each modality. There have been
a number of studies that have examined laterality in hand gestures in the context of speech and
non-speech production (Dalby, Gibson, Grossi, & Schneider, 1980; Foundas et al., 1995;
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Kimura, 1973). For example, Kimura (1973) recorded hand use in gesture production by
subjects when engaged and not engaged in concomitant speech acts. Kimura (1973) reported
that subjects gesture with their right hand more while talking than with their left hand. Evidence
of increased right hand movements in conjunction with speech acts has been suggested to be
due to concurrent activation of adjacent cortical areas involved in speech and manual
movements (Kimura, 1993).

Whether non-human primates exhibit lateralisation in communicative behaviours that are
comparable to those observed in humans remains a topic of considerable debate, particularly
in the context of evolutionary theories on the origin of language (Bradshaw & Rogers, 1993;
Corballis, 1992; Hauser, 1996; Hopkins & Carriba, in press). There has been a resurgence of
interest in the topic of functional laterality in non-human primates and there is evidence that
at least some manifestations of laterality in communicative behaviours are evident in non-
human primates and humans (see Hopkins & Carriba, in press). For example, both Old and
New World monkeys have been reported to exhibit left-sided lateral asymmetries (i.e., right
hemisphere) in the movements of the mouth in the production of communicative facial
expressions, particularly for calls with negative affective valence (Hauser, 1993; Hook-
Costigan & Rogers, 1998). There is also evidence for left hemisphere asymmetries in the
perception of species-specific vocalisations by macaques (Hauser & Andersson, 1994; Petersen
et al., 1978). In contrast to studies in monkeys, data on laterality in communicative behaviours
in apes have focused on gestural communication and these data are suggestive of a left
hemisphere asymmetry. This is most likely due to the fact that manual gestures are rarely
reported in monkeys, whereas there appears to be more widespread evidence of manual gestural
communication in great apes (see Leavens & Hopkins, 1999, for review). With specific
reference to laterality and gestures, Shafer (1993) reported that 22 gorillas preferred to use their
right hand for gestures while 10 preferred the left hand. More recently, and of specific interest
to this study, Hopkins and Leavens (1998) reported a right hand population bias in gestural
communication in a sample of 63 captive chimpanzees. In the report by Hopkins and Leavens
(1998), a banana was placed outside the subjects' home cage and the experimenter recorded
the hand use and gesture type. The position of the banana was randomly placed either on the
left or right side of the subjects' home cage. A hand use by gesture interaction was found with
a greater proportion of right hand use observed for food begs compared to pointing (also see
Krause & Fouts, 1997; Leavens, Hopkins, & Bard, 1996).

The purpose of the current study was threefold. First, in the Hopkins and Leavens (1998) study,
the position of the food item was not controlled for across all subjects and was not presented
as a within-subject variable. In short, it was not clear whether hand use or gesture type was
influenced by the position of the food item when considered as a between-group variable.
Moreover, the biased testing environment may have inadvertently masked more robust or
pronounced laterality effects under non-biased conditions. Thus, one purpose of this study was
to examine the relationship between hand use and gesture type under biased and unbiased test
conditions. If right hand use is associated with higher incidences of food begs and this
association is stable, then it can be hypothesised that right hand use should be more pronounced
for food begs compared to other gesture types in both biased and unbiased circumstances. The
second purpose of this study was to examine consistency and strength in hand use as a function
of the position of the food item. In our previous studies (Hopkins & Leavens, 1998), subjects
were tested on only one trial and the goal of this project was to examine consistency in hand
use across three trials that were presented in different positions relative to the subject. If hand
use in the production of intentional, referential gestures is reliable, then significant correlations
in hand use should be found across various biased and unbiased testing circumstances. The
third aim of this study was to increase the sample size from the original paper by Hopkins and
Leavens (1998). In the original paper by Hopkins and Leavens (1998) 115 chimpanzees were
tested but only 63 produced a manual gesture within the paradigm employed in that study. To
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increase our sample size and thus the number of individuals that reliably gestured, in this study
we tested for hand use by having the experimenter hold the food rather than having the food
displaced from the experimenter. In addition, the period of observation was increased so that
the subjects would have a longer period of time in which to produce a gesture.

METHOD
Subjects

There were 127 subjects ranging in age from 7 to 57 years (Mean = 18.33 s.d. = 10.21) all of
whom were housed at the Yerkes Regional Primate Research Main Center (YRPRC).
Chimpanzees under the age of 7 were excluded in this study because previous studies have
indicated that the frequency of gesturing is relatively low in subjects below this age (Leavens
& Hopkins, 1998). Of the 127 subjects, there were 70 females and 57 males, respectively. Of
the 70 females, 36 were mother-reared and 34 were nursery-reared. Of the 57 males, 22 were
mother-reared and 35 were nursery-reared. Mother-reared chimpanzees were those reared by
their biological, conspecific mother for more than 30 days of life. Nursery-reared subjects were
those that were brought to the YRPRC nursery before 31 days of life. The standard protocol
for hand rearing chimpanzees have been described in detail elsewhere (Bard, 1996).

Procedure
The procedure for this study was relatively straightforward. Each subject received three test
trials that corresponded to the position of the experimenter. All subjects were tested in their
home cages. The experimenter was positioned either to the left or the right, or directly centred
in front of the chimpanzees. For each position, the experimenter was approximately 1 m from
the chimpanzee. During each trial, the experimenter approached the subjects' home cage with
his hands behind his back and a banana hidden in the laboratory coat. The side from which the
experimenter approached the subject's home cage was counterbalanced across subjects. Once
in position, the experimenter revealed the banana and offered it to the chimpanzees. The hand
used by the experimenter to offer the banana was consistent across positions but varied
randomly between subjects. The banana was held at the experimenter's midline and
approximately .5m above the ground. The chimpanzee could then gesture for the food and a
30-second time limit was placed on the response. As soon as a gesture was solicited from the
subject, they were given the banana. If no gesture was solicited during the 30-second time limit,
the chimpanzee was still given the banana. Each subject was tested on all three trials during
one test session with the position of the experimenter counterbalanced across trials and subjects.
Every effort was made to ensure that the subjects were in the same posture in each of the three
positions. On each trial, the experimenter made note of the hand use and gesture type. Hand
use was recorded as either left or right. During the course of the study, only one subject
exhibited a bilateral gesture on a single trial and this subject was re-tested to obtain a full set
of unilateral responses for all individuals. Gesture type was characterised as either a food beg
or point, following the definitions outlined by Leavens and Hopkins (1998, 1999). Briefly,
pointing was defined as single-digit or whole-hand extensions directed towards the
experimenter positioned outside the cage. In contrast, food begs were defined as an extended
hand towards the experimenter with the hand assuming a cupped position. These operational
definitions are consistent with those used in previous reports in captive and wild chimpanzees
(Leavens & Hopkins, 1998; Plooij, 1978).

RESULTS
Consistency in hand use and gesture type

In the initial analysis, the associations between position and both hand use and gesture type
were assessed using a phi-coefficient. For this analysis, both hand use and gesture type were
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separately correlated across the three positions using a phi-coefficient. The summary statistics
can be seen in Table 1. For both gesture type and hand use, significant positive associations
were found for all comparisons, indicating that subjects exhibited consistency in hand use and
gesture type across all three positions.

Interaction between hand use and gesture type
In the next analysis, the association between gesture type and hand use was compared within
each of the positions. This analysis involved three separate 2 × 2 chi-square tests of
independence with one analysis corresponding to each of the three positions. For the centre
χ2(1, N = 127) = 31.63, p < .001, left χ2(1, N = 127) = 4.52, p < .04, and right χ2(1, N = 127)
= 5.83, p < .02 positions, all three associations were significant. Depicted in Table 2 are the
frequencies of left and right hand use as a function of gesture type and position. As can be seen,
for all three positions, the relative proportion of right hand use was significantly higher for
food begs compared to pointing.

Sex and rearing effects on cumulative hand use
In the next analysis, hand use was characterised across all three positions in order to assess the
effects of sex and rearing history on overall handedness. Each subject was characterised as
being either strongly left-handed (left hand use on all three trials), mildly left-handed (left hand
use on two of three trials), mildly right-handed (right hand use on two of three trials), or strongly
right-handed (right hand use on all three trials). These distributions were then compared as
function of rearing history and sex. The number of individuals classified into each handedness
group can be seen in Figure 1. No significant interactions were found for these analyses;
however, the overall distribution did differ significantly from chance as revealed by a chi-
square goodness-of-fi t test χ2(3, N = 127) = 24.34, p < .001.

In the previous analyses, hand use was considered on all three trials without regard to the type
of gesture. The original analyses clearly demonstrated that gesture type does influence hand
use. Therefore, in the next analysis, we compared the overall handedness scores as a function
of the type of gesture produced in all three trials. Four groups of subjects were formed including
(a) those that produced three food begs (n = 26, G1), (b) those that produced two food begs
and one point (n = 20, G2), (c) those that produced two points and one food beg (n = 33, G3),
and (d) those that produced three points (n = 48, G4). The four groups were compared on their
overall handedness score (all right hand = 1.0, two right and 1 left = .33, two left and 1 right
= −.33, and all left = −1.0) using a Kruskal-Wallis test. A significant main effect for group was
found in this analysis χ2(3, N = 127) = 28.77, p < .001. The mean handedness score for each
group can be seen in Figure 2. As a post-hoc analysis, a series of Mann-Whitney U-tests were
performed comparing the handedness scores of each group to each other. Alpha was adjusted
using Bonferoni's correction procedure to guard against Type I error due to the number of post-
hoc tests performed (n = 7). The mean handedness score for group 1 (all food begs) differed
significantly from group 3 (z = 3.34, p < .001) and group 4 (z = 4.84, p < .000). Group 2 differed
significantly from group 4 (z = 2.88, p < .004). None of the remaining group comparisons was
significantly different using the adjusted alpha level.

DISCUSSION
Three significant findings emerged in this study. First, chimpanzees exhibited a population-
level right hand bias for food beg gestures but not for pointing. Second, the gesture-specific
right hand bias in hand use was consistent across situational factors. Third, the hand used and
type of gesture produced were significantly and positively correlated across situational factors.
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As a whole, the results of this study support the previous findings by Hopkins and Leavens
(1998) indicating preferential use of the right hand for food begs, and suggest that the previous
findings were not due to the confounding of food position across subjects. Clearly, the position
of the experimenter does influence hand use per se but the proportion of subjects using the
right hand for food begs contrasted with points is relatively consistent across positions. The
results of this study also extend the previous findings by Hopkins and Leavens (1998) because
the sample size in this study (n = 127) was twice that of the previous report (n = 63).

The design of this study allowed for an assessment of consistency in both hand use and gesture
type in this sample of chimpanzees. The results from these analyses revealed significant
positive correlations across test conditions for both hand use and gesture type. Thus, subjects
tend to use both the same hand and the same type of gesture across situational factors. That
gesture type is consistent across situational factors may explain why the relative proportion of
subjects who use the right hand for food begs is higher across positional factors. If we assume
that right hand use is strongly associated with the production of food begs then it is not too
surprising that a higher proportion of these responses were found in all three positions.

When considering overall hand use, there were significantly more right-compared to left-
handed subjects in the population. There was no evidence that either sex or rearing history
influenced the distribution of hand use. However, two observations are worth noting. First, the
relative proportion of subjects exhibiting exclusive left or right hand use was 42% (53/127).
This value is substantially higher than any other hand preference data we have reported in the
YRPRC chimpanzees (see Hopkins, 1999; Hopkins & Pearson, 2000, for reviews) and suggests
that gestures are a highly lateralised behaviour in the chimpanzee. Second, the total proportion
of food begs was 40% (147/339), a value that is somewhat higher than the proportion reported
by Leavens and Hopkins (1998). This finding may, in part, be due to differences in
methodologies between the two studies. In this study, gestures were elicited by an experimenter
holding the food outside the cage. In contrast, Leavens and Hopkins (1998) recorded gestures
to food placed on the floor. It is possible that having a human hold food elicits more food begs
because this is the social context in which this gesture is produced by wild chimpanzees
(Goodall, 1986).

Finally, some have suggested that pointing towards foods outside their cages by chimpanzees
reflects nothing more than attempted reaches to the food. To some extent these data have been
refuted by the fact that chimpanzees, and other great apes, exhibit the “audience effect” (see
Leavens & Hopkins, 1999 for review). The audience effect refers to the observation that apes
do not gesture towards objects or foods without a social agent present to interpret their
communicative act. The data from this study are relevant to the issue of whether gestures are
frustrated reaching attempts, because previous studies in monkeys, apes, and humans have
examined the effect of situational factors on hand preference (Carlson, 1985; Cronholm,
Grodsky, & Behar, 1963; Fagard, 1998; Hopkins & Carriba, 2000; Welles, 1976). In these
studies, hand preferences are recorded as a function of the position of the food items relative
to the subject's midline. The most typical findings from these studies is that reaching is strongly
influenced by situational factors such that monkeys and apes will show a bimodal distribution
in hand use for foods positioned either to their left or right. In other words, if the food is
positioned to the right, the non-human primates will strongly prefer their right hand and vice
versa for foods positioned to their left. Hand use for midline presentations are typically
bimodally distributed with equal numbers of left- and right-handed subjects. Based on these
findings, if gestures were simply frustrated attempted reaches, then one would predict a high
degree of left- or right-handedness based on the position of the experimenter (left or right)
relative to the subject. Although this pattern was somewhat observed in this study, clear shifts
to simple unimanual hand use for ipsilateral gestures were not found and are quite distinct from
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the data reported for simple reaching. Thus, it suggest that the mechanism that controls hand
use for gestures is likely different from that for simple reaching.

In addition, the association between hand use for gestures and simple reaching is non-
significant. For 116 chimpanzees in this study, simple reaching data were available and these
data were correlated with the gesture hand preference data. Simple reaching data were collected
by throwing peanuts or raisins to random locations in the subject's home cage and recording
the hand use to pick up the food item. For each subject 25 reaching responses were recorded
and each observation of reaching was kept independent from the others by throwing only a
single food item into the cage at a time and requiring that subjects reposition themselves
between responses. For each subject, a handedness index was calculated by subtracting the left
hand responses from the number of right hand responses and dividing by the total number of
responses (R−L)/(R+L). Handedness indices were calculated for both the simple reaching and
gesture data collected in this study. A Spearman rank order correlation failed to reveal
significant association between the handedness indices for simple reaching and overall hand
use in gestural communication (rho = .067, N = 116, n.s.). We further correlated the handedness
index value for simple reaching with the dichotomous handedness score for the left, centre,
and right positions and none of these associations reached statistical significance (rho values
=−.069, .175), and −.004, respectively). Finally, we analysed the association between hand use
for gestures and simple reaching as a function of gesture type and position. Within each
position, we selected subjects on the basis of whether they gestured with a food beg or point,
and then correlated the dichotomous hand use score with their simple reaching score. For food
begs, there was no significant association between hand use and the simple reaching
handedness score when the experimenter was positioned either to the left, centre, or right of
the subject (rho values = −.009, .219, and −.240, respectively). Similarly, for points, no
significant associations were found between hand use for gestures and simple reaching when
the experimenter was positioned either to the left, centre or right of the subject (rho values =
−.105, .160, and .204, respectively). Taken together, these findings suggest that hand use for
gestural communication occurs relatively independent of hand use for simple reaching.
Moreover, it is unlikely that the gestures reflect frustrated attempts to reach for the food,
although we recognise that we did not record gaze alternation and other behaviours that would
possibly have indicated the motivation and intention of the chimpanzees' gestures (but see
Leavens & Hopkins, 1998).

Finally, it is not clear why the proportion of right hand use in gestures is specific to food begs.
There is no evidence that pointing is used differently from food begs in terms of their
communicative function (see Leavens & Hopkins, 1999). Thus, the difference does not appear
to be associated with differences in function. It is possible that differences in the morphology
of the gestures produces this effect, but the morphological differences between the two gestures
are not that distinct and we are not of the opinion that this is a likely explanation. A more
plausible explanation for this effect may be in the neurobiological origin of the expression of
this bias. The food beg is a gesture that wild chimpanzees (Plooij, 1978) produce whereas the
pointing described in this paper is more of an acquired or learned behaviour specific to captive
chimpanzees. Both of these gestures are used referentially and intentionally by captive
chimpanzees but the expression of each gesture differs because of different mechanisms
controlling their development. Clearly this issue needs further investigation but we would
emphasise that the differences appear to be very robust, and have now been replicated and
reported in at least four different studies (see Krause & Fouts, 1997; Leavens et al., 1996;
Hopkins & Leavens, 1998; this study).

In conclusion, the results of this study indicate that chimpanzees prefer to use their right hand
for gestural communication, particularly food beg gestures. Situational factors have some
influence on overall hand preference but preferential use of the right hand for food begs were
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consistent, irrespective of the position of the experimenter. Neither sex nor rearing history
influenced hand preference. Whether gestures represent a unique or distinctly lateralised
behaviour compared to other motor functions will warrant further investigation. Moreover,
whether lateralisation in gestural communication is associated with asymmetries of the great
ape brain, notably those associated with language functions in humans, warrants further
investigation (see Gannon, Holloway, Broadfield, & Braun, 1998; Hopkins, Marino, Rilling
& MacGregor, 1998). Further studies in chimpanzees and other great apes should shed
important light on the evolution of manual gestures in relation to theories on the origin of
language and speech in humans.
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Figure 1.
Number of individuals classified into each hand preference group based on the three trials
presented to each subject.
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Figure 2.
Mean handedness score for chimpanzees as a function of consistency in gesture type. Group
1 = use of food begs on all three trials. Group 2 = use of a food beg on two trials and a point
on one trial. Group 3 = use of a food beg on one trials and a point on two trials. Group 4 = use
of a point on all three trials. A mean handedness score of 1.0 reflects exclusive right hand use
and a score of −1.0 reflects exclusive left hand use. Values between −1.0 and 1.0 reflect mixed
hand use.
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