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Chapter 1

Pointing: A Foundational
Building Block of
Human Communication

Sotaro Kita
Max Planck Institute for Psycholinguistics

This volume examines pointing gestures from a multidisciplinary view-
point. Pointing has captured the interest of scholars from different disci-
plines who study communication: linguists, semioticians, psychologists, an-
thropologists, and primatologists. However, ideas and findings have been
scattered across diverse journals and books, and researchers are often not
aware of results in other disciplines. To date, there have been few opportu-
nities for interdisciplinary exchange of information. The aim of this vol-
ume is to provide an arena for such exchange.

The prototypical pointing gesture is a communicative body movement
that projects a vector from a body part. This vector indicates a certain direc-
tion, location, or object. Why is investigation of pointing gestures impor-
tant? Because it is a foundational building block of human communication.
Pointing is foundational in four respects.

First, it is ubiquitous in our day-to-day interaction with others. When
communicating about referents locatable in the speech situation, pointing
is almost inevitable. Even when we talk about referents that are distant in
space and time, we often point to the seemingly empty space in front of us.
Such pointing assigns a certain meaning to the location in the space, and
we point back to the same location later in the discourse (see McNeill,
chap. 12). The assignment of a meaning to a location by pointing is part of
the grammar of signed languages. Pointing in signed languages is equiva-
lent to, and used as frequently as, pronouns in spoken languages (“every
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four signs in signed discourse is a pointing sign”; see Engberg-Pedersen,
chap. 11).

Second, pointing is a uniquely human behavior. In other words, point-
ing separates humans from primates, just like the use of language does. Pri-
mate behaviors that closely resemble pointing lack some of the key compo-
nents of human pointing (see Povinelli et al., chap. 3; Butterworth, chap.
2). A careful examination sharply delineates the fundamental difference
between primate and human communication.

Third, pointing is primordial in ontogeny. Pointing is one of the first ver-
satile communicative devices that an infant acquires. Pointing emerges out
of its antecedent behaviors, such as undirected extension of the index fin-
ger, several weeks before the first spoken word (see Butterworth, chap. 2;
Masataka, chap. 4)." Once infants start uttering words, they produce a word
and a pointing gesture together. How infants use pointing predicts their
later language development to some extent (see Goldin-Meadow & Butch-
er, chap. b; Butterworth, chap. 2). In addition, the caregiver’s pointing is
probably one of the important cues with which infants establish a connec-
tion between a word and its referent.

Fourth, pointing does not merely indicate a vector, but it can serve to
create further types of signs. For example, a pointing gesture can create an
iconic representation by tracing a shape or movement trajectory (see Havi-
land, chap. 7). It sometimes even leaves a visible mark, “inscribing” a shape
on a surface (see Goodwin, chap. 9).

CROSS-CUTTING ISSUES

Because pointing is so ubiquitous and we interpret it with such ease, it
might appear that pointing is a trivial phenomenon. On the contrary, as
demonstrated by all of the chapters, careful examination reveals that the
versatility and interpretability of pointing are based on complex underlying
biological, psychological, and semiotic processes. Some issues regarding
these processes recur in different chapters in the volume.

One such issue is biological determinism and the putative universality of
index finger pointing (see Wilkins, chap. 8; Masataka, chap. 4; Butterworth,
chap. 2; Povinelli et al., chap. 3). The question is whether humans are bio-
logically programmed to point with an extended index finger, making in-
dex-finger pointing universal across cultures. Although it is anatomically
difficult for chimpanzees to extend only the index finger (Povinelli et al.,

IThere seems to be little evidence supporting Vygotsky’s (1988) hypothesis that the in-
fant’s failed reaching and the caregiver’s reaction to it develop into pointing (see the chapters
by Masataka and by Butterworth).
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chap. 3), human infants produce index-finger pointing from early on in
studies conducted in the United States, Europe, and Japan (see Butter-
worth, chap. 2; Masataka, chap. 4). This might suggest the biological deter-
minism of index-finger pointing. However, in these cultures, adults also fre-
quently use index-finger pointing. Thus, questions still remain. Is infants’
index-finger pointing a biologically programmed choice? Or is it due to the
input and reinforcement from adults? (See Masataka, chap. 4, for the dis-
cussions about the possibility of culture-specific reinforcement.) A more
conclusive answer to these questions requires a future study on children’s
early pointing in a culture where adults do not use index-finger pointing at
all or do so only rarely. As noted in Wilkins’s chapter, some preliminary re-
ports suggest that such cultures may indeed exist.

Furthermore, Wilkins’ chapter notes that even in cultures where index-
finger pointing is commonly used among adults, its function vis-a-vis other
forms of pointing (e.g., flat-hand pointing) differs from culture to culture.
Kendon and Versante’s chapter provides a meticulous description of func-
tions associated with different forms of pointing used by Neapolitans. The
range of forms used as pointing gestures (i.e., different hand shapes and
the choice of other articulators such as the lips®) and the form—function
mapping in a given culture clearly have to be learned by children.

Another recurring issue in the chapters concerns semiotic processes that
underlie interpretation of a pointing gesture. The general problem is that
the referent of a pointing gesture can be ambiguous in many ways. Does the
pointing indicate a direction (e.g., north)? If so, what is the origo from
which the direction should be interpreted: from the location of the
gesturer, or from some other reference point? (See Haviland, chap. 7, for
discussions on pointing with a “transposed” reference point.) If pointing
does not merely indicate a direction, it has a target object or location. If the
target is an object, does it simply refer to the object, or does it predicate that
the object is located at its location (see Engberg-Pedersen, chap. 11)? Fur-
thermore, which aspect of the object is indicated? To take an example from
Clark’s chapter (chap. 10), pointing in the direction of a car could be a ref-
erence to the car itself, to the color of the car, or to a piece of junk.

There are different suggestions as to how one can narrow down the do-
main of possible referents. Goodwin (chap. 9) suggests, for example, that an
“activity framework” specifies which features of the environment are relevant
for the ongoing activity and hence are likely to be the referent of a pointing
gesture. In addition, different forms of pointing may correlate with particu-
lar types of referents (see Kendon & Versante, chap. 6; Haviland, chap. 7;
Engberg-Pedersen, chap. 11; Wilkins, chap. 8; Kita, chap. 13).

2Lip pointing seems to be more common across cultures than one would suppose from Eu-
ropean perspectives. See Wilkins’ chapter as well as Sherzer (1973) and Enfield (2002).
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Even if one identifies the referent, further pragmatic inferences may be
needed to get to the intended interpretation. First, an associative link from
the direct referent to the inferred referent may have to be taken into ac-
count. For example, a pointing gesture can be directed toward an empty
chair (the direct referent) in order to refer to the person who normally sits
in the chair (the inferred referent; see Haviland, chap. 7; Clark, chap. 10).
Second, a pointing gesture can be interpreted as a social act such as “imper-
ative,” which demands a response from the communication partner. For ex-
ample, an infant may produce a pointing gesture that can be interpreted as
arequest, “give me that” (see Butterworth, chap. 2; Povinelli et al., chap. 3).
Finally, the accompanying speech can narrow down possible interpreta-
tions of a pointing gesture (see e.g., Goodwin, chap. 9). Goldin-Meadow
and Butcher (chap. 5) note that infants in the one-word stage often com-
bine a word and a pointing gesture, which together comprise a proposition.

To complicate matters further, a pointing gesture may not have a preex-
isting target, but may be directed toward seemingly empty space. “Abstract
deixis” in cospeech gesture (see McNeill, chap. 12) and “indexical signs” in
Danish Sign Language (see Engberg-Pedersen, chap. 11) are such cases. In
these cases, a physically empty location is assigned a meaning by virtue of
being the target of a pointing gesture. Haviland discusses a related case,
which involves pointing gestures directed toward a concrete target. In the
description of the structure of a sugar-cane press, the speaker points to a
wooden post of a house. However, he does not intend to refer to the house
post. He uses the house post as a prop. It stands for a supporting post of an
imaginary sugar-cane press, which he “builds” with a series of gestures.
These are examples of Silverstein’s (1976) “creative” function of indexical
signs. The interpretation of such creative pointing gestures is constrained
not only by the linguistic context, but also by the “deictic field” (see espe-
cially McNeill, chap. 12), which is populated by imaginary entities that are
also established by other creative pointing gestures. Note the similarity and
the difference between activity frameworks and deictic fields. An activity
framework imposes a more abstract structure on a cluttered physical envi-
ronment, whereas a deictic field projects a richer structure on a physically
minimal environment.

OVERVIEW OF THE CURRENT VOLUME AND BEYOND

Having laid out some of the issues that cross-cut the chapters, we now turn
to the structure of the volume. The first four chapters concern the ontog-
eny and phylogeny of pointing. The first chapter by Butterworth provides
an overview of the literature on developmental and primate studies on
pointing and joint attention. He argues that index-finger pointing is a
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uniquely human behavior (e.g., there has been no report on primates in
the wild using index-finger pointing among themselves). He maps out the
developmental path of pointing from its antecedent behaviors to the role it
plays in early language development.

In the following chapter, Povinelli, Bering, and Giambrone discuss the
comprehension of pointing by chimpanzees. The results of their experi-
ments indicate that, unlike young children, chimpanzees lack the under-
standing that a body part projects a vector toward a particular direction,
and, more crucially, they lack the understanding that the communication
partner has to mentally represent the direction. The lack of “mentalistic”
understanding of pointing by chimpanzees is in sharp contrast to human
infants, who check whether the communication partner is attending the
same referent (cf. the chapter by Butterworth).

Two chapters on the development of pointing follow. Masataka studies
the earliest part of development, namely, the stages that lead up to the
emergence of adultlike pointing gestures around the age of 11 months. He
proposes that undirected extension of the index finger is one of the key
antecedent behaviors for pointing. Index-finger extension tends to be
synchronized with speechlike vocalization. In addition, index-finger exten-
sions occur more often when the caregiver reacts to the infant’s vocaliza-
tion in a timely manner and when an infant is confronted with an unfamil-
iar object. In other words, the situation that leads to index-finger extension
is very similar to the situation in which pointing gestures are commonly ob-
served in older infants, namely, verbal communication with a caregiver
about a noteworthy object. Furthermore, a longitudinal study has revealed
that a sharp drop in the frequency of index-finger extension is immediately
followed by a sharp rise in the frequency of pointing.

A later stage of the development is covered by Goldin-Meadow and
Butcher, who investigate pointing between the one- and two-word stages.
They have found that the onset of utterances in which a word and a point-
ing gesture refer to two separate entities is a good predictor for the subse-
quent onset of two-word utterances. In other words, infants package two
ideas into a message first in a pointing—word combination and then in a
word-word combination.

Four chapters on the ethnography of pointing follow. These chapters ex-
amine naturally occurring pointing gestures and contexts of their use, as
well as people’s meta-knowledge about various types of pointing gestures.
Kendon and Versante investigate the relationship between different shape
features of pointing and their functions in Neapolitans’ gestures. Their
analysis of the contexts of use reveals an elaborate system of pointing in this
famously gesture-rich culture.

Haviland illustrates various types of semiotic complexity of pointing ges-
tures using data from Tzotzil speakers of Mexico (an 18-month-old child
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and adults). He discusses relationships between various pointing forms and
their functions, relationships to speech, and the influence of spatial and
sociocultural contexts on the interpretation of pointing.

Wilkins problematizes what it means to claim universality of index-finger
pointing by underscoring the culture specificity of form—function relation-
ships. He examines form—function relationships in the Arrernte commu-
nity (Central Australia) from a perspective that emphasizes meta-knowl-
edge. He found that some of the hand shape used for pointing in this
culture are unusual from Euro-American perspectives. For example, he re-
ports transitional middle-finger pointing by young children.’

The last in the series of chapters on the ethnography of pointing is the
chapter by Goodwin. He analyzes pointing by archaeologists at an excava-
tion site and by an aphasic patient. He examines various semiotic and
interactional structures that support how interactants interpret pointing.
Such structures can be exemplified by “activity frameworks,” mentioned
earlier, and “participation frameworks,” which determine how participants
of an activity attend to each other and to things in the environment rele-
vant for the activity.

The following chapter by Clark puts pointing in a larger theoretical con-
text. He proposes a general theory of how people indicate. He contrasts
semiotic characteristics of two ways in which people indicate: “directing-to,”
which includes pointing, and “positioning-for” (or “placing”). One of the
fundamental differences between the two is what is manipulated for the
purpose of indication. In directing-to, one moves the attention of the com-
munication partner to the referent, whereas in positioning-for, one moves
the referent to the location of the communication partner’s attention.

Engberg-Pedersen investigates different linguistic functions of point-
ing gestures with both the hand and gaze in Danish Sign Language. She
has found that a pointing sign with the hand serves as a pronoun, a deter-
miner indicating specificity of a referent, or a “pro-form” performed si-
multaneously with another sign. A pro-form adds a spatial component to
the concurrent sign when the sign cannot be modulated spatially (e.g., a
sign that has to be in contact with the face). Gaze pointing is also mul-
tifunctional: checking the recipient’s understanding, reference tracking,
imitation of the gaze movement by a quoted person, drawing the recipi-
ent’s attention to iconic depiction. Furthermore, the conditions under
which gaze pointing is accompanied by the turning of the head or the
torso are also discussed.

In the following chapter, McNeill discusses a frequent type of gesture in
conversation, in which the speaker points to seemingly empty space in

3See also Wilkins (2002).
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front. This can be labeled “abstract deixis,” in the sense that the gesture
points to no concrete target. Such pointing creates an imaginary target ata
certain location, which can be revisited later in the discourse. McNeill illus-
trates how abstract deictic gestures structure the speaker’s imaginary space.
By virtue of the externalization via pointing, this space is shared with the
communication partner. In other words, space becomes personal and pub-
lic simultaneously. Thus, abstract deixis can be seen as the interface be-
tween “interpsychic” and “intrapsychic” processes of meaning creation.

In the last chapter, Kita discusses the cognitive processes that underlie
the production of pointing gestures and accompanying spoken utterances
through the observation of pointing gestures produced in naturalistic route
directions. He argues that pointing helps speaking by facilitating the choice
between the notoriously confusing concepts left and right. He also discusses
how torso orientation and gaze movement are systematically coordinated
with pointing.

In summary, a wide range of investigations from different disciplines is
represented in this volume, although it does not cover fields such as experi-
mental psycholinguistics (de Ruiter, 1998; Feyereisen, 1997; Levelt, Rich-
ardson, & La Heij, 1985), neuropsychology (Lausberg, Davis, & Rothen-
hausler, 2000; McNeill, 1992), and second language acquisition research
(Gullberg, 1998, in press). This is a modest but firm step forward in the syn-
thesis of knowledge from various approaches about pointing—where lan-
guage, cognition, and culture meet.
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Chapter 2

Pointing Is the Royal Road
to Language for Babies!

George Butterworth
University of Sussex

Index-finger pointing is a means of making definite reference that is inti-
mately linked to gesture and speech. This chapter examines evidence for its
species specificity to humans, considers the development of pointing in ba-
bies, and offers some evidence for the universality of the gesture at least in
its earliest form. First, it is necessary to describe the typical posture of the
hand in pointing to avoid confusion with other indicative gestures and to
define it precisely. In pointing, the index finger and arm are extended in
the direction of the interesting object, whereas the remaining fingers are
curled under the hand, with the thumb held down and to the side (Fig.
2.1). The orientation of the hand, either palm downward or rotated so the
palm is vertical with respect to the body midline, may also be significant in
further differentiating subtypes of indexical pointing (see also Kendon,
chap. 6, this volume).

Deixis is derived from the Greek deiknunai meaning “to show” (Collins
Softback English Dictionary, 1991). Pointing is a deictic gesture used to re-
orient the attention of another person so that an object becomes the
shared focus for attention. Rolfe (1996) offered three criteria for deictic
pointing: (a) Itis dialogic in that it requires an audience and is for someone
else’s benefit, (b) the gesture serves to single something out which the ad-

1George Butterworth died before the completion of the book production process. The edi-
tor took the liberty of updating the references and making minor editorial adjustments in the
text.
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FIG. 2.1.  Typical hand posture in infant pointing.

dressee comprehends to be the referent, and (c) the direction of what is be-
ing pointed at is seen as away from the pointing hand. These three charac-
teristics constitute the contextual and cognitive requirements for the
production of pointing, and they may also be taken as conditions for com-
prehension of the gesture. In evaluating developmental and comparative
evidence, these criteria for deixis need to be borne in mind to differentiate
between superficially similar behaviors. We begin by considering when
pointing develops in infancy, then turn to some comparative studies to eval-
uate the claim that pointing is species specific to humans. This gives the
background for a new theory of the origins and development of pointing as
arising from species-typical human abilities for the precise control of instru-
mental action.

THE PRODUCTION OF POINTING

A number of studies now agree on the emergence of canonical pointing (as
defined earlier) at an average age of 11 months, although babies as young
as 8.5 months have been observed to point (Butterworth & Morissette,
1996; Schaffer, 1984). Approximately 33% of parents of 8-month-old babies
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in the United States say that their babies already point (Fenson et al., 1994).
Carpenter, Nagell, and Tomasello (1998), in a longitudinal study of 24 ba-
bies also in the United States, found that pointing to nearby objects oc-
curred at 11 months, 2 months before more distal pointing. Butterworth
and Morissette (1996), in a similar longitudinal study of 27 babies in Eng-
land, also found the average age for pointing onset to be in the 11th month
(11.2 months for females and 11.7 months for males). Ohama (1984), in a
longitudinal study in Japan, reported that 5/9 of her sample pointed by 11
months and 8/9 by 13 months. In the standardization sample for the Mac-
Arthur test of early language development, Fenson (personal communica-
tion, 1997) found that pointing onset occurred at an accelerated rate for fe-
male babies between 9 and 12 months, when the number of boys who have
started pointing catches up. Pointing begins rather suddenly, as if the ges-
ture emerges after a stage transition. By 12 months it comprises more than
60% of all gestures made by the infant (Lock, Service, & Chandler, 1990).
Pointing is accompanied by checking with the adult (3.4% of points at 12
months according to Lock et al. [1990], rising to about 20% at 18 months
in Franco & Butterworth [1996]; Ed. note, see also Franco [1997], Franco
& Wishart [1995]). Pointing is also accompanied by vocalization (50% of
pointing gestures according to Lock et al. [1990], 76% in Franco & Butter-
worth [1996], 87% in Leung & Rheingold [1981], all at 12 months).

To establish more precisely for this chapter the actual orientation of the
hand around the time of pointing onset, the author checked left- and right-
handed examples from video recordings of 10 babies. In 19 cases, the orien-
tation of the pointing hand was palm down; in one case, a lefthanded
point, the orientation was with the hand rotated at the wrist, through 90 de-
grees in the horizontal plane, so that the palm was vertical. That is, the ca-
nonical pointing gesture, with index finger and arm extended, palm down,
is by far the most frequently observed hand orientation in babies at the on-
set of pointing. We may describe pointing as a universal gesture in babies
given the geographical dispersion of the longitudinal studies. Most cross-
sectional studies also agree that pointing begins by 12 months (e.g., Leung
& Rheingold, 1981; Murphy, 1978).

Wilkins (chap. 8, this volume) observed pointing with the middle finger
among three aboriginal children ages 22 to 36 months, a gesture replaced
by indexical pointing rather later in development. Such middle finger
pointing is occasionally observed in Western infants too. It seems that there
is a permissible (but narrow) envelope of variation in the form of the ges-
ture, which during development converges on the canonical indexical
form. The questions to be addressed are, why does pointing take this
indexical form—is it an aspect of our biological endowment or is it socially
derived? If there is evidence for a biological base, is pointing species spe-
cific to people?
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ANTECEDENTS OF POINTING

It was once widely believed that pointing emerges by the differentiation of in-
dex-finger extension from the open-handed waving posture sometime after
the seventh month (e.g., Leung & Rheingold, 1981; Murphy & Messer,
1977). Although the canonical form of pointing does emerge toward the end
of the first year, there is evidence that antecedents of pointing, in particular
the independent extension of the index finger, can be observed much ear-
lier. Isolated extension of the index finger, with the other fingers curled in-
ward in the pointing posture, has been observed in the 3-month-old baby, in
close association with speechlike sounds, when the infant is engaged in social
interaction (Fogel & Hannan, 1985; Masataka, 1995; Masataka, chap. 4, this
volume). Hannan (1987) found that “pointing” in babies 3 to 9 months old
tended to be lefthanded when the baby interacted with the mother and
righthanded when the mother showed the baby a toy. Hannan and Fogel
(1987) in a longitudinal single case study observed pointing movements, pre-
dominantly of the right hand, from 18 days. “Pointing” was accompanied by
movements of the eyes and mouth that occurred as a cluster of orienting be-
haviors. Fogel (1981) observed pointing, sometimes with extended arm and
index finger, in babies ranging in age from 18 days to 6 months when in so-
cial interaction. These microanalytic studies of babies reveal that embryonic
forms of the pointing gesture are already in the repertoire although mothers
are not aware that their babies are pointing. The typical pointing posture of
the hand does not emerge from a less differentiated form, but shows the typi-
cal hand shape soon after birth.

There are also isolated reports that babies can sometimes be observed
making pointing movements for themselves before they engage in pointing
for others. Tran-Duc Thao (1984), a Vietnamese philosopher, described
such behavior as reinforcing for oneself the “sense certainty” of the object.
Such phenomena may be involuntary orienting movements or expressions
of interest, which are perhaps related to the transitional phenomena ob-
served by Franco and Butterworth (1996). These authors found that at 10
months babies sometimes point at an object, then turn to the mother as if
to check with her, whereupon they point at the mother. It is as if visual
checking and manual pointing are coming together in a new coordinated
structure comprising pointing and checking, which is not yet appropriately
sequentially organized. Checking is strong evidence both for communica-
tive intent and for the deictic nature of the gesture because the audience is
being “interrogated” for comprehension of the referent. Thus, it is possible
that components of pointing, which are particularly closely linked to syl-
labic vocalization, can be observed early in development. The difference
between the earlier and later forms is that the gesture is not yet used instru-
mentally. The evidence on the antecedents of pointing therefore takes the
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form of the action comprising the gesture into early human development,
again suggesting it is of biological origin.

Once canonical pointing emerges, further changes occur in relation to
checking. Franco and Butterworth (1996) found that when babies first
point, checking follows the gesture, whereas by 16 months they will first
check to establish that they have the attention of the adult and only then do
they point. The gesture soon acquires a metacognitive aspect in that the
older infant knows that having the attention of the other person is a neces-
sary condition for communication. These observations suggest that point-
ing has the necessary dialogic aspect to qualify as a deictic gesture from the
time the canonical form appears.

Further evidence comes from studies in which the social conditions for
pointing were investigated (Franco & Butterworth, 1990; Ed. note, also see
Franco, 1997; Franco & Wishart, 1995). Babies were tested alone or with a
social partner in the presence of two doll figures that moved their arms and
legs in a regular cycle. Pointing occurred only under conditions where a
partner was available for communication, which again suggests that the ges-
ture is deictic from its inception. Furthermore, pointing by the baby did not
require that the adult also point, nor was the rate of infant pointing a func-
tion of the adult rate. That is, infant pointing requires an audience, but the
incidence of pointing by the infant was not driven by whether the partner
also pointed. This suggests that social influence is limited to the audience
effect, rather than social transmission being responsible for creation of the
gesture by ritualization or transfer of a conventional act. In another study,
infants who had recently begun to point were tested in pairs in the presence
of an interesting event. Preverbal babies would point and check with each
other, which suggests again that there is no necessity for adults to mediate
in the production of the gesture. Such observations argue against any sim-
ple theory of transgenerational transmission from adult to baby, although
this does not mean that adults do not have an important role in the subse-
quent elaboration of pointing (Franco, Perucchini, & Butterworth, 1992;
Ed. note, also see Franco, 1997; Franco & Wishart, 1995). This evidence
also runs against the view that pointing is at first performed primarily for
the self because a partner had to be present for pointing to occur at all.

In summary, recent evidence suggests that canonical pointing emerges
toward the end of the first year, slightly earlier in females than males. The
hand posture observed conforms closely to the description just offered,
namely, index-finger extension with palm down, thumb tucked in, and
other fingers curled under. Associated phenomena, such as checking (and
vocalization), show that pointing already has deictic qualities in requiring
an audience and in being performed in order to redirect the attention of
others. To determine whether pointing is biological in its origin or species
specific to humans requires further comparative evidence.



14 BUTTERWORTH

COMPARATIVE EVIDENCE ON THE
SPECIES SPECIFICITY OF POINTING

The precise definition of the pointing gesture is rather important in evalu-
ating comparative evidence. For example, the pointer dog, according to
Hewes (1981), has been associated with humans in hunting for at least 2.5
thousand years. The dog aligns its whole body with the target, from tip of
nose to extended tail, sometimes with a front paw raised, in a manner partly
analogous to human deictic behavior. The orientation of the dog indicates
the general direction of fallen wildfowl, which assists the hunter locate the
prey. However, it is not the case that the dog engages in a dialogue with the
hunter, and furthermore, whole-body orienting differs in other important
ways from indexical pointing. For example, the dog does not see itself ori-
enting toward the prey, whereas sight of the hand and the object in the vi-
sual field may be integral to the production and comprehension of point-
ing in humans. Using a part of the body, the arm and hand, to indicate, in
lieu of the whole body, may also require a cognitive analysis of part-whole
relations.

Chimpanzees (Pan troglodytes) and orangutans (Pongo pygmaeus) are ca-
pable of signaling with manual indicative gestures, in which the arm, open
hand, and extended fingers are oriented in the direction of an interesting
sight. The behavior is usually made by captive, trained chimpanzees to their
human trainers and is rarely seen between conspecifics. Hewes (1981) de-
scribed an observational study of a pair of captive bonobos (Pan paniscus) in
which only 21 indicative gestures were observed in 600 hours of filming.
The gestures were described as “completely iconic hand movements” made
by the male, which served to indicate to the sexual partner that she should
move to another part of the enclosure. The question is, should such open-
handed, indicative gestures in chimpanzees be considered equivalent to
human pointing? Some authors have argued that it is equivalent and that
the function of indicating is more important than the form of the gesture
(Krause & Fouts, 1997). For the theory to be proposed here, however, it is
important that higher primates generally give no prominence to the index
finger in making indicative gestures (Blaschke & Ettlinger, 1987; Call &
Tomasello, 1995; Menzel, 1974). One factor that may limit index-finger
pointing in apes is the anatomy of the hand. Povinelli and Davis (1994)
noted that the resting posture of the index finger in anesthetized humans is
slightly proud of the remaining fingers, whereas in chimpanzees all the fin-
gers remain aligned when at rest, which suggests that differences in the in-
sertion of the muscles exist in index-finger control.

However, this need not mean that indexical pointing is impossible for
chimpanzees, as the literature used to suggest (Butterworth, 1991a). It has
recently been shown that chimpanzees (Pan troglodytes) can signal with an
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index finger (Leavens, Hopkins, & Bard, 1996). The clearest evidence
came from a chimpanzee named Clint, age 14 years, who extended the in-
dex finger (with left and right hand) apparently as a request to the experi-
menter for food that had fallen on the ground. Index-finger extension was
less frequent (38 occasions) than whole-hand indicative gestures (102 occa-
sions). Indicative gestures were used by Clint as an imperative for food
items (i.e., give me that food), and it is possible that his index-finger point-
ing may have been learned as a particular consequence of social contact
with humans. It is interesting that Clint was never observed to use index-
finger pointing with conspecifics. Nevertheless, some of his index-finger
points were accompanied by checking with the experimenter, suggesting
that the gesture required an audience, and he only pointed when the ex-
perimenter was facing him. Leavens and Hopkins (1998), in a study of 115
chimpanzees ages 3 to 56 years, found that 47 animals made whole-hand in-
dicative gestures and 6 animals used indexical points with arm extended to
single out the location of food for an experimenter. Of 78 chimpanzees
who made gestures of any kind, 35% of the gestures were accompanied by
vocalization, a figure rather lower than found with babies. High levels of
gaze alternation (checking) were observed, however (80% of animals
showed checking from 8 years).

Another possibly important factor concerns the species-typical require-
ments for precision in behavior. Krause (1998) reported indexical point-
ing, with arm extension, in a 2l-year-old captive chimpanzee who was
trained to indicate to a naive experimenter which of four possible places
contained a hidden object. Under these conditions, which required greater
precision than is usually the case for cross-species communication, in-
dexical pointing was used by the chimpanzee. It is possible that the gesture
was learned from the human caretakers because the colony contained lan-
guage-trained animals. Nevertheless, it was perhaps because the testing situ-
ation required precision that the chimpanzee used the indexical pointing
gesture and not the more common indicative gesture. Feral chimpanzees
have not been observed to point indexically, and indeed, whole-body ori-
enting may be sufficiently communicative for the chimpanzee’s purposes in
the wild (Menzel, 1974). This implies that differential requirements for
precision between humans and chimpanzees may be an important factor in
determining whether indexical pointing or whole-hand indicative gestures
are used.

The contrast in prevalence of pointing in humans is illustrated graphically
in a study of congenitally deaf infants by Goldin-Meadow and Feldman
(1977). They found that 51% of as many as 5,000 gestures produced by tod-
dlers ages 17 to 47 months were indexical points at things, people, or places
(cited in Hewes, 1981). Because the children were being taught language by
an oral method and parents avoided signing, the authors concluded that
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pointing must have been generated spontaneously by the children. Franco
and Butterworth (1996) also found that pointing comprised more than 55%
of the gestures of babies ages 14 months, whereas other indicative gestures
involving the whole hand, or extended arm and closed fist, or isolated index-
finger extension accounted for only 18% of gestures in total. Furthermore,
whole-hand indicative gestures and index-finger pointing were uncorrelated
in development, with indicative gestures remaining at a low constant level be-
tween 12 and 18 months, whereas pointing increased exponentially. A simi-
lar low correlation between pointing and other indicative gestures was found
by Lock, Young, Service, and Chandler (1990). All this evidence suggests that
open-hand indicative gestures and pointing are unrelated and therefore may
serve different purposes in communication. For babies, indexical pointing is
the preferred means of communication; it occurs with great frequency and
may well develop spontaneously given the appropriate social context, rather
than being taught by parents or otherwise socially transmitted to the infant.

In summary, pointing may have species-typical biological origins in hu-
mans. The recent upsurge of research on pointing in chimpanzees suggests
that it is not possible to maintain an absolute divide between humans and
other higher primate species with respect to the gesture. Some aspects of
the capacity for indexical pointing may be shared with other primates, al-
though the possibility that humans taught chimpanzees to point cannot be
ruled out. Assuming that indexical pointing is possible in chimpanzees, and
that it was not learned from their caretakers or because they were trained in
sign language, this makes explaining pointing all the more interesting. On
the one hand, continuity with higher primates roots the gesture firmly in
our common primate evolutionary heritage. On the other hand, there are
many strong contrasts with chimpanzees, including the incidence of the
gesture, its precise form, and the preference for pointing in babies over
other means of indicating. In particular, indexical pointing in humans is
done for conspecifics, whereas it has never been observed to occur between
chimpanzees; in humans it is declarative, whereas in chimpanzees almost
all examples are imperative. On the evidence to date, by these broader
deictic criteria, declarative indexical pointing is species specific to humans.

Perhaps the question of whether chimpanzees point should no longer
be expressed simply in terms of presence or absence of the ability. The
more appropriate question is, why is index-finger pointing extremely infre-
quent and difficult to observe in chimpanzees? More progress in under-
standing the functional significance of index-finger pointing might be
made if it could be ascertained why indicative gestures generally take the
whole-hand open form in chimpanzees, but generally involve index-finger
extension in humans. To examine this question further, we need to con-
sider the relation between pointing and prehension and different theories
of the origins of pointing in human ontogeny.
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THEORIES OF THE DEVELOPMENT OF POINTING

Traditional views of the origins of pointing are of two types, which stress ei-
ther that pointing develops out of prehension (e.g., Vygotsky, 1988) or that
itis a communicative gesture from the outset. Within the latter type of the-
ory it is often assumed that pointing is initially performed for the self and
becomes ritualized through social interaction until it serves purposes of so-
cial communication (e.g., Werner & Kaplan, 1963). Vygotsky believed that
pointing derives from unsuccessful grasping movements, which are inter-
preted by the mother as a request. In coming to her infant’s aid, the mother
converts the movement into a gesture for others, and it acquires an impera-
tive character. No explanation for the specific hand posture is offered ex-
cept that it is considered somehow transitional with grasping.

Franco and Butterworth (1996) tested both these types of theory in a
study that compared the incidence of pointing and reaching gestures in 10-
to 14-month-old babies in declarative and imperative communicative con-
texts. Babies had the opportunity to point at or make grasping gestures to
interesting objects that were both in and out of reach. From the onset,
pointing was never confused with reaching gestures. It occurred primarily
to distal targets (2.7 m away) and was accompanied by vocalization and
checking with the partner. Both these accompanying behaviors increased
exponentially with age. Reaching gestures were not strongly correlated with
checking and remained at a low level. These findings run against the view
of the origins of pointing as theorized by Vygotsky (1988) because pointing
was not tied in any way to failed grasping, and there was no evidence that
the imperative use of the gesture had primacy. Carpenter et al. (1998) in
their longitudinal study also found no evidence that the imperative use of
pointing emerges before the declarative. That is, on the detailed empirical
evidence to date, the pointing gesture in humans initially serves a proto-
declarative purpose (i.e., look at that) rather than a proto-imperative pur-
pose (i.e., give me that).

In a recent reinterpretation of the literature on early communicative de-
velopment, Camaioni (1993) argued that imperative and declarative point-
ing gestures may differ in their cognitive complexity. The former implies an
understanding of others as “agents of action,” whereas the latter implies an
understanding of others as “agents of contemplation.” Exercising a causal
effect on the world through physical contact with a person is said to be in-
tellectually less demanding than understanding that interactions can be
causally influenced by distal means. Rather than the declarative function of
pointing being derived from the imperative function, she suggested that
they may be independent. This distinction may partly explain the use of in-
dicative gestures in chimpanzees, where almost all the evidence shows they
are used imperatively and not declaratively.
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That is not to say that pointing has nothing at all to do with prehension.
A clue to the reasons for the morphology of the human pointing gesture
comes from the specific adaptations of the hand. The human hand is highly
flexible, with a very great capability for precision based on the fully oppos-
able index finger and thumb, which is considered one of the key features
differentiating man from other primates. Napier (1970) argued, from
rather minimal evidence based on two 2-year-old chimpanzees clutching a
grape, that only humans are capable of the pincer grip. The relative size
and position of finger and thumb (the opposability index) sets limits on the
extent to which the base of the thumb can be abducted against the tip of
the index finger. He gave values for the opposability index of 0.65 for hu-
mans and 0.43 for chimpanzees, a difference due mainly to the relatively
short thumb of the chimpanzee, which is positioned low down the wrist.

Two studies have recently reported that the pincer grip is in fact in the
repertoire of the chimpanzee. In one experiment, 80 captive chimpanzees
(Pan troglodytes) ages 1 to 25 years were observed picking up raisins measur-
ing 1.0 to 1.5 cm from the cage floor. A humanlike pattern of pincer grip
was observed at 2 years, which reached a peak of 10% of all responses at 6
years (Tonooka & Matsuzawa, 1995). The same study showed that males
were more likely than females to use the pincer grip once they were over 10
years old. A second study of 13 captive chimpanzees (Pan troglodytes) ages 2
to 5 years showed that precision grips involving the thumb and index finger
at or below the first, distal joint occurred on 25% of trials (Jones-Engel &
Bard, 1996). The humanlike pincer grip with thumb pad to finger pad ab-
duction occurred on 2% of trials.

These studies suggest that chimpanzees are capable of a degree of preci-
sion but they do not establish how precision grips develop. In human in-
fants the pincer grip and imprecise opposition of the index finger and
thumb above the first distal joint (the inferior forefinger grip typically
adopted by chimpanzees) can already be observed at 8 months. The pincer
grip is systematically selected by 15 months to grip cubes of 0.5 cm. Power
grips, where the object is held between flexed fingers and palm, without
thumb opposition, are rarely used by human infants with objects of these
sizes after 15 months (Butterworth, Verweij, & Hopkins, 1997). To obtain
more detailed comparative evidence, Butterworth and Itakura (1998a)
studied 11 captive chimpanzees (Pan troglodytes) ages 4 to 20 years who were
video recorded grasping cubes of apple measuring 0.5, 1.0, and 2.0 cm.
This study confirmed that chimpanzees do have precision grips in their rep-
ertoire, at least from the age of 2 years, where the object is held between
thumb tip and at or below the first joint of the index finger. Precision grips
increase in frequency slowly, until chimpanzees are adult, and they are not
systematically selected on the basis of object size at any age. Chimpanzees
also use a species-typical precision grip, from about 8 years, in which they
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hold a small object between the index and middle fingers (the so-called cig-
arette grip). Power grips are commonly selected in chimpanzees to the age
of 8 years even when grasping small objects. This new developmental evi-
dence shows that chimpanzees, in comparison with human infants, lack
strongly systematic selection of precise grips for small objects. Their relative
lack of precision extends across the age range from 2 years to full adult-
hood. Although a humanlike pincer grip is in their repertoire, generally
the whole index finger is selected and the exact position of opposition of
the thumb is relatively uninfluenced by object size. Furthermore, the pin-
cer grip is more likely to be observed in adult male chimpanzees than in ju-
veniles and may occur simply as a function of changes in hand size, which
enable the long index finger more readily to be bent toward the thumb in
the male than in the female.

Once again, the contrast with human infants is revealing because the
chimpanzee makes a developmental transition from predominance of
power to precision grips very much later than is observed in babies. In hu-
man infants, there is a transition (between 8 and 15 months) when power
grips, which do notinvolve the thumb, are eliminated and the pincer grip is
systematically selected by object size (Butterworth et al., 1997). In human
infants, the pincer grip develops earlier in females than in males (Butter-
worth et al., 1997). Thus, just as for pointing and indicative gestures, the
repertoire of precise grips in chimpanzees overlaps that of humans, but the
rapid rate of development in humans, especially females, ensures that pre-
cision grips and pointing will be used consistently even in infancy. In con-
trast, precise grips are infrequent, not consistently selected, and more typi-
cal of adult male chimpanzees.

The theory to be proposed here is that pointing and the pincer grip are
coevolved but different aspects of hand function that are specialized, re-
spectively, for precise instrumental action and precise communication (see
Butterworth, 1997b, 1998b). The characteristic hand posture observed in
human pointing may be related to the pincer grip but as its “antithesis.”
Darwin (1904) first proposed the principle of antithesis to explain how ani-
mal communication often exploits visual signals to convey information. For
example, an animal may signal readiness to attack by making “intention
movements” that are preparatory to fighting. After a fight, the subdued pos-
ture of the defeated dog signals submission because the muscles are acti-
vated in the opposite configuration, or antithesis, to those involved in ag-
gression (Marler, 1959).

In the case of pointing, the opposition of the tip of the index finger and
thumb in the pincer grip is postulated to have pointing as its postural an-
tithesis. This also involves a change in the focus of visual attention. In pre-
cise manual activities with tools, focal attention is on the hand, the tool, and
the object in the service of precise control of manipulation. In pointing, in
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contrast, attention is outer directed and serves rather precisely to reorient
the attention of another person, so that an object at some distance can be-
come a focus for shared experience. On this theory, the emergence of
pointing should be related to the development of other precise uses of the
hand, and this indeed is what Butterworth and Morissette (1996) estab-
lished. The pincer grip was invariably in the infant’s repertoire, and it was
systematically selected by infants approximately 1 month before pointing
onset, with females earlier than males. Exploration of objects with the tip of
the index finger (tipping) has also been linked to the onset of pointing
(Shinn, 1900). Butterworth et al. (1997) showed that tipping and the pin-
cer grip are closely related in development, with the incidence of tipping
declining as the pincer grip becomes established.

In summary, the theory that pointing is the antithesis of the pincer grip
links precise manual action, pointing onset, and species-specific aspects of
hand anatomy and function to the underlying processes governing focused
attention. On this argument, precise tool use and precise manual commu-
nication through the pointing gesture are coevolved human abilities. Not
only do we share some aspects of hand function with other primates, but
also there are human species-typical aspects of hand function that harness
the human capacity for precision.

POINTING AND JOINT VISUAL ATTENTION

The literature on joint visual attention has been extensively reviewed (But-
terworth, 1987, 1995, 1998a, 1998b; Corkum & Moore, 1995; Messer, 1994).
Here the discussion focuses on the relation between joint visual attention
and the comprehension of manual pointing. Joint visual attention, some-
times called deictic gaze or visual coorientation, may simply be defined as look-
ing where someone else is looking. There have arisen two contrasting views
on the relation between joint attention and pointing. In one account, ba-
bies first comprehend signals given by changes in the orientation of an-
other’s head and eyes and only then begin to comprehend pointing, where-
as in another view, both pointing and head and eye movements are
understood simultaneously, relatively late in the first year. Those who favor
the hypothesis that joint visual attention is coincident with comprehension
of pointing include Moore and Corkum (1994), Corkum and Moore
(1995), Morissette, Ricard, and Gouin-Decarie (1995), and Carpenter et al.
(1998). Others claim joint visual attention can be observed long before
there is evidence for comprehension of pointing (Butterworth & Cochran,
1980; Butterworth & Jarrett, 1991; D’Entremont, Haines, & Muir, 1997;
Hood, Willen, & Driver, 1998; Scaife & Bruner, 1975).
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Scaife and Bruner (1975) first showed that 2-month-old infants follow a
change in the orientation of gaze of an adult. In their study, babies followed
the direction of gaze, to left or right, into an empty visual field. In a more
recent study, D’Entremont et al. (1997) showed joint attention in babies
ages under 4 months. Babies would look in the direction of a change of
gaze of the experimenter, toward a doll carefully placed to be within the
baby’s visual field. Hood et al. (1998) also showed gaze following in babies
of 4 months. These results suggest that joint visual attention is possible long
before the end of the first year and before the comprehension and produc-
tion of pointing if the testing conditions are suitable for young babies. An
extensive discussion of the methodological factors that may be responsible
is published in Butterworth (1998a). To summarize: Some of the important
factors are the angular distance of targets from the infant (because joint at-
tention places demands on the ability of the infant to integrate information
over space and time); how robust the ability needs to be before it is ac-
cepted as “true” joint attention; and whether the infant’s response is classi-
fied as accurate not only in following the direction of gaze but also in find-
ing the precise location of the object. The infant before 9 months may be
able to comprehend a change in a partner’s postural orientation as a signal
that there is something of interest but may be limited in the capacity to
bridge the gap in space between the adult’s signal and the object of inter-
est. The baby under 9 months is also limited in the precision with which the
correct target is singled out.

At 6 months, for example, the accuracy of the infant’s response de-
pends on ecological factors, such as whether the correct target is in mo-
tion or somehow differentially salient. The characteristics of the signal
(change in head orientation with eye movements or eye movements alone,
or pointing plus head and eye movements) also influence the incidence
and accuracy of infant responses (Butterworth & Grover, 1988, 1989;
Butterworth & Jarrett, 1991). It is relatively difficult to find evidence for
eye movements alone being effective in joint attention in large-scale
spaces before about 18 months (Butterworth & Jarrett, 1991; Corkum &
Moore, 1995). In fact, even among adults, eye movements are not as effec-
tive as eye and head movements in allowing an observer to localize a spe-
cific target. Itakura and Butterworth (1997) found that adult observers
were more accurate in locating a target when the experimenter was wear-
ing sunglasses than when the eyes were visible. Findings such as these sug-
gest that the eyes are not necessarily the primary source of information for
singling out the object in joint visual attention tasks and that larger scale
postural cues are important for joint attention (this also seems to be true
for chimpanzees; see Povinelli & Eddy, 1996a, 1996b; Povinelli et al.,
chap. 3, this volume). In summary, joint visual attention is possible before
the comprehension of pointing.
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The fundamental developmental question concerns the mechanisms
that operate in joint attention at different ages. The argument to be pur-
sued here is that additional cognitive mechanisms serve joint visual atten-
tion after the comprehension and production of pointing. Butterworth
and Jarrett (1991) suggested three successive mechanisms of joint visual
attention in the age range between 6 and 18 months. At 6 months, babies
look to the correct side of the room as if to see what the adult is looking at,
but they cannot tell which of the two identical targets on the same side of
the room is correct unless it happens to move or in some way be the more
salient. The change in the adult’s orientation of head and eyes conveys in-
formation as to the direction in which to look (i.e., the left or right in the
baby’s visual field), but the precise location for joint attention is specified
by the object itself. This has been called the ecological mechanism of joint
visual attention (Butterworth & Jarrett, 1991). It depends on the differen-
tiated structure of the natural environment, so that what initially attracts
the adult’s attention and leads the adult to turn (thus providing the baby
with information about spatial direction through the change in the adult’s
postural orientation) is also likely to capture the attention of the infant
(thus providing information about spatial location through the object’s
intrinsic properties). The ecological mechanism enables a “meeting of
minds” in the self same object.

Between 12 and 18 months the infant begins to localize the target cor-
rectly, even when it is further into the periphery than an identical distracter
target (Butterworth, 1991b; Butterworth & Jarrett, 1991). This new mecha-
nism was called geometric because it appeared to require extrapolation of a
vector between the mother’s head orientation and the referent of her gaze.
The adult’s change of gaze then signals both the direction and the location
in which to look. The comprehension and production of pointing are more
or less coincident in development with the appearance of this “geometric”
mechanism. The implication is that a cognitive developmental change has
occurred, which leads infants to understand and produce pointing.

Joint visual attention is limited by the boundaries of the babies’ visual
space even to 18 months of age. The spatial limitation is suggested by the
fact that infants only search for targets within their own visual field
(Butterworth & Jarrett, 1991). If the mother looks at a target behind the
baby, the infant either fixates a target in front or, if the visual field is empty,
turns through about 40 degrees and gives up on failing to encounter any-
thing in the periphery of vision (Butterworth & Cochran, 1980). Joint visual
attention depends on the infant sharing a visual-spatial frame of reference
with others. Furthermore, there are implications for auditory aspects of ref-
erence because it seems possible that the space behind the infant is initially
specified auditorily. Certainly, babies have no difficulty orienting to a
sound behind them, but in joint attention studies, the space behind is si-
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lent. Adding pointing to the signal does not help babies search behind
them at 12 months, but by 18 months they will search following gaze cues
alone as long as the visual field is empty (Butterworth & Jarrett, 1991).
Thus, the problem for infants in searching behind them may be to compre-
hend that the adult’s visual signal has made reference to auditory space.
The 12-month infant is visually dominated, but by 18 months a representa-
tional spatial mechanism becomes available, which serves to integrate the
visual space in front of the baby with the auditory space behind. Thus, once
the representational mechanism is available, one might theorize that a vi-
sual signal, such as pointing, will implicitly carry auditory significance, and
this could be an important requirement for the transition to speech.

In summary, as far as the comprehension of gaze is concerned, there is
evidence in the first 18 months of life that three successive mechanisms are
involved in “looking where someone else is looking.” The ecological mech-
anism is available well before there is comprehension of pointing, but it
may encode from the adult’s signal only the general spatial direction of a
potential target. It requires the intrinsic attention-capturing properties of
objects for completion of the reference triangle among infant, adult, and
object. At around 12 months, there is evidence for the beginning of a new
geometric process, whereby the infant from his or her own position extrap-
olates, from the orientation of the mother’s head or gaze or pointing arm,
into the periphery of visual space. This transition has many of the qualities
of a stage change within the process of cognitive development. There is a
further stage in the development of joint attention to a represented space,
which surrounds the infant and other objects like a container. This amodal
space serves to link visual signals to the silent auditory space behind the
baby. It is interesting to note that children with severe auditory handicaps
have difficulty in localizing targets at the periphery of the visual field
(Netelenbos & Savelsbergh, 1991), which may support the theory that vi-
sual signals become linked to a represented auditory space between 12 and
18 months.

COMPREHENSION OF POINTING IN BABIES

Researchers have distinguished between processes involved in the compre-
hension and production of manual pointing. Many studies agree that the
comprehension of pointing, at about 10 months, slightly precedes its pro-
duction, but this may simply reflect relative lack of knowledge about the
precursors of pointing production (Franco & Butterworth, 1996; Leung &
Rheingold, 1981; Messer, 1994). There is evidence that the spatial condi-
tions of testing influence whether infants comprehend pointing. An early
study by Lempers (1976, 1979) found that babies of 9 months comprehend
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pointing to nearby targets and by 12 months they comprehend pointing to
more distant targets. Morissette et al. (1995), in a longitudinal study, also
found that comprehension of manual pointing to relatively distant targets
begins at about 12 months. The most frequent error of babies was to look at
the pointing hand rather than at the designated target. Murphy and Messer
(1977) found that pointing comprehension was earlier (9 months) for tar-
gets on the same side of the room as the pointing hand than when the point
was into the contralateral half of the infant’s visual space, across the body
midline of the adult (12 months). Butterworth and Grover (1989) showed
that pointing was understood by 12 months. In contrast, infants at 6 or 9
months were as likely to fixate the pointing hand as the designated target.
Carpenter et al. (1998) found that pointing is understood significantly ear-
lier for targets on the baby’s right-hand side than on the left, a finding that
was replicated in Butterworth and Itakura (1998b). Mothers go to a great
deal of trouble, with exaggerated hand movements, to lead the young in-
fant’s gaze from the mother’s hand onto the target (Murphy & Messer,
1977). Grover (1988) showed that the infant’s latency to fixate the correct
target significantly decreases between 9 and 12 months, and babies at 12
months were significantly more likely to respond when the signal included
a point and to fixate a target further into the periphery of vision. The likeli-
hood of a response to pointing increased from 69% to 80% of trials when
the number of targets in the field of view was increased from one to two.
When the salience of the targets was experimentally manipulated, by set-
ting them into motion, either singly or in pairs, the infant’s response to
pointing increased to ceiling level. Target motion was sufficient to elimi-
nate hand fixation in 9-month infants, although babies then went on to fix-
ate only the first target along their scan path from the adult’s hand. By 15
months, however, babies did alright on the second, more peripheral target
in a sequence of fixations. Thus, infants are not merely fixating the first ob-
ject they encounter after the adult’s hand when they comprehend pointing.
Rather, they appear to be extrapolating a vector through space to intersect
with a potential target based somehow on the angular orientation of the
gesture or the movement of the pointing arm.

Butterworth and Itakura (1998b) reported a series of studies that tested
the vector extrapolation hypothesis. Infants were 6 months, 12 months, and
16 months old, and the accuracy with which they could locate one of two
identical targets was compared at angular separations between pairs rang-
ing from 25 to 55 degrees. Mother and baby sat en face, and one target was
always at 10 degrees to the left of the baby’s midline (the first target along
their scan path from the mother), with the second at a more peripheral left-
ward position on a semicircular distribution at 2.76 m. The mother either
looked at the target (with head and eye movements) or looked and pointed
at the target. For all three age groups, there was little evidence that babies



2. POINTING IS THE ROYAL ROAD TO LANGUAGE 25

could accurately select the more peripheral of the pair just on the basis of
head and eye movements. However, from 12 months, manual pointing had
a significant effect on the accuracy of the response, and by 15 months,
there was a clear advantage to pointing in localizing the more peripheral
target at all angular separations. Infants’ success following the pointing cue,
despite the narrow angular separation between the targets, suggested that
they might be solving the problem by vector extrapolation.

In further experiments with 4.5-year-old children and adults, Itakura
and Butterworth (1997) and Butterworth and Itakura (1998b) tested the
vector extrapolation hypothesis more stringently by presenting targets
three at a time on each side of the visual field. The angular separations be-
tween targets varied from 4 to 45 degrees for adults and it was held constant
at 10 degrees for children, again at 2.7 meters. The task required the partic-
ipant, who sat next to the experimenter, simply to state the color of the tar-
get that was being singled out by a pointing gesture or by combinations of
head and eye movements. Children were accurate following pointing but
not accurate for head and eye movements. Pointing allowed accuracy only
to the inner and outer periphery of each visual hemifield, and children
were inaccurate to the intermediate targets. Adults were generally as accu-
rate following head and eye movements as following pointing, but again
they were inaccurate for the intermediate targets positioned at separations
of 15 degrees or less. That is, the pointing gesture successfully drew atten-
tion to the peripheral boundaries of vision, but did not allow precise target
localization of intermediate targets either by adults or children.

The results imply that precise linear vector extrapolation is not used in
following pointing because there is no reason that a linear vector should be
less accurate for intermediate than peripheral positions. Butterworth and
Itakura (1998b) explained the added effect of manual pointing in terms of
the movement of the lever formed by the arm. For any given spatial separa-
tion between a pair of targets, the angular excursion of a long lever, like the
arm, will be greater than that of a shorter lever, like the head and nose, or a
pair of very short levers, like the eyes. Thus, a part of the body, the arm and
pointing hand, may have become specialized for referential communica-
tion because it is particularly useful in taking attention further to the ex-
treme periphery (Butterworth, 1997a). The paradoxical finding that adult
observers were actually more accurate in following head movement with
sunglasses can also be explained by the amplifying effect of the spectacle
frames on the observed extent of lateral movement of the head. Thus, fol-
lowing pointing is not completely precise. The mechanism does not oper-
ate by extrapolation of linear vectors, and accuracy in a cluttered environ-
ment requires supplementary attention to worthy cues from the object of
joint attention to help single it out as the referent. Hence, ecological and
geometric mechanisms interact even in adults.
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Thus, babies may more successfully follow pointing than head and eye
movements simply because pointing takes their attention further into the
periphery. Their capacity to benefit from the pointing gesture is a function
of their ability to bridge progressively larger gaps in space (or time) for
which rapid stagelike changes occur between 9 and 12 months that are
thought to be linked with maturation of frontal lobe functions. Diamond
(1991) reported that babies can successfully search for hidden objects with
a delay of 3 sec at 9 months, which increases to 12 sec by 12 months. In
these tasks, the infant must keep track of the successive positions of the hid-
den object across a small spatial gap, typically just a few centimeters, be-
tween the hiding locations. Rapid changes in the capacity to integrate at-
tention across successive foci are happening at the stage of development
when comprehension and production of pointing begins, and these proc-
esses may involve spatial asymmetries in favor of the right visual field (see
also Diamond, Werker, & Lalonde, 1994).

In summary, the earliest comprehension of pointing may depend on the
infant being able to see the pointing hand and the target simultaneously in
visual space, but with development greater angular distances can be
bridged. The pointing signal is not only more likely to elicit a response than
a simple change of head and eye orientation, but it also allows the baby,
once the gesture is understood, to more accurately locate a target in the pe-
riphery. There may be an advantage, both in evolution and development,
in using the extended arm and index finger to refer to objects for joint at-
tention because it takes attention further into the periphery than a simple
change in gaze, head orientation, or whole-body posture.

POINTING PRODUCTION AND ATTENTION

Less research has been done on the relationship between attention and the
production of pointing. Manual pointing depends on vision because it is
not observed in the congenitally blind (Fraiberg, 1977; Hewes, 1981). As
mentioned earlier, pointing is present in the congenitally deaf, which sug-
gests that auditory experience is not necessary for pointing (Feldman,
Goldin-Meadow, & Gleitman, 1978). There is other evidence, however, that
pointing may be influenced by auditory factors, gender differences, and ce-
rebral asymmetries associated with speech. Pointing favors the right side of
visual space when there is a conflict between targets on the left and right
(Butterworth, 1997b; Butterworth, Franco, McKenzie, Graupner, & Todd,
2002). When doll-like targets that “speak” and move their arms and legs are
used (but not when the targets lack auditory qualities), girls of 15.6 months
point right-handed to the right and as far as 15 degrees into the left side of
their visual space. Further into the left periphery they are ambidextrous.
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Boys at the same age point with the left hand to the left periphery (50 de-
grees), with the right hand to the right periphery, and they are ambidex-
trous from 15 degrees right to 15 degrees left of the midline. These sex dif-
ferences may imply different rates of transition from a bilaterally organized
system of communication through the pointing gesture to a species-typical
lateralized system favoring speech (Thatcher, Walker, & Giudice, 1987).

In summary, sex differences in age of onset and in the predominance of
right-handed pointing may suggest that a transition occurs in the brain
mechanisms that control pointing in the second year. Initially (as evi-
denced by the male pattern) pointing gestures are bilaterally organized,
with each hand being responsible for the ipsilateral periphery with shared
responsibility for the inner zone stretching approximately 15 degrees to ei-
ther side of the midline. The transition to a lateralized system occurs in fe-
males at 15 months (there is no evidence for whether or when the equiva-
lent change takes place in males). Then the dominant right hand takes
responsibility for all locations except those at the extreme left periphery,
where pointing is ambidextrous. This effect of hand dominance occurred
only when the targets had multimodal auditory and visual properties. This
suggests that new patterns of interhemispheric connections are being set
up that may be related to the production of speech and language (Witelson
& Nowakowski, 1991).

POINTING AND THE TRANSITION TO LANGUAGE

Various studies have linked preverbal referential communication and lan-
guage acquisition (e.g., Baldwin, 1991, 1993; Baldwin & Moses, 1996).
There is evidence that the amount of pointing at 12 months predicts
speech production rates at 24 months (Camaioni, Caselli, Longobardi, &
Volterra, 1991). Carpenter et al. (1998) showed that maternal language fol-
lowing into the infant’s focus of attention is the most important predictor
of subsequent speech comprehension and production. The duration of
joint attention at around 14 months gave the best prediction of speech de-
velopment. Pointing onset and comprehension of object names have also
been linked, with infants understanding their first categorical object name
in the same week as they produce the canonical point (Harris, Barlow-
Brown, & Chasin, 1995). This observation, on the relation between point-
ing and categorization, may allow further interpretation of the significance
of the orientation of the hand in the pointing gesture. Kendon and Ver-
sante (chap. 6, this volume) noted that adult Italians used the palm-down
pointing gesture to single out individual items of fruit in a grocery shop
(e.g., “Give me a lemon” accompanied by canonical point) and the palm-
vertical posture when referring to categories of objects (e.g., “Give me some
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lemons”). It is tempting to speculate that the full-hand, open-palm indica-
tive gesture would be applied when even less precision is required, as when
the intention is merely to draw attention to the whole scene (e.g., “Look at
all the fruit”). On this interpretation, babies use the canonical pointing ges-
ture at the outset of their pointing career to individuate an object within
categorical perception. In the individuation posture (palm down), the
thumb is out of the way and does not occlude the line of sight. In the cate-
gorization posture (with palm vertical), there is less need for precision, and
the thumb is allowed to partly occlude the visual field. In the indicative ges-
ture, the scope of the referential action is so broad as to require minimal
precision. Furthermore, if pointing is the antithesis of the pincer grip, the
indicative gesture would be the antithesis of the power grip. Thus, even the
typical, palm-down orientation of the infant’s pointing hand brings point-
ing and language acquisition one step closer in terms of common cognitive
characteristics based on individuation and categorization.

Butterworth and Morissette (1996) carried out a longitudinal study of
pointing, handedness, and onset of the pincer grip in relation to early ver-
bal and gestural communication. Early language was measured using the
MacArthur infant language inventory (Fenson et al., 1994). The earlier the
age of onset of pointing, the greater was the number of different gestures
and the greater was the amount of speech comprehension at 14.4 months.
Girls showed consistent right-handedness before boys in tasks requiring
them to use only one hand, and they showed more right-handed pointing
than boys. The amount of right-handed pointing and the relative balance
of pincer grips between the left and right hands (a measure of lateralized
fine motor control) predicted speech comprehension and production at
14.4 months. At this age, boys had relatively few words in production (about
3), whereas girls had on average 12 words. By 16 months, the MacArthur
norms show females have 95 words in production and males have 25 words
(Fenson et al., 1994). Combinations of pointing and a word are produced
consistently by 16 months, just before the child makes the transition to two-
word speech. Thus, pointing maximizes communicative effectiveness at a
time when vocabulary is still limited (Volterra & Iversen, 1995). Earlier on-
set of pointing, earlier right-handed pointing, and more rapid develop-
ment of speech in girls suggest that the link among pointing, gesture, and
speech is mediated by species-typical asymmetries in spatial attention and
in language mechanisms linked to handedness and cerebral dominance.

CONCLUSION

This chapter began by asking whether human index-finger pointing is bio-
logically based and species specific. Now that the evidence is in, it can be
concluded that it is. What is special about pointing is that it is intimately
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connected with species-typical handedness, precision grip, and acquisition
of language. It is one of a set of indicative gestures, some of which overlap
with those of the higher primates, but on the evidence to date only humans
use the pointing gesture declaratively to share attention with conspecifics.
Pointing serves to refer as precisely as possible to objects for joint attention.
The precision may arise because pointing makes use of the same anatomi-
cal adaptations and attention mechanisms that serve tool use. Pointing con-
nects a visual referent to the concurrent sound stream so that a relation of
identity exists between these two aspects of the infant’s perceptual experi-
ence. That is, pointing serves not only to individuate the object, but also to
authorize the link between the object and speech from the baby’s perspec-
tive. Pointing allows visual objects to take on auditory qualities, and this is
the royal road (but not the only route) to language.
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DO CHIMPANZEES POINT?

In this chapter, we explore the possibility that chimpanzees do not point. In
doing so, it may seem as if we are intentionally exposing ourselves to the rid-
icule of many comparative psychologists, who find it self-evident that they
do. After all, there can be no doubt that chimpanzees engage in behaviors
that surely resemble pointing. Figure 3.1 illustrates an example of such a
gesture by Megan, a chimpanzee in our own laboratory. How, then, can we
seriously entertain the idea that chimpanzees do not point?

If one’s interest in “pointing” centers around a particular gestural form,
and one is unconcerned with the psychological operations that attend (and
perhaps cause) the behavior, then the case is already settled. Indeed, we
invite the reader (such as the behaviorist) who is solely interested in a struc-
tural or functional analysis of pointing to stop here because we readily con-
cede that chimpanzees perform gestures that structurally resemble point-
ing. Further, we concede that in captivity they learn to use these gestures to
achieve a variety of ends. Yet for the reader whose interest in pointing stems
from a desire to understand how language, cognition, and culture intersect
(following the subtitle of this volume), we invite a critical evaluation of the
assumption that similarity in the spontaneous behavior of two species guar-
antees psychological similarity. In what follows, we reject this centuries-old
“argument by analogy” and, in doing so, show that the conclusion that
chimpanzees “point” may just be one in a long line of inferential errors en-
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FIG. 3.1. A prototypical instance from our laboratory of a chimpanzee
“pointing.” Note the discrepancy between the direction of the ape’s gesture
and her gaze.

couraged by a way of understanding the world that may be unique to our
species.

To some extent, the claim that chimpanzees do not “point” is a defini-
tional matter. Indeed, we are far less interested in establishing that chim-
panzees do or do not “point” than we are in examining the kinds of psycho-
logical representations that are causally bound up with their gestures that
look like pointing. To be clear, if it turned out that chimpanzees harbor no
second-order intentional states—that is, if they do not see either themselves
or others as possessing psychological states (such as attention, desires,
knowledge, and belief)—then we would not want to use the term pointing to
describe any gesture on their part. We recognize that others (such as the
behaviorist) might wish to do so in any event. In response, we would merely
assert that whatever the similarity in the structural form of their gestures,
chimpanzees may mean such gestures in a manner different from us.

THE ARGUMENT BY ANALOGY: A PRIMER

The modern origins of the argument by analogy can be traced to David
Hume (1739-1740/1978), who offered the following simple doctrine:
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When . .. we see other creatures, in millions of instances, perform like actions,
and direct them to like ends, all our principles of reason and probability carry
us with an invincible force to believe the existence of a like cause. "Tis needless
in my opinion to illustrate this argument by the enumeration of particulars.
The smallest attention will supply us with more than are requisite. The resem-
blance betwixt the actions of animals and those of men is so entire in this re-
spect, the very first action of the first animal we shall please to pitch on, will af-
ford us an incontestable argument for the present doctrine. (p. 176)

Hume was at least right in believing that his argument was obvious, as a sim-
ilar line of reasoning persuaded many other theorists as well. Not the least
of these was Darwin (1871,/1982), who was convinced by behavioral similar-
ities that there “was no fundamental difference between man and the
higher mammals in their mental faculties” (p. 446). Unlike Hume, how-
ever, Darwin at least felt obliged to present evidence to support this view,
and to this end he devoted two chapters of The Descent of Man to recounting
anecdotes about the intelligent behavior of animals. Near the end of Dar-
win’s life, John George Romanes (1882, 1883) took up his approach, argu-
ing that it could be used to establish a completely new field of science. In
exactly the same way that anatomists compared the bodily structures of ani-
mals, Romanes reasoned, a new breed of comparative psychologists could
compare the mental structures of animals. “Starting from what I know of
the operations of my own individual mind,” Romanes (1882) noted, “and
the activities which in my own organism they prompt, I proceed by analogy
to infer from the observable activities of other organisms what are the men-
tal operations that underlie them” (pp. 1-2).

Since Hume, the argument by analogy has (in one form or another) inti-
mately guided the history of our thinking about the psychology of other
species.’ However, there are fundamental errors in the argument—errors
that have been explored in detail elsewhere (Povinelli & Giambrone,
1999). Yet because there seemed to be no better explanation available,
even Hume was led into believing that the mental states that attend particu-
lar behaviors are their direct cause, and therefore that the presence of simi-
lar behaviors between two species guarantees the presence of similar men-
tal states. In this chapter, we focus on the case of pointing and show that
similar behaviors in humans and chimpanzees may comfortably reside
alongside profound differences in the mental states that accompany and/
or cause them.

However, before turning our attention to chimpanzees, we need to de-
tour and consider a number of issues concerning the development of

Bertrand Russell (1948) offered a formal version of the argument by analogy to provide a
logical basis for believing in the existence of other human minds. For a detailed analysis of his
argument, as applied in this context, see Povinelli and Giambrone (1999).
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pointing in humans that, if not properly understood, will hopelessly con-
fuse any attempt to understand the case of chimpanzees. First, what do we
mean by pointing? Second, can we distinguish between the structure of the
gesture and the underlying meaning and comprehension of the gesture?
Finally, how do both the form and meaning of the gesture develop?

DEVELOPMENT OF THE POINTING GESTURE:
IS THE INDEX FINGER PRIVILEGED?

The first issue concerns what structural form we refer to when we discuss
pointing. Franco and Butterworth (1996) offered the following definition
of the pointing gesture: “the simultaneous extension of the arm and index fin-
ger towards a target” (p. 308). Throughout the remainder of this essay we
are careful to restrict our use of the phrase the pointing gesture to this gestural
form, whereas other means of indicating are referred to using different ter-
minology. One important behavior that frequently accompanies the point-
ing gesture is the act of gaze alternation, in which infants look back and
forth from the object or event to which they are pointing and their commu-
nicative partner.

The separate structural components of the pointing gesture (arm and
index-finger extension), as well as behaviors that often accompany it (gaze
alternation), do not develop in synchrony. For instance, infants as young as
18 days of age spontaneously extend their index finger from an otherwise
closed fist (Hannan & Fogel, 1987). However, at this age, the index finger is
not extended in the context of a communicative act, but rather as an ambi-
ent, undirected motor activity. By 9 to 12 months of age, the infant has com-
bined the extension of the index finger with object/event-directed arm ex-
tensions so that the operational definition for the pointing gesture has been
met. In addition, during this period, the infant begins to combine the ac-
tion with gaze alternation (see Desrochers, Morisette, & Ricard, 1995;
Franco & Butterworth, 1996; Leung & Rheingold, 1981).

Povinelli and Davis (1994) proposed a morphological constraints model
to account for the universality of the pointing gesture in humans. They ar-
gued that the gesture may be the result of species-specific morphological
features of the human hand (i.e., differential tension of the index finger
tendons), which predispose human infants to extend their index fingers
relative to the other digits (Fig. 3.2; see Povinelli & Davis, 1994; see also
Butterworth, chap. 2, this volume, for a complementary account). Povinelli
and Davis speculated that as infants begin to express directed reaches to-
ward objects or events, index-finger extensions initially merely “ride along”
with such reaches. If adults within a given culture respond differentially to
reaches with such index-finger extensions as opposed to those without such
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FIG. 3.2. Differences in the resting state of the index finger in (a) chimpan-
zees and (b) humans relative to the other fingers of the hand. After Povinelli
and Davis (1994).

extensions, infants may detect this contingency and modulate their hand
form appropriately. Indeed, there is some evidence that by the time that in-
fants are 9 months of age, parents spontaneously label objects to which in-
fants point more than objects to which they reach. Thus, Povinelli and Da-
vis envisioned that index-finger pointing may emerge from a fairly low-level
morphological starting condition, coupled with differential reactions by
adults. Furthermore, Povinelli and Davis provided experimental evidence
that chimpanzee index fingers do not exhibit this differential action on the
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tendons of the index finger (see Fig. 3.2), and suggest that this is why natu-
rally occurring chimpanzee gestures that do involve arm extensions (such
as those used in recruiting allies or food begging) do not typically involve
index-finger extension (see also Itakura, 1996).

Some researchers object to focusing on the role of the index finger in
pointing. Wilkins (chap. 8, this volume), for instance, downplays claims for
the universality of the pointing gesture, noting that in certain cultures
(such as speakers of Arandic languages) the pointing gesture may not be
the only (or, in adults, even the most dominant) form of the indicating act.
To be sure, other forms of indicating, such as using the whole hand, the
lips, the thumb, or other bodily parts, exist within our species (see Wilkins,
chap. 8, this volume). Furthermore, when the pointing gesture is present, it
may possess numerous topographic variants. The model proposed by
Povinelli and Davis explains why the universal pointing gesture is only one
of many kinds of indicating gestures that are used by humans. If early-
emerging morphological constraints tend to channel index-finger exten-
sions into the reaches of young human infants, and if cultural and
attributional influences simultaneously act to reinforce and “pull out” the
pointing gesture, then differing cultural influences may act to broaden the
range of indicating acts, or indeed channel them into other, culturally
dominant forms.? Finally, the pointing gesture may (in adults, at least) be
deployed in certain circumstances, but not others (see Wilkins, chap. 8, this
volume). However, to our knowledge, the pointing gesture has been found
in every human culture examined thus far.

DO CHIMPANZEES USE THE POINTING GESTURE?

We have now arrived at the critical crossroads between the form and mean-
ing of the pointing gesture. First, we ask a simple question: Is the pointing
gesture exclusively restricted to the human species, or is it exhibited by
other species such as chimpanzees? For purposes of clarity, we restrict our
focus to chimpanzees—not because they are the only species of interest,
but because any similarities to humans are likely to be greatest in the case of
chimpanzees, and hence it is here that the argument by analogy would
seem to be on its strongest ground.

%Indeed, if future investigations were to reveal that the ontogeny of reaching in infants in
the speakers of Arandic languages follows the same initial trajectory as infants in Western cul-
tures, but that arm extensions containing index finger extensions are not reinforced (or only
weakly so) relative to other, more culturally dominant gestural forms of indicating, then data
such as those offered by Wilkins (chap. 8, this volume) could be interpreted as prima facie sup-
port for the Povinelli and Davis model. It follows from this that even if there were a handful of
cultures in which the gesture were not present, this would not necessarily refute the Povinelli
and Davis (1994) model.
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Reports From the “Field”

There is no convincing evidence that natural populations of chimpanzees
(i.e., chimpanzees with only marginal contact with humans) display the
pointing gesture. Plooij (1978) conducted an analysis of the communica-
tive gestures of young chimpanzees at Gombe and reported no evidence for
the appearance of the gesture. Furthermore, neither of the two major long-
term studies of the natural history of chimpanzees (which have each
spanned nearly 40 years) have reported the presence of the pointing ges-
ture in chimpanzees (Goodall, 1986; Nishida, 1970). Thus, despite inten-
sive observations of the spontaneous interactions of free-ranging chimpan-
zees, there is no evidence that these animals approach one another and
gesture with the arm and/or index finger toward other objects, animals, or
events in space. Indeed, the absence of proto-declarative gesturing among
wild populations of chimpanzees is simply so striking and overwhelming
that the ambiguity of the one published report of what might or might not
be a single, isolated instance of pointing (see Vea & Sabater-Pi, 1998), to
our minds, simply further highlights the robust nature of this difference in
the natural gestural systems of human and chimpanzees.

But what about other gestures that, although not meeting the definition
of pointing outlined in the section “Development of the Pointing Gesture,”
nonetheless appear generally similar in form and/or function? Chimpan-
zees do exhibit at least one gesture that bears some structural resemblance
to the pointing gesture—holding out a hand (see Bygott, 1979; de Waal,
1982). The meaning of this gesture appears to be context specific; it can be
deployed as a reconciliatory gesture, a food-begging gesture, a solicitation
for bodily contact, or a call for support during a conflict (de Waal, 1982;
Goodall, 1986). Even here, however, there is little or no evidence that chim-
panzees conceptualize this gesture in proto-declarative (or even proto-
imperative) fashion, nor has it been interpreted by field researchers as
such.

Reports From Captivity

In contrast to free-ranging apes, chimpanzees and other great apes reared
and tested in captivity by humans do display arm (or even leg) extensions
that structurally (and functionally) resemble the pointing gesture in that
they are directed at particular objects, locations, or persons (Call & Toma-
sello, 1994; Gomez, 1990; Gomez, Sarria, & Tamarit, 1993; Povinelli &
Eddy, 1996a; Povinelli, Nelson, & Boysen, 1992; Premack, 1984; Savage-
Rumbaugh, 1986; Woodruff & Premack, 1979). Indeed, this similarity has
been exploited by a number of researchers who have used such gestures as
the dependent measures in studies in which the subjects make a choice be-
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tween one of several people or locations (see Fig. 3.1). For example,
Povinelli, Nelson, and Boysen (1992) trained chimpanzees to extend their
arm toward a location where food was hidden. In these contexts, a number
of researchers (including ourselves) have frequently glossed such gestures
as “pointing.”

More recently, several researchers have claimed that the structural simi-
larity is even greater, arguing that captive chimpanzees and orangutans
can, in fact, be observed to use the complete pointing gesture in concert
with gaze alternation (Krause & Fouts, 1997; Leavens & Hopkins, 1999;
Leavens, Hopkins, & Bard, 1996; Miles, 1990). Some researchers have even
reported that in their studies the indexical pointing gesture by their sub-
jects was the most common form of the gesture observed (Krause & Fouts,
1997). For some, then, the case can be settled here: Chimpanzees point. If
we were behaviorists, we would be forced to agree.

Chimpanzees Use Their Index Fingers!

At this juncture, it is necessary to address the claim that captive chimpan-
zees display the full pointing gesture (including the index-finger exten-
sion). Recall that Povinelli and Davis (1994) proposed that index-finger
extension in the pointing gesture is the result of species-specific morpho-
logical features of the tendons on the human index finger. It is important
not to misinterpret this claim as meaning any of the following: (a) Chimpan-
zees cannot extend their index finger, (b) chimpanzees do not extend their in-
dex finger, and/or (c) chimpanzees cannot learn to extend their index finger
in the context of arm extensions and gesturing. None of these claims were
made by Povinelli and Davis. Indeed, as we have noted elsewhere, chimpan-
zees often use their index fingers to probe at objects or to pick at food (see
Povinelli, Reaux, Bierschwale, Allain, & Simon, 1997). Figure 3.3 provides an
example of this kind of phenomenon from our laboratory.

However, Povinelli and Davis (1994) did argue that pointing with the in-
dex finger does not typically emerge in chimpanzees. Indeed, evidence
from the wild provides us with no reason to modify this claim. So what do
we make of recent demonstrations that chimpanzees gesture with index-
finger extensions? Do they falsify Povinelli and Davis’s (1994) morphologi-
cal constraints model, as Krause and Fouts (1997), for example, have main-
tained? More generally, do such demonstrations imply the presence in
chimpanzees of a homologous gestural form, or merely an artificial conver-
gence of form due to the peculiarities of their interactions with humans?

First, the experiments in which indexical pointing has been reported in
chimpanzees were typically conducted in enclosures surrounded by cage
mesh (e.g., Krause & Fouts, 1997; Leavens & Hopkins, 1998; Leavens et al.,
1996). This cage mesh is too small for juvenile and adult subjects to fit their



FIG. 3.3. Chimpanzees frequently (and perhaps preferentially) use the in-
dex finger for inspection of objects and bodily parts.
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FIG. 3.4. Chimpanzee protruding index finger through wire mesh in the
presence of a human offering a banana.

hands through, and thus they must poke one or several fingers through. As
far as we are aware, all of the indexical pointing gestures occurred in this
manner—with the index finger resting on the mesh (see Fig. 3.4). We do
not doubt the occurrence of this kind of phenomenon—we frequently wit-
ness such index-finger extensions in precisely this context (see Fig. 3.4).
However, Povinelli and Davis accounted for the universal presence of in-
dex-finger pointing in humans as emerging from a natural tendency for the
index finger to extend—not from some incidental shaping that occurs as
the result of wanting to extend the whole hand through a small opening.’
Second, some of the apes that have been reported to display indexical
pointing have been involved in extensive training to produce hand signs
used in American Sign Language (chimpanzees: Fouts, Hirsch, & Fouts,
1982; Gardner & Gardner, 1975; Krause & Fouts, 1997; orangutans: Miles,
1990). This training involves many signs in which extension of the index

3Leavens et al. (1996) maintained that in their study the cage mesh cannot explain why the
index finger was shaped over other fingers. Yet this ignores that chimpanzees preferentially
use the index finger to touch or pick at objects and that the index finger (independent of the
morphological constraints model) is differentially exposed compared to any other fingers (ex-
cept the thumb, which is truncated; see Fig. 3.3).
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finger serves a primary role (i.e., the signs for “me” and “you”). Third, there
is no evidence that even these chimpanzees use this gesture (or any other
kind of pointing gesture) with each other—a fact consistent with the idea
that the pointing-like gestures they learn are tightly connected to a proce-
dural routine that, from their perspective, just so happens to elicit a certain
reaction from humans, but not fellow chimpanzees.

Although we are getting ahead of ourselves, it is important to reiterate
that the particular form of the pointing gesture may not be a critical issue
with respect to the cognitive structures that support and/or attend it. Be-
cause we are primarily interested in the underlying cognitive mechanisms
engaged by pointing, it is important not to be misled into treating index-
finger extension as the issue itself. In this sense, the presence of the exten-
sion of the index finger is no better evidence of referential indicating than
arm extensions without index finger extensions. As Povinelli and Davis
(1994) noted, if chimpanzees were capable of representing the attentional
states of others, “more well-developed pointing gestures ought to develop,
even if they [did] not exclusively involve the index finger” (p. 135). Thus,
although the question of index-finger extension is of interest to the ques-
tion of the form of the gesture in humans, it is largely irrelevant to the ques-
tion of whether chimpanzees appreciate the joint-attentional implications
of pointing.

DO CHIMPANZEES INDICATE? THE ARGUMENT
BY ANALOGY

Having established that chimpanzees display gestures remarkably similar to
the pointing gesture (and in certain cases perhaps identical), we now ask
whether they understand the gesture in the manner that we do.

First, a comment about humans. Regardless of the exact timing of the
development of various aspects of infants’ understanding of pointing, one
thing seems certain: Humans do come to appreciate pointing as a means of
connecting to the inner psychological states of others (for discussions of
the timing of this development, see Baldwin, 1991, 1993a, 1993b; Franco &
Butterworth, 1996; Franco & Wishart, 1995). This is not to say that pointing
is always produced for such reasons by the agent, nor that it is always inter-
preted in such a manner by the observer. Nonetheless, it appears clear that
the pointing gesture becomes intimately bound up with our second-order
intentional states. As we show, however, the exact causal role between spe-
cific second-order intentional states and the production of the gesture is
likely to be complicated (see Povinelli & Giambrone, 1999).

Do chimpanzees also develop this understanding of pointing? Several re-
searchers recently examined captive chimpanzees’ use of the gestures just
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described, and all have concluded that chimpanzees exhibit referential
pointing (Krause & Fouts, 1997; Leavens & Hopkins, 1998; Leavens et al.,
1996). These researchers stressed that chimpanzee pointing-like gestures
serve a communicative function, and therefore they have comfortably as-
sumed that young children and chimpanzees must understand the gesture
in a similar manner. In doing so, they have relied heavily on the argument
by analogy. Leavens et al. (1996) make the point clearly: “We would not
support an interpretation that explained, for example, the pointing behav-
ior of chimpanzees in operant terms and the pointing behavior of human
12-month-olds, or adults, in cognitive terms” (p. 351). Although these alter-
natives constitute an unnecessarily extreme dichotomy, part of our conclu-
sion (see the section “Toward an Integrated Account of the Form, Func-
tion, and Meaning of the Pointing Gesture in Humans and Apes”) is that
different interpretations may be warranted for the same behavior depend-
ing on the species producing it.

Leavens et al. (1996) conducted a retrospective analysis of chimpanzees’
reactions when food rewards accidentally spilled out of a testing apparatus
beyond their reach. The subjects were observed to protrude their fingers
through the mesh toward the food reward, and at least one of the apes
looked to the human who was present. The authors note that their data
“are amenable to both cognitive and behaviorist interpretations” (p. 351).
Similarly, Leavens and Hopkins (1998) placed a banana on the ground in
front of a chimpanzee’s cage and then left the area. Another experimenter
then approached the cage and made eye contact with the chimpanzee. The
chimpanzee was given the banana as soon as he or she either (a) gestured
(through the mesh), (b) gestured and vocalized, or (c) gestured or vocal-
ized and looked back and forth from the banana to the human. The chim-
panzees’ gestures and vocalizations were both accompanied by gaze alter-
nation. The authors conclude that “[t]he use of the whole hand in pointing
suggests that these chimpanzees . . . may have ‘invented’ the gesture as part
of a problem solving tactic involving the instrumental manipulation of a so-
cial agent” (p. 819).

Before critiquing this research, let us note some points of agreement.
First, surely these gestures are at least simple communicative acts." Commu-
nication minimally involves information being transmitted from one indi-
vidual to another individual. Thus, the chimpanzee who gestures toward an
out-of-reach banana in the presence, but not in the absence, of a human is
surely communicating. Likewise, the honeybee whose “waggle dance”
informs other bees of the direction and distance of flowering plants is com-

4We assume a non-Gricean notion of communication. Thus, in this context, communica-
tion may be said to occur without reasoning about the psychological states of the communica-
tive partner (or, for that matter, oneself).
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municating, as well as the dog snarling at the postman wandering onto its
territory. Significantly, note that the bee, or the dog, may neither fre-
quently dance nor snarl in the absence of other individuals. However, inso-
far as it involves the transmission of information, and influences the behav-
ior of others, communication need not require the sender to understand
anything at all about the mental states of the recipients (e.g., their
attentional states). Are there any other aspects of these spontaneous acts
that might suggest that the chimpanzees are, in fact, reasoning about the
psychological states of their communicative partners in this context?

Leavens et al. (1996) believed so. For example, they referred to their
chimpanzees’ gestures as referential pointing (see also Krause & Fouts, 1997)
largely because the animals exhibit gaze alternation: “We consider these
data to be evidence of perspective-taking in that it seems unlikely that the
gaze alternation we observed . .. could be parsimoniously explained with-
out invoking the same functional explanation invoked for gaze alternation
in human infant pointing” (p. 351)." Leavens et al. (1996) explained their
chimpanzees’ gaze alternation while pointing to out-of-reach food items by
stating that their chimpanzees “recognized the necessity of capturing the
attention of human observers in order to achieve desired goals” (p. 350). In
other words, by alternating their gaze, the chimpanzees are envisioned to
be checking the observers’ attentional state in relation to the item of refer-
ence, in this case food that had fallen beyond their reach. Leavens and
Hopkins (1998) reported that no subject looked at the food item (an out-
of-reach banana) without also looking to the experimenter, and that every
subject who both vocalized and gestured toward these objects, these au-
thors found, also exhibited gaze alternation. Similarly, Krause and Fouts
(1997) reported that two chimpanzees pointed to a bowl containing food
while alternating their gaze between the bowl and the observer.

A moment’s reflection, however, will reveal that although gaze alterna-
tion may signal some sensitivity to the posture of the communicative part-
ner, it may or may not imply an understanding of the psychological aspect
of attention. The literature on human development does, indeed, implicate
gaze alternation as the mechanism by which an understanding of atten-
tional states emerges. However, we should be wary of such a naked infer-
ence. It is not the gaze alternation alone that warrants the conclusion. If it

5Tt is unclear the kind of social understanding that Leavens et al. (1996) envisioned as ac-
companying these acts in chimpanzees. On some occasions they appeared to maintain that
these behaviors are simply a form of intentional communication, whereas at other times (as in
the cited text) they maintained that the execution of the behavior implies an understanding of
the internal visual (attentional) states of others. Indeed, their use of the term attention was
somewhat ambiguous. At times they appeared to restrict the term to refer to postural or behav-
ioral states, whereas in other cases they appeared to imply the second-order intentional state of
attention.
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were not for other, independent evidence that slightly older infants do pos-
sess the capacity to represent the psychological states of others, we would
not seriously entertain the conclusion that gaze alternation alone signifies
an understanding of such states (at that younger age). Captive chimpan-
zees are routinely exposed to situations where desired objects are just out of
their reach, and probably initially reach for those objects anyway. On seeing
this, human observers are likely to interpret this behavior—and rightly so—
as the chimpanzee wanting the object, and therefore observers hand the
object to the animal. After several such responses from humans, a gesture
resembling pointing with the whole hand might become conventionalized
(for evidence concerning this process of gestural development in chimpan-
zees, see Tomasello, Gust, & Frost, 1989; Tomasello, Call, Nagell, Olguin, &
Carpenter, 1994). In this context, gaze alternation may merely reflect the
chimpanzee’s understanding of this behavioral routine. Thus, the subject
alternates looking at the two items of interest: the object the subject wants,
and the human whom the subject expects to hand it to him or her.

Yet if such conventionalization processes can account for the presence of
pointing-like gestures and gaze alternation, why are Leavens et al. (1996)
persuaded that such acts are evidence of “perspective-taking”? The answer
is because of their implicit reliance on the argument by analogy: This is how
we understand the act of gaze alternation in ourselves as well as young in-
fants. Indeed, most researchers in this area seem to be wary of arguing for
one interpretation of the gesture when it is produced by chimpanzees and
another when itis produced by human infants. However, as we see, this may
be exactly what is required.

“DO CHIMPANZEES INDICATE?” REVISITED

In this section, we attempt to move beyond the argument by analogy by crit-
ically examining chimpanzees’ use of pointing-like gestures. We ask several
questions:

1. Do chimpanzees understand the attentional space that psychologi-
cally surrounds their gestures?

2. Do they comprehend pointing gestures when they are used by others?

3. What is the significance of gaze alternation in the context of these
gestures—for example, do they understand that their gestures need
to be seen in order to be effective?

In short, we examine whether they understand the psychological ground-
ing of the gesture in the manner that humans do. To explore these ques-
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tions, we review recent empirical research from our laboratory and else-
where.

Do Chimpanzees Know That Their Gestures Must Be Seen?

First, although chimpanzees naturally deploy visually based gestures such as
those just described, do they understand that these gestures must be seen to
be communicatively effective? We have attempted to answer this question
through an extensive series of studies with a cohort of seven chimpanzees.
We conducted the initial studies when the animals were 5 to 6 years of age,
and conducted additional studies when they were 7 and 8 to 9 years of age.
Our results suggest that despite their use of such visually based gestures—
and despite their simultaneous interest in and sensitivity to the postures,
faces, and eyes of others—chimpanzees may know very little (if anything at
all) about attention as a psychological state. Indeed, although we do not re-
view this work here, we have obtained evidence that they appear to under-
stand little about any psychological states at all.

How have we reached this conclusion—one that seems to fly in the face
of what our intuitions demand? To begin, we examined our chimpanzees’
natural inclination to direct a pointing or begging gesture to familiar hu-
man caregivers (usually in contexts where they want out-of-reach food or
other objects). Initially, we simply created a standardized context in which
the subjects could use these gestures. Each subject was separated from the
group and placed in an outdoor waiting area (a process with which the sub-
jects were very familiar). The area was connected by a shuttle door to an in-
door testing unit. While the subject waited outside, a familiar experimenter
inside either sat or stood in front of a Plexiglas partition (that we use to sep-
arate the apes from the experimenters). This person positioned him- or
herself behind a hole in the Plexiglas on either the right or left side of the
partition, just out of reach of the apes. Next, the shuttle door was opened,
allowing the subject to enter and freely respond. The apes quickly learned
to enter, reach their arm through the correct hole (the one directly in front
of the experimenter), and beg for a food reward (see Fig. 3.5). They also
frequently glanced back and forth from the food on the floor and the ex-
perimenter.

Of course, we already knew that our apes would do this—they had been
deploying such gestures since they were infants. As we have seen, some re-
searchers would be content to label this behavior “pointing”; however, we
sought to determine whether the subjects understood that their visually
based gestures are “seen”—that is, whether they understand the gestures as
part of an attentionally based interaction. To do so, we first studied their
spontaneous play behavior and from this derived a number of conditions
that would allow us to ask this question. For example, we had frequently wit-
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FIG. 3.5. After shuttle door opens, a chimpanzee (a) enters test unit and ap-
proaches a familiar experimenter, (b) deploys species-typical begging gesture
through hole toward experimenter, and (c) is given a food reward.

nessed our apes placing their hands over their eyes and wandering about
the compound until they bumped into something. Further, we had seen
them placing plastic buckets and bowls and burlap sacks over their heads in
a similar way, and even occasionally lifting them—to peek, as it were. But
did they understand what they were doing in terms of the conceptual no-
tion of “seeing”?

These observations inspired an initial set of experimental conditions to
ask the apes what they knew about seeing (see Fig. 3.6a). The idea behind
all of these conditions was the same: one person who could see the apes and
another person who could not. How did the animals react to confronting
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not seeing. (b) Mean percent correct (+SEM) in blocks of two trials. The dot-
ted line indicates levels expected by chance.
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these conditions? Before answering this question, however, it is important
to note that the animals performed almost perfectly on control trials in
which both experimenters could see them, but one was holding out food
and the other was offering a block of wood. Here, where no understanding
of the internal subjective state of the experimenters was required, the apes
performed almost without error. They entered the lab, paused, and then
immediately gestured to the experimenter holding out the food. Thus, they
were clearly motivated to receive a reward and would look for, and act on,
the relevant and observable aspects of the experimenter’s location and ac-
tions.

In direct contrast, a very different picture emerged on the critical see-
ing/not seeing trials. On the blindfolds, buckets, and hands-over-the-eyes
trials, the subjects were just as likely to gesture to the person who could not
see them as to the person who could (Fig. 3.6b). The apes entered the lab,
paused, but then went on to deploy their gesture as if unaware that only one
person could see them! There was, however, one notable exception—the
back-versus-front trials. Here the apes performed correctly from their very
first trial forward. We found these initial results difficult to understand. Af-
ter all, how could the apes not understand such a (seemingly) critical as-
pect of this interaction? In an initial set of 14 studies, we tested a number of
ideas about how our apes were reasoning about this kind of situation. First,
we pursued the question of why the apes responded nearly perfectly in the
back/front condition, but not in the other conditions. Two possibilities
suggested themselves. On the one hand, maybe back/front was simply the
instance of seeing/not seeing with which our apes were most familiar—or
perhaps it was just the most obvious of the instances that we had selected.
On the other hand, perhaps in truth they had no understanding of “seeing”
at all, and were merely responding to the general frontal orientation of the
experimenter; something they do naturally (see Tomasello et al., 1994)
and, indeed, something we had reinforced repeatedly in their initial train-
ing. In other words, maybe they just knew a rule that might verbally be de-
scribed as “Gesture to the person facing forward.”

To test this idea we created a new naturalistic condition—one that we
felt was just as obvious an instance of seeing/not seeing as the back/front
condition, and one that the animals experience many times a day in their
natural interactions with each other, as well as with us. This new condition,
looking-over-the-shoulder, involved both experimenters with their backs to
the apes, but one of them looking over his or her shoulder toward the ape
(see Fig. 3.7a). The significance of this condition is that it allowed us to pit
the competing interpretations of the back/front performance against each
other. After all, if the animals were simply relying on the frontal aspect of
the person to solve the back/front problem, they could not do so here. In
response to confronting this treatment, the apes entered the lab, paused,
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FIG.3.7. (a) Looking-over-the-shoulder condition along with (b) mean per-
cent correct (+SEM) in blocks of two trials. The dotted line indicates levels ex-
pected by chance.

and then proceeded to gesture as often to the person not looking over his
or her shoulder as to the person who was (Fig. 3.7b).

We would be remiss if we did not point out that with experience on some
additional conditions, such as the screens condition depicted in Fig. 3.8a,
the apes did begin to learn to respond correctly—that is, to the person who
could see them (Fig. 3.8b). However, there were at least two potential ex-
planations of this learning. First, because the apes were only reinforced
(that is, handed the food reward) when they gestured to the person who



54 POVINELLI, BERING, GIAMBRONE

100 p<.0t p<.001
° § /§
o ] / %
3 5 P
S0 Patt- S % ........................

€
[1)]
8 .
&

O 1 ) 1 T 1

1 2 3 4 5 6 7
Blocks of 4 Trials

FIG. 38. (a) Screens condition along with (b) mean percent correct
(+SEM) in blocks of four trials. The dotted line indicates levels expected by
chance.

could see them, they may have simply learned a second rule (e.g., “Gesture
to the person whose face is visible”) when the first rule could not be satis-
fied. Yet maybe they had just needed more experience to figure out that the
problem was about seeing. One way of addressing these competing ideas
was to determine if their learned success on the screens conditions would
transfer to the other conditions. The low-level model predicted that this un-
derstanding would transfer to all of the previous conditions except one—
blindfolds. The low-level model envisioned that the subjects had learned
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another rule about gesturing to the person whose face is visible. The blind-
folds condition was the only one of the original conditions in which this
rule could not work. Just as the low-level model predicted, this was the only
condition in which the apes performed randomly.

Of course, there were many other possible interpretations of these data,
many of which we systematically explored and ruled out. In the interest of
space, let us just examine one of these possibilities. Perhaps the apes were
basing their choices on the global presence or absence of the face simply
because they were not carefully monitoring the eyes of the experimenters.
We tested this by confronting the apes with the condition depicted in Fig.
3.9. As can be seen, in both options the experimenters’ faces (and eyes) are
visible. The only difference is that one of them is looking toward the ani-
mal, whereas the other is looking away—above and behind the animal. In
response to this condition, the apes entered the test unit and, on almost
half of the trials, turned and followed the distracted experimenter’s gaze
up into the corner of the ceiling behind them. Nonetheless, on those same
trials, the apes were just as likely to deploy their visually based gesture to
this distracted experimenter as to the one who was looking in their direc-
tion. (Additional tests with these same animals have now experimentally
confirmed and extended this gaze-following ability. Indeed, we now have
evidence that chimpanzees will follow gaze in response to head and eye
movement in concert, eye movement alone, and will follow gaze into a par-
ticular quadrant of space; see Fig. 3.10 [Povinelli, Bierschwale, & Cech,
1999, Experiments 1 & 2; Povinelli & Eddy, 1996a, Experiment 12; Povinelli
& Eddy, 1996b, 1997; see also Tomasello, Call, & Hare, 1998].)

Were these results just an indication of the young age of our subjects or
did they reflect something intrinsic about the nature of chimpanzee social
understanding? To explore this, we conducted several longitudinal follow-
up tests with these same animals (see Reaux, Theall, & Povinelli, 1999).
Thirteen months after the original tests were completed, when the apes
were 7 years of age, we retested them using three of the conditions used
previously—screens, eyes open/closed, and back/front. Recall that by the
end of the original series of tests the subjects were performing excellently
on the screens condition. Yet, to our surprise, the apes initially responded
randomly on this condition. Indeed, it was only after 12 trials that the ani-
mals began responding significantly above chance (and even this level, 57%
correct, was hardly impressive). The subjects had received far fewer of the
eyes open/closed trials, and here, despite receiving 48 massed trials of eyes
open/closed, the subjects did not learn to respond preferentially to the ex-
perimenter with his or her eyes open. In contrast, the animals responded at
ceiling levels from trial 1 forward on the back/front trials. Furthermore, a
year after this, when the animals were on the cusp of young adulthood (8 to
9 years of age), we returned with a full battery of the original tests. Al-
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FIG. 3.9. (a) Attending-versus-distracted condition along with (b) mean
percent correct (+SEM) in blocks of two trials. The dotted line indicates lev-
els expected by chance.

though the animals showed some evidence of responding correctly on one
of the conditions (buckets) within the first four trials, in general their re-
sponses were not impressive (see Fig. 3.11). However, after additional trials,
their performance began to improve, at least in some of the conditions.

This learning raised a familiar, but still troubling, question. To what ex-
tent did the apes just need to reorient themselves to the general proce-
dures, having understood “seeing” all along? Although it took many trials,
perhaps they now—finally!l—grasped what we were asking them. Perhaps



FIG. 3.10. Gaze following in a 6-year-old chimpanzee in response to head

and eye movement of a familiar experimenter.

Year 3: Seeing/Not Seeing

(age 8-9 years)

- Otrials 1-4
100 Wtrials 5-12
-+
3]
b Al
-
(-
S
50
-
=
o
o
o ]
[+ H]
[a
0

screen bucket blindfold eyes distract/ back/
attend

Conditions

FIG. 3.11.

front

Mean percent correct (+SEM) at third longitudinal assessment
(at 8 to 9 years of age) of a cohort of chimpanzees understanding of seeing/
not seeing. See Figs. 3.6 to 3.9 for description of some of the conditions.

57



58 POVINELLI, BERING, GIAMBRONE

the most striking results came from an experiment in which we combined
two of the conditions to produce the mixed treatment depicted in Fig. 3.12.
This condition can be understood as a combination of the correct option
from the looking-over-the-shoulder condition, and the incorrect option from
eyes open/closed. The significance of this condition can be understood by
hypothesizing that the apes had simply formed a series of rules in descend-
ing order of importance—frontal aspect > face > eyes. If so, they could be
expected to perform well on looking-over-the-shoulder (neither frontal as-
pectis visible, so it represents a choice between face and no face). Likewise,
in the eyes open/closed condition, both experimenters’ frontal aspects
were equally visible, and both faces were equally visible; thus, the apes
would resort to the eyes rule and perform excellently. However, in the
mixed condition, the frontal aspect of the incorrect experimenter (eyes
closed) was visible, but not the frontal aspect of the correct experimenter
(the one looking over her shoulder with eyes open). Thus, the low-level
model predicted they would significantly prefer the incorrect experi-
menter—which is exactly what they did (Reaux etal., 1999, Experiment 4).
The results of this extended series of studies suggested that despite their
natural use of the begging gesture, and despite their interest in the eyes
and gaze direction of others, chimpanzees do not, in fact, understand a key

FIG. 3.12. Mixed condition used to assess rules used by chimpanzees to de-
cide to whom they should gesture. Subject preferred the experimenter facing
forward with eyes closed.
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aspect of these gestures—namely, that the gestures must be seen by the re-
cipients in order for the gesture to function. In contrast, by 2 years of age,
young children seem to understand this aspect of seeing (Lempers, Flavell,
& Flavell, 1977; Povinelli & Eddy, 1996a, Experiment 15).

Do Chimpanzees Comprehend the Pointing Gestures
of Others?

The results discussed previously cast serious doubt on assuming that chim-
panzees understand their visually based gestures in a similar manner to the
way in which 2- to 3-year-old children do. We now ask whether they compre-
hend pointing gestures when they are used by others. Although early re-
ports suggested that they might understand the referential significance of
pointing acts (e.g., Call & Tomasello, 1994; Povinelli, Nelson, & Boysen,
1992), more controlled research has recently cast serious doubts on such a
view.

For example, we trained our apes to respond to our pointing gestures to
locate which of several locations contained a hidden treat (see Povinelli et
al., 1997). As can be seen from Fig. 3.13a, we used the standard form of the
gesture and its natural context of occurrence, with the experimenter’s
hand closer to the correctlocation. The apes took varying numbers of trials
to learn to exploit this gesture, but none of them did so immediately. This
initial difficulty was of interest in its own right, because our apes had been
exposed to human pointing since birth. Nonetheless, within several dozen
trials the animals were responding in a highly accurate manner.

What did the initial learning signify? Had the apes understood all along
(or at least now learned) that the experimenter was intentionally signaling
one of the boxes through the pointing gesture, but merely needed a bit of
time to orient to the task? Or had they just learned a conditional discrimi-
nation of one kind or another? For example, perhaps the apes had either
just learned to respond to the local stimulus configuration of the experi-
menter’s hand and the box (a stimulus configuration rule), or to simply se-
lect the box closest to the experimenter’s hand (a distance cue). Although
these two models are distinct, they both differ from the one that posits that
the apes understand the referential significance of the gesture.

We conducted two experiments to test these ideas. In the first one, we
simply increased the distance between the distal end of the experimenter’s
pointing gesture and the correct location as shown in Fig. 3.13b. In this new
position, the experimenter’s pointing hand was still closer to the correct
box, and thus this condition could not distinguish between the high-level
model and the distance model. However, it did allow us to distinguish be-
tween the distance model and the low-level stimulus configuration model.
Remarkably, although the apes entered the lab and looked at the experi-
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FIG. 3.13. Conditions used to assess chimpanzees’ understanding of the
pointing gesture. See text for details of the conditions, hypotheses, and re-

sults.

menter before responding on every trial, this simple manipulation caused 5
of the 7 subjects’ performances to drop from 100% correct to chance levels
(50% correct). The implication was clear. Far from understanding the ges-
ture in referential terms, most of the apes were simply focusing on the local
configuration of the experimenter’s hand and the box. Young 3-year-old
children, in contrast, performed at near-perfect levels from Trial 1 forward.
However, two of our chimpanzees (Kara and Apollo) performed quite
differently from the others—they continued to respond well even with this
increased distance between the experimenter’s gesture and the box. Did
these apes, then, understand the referential nature of the act? As we ex-
plained earlier, the first study was designed to distinguish between the two
low-level models; it did not allow us to distinguish between the distance
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based model and the high-level model. However, Kara and Apollo’s per-
formance provided a reason to test the apes in a second experiment, which
could distinguish between these accounts. Thus, in a second experiment,
the experimenter pointed from several locations and postures. In one case
the tip of his pointing finger was equidistant from the two locations (Fig.
3.13d), and in another it was closer to the incorrect location (Fig. 3.13c). As
before, we included versions of these treatments in which the experimenter
was and was not gazing at the location to which he was pointing (see
Povinelli et al., 1997, for a complete description of the conditions).

The results of these tests cast serious doubt on the validity of the referen-
tial comprehension model. First, all of the apes continued to perform ex-
cellently when the experimenter’s pointing hand was near the correct box
(within 5 to 10 cm; see Fig. 3.13a). In contrast, most of the apes continued
to perform at chance level when the pointing hand was considerably far-
ther away (80 cm) from the correct box, but still closer to it than to the in-
correct box (see Fig. 3.13b). Third, the apes actually preferred the incorrect
box when the experimenter’s body was positioned closer to it than to the
correct box, even though his pointing gesture was clearly referencing the
opposite box (see Fig. 3.13c). Fourth, and perhaps most important, when
the experimenter’s body with gesture was equidistant from the two boxes,
the animals performed randomly—including the two apes who had per-
formed well in the initial experiment. Perhaps most striking of all was that
in the cases where the experimenter was closer to one box than the other
(see Fig. 3.13c), the subjects performed better when the experimenter
gazed at the correct box without pointing, as opposed to when he both
gazed and pointed! In previous studies we had explicitly taught the apes to
choose the box to which an experimenter glanced (Povinelli, Bierschwale,
& Cech, 1999; Povinelli et al., 2002). However, introducing the pointing
hand misled the apes into choosing the incorrect box because the hand was
closer to it than to the correct box. In contrast, 26-month-old human tod-
dlers performed excellently on their very first trial with even the most diffi-
cult of these conditions (see Povinelli et al., 1997).

Itis important to reiterate that these chimpanzees had been exposed to
the pointing gesture (and many other indicating gestures) in their sponta-
neous interactions with their human caregivers (and later trainers) since
birth. And it is surely our subjective impression that, in some sense or an-
other, they learned to respond appropriately to these gestures. However,
the results of our experiments clearly support the idea that they did not
learn about the referential import of the gesture. Although the chimpan-
zees came to exploit the gesture, whether from trial-and-error learning or
by the expression of some innate tendency to be attracted to those objects
physically closest to another individual, it seems likely that lower level proc-
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esses were at work. Indeed, similarities of this with stimulus enhancement
are quite striking (e.g., Galef, 1988). The manipulation of an object, for in-
stance, increases its salience, and thus it obtains a higher valence. In the
context of our experiments, it seems likely that the experimenter’s hand
acted in precisely this manner to enhance the salience of the nearest box.”
Although it was conducted for somewhat different reasons, and therefore
lacks important controls, a recent experiment by Tomasello, Call, and
Gluckman (1997) supports a simple discrimination model of pointing com-
prehension.

TOWARD AN INTEGRATED ACCOUNT OF THE FORM,
FUNCTION, AND MEANING OF THE POINTING
GESTURE IN HUMANS AND APES

The Reinterpretation Model

Although the strands of an alternative to the argument by analogy are al-
ready in place, in this section we provide an explanation of how it is that hu-
mans and chimpanzees can share so many behavioral patterns in common
(including those under examination here) and yet understand them so dif-
ferently. In short, we propose that social complexity evolved independently
of psychological complexity. We speculate that primate social evolution
(and the evolution of mammalian social communication in general) was
driven by fairly ancient psychological processes, coupled with selection for
certain physiological, attentional, behavioral, and morphological structures
subserving these communicative acts. Thus, the behavioral forms that
primatologists are fond of calling deception, empathy, grudging, reconcili-
ation, and even pointing all evolved and were in full operation long before
there were any organisms that could understand them in these terms. They
evolved not because these primate ancestors possessed the means of repre-
senting the minds of their fellow groupmates, but because such acts be-
came inevitable as selection honed behaviors that maximized each group
member’s inclusive fitness given the constraints in place. Thus, contrary to
the so-called “social intelligence hypothesis” (e.g., Humphrey, 1976; Jolly,
1966), we do not suppose that the psychological demands of living in a so-

6Call and Tomasello (1994) claimed that an orangutan they tested displayed evidence of
referential comprehension of the pointing gesture. However, as in other studies (e.g., Ander-
son, Sallaberry, & Barbier, 1995; Povinelli, Nelson, & Boysen, 1992), the pointing hand was
much closer to the correct location than the incorrect one. If we compare conditions in which
distance was not controlled, our subject Kara displayed better evidence for exploiting the ges-
ture than did their subject. However, when the cue distance was neutralized, even Kara’s per-
formance plummeted to chance.
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cial group required an understanding of others as psychological agents. On
the contrary, we suspect that only one lineage—the human one—evolved
abilities related to understanding others in mentalistic terms.

The significance of this proposal comes from considering what this
means about human behavior. In evolving a cognitive specialization in rep-
resenting mental states, humans did not (we propose) shed their ancestral
behavioral patterns in favor of some dramatically new set of behaviors. We
suspect that most of the basic behavioral patterns remained intact. What
changed was that for the first time such behaviors became understood in
mentalistic terms. In one sense, then, these ancient behaviors were reinter-
preted in terms of an explanatory system we now call “theory of mind.” Just
as the addition of a device to represent the speed of an automobile—a
speedometer—does not radically alter the basic propensities of the vehicle,
so too can we imagine that humans evolved novel representational systems
related to second-order intentional states without dramatically altering
their ancient behavioral patterns (see Povinelli & Giambrone, 1999). In-
deed, to push the example even further, just as the speedometer does not
endow the automobile/driver system with a score of previously impossible
behaviors, but rather makes certain behaviors much easier to accomplish,
so too might the ability to understand ancient behaviors in explicitly
mentalistic terms have made certain complicated behavioral routines much
more likely.

The Reinterpretation Model Applied

How does the reinterpretation model help us to understand the similarity
between human pointing and structurally similar gestures in chimpanzees?
First, we know that chimpanzees and humans (like other nonhuman pri-
mates) exhibit visually guided prehension—that is, they reach toward
things they want and visually monitor those reaches. Second, as part of a rit-
ualized communicative signal (begging), chimpanzees extend their arms
and hands toward things that they cannot take without the tolerance of oth-
ers. Third, they extend their arms toward others as part of a communicative
signal involved in reassurance after a fight or in ambiguous social situa-
tions. All three of these behaviors are displayed by chimpanzees in the field
and in captivity. We presume many of the structural aspects of these ges-
tures were in place prior to the evolutionary divergence of the human and
chimpanzee lineages.

These primitive gestures may have provided the raw behavioral fabric
out of which pointing as a referential gesture emerged in humans. We sug-
gest that with the emergence of psychological innovations in social under-
standing (in particular, second-order intentional states), existing gestures
or actions were explicitly reinterpreted as functioning to influence the
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attentional/mental states of others. Although in one sense these behaviors
did in fact function to influence the attentional states of others from their
earliest inception, we advance the hypothesis that only the human lineage
evolved the psychological faculties that made it possible to understand this
fact.” As we have argued elsewhere, this need not mean that each occur-
rence of such acts that can be understood in this manner will be so under-
stood. On the contrary, we suspect that frequently such actions are not
prompted by second-order intentional states (i.e., the representation of the
mental states of self or other), but instead are controlled by lower level psy-
chological processes. Just as the reading on the speedometer of an automo-
bile need not directly cause the speed of the automobile in order to causally
interact with it, we conclude that second-order intentional states need not
directly cause the behaviors that they represent, or indeed even always caus-
ally interact with them.

What about the case of captive chimpanzees? Here we see a degree of
functional similarity to human pointing not approximated by wild chim-
panzees. It is not difficult to imagine how these ancient behavioral similari-
ties might become shaped during interactions with humans to produce the
kinds of gestures described earlier. Let us provide just two examples of how
this might operate. First, in captivity, young chimpanzees invariably reach
out toward observers who pass their enclosures. Also invariably, these hu-
man observers misinterpret this signal as indicating that the ape wants them
to touch him or her. Thus, the human observers are usually a bit startled
when, far from an enthusiastic reception, the apes withdraw their arms in
alarm as the observers reach toward them. Although initially this consti-
tutes an unexpected response, chimpanzees may rapidly learn a new func-
tion for this gesture: getting humans to approach them. A second case
(mentioned previously) involves a chimpanzee reaching toward an object.
Human observers correctly interpret this behavior as the chimpanzee want-
ing the object. Therefore, they pick up the object and hand it to the ape. In-
deed, the more closely the gesture looks like a request (regardless of what
the chimpanzee understands about the gesture), the more rapidly it will be
interpreted as such by the human. In short order, then, chimpanzees may
develop a gesture in the presence of humans that serves to cause the hu-
man to hand them what they want. We emphasize that this gesture is not
reaching—it is a social signal that functions very much like pointing. But, as

Call and Tomasello (1996) suggested an alternative to this view, namely, that chimpanzees
(and perhaps other great apes) can, and at least some do, possess second-order intentional
states but require human culture to shape their cognitive systems in this manner. This intrigu-
ing hypothesis suggests that a “theory of mind” is not a tightly canalized system that evolved ex-
clusively in the human lineage. At this point, however, there is little or no direct evidence to
support this hypothesis (see Povinelli, 1996).
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we have seen, there is good reason to suspect that all of this occurs in the
absence of the chimpanzee understanding the psychological states of his or
her communicative partner. Indeed, the driving force shaping the chim-
panzee’s gesture is the human’s representation of the chimpanzee’s psy-
chological state. This would explain why these gestures are not exhibited by
chimpanzees as they interact with each other.

Some researchers find these explanations unlikely, noting that their sub-
jects’ “pointing” occurs significantly more often in the presence of an experi-
menter than in his or her absence (Krause & Fouts, 1997; Leavens &
Hopkins, 1999; Leavens et al., 1996; see also Call & Tomasello, 1994, for simi-
lar findings with orangutans). Leavens et al. (1996) argued that if the ges-
tures were simply “failed reaching attempts” (which is not the explanation of-
fered here), then the apes would produce these gestures with equal
frequency in the presence or absence of humans or when the experimenter’s
back is toward them. However, such findings do not contradict the claim that
chimpanzees know little or nothing about attention as a mental state. Not
even radical behaviorists would deny that chimpanzees could readily learn
the connection between the posture of a person and the effectiveness of a so-
cial signal in eliciting a desired behavior from him or her. Given that the
presence and forward-facing posture of the human typically covary with
chimpanzees’ success in using their visually based gestures, their perceptual
and attentional systems would have to be extraordinarily different from ours
indeed not to uncover this connection. Indeed, regardless of their under-
standing of the psychological states of others, it is hard to imagine how chim-
panzees could not learn to avoid using visually based, social gestures when
someone is facing away from them, or absent altogether. Indeed, our experi-
mental work shows exactly how quickly these understandings can develop—
and how narrowly restricted these understandings may be.

We end on what may be the central question of all concerning the argu-
ment by analogy. The question is best put simply: “Are not processes similar
to ones explored here also at work in human infants and children? Are the
same processes not responsible for their construction of an understanding of
others as psychological agents?” The reinterpretation hypothesis offers a way
out of this apparent impasse. If we grant that humans have evolved novel psy-
chological specializations related to social understanding (and perhaps oth-
ers as well), and if we grant that apes and humans share ancient behavioral
patterns that evolved in the absence of these representational systems, then
the answer to this question becomes straightforward. On the one hand, it
may be that the processes that govern the emergence of gestural forms in hu-
mans and chimpanzees (especially those reared with humans) reflect genu-
ine evolutionary homology. But this homology may, at each twist and turn in
the developmental process, be associated with profound differences as well.
In humans, the old psychological systems may develop alongside the new in
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such a way that those looking for simple differences between humans and
chimpanzees may come away unimpressed. The real differences may lie not
in the dramatic appearance of a structurally new behavior per se, or even in
old behaviors put to distinctly new functions. Rather, the ability to represent
others as possessing internal, attentional states may have allowed existing ges-
tural forms to be woven into a much larger, more efficient and productive sys-
tem of communication—a system in which understanding the psychological
meanings behind the gestures is just as important as the gestures themselves.
Both systems involve a description of others, and both provide predictions for
how others are likely to behave. But only one can be considered a genuinely
psychological description of others. Humans—unlike other animals—appear
to have evolved the latter. But in doing so, we did not discard the ancient in fa-
vor of the new. Rather, the two systems appear to have been combined in such
away that our efforts to specify the unique role that each plays in causing our
behavior may turn out to be an impossible—and perhaps nonsensical—un-
dertaking.
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Chapter 4

From Index-Finger Extension
to Index-Finger Pointing:
Ontogenesis of Pointing

in Preverbal Infants

Nobuo Masataka
Kyoto Unwversity

Pointing with the index finger is a vital part of human communication. In-
dex-finger pointing, which often co-occurs with speech, is characterized by
an arm and index finger extended to the direction of an interesting object,
with the other fingers curled under the hand and the thumb held down
and to the side. We point at things we know and things we have never seen
before. Pointing can be a way of declaring, making a point, or asking. The
underlying intention is always to draw someone else’s attention to an object
or event of interest.

Index-finger pointing is apparently unique to humans. No doubt, most
animals do not possess fingers to point with, but even apes do not point in
their natural state. Although apes sometimes use an extended hand to refer
to things after extensive interactions with humans, they practically never ex-
tend the index finger separately when making the gesture. In a recent study
(Leavens & Hopkins, 1998), a chimpanzee was found to use a form of in-
dex-finger pointing to draw his trainer’s attention to food that had fallen
out of reach. This chimpanzee, however, never pointed for the benefit of
other chimpanzees, and even with his trainer, he used his flat hand more
often than his index finger. This fact indicates that there is something spe-
cial about finger pointing in humans.

Developmentally, the pointing gesture is known to first emerge near the
end of the first year of life. However, prior to the intentional use of point-
ing, there is an interval of a month or more in which infants point but do
not yet comprehend or follow the pointing of others (Murphy & Messer,

69



70 MASATAKA

1977). During this period, they learn to turn their heads in response to
other signals—head and eye movements, for example, or shifts in body ori-
entation—that indicate a change in others’ focus of interest. That indicates
the possibility that meaningful pointing—a precursor to speech—has its
own motoric precursors in some other manual action. Nevertheless, little
has been revealed so far about the ontogenesis of index-finger pointing.

The aim of this chapter is to pursue this issue. Here I present evidence
showing the developmental continuity from index-finger extension to in-
dex-finger pointing. Index-finger extension here is defined as the manual
activity characterized by an extended index finger, with other fingers lightly
or tightly curled and the arm not extended and thus not specifically di-
rected at any target object.

PREVIOUS STUDIES OF THE DEVELOPMENT
OF POINTING IN INFANTS

Although empirical data about the development of pointing in infants are
meager, several hypotheses have been presented about its origin so far.
One theory argues that pointing diverges from the movements of reaching
and grasping (Leung & Rheingold, 1981). This theory assumes that the
movement for reaching and grasping is made more economical in point-
ing, and pointing replaces reaching and grasping as a referential gesture.
Bruner (1983) argued that the gesture does not emerge as modification of
reaching, but emerges, at least partly, as a primitive marking system for sin-
gling out the noteworthy. Vygotsky (1961) saw pointing as originating in
the failed reaching activities of the infant. However, this failure occasionally
results in the successful access to the object the infant originally attempted
to reach through the intervention of adults around the infant. According to
his hypothesis, this occasional success makes the infant realize a communi-
cative utility of the failed reaching.

The arguments developed on the basis of these hypotheses are obviously
incompatible with one another. Nevertheless, it may be noticeable that all
of them commonly assume that cognitive development around the 1-year-
old period—the ability to carry out a plan and signal intentions—induces
the child to learn the new behavior of pointing. This was a purely cognitive
interpretation based on traditional reports on observations that infants be-
gin to point at the age of 8 months. However, virtually no work has ever ad-
dressed the questions of what ontogenetic process is at work during early in-
fancy that leads to the subsequent emergence of pointing gesture, and why
index-finger pointing is used predominantly as pointing gesture.

In this regard, two previous observations are noteworthy. First, Bates,
Benigni, Bretherton, Camaioni, and Voltera (1979), in their observation of
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interactions of 9- to 13-month-old infants with their mothers, found that the
movement of an outstretched arm with an extended index finger emerges
ontogenetically first in order to “poke” or “scratch” proximal objects. This
was considered to be an early form of object exploration. Apparently this
activity emerges earlier than the pointing gesture, and after the appearance
of the pointing gesture it was reported to be no longer observed. Second,
Fogel and Hannan (1985) reported the occurrence of index-finger exten-
sions in preverbal infants as young as 2 months. In a sample of 28 three-
month-old infants, 64% of the infants performed at least one index-finger
extension (sometimes produced as many as six) in a 2-minute session of
face-to-face interaction with the mother. Obviously, the manual action was
never temporally accompanied with an outstretching movement of the
arm, and was never spatially oriented to any distal object. However, the
manual action was observed to occur most frequently just before or after a
nondistress, comfort-state vocalization, that is, cooing. Thus, although it is
most likely not an intentional act of the infant, the manual action is a
coordinative structure appearing in nonrandom contexts. Moreover, the
emergence of this behavior might have ontogenetic significance because
index-finger extension, when it emerged first as an object exploration, is
also reported to be frequently accompanied by the infant’s vocal utterances
(Bates et al., 1979).

The main issue to be addressed in this chapter is whether index-finger
extension performed by preverbal infants, which resembles a true pointing
gesture, is significantly associated with the emergence of pointing as refer-
ential gesture. If so, how does index-finger extension develop during the
first year of life? In the following sections, I address the latter question first.
I start with the demonstration that index-finger extension is associated
more with the infant’s speechlike vocalization than with its nonspeechlike
vocalization. Further, it is shown that speechlike vocalization occurs more
frequently when the adult responds to the vocalization as if holding a con-
versation. The increase in speechlike vocalization in turn leads to the in-
crease in index-finger extension. Furthermore, the combination of index-
finger extension and speechlike vocalization gives the adult a favorable
impression of the infant. Thus, presumably adults are more likely to re-
spond to such a combination, thereby further reinforcing the combination.
The strength of this reinforcement may be variable across cultures. It may
be weaker in some cultures where index-finger pointing is not the pre-
dominant form of pointing among adults. This is presumably a part of the
mechanism in which cultural diversity of pointing is maintained across
generations. In the second part of the chapter, I present evidence from a
longitudinal study that index-finger pointing emerges from index-finger
extension, but not from reaching. Finally, I discuss a study that shows that
index-finger extension indexes the infant’s exploration of, and self-regu-
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lation of attention toward, an interesting novel object, rather than a desire
to bring the object closer to the infant. I argue that when the infant devel-
ops the desire to share with others what he or she is exploring and attend-
ing to, index-finger extension develops into index-finger pointing.

STRONG CONNECTION BETWEEN SPEECHLIKE
VOCALIZATIONS AND INDEX-FINGER EXTENSION
DURING EARLY INFANCY

As a first step to answering the question just posed, 14 3-month-old first-
born male infants were observed when freely interacting with their moth-
ers, and their nonvocal and vocal behaviors were simultaneously recorded
(Masataka, 1995). I conducted this observation because Fogel and Hannan
(1985) reported a strong tendency of temporal association between cooing
and index-finger extension in 3-month-olds, although they did not report
any further information on the quality of the infant vocalizations. Because
index-finger pointing performed by adults is often accompanied by speech,
and pointing can be a way of telling and asking, I hypothesized that a rudi-
mentary form of this association can be seen in the synchronization of
speechlike cooing and index-finger extension in 3-month-old infants.

Contrary to the widely assumed notion that language structures should
be analyzed only in terms of speech sounds and grammar, and that body
movement and postural signals comprise a structured system of their own,
which typically expresses affective and unconscious meaning, McNeill
(1985) proposed that gesture and speech can be conceived as an integral
whole, with gesture as part of the process of speaking. Gesture is produced
along with speech, and it is not fundamentally different from speech. On
the basis of such a view of language and gesture, I hypothesized that both
linguistic production and the production of the precursors of pointing ges-
ture develop ontogenetically together even at a very early stage.

The behaviors of the 14 three-month-old infants were coded by four rat-
ers. Nonvocal behaviors and vocal behaviors were coded separately by two
different pairs of coders using different sources: videotapes for nonvocal
behaviors and audio tapes for vocal behaviors. Concerning nonvocal behav-
iors, coding categories included: infant’s direction of gaze (GAZE AT
mother: action of looking at mother’s face), infant’s facial action (SMILE:
friendly facial expression characterized by lip corners retracted up;
MOUTHING: movements of the mouth such as chewing, sucking, pucker-
ing, etc.; CRY: distress vocalizations or distressed expression including
frowning and distress brow—although crying did not occur in this sample),
infant’s manual action (SPREAD: all fingers extended and held for a pe-
riod longer than 1.5 sec; INDEX-FINGER EXTEND: index finger extended
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and held for a period longer than 1.5 sec; GRASP: holding an object,
clothes, self, or mother; CURL: any other movements or positions includ-
ing making a fist, partial spreading, and rhythmical moving of fingers).
Concerning vocalizations, each of them was judged whether it was truly
speechlike (syllabic) or not (vocalic). Syllabic sounds are those perceived as
sounding like “the baby is really talking.” They have greater oral resonance
and pitch contour, and are produced towards the front of the mouth, fre-
quently with the mouth open and moving and the voice more relaxed. Vo-
calic sounds are, in contrast, nondistress, nonvegetative, but less speech-
like. They have greater nasal resonance, are more often produced toward
the back of the mouth, are more uniform in pitch, and seem more effortful.

The codes for vocalizations were compared with the codes for nonvocal
behaviors obtained from an independent observation of the videotapes. If
any nonvocal behavior was coded during an occurrence of a syllabic sound,
this nonvocal behavior was operationally defined as having occurred in a
syllabic context. Similarly, if a behavior was recorded during an occurrence of
avocalic sound, it was defined as having occurred in a vocalic context. Behav-
iors that fell into neither of these categories were defined as occurring in a
silent context.

The rate of all the types of nonvocal behaviors was compared across
these three contexts. This analysis revealed that occurrences of two catego-
ries of manual action were different across the contexts. The two categories
were index-finger extension and spread. Index-finger extension occurred
more often in a syllabic context than in either a vocalic or silent context
(Table 4.1). In contrast, spread was observed more often in a silent context
than in a syllabic or a vocalic context. In other words, index-finger exten-
sion, but not spread, occurs specifically in association with truly speechlike
sounds.

Although noncry vocalizations of 3-month-old infants are anatomically
and acoustically immature and quite variable, they can be reliably grouped

TABLE 4.1
Rates per Minute of Nonvocal Behaviors
in Three Types of Vocalization Contexts

Conlext
Behavior Syllabic Vocalic Stlent
Index-finger extension 3.8 1.6 1.4
Spread 1.2 0.9 4.2
Curl 3.6 4.9 4.5
Grasp 0.8 1.1 1.0
Smile 1.6 2.1 1.8
Mouthing 3.2 2.6 2.8

Gaze at 6.9 8.4 6.6
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into two categories: syllabic and vocalic. Originally this categorization was
established on the basis of a number of findings in phonemic, acoustic, ana-
tomical, and neurophyisological investigations on the development of in-
fant vocalizations. These studies have all indicated that the age of 3 months
is a marked period as a threshold between the earliest, nasalized sounds of
short duration with a small pitch contour and the prebabbling vocalizations
of longer duration, which have higher pitch, simple consonant-vowel com-
binations, and a larger pitch contour. This threshold has been described ei-
ther as the transition from quasi to fully resonant nuclei (Oller, 1980,
1981), as the transition from comfort sounds to vocal play, partially arising
from the development of laughter (Stark, 1978, 1981), or as the transition
from the neonate to the “yabbler” (Netsell, 1981). Netsell argued that ac-
quisition of speech-motor control enabled infants to produce speechlike
sounds that were initially the result of the infants’ accidental opening and
closing of the mouth while phonating. Taken together with these findings,
the results summarized in Table 4.1 indicate that at the very onset of
speechlike vocalization and of index-finger extension, these two behaviors
are closely connected. No such relations exist between the other nonvocal
activities investigated in this study and the two types of vocalizations.

INADVERTENT CONDITIONING
OF INDEX-FINGER EXTENSION

Next, I examined whether the occurrence of index-finger extension could
be socially modulated in an experiment in which infants were provided
with some social stimulation. To test this, an experimental methodology
based on Bloom, Russell, and Wassenberg (1987) was used, in which the 3-
month-old infants experienced either conversational turn-taking (contin-
gent stimulation group) or randomly timed responses (random stimulation
group) from their mothers.

Bloom, Russell, and Wassenberg (1987) compared the vocal activity level
of the infants between the two groups during a 2-min period before the
commencement of stimulation, and they found no significant difference.
However, once the stimulation started, a striking difference appeared.
When the mother maintained a give-and-take pattern of vocal interaction
(i.e., in the contingent stimulation group), the rate of vocalic sounds de-
creased dramatically and thereby infants produced a greater proportion of
speechlike syllabic sounds. However, if infants experienced random stimu-
lation, such a change did not occur.

The adult’s contingent vocal stimulation, which apparently was verbal in
nature, led to the production of syllabic vocalization by the infant. In other
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words, the quality of vocalizations by adults influences the quality of infant
vocalizations, and the influence is effective only when the adult’s vocaliza-
tions are delivered contingently to the vocal production of the infant. This
finding was replicated by Bloom (1988) and Masataka (1993). Further-
more, in the present study too, the 3-month-old infants produced a higher
proportion of syllabic sounds in the interaction period when the adult’s
stimulation was contingent (Table 4.2).

In addition to the change in the vocalization type after the commence-
ment of stimulation, the rate of index-finger extensions also exhibited a
similar change (Table 4.3). The activity level of this manual action did not
differ significantly before the onset of stimulation, regardless of whether
the infants were to receive contingent stimulation or randomly timed stim-
ulation. However, once the stimulation started, the rate of index-finger ex-
tensions showed a significant increase if the infants experienced contin-
gent stimulation. In contrast, no such change occurred if the infants
experienced randomly timed stimulation. For other categories of nonvocal
behaviors, no significant change was observed before or after the onset of
stimulation, regardless of whether the infants were stimulated contingently
or randomly.

In this experiment, it was shown that, as a consequence of contingent
stimulation by the mothers, the frequency of syllabic sounds increased, and
the frequency of index-finger extension increased as well. During circular
chains of reactions between the adult and the infant, this manual action was
facilitated without itself being contingently stimulated. Because it tended to
co-occur with syllabic sounds, the index-finger extension was inadvertently
conditioned as infant vocal activity was contingently stimulated. Given the
fact that both syllabic sounds and index-finger extension are performed by
infants as young as 3 months, the tendency for temporal association be-
tween the two should be predispositional. The occurrence of this specific
pattern of motor activities must be genetically preprogrammed to be devel-
oped with greater ease than other patterns of motor activities.

TABLE 4.2
The Rate and Quality of Sounds Produced by the Infants
Vocalization Sounds Categorized

Type of Stimulation Received Rate per Minute as Syllabic (%)
Contingent

During the baseline period 4.1 36.8

During the interaction period 9.3 59.2
Random

During the baseline period 4.0 37.6

During the interaction period 9.6 39.3
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SELECTIVE REINFORCEMENT OF INDEX-FINGER
EXTENSION IN INFANTS BY ADULTS

We now know that the adult’s contingent verbal response to the infant’s vo-
calizations affects the quality of manual activities as well as the quality of vo-
calizations by the infant, although those manual activities and vocalizations
are highly restricted by developmental immaturity. The infant’s early be-
havioral responses result from the dynamics of early motor development,
which is driven by the temporal and acoustic cues in adult talk. Further-
more, it has been reported that, much like the influence of the adult’s talk
on the infant, the behavior of the infant in turn influences the adult’s favor-
able perception and attribution of the infant as a communicative partner.

The phenomenon was experimentally demonstrated first by Bloom and
Lo (1990). In their study, Canadian adult participants viewed 20-sec video
segments from 12 infants producing syllabic sounds and 12 different in-
fants producing vocalic sounds. After viewing each segment, the partici-
pants were asked to complete a questionnaire after viewing each infant.
The questionnaire, which included 5-point rating scales for cuddliness,
likeability, and fun, measured the adults’ perception of the favorability of
the infants. It was found that the adults gave higher ratings of favorability to
those infants who produced syllabic sounds. This finding was confirmed
again by another group of adult participants (Bloom, D’Odorico, & Beau-
mont, 1993).

During vocal communication, 3-month-old infants vocalize roughly the
same amount of syllabic and vocalic sounds. Nevertheless, one of them (syl-
labic) is preferred over the other (vocalic), at least by Canadian adults. It
would not be difficult to assume that such a preference for a specific type of
vocalization causes higher probability of the adult’s contingent stimulation
of that vocalization with speech. Given that the contingent stimulation is
performed in the form of verbal responses, the adult’s preference for
speechlike sound serves as a selective reinforcer for the infant’s production
of speechlike sounds. This reinforcement enhances the development of the
infant’s phonetic ability.

Because there is already a strong connection between production of
syllabic vocalizations and that of index-finger extension in 3-month-old in-
fants, the occurrence of the manual activity might, to some degree, contrib-
ute to the caretaker’s impression of vocalizing infants. To test this hypothe-
sis, the next experiment was conducted, controlling for the occurrence of
index-finger extension as well as for the quality of cooing (Masataka, 1996).
In this experiment, like that of Bloom and Lo (1990), a video stimulus, con-
sisting of recordings from 24 infants, was presented to Japanese adults. Half
of the 24 infants were producing syllabic sounds, and the other half were
vocalizing vocalic sounds. Six of the 12 infants producing syllabic sounds
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were showing index-finger extension, while the remaining six were not.
Similarly, 6 of the 12 infants uttering vocalic sounds were showing index-
finger extensions, whereas the other six were not. The total amount of in-
dex-finger extensions did not differ in the 12 infants regardless of whether
they were vocalizing syllabic or vocalic sounds. Besides the index-finger ex-
tension, the total amount of other motor actions (spread, curl, grasp,
mouthing, smiling, and gazing at) did not significantly differ among four
cohorts of infants, classified according to the quality of vocalization and the
absence/presence of index-finger extension.

When preference was measured in 100 adults according to the same pro-
cedure as in previous literature (e.g., Bloom etal., 1993), there was a signifi-
cant main effect of the quality of vocalizations. The infants producing syl-
labic sounds were preferred over the infants producing vocalic sounds.
There was also a significant main effect of index-finger extension, and fur-
ther, an interaction between the two factors was significant (Table 4.4). As
long as the infants in the stimulus tape were uttering vocalic sounds, the
preference scores did not differ regardless of whether they were showing
index-finger extension or not. However, for the infants who were uttering
syllabic sounds, the preference scores for the infants showing index-finger
extension significantly exceeded those for the infants who were not show-
ing index-finger extension.

As a result of such selective reinforcement, the temporal connection be-
tween speechlike vocalizations and index-finger extension appears to be
strengthened from early infancy.

The results of this experiment converges with the ecological theory of
the adult’s perception on child development proposed by Zebrowitz and
McArthur (e.g., McArthur & Baron, 1983; Zebrowitz, 1990). The adult’s
perception of the infant as a social, communicative partner has adaptive sig-
nificance for both the adult and infant. This perception emerges from stim-
ulus properties of the infant’s voice and visual cues such as manual move-
ments (e.g., index-finger extension). The ecological theory predicts that
the degree to which the infant’s behavior affects the adult’s perception is
modulated by characteristics in the adult (e.g., the adult’s cultural perspec-
tive) and the adult’s willingness to overgeneralize various characteristics of

TABLE 4.4
Mean Preference Scores (SDs) in Terms
of the Types of Vocalization and Manual Action

Vocalization
Index-Finger
Lxtension Syllabic Vocalic
Present 20.6 (5.7) 13.2 (4.9)

Absent 15.7 (3.8) 12.9 (4.4)
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his or her own behavior to the infant’s behavior. Because adults are likely to
use visual cues in evaluating conversations among adults, nonvocal cues to
the infant’s vocalizations (e.g., manual movements) remain a strong
affordance for their impression of the infant as socially favorable and com-
municatively intentional.

This argument leads us to speculate that if the same stimulus is pre-
sented to people living in those cultures in which index-finger pointing is
regarded as some sort of taboo, this property as a visual cue to infant vocal-
izations would merely work as an extremely weak affordance, if any, for
their positive impression of the infant. Consequently, this activity would be
much less likely to receive selective reinforcement in such a culture, and its
development in the infant would not be facilitated.

DISAPPEARANCE OF INDEX-FINGER EXTENSION
AND EMERGENCE OF POINTING

As a consequence of inadvertent conditioning by parental verbal responses,
which in turn is performed selectively depending on the quality of cooing
and manual activities of infants, the overall amount of index-finger exten-
sions increases during development. Masataka (1996) made longitudinal
observations of manual activities during interaction with mothers in eight
firstborn Japanese infants ages 3 to 16 months.

As presented in Fig. 4.1, the mean number of index-finger extensions
per 15 min differed significantly as a function of the infants’ age. Initially,
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FIG. 4.1. Mean number (per 30 min) of infants’ manual activities as a func-
tion of their age.



80 MASATAKA

the infants produced an increasing number of index-finger extensions as
they got older. The frequency reached its peak when the infants were be-
tween 11 and 12 months old. Interestingly, this period exactly coincided
with that of the onset of pointing (index-finger pointing). Moreover, once
pointing emerged, its frequency showed a dramatic increase, whereas the
frequency of index-finger extensions decreased sharply. On the other
hand, the number of occurrences of reaching did not differ significantly as
a function of the infants’ age.

These results could be evidence against the notion that pointing is an ab-
breviated form of reaching: If the explanation is plausible, the patterns of
occurrences of the two activities should ontogenetically change in relation
to one another. Rather, the results indicate that the onset of index-finger
pointing as a developmental product of having learned, and moving be-
yond, index-finger extension. Furthermore, the learning should be en-
hanced presumably only in cultures where pointing with index-finger oc-
curs prevalently, as discussed earlier. Itis predicted that the replacement of
index-finger extension by index-finger pointing does not occur robustly in
cultures where index-finger pointing is regarded as a taboo.

CONTEXT IN WHICH INDEX-FINGER EXTENSION
OCCURS

Previous research on the origin of manual pointing has been energized by
the enduring debate over the initial function of human communication. So
far, two broad alternatives have been articulated. The first proposition is
that infants initially communicate because they want and need others to ful-
fill their demands. The second proposition is that, in addition to pleas for
assistance, infants are motivated to communicate by an inherent desire for
intersubjective experiences. That is, infants have a desire to share with oth-
ers what they are attending to and exploring.

The first proposition would be supported if we obtain evidence that
pointing emerges from acts such as grasping and reaching, which bring de-
sired objects to the infant. However, in the previous section, we have seen
that this is not the case. Rather, there is evidence that the precursor of
pointing gesture is index-finger extension. The second proposition would
be supported if we obtain evidence that pointing arises from manual acts
related to exploration and self-regulation of attention. Based on the results
discussed in the previous section, the second proposition predicts that in-
dex-finger extension is related to exploration and self-regulation of atten-
tion, but not to the infant’s desire to bring an object to him or herself.

To test this prediction, Masataka (1996) conducted an experiment in
which various objects were presented to 8-month-old infants and their re-
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sponses were observed. Ten firstborn male infants and their mothers partic-
ipated in the experiment. Each infant was tested while seated in an infant
chair. An experimenter, who was blind to the purpose of the experiment,
presented one of the following three types of toys: a familiar toy bear, an
unfamiliar toy automobile with one randomly blinking colored light, or an
unfamiliar toy automobile with three blinking colored lights. The latter two
toys were different from one another only in the number of lights blinking.
The toy automobile with three lights is expected to elicit more intense in-
terest in the infant than that with a single light.

Manual action related to exploration and self-regulation of attention is
expected to be produced by the infant most frequently in response to the
unfamiliar toys, especially to the automobile with three lights, and least of-
ten in response to the familiar toy. Furthermore, attempts to bring the ob-
ject closer to the infant are expected to occur most often in response to the
familiar toy and least often in response to the automobile with three lights,
which is unfamiliar and in some sense more intimidating.

Each of the three toys was presented to each infant in two different con-
ditions. In one condition, it was presented within reach (approximately 15
cm away from the infant); in the other condition, it was presented beyond
reach (approximately 60 cm away from the infant). On the basis of video re-
cording, the infants’ behaviors were categorized into the following three
types: (a) reaching, (b) failed reaching/indicative gesture, and (c) index-
finger extension.

A movement was classified as a “reaching” when the infant reached out
to the stimulus, and the infant’s hand touched it. A movement was classified
as a “failed reaching/indicative gesture” when the arm was extended to-
ward the stimulus with an open hand, without reaching it. This movement
was often accompanied by an alternating look between the stimulus and
the mother. An index-finger extension was characterized by extension of
the index finger and nonextension of the arm. A movement was assigned to
this category regardless of whether the finger was directed toward the stim-
ulus or not.

The results are shown in Fig. 4.2. Let us consider the within-reach condi-
tion first. Not surprisingly, reaching was observed frequently, and failed
reaching/indicative gesture was not observed. The number of occurrences
of reaching was greatest when the presented toy was familiar, and was small-
est when it was the unfamiliar toy with three blinking lights. The number of
occurrences of index-finger extension, in contrast, showed the opposite
tendency. It was smallest when the presented toy was familiar, and was
greatest when it was the unfamiliar one with three blinking lights.

Let us now turn to the beyond-reach condition. In this case, failed reach-
ing/indicative gesture was observed fairly abundantly. Like reaching in the
within-reach condition, it occurred most often when the presented toy was
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FIG. 4.2. Percentage of three types of infants’ manual activities when famil-
iar and unfamiliar toys were presented within reach and beyond reach.

familiar and least frequently when the toy was the unfamiliar one with three
blinking lights. Index-finger extension was also observed relatively often,
but for different types of stimuli than failed reaching/indicative gesture. In-
dex-finger extension again occurred most frequently when the presented
object was the toy with three blinking lights and least often when it was a fa-
miliar one.

Index-finger extension occurred more often when the presented object
called for exploration more intensely. The pattern of frequency was re-
versed for the manual acts that were aimed at bringing the object to the in-
fant, namely, reaching and failed reach/indicative gesture. They occurred
more often for the objects that were more familiar and less intimidating.
This indicates that index-finger extension is related to exploration and self-
regulation of attention, and not to the infant’s desire to bring the object to
him or herself. In other words, index-finger pointing emerges from a man-
ual act related to exploration and self-regulation of attention. When infants
develops the desire to share the exploration and attention intersubjectively,
index-finger extension develops into index-finger pointing.

CONCLUDING REMARKS

In 1912, Wilhelm Wundt noted in his massive Vokerpsychologie that pointing
was “nothing but an abbreviated grasp movement” (cited in Werner &
Kaplan, 1963, p. 78). Other developmentalists, however, countered this
view with reports that the precursors of pointing are rudimentary acts of
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contemplation that direct attention outward toward an object and thus, in
essence, “push it away” rather than draw it near (Bates, O’Connell, &
Shone, 1987, p. 161), although data supporting their argument had been
meager.

Evidence presented in this chapter is consistent with the latter account,
more specifically with the proposition that referential index-finger point-
ing emerges from index-finger extension, which is related to orienting the
infant’s own attention to an interesting object. Index-finger pointing does
not emerge from actions that are related to gaining contact with objects
through reaching and grasping or to pleading with adults for help.

Index-finger extension is traced back to 3 months of age, and its produc-
tion seems to be correlated to the production of speechlike vocalizations.
Until 8 months of age, infants produce index-finger extension as if to direct
their own attention when they are exploring an object that interests them.
This behavior, in combination with speechlike vocalization, induces adults’
preferable impression of the infant in such cultures where index-finger
pointing is regarded as a prevalent referential gesture. Finally, index-finger
extension becomes index-finger pointing when it is augmented by an inten-
tional arm extension toward an object or location that is capturing the in-
fant’s attention, presumably in order to share the attention with others. In
summary, there is developmental continuity from index-finger extension to
index-finger pointing.
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Chapter 5

Pointing Toward Two-Word
Speech in Young Children

Susan Goldin-Meadow
Cynthia Butcher
University of Chicago

The first two-word combinations that a child produces are significant for
two reasons. First, they reflect the child’s developing ability to express prop-
ositional information within a single communicative act. Rather than pro-
duce baby and drink in separate utterances, the child can now conjoin them
within a single sentence, baby drink, thus explicitly signaling that there is a
relationship between the two elements. Second, two-word combinations are
the child’s first step into syntax. Independent of the language they are
learning, children across the globe tend to produce the words that com-
prise their sentences in a consistent order. The particular orders they use
mirror the orders provided by the language models they experience—baby
drink rather than drink baby for an English-learning child. Even when the
language a child is learning has relatively free word order, the child tends
to adhere to a consistent pattern based on a frequently occurring adult pat-
tern.

These two features of early two-word combinations are robust. They are
found in the first two-sign combinations produced by deaf children acquir-
ing a conventional sign language from their deaf parents (Newport &
Meier, 1985), and even in the first two-gesture combinations invented by
deaf children not yet exposed to conventional sign language by their hear-
ing parents (Goldin-Meadow, 1997, 2002a).

Children begin to produce two-word sentences at approximately 18
months of age. They have, however, been able to produce isolated words
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since 12 months. Why is there a delay between the onset of words and the
onset of word combinations? Combining two words into a single communi-
cative act requires a number of skills. Children not only need to be able to
intend to convey a proposition; they must also be able to segment that prop-
osition into elements, label those elements with words, and combine the
words into a single string.

Until children actually produce two words in a single combination, there
is no explicit evidence in their talk that they intend to convey a proposition.
There is, however, evidence that children in the one-word period can pro-
duce two elements of a proposition in one communicative act—but only if
one looks across modalities. One-word children can utter a word—drink—
and indicate the object of that action through their gestures—a point at a
bottle. Assuming that gesture and speech are functioning as a unit, the two
modalities together convey, to the observant listener, two elements of a sin-
gle proposition.

In this chapter, we explore whether combinations in which gesture and
speech convey different but complementary information are a transitional
bridge between one-and two-word speech. We require two lines of evidence
to support this hypothesis. First, in order for this type of combination to be
a stepping-stone, gesture and speech must be functioning as a unified sys-
tem. We therefore begin by exploring the onset of this type of combination
in relation to the moment when gesture and speech come together into a
well-integrated system—an event that takes place sometime during the one-
word period (Butcher & Goldin-Meadow, 2000).

Next, we ask if integrated gesture-speech combinations are a harbinger
of two-word combinations. Specifically, we explore the onset of combina-
tions in which gesture and speech convey different information in relation
to the onset of two-word speech. Whether these gesture-speech combina-
tions precede or co-occur with two-word speech can provide insight into
the conditions needed to combine words within a single sentence. If all that
is needed for two-word combinations is the cognitive ability to convey two
elements within a single communicative act, then gesture-speech combina-
tions of this sort ought to co-occur with, and not precede with any regular-
ity, the onset of two-word speech. Alternatively, if additional language-
specific skills are required for the onset of two-word combinations, then
gesture-speech combinations in which the two modalities convey different
information might be expected to reliably precede the onset of two-word
speech.

Our goal here is to situate the onset of combinations in which gesture
and speech convey different information relative to two events: (a) the on-
set of gesture-speech integration during the one-word period, and (b) the
onset of two-word combinations.
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THE CHILDREN AND THE CODING CATEGORIES

The subjects for this study were six children, three boys and three girls, also
described in Butcher and Goldin-Meadow (2000). The children were video-
taped in their homes over a period of months, beginning when each child
was in the one-word period of language development and continuing until
the child began producing two-word combinations. All of the data were col-
lected in spontaneous and unstructured play situations during which the
children interacted with their primary caregivers and/or the experimenter
around a standard set of toys and books. Four of the six children were seen
approximately every 2 weeks; the remaining two subjects were seen approxi-
mately every 6 to 8 weeks. Table 5.1 reports the age range during which
each child was observed and the number of videotaped sessions conducted
during this period.

Table 5.1 also presents the age at which each child first produced a
meaningful word (with or without a gesture) on our videotapes, and the
age at which the child first produced a two-word combination on the video-
tapes. Because the videotaped sessions necessarily represent a small sample
of each child’s communications, the onset ages listed in Table 5.1 may in-
flate the actual onset ages for these children. Four of the children (Beth,
Emily, Nicholas, and Joseph) were already producing meaningful words
during their first observation sessions; the remaining two (Ann and Christo-
pher) were not and produced their first meaningful words on the video-
tapes at ages 16.5 and 13 months, respectively. The ages at which the chil-
dren began producing two-word combinations on our videotapes ranged
from 18 to 26.5 months, an age span that falls within the range typically re-
ported for the onset of two-word speech (cf. Bloom & Capatides, 1987;
Bowerman, 1973; Braine, 1976).

TABLE 5.1
Subject Information

Number of Age of First Age of First

Sessions Meaningful Two-Word
Subject Name Sex Ages Observed Observed Word Combination
Christopher M 12 to 23.5 months 11 13.0 21.0
Emily F 13.5 to 19 months 9 13.5% 18.0
Nicholas M 15.5 to 21 months 11 15.5* 18.5
Beth F 15.5 to 21 months 5 15.5° 18.0
Ann F 15.5 to 25 months 6 16.5 22.5
Joseph M 21 to 27.5 months 10 21.0° 26.5

#These four children produced meaningful words during their first observation sessions.
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We focused in this study on gesture and speech that were used communi-
catively. All of the communicative gestures and words produced by each
child during a half hour of videotape were transcribed and coded. If that
half hour did not yield 100 communicative behaviors, additional tape was
coded until 100 behaviors were transcribed. A communicative behaviorwas de-
fined as either speech on its own, gesture on its own, or gesture and speech
produced together. Children were given credit for having produced a spo-
ken word if the vocalization sounded like an actual English word (e.g., dog,
cat, duck, hot, walking) or if a sound was used consistently to refer to a spe-
cific object or action (e.g., bah used consistently to refer to a bottle).

Children were given credit for having produced a gesture if their hand
movements were directed toward another person whose attention they had
(i.e., if the hand movements were communicative) and if those movements
were not themselves a direct manipulation of some relevant person or ob-
ject (i.e., if the movements were symbolic). All acts that were done on ob-
jects were excluded, with one exception—if a child held up an object to
bring it to another’s attention, an act that serves the same function as the
pointing gesture, it was counted as a gesture. The form of each gesture was
described in terms of the shape of the hand, type of movement, and place
of articulation. The vast majority of gestures that the children produced
were deictics, either pointing at an object with the index finger or loose
palm or holding up an object to call attention to it. The children also pro-
duced a few iconic gestures, in addition to nods, side-to-side shakes, and
hand flips.

Gestures produced without speech and speech produced without ges-
ture were identified and categorized but coded no further. Two additional
coding decisions were made for gestures produced in combination with
speech.

1. The timing of a gesture with respect to the speech it accompanied was
coded to the nearest frame (1/30 sec) for the gesture—speech combina-
tions produced by each child. Following McNeill (1992) and Kendon
(1972, 1980), gesture—speech combinations were considered synchronous
if the vocalization occurred on the stroke of the gesture or at the peak of
the gesture (the farthest extension before the hand began to retract).

2. The relationship between the information conveyed in speech and
the information conveyed in gesture in each gesture-speech combination
was coded. Gesture—speech combinations were divided into two types: (a)
combinations in which gesture conveyed the same referent as did speech—
for example, a point at a dog accompanied by the word dog; and (b) combi-
nations in which gesture conveyed a different referent from the referent
conveyed in speech—for example, a point at a pair of glasses accompanied
by the word mommy. Note that the child’s intent may be to make a statement
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with a gesture-speech combination (e.g., “those are mommy’s glasses”), to
make a request (“give me mommy’s glasses”), or to ask a question (“are
those mommy’s glasses?”). For our purposes here, we focus only on the fact
that mommy and glasses, the objects indicated in gesture and speech, are part
of the utterance, whatever its function.

It is important to stress that gesture never conveys information that is
completely redundant with the information conveyed in speech (McNeill &
Duncan, 2000). For example, a point at a dog serves to draw an observer’s
attention to the object; it doe