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Symbol Combination in Pan:
Language, Action, and Culture

Patricia Greenfield and Heidi Lyn

When a 2-year-old child says Sii)mething like “hit ball” (Brown, 1973), the child
is implicitly parsing an action event into two constituents, action and object.

across species lines) rather than species specific?
Yet another question arises in connection with apes whose communicative
environment is dominated by their interactions with humans: To what extent
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does the apes’ symbalic encoding of action show an awareness of'a human state
of mind as a prerequisite to ape action?

Whiten et al, (1999) presented evidence for chimpanzee cultural traditions,
Most of the evidence presented concerned tool use, but some concerned signal-

communicative behavior. A related question follows: To what extent does any
order preference reflect perceived order of a real-world action event as opposed
to a cultural norm that ig independent of action structure itgelf?

Lyons-Weﬂer, & Blai—Hedges, 2001).
By examining behavior in a whole clade, we can use similarities among
all three sibling species as clues to what foundations of human language may

have been present 1 our common ancestor 5 million years ago. Such founda-
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at the very least an existence proof of cross-species similarities and differences,
To complete the clade, we compare our ape participants with the extant litera-
ture on human child language.

Participants and Their Communicative Background

Qur data came from 2 boenobos, Kanzi and Panbanisha, and 1 chimpanzee,
Panpanzee. We compared the symbolic combinations of these apes with the
body of empirical research on child language years ago. :

Data collection took place at the Georgia State University Language
Research Center, under the direction of Duane Rumbaugh and E. Sue Savage-
Rumbaugh (Rumbaugh, 1977; Rumbaugh, Savage-Rumbaugh, & Seveik, 1994;
Savage-Rumbaugh, 1986; Savage-Rumbaugh, Shanker, & Taylor, 1998). Ongo-
ing research with bonobos (Pan paniscus) and chimpanzees (Pan troglodytes)
have allowed for some maj or breakthroughs in our understanding of nonhuman
symbel use and cognition. : _

These bonobo data came from Kanzi, 2a male born in 1980, and his younger
sibling Panbanisha, a female bonobo born in 1985. Panbanisha was raised with
her agemate chimpanzee, Panpanzee, who also contributed data to this study.
These apes were reared in a communication-rich environment that included
English speech, gestures, and lexigrams. Lexigrams are symbols on a visuo-
graphic keyboard. The symbols are noniconic; that is, they do not in any way
resemble their referents—the entities or actions for which they stand. They
are arbitrary symbols, their meanings established through the creation of social
norms in the Language Research Center. Each lexigram is highly differentiated
from all others as a visual pattern. During most of the rearing of these apes,
any keyboard presses would resultin a computerized voice speaking the English
gloss of the lexigram. '

Each of these apes used the lexigram keyboard in a symbolic fashion and
comprehended their caregivers’ use of English at the level of a 2.5-year-old

“child (Brakke & Savage-Rumbaugh, 1995, 1996; Savage-Rumbaugh et al., 1993;

Williams, Brakke, & Savage-Rumbaugh, 1997). At the beginning of the period
of the present analysis, May 15, 1989 through October 14, 1989, Panbanisha
had a productive vocabulary of about 105 lexigrams. Panpanzee had a pro-
ductive referential vocabulary of about 70 lexigrams (see Brakke & Savage-

. Rumbaugh, 1996, Figure 1). They did not use the keyboard randomly, as they

had at an earlier “babbling” period. They also had about four spontaneous yet
conventionalized gestures. '

Data Collection and Data Record

The data from which these findings have emerged came from 5 months of data
collection beginning when Panpanzee, the chimpanzee, and Panbanisha, the
younger bonobo, were 3.5 years old, Kanzi’s data, collected several years earlier, .
were produced when he was 5.5 years old. All 3 apes were accompanied during
the day by humans, who kept a record of every communicative utterance utiliz-

-ing lexigrams as well as lexigram—gesture combinations.

N ey s o s e e e S
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* Ape: Panpanzee Experimenter- Jeaninne
) * Date: 5/15/1989 Combination: Trye
-« Utterance: Apple lexigram + touch gesture
* Code: 714 (request by Panpanzee)
* Context: For more apple to eat, Panpanzee again uses the keyboard to
properly ask for the food followed by fouching a piece of apple in a bowl.
{NOTE: several other foods are also present.)

“combination” in the entry). A code was assigned to the utterance according to
1its perceived Pragmatic force (request, comment, structured response). Finally,

for our anima) subjects: 10.4% for Kanzi, 16.7% for Panbanisha, and 16.0% for
Panpanzee, Single-lexigram utterances were in the majority; single gestures
were not recorded. Quyr evolutionary perspective on these rates of combining
symbols is that they indicate a possible target of hatural selection. That is,
through natural selection in the human line, symbolic combinations may have
gradually become more frequent in the language of human children in the
course of the evolutionary brocess that took place after the divergence of the
hominid line from Pan 5 million years ago.
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Panpanzee: dog (lexigram) + play (lexigram)
agent A action

Panbanisha: oepen (lexigram) + peach (lexigram)
action : object

Panpanzee: points to tree (gesture) + play (lexigram)
goal action

Figure 19.1. Examples of two-element combinations in the communication of a
chimpa_mzee (Panpanzee) and a bonobo (Panbanisha).

Research Questions and Results

Question 1: Will apes exposed to a humanly devised symbol system
parse and represent action events in the way that children do?

Published data on semantic relations of the bonobo Kanzi and the chimpanzee
Washoe already indicate that the parsing into two-element relationships is
very similar between children and chimpanzees (B. T. Gardner & Gardner,
1994; R. A. Gardner, Gardner, & Van Cantfort, 1989; Greenfield & Savage-
Rumbaugh, 1990, 1991). Data from the bonobo Panbanisha and the chimpanzee
Panpanzee confirm that the parsing of action sequences into two components
is remarkably similar in all three species (Lyn et al., 2006). Examples from
Panbanisha and Panpanzee’s combinations are found in Figure 19.1.

- In the first example (expressing a relationship between an agent and an
action), Panpanzee touched the “dog” lexigram (agent) and then touched the
“play” lexigram (action). She then led the caregiver over to the doghouse where
Panpanzee and the dogs played together. In the second example (expressing
an action on an object), Panbanisha first touched the “open” lexigram (action)
and then touched the “peach” lexigram (object). Her caregiver had just broken
a peach. In the third example (representing a goal-action relationship),
Panpanzee pointed to a tree (goal) and then touched the “play” lexigram (ac-
tion). Her caregiver said “yes” and Panpanzee climbed the tree to play. Here
Panpanzee made a request, the predominant pragmatic force for all the apes;
implicitly she recognized that her caregiver was an agent who must give her
permission to act. Later, we show how both Panpanzee and Panbanisha could
make the permission concept explicit through symbolic representation.

All three of the action relationships shown in Figure 19.1 (agent-action,
action—object, and goal-action) are among the eight universal semantic rela-
tions identified by Brown (1973) in his cross-linguistic analysis of early child
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language. Indeed, the parsing of action events into representational categories
such as action, agent, object, and goal is universal in child language. All of
Brown’s eight universal semantic relations are represented in our corpus and,
in fact, make up the majority of relations in our corpus. These relations are
(our terminology in parentheses when it differs from Brown’s) agent-action;
action—object; agent—object; modifier~head (attribute—X); negation-X: X—dative
(X—recipient); introducer—X (demonstrative—X); and X-locative (X-location).
(For attribute and negation, X can be either an action or an entity; for recipient,
démonstrative, and location, X ig always an entity.) All of these categories are
also expressed at the one-word stage of child language, in which children relate
their single words to themselves, to gestures, to other people, to objects, and
to ongoing action in the present situation (Greenfield & Smith, 1976).

‘In conclusion, the commonality across the three species in the categories
used to parse action and construct action relations is striking indeed. Although
we must acknowledge that one animal does not equal a whole species, such
structuring of action is highly suggestive. In addition, we are not the first
researchers to identify these action structures in the symbolic productions of
apes (Brown, 1970). Given that these three species are sibling species, this
finding suggests the possibility that the cognitive structuring of action-into
categories such as agent, action, object, and goal was present before the diver-
‘gence of Pan and Homo 5 million years ago. In other words, assuming that. -
these three species are a clade, the findings suggest the possibility that the
cognitive structuring of action is an ancestral trait. If this way of parsing action
is indeed the foundation of human culture (Bruner, 1990) as well as a building
block of human language, then this cognitive structuring of action, as manifest
in our common ancestor, would have provided a foundation for the subsequent
evolution of both human eculture and human language. Consequently, this
cognitive structuring of action may have also provided a foundation for chim-
panzee culture (Whiten et al., 1999) and even chimpanzee communication in
the wild, of which science is relatively ignorant. )

Question 2: To what extent are the apes representing
intentional action?

In Bruner’s (1990) cultural psychology, the categories described above are the
foundation of culture, a reflection of our understanding of self and others as
- intentional agents with goals. Indeed, it is clear that these symbolic combina-
tions are being used to communicate intentional action, both of self and of
others. This is particularly evident in examples such as “dog play,” ahove,
where the ape expressed what the philesopher of language, John Searle ( 1979;
-see also Greenfield, 1980), called prior intent, a symbolic expression of a goal-
state before the action takes place. In other words, behavior subsequent to the
“utterance” made it clear that “dog play” announced a goal-state that Panpanzee
.intended to achieve. '
Such expression of prior intent is present even in the single-word utter-
ances of children (Greenfield, 1980). For example, at 22 months 21 days, a
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child Nicky (Greenfield & Smith, 1976) said “jump” just as he was about to
Jump. Here, his word expressed an action goal-state, jumping. From a linguistic
perspective, agency was implicit, but from the point of view of the action,
agency resided explicitly in the child who was about to jump. Similarly, the
apes used their smgle symbol productions to signal prior intent; for example,
Panbanisha stated ‘open” at the keyboard and then proceeded to open a
backpack. .

In the last example in Figure 19.1, Panpanzee made a request, the predomi-
nant pragmatic force for all the apes (Liyn et al., 2006); implicitly she recognized
that her caretaker was an agent who must give her permission to act. Later,
we show how both Panpanzee and Panbanisha could make the permission
concept explicit through symbolic representation. At the same time, requests
intrinsically involve prior intent. That is, a request constitutes an announce-
ment of an intended goal-state; in th_'lS case, the intended goal-state was to
play in the tree.

The “apple touch” example with which we started presents another aspect
of intentionality. The fact that Panpanzeé subsequently ate the apple indicates
that the communication was intentional rather than random. At the same
time, the presence of alternative foods makes the utterance informative. Indeed,
in prior work, Greenfield and Savage-Rumbaugh (1984) established that chim-
panzees use their symbols informatively in the information-theory sense of
informative. That is, they used their lexigrams to select from among available
alternatives or to signal change; in contrast, they rarely used them to signal
the presence of only one stimulus or to indicate a constant state of affairs
{Greenfield & Savage-Rumbaugh, 1984). :

Informativeness can include a kind of implicit goal-directedness or inten- -
tionality. This type of intentionality is what Searle (1979) called intention-in-
action. In the “apple touch” example, a linguistic action contained a goal within
it: to select from alternatives. This intention-in-action became a means to the -
partially expressed prior intent: to eat the apple. Human children, like adults,
are also informative from their earliest linguistic productions (Greenfield &
Smith, 1976). In conclusion, the representation of action relations by apes, like
that of human children, is clearly expressing intentional action on the part of
an agent. This intentionality incorporates both intention-in-action, as in the
expression of informativeness, and the representation of prior intent, as in the
expression of a future goal.

Question 3: To what extent will apes exposed to a humanly
devised symbol system construct preferred orders for expressing
actzon relations?

All 3 apes constructed preferred orders for expressing action relations (Lyn
et al., 2006). One instance is the affirmative-goal relationship (generally a
request for an action). In one example, Panbanisha touched the “yes” lexigram
(affirmative) and then touched the “outdoors” lexigram (goal). Her caretaker
had just asked her what she wanted to do; she replied with this emphatic
request to go outdoors.
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This example illustrates the dominant order for affirmative—goal lexigram
combinations. Both Panpanzee and Panbanisha showed a statistically signifi-
cant preference for placing the affirmative lexigram before the goal lexigram
rather than vice versa, and Panpanzee showed a stronger preference than
Panbanisha (Liyn et al., 2006). This preference, although statistically signifi-
cant, was not absolute. However, this is true of human children as well (e.g.,
Bowerman 1973; Goldin-Meadow & Mylander, 1984).

Question 4: To what extent are these relations or orders cultural
{coconstructed across species) rather than species-specific behavior?

In this instance, by cultural, we mean a kind of microculture coconstructed by
a group as small as a dyad; the paradigmatic case and ontogenetic origin is
mother—child intersubjectivity (Trevarthen, 1980). We see this kind of co-
construction as a social byproduct of a shared environment. Panpanzee, a
chimpanzee, and Panbanisha, a bonobo, had the affirmative-goal pattern in
common with each other. However, the affirmative-goal relation (let alone the
order) was not utilized by either Kanzi or by human caregivers; this is a cross-
species {microjeultural norm that was shared by Panpanzee and Panbanisha
only. This finding seems to show the cultural capability for the construction of
semantic relations within the genus Pan. That is to say, a common environment
shared by Panpanzee and Panbanisha was more important than their species
difference. In no case did the bonobo Kanzi share a semantic relation or an
order preference with Panbanisha, another bonobo, but not Panpanzee, a chim-
panzee. Within the limits of the Pan genus and symbolic combination, shared
culbural environment seems more important than the innate factors associated
with species. This particular shared convention, the affirmative-goal pattern,
between Panpanzee and Panbanisha helps answer our next question.

Question 5: To what extent does the apes’ symbolic encoding of action
show an awareness of ¢ human state of mind {intended action) as a
prerequisite to ape action?

The apes often used an affirmative to request permission ‘or to emphasize a
request. For example: Panpanzee constructed “yes Maryanne” wanting to see
Maryanne, or Panbanisha was told that there were surprises at hilltop and
she replied “yes hilltop” (asking to go). This usage is not one seen in humans
and reflects the social condition under which the apes were raised. A compre-
hension of their need to request items and to get an affirmative answer from
their caregiver allowed for the creation of this type of symbolic combination.
This usage also reflects an implicit belief the apes had about the state of mind
of their caregivers. They were using language to request a state of permission
in their caregivers as well as a lexigram response of “yes” (e.g., yes we can go
see Maryanmne), In cases of this type, the apes’ comprehension of “permission”
was reflected in the pause in action following a request until a caregiver
responded. '
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Because theory of mind in chimpanzees is controversial, we might ask
what the minimal knowledge of the caregiver and the culture would be for
these examples to occur. For example, is it enough for the ape to anticipate
the caregiver’s behavior? To what extent is it necessary for the ape to under-
stand the human—ape relationship? To what extent does the ape have to antici-
pate a changed intention? Does the ape have to know something about state
of mind? At the very least, it seems that the ape must understand something
about human intention-in-action. That is, the ape must know something about
the human’s goal-directed action. Indeed, we now know from a whole series of
experiments that apes do understand intended action (Tomasello, Carpenter,
Call, Behne, & Moll, 2005). The ape must also need to know something about
the éffect of the human’s goal-directed action on his or her own action possibilit-
ies. It may not be a theory of another mind, but it is knowledge of another’s
intentional action and of the intersection of another creature’s intentionality
with one’s own. :

Question 6: To what extent will symbol order preference reflect
percetved order of a real-world action event as opposed fo a
cultural norm that is independent of action structure itself?

First, note that each relation can be expressed in one of two modalities: by
combining two lexigrams or by combining one lexigram and one gesture. Most

- Interesting, the ordering convention for combining two lexigrams to parse and

represent an action event is not always the same as the ordering convention .
for combining lexigram and gesture. Specifically, in the action—goal relation
for Panpanzee and Panbanisha, action is usually expressed before goal when
the relationship is constructed with twe lexigrams. However, goal is generally
expressed before action when the relationship is constructed with lexigram
and gesture (Lyn et al., 2006).

An example of the lexigram—-lexigram order is as follows: Panbanisha
touched the “open” lexigram (action) and then touched the “dog” lexigram
(goal). She was asking her caretaker to open the door so they could visit the dogs.

An example of a lexigram—gesture combination is the following: Panpanzee
touched the “string” lexigram (goal) and then gestured to “go” (flicking her
index finger in the direction she wants to g0; action). Her caretaker said, “Yes,
you can go get a string,” unsure of what string she was referring to. Panpanzee
moved in the direction of the tool room, and a few feet before she got there,
bent down to pick up a string from the floor

These two different constructions are analogous in human language to
two different surface forms of a similar underlying semantic structure, such
as active (agent first) and passive {agent last) forms of the same sentence.
These orders do not uniformly conform to the real-world event order: that is,
action before goal. Nor do they uniformly conform to the mental order: That
is, one must have a goal in mind before undertaking the action that achieves
it. Instead, the ordering preferences seem to reflect arbitrary but shared modes
of expression. Social sharing is the definition of a cultural norm. The combina-
tion of social sharing with arbitrariness is the definition of linguistic convention.
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Arbitrary but shared ordering preferences for combining symbols may simulta-
neously constitute protogrammatical conventions and important aspects of
chimpanzee culture.

Question 7: To what extent and how can apes exposed to a humanly
devised symbol system integrate different communicative modalities?

All 3 apes combined gesture and lexigram, integrating two communicative
meodalities. It is notable that they used this particular cross-modal strategy
more than their human caregivers did; the latter tended to combine lexigrams
with other lexigrams (and with speech) rather than with gestures. The fre-
quency of the apes’ cross-modal combinations was in line with a recent consen-
sus at the 2004 Workshop on Gestural Communication in Nonhuman and
Human Primates (see Liebal, 2004) concerning the importance of cross-modal
integration in the evolution of human language.

Another important point is that all 3 apes adopted the “gesture-after-
lexigram” preference as a strategy for accomplishing this cross-medal integra-
tion (Lyn et al., 2008). The gesture-after-lexigram strategy was first reported
in a study on Kanzi in the absence of any model for this ordering pattern in
his human environment (Greenfield & Savage-Rumbaugh, 1990, 1991). It may
be a “natural” rule for apes, because both Panbanisha and Panpanzee used it
as well; it may reflect Kanzi’s enculturating influence on the younger apes; or
it may be a response to the importance placed on lexigrams by the humans in
this environment. Whatever the reason, this ordering convention is a way
of integrating the two modalities in a systematic fashion for communicative
purposes. Here are some examples of the use of the lexigram—gesture integra-
tion and use of this ordering strategy from Panbanisha’s and Panpanzee's
corpug. In these examples, they express two different semantic relations, entity-
demonstrative and location-entity: '

» - Entity-demonstrative: Panpanzee touched -the “monster” lexigram
(entity) and then the monster mask (demonstrative gesture).

s Entity-location: Panbanisha touched the “orangutan” lexigram {eniity)
and then pointed to the colony room (location), where the orangutans
usually were.

Thus, communicative action can in itself be complex because of the cross-modal
integration that takes place. Ordering strategies are an effective way to effect
such integration.

Conclusions

‘We have demonstrated that apes exposed to 2 humanly devised symbol system
parse and represent action events in the way that children do, in terms of
implicit relational categories such as agent, action, and object. Like children,
the apes also use their action representations to express their prior intention
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to carry out an action (representation of prior intent; Searle, 1979) as well as
their intention-in-action to select from alternative posgibilities. Hence, when
socialized to use a symbolic tool, they spontaneously use it to parse action into
familiar categories for the pragmatic purpose of expressing both prior intent
and intention-in-action. In sum, a erucial underlying component of the action
representations of chimpanzee, bonobo, and human child is their intentional or
goal-directed nature. The neural foundation for the expression of intentionality
may be in the mirror neuron system (Greenfield, in press).

Going one step further in the analysis of intentionality, we note that the
use of affirmatives by Panbanisha and Panpanzee to gain permission for a
desired action at minimum suggests an awareness of intended human action—
the reading of intended action in another creature from another species (albeit
a closely related one). It also suggests an understanding of the differential
power in captivity of the ape and human—that is, the ape’s dependence on the
human for resources and stimulation as well as his or her understanding of
ape—human power relationship as a prerequisite for ape action. Our data indi-
cate that this explicit awareness increased over time in the community; these

- conventions (utilizing affirmatives) were shared by the younger apes Panbani-

sha and Panpanzee but were not used by Kanzi. ‘

Like children, the apes of both species constructed preferred orders for
representing particular types of action event. These order preferences reflected
both cultural norms (Panpanzee and Panbanisha with affirmative construc-
tions) and genus norms (placing gesture after lexigram). However, the preferred
orders do not necessarily reflect the structure of the action itself. For example,
an action-goal structure will tend to be expressed with action first when it
is a two-lexigram construction but with goal first when it is a lexigram—gesture
construction. ‘ ‘

With a caveat concerning having only one or two representatives from
each species, we note the presence of order preferences in each member of this
evolutionary clade. Our caveat is not too strong, because a phenomenon in
even one member of a species functions as an existence proof. We also note
that all ordering preferences discussed in this chapter are shared across more
than one ape and are therefore normative on the microlevel of a dyad or triad.
The capacity for arbitrary ordering preferences for coinbining symbols may
therefore be an ancestral trait and so may have existed in the commeon ancestor
of Pan and Homo. Because we find it to exist in each of the three species,
this capacity for arbitrary ordering may underlie the ancestral crigins of the
autonomous structuring of the representational system, leading ultimately to
the arbitrary, yet distinet, linguistic conventions.

Apes exposed to a humanly devised symbol system integrated different

" communicative modalities into their communicative actions; specifically, they

spontaneously integrated gesture and lexigram to express their action repre-
sentations. This constitutes further evidence for the multimodal nature of
human language evolution.

The apes’ spontaneous integration of gesture brings up a related matter:

Apes utilize gestures much more often than their human caregivers and

(probably) more and later than hearing human children. The creativity of the
gesture-afier-lexigram organization to construct new action relations must
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not be underestimated; given its prevalence in all three apes, it could be an
evolutionary precursor to the combinatorial creativity that is the hallmark of
human language

(Given that the commumcatlon of action information, both in single ele-
ments and in combinations, has been observed in the wild in gestures, vocaliza-
tion, and external visual symbols used by apes (Plooij, 1978; Savage-Rumbaugh,
Williams, Furuichi, & Kano, 1996; Tomasello, 1994; Whiten et al., 1999), it is
possible that the cross-species commonalities we have identified in combining
symbols to express intentional action have their behavioral as well as their
neural roots 5 million years ago, before the divergence of Homo and Pan.

. References

Bowerman, M. {1973). Early syntactic development: A cross-linguistic study with special reference

_ to Finnish. Cambridge, England: Cambridge University Press.

Boyd, R., & Silk, J. B. (2000). How humans.evolved. New York: Norton.

Brakke, K. K., & Savage-Rumbaugh, E. 3. (1995). The development of language skills in bonobo
and chimpanzee: 1. Comprehension. Language and Communication, 15, 121-148.

Brakke, K. E., & Savage-Rumbaugh, E. S. (1996). The development of language skills in Pan: II.
Production. Language and Communication, 16, 361-380.

Brown, R. (1970}, The first sentences of child and chimpanzee. In R. Brown (Bd.), Psycholinguistics
(pp. 208-231). New York: Free Press.

Brown, R. {1973). A first languoge. Cambridge, MA: Harvard University Press.

Bruner, J. (1990). Acts of meaning: The Jerusalem—Harvard leciures. Cambridge, MA: Harvard
University Press,

Byrne, R. W. (1995). The f,hmkmg ape: Evolutionary origins of intelligence. New York: Oxford
University Press.

Gardner, B. T, & Gardner R. A. (1994). Development of phrases in the utterances of children
and cross-fostered chimpanzees. In R. A, Gardner (Ed.), The ethological reots of culture (pp.
293-255). Dordrecht, the Netherlands: Kluwer Academic,

Gardner, R. A, Gardner, B. T., & Van Cantfort, T, I, (1989). Tecching sign language to chimpanzees.
Albany: State University of New York Press.

Goldin-Meadow, S., & Morford, M. (1985). Gesture in early child language: Studies of deaf and
hearing children. Merrill-Palmer Quarterly, 31, 145-176.

Goldin-Meadow, S., & Mylander, C. (1984). Gestural communication in deaf children: The effects
and noneffects of parental input en early language development. Monogmphs of the Society
Jor Research in Child Development, 49(3—4, Serial No. 207}, 1-21.

Greenfield, P. M. (1980). Toward an operational and logical analysis of intentionality: The use of
discourse in early child language. In D. Olson (Ed.}, The social foundations of language and
thought: Essays in honor of J. S. Bruner (pp. 254-279). New York: Norton.

Greenfield, P. M. (in press). Implications of mirror neurons for the ontogeny and phylogeny of
cultural processes: The examples of language and tools. In M. A. Arbib (Ed.}, Action to language
via the mirror neuron system., Cambridge, England: Cambridge University Press.

Greenfield, P. M., & Savage-Rumbaugh, E. 5. (1984). Perceived variability and symbol use: A
common language—cognition interface in children and chimpanzees (Pan troglodytes). Journal
of Comparative Psychology, 98, 201-218.

Greenfield, P. M., & Savage-Rumbaugh, E. S, (1990). Grammatical combination in Pan paniscus:
Processes of learning and invention in the evolution and development of language. In S. T.
Parker & K. R. Gibson (Eds.), “Language” and intelligence in monkeys and apes: Comparative
developmental perspectives {pp. 540-578). New York: Cambridge University Press.

Greenfield, P.'M., & Savage-Rumbaugh, E. 8. (1991). Imitation, grammatical development, and
the invention of protogrammar by an ape. In N, A. Krasnegor, D. M. Rumbaugh, R. L.’




2ould be an

x determinants of lun-

1allmark of guage development (pp. 235-258). Hillsdale NJ: Erlbaum

Greenfield, P, M., & Smith, J, H. (1978). The structure of communieation in early lnnguage develop-

. ment. New York: Academic Pross
single 91e~ Liebal, K. (2004). Gestural Communication in Nonhuman and Human Primates, Workshop held
8, vocalizg- at the Max Planck Tnstitute for Evolutionary Anthropology, Leipzig, March 28th-30th, 2004.
iumbaugh, Gesture, 4, 255-263. _ } :
]_999), it ig Lyn, H,, Greenfield, P, & Savage-Rumbaugh, E. 8.(2006). Semiotic combinations in Pan: A cross-
e Ombining Species comparison of communication in g chimpanzee and ¢ bonohe, Manuscript submitted
I thei for publication. )
i ; § therr Plooij, F. X, (1978). Some basic traits of language in wild chimpanzees? In A, Lock (Bd.), Action,
an. ’

and behavior. New York: Academic Press.

Rumbaugh, D. M., Savage-Rumbaugh, E. 8., & Sevcik, R. A. (1994), Biobehavioral roots of langnage:
A comparative Perspective of chimpanzee, child, and culture. In R. W, Wrangham, W. C.

.), Chimpanzee cultures (pp. 319-334). Cambridge,
al reference

MA: Harvard University Press, -
Savage-Rumbaugh, E. g, (1986). Ape language: From condifi

oned response to symbol-—Animal
intelligence. New York: Columbia University Press,

3 it bongbg Savage-Rumbaugh, K, 8., Murphy, J., Sevcik, R. A, Brakke, K. E., Williams, 8. L., & Rumbaugh,
. D. M. (1993). Language comprebension in ape and child, Monographs of the Society for Research,
in Pan: 11, in Child Development, 58(3—4, Serial No. 223). o
Savage-Rumbaugh, E. 3., Shanker, S. G., & Taylor, T. J. (1998), Apes, longuage, and the human
linguistios mind. New York: Oxford University Press, .
Savage-Rumbaugh, . S., Williams, S, L., Furuichi, T., & Kano, T. (1996). Language perceived:
Paniscus branches out. In W. C. McGrew, L. F. Marchant, & T. Nishidg (Eds.), Grear ape
! Harvard societies (pp. 173—184). New York: Cambridge University Press.
. Searle, J. R, (1979, August). Intention and action. Paper presented at the Ladolla Conference on
e Oxford Cognitive Psychology, Ladolla, CA. : ‘
Stauffer, R. L., Walter, A, Ryder, Q. A, Lyons-Weiler, M., & Blai-Hedges, S. (2601). Human and
" children ape molecular elocks and constraints on paleontological hypotheses. Journal of Heredity,
‘ture (pp. 92, 469-474,
Tomasello, M. (1994). The question of chimpanzee eulture. In R. W. Wrangham, W. G, McGrew,
Ppanzees. F.B. M. deWasl, & P. . Heltne (Fds.), Chimpanzee cultures {pp. 301-317). Cambridge, MA:
Harvard University Press.
leaf and Tomasgello, M., Carpenter, M., Call, J -, Behne, T., & Moll
intentions: The ori i
2 effects
Society
2 use of
ge and avage-Rumbaugh, B. 8. (1997). Comprehension skills of language-
reny of competent and non-language-competent apes. Language and Communication 17, 3013 i7.
" iguage ‘thlman, A. (1996). Reconstructions re
use: A
wrnal -
iscus:
8.7
rative
, and

R. L.




